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SYLLABI-BOOK MAPPING TABLE
vkuqoaf'kdh

Syllabi Mapping in Book

bdkbZ 1 : vkuqoaf'kdrk ,oa vkuqoaf'kdh lkexzh
1- esaMy ds vkuqoaf'kdrk ds fu;e
2- fofHkUurk,¡& L=ksr rFkk çdkj

3- DNA ,oa RNA ¼Mh,u, ,oa vkj,u,½ dh lajpuk ,oa dk;Z]
vkf.od laxBu ,oa mlds izdkj

4- Mh,u, f}xq.ku@izfrdf̀r&çksdSfj;ksV~d esa
5- U;wfDy;kslkse dk & ¼lksysukWbM ekWMsy½

v/;k; 1 % esaMy ds vkuqoaf'kdh ds fu;e
¼i"̀B 3&36½

v/;k; 2 % fofHkUurk,¡& L=ksr rFkk çdkj]
¼i"̀B 37&62½

v/;k; 3 % Mh,u, ,oa vkj,u, dh
lajpuk] vkf.od laxBu ,oa dk;Z rFkk

vkj- ,u, ds çdkj
¼i"̀B 63&94½

v/;k; 4 % çksdSfj;ksV~l esa Mh,u, dk
f}xq.ku

¼i"̀B 95&109½
v/;k; 5 % U;wfDy;kslkse&lksysukWbM ekWMsy

¼i"̀B 110&129½

bdkbZ 2 : thu vfHkO;fDr
1- vkuqoaf'kd dksM
2- izksdSfj;ksfV~d@izksdSfj;ksV~l esa vuqys[ku] izksdSfj;ksV~l esa LFkkukarj.k
3- thu vfHkO;fDr% izksVhu la'ys"k.k dk fu;eu ,oa ySd vksijkWu ekWMsy
4- fLiYV thu] vfrO;kfir thu o L;wMksthUl

v/;k; 6 % thu vfHkO;fDr
¼i"̀B 130&146½

v/;k; 7 % izksdSfj;ksV~l esa vuqys[ku ,oa
vuqokn

¼i"̀B 147&163½
v/;k; 8 % thu vfHkO;fDr dk fu;eu

izksVhu la'ys"k.k vksj ySd vksijkWu ekWMsy
¼i"̀B 164&178½

v/;k; 9 % fLiYV thu] vksojySfiax thu
o L;wMksthUl

¼i"̀B 179&197½

bdkbZ 3: lgyXurk ,oa xq.klw=h; foiFku
1- lgyXurk ,oa ØkWflax vksoj&izdkj rFkk egRo
2- fyax fu/kkZj.k & xq.klw=h; ,oa vkuqokaf'kd larqyu fl)kUr
3- fyax lgyXu ¼gheksQhfy;k] o.kkZU/krk½
4- lajpukRed ,oa la[;kRed ifjorZu&xq.klw=ksa esa
5- mRifjorZu ,oa E;wVkthUl ds izdkj

v/;k; 10 % fLiYV thUl] vksojySfiax thu
o L;wMksthUl

¼i"̀B 198&234½
v/;k; 11 % fyax fu/kkZj.k & xq.klw=h;

rFkk vkuqokaf'kd larqyu fl)kUr
¼i"̀B 235&252½

v/;k; 12 % fyax lgyXu
vkuqoaf'kdrk&gheksQhfy;k] o.kkZU/krk

¼i"̀B 253&271½
v/;k; 13 % xq.klw=ksa esa lajpukRed ,oa

la[;kRed ifjorZu
¼i"̀B 272&308½

v/;k; 14 % mRifjorZu&Ádkj rFkk
E;wVktsu ekWMsy
¼i"̀B 309&341½



bdkbZ 4: ekuo vkuqoaf'kdrk
1- ekuo dSfj;ksVkbi] ekuo thukse çkstsDV
2- jDr lewg ,oa cgqxqf.kr ,fyy ,oa vkuqoaf'kdrk
3- ekuo esa vkWVkslksey rFkk fyax xq.klw=h; ekuo esa vkWVkslksey

rFkk fyax xq.klw=h; flUMªkse
4- ekuo esa vkuqoaf'kdh; chekjh& dksf'kdk vkjDrrk] ,fYcfuTe]

,oa FkSyslhfe;k

v/;k; 15 % ekuo dSfj;ksVkbi] ekuo
thukse çkstsDV
¼i"̀B 342&355½

v/;k; 16 % cgqfodYih rFkk jDr lewg
dh vkuqoaf'kdrk
¼i"̀B 356&372½

v/;k; 17 % ekuo esa vkWVkslksey rFkk fyax
xq.klw=h; flUMªkse
¼i"̀B 373&382½

v/;k; 18 % ekuo esa vkuqoaf'kdh;
chekfj;k¡& fldy

lsy ,uhfe;k] ,fYcfuTe] FkSyslhfe;k
¼i"̀B 383&406½

bdkbZ 5: vkuqoaf'kd vfHk;kaf=dh

1- iqu;ksZxt DNA rduhd rFkk thu Dyksfuax
2- ikWfyejst Jà[kyk vfHkfØ;k
3- CykfVax& lnuZ] ukWnZuZ ,oa osLVuZ CykfVax rduhd
4- Mh,u, fQaxj fçafVax ¼vaxqyhNkiu½
5- thu fpfdRlk ,oa vkuqoaf'kd ijke'kZ

v/;k; 19 % fjdkWfEcusUV Mh,u, rduhd
rFkk thu Dyksfuax

¼i"̀B 407&434½
v/;k; 20 % ikWfyejst Jà[kyk vfHkfØ;k

¼i"̀B 435&451½
v/;k; 21 % CykfVax& lnuZ] ukWnZuZ ,oa

osLVuZ
¼i"̀B 452&463½

v/;k; 22 % Mh,u, fQaxj fçafVax
¼i"̀B 464&484½

v/;k; 23 % thu fpfdRlk ,oa vkuqoaf'kd
ijke'kZ

¼i"̀B 485&496½



fo"k;&lwph

ifjp; 1&2

bdkbZ 1

v/;k; 1 esaMy ds vkuqoaf'kdh ds fu;e 3&36
1-0 ifjp;
1-1 mÌs';
1-2 oa'kkxfrdh ls lacaf/kr dqN /kkj.kk,¡

1-2-1 ySafxd çtuu okys thoksa esa vkuqoaf'kdrk
1-2-2 vySafxd çtuu djus okys thoksa esa vkuqoaf'kdrk
1-2-3 esaMy ,oa muds ç;ksx
1-2-4 esaMy ds dk;ksZa dh iqu[kksZt
1-2-5 ladj.k ç;ksx gsrq eVj ds ikS/ks ds p;u ds dkj.k
1-2-6 esaMy ds lQyrk ds dkj.k
1-2-7 vkuqoaf'kdrk ls lacaf/kr dqN egRoiw.kZ rduhdh 'kCn
1-2-8 esaMy ds ç;ksx
1-2-9 esaMy ds vkuqoaf'kdh ds fu;e
1-2-10 esaMy ds fu;eksa dk tSfod egRo
1-2-11 oa'kkxfr dh vU; i)fr;k¡ vFkok esaMyokn ls fopyu
1-2-12 esaMyokn ls lacaf/kr ç'uksa dks gy djuk

1-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
1-4 lkjka'k
1-5 eq[; 'kCnkoyh
1-6 Lo-ewY;kadu iz'u ,oa vH;kl
1-7 lgk;d ikB~; lkexzh

v/;k; 2 fofHkUurk,¡& L=ksr rFkk çdkj 37&62
2-0 ifjp;
2-1 mÌs';
2-2 vkuqoaf'kdh ,oa fofHkUurk,¡

2-2-1 okrkoj.kh; n'kkvksa ds çHkko ls mRiUu fofHkUurk,¡
2-2-2 fofHkUurk ds L=ksr % thuksVkbi ,oa QhuksVkbi
2-2-3 thu mRifjorZu ds izdkj
2-2-4 n`';#ih fofHkUurkvksa ds L=ksr

2-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
2-4 lkjka'k
2-5 eq[; 'kCnkoyh
2-6 Lo-ewY;kadu iz'u ,oa vH;kl
2-7 lgk;d ikB~; lkexzh

v/;k; 3 Mh,u, ,oa vkj,u, dh lajpuk vkf.od laxBu ,oa dk;Z 63&94
rFkk vkj,u, ds çdkj

3-0 ifjp;
3-1 mÌs';
3-2 U;qfDyd vEy dh lajpuk



3-2-1 MhvkWDlhjkbcks U;qfDyd vEy
3-2-2 jkbcksU;wfDyd vEy
3-2-3 thu@vkuqoa'kd dh ifjHkk"kk

3-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
3-4 lkjka'k
3-5 eq[; 'kCnkoyh
3-6 Lo-ewY;kadu iz'u ,oa vH;kl
3-7 lgk;d ikB~; lkexzh

v/;k; 4 çksdSfj;ksV~l esa Mh,u, dk f}xq.ku 95&109
4-0 ifjp;
4-1 mÌs';
4-2 Mh,u, dh iqujkof̀Ùk

4-2-1 v)Zlaj{kh fof/k }kjk Mh,u, iqujkòfÙk ds i{k es çek.k
4-2-2 Mh,u, dh iqujkòfÙk dh vkf.od fØ;kfof/k
4-2-3 Mh,u, dh lrr ,oa vlrr çfrÑfr

4-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
4-4 lkjka'k
4-5 eq[; 'kCnkoyh
4-6 Lo-ewY;kadu iz'u ,oa vH;kl
4-7 lgk;d ikB~; lkexzh

v/;k; 5 U;wfDy;kslkse&lksysukWbM ekWMsy 110&129
5-0 ifjp;
5-1 mÌs';
5-2 U;wfDy;kslkse ekWMy

5-2-1 lksysukW;M ekWMy
5-2-2 U;wfDy;kslkse çfrÑfr lajpuk fuekZ.k lEcU/kh rduhd
5-2-3 U;wfDy;kslkse esa fgLVksUl dh LFkkfud O;oLFkk
5-2-4 fofHkUu U;wfDy;kslkse ds chp lEcU/k
5-2-5 lfØ; thUl esa U;wfDy;kslkse dh çkoLFkk ,oa :ikUrj.k

5-3 viuh Áxfr tk¡fp, iz'uksa ds mÙkj
5-4 lkjka'k
5-5 eq[; 'kCnkoyh
5-6 Lo-ewY;kadu iz'u ,oa vH;kl
5-7 lgk;d ikB~; lkexzh

bdkbZ 2

v/;k; 6 thu vfHkO;fDr 130&146
6-0 ifjp;
6-1 mÌs';
6-2 dksMkWu

6-2-1 vkuqoaf'kd dwV@dksM dk dwV okpu
6-2-2 vkuqoaf'kd dwV@tSusfVd dksM dh fo'ks"krk,¡
6-2-3 mRifjorZu ,oa vkuqoaf'kd dwV
6-2-4 ekbVksdkWf.Mª;k ,oa lhfy;sV izksVkstksvk esa u;k vkuqoaf'kd dwV

6-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj



6-4 lkjka'k
6-5 eq[; 'kCnkoyh
6-6 Lo-ewY;kadu iz'u ,oa vH;kl
6-7 lgk;d ikB~; lkexzh

v/;k; 7 izksdSfj;ksV~l esa vuqys[ku ,oa vuqokn 147&163
7-0 ifjp;
7-1 mÌs';
7-2 vkuqoaf'kd lwpukvksa dk izokg ;k lsUVªy MksXek

7-2-1 izksVhu la'ys"k.k ds izeq[k ?kVd
7-2-2 izksVhu la'ys"k.k dh fØ;k& fof/k

7-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
7-4 lkjka'k
7-5 eq[; 'kCnkoyh
7-6 Lo-ewY;kadu iz'u ,oa vH;kl
7-7 lgk;d ikB~; lkexzh

v/;k; 8 thu vfHkO;fDr dk fofu;eu izksVhu la'ys"k.k vksj ySd 164&178
vksisjkWu ekWMsy

8-0 ifjp;
8-1 mÌs';
8-2 izksdSfj;kWWfVd dksf'kdkvksa esa thu fu;eu dsa izdkj

8-2-1 vksisjkWu ekWMy
8-2-2 ySd vksisjkWu dk /kukRed rFkk _.kkRed fu;a=.k
8-2-3 ;wdSfj;kWV~l es thu vfHkO;fDr
8-2-4 ;wdSfj;kWV~l es thu vfHkO;fDr dk fu;eu

8-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
8-4 lkjka'k
8-5 eq[; 'kCnkoyh
8-6 Lo-ewY;kadu iz'u ,oa vH;kl
8-7 lgk;d ikB~; lkexzh

v/;k; 9 fLiYV thUl] vksojySfiax thu o L;wMksthUl 179&197
9-0 ifjp;
9-1 mÌs';
9-2 [kf.Mr thu ;k foHkDr thu

4-2-1 foHkDr thu dk R-dq.My ekufp=.k ,oa jsfLVªD'ku ekufp=.k

9-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
9-4 lkjka'k
9-5 eq[; 'kCnkoyh
9-6 Lo-ewY;kadu iz'u ,oa vH;kl
9-7 lgk;d ikB~; lkexzh



bdkbZ 3

v/;k; 10 lgyXurk rFkk ØkWflax vksoj& izdkj rFkk egRo 198&234
10-0 ifjp;
10-1 mÌs';
10-2 thu lgyXurk

10-2-1 lgyXurk ds Ádkj
10-2-2 lgyXurk lEcU/kh fl/nkUr
10-2-3 lgyXurk dk egRo
10-2-4 lgyXurk dk vFkZ
10-2-5 thu lgyXurk ds mnkgj.k
10-2-6 thu fofue; ds izdkj
10-2-7 thu fofue; dh vkòfÙk dks izHkkfor djus okys dkjd
10-2-8 thu fofue; dk egRo

10-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
10-4 lkjka'k
10-5 eq[; 'kCnkoyh
10-6 Lo-ewY;kadu iz'u ,oa vH;kl
10-7 lgk;d ikB~; lkexzh

v/;k; 11 fyax fu/kkZj.k & xq.klw=h; rFkk vkuqokaf'kd larqyu fl)kUr 235&252
11-0 ifjp;
11-1 mÌs';
11-2 fyax xq.klw= rU=

11-2-1 fyax fofo/krk
11-2-2 fyax fofo/krk ds Ádkj
11-2-3 Ákf.k;ksa esa fyax fofo/krk
11-2-4 fyax fu/kkZj.k ;k xq.klw=h; fl/nkUr

11-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
11-4 lkjka'k
11-5 eq[; 'kCnkoyh
11-6 Lo-ewY;kadu iz'u ,oa vH;kl
11-7 lgk;d ikB~; lkexzh

v/;k; 12 fyax lgyXu vkuqoaf'kdrk&gheksQhfy;k] o.kkZU/krk 253&271
12-0 ifjp;
12-1 mÌs';
12-2 fyax-lgyXu y{k.k

12-2-1 fyax-lgyXu oa'kkuqxfr
12-2-2 euq"; esa fyax-lgyXu oa'kkuqxfr
12-2-3 o.kkZU/krk
12-2-4 o.kkZU/krk dh oa'kkuqxfr
12-2-5 gheksQhfy;k

12-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
12-4 lkjka'k
12-5 eq[; 'kCnkoyh
12-6 Lo-ewY;kadu iz'u ,oa vH;kl
12-7 lgk;d ikB~; lkexzh



v/;k; 13 xq.klw=ksa esa lajpukRed ,oa la[;kRed ifjorZu 272&308
13-0 ifjp;
13-1 mÌs';
13-2 xq.klw=ksa dk lajpukRed ifjorZu

13-2-1 xq.klw=ksa esa ls lajpukRed ifjorZuksa ds Ádkj
13-2-2 xq.klw= esa la[;kRed ifjorZu

13-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
13-4 lkjka'k
13-5 eq[; 'kCnkoyh
13-6 Lo-ewY;kadu iz'u ,oa vH;kl
13-7 lgk;d ikB~; lkexzh

v/;k; 14 mRifjorZu & Ádkj rFkk E;wVktsu 309&341
14-0 ifjp;
14-1 mÌs';
14-2 mRifjorZu ds izdkj

14-2-1 dksf'kdkvksa ds Ádkj ds vk/kkj ij mRifjorZu ds Ádkj
14-2-2 vkdkj ,oa xq.kksa ds vk/kkj ij mRifjorZuksa ds Ádkj
14-2-3 ley{k.kh@QhuksVkbi ds izHkko ds vk/kkj ij mRifjorZuksa ds Ádkj
14-2-4 mRifÙk ds vk/kkj ij mRifjorZu ds izdkj
14-2-5 LoHkko ,oa muds ÁHkko ds vk/kkj ij mRifjorZu ds izdkj
14-2-6 fn'kk ds vk/kkj ij mRifjorZu ds izdkj
14-2-7 xq.klw=ksa ds izdkj ds vk/kkj ij mRifjorZu ds izdkj
14-2-8 ?kfVr gksus dh voLFkk ds vk/kkj ij mRifjorZu ds izdkj
14-2-9 izHkkoh dkjdksa ds vk/kkj ij mRifjorZuksa ds izdkj

14-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
14-4 lkjka'k
14-5 eq[; 'kCnkoyh
14-6 Lo-ewY;kadu iz'u ,oa vH;kl
14-7 lgk;d ikB~; lkexzh

bdkbZ 4

v/;k; 15 ekuo dSfj;ksVkbi] ekuo thukse çkstsDV 342&355
15-0 ifjp;
15-1 mÌs';
15-2 euq"; dk Øksekslkse <k¡pk

15-2-1 ekuo ds Øksekslkse <k¡ps dh fo'ks"krk,¡
15-2-2 ekuo xq.klw= ekufp=

15-3 ekuo thukse ifj;kstuk
15-3-1 thuksfeDl ds vuqç;ksx
15-3-2 ekuo thukse dh fo'ks"krk,¡

15-4 viuh izxfr tk¡fp, iz'uksa ds mÙkj
15-5 lkjka'k
15-6 eq[; 'kCnkoyh
15-7 Lo-ewY;kadu iz'u ,oa vH;kl
15-8 lgk;d ikB~; lkexzh



v/;k; 16 cgqfodYih rFkk jDr lewg dh vkuqoaf'kdrk 356&372
16-0 ifjp;
16-1 mÌs';
16-2 #f/kj lewg rFkk vkj-,p- dkjd

16-2-1 ekuo esa fofHkUu #f/kj oxZ ;k ,chvks flLVe
16-2-2 #f/kj VªkUl¶;wtu esa #f/kj oxksZa dk egRo
16-2-3 #f/kj oxZ dh oa'kkxfr
16-2-4 vkj-,p- QSDVj ;k ,s.Vhtu

16-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
16-4 lkjka'k
16-5 eq[; 'kCnkoyh
16-6 Lo-ewY;kadu iz'u ,oa vH;kl
16-7 lgk;d ikB~; lkexzh

v/;k; 17 ekuo esa vkWVkslksey rFkk fyax xq.klw=h; flUMªkse 373&382
17-0 ifjp;
17-1 mÌs';
17-2 xq.klw=h; flUMªkse

17-2-1 vkWVkslksey fl.MªksEl ;k vkWVkslksey ØksekslksEl dh la[;k esa ifjorZu ds dkj.k vkuqoaf'kd jksx
17-2-2 lSDl Øksekslksey fl.Mªkse ;k lSDl ØksekslksEl dh la[;k esa ifjorZu ds dkj.k vkuqoaf'kd jksx
17-2-3 Øksekslksey lajpuk esa ifjorZu ds dkj.k vkuqoaf'kd jksx
17-2-4 euq"; esa thu lEcfU/kr jksx ;k thu E;wVs'ku ds }kjk gksus okys jksx

17-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
17-4 lkjka'k
17-5 eq[; 'kCnkoyh
17-6 Lo-ewY;kadu iz'u ,oa vH;kl
17-7 lgk;d ikB~; lkexzh

v/;k; 18 ekuo esa vkuqoaf'kdh; chekfj;k¡& fldy lsy ,uhfe;k] 383&406
,fYcfuTe] FkSyslhfe;k

18-0 ifjp;
18-1 mÌs';
18-2 vkuqoaf'kd jksxksa dk oxhZdj.k
18-3 vkuqoaf'kd jksx
18-4 vçHkkoh lSDl lgyXu thUl ds dkj.k gksus okys vkuqoaf'kd jksx
18-5 çHkkoh thu E;wVs'ku esa gksus okys vkuqoaf'kd jksx
18-6 thUl dh fofHkUurk ;k v;ksX;rk ds dkj.k vkuqoaf'kd jksx
18-7 viuh izxfr tk¡fp, iz'uksa ds mÙkj
18-8 lkjka'k
18-9 eq[; 'kCnkoyh

18-10 Lo-ewY;kadu iz'u ,oa vH;kl
18-11 lgk;d ikB~; lkexzh



bdkbZ 5

v/;k; 19 fjdkWfEcusUV Mh,u, rduhd rFkk thu Dyksfuax 407&434
19-0 ifjp;
19-1 mÌs';
19-2 iqu;ksZth@fjdkWfEcus.V Mh,u,

19-2-1 Mh,u, dk iqu%la;kstu ;k fuekZ.k
19-2-2 iqu;ksZxt Mh,u, dk fuekZ.k
19-2-3 thu Dyksfuax
19-2-4 dkYifud@dkbesfjd Mh,u, dh lajpuk
19-2-5 IykfTeM okgd esa Mh,u, [k.M dh Dyksfuax
19-2-6 Dyksfur vkuqoa'kd@thUl dh vfHkO;fDr
19-2-7 thu Dyksfuax ds vuqç;ksx

19-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
19-4 lkjka'k
19-5 eq[; 'kCnkoyh
19-6 Lo-ewY;kadu iz'u ,oa vH;kl
19-7 lgk;d ikB~; lkexzh

v/;k; 20 ikWfyejst Jà[kyk vfHkfØ;k 435&451
20-0 ifjp;
20-1 mÌs';
20-2 ikWfyejst Jà[kyk vfHkfØ;k

20-2-1 ikWfyejst J̀a[kyk vfHkfØ;k dh fof/k
20-2-2 PCR dh fofHkUu ;kstuk
20-2-3 ikWfyejst J̀a[kyk vfHkfØ;k ds vuqç;ksx
20-2-4 ikWfyejst J̀a[kyk vfHkfØ;k ,oa thu Dyksfuax

20-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
20-4 lkjka'k
20-5 eq[; 'kCnkoyh
20-6 Lo-ewY;kadu iz'u ,oa vH;kl
20-7 lgk;d ikB~; lkexzh

v/;k; 21 CykfVax& lnuZ] ukWnZuZ ,oa osLVuZ 452&463
21-0 ifjp;
21-1 mÌs';
21-2 Mh,u, vuqØe.k fof/k;k¡

21-2-1 osLVuZ CykWfVax
21-2-2 ukWnZuZ CykWfVax

21-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
21-4 lkjka'k
21-5 eq[; 'kCnkoyh
21-6 Lo-ewY;kadu iz'u ,oa vH;kl
21-7 lgk;d ikB~; lkexzh

v/;k; 22 Mh,u, fQaxj fçafVax 464&484
22-0 ifjp;
22-1 mÌs';



22-2 Mh,u, fQaxj fizafVax
22-2-1 Mh,u, fQaxj fçafVax ds fofHkUu vfHkxe
22-2-2 Mh,u, fQaxj fçafVax dh fof/k
22-2-3 Mh,u, çksCl
22-2-4 Mh,u, fdl çdkj vijk/kh dks xzfUFkr djrk gS
22-2-5 Mh,u, fQaxj fçafVax ds mi;ksx
22-2-6 ikWfyejst J̀a[kyk vfHkfØ;k ,oa Mh,u, fQaxj fçafVax

22-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
22-4 lkjka'k
22-5 eq[; 'kCnkoyh
22-6 Lo-ewY;kadu iz'u ,oa vH;kl
22-7 lgk;d ikB~; lkexzh

v/;k; 23 thu fpfdRlk ,oa vkuqoaf'kd ijke'kZ 485&496
23-0 ifjp;
23-1 mÌs';
23-2 thu fpfdRlk

23-2-1 thu fpfdRlk ds fy, jksxksa dk pquko
23-2-2 thu mipkj@thu fpfdRlk
23-2-3 thu fpfdRlk ds çdkj

23-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
23-4 lkjka'k
23-5 eq[; 'kCnkoyh
23-6 Lo-ewY;kadu iz'u ,oa vH;kl
23-7 lgk;d ikB~; lkexzh
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ikB~; lkexzh 1

ifjp; (Introduction)

e/;izns'k 'kklu] mPp f'k{kk foHkkx ¼Hkkst fo'ofo|ky;½ ds dsUnzh; v/;;u
e.My }kjk Lohdr̀ uohu okf"kZd ¼i)fr½ ikB;Øekuqlkj ch-,l-lh- (B.Sc)
T.D.C. rr̀h; o"kZ ds fo|kfFkZ;ksa ds fy, fy[kh x;h ;g ,d vfr mi;ksxh ,oa
egRoiw.kZ iqLrd gSA

izLrqr iqLrd esa ¼lEiw.kZ½ ikB~;Øe dks nks iz'u-i=ksa] izFke iz'u i=-
vkuqoaf'kdh (Genetics) rFkk f}rh; iz'u i=-ikfjfLFkfrdh ,oa O;kogkfjd izk.kh
foKku (Ecology and Applied zoology) esa foHkkftr fd;k x;k gSA fdUrq ogk¡
ij izFke iz'u i= vkuqoaf'kdh ds fo"k; esa laf{kIr tkudkjh nh xbZ gSA f}rh;
iz'u i=-ikfjfLFkfrdh ,oa O;kogkfjd izk.kh'kkL= ds fo"k; esa vyx ls fooj.k
fn;k x;k gSA iqLrd esa fu/kkZfjr ikB;Øe dh leLr lkexzh dk izLrqrhdj.k
(Presentation) fo|kfFkZ;ksa ds ekufld Lrj dks /;ku esa j[krs gq, ljy] lgt]
cks/kxE;] lqO;ofLFkr (Systematic) ,oa :fpdj <ax ls fd;k x;k gS] ftlls
fo|kfFkZ;ksa ds lkFk-lkFk ,d lk/kkj.k ,oa lk/kkj.k ekuo Hkh le> ldsA ikB;-
lkexzh dks ;qfDrlaxr ,oa rdZlaxr cukus ds fy, ;FkkLFkku vko';d
mnkgj.kksa ,oa fp=ksa dk lekos'k bl izdkj ls fd;k x;k gS fd fo|kfFkZ;ksa dks
le>us] lh[kus ,oa ;kn djus esa cMh vklkuh gks rFkk :fpdj <ax ls vkus
okLrfod vf/kx.k (Learning) ds mÌs'; dh izkfIr dj ldsA

ikB;Øe ls lacaf/kr lkexzh dh lqO;ofLFkr <ax ls Øe'k% bl izdkj
lqfu;ksftr fd;k x;k gS tSls-ifjp;] ifjHkk"kk] mÌs';] ikB;-lkexzh ifjppkZ
(Discussion), lkjka'k (Summary)] dfB.k 'kCnkoyh (Difficult Keywords)
vkfn ds lkFk-lkFk vH;kl iz'ukoyh] nh?kZ mRrjh;] y?kq mRrjh; ,oa
cgqfodfYih; (Multiple Choice Question - MCQs) izdkjds iz'uksa dk lekos'k
fd;k x;k gS ftlls fo|kFkhZ ¼}kjk½ mUgsa Lo;a gy dj lds ,oa T;knk ls T;knk
vH;kl djus ds ckn muesa i;kZ; vkRefo'okl (Self Confidence) mRiUu gks
lds rFkk os ijh{kk esa mPpre vad vftZr dj ldsaA

ge lHkh tkurs gS fd iqLrd fuekZ.k dh izfØ;k ,d tfVy ,oa lrr~
izfØ;k gSA ;|fi iqLrd dks =qfVjfgr cukus ds fy, Hkjle ¼iw.kZ½ iz;kl fd;k
x;k gS fdUrq LokHkkfod :i ls dqN xyfr;ksa ds NwVus dh laHkkouk dks udkjk
ugha tk ldrk gSA bl gsrq fo"k; fo'ks"kKksa] euhf"k;ks] izk/;kidksa] v/;;uksa]
fo|kfFkZ;ksa ,oa lg;ksafx;ksa dh izfrfØ;kvksa ,oa muds lq>koksa] ijke'kksZ dk lnSo
ân; (Heartly) ls Lokxr jgsxkA

eS vius mu lHkh lkfFk;ksa o ikBdksa dk dr̀K jgw¡xk tks bu =qfV;ksa ds
fujkdj.k rFkk ikB;-lkexzh dh xq.koRrk (quality) esa of̀) djus gsrq viuk
vewY; lq>ko o lg;ksx nsdj ekxZn'kZu djrs jgsaxsA

izLrqr ys[ku ds le; Lora= :i ls vusd ys[kdksa ,oa fo"k; ls lacaf/kr
lHkh izdk'kd@izdk'kuksa dh iqLrdh ,oa dk;ksaZ dk fpUru ,oa v/;;u ds
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mijkUr iqLrd dk lt̀u fd;k x;k gSA vr% lHkh ys[kdksa ,oa izdk'kdks ds izfr
uezrkiwoZd dr̀Krk O;Dr djrk g¡wA

iqLrd lt̀u@fuekZ.k dh dMh esa eS vius egkfo|ky; 'kk- ¼Lolk{kh½
ih- th- egkfo|ky; dh izkpk;kZ MkW- ¼Jherh½ uhjtk [kjs th dk ân; ls vkHkkjh
g¡wA ftUgksaus eq>s ges'kk viuk ekxZn'ku] izsj.kk ,oa vk'khokZn iznku fd;kA

lkFk gh vkHkkj dh vxyh dM+h esa eSa vius egkfo|ky; izkf.k'kkL=
(Zoology) foHkkx ds foHkkxk/;{k MkW- f'kos'k izrki flag] ,oa esjh ih- ,p- Mh dh
xkbM ,oa xq: MkW- D;w th- 'kEeh (Dr. Q. J. Shammi) rFkk egkfo|ky; dsa
vU; vkpk;ksZ lg;ksfx;ksa dks /kU;okn ftUgksaus eq>s bl iqLrd dks fy[kus ds
fy, izsfjr fd;kA

eS vius iwT;uh; ekrk-firk] ek¡-Jherh lqUnfj;k vfgjokj ,oa firk Jh-
lqn'kZu izlkn vfgjokj (Sudarshan Prasad Ahirwar) lsokfuoR̀r izkpk;Z Ldwy
f'k{kk foHkkx ¼e-iz-½ thudk vkthou _.kh jgw¡xk ftUgksaus eq>s bl dkfcy cuk;k
gSA thou fd gj vuqdwy ,oa izfrdwy ifjfLFkfr;ksa esa viuk vk'khokZn lnSo
cuk;sa j[kkA ftlds ifj.kkeLo:i eS bl iqLrd dks fy[k ik;kA lkFk gh eS
viuh /keZ iRuh Jherh lfjrk vfgjokj dk Hkh vkHkkjh g¡w ftuds lg;ksax]
ÅtkZ ,oa izsj.kk ls lQyrkiwoZd iqLrd dks fy[k ik;kA 'kk;n buds liksVZ ds
fcuk ;g dk;Z laHko ugha gks ikrkA

eS vius izdk'kd] fgeky; ifCyds'kUl xzqi ,oa ifjokj ds lHkh lnL;ksa
dk ân; ls lEekuiwoZd vkHkkj izdV djrk gw¡ fd ftudk iqLrd izdk'ku ds
{ks= esa viuk egRoiw.kZ ;ksxnku fn;k tks fd loZfofnr gSA

MkW- eukst dqekj vfgjokj

eSgj ¼e/;izns'k½
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bdkbZ 1

v/;k; 1 esaMy ds vkuqoaf'kdh ds fu;e

(Mendel’s Law’s of Inheritance)

Lakjpuk (Structure)

1-0 ifjp;
1-1 mÌs';
1-2 oa'kkxfrdh ls lacaf/kr dqN /kkj.kk,¡

1-2-1 ySafxd çtuu okys thoksa esa vkuqoaf'kdrk
1-2-2 vySafxd çtuu djus okys thoksa esa vkuqoaf'kdrk
1-2-3 esaMy ,oa muds ç;ksx
1-2-4 esaMy ds dk;ksZa dh iqu[kksZt
1-2-5 ladj.k ç;ksx gsrq eVj ds ikS/ks ds p;u ds dkj.k
1-2-6 esaMy ds lQyrk ds dkj.k
1-2-7 vkuqoaf'kdrk ls lacaf/kr dqN egRoiw.kZ rduhdh 'kCn
1-2-8 esaMy ds ç;ksx
1-2-9 esaMy ds vkuqoaf'kdh ds fu;e
1-2-10 esaMy ds fu;eksa dk tSfod egRo
1-2-11 oa'kkxfr dh vU; i)fr;k¡ vFkok esaMyokn ls fopyu
1-2-12 esaMyokn ls lacaf/kr ç'uksa dks gy djuk

1-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
1-4 lkjka'k
1-5 eq[; 'kCnkoyh
1-6 Lo-ewY;kadu iz'u ,oa vH;kl
1-7 lgk;d ikB~; lkexzh

1-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)

A: vkuqoaf'kdh (Genetics) 'kCn dk ç;ksx loZçFke 1905 esa W. Bateson ¼MCY;w
csVlu½ us fd;k FkkA vkuqoaf'kdh ds varxZr~ vkuqoaf'kdrk (Heredity) rFkk
fofHkUurkvksa (Variations) dk v/;;u fd;k tkrk gSA

foKku dh og 'kk[kk ftlds varxZr~ fdlh Hkh thoksa dh ,d ih<+h ls
nwljh ih<+h rd fo'ks"kdksa (Traits/characters) vFkok vkuqoaf'kd y{k.kksa ds
LFkkukarj.k dk v/;;u fd;k tkrk gSA mls vkuqoaf'kd foKku (Opendics)
dgrs gSA nwljs 'kCnksa esa vkuqoaf'kdrk rFkk fofHkUurk ds lfEefyr v/;;u dks
vkuqoaf'kdh dgrs gSaA (The Study of Heredity and variation is called genetics)

Reproduction tho/kkfj;ksa dk fo'ks"k y{k.k gksrk gS blh y{k.k ds }kjk
tudksa vFkok ekrk-firk ds y{k.k larkuksa rd igaWqprs gSaA bl çdkj iF̀oh ij
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thoksa dk vfLrRo cuk jgrk gSA ge tkurs gS fd çR;sd tho vius y{k.kksa dk
ekrk-firk ls xzg.k djrk gSA bu y{k.kksa dk ,d ih<+h ls nwljh ih<+h esa ig¡qpuk
gh vkuqoaf'kdrk dgykrk gSA (The Transmission of Characters from one
generation to another generation is called as Heredity and brand Known as
Genetics:

vkuqoaf'kdh dh vk/kkj çnku djus okys vk/kqfud Kku ds vkjaHk dk Js;
vkfLVª;u iknjh xzsxj tkWu esaMy (Gregar Johnn Mendel) dks tkrk gSA bUgksaus
gh lcls igyh ckj vkuqoaf'kdh ds {ks= esa vius ç;ksxksa ds fu"d"kZ fcydqy
lVhd ,oa ljy fo'ys"k.k (Analysis) dk xf.krh; leFkZu dks vk/kkj cukrs gq,
çLrqr fd;kA ftlds dkj.k gh bUgsa vkuqoaf'kdh dk tud dgk tkrk gSA
Father of Genetics tks y{k.k ekrk-firk ls lUrku esa fi<+h nj ih<+h ig¡qprs
jgrs gSa] mu y{k.kksa dks vkuqoaf'kd y{k.k (Hereditary Character) dgrs gSaA
ihf<+;ksa esa lekurkvksa o vlekurkvksa ds v/;;u dks vkuqoa'k dgrs gSaA
vkuqoaf'kdrk ds fuokra ds iw.kZ ;g /kkj.kk Fkh fd tho/kkjh lnSo vius tSls
tho/kkfj;ksa dk fuekZ.k (Like Begets like) djrs gSaA

1-1 mÌs'; (Objective)

bl bdkbZ dks i<+us ds ckn vki&

 vkuqoaf'kdrk ds ckjs esa tkudkjh çnku djukA

 tudksa ds xq.kksa esa rFkk mudh lUrfr;ksa ds chp laca/k LFkkfir djukA

 vkuqoaf'kdrk ,oa fofHkUurk,¡ ds chp laca/k cukus esa lgk;d fl) djus
esa egRoiw.kZ Hkwfedk vnk djus esaA

 ladj.k rduhd ,oa fofHkUu vkuqoaf'kd 'kCnkoyh] dfBuA tfVy xqfF;ksa
dks lqy>kus esaA

 vkuqoaf'kdrk ds fu;eksa ,oa xf.krh; O;k[;k djus esaA

 eVj ds ikS/kksa dk pquko djus esa] çHkkfork dk fu;e iF̀kDdj.k ,oa
Lora= viO;wgu ds fu;e dks çfriknu djus esaA

1-2 oa'kkxfrdh ls lacaf/kr dqN /kkj.kk,¡
(Some Ideas Related Inheritance)

esaMy ds iwoZ dh /kkj.kk,¡ (Pre-Mendelian Ideas)– ekuo lH;rk ds fodkl ds
le; ls gh euq"; esa ;s fopkj vkrs jgs gSa fd thoksa dh mRifRr vkf[kj iF̀oh
ij dSls gqbZ] tho viuss leku tho gh D;ksa mRié djrs gSa] tudksa ds xq.k
larfr esa dSls gLrkUrfjr gksrs gSa] vkfnA budh O;k[;k ds fy, vkfndky ds
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nk'kZfudksa us vius-vius fopkj le;-le; ij fn;sA esaMy ds le; ¼1865 bZ- ls
igys½ ls igys rd oa'kkxfr ds laca/k esa dqN çpfyr fopkj uhps fn;s x;s gSa&

1- æO; fl)kUr (Fluid theory)& bEisMksfDyl (Empedocles, 504-433
B.C.) dk ekuuk Fkk fd ekrk&firk ds fofHké vaxksa }kjk fof'k"V çdkj
ds æO; mRié gksrs gSaA lgokl ds le; bu æoksa dk lfEeJ.k gksrk gSA
larfr ds fdlh ,d vax dk fuekZ.k ekrk ds æo ls rks nwljs vax dk
fuekZ.k firk ds æo ls gksrk gSA blh dkj.k ls larfr esa ekrk rFkk firk
nksuksa ds y{k.k ifjyf{kr gksrs gSaA

2- tuu :f/kj fl)kUr (Reproductive blood theory)& ;g vjLrw
(Aristotle, 384-322 B.C.) }kjk çfriknu fd;k x;kA budk ekuuk Fkk
fd iq#"k dk oh;Z (Semen), #f/kj dk vR;Ur dh ifj"Ñr (Highly
purified blood) :i gSA L=h esa Hkh tuu #f/kj dk fuekZ.k gksrk gSA
ijUrq ;s ifj"Ñr :i esa ugha gksrk gSA tc lgokl ds le; iq#"k dk
ifj"Ñr tuu #f/kj L=h ds vifj"Ñr tuu #f/kj ds laidZ esa vkrk gS]
rks nksuksa ds chp dks,xqys'ku (Coagulation) ds QyLo:i Hkzw.k dk
fuekZ.k gksrk gSA Hkzw.k ls fufeZr larku esa firk ls vf/kd y{k.k çkIr gksrs
gSaA

fp= Ø- 1-1% euq"; ds 'kqØk.kq esa mifLFkr gkseUlqyql

3- iwoZ fuekZ.k vFkok gkseUlqyql fl/nkUr (Preformation or
Homunculus theory)& bl fl)kUr ds vuqlkj iq#"k ds 'kqØk.kq vFkok
L=h ds v.Mk.kq esa tho vfrlw{e :i esa mifLFkr gksrk gSA fu"kspu
i'pkr~ tho dh of̀) mRçsfjr gksrh gSA bl fl)kar dks ekuus okys
Y;wosugkWd ¼1672½] eSYih?kh ¼1673½] LokejMse (1969½] gkVksZlksdj

Tail

Tail

Body

Head

Head

Homunculus
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(Hartosoeker, 1694), MsyisfV;l (Dalepatious, 1694), jkWDl (Roux,
1888) vkfn oSKkfud FksA

4- isutsusfll fl)kUr (Pangenesis theory)& ;g fl)kUr ekWifV;l
(Maupetuis, 1698-1757) }kjk çfrikfnr fd;k x;kA blds vuqlkj
thoksa esa oa'kkxfr vR;Ur lw{ed.k (Minute particles) }kjk fu;af=r gksrs
gSa] ftls isuftUl (Pangenes) dgrs gSaA nksuksa tudksa ds isuftUl vkil
esa feydj Hkzw.k dk fuekZ.k djrs gSaA dqN y{k.k ds fy, ekrk ds
isuftUl firk ds isuftUl ij çHkkoh gksrs gSa] tcfd dqN nqljs y{k.kksa
ds fy, firk ds isuftUl ekrk ds isuftUl ij izHkkoh gksrs gSA blh
dkj.k ls larfr esa dqN xq.k ekrk ds rks dqN nwljs xq.k firk ds
vfHkyf{kr gksrs gSaA bl fl)kUr dks MkfoZu (Darwin,
1868) }kjk :ikUrfjr fd;k x;kA mUgksaus ekuk fd tudksa ds çR;sd
vax rFkk dkf;d dksf'kdk }kjk isuftUl dk fuekZ.k gksrk gSA ;s
xSfeV~l }kjk larfr esa igq¡prs gSaA

5- tuuæO; fl)kar (Germplasm theory)& bl fl)kUr dk çfriknu
ohteSu (Weisman) }kjk lu~ 1914 esa fd;k x;kA bl fl)kUr ds
vuqlkj vkuqoaf'kd y{k.k ,d ih<+h-ls-nwljh ih<+h esa tuuæO; ds ek/;e
ls LFkkukUrfjr gksrs gSaA ohteSu us viuk ;g ç;ksx pwgksa esa fd;k FkkA

1-2-1 ySafxd çtuu okys thoksa esa vkuqoaf'kdrk
(Heredity in Sexually Reproduced Organisms)

vkuqoaf'kd fofo/krk,¡ ySafxd çtuu ds dkj.k vkrh gSaA vr% mRifjorZu ds
dkj.k gksus okyh fofHkUurkvksa dks NksM+dj ;s dsoy ySafxd çtuu djus okys
thoksa esa ikbZ tkrh gSaA ,slh fofHkUurk,¡a ,d tkfr ds thoksa rd gh lhfer gksrh
gSa D;ksafd ySafxd çtuu fHkUu-fHkUu çtkfr;ksa ds lnL;ksa esa ugha gksrk gSA ySafxd
çtuu ls mRiUu lUrfr;ksa dks vkWQfLçax (Offspring) dgrs gSA ySafxd çtuu
ges'kk vUrjktkrh; (Intraspecific) gksrk gSA vUrj-çtkrh; (Interspecific)
çtuu ls çkIr gksus okys tho cU/; gksrs gSaA vr% buesa vkus okyh fofHkUurk,¡
vxyh ih<+h rd ugha igq¡p ikrh gSaA mnkgj.k& [kPpjA [kPpj] eknk x/kk ,oa
uj ?kksM+s dh lUrku gSA blh çdkj fVªfVdsy (Triticale), xsg¡w (Triticum) ,oa
jkbZ (Secale) ds ladj.k ls rS;kj fd;k x;k gSA

1-2-2 vySafxd çtuu djus okys thoksa esa vkuqoaf'kdrk
(Heredity in Asexually Reproduced Organisms)

vySafxd çtuu esa dsoy ,d gh tud (Monoparental) Hkkx ysrk gS rFkk bl
çtuu esa ;qXedksa dk fuekZ.k ,oa muesa lk;qT;u ugha gksrk gS] vr% ,sls thoksa esa
vkuqoaf'kd iqulZa;kstu ,oa fofHkUurk,¡ ugha vkrh gSaA vySafxd çtuu esa lelw=h
foHkktu gksrk gS rFkk blds }kjk mRiUu tho vius tudksa ds lHkh y{k.kksa dks
vxyh ih<+h esa gLrkUrfjr djrk gSA bl çdkj cuk tho vius tud dh
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gw-c-gw dkcZu dkWih gksrk gSA ,sls thoksa dks jSesV (Ramet) dgrs gSaA blh çdkj]
bl çtuu ls cus thoksa ds lewg dks Dyksu (Clone) dgrs gSaA Dyksu ds lHkh
lnL; vkuqoaf'kd :i ls leku gksrs gSaA buesa mRifjorZu ds dkj.k dh
fofHkUurk,¡ laHko gksrh gSaA

Lkkj.kh Ø- 1-1% Dyksu ,oa vkWQfLçax esa varj
(Differences Between Clone and Offspring)

Dyksu (Clone) vkWQfLçax (Offspring)

1- Dyksu ,dtudh; mRifRr okys
gksrs gSaA

vkWQfLçax nks tudh; mRifRr okys
gksrs gSaA

2- Dyksu vySafxd çtuu ls mRiUu
gksrs gSaA

;s ySafxd çtuu ds }kjk mRiUu gksrs
gSaA

3- ;s lelw=h foHkktu ls curs gSaA ;qXedksa ds fuekZ.k ds iwoZ v/kZlw=h
foHkktu gksrk gSA

4- buds fuekZ.k ds le; ;qXedksa dk
lk;qT;u ugha gksrk gSA

vkWQfLçax uj ,oa eknk ;qXedksa ds
lk;qT;u ls curs gSA

5- Dyksu vkuqoaf'kd :i ls vius
tudksa ds leku gksrs gSaA

vkWQfLçax vkuqoaf'kd :i ls vius
tudksa ls fHkUurk çnf'kZr djrs gSaA

6- ;s vius tudksa ds dkcZu dkWih
gksrs gSaA

;s vius tudksa ls fHkUurk çnf'kZr
djrs gSaA

7- Dyksu ds lHkh lnL;ksa ¼jSesV½ dk
thuksVkbi ,dleku gksrk gSA

vkWQfLçax ds lHkh lnL;ksa ¼flcfyax½
dk thuksVkbi fHkUu-fHkUu gksrk gSA

8- blds curs le; vkuqoaf'kd
iqulZa;kstu ugha gksrk gSA

buds curs le; vkuqoaf'kd
iqulZa;kstu vo'; gksrk gSA

1-2-3 easMy ,oa muds ç;ksx
(Mendel and His Experiments)

thou ifjp; (Introduction)

esaMy çFke oSKkfud Fks] ftUgksaus eVj ds ikS/kksa esa xq.kksa vFkok y{k.kksa dk tudksa
ls larfr esa çokg dks çnf'kZr fd;kA budk tUe 22 tqykbZ] 1822 bZ- esa
vkWfLVª;k ds ekjkfo;k vFkok gsUtsUMkWQZ uked LFkku ds NksVs ls xk¡o flyhfl;k
esa gqvkA Ñ"kd ifjokj esa iSnk gksus ds dkj.k budh i<+kbZ vPNh rjg ugha gks
ldhA vr% Ldwyh f'k{kk iwjh djus ds ckn bUgs vxLVhfu;u eksuSLVªh ¼eB½ ls
tqM+uk iM+kA nks o"kZ rd fo;suk fo'ofo|ky; esa v/;;u ds ckn ;s eksuSLVªh esa
mi-çk/;kid vFkok iknjh cuk;s x;sA ;g ekSusLVªh vkWfLVª;k ds czqu (Brunn)
uked LFkku esa fLFkr FkkA vc ;g LFkku czqu (Brunn) uke ls tkuk tkrk gS]
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tks vHkh psdksLyksokfd;k (Czechoslovakia) esa iM+rk gSA ;gk¡ mUgksaus yxHkx 14
o"kksZa rd eVj (Pea-Pisum sativum) ds ikS/kksa ij dk;Z fd;kA ,slk ekuk tkrk
gS fd bl nkSjku mUgksaus yxHkx 10]000 ç;ksx fd;sA ç;ksxksa ds ifj.kke dks
mUgksaus 1865 bZ- czqu dh ,d çkÑfrd foKku dh laLFkk uspqjy fgLVªh lkslkbVh]
czqu (Natural History Society, Brunn) ds lkeus j[kkA laLFkk }kjk ;s ifj.kke
^ikni ladj.kksa ds ç;ksx (Experiments of plant hybridization)* uked 'kks/k-
i= ds ek/;e ls çdkf'kr fd;k x;kA ijUrq] nqHkkZX; ls esaMy ds bl 'kks/k dks
ledkyhu oSKkfudksa }kjk vf/kd egRo ugha fn;k x;kA

mudks og Js; ugha feyk ftlds os gdnkj FksA bldk eq[; dkj.k ;g
jgk fd ftl le; esaMy ds 'kks/k ifj.kke çdkf'kr gq, ml le; leLr fo'o
esa MkfoZu-oSysl ds çkÑfrd oj.kokn ds fl)kUr dk cksyckyk FkkA loZ= blh
dh ppkZ gksrh FkhA blds vykok mudh [kkst ij /;ku ugha tkus dk ,d dkj.k
vkSj Hkh Fkk fd 'kks/k-i= çdk'ku ds ckn uxsyh (Nageli) uked oSKkfud us
gkWdfoM (Common name of Hieracium) esa bl dk;Z dks djus ds fy, esaMy
ls dgkA ijUrq tsusfVd dkj.kksa ls ,sls ifj.kke bl ikS/ks esa ugha çkIr fd;k tk
ldkA

ladj.k laca/kh ç;ksx esaMy }kjk igyh ckj ugha fd;s x;sA vU; dbZ
oSKkfudksa us eVj ds ikS/kksa esa ladj.k laca/kh dk;Z fd;s FksA ijUrq os lQy ugha
gq, D;ksafd mUgksaus ,d gh lkFk ,d-ls-vf/kd y{k.kksa ds oa'kkxfr dk v/;;u
djuk pkgkA nwljh vksj esaMy us ,d ckj esa ,d gh y{k.k dk v/;;u fd;k
vr% os oa'kkxfr dh çfØ;k dks le>us esa lQy gq,A esaMy ds iwoZ ukbV ,oa
xkWl (Knight and Goss) uked oSKkfudksa us 1824 bZ- esa eVj esa ladj.k laca/kh
ç;ksx fd;s FksA esaMy us bUgha ds dk;Z dks vkxs c<+k;kA blh çdkj dksy#Vj
(Kolreuter, 1733-1806) us rEckdw esa ladj.k }kjk ladj ikS/ks çkIr fd;k rFkk
buesa y{k.kksa dh oa'kkxfr ds ckjs esa crk;k fd ladj ikS/ks nksuksa tudksa esa ls
fdlh ,d ds lkFk lekurk j[krs gSa vFkok tudksa ds y{k.kksa ds lfEeJ.k ls
dksbZ u;k ek/;fed y{k.k buesa mRiUu gksrs gSaA buds vykok vusd oSKkfudksa us
esaMy ls iwoZ y{k.kksa dh oa'kkxfr dks le>us ds fy, ladj.k laca/kh iz;ksx
fofHkUu thoksa esa fd;kA buesa xkVZuj (Gartner, 1772-1850) ukWfMu (Naudin,
1851-1899) MkfoZu (Darwin, 1809-1882) çeq[k gSaA ijUrq buesa ls fdlh us
Hkh vius ifj.kkeksa dh la[;kRed (Numerical explanation) O;k[;k ugha dhA
vr% oa'kkxfr ds fu;eksa dh [kkst dk Js; esaMy dks gh tkrk gS ,oa mUgsa
vkuqoaf'kdh dk tud (Father of genetics) dgk tkrk gSA

1-2-4 esaMy ds dk;ksZa dh iqu[kksZt
(Rediscovery of Mendel’s Work)

tSlk fd Åij cryk;k x;k gS] esaMy dks vius thou-dky esa og Js; ugha
feyk] ftlds os gdnkj FksA 1900 bZ- esa rhu oSKkfudksa áwxks Mh ozht (Hugo de
Vries, Holland), dkyZ dkWjsUl (Carl Correns, Germany) ,oa bfjd okWu
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'ksjekWd Z (Eric von Tschirmark, Austria) us Lora= :i ls dk;Z djds ogh
fu"d"kZ fudkys] ftls esaMy us çkIr fd;k FkkA blds ckn esaMy ds oa'kkxfr
laca/kh fu;eksa dks iwjk lEeku çkIr gqvkA 1905 es csVlu rFkk iqusV us crk;k
fd esaMy ds fu;e ySafxd :i ls tuu djus okys lHkh ikS/kksa ,oa tUrqvksa esa
lgh gSA

1-2-5 ladj.k ç;ksx gsrq eVj ds ikS/ks ds p;u ds dkj.k
(Causes of Selection of Pea Plants for Hybridization
Experiments)

dkQh lw>-cw> ds ckn esaMy us vius ç;ksx ds fy, eVj ds ikS/kksa dk p;u
fd;kA mUgksaus fuEu dkj.kksa ls bldk p;u fd;k&

1- ,do"khZ; gksus ds dkj.k eVj dk thou-pØ NksVk gksrk gSA vr% ikS/kksa
dk v/;;u dbZ ihf<+;ksa rd vklkuh ls fd;k tk ldrk gSA

2- eVj ds iq"i f}fyaxh gksrs gSaA

3- ladj.k gsrq ij-ijkx.k (Cross-pollination) vklkuh ls fd;k tk ldrk
gSA

4- eVj ds ikS/kksa esa dbZ foi;kZ;h y{k.k (Contrasting characters) Li"V
fn[kk;h nsrs gSaA

5- Lo-ijkfxr (Self-pollinated) gksus ds dkj.k eVj ds ikS/ks
vkuqoaf'kd :i ls le;qXeth (Homozygous) gksrs gSaA blds QyLo:i
ikS/ks ih<+h-nj-ih<+h 'kq) y{k.k okys cus jgrs gSaA

6- f}fyaxh iq"iksa dk foiqalu (Emasculation) vklkuh ls fd;k tk ldrk
gSA

7- F1 larfr ds ikS/kksa dks vklkuh ls mxk;k tk ldrk gSA

eVj esa ik;s tkus okys lkr foi;kZ;h y{k.k (Seven Contrasting Characters

in Pea Plants)

esaMy us eVj ds ikS/kksa esa ik;s tkus okys fuEu lkr foi;kZ;h y{k.kksa dks ladj.k
laca/kh ç;ksxksa gsrq p;fur fd;k&

lkj.kh Ø- 1-1

Øekad y{k.k

(Character)
çHkkoh xq.k

(Dominant Character)
vçHkkoh xq.k

(Recessive Character)

1- cht dh vkÑfr xksy fpdus cht >qjhZnkj cht

2- chti= dk jax ihyk chti= gjk chti=
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3- iq"i dk jax yky lQsn

4- Qyh dh
vkÑfr

fpduh ladhf.kZr

5- Qyh dk jax gjk ihyk

6- iq"i dh fLFkrh d{kLFk vxzLFk

7 ikS/ks dh yEckbZ yEck ckSuk

lkj.kh Ø- 1-2% esaMy }kjk eVj esa p;fur lkr y{k.kksa dk fp=kRed fu:i.k

Ø-la-
(S. No.)

y{k.k (Character) çHkkoh (Dominant) vçHkkoh (Recessive)

A Seed
characters

1. Shape Round Wrinkled

2. Cotyledon
colour Yellow Green

3. Coat
colour Grey White

B Pod
characters

4. Shape Inflated Constricted

5. Colours Green Yellow

6. Position of
pod Axial Terminal

C Stem
characters

7. Plant
height

Tall
(6-7 feet)

Dwarf
(3/4-1 feet)

1-2-6 esaMy ds lQyrk ds dkj.k
(Causes of Mendel’s Success)

vius iwoZorhZ oSKkfudksa ds vlQyrk ds foijhr esaMy vkuqoaf'kdh ds fu;eksa ds
laiknu esa lQy jgsA muds lQy fu"d"kksZa rd ig¡qpus ds çeq[k dkj.k
fuEufyf[kr gSa&

1- esaMy dks xf.kr dh tkudkjh Fkh ftlds dkj.k gh os ifj.kkeksa dh
xf.krh; ,oa lkaf[;dh; fo'ys"k.k esa lQy gq,A

2- esaMy HkkX;'kkyh jgs fd mUgksaus ftu lkr foi;kZ;h y{k.kksa ds oa'kkxfr
dk v/;;u fd;k muds thUl ;k rks vyx-vyx xq.klwl= ij fLFkr Fks
vFkok ,d xq.klw= ij ,d-ls-vf/kd thUl fLFkr Fks rks muds chp
lgyXurk (Linkage) dk vHkko FkkA ;fn os lgyXu (Linked) jgss gksrs
rks fuf'pr :i ls mUgs vlkekU; vuqikr çkIr gksrkA
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3- mUgksaus ,d ckj esa ,d gh foi;kZ;h y{k.k ds oa'kkxfr dk v/;;u
fd;kA

4- eVj ds thou-pØ ds NksVk gksus ds dkj.k os dqN gh o"kksZa esa ikS/kksa ds
vusd ihf<+;ksa dk v/;;u vklkuh ls dj ldsA

esaMy ds dk;ksZa dk vf/kd le; rd vKkr jgus ds dkj.k
(Causes of Mendel’s Work Unnoticed for a Long Time)

tSlk fd igys crk;k x;k gS] 1866 bZ- esa çdk'ku ds ckn Hkh esaMy ds 'kks/k
ifj.kkeksa dks Js; 1900 bZ- ds ckn rc feyk] tc muds dk;ksZa dh iqu[kksZt áwxks
Mh ozht] dkWjsUl ,oa 'ksjekWd Z }kjk dh x;hA brus yEcs le; rd buds dk;ksZa
dks Js; çkIr ugha gksus ds fuEufyf[kr çeq[k dkj.k Fks&

1- esaMy fdlh cM+s ,oa fo[;kr fo'ofo|ky; ls lacaf/kr ugha Fks] cfYd
os ,d NksVs ls eksuSLVªh esa iknjh vFkok f'k{kd ds :i esa dk;Zjr~ FksA

2- mUgksaus vius 'kks/k ifj.kke dks ,d ,sls LFkkuh; if=dk@tuZy esa
çdkf'kr djok;k] ftldk forj.k lhfer FkkA

3- esaMy }kjk ç;qDr lkaf[;dh; x.kuk,¡a tfVy FkhaA okLro esa bls le>uk
ml le; ds xSj-xf.krh; i"̀BHkwfe okys tho foKkfu;ksa ds fy, dfBu FkkA

4- esa.My ds fl/nkar ml le; ds fglkc ls dkQh vkxs FksA lacaf/kr dk;Z
ds çfr yksxksa dk >qdko dkQh de FkkA

5- 1859 bZ- esa MkfoZu }kjk (origin of species) uked iqLrd çdkf'kr dh
x;h FkhA ml le; iwjs fo'o esa mlh dh ppkZ FkhA

ladj.k dh rduhd (Techniques of Hybridization)

,d gh tkfr ds fHkUu y{k.kksa okys lnL;ksa ds chp ØkWl dks ladj.k dgrs
gSaA ;g ij-ijkx.k (Cross-pollination) ds ek/;e ls gksrk gSA ikS/kksa esa
ijkxd.k çnku djus okyk ikS/kk uj tud (Male parent) rFkk ftl ikS/ks dk
ofrZdkxz ijkfxr gksrk gS] og eknk tud (Female parent) dgykrs gSaA f}fyaxh
iq"i lkeU;r;k Lo-ijkxd.k dh çfØ;k çnf'kZr djrs gSaA ladj.k djokus ds fy,
eknk tud ds iq"i ls uj tuukax vFkok iqeax (Androecium) dks fudkyuk
vko';d gksrk gS] rkfd Lo-ijkx.k u gks ldsA bl fØ;k dks foiqalu ;k
beSLdqys'ku (Emasculation) dgrs gSA vr% ^^fdlh mHk;fyaxh iq"i ls vifjiDo
ijkxdks"kksa dks gVkus dh fØ;k dks foiqalu beSLdqys'ku dgrs gSa**A ;g dk;Z iq"i
ds f[kyus (Anthesis) ds igys dh tkrh gSA vxys fnu tc foiqaflr
(Emasculated) iq"i dk ofrZdkxz ifjiDo gksrk gS] rks okafNr uj ikS/ks ds
ijkxd.kksa }kjk bls ijkfxr djok fn;k tkrk gSA okafNr ijkxd.k ds igys ,oa
ckn esa Hkh mDr iq"i dks vupkgs ijkx.k ls cpkus gsrq cSfxax (Bagging) dh
tkrh gSA
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dkjdksa dk fopkj (Ideas of Factors)

esaMy ds }kjk dk;Z 'kq# fd;s tkus ds iwoZ bruk rks Kkr Fkk fd larfr esa
yk{kf.kd xq.k tudksa ls çkIr gksrs gSa rFkk larfr tudksa ls dsoy tuu inkFkZ
vFkok xSfeV~l gh xzg.k djrs gSaA vr% ;s y{k.k larfr esa xSfeV~l ds ek/;e ls
gh tkrs gksaxsA vius ç;ksxksa ds fo'ys"k.k ds ckn esaMy bl fu"d"kZ ij igq¡ps fd
vkuqoaf'kd y{k.k tudksa ls larfr esa lkewfgd :i ls u tkdj vyx-vyx
tkrs gSaA mUgksaus vkxs ekuk fd ;s y{k.k fof'k"V bdkb;ksa }kjk tudksa ls mRiUu
xSfeV~l vFkok tuu dksf'kdkvksa ds ek/;e ls larfr;ksa esa ig¡qpdj fof'k"V y{k.k
dks çdV djrs gSaA esaMy us bu oa'kkxr :i ls tkus okyh bdkb;ksa dks dkjd
(Factor) dgkA vktdy bUgsa thu (Gene) dgk tkrk gSA dkjdksa ds laca/k esa
esaMy us dqN vf/kdYiuk çLrqr dh tks fuEufyf[kr gSa&

1- thoksa esa çR;sd y{k.k ds fy, dkjd tksM+h esa ik;s tkrs gSaA

2- dkjd ds tksM+s y{k.k ds leku :i ds fy, gks ldrs gSa] vFkok nks
foi;kZ;h :iksa ds fy, gks ldrs gSaA çFke voLFkk dks le;qXedh voLFkk
(Homozygous) ,oa nwljh voLFkk dks fo"ke;qXedh (Heterozygous)
voLFkk dgrs gSaA ;fn eVj ds ikS/ks esa yEckbZ ds fy, mRrjnk;h dkjd
ds çHkkoh ,oa vçHkkoh dks Øe'k% T rFkk t }kjk vfHkO;Dr fd;k tk;s rks
TT rFkk tt le;qXedh rFkk Tt fo"ke;qXedh voLFkk,¡ gSaA

3- xSfeV~l ds fuekZ.k ds le; dkjdksa dh tksM+h VwV tkrh gS] vr% buesa ls
dksbZ ,d gh dkjd ;qXed esa tkrk gSA fu"kspu i'pkr~ uj ,oa
eknk ;qXed la;qDr gksdj tk;xksV dk fuekZ.k djrs gSa] ftlesa dkjdksa
dh tksM+h iqu%LFkkfir gksrh gSA

uksV Note:& ;gk¡ iqu% /;ku ;ksX; ckr ;g gS fd ftl le; esaMy us
bu ifjdYiukvksa dks çfrikfnr fd;k] ml le; fe;ksfll ,oa
xSfeVkstsusfll dh fØ;k dk Kku ugha FkkA xq.klw=] thUl] xSfeV~l esa
xq.klw=ksa rFkk thUl dh la[;k dk vk/kk gksuk vkfn inkFkksZa vFkok fØ;kvksa
dk Kku 'kwU; FkkA ml le; esaMy us thoksa esa çR;sd y{k.k ds dkjdksa
dks tksM+h esa gksuk rFkk xSfeV~l esa bl tksM+h ds VwVus ds dkj.k dkjd
ds ,dy :i esa tkus dh çfØ;k dks le>k;kA D;k ;g esaMy dh
egkurk dks le>kus ds fy, i;kZIr ugha gS\

1-2-7 vkuqoaf'kdrk ls lacaf/kr dqN egRoiw.kZ rduhdh 'kCn
(Some Important Technical Terms Related to
Heredity)

esaMy ds ç;ksx ,oa fl)kUr dks le>kus ds fy, dqN egRoiw.kZ rduhdh 'kCn
dks le>uk vko';d gSA dqN egRoiw.kZ rduhdh 'kCn ,oa ifjHkk"kk,¡
fuEufyf[kr gSa&
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1- ØkWl vFkok ladj.k (Cross or Hybridization)& fdlh tkfr ds fHkUu
xq.kksa okys uj ,oa eknk dks ySafxd :i ls feykus dh fØ;k dks ØkWl ;k
ladj.k dgrs gSaA

2- ladj (Hybrid)& nks fHkUu xq.kksa okys tudksa ds chp ySafxd tuu
vFkok ladj.k ls mRiUu larfr dks ladj (Hybrid) dgrs gSaA

3- bdkbZ y{k.k (Unit Character)& thoksa esa ik;s tkus okys lHkh y{k.k
tks nks vFkok nks ls vf/kd :iksa esa ik;s tkrs gSa] bdkbZ y{k.k dgykrs
gSaA mnkgj.kkFkZ] eVj ds ikS/kksa dk yEck (Tall) vFkok ckSuk (Dwarf)
gksuk ,d gh bdkbZ y{k.k ¼yEckbZ½ ds nks :i gSaA blh çdkj cht dk
ihyk vFkok gjk gksuk ,d gh y{k.k ¼cht pksy dk jax½ ds nks :i gSaA

4- ;qXefodYih vFkok ,yhyksekWQZ (Alleles or Allelomorphs)& bdkbZ
y{k.k ds nksuksa :iksa dk fu;a=.k ,d gh dkjd ds nks :iksa }kjk gksrk gSA
dkjd ds bu nksuksa :iksa dks ;qXefodYih vFkok ,yhyksekWQZ dgrs gSaA
bl 'kCn dk ç;ksx loZçFke csVlu ,oa lkmUMlZ (Bateson and
Sounders, 1902) }kjk fd;k x;kA mnkgj.kLo:i] ‘T’ ,oa ‘t’ eVj ds
ikS/kksa esa yEckbZ dks fu;af=r djus okys dkjd ds nks ,yhYl (Alleles)
gSaA

5- yksdl (Locus)& xq.klw=ksa ij ik;s tkus okys ;s os fof'k"V LFkku gSa
ftl ij fof'k"V ,yhy ik;s tkrs gSaA

6- le;qXeth (Homozygous)& ,slh voLFkk] ftlesa fdlh dkjd ds
nksuksa ,yhYl ,dleku gksrs gSa] le;qXeth dgykrh gSA tSls& TT ,oa tt
nksuksa le;qXeth voLFkk,¡ gSaA

7- fo"ke;qXeth (Heterozygous)& ,slh voLFkk] ftlesa fdlh dkjd ds
nksuksa ,yhYl fHkUu gksrs gSa] fo"ke;qXeth dgykrh gSS] mnkgj.kkFkZ] Tt
fo"ke;qXeth voLFkk gSA

lkj.kh Ø- 1-3% le;qXeth o fo"ke;qXeth thoksa esa varj
(Differences Between Homozygous and Heterozygous)

le;qXeth (Homozygous) fo"ke;qXeth (Heterozygous)

1- ;g fdlh fo'ks"kd (Trait) ds fy,
'kq/n gksrs gSaA

;g fdlh fo'ks"kd (Trait) ds
fy, 'kq/n ugha gksrs vFkkZr~ ladj
gksrs gSaA

2- buls ,yhYl leku gksrs gSa] tSls&
TT, tt

buds ,yhYl vleku (Tt) gksrs
gSaA buesa çHkkoh o vçHkkoh nksuksa
çdkj ds ,yhYl gksrs gSaA

3- ;g dsoy ,d çdkj ds ;qXed
cukrs gSaA

buls ,d thu dh oa'kkxfr esa nks
çdkj ds ;qXed curs gSaA
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4- buls Lo-ijkx.k gksus ij dsoy
Lo-;qXedh tho curs gSaA

Lo-ijkx.k gksus ij] çHkkoh
le;qXeth TT, çHkkoh ladj tt,
vçHkkoh le;qXeth tt çdkj ds
tho curs gSaA

5- vfrfjDr vkst (Vigour) çk;%
vuqifLFkr gksrk gSA

fo"ke;qXeth thoksa esa ladj vkst
(Hybrid vigour) ik;k tkrk gSA

8- çHkkoh ,oa vçHkkoh (Dominant and Recessive)& tc fdlh thu esa
fdlh y{k.k ds nksuksa fHkUu ,yhYl mifLFkr gksrs gSa] rks muesa ls
dksbZ ,d gh viuk vlj fn[kk ikrk gSA bl ,yhy dks çHkkoh ,yhy
dgrs gSaA nwljh vksj] ftl ,yhy dk vlj vfHkO;Dr ugha gks ikrk] mls
vçHkkoh ,yhy dgrs gSaA

9- 'kq/n oa'kkuqØe (Pure line)& ikS/kksa esa yxkrkj Lo-ijkx.k (Self-
pollination) gksus ds dkj.k larfr;ksa esa lHkh ,yhYl le;qXeth voLFkk
esa ik;s tkrs gSaA vr% ;s ikS/ks çtuu }kjk fcydqy leku y{k.kksa okys
larfr mRiUu djrs gSaA bUgsa 'kq) ikS/kk (Pure plants) rFkk bl oa'kkuqØe
dks 'kq/n oa'kkuqØe dgrs gSaA

10- thuçk:i rFkk y{k.k çk:i (Genotype and Phenotype)& thuçk:i
rFkk y{k.k çk:i 'kCn dk ç;ksx loZçFke tkWUlu (Johensen,
1911) }kjk fd;k x;kA muds vuqlkj] fdlh tho esa vkuqoaf'kd laxBu
(Genetic constitution) vFkok thuksa ds fooj.k dks thuçk:i
(Genotype) dgrs gSaA nwljh vksj] mlesa fn[kkbZ nsus okys y{k.k] tks
mlds thuçk:i ,oa okrkoj.k ds chp vUrfØZ;k ds ifj.kke gksrs gSa]
y{k.k çk:i (Phenotype) dgykrs gSaA nwljs 'kCnksa esa] tho dh cká
vkdkfjdh dks gh y{k.k çk:i dgrs gSaA

mnkgj.k ds fy,] TT, Tt ,oa tt ikS/ks ds thuksVkbi gSa] rFkk mudk yEck
vFkok ckSuk gksuk muds y{k.k çk:i gSaA leku y{k.k çk:i okys ikS/kksa
dk thu çk:i fHkUu gks ldrk gSA mnkgj.kkFkZ] TT rFkk Tt nksuksa
thuçk:i okyks ikS/kksa dk y{k.k çk:i yEck gh gksrk gSA

lkj.kh Ø- 1-4% thu çk:i ,oa y{k.k çk:i esa vUrj
(Differences Between Genotype and Phenotype)

thuçk:i (Genotype) y{k.k çk:i (Phenotype)

1- ;g thoksa ds thu laxBu dks
O;Dr djrk gSA

;g thoksa ds vkdkj] çÑfr] jax]
LoHkko vkfn xq.kksa dks O;Dr djrk gSA

2- ;g y{k.k çk:i }kjk
fu;af=r djrk gSA

;g thu çk:i }kjk fu;af=r gksrk gSA

3- leku thuksVkbi okys thoksa
ds QhuksVkbi vFkok y{k.k
çk:i fHkUu gks ldrs gSaA

leku QhuksVkbi okys thoksa ds
thuksVkbi vFkok thu çk:i fHkUu gks
ldrs gSaA
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4- thu çk:i dk v/;;u dj
tudksa ds ckjs esa tkudkjh
çkIr dh tk ldrh gSA

y{k.k çk:i ds vk/kkj ij tudksa ds
ckjs esa tkudkjh çkIr djuk dfBu gSA

5- ;g okrkoj.k }kjk çHkkfor
ugha gksrk gSA

;g okrkoj.k }kjk çHkkfor gksrk gSA

6- fdlh tho dk thu çk:i
thoui;ZUr ,dleku cuk
jgrk gSA

okrkoj.k esa cnyko ds dkj.k y{k.k
çk:Ik esa cnyko laHko gSA

11- ,dladj ladj.k (Monohybrid cross)& ,sls ØkWl ftlesa dsoy ,d
tksM+h foi;kZ;h y{k.kksa dh oa'kkxfr dk v/;;u fd;k tkrk gS] ,dladj
ØkWl dgykrs gSaA mnkgj.k ds fy,] eVj ds yEcs (TT) ,oa ckSus ikS/kksa
ds (tt) chp ØkWl dks ,dladj ØkWl dgsaxsA

12- f}ladj ladj.k (Dihybrid cross)& fdlh ØkWl esa ;fn nks tksM+h
foi;kZ;h y{k.kksa dh oa'kkxfr dk v/;;u ,d lkFk fd;k tkrk gS rks bls
f}ladj ØkWl dgrs gSaA mnkgj.k& eVj ds xksy ,oa ihys (RRYY)
rFkk >qjhZnkj ,oa gjs (rryy) cht okys ikS/kksa ds e/; ladj.kA

fp=- Ø- 1-2% ,dçladj.k ,oa f}çladj.k

13- cgqladj ladj.k (Polyhybrid cross)& ,sls ØkWl esa nks ls vf/kd
foi;kZ;h y{k.kksa dh tksM+h dh oa'kkxfr dk v/;;u ,d lkFk fd;k tkrk
gSA

14- ijh{k.k ladj.k (Test cross)& bl ØkWl esa F1 ikS/kksa dk ladj.k
vçHkkoh y{k.kksa okys tud ds lkFk fd;k tkrk gSA ,d ladj ijh{k.k
ladj.k dh larfr esa thu çk:fid ,oa y{k.k çk:fid dk vuqikr 1:1
gksrk gSA nqljh vksj f}ladj dzkWl esa ;g vuqikr 1:1:1:1gksrk gSA

Round and Yellow Wrinkled and Green

Round and Yellow
Dihybrid cross

Tall
Monohybrid cross

Tall Dwarf

TT tt rryyRRYY

RrYyTt

P1
P1P2 P2

Flower

Seed

Pod

F1
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fp= Ø- 1-3% ,dçladj.k ijh{k.k ladj.k

fp= Ø- 1-4% f}ladj.k ijh{k.k ladj.k dh F2 ih<+h esa 1 % 1% 1 % 1 y{k.k
çk:i dk çn'kZu

15- çrhi vFkok iwoZt ladj.k (Back cross)& F1 ih<+h ds ikS/kksa dk
ladj.k ;fn fdlh tud ds lkFk djok;k tkrk gS rks bl ØkWl dks
çrhi vFkok iwoZt ladj.k dgrs gSaA

mnkgj.k ds fy,] ;fn TT ,oa tt thuksVkbi okys ikS/kksa dk ladj.k
djok;k tkrk gS rks Tt thuksVkbi okys F1 ikS/ks çkIr gksrs gSaA iqu% bu
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ikS/kksa dk ladj.k ;fn TT vFkok tt thuksVkbi okys tud ikS/kksa ls
djok;k tk, rks bl ØkWl dks çrhi ladj.k dgssaxsA

fp= Ø- 1-5% nks çdkj ds çrhi ØkWl

16- ijLij vFkok O;qRØe ladj.k (Reciprocal cross)& O;qRØe ØkWl] nks
ØkWlst dk lsV gS] ftlesa ,d ckj ikni A dks uj rFkk ikni B dks
eknk tud ds :i esa mi;ksx fd;k tkrk gSA rFkk nwljh ckj ikni A
dks eknk rFkk B dks uj ds :i es O;ofLFkr ¼O;ofgr½ fd;k tkrk gSA
esaMsfy;] oa'kkxfr çnf'kZr djus okys y{k.kksa] O;wRØe ØkWl es leku
ifj.kke çnf'kZr djrs gSaA

1-2-8 esaMy ds ç;ksx (Experiments of Mendel)

esaMy us eVj (Pea-Pisum sativum) ds ikS/kksa esa ,dladj rFkk f}ladj nksuksa
çdkj ds ladj.k laca/kh ç;ksx fd;sA

1- ,dladjh ladj.k vFkok eksuksgkbfczM ladj.k (Monohybrid
Cross)& ,d tksM+h foi;kZ;h y{k.kksa ds e/; gksus okyk çladj.k ,dladjh
ladj.k dgykrk gSA ,sls rks esaMy us eVj esa vusd ,dladj ladj.k ç;ksx
laiUu fd;s] ijUrq yEcs (TT) rFkk ckSus (tt) eVj ds ikS/kksa ds chp laiUu ØkWl
dk mnkgj.k eq[; :i ls fn;k tkrk gSA
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fp= Ø- 1-6% eksuksgkbfczM ØkWl

blesa mUgksaus ,d 'kq/n yEck rFkk ,d ckSuk ikS/kk fy;kA buds thuksVkbi dks
Øe'k% TT ,oa tt }kjk n'kkZ;k x;kA iwoZ esa mYysf[kr esaMy dh dkjdksa laca/kh
ifjdYiuk ds vuqlkj nksuksa tudksa }kjk Øe'k% T ,oa t thuksVkbi okys ;qXedksa
dk fuekZ.k gksrk gSA Ñf=e ij-ijkx.k ,oa fu"kspu ds ckn ;qXed ds la;qXeu ls
Tt çdkj ds tk;xksV dk fuekZ.k gksrk gSA bl tk;xksV ls cuus okyh lUrfr;ksa
dks çFke iq=h ih<+h ;k F1 (First filial generation or F1) dgrs gSaA vr% F1

ih<+h esa lHkh ikS/kksa dk thuksVkbi Tt Fkk] tks yEcs y{k.k çk:i okys FksA tc bu
F1 ikS/kksa esa Lo-ijkx.k gksus fn;k x;k rks blls f}rh; iq=h ih<+h ;k F2 çkIr
gksrh gSA F2 ih<+h esa rhu çdkj ds ikS/ks çkIr gksrs gSa&

mi;ZqDr ç;ksx ds ifj.kke ls Li"V gS fd F1 ih<+h ls lHkh ikS/kksaa esa nks esa
ls dsoy ,d gh tud ¼yEck½ dk çHkko fn[kk;h nsrk gSA esaMy us fn[kk;h nsus
okys y{k.k dks çHkkoh (Dominant) y{k.k rFkk fn[kk;h ugha nsus okys y{k.k dks
vçHkkoh (Recessive) y{k.k dgkA vius ,dladj ØkWl ds ifj.kkeksa ds vk/kkj
ij esaMy us oa'kkxfr ds fuEu fu;eksa dk çfriknu fd;k&

 çHkkfork dk fu;e (Law of Dominance),

- iF̀kDdj.k dk fu;e (Law of Seggregation) vFkok ;qXedksa dh 'kq/nrk
dk fu;e (Law of Purity of Gametes)A
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fp= Ø- 1-7% f}ladj ØkWl@Lora= viR;yu dks fu;e dk mnkgj.k }kjk çn'kZu

2- f}ladjh ladj.k vFkok MkbgkbfczM ØkWl (Dihybrid Cross)& nks
tksM+h foi;kZ;h y{k.kksa ds e/; gksus okyk çladj.k ;k ØkWl f}ladjh ladj.k
dgykrk gSA vius ,d f}ladj ØkWl esa esaMy us ,d 'kq) ikS/ksa dk p;u fd;k
ftlds cht dk jax ihyk (Yellow) rFkk vkdkj xksy (Round) FkkA nwljs
foi;kZ;h y{k.k okys ikS/kksa ds cht gjs (Green) ,oa >qjhZnkj (Wrinkled) FksA
cht dk ihyk jax gjs ij rFkk xksy vkdkj >qjhZnkj ij çHkkoh Fks] vr% nksuksa ds
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thuksVkbi dks Øe'k% TTRR rFkk yyrr ds :i esa n'kkZ;k x;kA buls YR rFkk
yr çdkj ds ;qXedksa dk fuekZ.k gksrk gS tks vkil esa la;qXeu ds i'pkr~ YyRr
thuksVkbi okys F1 ikS/kkas dk fuekZ.k djrs gSaA fuf'pr :i ls budk QhuksVkbi
ihyk-xksy gksxkA tc bu ikS/kksa esa Lo-ijkx.k gksus fn;k x;k rks F2 ih<+h esa pkj
çdkj ds ikS/ks çkIr gq,A buds chp 9 % 3 % 3 % 1 dk vuqikr ik;k x;kA ;s
fuEufyf[kr Fks&

(i) xksy ,oa ihys cht ¾ 9

(ii) xksy ,oa gjs cht ¾ 3

(iii) >qjhZnkj ,oa ihys cht ¾ 3

(iv) >qjhZnkj ,oa gjs cht ¾ 1

lkj.kh Ø- 1-5% f}ladj ØkWl dh F2 ih<+h esa çkIr thuksVhfid ¼thuksVkbi½
,oa QhuksVhfid ¼QhuksVkbi½ vuqikr

thuksVkbi thuksVhfid vuqikr QhuksVkbi QhuksVhfid vuqikr

RRYY

RrYY

RRYy

RrYy

1

2

2

4

Xkksy ihyk

Xkksy ihyk

Xkksy ihyk

Xkksy ihyk

Xkksy ihyk ¾ 9

RRyy

Rryy

1

2

Xkksy gjk

Xkksy gjk

Xkksy gjk ¾ 3

rrYY

rrYy

1

2

>qjhZnkj ihyk

>qjhZnkj ihyk

>qjhZnkj ihyk ¾ 3

rryy 1 >qjhZnkj gjk >qjhZnkj gjk ¾ 1

f}ladj ØkWl ds ifj.kke ds vk/kkj ij esaMy us ;g fu"d"kZ fudkyk fd
tudksa ls larfr eas oa'kkxfr ds le; ,d y{k.k nwljs y{k.k dks çHkkfor ugha
djrs gSaA blds vk/kkj ij mUgksaus dkjdksa ds Lora= viO;wgu ds fu;e dk
çfriknu fd;k ftldk o.kZu vkxs fd;k x;k gSA

1-2-9 esaMy ds vkuqoaf'kdh ds fu;e
(Mendelian Laws or Laws of Inheritance)

eksuksgkbfczM rFkk MkbgkbfczM ladj.k ls çkIr fu"d"kksZa ds vk/kkj ij esaMy us
vkuqoaf'kdrk ds fuEu fu;eksa dk çfriknu fd;k&

1- çHkkfork dk fu;e

2- iF̀kDdj.k dk fu;e vFkok ;qXedksa dh 'kq)rk dk fu;e rFkk

3- Lora= viO;wgu dk fu;eA
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buesa ls çFke nks fu;e ,dladj ØkWl rFkk rhljk fu;e f}ladj ØkWl
ds ifj.kkeksa ij vk/kkfjr gSA

1- çHkkfork dk fu;e (Law of Dominance)& bl fu;e ds vuqlkj tc
nks fHkUu foi;kZ;h y{k.kksa okys tudksa ds chp ladj.k djk;k tkrk gS rks
çkIr F1 larfr ds ikS/kksa esa dsoy ,d gh tud ds y{k.k fn[kkbZ nsrs gSaA
bl y{k.k dks çHkkoh y{k.k (Dominant character) dgrs gSaA nwljh vksj
bl y{k.k dk nwljk :i fcydqy gh fn[kk;h ugha nsrk gSA bls vçHkkoh
y{k.k (Recessive character) dgrs gSaA

uksV (Note):- mnkgj.k ds fy,] yEcs (TT) rFkk ckSus (tt) ikS/kksa ds chp
ladj.k djk;s tkus ij leLr F1 ikS/ks yEcs (Tt) çkIr gksrs gSaA vr% yEck gksus
dk xq.k ckSukiu ij çHkkoh gSA bl çdkj] cht dk xksy vkdkj rFkk ihyk jax
Øe'k% >qjhZnkj vkdkj rFkk gjs jax ij çHkkoh gSA

2- iF̀kDdj.k dk fu;e ;k ;qXedksa dh 'kq/nrk dk fu;e (Law of
Segregation or Law of Purity of Gametes)& tSlk fd Åij crk;k
x;k gS] F1 ih<+h ds ikS/kksa esa vçHkkoh y{k.k ikS/kksa esa fn[kk;h ugha nsaxs]
ijUrq bldk ;g rkRi;Z ugha fd ladj.k ds i'pkr~ vçHkkoh xq.k yqIr gks
tkrs gSaA cfYd] tc foi;kZ;h y{k.k okys ikS/kksa ds e/; ladj.k djk;k
tkrk gS rks y{k.k ds tksM+s vkil esa fefJr ugha gksrs gSaA vxyh ih<+h F2

esa ;s iqu% iF̀kd~ gks tkrs gSaA okLro esa F1 ikS/kksa }kjk ;qXed fuekZ.k ds
le; dkjd ds çHkkoh ,oa vçHkkoh dkjd nksuksa iF̀kd~ gks tkrs gSaA bl
çdkj vk/ks ;qXed çHkkoh dkjd ;qDr gksrs gSa tcfd 'ks"k vk/ks dkjd
vçHkkoh dkjd ;qDr gksrs gSaA pawWdh bl çdkj cus ;qXed esa ,d y{k.k
dk dsoy dkjd ¼çHkkoh vFkok vçHkkoh½ gh ik;k tkrk gS] vr%
iF̀kDdj.k ds fu;e dks ;qXedksa dh 'kq/nrk dk fu;e (Law of Purity of
gametes) Hkh dgrs gSaA

3- Lora= viO;wgu dk fu;e (Law of Independent Assortment)& bl
fu;e ds vuqlkj] ^^tc fdlh tud ls nks vFkok nks ls vf/kd y{k.kksa
dh oa'kkxfr gksrh gS] rks muds dkjd ,slk O;ogkj djrs gSa] ekuks muds
chp dksbZ laca/k ugha gks vFkkZr~ os ,d-nwljs ls fcydqy gh Lora= gks P'
vFkkZr~ dksbZ Hkh y{k.k fdlh nwljs y{k.k ij vk/kkfjr ugha gksrk gSA ;s
Lora= :i ls viuk xq.k çnf'kZr djrs gSaA ,d y{k.k dh oa'kkxfr nwljs
y{k.k dh oa'kkxfr ij fuHkZj ugha gksrh gSA

dkjdksa ds Lora= viO;wgu dh çfØ;k dks f}ladj ØkWl esa le>k;k x;k
gSA blesa ge ns[krs gSa fd F2 ih<+h esa dqy pkj çdkj ds y{k.k çk:i
okys ikS/ks 9 : 3 : 3 : 1 ds vuqikr esa çkIr gksrs gSaA bldk dkj.k dkjdksa
dk Lora= viO;wgu gh gSA
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1-2-10 esaMy ds fu;eksa dk tSfod egRo
(Biological Significance of Mendels Law’s)

1- esaMy ds fu;eksa dk mi;ksx ikni ,oa tUrq çtuu (Plant and Animal
breeding) esa gksrk gSA

2- bl fu;e dh tkudkjh ds i'pkr~ gh vkt ØkWflax ,oa czhfMax
(Breeding) }kjk okafNr xq.kksa okys ikS/ks ,oa tUrq çkIr djuk laHko gqvk
gSA

3- esaMy ds fu;eksa dh tkudkjh ls gh vkt jksx çfrjks/kh fdLeksa]
dqRrksa] ?kksM+ks] xk;ksa] eqfxZ;ksa vkfn dh ubZ uLysa çkIr gqbZ gSaA

vkifRr (Objection)

esaMy ds ckn fofHkUu oSKkfudksa }kjk fd;s 'kks/k ifj.kkeksa ls Li"V gqvk gS fd
Lora= viO;wgu dk fu;e mUgha dkjdksa ds fy;s lgh gS] tks fHkUu xq.klw=ksa ij
fLFkr gksrs gSaA blds vykok ,d gh xq.klw= ds nwjLFk fcUnqvksa (Distant loci)
ij fLFkr thUl ds chp Hkh Lora= viO;wgu ik;k tkrk gS] c'krsZ fd muds chp
50% iqulZa;kstu vko`fRr ik;h tkrh gksA

1-2-11 oa'kkxfr dh vU; i)fr;k¡ vFkok esaMyokn ls fopyu
(Other Patterns of Inheritance or Deviations From
Mendelian Inheritance)

1900 bZ- esa essaMy us fu;eksa dh iqu[kksZt ds ckn ,slk lkspk fd thoksa esa leLr
xq.kksa dh oa'kkxfr bUgh fu;eksa ds vuq:i gksrh gSaA ijUrq ckn esa ik;k x;k fd
thoksa esas leLr y{k.kksa dh oa'kkxfr bu fu;eksa ds vuqlkj ugha gksrh gS] cfYd
vusd y{k.k esaMyokn ls fopyu çnf'kZr djrs gSaA ,slh oa'kkxfr dks ukWu-
esaMsfy;u oa'kkxfr (Non-mendelian inheritance) dgrs gSaA ,slh oa'kkxfr ds
dqN mnkgj.k uhps fn;s tk jgs gSa&

1- viw.kZ çHkkfork (Incomplete Dominance)

esaMy }kjk çfrikfnr çHkkfork ds fu;e ds vuqlkj ge tkurs gSa] fd nks
foi;kZ;h y{k.k okys tudksa ds chp tc ladj.k djk;k tkrk gS rks F1

ih<+h ds larfr esa dsoy çHkkoh y{k.k gh fn[kk;h nsrk gSA vçHkkoh y{k.k
fcydqy gh fn[kk;h ugha nsrkA ijUrq MªSxu ¶ykoj vFkok ,sfUVjkbue
estl (Antirrhinum majus), 4 – vks] DykWd vFkok fejkfcfyl tykik
(Mirabilis jalapa) vkfn ikS/kksa esa ,slk ik;k x;k fd nks fHkUu foi;kZ;h
y{k.kksa okys tudksa ds chp ladj.k ds QyLo:i u;s y{k.k okys F1

ikS/kksa dk fodkl gksrk gSA
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mnkgj.k

1- 4& O DykWd vFkok fejkfcfyl tykik esa iq"i ds jax dh nks fdLesa
(Varieties) ik;h tkrh gSaA ,d esa iq"i dk jax yky rFkk nwljs esa lQsn gksrk
gSA nksuksa ds chp df̀=e ijkx.k }kjk ladj.k djk;k tkrk gS rks F1 ih<+h ds
leLr ikS/kksa esa iq"i dk jax xqykch gksrk gSA

okLro esa xqykch jax yky rFkk lQsn jaxksa ds chp dk jax (Intermediate
colour) gSA vr% fuf'pr rksj ij yky rFkk lQsn esa dksbZ Hkh jax ,d-nwljs ij
çHkkoh ugha gSA tc F1 ikS/kksa esa Lo-ijkx.k gksus fn;k tkrk gS rks F1 ih<+h esas
yky] xqykch rFkk lQsn jax ds iq"i okys ikS/ks 1 % 2 % 1 ds vuqikr esa çkIr
gksrs gSaA

2- vkWLVªsfy;u eqfxZ;ksa esas nks jax ik;s tkrs gSa] dkyh ,oa lQsnA tc bu
nksuksa ds chp ladj.k djok;k tkrk gS rks F1 ih<+h esa leLr eqfxZ;k¡ uhys jax dh
çkIr gksrh gSaA

fp= Ø-1-8% fejkfcfyl tykik esa viw.kZ çHkkfork

2- lg-çHkkfork (Co-Dominance)& bl çdkj ds ukWu-esaMsfy;u oa'kkxfr
esa ,d tksM+h foi;kZ;h y{k.k çHkkoh rFkk vçHkkoh ds :i esa ugha jgrs]
cfYd nksuksa gh vius çHkko F1 larfr esa vfHkO;Dr djrs gSaA vFkkZr~
fo"ke;qXeth (Heterozygous) voLFkk esa nksuks ,yhYl viuk çHkko
çnf'kZr djrs gSaA
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mnkgj.k

 tc yky jax okys i'kq (Cattle) dks lQsn jax okys i'kq ds lkFk
ladfjr fd;k tkrk gS] rks çkIr F1 ih<+h ds i'kqvksa dk jax
fprdcjk (Roan) gksrk gSA vFkkZr~ budh Ropk ij yky ,oa lQsn
nksuksa jax ik;s tkrs gSaA

 ;fn fdlh euq"; esa jDr lewg dks fu;af=r djus okys ,yhYl IA

rFkk IB nksuksa mifLFkr gksrs gSa rks buds }kjk Øe'k% A rFkk
B ,.Vhtu dk mRiknu gksrk gSA Qyr% O;fDr dk jDr lewg
AB gksrk gSA

 euq"; esa MN jDr lewg dks fu/kkZfjr djus okys ,yhYl ds chp
Hkh lgçHkkfork ik;h tkrh gSA tc M rFkk N ,.Vhtu cukus
okys ,yhYl euq"; esa ,d lkFk ik;s tkrs gSa rks fdlh ij çHkkoh
vFkok vçHkkoh ugha gksrk] cfYd nksuksa viuk vlj fn[kkrs gSa] vr%
O;fDr dk jDr lewg MN gksrk gSA

 fldy lsy ,uhfe;k okys thu euq"; esa fo"ke;qXeth voLFkk
esa ;fn mifLFkr gksrs gSa rks HbA rFkk HbS nksuksa ,yhYl viuk
vlj fn[kkrs gq, Øe'k% lkekU; rFkk vlkekU; çdkj ds
gheksXykschu dk mRiknu djrs gSaA Qyr% R.B.C. esa nksuksa çdkj
ds gheksXyksfcu ik;s tkrs gSaA

fp= Ø- 1-9% i'kqvksa esa lgçHkkfork
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lkj.kh Ø- 1-6% viw.kZ çHkkfork rFkk lg-çHkkfork esa vUrj
(Differences Between Incomplete Dodminance and Co-Dominance)

viw.kZ çHkkfork
(Incomplete dominance)

lg-çHkkfork
(Co-dominance)

nksuksa ,yhyksekWfQZd thu ijLij fØ;k
djds ladj tho cukrs gSa ftlesa nksuksa
tudksa ds y{k.k fefJr gksdj u;k
y{k.k fn[kkbZ nsrk gSA

nksuksa ,yhyksekWfQZd thuksa esa ijLij
fØ;k ugha gksrh] rFkk cuus okys tho esa
nksuksa thuksa ds y{k.k fn[kkbZ nsrs gSa rFkk
os dHkh Hkh fefJr ugha gksrs gSaA

3- cgqfodfYirk rFkk jDr lewg dh oa'kkxfr (Multiple Allelism and
Inheritance of Blood Groups) esaMy us vkuqoaf'kdrk ds fu;eksa dh
O;k[;k djus ds fy, çLrkfor fd;k Fkk fd çR;sd y{k.k dks fu/kkZfjr
djus okys dkjd ds nks :i ik;s tkrs gSaA ijUrq ckn esa Kkr gqvk fd
fdlh y{k.k ds fy, dHkh-dHkh nks ls vf/kd ,yhYl ik;s tkrs
gSaA ,sls ,yhYl dks eYVhiy ,yhYl (Multiple alleles) rFkk bl ?kVuk
dks eYVhiy ,yhfyTe (Multiple allelism) vFkok cgq-fodfYirk dgrs
gSaA

euq"; esa jDr lewg dks fu/kkZfjr djus okys dkjd cgq-fodfYirk dk
vPNk mnkgj.k gSA euq"; esa pkj çdkj ds jDr lewg A, B, AB rFkk O
ik;s tkrs gSaA budks fu/kkZfjr djus okys thu ds rhu ,yhYl IA, IB rFkk
IO ik;s tkrs gSaA f}xqf.kr gksus ds dkj.k ,d euq"; esa buesa ls dksbZ
nks ,yhYl ik;s tkrs gSaA buesa ls IA rFkk IB nksuksa IO ij çHkkoh gksrs gSa]
tcfd IA rFkk IB vkil esa lgçHkkoh gksrs gSaA fofHkUu thuksVkbi okys
euq"; ds jDr lewg dks uhps n'kkZ;k x;k gS&

lkj.kh Ø- 1-7

thuksVkbi
(Genotype)

jDr lewg
(Blood group)

IA, IA, IA, IO

IB, IB, IB, IO

IA, IB

IO, IO

A
B

AB
O

4- cgqçHkkfork (Pleiotrophy or Pleiotrophic Effect)& ^^,d thu }kjk
nks vFkok nks ls vf/kd QhuksVhfid y{k.kksa ds fu/kkZj.k dh ?kVuk dks
cgqçHkkfork dgrs gSaA** igys ,slk ekuk tkrk Fkk fd ,d dkjd vFkok
thu dsoy ,d y{k.k dks fu;af=r djrs gSaA ijUrq MkWCtkUldh
(Dobzhansky, 1927) us igys-igys ik;k fd MªkslksfQyk esa lQsn vk¡[kksa
ds jax dks fu/kkZfjr djus okyk tho eknkvksa esa 'kqØk.kq lafpr djus okys
vax (Sperm storage organs) rFkk vU; jpukvksa ds vkdkj dks Hkh
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çHkkfor djrk gSA ,dy thu }kjk ,d-ls-vf/kd y{k.kksa ds fu;a=.k
dh ?kVuk dks cgqçHkkfork dgrs gSaA bl çdkj dk nwljk mnkgj.k Tokj
(Sorghum) esa ik;k tkrk gS] tgk¡ ,d gh thu }kjk ikS/ks esa ioksZa dh
yEckbZ] ifRr;ksa dh yEckbZ-pkSM+kbZ rFkk iq"iØe dh yEckbZ fu;af=r gksrh
gSA

fp= Ø- 1-10% (A) lkekU; RBC ,oa (B) gWfl;kdkj RBC

euq"; esa g¡fl;kdj jDrkYirk (Sickel cell anaemia) Hkh cgqçHkkfork ;k
cgq:ih çHkko dk mnkgj.k gSA ;g ,d vkuqoaf'kd jksx gS ftls dqfy;ksa
dk ,uhfe;k (Cooley’s anaemia) Hkh dgrs gSaA

;g jksx vÝhdk dh ,d fo'ks"k tutkfr (Tribe) esa ik;k tkrk gSA bl
jksx esa thu vlkekU; gheksXyksfcu mRiUu djus yxrk gS ftlds dkj.k
R.B.Cs. dk vkdkj g¡fl;kdj gks tkrk gSA

blls letkr thoksa dh èR;q de mez esa gh jDrkYirk ds dkj.k gks
tkrh gSA tcfd fo"ketkr O;fDr ds 'kjhj esa lkekU; ,oa vlkekU;
nksuksa çdkj ds gheksXyksfcu ik;s tkrs gSa] ,sls O;fDr eysfj;k ls lqjf{kr
jgrs gSa D;ksafd eysfj;k ijthoh ,sls #f/kj esa thfor ugha jg ikrs gSaA
fo"ketkr thoksa esa gheksQhfy;k ls lacaf/kr thuksa dh oa'kkxfr fuEu çdkj
ls gksrh gS&

fp= Ø- 1-11% g¡fl;kdj jDrkYirk dks oa'kkxfr
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mijksDr ifj.kke ls Kkr gksrk gS fd okgd ,oa lkekU; lUrfr;k¡ 2 % 1
ds vuqikr esa çkIr gksrh gSA 3 % 1 ds vuqikr ls ;g fopyu vçHkkoh
letkr lUrfRr dh èR;q ds dkj.k gksrk gSA bl çek.k gWfl;kdj
jDrkYirk ls lacaf/kr thu ,uhfe;k ds fy, lkekU;r% vizHkkoh gksrk gSA

1-2-12 esaMyokn ls lacaf/kr ç'uksa dks gy djuk
(Methods for Solving Problems on Mendelism)

lS)kfUrd ,oa çk;ksfxd ijh{kkvksa ds vykok vU; ijh{kkvksa esa Hkh esaMyokn ls
lacaf/kr ç'u iwNs tkrs gSaA bu ç'uksa dks vklkuh ls gy fd;k tk ldrk gSA
ijUrq blds fy, dqN lkekU; tkudkjh dk gksuk vko';d gSA

1- le;qXeth thu (Homozygous gene)& /kkj.k djus okys ikS/kksa }kjk
dsoy ,d gh çdkj ds thuksVkbi okys xSfeV dk fuekZ.k gksrk gSA tSls&
TT ikS/ks ls dsoy ,d çdkj (T) dk xSfeV cusxkA RRYY ikS/ks ls
dsoy RY çdkj dk xSfeV cusxkA TTRRYY ikS/ks ls dsoy TRY çdkj
dk xSfeV cusxkA

2- fo"ke;qXeth thu (Heterozygous gene)& /kkj.k djus okys ikS/kksa esa
fufeZr xSfeV~l dh la[;k gsVjkstk;xl ,yhYl tksM+h dh la[;k ij
fuHkZj djrh gSA xSfeV~l dh la[;k ¾ 2n tgk¡] n ¾ gsVjkstk;xl ,yhYl
dh la[;k gSA

mnkgj.k&

(i) Tt ikS/ks }kjk cuok;s x;s xSfeV~l dh la[;k ¾ 2n ¾ 21 ¾ 2

;gk¡ n ¾ 1 gS] vr%
nks çdkj ds xSfeV~l

cusaxsA

Tt
T

t

(ii) RrYy ikS/ks }kjk cuk;s x;s xSfeV~l dh la[;k 22 2 2 2 4n    

Y

Ry

R

r

RY

rY

ry

RrYy

y

y

Y

(iii) TtRrYy thuksVkbi okyss ikS/kksa ls mRiUu xSfeV~l dh la[;k

2n= 23 8222 

4 ;qXed ;gk¡ n ¾
2 gS] vr% pkj çdkj
ds xSfeV~l curs gSa
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TRy

TrY

Try

R

r

r

T

R

t

Y

y

Y

y

Y

y

TRY

tRYY

y
tRy

trY

try

8 ;qXed ;gk¡
n ¾ 3 gS] vr%
vkB çdkj ds

xSfeV~l curs gSaA

TtRrYy

3- eksuksgkbfczM ØkWl (Monohybrid cross)& eksuksgkbfczM ØkWl ds vuqikr
fuEukuqlkj gksrs gSa&

(i) thuksVkbfid vuqikr 1:2:1 vFkok
4
1:

2
1:

4
1

(ii) QhuksVkbfid vuqikr 1:3 vFkok
4
1:

4
3

essaMsfy;u ç'uksa dks gy djus ds fy, lkekU;r;k nks fof/k;k¡ viuk;h
tkrh gSa& (A) psdjcksMZ fof/k rFkk (B) f}'kk[kk vFkok QksdZ ykbu fof/kA

Yellow Round

YyRr

♂

♀

YR Yr yR yr

YR
YYRR
Yellow
Round

YYRr
Yellow
Round

YyRR
Yellow
Round

YyRr
Yellow
Round

Yr
YYRr
Yellow
Round

YYrr
Yellow
Wrinkled

YyRr
Yellow
Round

Yyrr
Yellow
Wrinkled

yR
YyRR
Yellow
Round

YyRr
Yellow
Round

yyRR
Green
Round

yyRr
Green
Round

yr
YyRr
Yellow
Round

Yyrr
Yellow
Wrinkled

yyRr
Green
Round

Yyrr
Green
Wrinkled

fp= Ø- 1-12% MkbgkbfczM ;qXedh; psdjcksMZ
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(i) ;qXedh; psdjcksMZ (Gametic checkerboard)& ,sls psdjcksMZ esa uj
rFkk eknk xSfeV~l vFkok ;qXed dks nks v{k ij j[krs gq, 4 x 4 ds MCcs
esa muds la;qXeu ls cus ikS/kksa ds thuksVkbi dks n'kkZ;k tkrk gSA mlh
MCcs ds vUnj ikS/kksa dk QhuksVkbi Hkh fy[kk tk ldrk gSA

(A) psdjcksMZ fof/k (Checkboard Method) eksuksgkbfczM ØkWl esa F1

ikS/kksa }kjk nks gh çdkj ds uj rFkk eknk xSfeV~l dk fuekZ.k gksrk
gSA ,slh fLFkfr esa F2 ih<+h esa xSfeV~l ds jSUMe la;qXeu
(Random fusion) ls dsoy pkj çdkj ds la;kstu curs gSaA bUgsa
lh/kh js[kkvksa }kjk n'kkZ;k tk ldrk gSA ijUrq] MkbgkbfczM ØkWl
esa pkj çdkj ds uj rFkk pkj çdkj ds eknk xSfeV~l F1 ikS/ks }kjk
curs gSaA buls 16 çdkj ds la;qXeu curs gSa] ftUgsa lh/kh
js[kkvksa }kjk ugha fn[kk;k tk ldrkA bUgsa lkekU;r;k
4 x 4 ;qXed ♀( ;qXed rFkk ♂ ;qXed½ ds psdjcksMZ }kjk
vfHkO;Dr fd;k tkrk gSA psdjcksMZ fuEu rhu çdkj ds gksrs gS&

(ii) thuksVkbfid psdjcksMZ (Genotypic checkerboard)& bl çdkj dk
psdjcksMZ F2 larfr ds ikS/kksa ds thuksVhfid vuqikr Kkr djus ds fy,
cuk;k tkrk gSA MkbgkbfczM ØkWl ds thuksVkbfid pssdj cksMZ cukus gsrq
igys nksuksa ,yhYl dh tksM+h gsrq ckjh-ckjh ls F2 vuqikr fuEukuqlkj
uksV djrs gSa&

MkbgkbfczM F1 = RrYy

çFke yksdl dk F2 thuksVkbi vuqikr ¾
4
1 RR :

2
1 Rr:

4
1 rr

f}rh; yksdl dk thuksVkbi vuqikr ¾
4
1 YY :

2
1 Yy :

4
1 yy

rRi'pkr~ nksuksa yksdkbZ ds vuqikr dks nks v{k ij j[kdj psdjcksMZ ds
[kkuksa es MkbgkbfczM F2 ikS/kksa ds thuksVkbi dks muds vuqikr ds lkFk j[krs gSaA
thuksVkbi ds lkFk mlds vuqikr dks vyx-vyx yksDl ds vuqikr dks xqf.kr
djds fudkyk tkrk gSA

2ndLocus
1st

Locus
4
1 RR

2
1 Rr

4
1 rr

4
1 YY

16
1 RRYY

8
1 RrYY

16
1 rrYY

2
1 Yy

8
1 RRYy

4
1 RrYy

8
1 rrYy

4
1 yy

16
1 RRyy

8
1 Rryy

16
1 rryy

fp= Ø- 1-13% MkbgkbfczM thuksVkbfid psdjcksMZ
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(iii) QhuksVkbfid psdjcksMZ (Phenotypic checkerboard) ,sls psdjcksMZ dk
fuekZ.k F2 ikS/kksa ds QhuksVkbi Kkr djus ds fy, fd;k tkrk gSA
MkbgkbfczM ØkWl ds QhuksVkbfid psdjcksMZ gsrq nksuksa ,yhYl dh tksM+h
gsrq ckjh-ckjh ls F2 vuqikr fuEukuqlkj uksV djrs gSa&
MkbgkbfczM F1 ¾ RrYr

çFke yksdl dk F2 QhuksVkbi vuqikr

¾
4
3 Round :

4
1 Wrinkled

nwljs yksdl dk F2 QhuksVkbi vuqikr

¾
4
3 Yellow :

4
1 Green

1st Locus

2nd Locus
4
3 Round

4
1 Wrinkled

4
3 Yellow

16
9 Round Yellow

16
3 Wrinkled Yellow

4
1 Green

16
3 Round Green

16
1 Wrinkled Green

fp= Ø- 1-14% MkbgkbfczM QhuksVkbfid psdjcksMZ

vc nksuksa yksdkbZ ds vuqikr dks nks v{k ij j[krs gq, MkbgkbfczM F2

QhuksVkbfid vuqikr Kkr djrs gSaA

1- f}'kk[kk vFkok QkWdZykbu fof/k (Dichotomous or Forked-Line
Method)& QkWdZ ykbu fof/k gsrw eksuksgkbfczM ØkWl dk thuksVkbfid
vuqikr (1 : 2: 1) rFkk QhuksVkbfid vuqikr (3 : 1) dks ges'kk /;ku esa
j[kuk gksrk gSA ;g nks çdkj dh gksrh gSA&

(i) thuksVkbfid f='kk[kk QkWdZ ykbu fof/k (Genotypic
trichotomous forked line method)& bldh lgk;rk ls F2

larfr dh thuksVkbfid vuqikr Kkr dh tkrh gSA bls
fuEukuqlkj cuk;k tkrk gS&

MkbgkbfczM F1 ¾ RrYy

çFke yksdl dk thuksVkbfid F2 vuqikr ¾
4
1 RR:

2
1 Rr :

4
1 rr

f}rh; yksdl dk thuksVkbfid F2 vuqikr¾
4
1 YY:

2
1 Yy:

4
1 yy
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fp= Ø- 1-15

(ii) QhuksVkbfid f}'kk[kk QkWdZ ykbu fof/k (Phenotypic
dichotomous forked-line method)& bldh lgk;rk ls F2

ih<+h esa QhuksVkbfid vuqikr Kkr fd;k tkrk gSA bls fuEukuqlkj
cukrs gSa&

MkbgkbfczM F1 ¾ RrYy

çFke yksdl dk QhuksVkbfid F2 vuqikr ¾
4
3
xksy %

4
1

>qjhZnkj

f}rh; yksdl dk QhuksVkbfid F2 vuqikr¾
4
3
ihyk %

4
1
gjk

fp= Ø- 1-16
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dqN gy fd;s x;s ç'u (Some Solved Problems)

iz'u 1- uhy yksfgr (Purple) iq"i okys eVj ds ikS/kksa dk ladj.k lQsn iq"i
okys ikS/kksa ds lkFk fd;k x;kA F1 ih<+h esa 40 ikS/ks çkIr gq,A buesa
Lo-ijkx.k gksus ij uhy yksfgr iq"i okys 470 ,oa lQsn iq"i okys 162
ikS/ks çkIr gq,A bu fu"d"kksZa ds vk/kkj ij crkb;s fd bl fu"d"kZ ls
esaMy dk dkSu-lk fu;e çekf.kr gksrk gS\ ØkWl ds }kjk ç;ksx dk
çn'kZu dhft,A

gy& ç'u dks xgjkbZ ls le>us ij Li"V gksrk gS fd eVj esa iq"i dk jax
lkekU; esaMsfy;u vuqikr dk ikyu djrk gSA ;gk¡ uhy yksfgr jax iq"i
ds lQsn jax ij çHkkoh gSA ;fn uhy yksfgr iq"i okys ikS/ks dk
thuksVkbi PP rFkk lQsn ikS/ks dk thuksVkbi dks pp }kjk çnf'kZr fd;k
tk;s] rks ØkWl dks fuEukuqlkj n'kkZ;k tk ldrk gS&

fp= Ø- 1-17

QhuksVkbfid vuqikr ¾ uhy yksfgr % lQsn

3 % 1

F2 larfr esa uhy yksfgr rFkk lQsn iq"i okys ikS/kksa dh la[;k 470 ,oa
162 gSA blesa yxHkx 3 % 1 dk vuqikr gSA vr% ;g ç;ksx fu"d"kZ
esaMy ds çHkkfork ds fu;e rFkk iF̀kDdj.k ds fu;e dks çnf'kZr djrk
gSA

iz'u 2- ,d L=h rFkk mlds ifr dk jDr lewg Øe'k% A ,oa B gSA mlds ,d
larku dk jDr lewg O gSA ijUrq] L=h dk ifr jDr lewg ds vk/kkj ij
cPps dks viuk gksus ls vLohdkj dj nsrk gSA esaMy ds fu;eksa ds vk/kkj
ij Li"V dhft, fd D;k og cPps dk firk gS\

gy& A jDr lewg okyh L=h dh laHkkfor thuksVkbi ¾ AA vFkok AO

B jDr lewg okys ifr dh laHkkfor thuksVkbi ¾ BB vFkok BO

O jDr lewg okys larku dh laHkkfor thuksVkbi ¾ OO
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OO thuksVkbi rFkk O jDr lewg okys larku dh mRifRr rHkh laHko gS]
tc mlds ekrk ,oa firk nksuksa O ,yhy çnku djrs gksaA ;g AO
thuksVkbi okyh ekrk rFkk BO thuksVkbi okys firk ds }kjk laHko gSA
bl laHkkouk dks mi;qZDr pkVZ }kjk n'kkZ;k tk ldrk gSA mi;qZDr pkVZ
vFkok ØkWl ls Li"V gS fd A rFkk B jDr lewg okys rFkk AO rFkk
BO thuksVkbi okys ekrk-firk ds 25% larku dk jDr lewg O’ gksus
dh laHkkouk gSA bl çdkj çekf.kr gksrk gS fd L=h ds ifr ds cPps dk
cki gksus dh iwjh laHkkouk gSA vr% L=h dh xqgkj lgh gSA

fp= Ø- 1-18

viuh Áxfr tk¡fp, (Check Your Progress)

1- vkuqoaf'kdh dk tud fdls dgk tkrk gS&

¼v½ csVlu ¼c½ LVªklcxZj

¼l½ esaMy ¼n½ 'ksjekWd

2- vkuqoaf'kdrk dh bdkbZ dgh tkrh gS&

¼v½ thu ¼c½ xq.klw=

¼l½ DNA ¼n½ RNA

3- esaMd us eVj ds ikS/kksa esa fdrus tksM+h y{k.kksa dk çs{k.k fd;k Fkk\

¼v½ vkB ¼c½ lkr

¼l½ ukS ¼n½ rhuA
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4- tks y{k.k F1 ih<+h esa çdV ugha gksrs gS dgykrs gS&

¼v½ çHkkoh ¼c½ vçHkkoh

¼l½ ;qXefodYih ¼n½ ladj

5- ,d tksM+h foijhr y{k.kksa dh oa'kkuqxfr dk v/;;u gksrk gS

¼v½ ,d ladj ladj.k }kjk ¼c½ f}ladj ladj.k }kjk

¼l½ cgqladj ladj.k }kjk ¼n½ O;qRØe ladj.k }kjk

6- esaMy ds fu;eksa dh [kkst djus okys oSKkfud fuEufyf[kr esa ls dkSu
ls Fks&

¼v½ czht ¼c½ 'ksjekad

¼l½ dksjsUl ¼n½ mijksDr lHkhA

7- nks fHkUu y{k.kksa okys ikS/kksa ds chp ØkWl dks dgrs gSa&

¼v½ ladj.k ¼c½ çtuu

¼l½ la;qXeu ¼n½ mijksDr dksbZ ugh

8- vkuqoaf'kdh ds xq.klw=h; fl)kar dk çfriknu fdlus fd;k Fkk\

¼v½ lVu ,oa okcsVh us ¼c½ 'ksjekWd ,oa dksjsUl us

¼l½ LVªkloZxj ,oa osVlu ¼n½ mijksDr esa ls dksbZ ugha

1-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼l½

2- ¼v½

3- ¼c½

4- ¼c½

5- ¼v½

6- ¼n½

7- ¼v½

8- ¼v½
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1-4 lkjka'k (Summary)

mijksDr lHkh o.kZu ls Li"V gS fd vkuqoaf'kdh foKku ds fo"k; esa tkudkjh
feyrh gSA rFkk thoksa ds y{k.k ,d ih<+h ls nwljh ih<+h esa fdl çdkj ig¡qprs
gS fd fo"k; esa esaMy }kjk ds }kjk çfrikfnr fu;eksa ds }kjk Hkyh-Hkk¡fr le>k
tk ldrk gSA

1-5 eq[; 'kCnkoyh (Key Terminology)

 thuksVkbi& ;g thoks ls thu laxBu dks O;Dr djrk gSA

 QhuksVkbi& ;g thoksa ds vkdkj] çÑfr] jax-:i] LoHkko vkfn xq.kksa
çnf'kZr djrk gSA

 eksuksgkbfczM ØkWl& ,sls ØkWl ftlesa dsoy ,d tksM+h foi;kZ;h y{k.kksa
dh oa'kkxfr dk v/;;u fd;k tkrk gSA

 MkbZgkbfczM ØkWl& ;fn nks tksM+h foijhr y{k.kksa dh oa'kkxfr dk
v/;;u ,d lkFk fd;k tkrk gS rks mls (Dihybrid cross) dgrs gSaA

 thu D;k gS& ;g vkuqoaf'kdrk dh bdkbZ gSA

1-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; ç'u (Short Answer Type Questions)
1- P ladj ØkWl D;k gS\

2- esaMy dh oa'kkxfr ds çHkkfork ds fu;e dks Li"V dhft,A

3 esaMy ds iF̀kDdj.k ij laf{kIr fVIi.kh fyf[k,A

4- thuksVkbi ,oa QhuksVkbi ij dksbZ rhu vUrj fyf[k,A

5- esaMy us lkr tksM+h eVj ds ikS/kksa dks gh D;ksa pquk Fkk\

6- uoesaMsfy;u ij fVIi.kh fyf[k,A

7- fuXu ij laf{kIr fVIi.kh fy[kks&

(i) çHkkfork dk fu;e

(ii) iF̀kDdj.k dk fu;e

(iii) Lora= viO;wg dk fu;e

(iv) esaMy dh lQyrk ds dkj.k
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nh?kZ mÙkjh; ç'u (Long Answer Type Questions)
1- esaMy fl)karksa dk o.kZu dhft,A

2- esaMy ds oa'kkuqxr fu;eksa dk mnkgj.k lfgr o.kZu dhft,A

3- esaMy ds Lora= viO;wgu fu;e dk foLrkj ls o.kZu dhft,A

4- esaMy }kjk çfrikfnr eksuksgkbfczM ,oa MkbgkbfczM ØkWl dk mnkgj.k
iwoZd o.kZu dhft,@le>kb;sA

5- esaMy dh lQyrk ds D;k dkj.k Fks\ esaMy us eVj ds ikS/kksa vius ç;ksx
fdu çdkj fd;s lfoLrj iwoZd le>kb;s\

6- esaMy dk ;ksxnku d;k gS\ muds fu;eksa dks foLrkjiwoZd o.kZu dhft,\

6- esaMy ds fu;eksa ij fuca/k fyf[k;sA

1-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology – By – J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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fofHkUurk,¡& L=ksr rFkk
çdkjbdkbZ 1

v/;k; 2 fofHkUurk,¡& L=ksr rFkk çdkj
(Variations– Sources and Types)

Lakjpuk (Structure)

2-0 ifjp;
2-1 mÌs';
2-2 vkuqoaf'kdh ,oa fofHkUurk,¡

2-2-1 okrkoj.kh; n'kkvksa ds çHkko ls mRiUu fofHkUurk,¡
2-2-2 fofHkUurk ds L=ksr % thuksVkbi ,oa QhuksVkbi
2-2-3 thu mRifjorZu ds izdkj
2-2-4 n`';#ih fofHkUurkvksa ds L=ksr

2-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
2-4 lkjka'k
2-5 eq[; 'kCnkoyh
2-6 Lo-ewY;kadu iz'u ,oa vH;kl
2-7 lgk;d ikB~; lkexzh

2-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)

,d gh ekrk-firk ds lHkh lUrkuksa esa vUrj ik;k tkrk gSA fudV lEcU/kh thoksa
esa ik;s tkus okys ;s vUrj fofHkUurk,¡ (Variations) dgykrs gSaA fofHkUurk,¡ ,oa
vkuqoaf'kdrk tSo fodkl ds nks çeq[k dkjd gSaA ok;qe.My ds çHkko ls thoksa esa
ifjorZu gksrs gSaA buesa ls dqN ifjorZu vkuqoaf'kd gksrs gSa] tks ih<+h nj ih<h
lUrkuksa esa igWqap tkrs gSa] ftlds QyLo:i ubZ fdLe ds tho dh mRifRr gksrh
gSA

ifjHkk"kk& tks fofHkUurk,¡ ,d ih<+h ls nqljh ih<+h esa igWqaprh gSa]
oa'kkxfrd fofHkUurk,¡ (Heritable Variations) dgykrh gS] ijUrq okrkoj.k ds
çHkko ls cgqr ls ,sls ifjorZu ;k fofHkUurk,¡ gksrh gSa tks nwljh ih<+h rd
lapkfjr ugh gksrh mUgsa voaf'kd fofHkUurk,¡ (Non-heritable variation) dgrs
gSaA ,d gh tkfr ds fofHkUu lnL;ksa esa ik;s tkus okys cká vkdkfjdh;
dkf;Zdh;] dksf'kdh;] O;ogkfjd ,oa vU; lHkh vUrj dks lkewfgd #i ls
fofHkUurk dgk tkrk gSA fofHkUurkvksa ds dkj.k gh fdlh Hkh tkfr ds nks lnL;
¼;fn os ySafxd tuu ds mRikn gSA½ fcYdqy gh ,d leku ugha gksrs gSaA ;s
fofHkUurk lHkh y{k.kksa rFkk lHkh fn'kkvksa esa ik;h tkrh gSA

bhandup8
Rectangle
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fofHkUurk,¡& L=ksr rFkk
çdkj

tSfod fodkl dk v/;;u djus ls Kkr gksrk gS fd okrkoj.k rFkk
ifjfLFkfr;ksa esa ifjorZu ds QyLo#i tUrqvksa rFkk ikS/kksa esa Hkh dqN ifjorZu vk
tkrs gSaA ;s ifjorZu brus vf/kd gksrs gS fd ,d tkfr ds dksbZ Hkh nks
tho ,dleku ugha gksrs gSaA ;gkW rd fd ,d gh ekrk-firk dh nks lUrkusa Hkh
iw.kZr% ,dleku ugha gksrh rFkk muesa dqN u dqN vUrj t:j gksrk gSA fudV
laca/kh thoksa esa ik;s tkus okys bu vUrjksa dks fofHkUurk,¡ (variations) dgrs gSaA
tkfr;ksa esas fofHkUurkvksa dk ,d dkj.k Sexual Reproduction esa
Chromosomes dk fjdkEchus'ku Recombination ;k Mutation gSA nwljk
dkj.k okrkoj.kh; Factors tSls Temperature, water, light vkfn gSA
fofHkUurk,¡ tSfod-fodkl (organic-evolution) dk ,d çeq[k dkj.k gS] fcuk
blds fodkl laHko ugh gSaA blh ds QyLo:i u;h tkfr;ksa ;k u;h fdLe ds
tho mRiUu gksrs gSaA MkfoZu us vius fl/nkar ^u;h tkrh;ksa dh mRifRr* (origin
of new species) dks fofHkUurkvksa vkSj mudk lUrkuksa esa vxyh ih<+h esa
LFkkukarj.k ij vk/kkfjr fd;k x;kA

bl vk/kkj ij vkuqoaf'kdrk (Heredity) dks fuEu çdkj ls ifjHkkf"kr
fd;k x;k&

^^y{k.kksa dk ,d ih<+h ls nwljh ih<+h rd igWqapuk gh vkuqoaf'kdrk
dgykrk gSA** tho/kkfj;ksa esa mifLFkr lajpukRed (Structural), dkf;Zdh
(Physiological) ,oa euksoSKkfud (Psychological) y{k.k rFkk vlkekU; y{k.k
(Abnormal characters) tks fd ,d ih<+h ls nwljh ih<+h esa LFkkukUrfjr ;k
gLrkUrfjr (Transfer) gksrs gSa] vkuqoaf'kd y{k.k (Hereditary characters)
dgykrs gSaA

ltho vius ekrk-firk ds leku ih<+h-nj-ih<+h mRiUu gksrs jgrs gSa]
ysfdu fQj Hkh nks ltho ,d leku ugha gksrs gSaA ;fn ,d ekrk-firk dh
nks ;k nks ls vf/kd lUrkuas gaS rks os Hkh vius ekrk-firk (Parents) ds leku
gksrs gq, Hkh ,d-nwljs ls fHkUu gksrh gSaA lthoksa ds bl y{k.k dks oS;fädrk
(Individuality) dgrs gSaA blh çdkj ,d gh tkfr ,oa ,d gh ekrk-firk dh
lUrkuksa esa lekurkvksa ds vfrfjä tks vUrj ik;k tkrk gS ;k vlekurk,¡ vk
tkrh gSa mldks fofHkUurk (Variation) dgrs gSaA ekrk-firk rFkk lUrkuksa esa ik;h
tkus okyh bu lekurkvksa dk çeq[k dkj.k y{k.kksa dh oa'kxfr (Inheritance) ;k
vkuqoaf'kdrk gksrh gSA lthoksa es fofHkUurk (Variation) ds dkj.k gh lalkj ds
lHkh euq"; ,d leku ugha gksrs gSa] lalkj esa tks Hkh euq"; gksrs gSa mu lcdks
vyx-vyx y{k.kksa@:i ls igpku ldrs gSaA lalkj esa euq";ksa dh bruh cM+h
la[;k esa gksus ds dkj.k dksbZ Hkh nks euq"; gwcgwc ,d-nwljs ds leku ugha gksrs
gSa] cfYd bu euq";ksa dh lajpuk] ifjek.k (Size), jax (Colour), O;ogkj
(Behaviour) ,oa dkf;Zdh (Physiology) esa dqN u dqN vUrj vo'; gksrk gS]
ftlds dkj.k ge bu euq";ksa dks iF̀kd~-iF̀kd~ :i ls ifgpku ldrs gSaA
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fofHkUurk,¡& L=ksr rFkk
çdkj2-1 mÌs'; (Objective)

fofHkUurkvksa ds fuEufyf[kr mÌs'; gS&

 fodkl ds v/;;u esa lgk;rk djus esaA

 vkuqoaf'kdrk ,oa fofHkUurkvksa ds chp ijLij laca/kksa ds v/;;u djus esaA

 fofHkUurk,¡& fodkl esa u;s ifjorZu ykrh gSa ftlds dkj.k thoksa esa
mRifjorZu ns[kus dks feyrk gSA

 fofHkUurk,¡& u;h tkfr;ksa dks cuus ds fy, çsfjr djrh gSaA

2-2 vkuqoaf'kdh ,oa fofHkUurk,¡
(Heredity and Variation)

MCY;w- csVlu (W. Bateson, 1905) us vkuqoaf'kdh (Heredity) ,oa fofHkUurk
(Variation) dks lfEefyr #i ls vkuqoaf'kdh ;k tsusfVDl (Genetics) dgkA
(Genetics = Gr. gene = to grow into) csVlu (Bateson) ds vuqlkj
^^thofoKku dh og 'kk[kk ftlds vUrxZr vkuqoaf'kdh ,oa fofHkUurk dk v/;;u
fd;k tkrk gSA mldks tsusfVDl@vkuqoaf'kdrk (Genetics) dgrs gSaA**

fofHkUurk (Variation) fodkl dk ,d vk/kkj ewy dkjd gSA fofHkUurk
fodkl dk çxkeh dkjd (Progressive factor) gS] ftlds fcuk dksbZ Hkh
ifjorZu ugha gksrk vkSj fodkl fQj vlEHko gks tkrk gSA çkf.k;ksa esa ik;h tkus
okyh lHkh fofHkUurk,¡ oa'kkuqxr ugha gksrh vkSj ftu fofHkUurkvksa dh oa'kkuqxfr
ugha gksrh og tkfr;ksa ds fodkl esa Hkkx ugha ysrh gSaA çkf.k;ksa@thoksa esa
okrkoj.k ds vuqlkj ifjorZu gksrs jgrs gSaA MkfoZu us bUgha fofHkUurkvksa ds
vuqlkj ^tkfr ds mn~xe (Origin of Species)* dk fl/nkUr n'kkZ;k vkSj ;g
fofHkUurk,¡ vkuqoaf'kdrk (Heredity) ds }kjk ,d lUrku ls nwljh ih<+h dh
lUrku esa LFkkukUrfjr gks tkrh gSaA

ge vius nSfud thou esa vusd çdkj ds tUrq rFkk ikni ns[krs gSaA
blds vfrfjä ,d gh tkfr ds lnL;ksa esa fHkUurk feyrh gS] ;gk¡ rd fd ,d
gh ekrk-firk dh lHkh lUrkusa dsoy tqM+okaW lnL;ksa (Identical twins) dks
NksM+dj leku ugha gksrh gSaA bl çdkj ge dg ldrs gSa fd thoksa esa O;kid
fofHkUurk,¡ ik;h tkrh gSaA vr% fofHkUurkvksa dks ge fuEufyf[kr çdkj ls
ifjHkkf"kr dj ldrs gSa&

^^ltkrh; lnL;ksa esa ik;h tkus okyh vlekurk,¡ (Dissimilarities) gh
fofHkUurk,¡ dgykrh gSA ;s lajpukRed (Morphological) euksoSKkfud
(Psychological) vFkok fØ;kRed (Physiological) fdlh Hkh :i esa gks ldrh
gSaA**
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1- lajpukRed fofHkUurk,¡ (Morphological Variations)& blesa 'kjhj dh
cukoV] vaxks dh vkÑfr] jax-:i rFkk 'kkjhfjd laxBu lEcU/kh
fofHkUurk,¡ vkrh gSaA

2- euksoSKkfud fofHkUurk,¡ (Psychological Variations)& blesa LoHkko]
cqf/n] le>] ekufld lEcU/kh fofHkUurk,¡ vkrh gSaA

3 fØ;kRed fofHkUurk,¡ (Psysiological Variations)& blesa tho-'kjhj esa
gksus okyh tSfod fØ;kvksa] tSls-ikpu] mRltZu] çtuu vkfn ls
lEcfU/kr fofHkUurk,¡ vkrh gSaA

;s fofHkUurk,¡ ykHkçn vFkok gkfudkjd nksuksa çdkj dh gks ldrh gSaA
fofHkUurk,¡ ifjorZu'khy okrkoj.kh; n'kkvksa ds vuq:i thou dks cukus ds
dkj.k gksrh gSaA ;s fofHkUurk,¡ oa'kkuqxr gksdj uohu thotkfr;ksa dh mRifRr dk
vk/kkj curh gSaA bl çdkj ge dg ldrs gSa fd fofHkUurk,¡¡ ,oa vkuqoaf'kdrk
tSofodkl ds nks çeq[k dkjd gSaA

fofHkUurk,¡ rhu çdkj dh gksrh gSa

1- vfofPNUu ,oa fofPNUu (Continuous and Discontinuous) fofHkUurk,¡

2-- fu'p;kRed ,oa vfu'p;kRed (Determinate and Indeterminate)
fofHkUurk,¡

3- dkf;d ,oa tufud (Somatic and Germinal) fofHkUurk,¡

1- vfofPNUu ,oa fofPNUu fofHkUurk, ¡ (Continuous and Discontinuous
Variations)& vfofPNUu fofHkUurk,¡ (Continuous variations) ltkrh; lnL;ksa
esa ik;h tkus okyh NksVh-NksVh o Øec/n (Systemic) gksrh gSaA ;s 'kjhj] vkdkj]
jax-:i] vaxksa ds ifj.kke vkfn esa ik;h tkrh gSaA ;s Li"V o vR;Ur lw{e Hkh gks
ldrh gSaA ;s fofHkUurk,¡ ?kVrh ,oa c<+rh jgrh gSaA vr% MkfoZu us bUgsa fopy
fofHkUurkvksa (Fluctuating variations) ;k MkfoZu dh fofHkUurk dk uke fn;k
rFkk budks tSo-fodkl ds fy, vR;Ur egRoiw.kZ crk;kA muds vuqlkj ;gh
vfofPNUu fofHkUurk,¡ ih<+h-nj-ih<+h oa'kkuqxr rFkk lEifjofrZr gksdj uohu
tho-tkfr;ksa dh mRifRr dk vk/kkj curh gSaA ;g çk;% ifj.kke lEcU/kh
vf/kd ,oa la[;k lwpd de gksrh gSa] çR;sd ih<+h esa ifjorZu vYi :i esa ik;k
tkrk gSA fofPNUu fofHkUurk,¡ çk;% cM+h ,oa nqcZy gksrh gSa] bu fofHkUurkvkas dks
mRifjorZu (Mutation) Hkh dgk x;k gSA fofPNUu fofHkUurk,¡ vfofPNuu dh
vis{kk de gksrh gSaA

fofPNUu fofHkUurk,¡ (Discontinuous Variations)& thoksa esa vdLekr~
mRiUu gksrh gSa] vr% ;s Li"V o fLFkj gksrh gSaA ;s oa'kkuqxr gksdj uohu tho-
tkfr dk vk/kkj cukrh gSaA bUgsa áwxks Mh ozht (Hugo de Vries) us mRifjorZu
(Mutation) dgkA bl çdkj dh fofHkUurk,¡ vfuf'pr gksrh gSaA ;s fdlh Hkh
n'kk esa fcuk fdlh fu;U=.k ds gks ldrh gSa] tSls-dHkh-dHkh euq"; esa 5 ds
LFkku ij 6 vaxqfy;ksa dk gksuk] cNM+kas esa lhax dk u gksuk] fcYyh esa iw¡N dk u
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gksuk vkfnA bUgsa nks Jsf.k;ksa esa ck¡V ldrs gSa& (i) la[;kRed
(Quantitative) ,oa (ii) xq.kkRed (Qualitative) fofHkUurk,¡A

(i) la[;kRed fofHkUurk,¡ (Quantitative or Meristic Variations)& ;s
vdLekr~ tho 'kjhj ds fdlh Hkh Hkkx ;k vax dh la[;k esa ifjorZu
djrh gSaA blesa la[;k c<+ vFkok ?kV tkrh gSA ;s nks çdkj dh gksrh
gSa %

¼v½ /kukRed la[;kRed fofHkUurk,¡ (Positive Quantitative
Variations)& blesa vaxksa vFkok Hkkxksa dh la[;k c<+ tkrh gS]
tSls-ik¡p ds LFkku ij N% vaxqfy;ksa dk gksuk] iq"i esa 5 ds LFkku
ij 6-7 ckány (Calyx) vFkok ny (Corolla) dk gksuk] vkfnA
flrkjk eNyh esa 5 ds ctk; 6 Hkqtkvksa dk gksuk blh çdkj dh
fofHkUurk,¡ gSaA

(b) _.kkRed la[;kRed fofHkUurk, (Negative Quantitative
Variations)& blesa vaxksa vFkok Hkkxksa dh la[;k ?kV tkrh gSa]
tSls-dHkh-dHkh nks ds LFkku ij ,d oD̀d dk cuuk] cNM+s esa lhax
dk xk;c gksuk] xqykc ds ikS/ks esa dk¡Vksa dk u gksuk] vkfnA ikaaWp
ds LFkku ij 3-4 vaxqfy;ksa dk gksuk ,slh gh fofHkUurk,¡ gSaA

(ii) xq.kkRed fofHkUurk,¡ (Qualitative or Substance Variations)& bl
çdkj dh fofHkUurk tho-'kjhj es] mlds fdlh Hkkx ;k va'k esa
vFkok :i vkfn esa ifjorZu çnf'kZr djrh gSA mnkgj.k & lu~ 1871 esa
vejhdk ds eSlspqlSV~l (Massechusetus) uked uxj esa lsFkkjkbV~l
(Sethritus) uked fdlku ds ckM+s esa HksM+ us ,d esa<+s (Lamb) dks tUe
fn;k ftldk 'kjhj lkekU; Fkk] ijUrq iSj NksVs o /kuq"kkdkj FksA mlds ;s
y{k.k 'kq/n uLyh Fks] vr% blls es<+s dh ubZ uLy rS;kj gqbZ
ftls ,sudksu HksM+ksa (Ancon sheep) dk uke fn;k x;kA ;g ckMs+ dks
Qk¡n dj ckgj ugha tk ldrh FkhaA

nhed (Termite), e/kqeD[kh (Honeybee) vkfn ds ltkrh; lnL;ksa dh
cgq:ih fofHkUurk,¡ Hkh xq.kkRed gksrh gSaA euq"; esa fofHkUu çdkj ds
#f/kj oxksZa dk ik;k tkuk Hkh xq.kkRed fofHkUurk,¡ dgykrh gSaA

2- fu'p;kRed ,oa vfu'p;kRed fofHkUurk,¡ (Determinate and
Indeterminate Variations)& fu'p;kRed fofHkUurk, (Determinate
variations) vuqdwyu ls lEcfU/kr gksrh gSaA ;s lEHkor% çHkko'kkyh thu
la;kstu (Strong gene combination) }kjk fu;fU=r gksrh gSa] vr% fodkl dh
fuf'pr n'kkvksa esa fcuk jksdVksd ds fodflr gksrh jgrh gSaA mnkgj.kkFkZ&
vk;jyS.M ds ckjgflaxks esa lhxksa dk rFkk LohMkykWu phrs (Sweedelon leopard)
esa nk¡rksa dk vko';drk ls vf/kd fodflr gksuk blh çdkj dh fofHkUurk gSA

vfu'p;kRed fofHkUurk,¡ (Indeterminate Variations)& mRifjorZu
(Mutation) ds dkj.k mRiUu gksus okyh fofHkUurk,¡ gSa tks vdLekr~ fcuk fdlh
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ç;kstu ds fdlh Hkh fn'kk esa fcuk jksd-Vksd ds mRiUu gksrh gSaA vfu'p;kRed
fofHkUurk,¡ Øfed Jsf.k;ksa esa vR;kf/kd ik;h tkrh gSaA ;g ifjorZu ds fdlh
fopkj.kh; fn'kk esa mRiUu gksrh gSA MkfoZu dk çkÑfrd pquko (Natural
selection) dk fl/nkUr vfuf'pr fofHkUurkvksa ij vk/kkfjr gSA fu'p;kRed
fofHkUurk,¡ fdlh vKkr çHkko }kjk fu;fU=r gksrh gSaA

3- dkf;d ,oa tufud fofHkUurk,¡ (Somatogenic and Germinal
Variations)& bl çdkj dh fofHkUurk,¡ tho ds 'kjhj esa mlds thodky esa
cnyrh gqbZ okrkoj.kh; n'kkvksa vFkok thou-jhfr;ksa ds dkj.k mRiUu gksrh gSa
tks nf̀"Vxr (Visible) gksrh gSaA bUgsa n'kZ:i fofHkUurk (Phenotypic Variations)
dgrs gSaA bUgsa mikftZr y{k.k (Acquired character) dgrs gSaA yksgkj rFkk
igyoku dh isf'k;ksa dk fodflr gksuk] phuh vkSjrksa ds NksVs iSj] /kwi esa dk;Z
djus okys etnwjksa dk dkyk jax] vkfn blh çdkj dh fofHkUurk,¡ gSaA

tufud fofHkUurk,¡ (Germinal variations)& bUgsa CykLVksthfud
(Blastogenic) fofHkUurk,¡ Hkh dgrs gSaA bl çdkj dh fofHkUurk,¡ ltkrh;
lnL;ksa ds thuh-lewg (Genotype) esa ifjorZu ds dkj.k gksrh gSaA bUgha ds
dkj.k ,d gh ekrk-firk dh lHkh lUrkusa leku gksrh gSa] tSls-ckyksa rFkk us= dh
iqryh dk jax] 'kjhj dh yEckbZ vkfnA

;s fofHkUurk,¡ teZIykTe (Germplasm) esa tkrh gSaA ;qXed (Gametes)
teZIykTe ls curs gSa rFkk ;s ;qXed la;qXeu ds i'pkr~ ;qXeut (Zygote) cukrs
gSa tks of̀/n djds çkS<+ tUrq esa fodflr gks tkrs gSaA vr% teZIykTe esa gksus
okys leLr ifjorZu ih<+h-nj-ih<+h lUrkuksa esa igq¡prs gSaA ;s tho ds tUe ds
le; ;k mlds thou dky esa dHkh Hkh çnf'kZr gks ldrh gS rFkk oa'kkxr gksrh
gSaA

vkuqoaf'kdrk ds vUrxZr ,sls y{k.k vkrs gSa tks fd ih<+h-nj-ih<+h
gLrkUrfjr@LFkkukUrfjr (Transfer) gksrs gSa] vr% ;s y{k.k çR;sd ltho ds fy,
fuf'pr gksrs gSaA y{k.kksa ds LFkkukUrj.k (Transfer) ds le; vkus okyh
fofHkUurk,¡ (Variation) nks çdkj dh gks ldrh gSa&

(i) vkuqoaf'kdh fofHkUurk,¡ (Hereditary variations)

(ii) okrkoj.kh; fofHkUurk,¡ (Environmental variations)

(i) vkuqoaf'kdh fofHkUurk,¡ (Hereditary variations)& og fofHkUurk,¡ gSa
ftudh oa'kkxfrdh ,d ih<+h ls nwljh ih<+h esa tkus ls gksrh gS] vFkok
vkuqoaf'kd fofHkUurk dk çeq[k dkj.k LFkkukUrfjr gksus okys y{k.kksa (Inherited
traits) esa vUrj vk tkuk gSA vkuqoaf'kd fofHkUurk vkSj xq.kksa dk
fu;U=.k ;k ,d ih<+h ls nwljh ih<+h esa tkuk vkuqoaf'kd inkFkZ (Genetic
material) ;k bdkbZ ds dkj.k gksrk gS] tks fd vkuqoaf'kd@thu (Gene) ds :i
esa dsUæd (Nucleus) ds xq.klw=ksa (Chromosomes) ds ØkseksfuesVk
(Chromonemata) ij fLFkr gksrs gSa vkSj jklk;fud v.kq (Chemical molecule)
-DNA ds cus gksrs gSaA budh O;oLFkk (Arrangement), la[;k (Number), ,oa
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foU;kl vkfn esa ifjorZu ds dkj.k gh vkuqoaf'kd fofHkUurk,¡ gh mRiUu gksrh
gSaA vkuqoaf'kd fofHkUurkvksa (Hereditary variation) ds mnkgj.k gSa& jä] jä
lewg ds çdkj] Ropk dk jax (Skin colour), ckyksa (Hairs) dk jax ,oa vkdkj]
vk¡[kksa (Eyes) dk jax vkfnA vkuqoaf'kd (Genes) dh O;oLFkk] la[;k] lajpuk]
foU;kl vkfn esa ifjorZu ySafxd çtuu (Sexual reproduction) ds le;
vfu;fer foHkktu] iqu;ksZtu (Recombination) ds dkj.k gksrk gSA

(ii) okrkoj.kh; fofHkUurk,¡ (Environmental Variations)& ;g
fofHkUurk,¡] cká okrkoj.k (External environment) esa ifjorZu ds dkj.k
mRiUu gksrh gSaA ;g fofHkUurk,¡¡ ,d ih<+h ls nwljh ih<+h esa LFkkukUrfjr ugha
gksrh gSa rFkk ;g fofHkUurk,¡ vLFkk;h (Temporary) gksrh gS] D;ksafd vuqdwy
ifjfLFkrh ;k okrkoj.k vkus ij ;s fofHkUurk,¡ Lor% gh lekIr gks tkrh gSaA vr%
bu fofHkUurkvks dh oa'kkxfr ugha gksrh gSaA ;g fofHkUurk,¡ okrkoj.kh; dkjdksa
(Environmental factors) tSls fd& çdk'k (Light), rki (Temperature), ueh
(Moisture), Hkkstu dh çÑfr ds dkj.k iSnk gksrh gSA okrkoj.kh; fofHkUurk,¡¡
çk.kh ds O;fäxr fodkl ds le; mRiUu gksrh gSa vkSj vkuqoaf'kd (Hereditary)
u gksus ds dkj.k çk.kh dh èR;q ds lkFk gh lekIr gks tkrh gSaA blh dkj.k
dqN oSKkfudksas us budks mikftZr fofHkUurk,¡ (Acquired variations) Hkh dgk
gSA

vkuqoaf'kdh (Heredity) ds izeq[k nks dk;Z gS&

(i) vkuqoaf'kd inkFkZ dh mRifRr ,oa muds LFkkukUrj.k dh fof/k dh [kkst
djukA

(ii) vkuqoaf'kd inkFkksZ a (Genetic materials) ds chp gksus okyh vU;ksU;
fØ;kvksa (Interactions) dk v/;;u ,oa O;k[;k djukA

es.My (Mendel) us eVj ds ikS/kksa esa ladj.k ds ç;ksxkas }kjk ;g fu"d"kZ
fudkyk fd y{k.kksa dk ih<+h-nj-ih<+h LFkkukUrj.k dqN LFkk;h vkuqoaf'kd
bdkb;ksa (Stable hereditary units) ds }kjk gksrk gSA bu bdkb;ksa dks thu@Mh-
,u-,- (Gene/DNA) dgrs gSaA bUgh thUl ds }kjk thoksa esa y{k.kksa dh
vfHkO;fä (Expression) Hkh gksrh gSA dk;kZRed (Functional) :i ls thu
oa'kkxfr (Inheritance) dh bdkbZ gSA ,d y{k.k dh vfHkO;fä
(Expression) ,d vFkok ,d ls vf/kd thUl ds }kjk fu;fU=r gksrh gSA vr%
thUl ,d ih<+h ls nwljh ih<+h esa LFkkukUrfjr gksus okyk ,slk dkjd gS tks fd
tho/kkfj;ksa ds thoh; y{k.kksa dk fu/kkZj.k djrk gSA

2-2-1 okrkoj.kh; n'kkvksa ds çHkko ls mRiUu fofHkUurk,¡
(Variations occurred due to environmental effects)

blds çHkko ls ltkrh; lnL;ksa esa dkf;d (Somatic) ;k mikftZr fofHkUurk,¡
mRiUu gksrh gSaA ;s okrkoj.kh; n'kk,¡ fuEufyf[kr çdkj dh gksrh gSa %
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(i) 'kjhj ij lh/kk çHkko Mkyus okyh n'kk,¡& Hkkstu] rki
(Temperature), ueh (Moisture), ok;q-nkc] çdk'k vkfn n'kk,¡ thoksa ij lh/kk
çHkko Mkyrh gSA ftuls tho-'kjhj esa dkf;d fofHkUurk,¡ mRiUu gks tkrh gSaA
bu çHkkoksa ls çkf.k;ksa dh lajpuk çHkkfor gksrh gSaA mnkgj.kkFkZ& fNNys ty esa
ik, tkus okys ikS/ksa dh ifRr;k¡ lkekU; gksrh gSa ijUrq xgjs ty esa ik, tkus
okys ikS/ksa dh ifRr;k¡ dVh-QVh gksrh gSaA ,slk blfy, gksrk gS pw¡fd xgjs ty
esa çdk'k dh de ek=k igq¡prh gS vr% ifRr;k¡ vf/kdkf/kd çdk'k xzg.k djus
ds fy, c¡V tkrh gSaA bl çdkj fNNys ,oa xgjs ty ds dkj.k ltkrh; ikS/kksa
esa ;g fHkUurk mRiUu gks tkrh gSA oSKkfud vxkj ,oa Vkoj (Agar and Tower)
us ç;ksxksa }kjk ik;k fd ,d gh tkfr ds pwgksa dks de ;k vf/kd rki ij iF̀kd-
iF̀kd~ j[kus ij FkksM+s le; i'pkr~ ns[kk fd nksuksa çdkj ds pwgksa esa fofHkUurk vk
xbZA

(ii) vaxksa ds mi;ksx vFkok vuqi;ksx dks çHkkfor djus okyh n'kk,¡& dqN
okrkoj.kh; n'kk,¡ thoksa dks muds dqN vaxksa dks de vFkok vf/kd mi;ksx ds
fy, çsfjr djrh gSaA blh çdkj] tho vius thoudky esa thou-jhfr;ksa ds
çHkko ls dqN vaxksa dk de vFkok vf/kd ç;ksx djrk gS ftlls mlesa ifjorZu
mRiUu gks tkrs gSa] tSls-phuh vkSjrkas NksVs iSj ilUn djrh gSa] vr% os cpiu ls
gh rax twrs (Tight shoes) igurh gSa ftlls muds iSj dk fodkl #d tkrk
gSA yksgkj ds nk;sa gkFk dh isf'k;k¡ ck;sa gkFk dh vis{kk vf/kd fodflr gksrh gSaA

(iii) vUrfuZfgr çof̀Rr (Inherent tendency)& çR;sd tho ;k çk.kh dk
vk/kkjHkwr inkFkZ thoæO; ¼çksVksIykTe] Protoplasm½ gSA ;g çjl ;k
thoæO; ,d tfVy inkFkZ gksrk gS rFkk blds d.kksa esa ges'kk jklk;fud
ifjorZu gksrs jgrs gSa] blh dkj.k nks tho leku ugha gksrsaA vxj nks thoksa dh
lajpuk leku gS rks LoHkko (Habit) ,oa dkf;Zdh (Physiology) ds vk/kkj ij
lekurk fHkUu gksrh gSaA

(iv) vUr%lzkoh xzfUFk;k¡ (Endocrine glands)& çR;sd euq"; ,oa çk.kh esa
vUr%lzkoh xzfUFk;k¡ ik;h tkrh gSaA fofHkUu çdkj dh vUr%lzkoh xzfUFk;ksa ds }kjk
jklk;fud inkFkZ gkWeksZUl L=kfor fd;k tkrk gSA ;g gkWeksZUl 'kjhj dh lHkh
vko';d p;kip; fØ;kvksa ij fu;U=.k dj leUo; cukrs gSaA bu gkWeksZUl ds
lzko.k dh deh ;k vf/kdrk ds dkj.k thou dh fØ;kvksa esa ifjorZu vk tkrs
gSaA ;g fofHkUurk,¡ 'kkjhfjd] ekufld ,oa fØ;kRed fofHkUurk,¡ gksrh gSa] tks fd
ubZ lUrfr dks mRiUu djrs gSaA

(v) }Sr tudrk (Dual parentage)& çR;sd çk.kh dh lUrku nks tudksa
(Parents) dh tuu dksf'kdkvksa ds }kjk mRiUu gksrh gSaA bu lUrkuksa easa dqN
xq.k ekrk ls rFkk dqN xq.k firk ls vkrs gSaA blds mijkUr Hkh lUrku ekrk-
firk ds leku ugha gksrhA bl dkj.k thoksa esa ifjorZu ns[ks tkrs gSaA

lHkh thoksa esa dqN y{k.k ,sls gksrs gSa] tks fd mudks muds tudksa
(Parents) ls çkIr gksrs gSa] rFkk ih<+h-nj-ih<+h (one generation to another
generation) pyrs jgrs gSaA bu y{k.kksa dks vkuqoaf'kd y{k.k (Hereditary
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characters) dgrs gSa tcfd bu y{k.kksa dks ,d ih<+h ls nwljh ih<+h esa tkuk
vkuqoaf'kdrk (Heredity) dgykrh gSA ekrk-firk ds y{k.k tuu inkFkZ
(germplasm gerut produets) }kjk larkuksa rd igqaprs gSaA lHkh tho viuh
ekrk-firk ds leku ih<+h-nj-ih<+h mRiUu gksrs jgrs gSaA fQj Hkh nks ltho ,d
leku ugha gksrs gSaA ;fn ,d ekrk-firk dh nks ;k nks ls vf/kd larkusa gSa] og
Hkh vius ekrk-firk ds leku gksrs gq, Hkh ,d-nwljs ls fHkUu gksrs gSaA ,d gh
tkfr ,oa ,d gh ekrk-firk dh larkuksa esa lekurkvksa (Similarities) ds
vfrfjä tks vlekurk,a (Dissimilarities) ikbZ tkrh gS mldks fofHkUurk
(Variation) dgrs gSaA

lu 1905 esa csVlu (Bateson) us vkuqoaf'kdrk (Heredity) ,oa fofHkUurk
(variation) dks lfEefyr :i ls vkuqoaf'kdh (Genetics) dgkA (Genetics = Gr:
Gene = to growinto)A csVlu (Bateson) ds vuqlkj tho foKku dh og 'kk[kk
ftlds varxZr vkuqoaf'kdrk (Heredity) ,oa fofHkUurk dk v/;;u fd;k tkrk
gS] mldks vkuqoaf'kdh (Genetics) dgrs gSaA tksgsUlu (Johenson-1911) us
loZçFke vkuqoa'kd #i@thuksVkbi (Genotype) ,oa n`'; #i@QhuksVkbi
(Phenotype) dh vo/kkj.kk dks çLrqr fd;k] fdlh tho dk vkuqoaf'kd laxBu
(Genetic constitution) ;k mlesa mifLFkr thUl@vkuqoa'kd dk fooj.k thu
ç#i@thuksVkbi (Genotype) dgykrk gSA bldh vkuqoaf'kd ;k thfud
(Genic) lajpuk leku gksrh gSA

tc nks thoksa ds cká% y{k.k ,d leku gks] rc bldks
ley{k.kh@n`';#i@QhuksVkbi (Phenotype) dgrs gSa] pkgs mudh vkuqoaf'kd
(Genic) lajpuk dqN Hkh gksA

mnkgj.k

(i) eVj ds cht ds vkuqoa'kd #i@thuksVkbi gksrs gSa % YY, YG, GG

(ii) eVj cht ds n'̀; #i@QhuksVkbi nks gksrs gSa%

¼v½ ihys cht ;qä % YY,

¼c½ gjs cht ;qä % GY,

(iii) uhys us=ksa (Blue eyes) ds fy, nks ;qXe fodYi (alleles) gksrs gSa]
ftlls uhyh vka[kksa okys O;fä dks mRiUu fd;k tkrk gSA bl çdkj ds O;fä
esa uhyh vka[kksa ds fy, nks ;qXe fodYi ds vkuqoa'kd #i (Genotype) gksrs gSa]
vkSj uhyh vka[kksa dk ,d n'̀; #i@QhuksVkbi (Phenotype) gksrk gSA ;fn
fdlh Hkh O;fä esa Hkwjh vka[kksa dk ,d ;qXe fodYi (allele) vkSj uhyh vka[kksa
dk ,d ;qXe fodYi (alleles) gksrk gS] rc mldk n'̀; #i (Phenotype) Hkwjh
vk¡[kksa okyk gksrk gS] D;ksafd Hkwjh vk¡[kksa (Brown eyes) dh vfHkO;fä] uhyh
vk¡[kksa (blue eyes) dh vfHkO;fä ij çHkkoh gksrk gSA n`̀̀'; #i@n'̀; vkÑfr
(Phenotype), vkuqoaf'kd #i@vkuqoaf'kd vkÑfr (genotype) dh vfHkO;fä
gksrh gS] ysfdu gedks ;g /;ku j[kuk pkfg, fd okrkoj.k n'̀;
#i@n'̀;@vkÑfr dh vfHkO;fä ds fy, iw.kZr% ØkfUrd dks.k gSA mnkgj.k%
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thu@vkuqoa'kd (Gene) dk mf}dkl] tks fd lkekU; LokLFk ,oa vfLrRo ds
fy;s vkWDlhtu ds mi;ksx ds fy, lkekU;r%'oluh; ra= dh mRifRr djrk gS]
ysfdu ;g thu@vkuqoa'kd (gene) vuqi;ksxh gks tkosxk ;fn okrkoj.k esa
vkWDlhtu ugha ikbZ tkrh gSA vf/kdka'k n`'; #i@n`'; vkÑfr (Phenotype)
dHkh Hkh u rks vkuqoaf'kd #i@vkuqoaf'kd vkÑfr (genotype) ds vkSj u gh
okrkoj.k ds vdsys ifj.kke gksrh gS] ysfdu ;g vkuqoaf'kd :i vkuqoaf'kd
vkÑfr (genotype) dh okrkoj.k ds lkFk vU;ksU; fØ;k ds ifj.kke ds dkj.k
gksrh gSA

lkj.kh Ø- 2-1% QhuksVkbi ,oa thuksVkbi esa vUrj

QhuksVkbi (Phenotype) thuksVkbi (Genotype)

1- QhuksVkbi ;k ley{k.kh tks fd fn[kus
esa leku gksrh gs] mudk thu ç#ih
(Genotype) laxBu leku Hkh gks ldrk
gS vkSj vleku HkhA

1- leku thuksVkbi okys thoksa
dk ,d gh okrkoj.kh; voLFkk esa
ifjo/kZu djus ij mudk
QhuksVkbi ;k ley{k.kh :i leku
gksrk gSA

2- lkekU;r;k ;g thoksa ds vkdkj
(Size), vkÑfr (Form), jax ,oa LoHkko
vkfn ds xq.kksa dks O;ä djrk gSA

2- thuksVkbi (Genotype) ds tho
ds thu laxBu (Genetic
constitution) dks O;ä djrk gS]
okLro esa tks ml tho esa fofHkUu
y{k.kksa dks fu/kkZfjr djrk gSA

3-Åijh ls ;k ckgj ls fn[kus okyk :i
gh QhuksVkbi dk çfrfuf/kRo djrk gSA

3- fdlh Hkh tho ds thuksVkbi dks
LFkkfir djus ds fy, mlds iwoZt ds
v/;;u ds vk/kkj ij fu/kkZfjr fd;k
tk ldrk gSA

og fofHkUurk,¡ (Variations) tks tho ds 'kjhj esa mlds thoudky esa
cnyrh gqbZ okrkoj.kh; n'kkvksa ;k thou 'kSfy;ksa@jhfr;ksa ds dkj.k mRiUu
gksrh gS] og nf̀"Vxr gksrh gS] budks n'̀;#ih@n'̀; vkÑrh; fofHkUurk,¡
(Phenotypic Variation) dgrs gSaA bl çdkj dh fofHkUurkvksa dks mikftZr
y{k.k (acquired characters) Hkh dgrs gSaA bl çdkj dh fofHkUurk,¡ thoksa ds
laxBu esa LFkkuh; ifjorZu gksrs gSa] vkSj u rks iSrd̀ (Parents) ls oa'kkxr gksrs
gS] vkSj u gh lUrku esa LFkkUrfjd gksrs gS] vkSj iSrd̀ksa (Parents) ds ejus ds
iÜpkr@lkFk lekIr gks tkrs gSaA

mnkgj.k

(i) yksgkj rFkk igyoku dh isf'k;ksa dk fodflr gksukA

(ii) /kwi esa dk;Z djus okys etnwj ;k O;fDr dk dkyk jaxA

(iii) O;k;ke çfr;ksxh@dljrh (athlete) dh vf/kd fodflr isf'k;kaA

(iv) fdlh Hkh nq?kZVuk ds dkj.k 'kjhj ds fdlh Hkh Hkkx@vax dk {kfr gksuk
vkfnA
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(v) phuh vkSjrksa ds NksVs iSjA

vkuqoaf'kd fofHkUurk,¡ (Genotypic Variation) ltkrh; lnL;ksa ds
thuh@vkuqoaf'kd :i (Genotype) esa ifjorZu ds dkj.k ugha gksrh gSA bUgha ds
dkj.k ,d gh ekrk firk dh lHkh larkusa leku gksrh gSaA bl çdkj dh
fofHkUurk,a lathoks ds tuuæO;@teZIykTe (Germplasm) esa ikbZ tkrh gSA
D;ksafd ;qXed (Gametes) tuu æO;@teZIykTe ls fodflr gksrh gS] rFkk
bu ;qXedksa ds la;qXeu ds i'pkr ;qXeu (Zygote) curs gSa] tks fd çkS<+ ;k
o;Ld esa fodflr gksrs gSaA vr% dsoy teZIykTe ,oa ;qXed esa gksus okys leLr
ifjorZu ih<+h-nj-ih<+h larku esa igqaprs gSaA ;g ifjorZu tho@f'k'kq ds tUe ds
le; ;k mlds thoudky esa dHkh Hkh çnf'kZr gks ldrs gSa] rFkk oa'kkxr gksrs
gSaA

mnkgj.k

(i) Lruh çkf.k;ksa esa cky ,oa us= dh iqryh dk jaxA

(ii) 'kjhj dh yEckbZ

(iii) jä lewg ds çdkj

(iv) Ropk dk jax vkfnA

2-2-2 fofHkUurk ds L=ksr % thuksVkbi ,oa QhuksVkbi
(Sources of Variations: Genotype and Phenotype)

vkuqoaf'kd #ih@vkuqoa'kd vkÑfr; fofHkUurk,¡ (Genotypic Variations) ,oa
n'̀; #ih@n'̀; vkÑrh; fofHkUurk,¡ (Phenotypic Variations) fcYdqy fHkUu
gksrh gSA vkuqoaf'kd #ih fofHkUurk,¡ (Genotypic Variations) vkuqoaf'kd
ifjorZu'khyrk@foHksn'khyrk ds dkj.k gksrh gSA lHkh tho ttkfr;ksa esa
fofHkUurk,¡ muds xq.klw= lewg (Karyotype) esa fHkUurk ds vuq:i gksrh gSA
vkuqoaf'kd fofHkUurk ,oa xq.kksa dk fu;a=.k vkuqoaf'kd inkFkZ (Hereditary
material) ;k bdkbZ ds dkj.k gksrk gSA ;g vkuqoa'kd@thu (Genes) ds #i esa
xq.klw=ksa ij fLFkr gksrs gSaA budh O;oLFkk] la[;k ,oa foU;kl vkfn esa ifjorZu
ds dkj.k gh vkuqoaf'kd fofHkUurk,¡ gha mRiUu gksrh gSA n`'; #ih (Phenotypic)
fofHkUurk,¡ okrkoj.kh; dkjdksa-çdk'k] rkiØe] vkæZrk] Hkkstu dh deh] 'k=qvksa
dh mifLFkrh ;k vuqifLFkrh vkfn ds dkj.k mRiUu gksrh gSA thuksVkbi ,oa
QhuksVkbi fofHkUurkvksa ds L=ksr fuEufyf[kr çdkj ls gSa %

vkuqoaf'kdh fofHkUurkvksa ds L=ksr (Source of Genotypic Variations)& thoksa ds
xq.klw=ksa ij vkuqoa'kd@thUl (Genes) ,d fuf'pr Øe esa yxs jgrs gSaA bu
thUl ds Øe esa ifjorZu ds dkj.k fofHkUurk,¡ mRiUu gksrh gSaA bu ifjorZuksa ds
çeq[k dkj.k@L=ksr fuEufyf[kr çdkj ls gksrs gSa %

1- thuh <k¡ps esa ifjorZu ds dkj.k (Effect due to changes in gentic
structure)& lHkh tho-tkfr;ksa esa fofHkUurk,¡ muds xq.klw= lewg (Karyotype)
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esa fHkUurk ds vuq:i gksrh gSaA vr% fofHkUu tho-tkfr;ksa esa xq.klw=ksa dh la[;k
vyx-vyx gksrh gSA blh rjg ,d gh tkfr ds lnL;ksa esa fofHkUurk,¡ muds
thuh-<k¡ps (Genotype) ds vuq:i gksrh gSa] ijUrq buesa xq.klw=ksa dh la[;k lnSo
fuf'pr gksrh gSA tSls-euq"; esa 46 xq.klw= gksrs gSa vFkkZr~ 23 tksM+s ik, tkrs gSaA
blds çR;sd xq.klw= ij fofHkUu y{k.kksa ds thUl (Genes) tksfM+;ksa esa ik, tkrs
gSaA blds çR;sd xq.klw= ,d thu ,d xq.klw= ij rFkk bldk nwljk thu
xq.klw= ds nwljs letkr (Homologous) lkFkh ij mlds lkeus ,d gh fcUnq
ij fLFkr gksrk gSA bl çdkj lHkh thUl xq.klw=ksa ij ,d fuf'pr Øe esa yxs
jgrs gSaA blh dks thu-lewg dk <k¡pk (Genotype) dgrs gSaA ;s vkuqoaf'kd
gksrh gSaA thuh <k¡ps esa ifjorZu ds nks çeq[k dkj.k gks ldrs gSaA

fp= Ø- 2-1% Morphological changes inchromosomes
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(i) ySafxd tuu ds dkj.k (Due to Sexual reproduction)& ySafxd tuu
dh çfØ;k dqN bl çdkj gksrh gSA blesa ;qXedtuu (Gametogenesis)
ds nkSjku v/kZlw=h (Meiosis) foHkktu gksrk gSA bldh fMIyksVhu voLFkk
esa xq.klw=ksa esa ØkWflax vksoj gksrk gSA bl fØ;k esa thUl dk fofue;
gksrk gS ftlls ;qXedksa ds thuh <k¡ps esa dqN u dqN ifjorZu vo'; gh
gks tkrk gS tks ,d gh ekrk-firk dh larkuksa vFkok ltkrh; lnL;ksa esa
fofHkUurk dk dkj.k curh gSA thuh <k¡ps esa ifjorZu fuEufyf[kr dkj.kksa
ls mRiUu gksrk gS %

(a) letkr thUl ,oa xq.klw=ksa dk vfu;fer c¡Vokjk (Random
Distribution of Homologous Genes and Chromosomes)&
letkr xq.klw=ksa (Homologous chromosomes) ds çR;sd lw=
ij letkr y{k.kksa vFkok rqyukRed y{k.kksaa ds thUl (Alleles)
lnSo tksM+ksa esa ik, tkrs gSaA v/kZlw=h foHkktu ds le; ;s thUl
xq.klw=ksa ds lkFk-lkFk iF̀kd gksdj fofHkUu ;qXedksa (Gametes) esa
pys tkrs gSa ftlls ;qXedksa ds y{k.kksa esa dqN u dqN fHkUurk
vo'; mRiUu gks tkrh gSA

(b) ikjxeu (Crossing Over)& thoksa esa y{k.k muds thuh <k¡ps
(Genotype) ds vuq:i gksrs gSaA ;qXedtuu dh çfØ;k ds nkSjku
v/kZlw=h ds foHkktu esa ikjxeu fofu;e (Crossing over) dh
fØ;k gksrh gS ftlls ;qXedksa esa xq.klw=ksa ls thUl dh lgyXurk
(Linkage) cny tkrh gS tks lUrkuksa esa vlekurk dk vk/kkj
curh gSA lHkh thoksa dh tula[;k esa vkuqoa'kd #i (Genotype)
esa Aa, Bb, Cc, ,oa Dd thUl ,d gh letkr xq.klw= ds ;qXe esa
ik;s tkrs gSaA çR;sd v/kZlw=.k fof/k ds le; çR;sd Hkkx esa
fp;kTek (Chiasma) ds fuekZ.k ds dkj.k u;s la;kstu ds
lkFk ;qXed (gametes) mRiUu gksrs gSaA bl çdkj ikjxeu
ds }kjk tks thUl@vkuqoa'kd iwoZ ls ik;s tkrs gSa] muds lkFk u;s
mRifjorZuh; ;qXefodYih dk la;kstu rhoz xfrls gksuk çkjaHk gks
tkosxkA ifj.kkeLo#i ikjxeu ds }kjk ;qXefodYih ds u;s
la;kstu fufeZr gksxhA ikjxeu dh vuqifLFkrh ds
dkj.k ;g ;qXefodYih vkil esa la;ksftr jgrs gSa vkSj dsoy nks
çdkj ds ;qXed iSrd̀ ;qXefodYih la;kstu ds lkFk fufeZr gksaxsA

(c) }Srtudrk (Dual Parentage)& lUrku dk fodkl ;qXetu
(2 X) (Zygote) ls gksrk gSA ;qXeut dk fuekZ.k uj ,oa
eknk ;qXedksa ds la;kstu ds QyLo:i gksrk gSA bl
çdkj ;qXeut dks vk/ks xq.klw= o thUl uj ls rFkk vk/ks eknk
tudksa ls çkIr gksrs gSaA vr% buds xq.klw=ksa ,oa thUl ds
lfEeJ.k ls lUrkuksa ds thuh <k¡ps (Genotype) esa ifjorZu gks
tkrk gS tks lUrkuksa esa fofHkUurk dk dkj.k curs gSaA
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(d) fu"kspu esa vfu;fer la;qXeu (Random Sexual Union in
Fertilization)& dHkh-dHkh fu"kspu (Fertilization) ds le;
uj ;k eknk ;qXedksa esa la;qXeu (Conjugation) Hkh vfu;fer
gksrk gS ftlls lUrkuksa ds xq.klw=ksa ,oa thUl ds lfEeJ.kksa esa
fofo/krk vkSj vf/kd c<+ tkrh gSA

fp= Ø- 2-3% The allopolyploidy leadingto the formation of tetraploid in
the species Glalandularia

(e) xq.klw=ksa ds lSVksa dh la[;k esa ifjorZu (Changes in the sets
number of chromosomes)

(e-i) ewy la[;rk (Haploidy)& bu thoksa esa xq.k lw=ksa dh la[;k iSrd̀
thoksa ls vk/kh jg tkrh gSA vFkZr~ ,d (x) gksrh gSA

(e-ii) cgqxqf.krk (Polyploidy)& dHkh-dHkh ;qXetu (Zygote) esa xq.klw=ksa
dh f}xqf.kr la[;k esa ,d ;k vf/kd xq.klw= tqM+dj xq.klw=ksa dh la[;k dks
c<+k nsrs gSa vFkkZr~ ;qXeut esa xq.klw=ksa dh la[;k (2X) ds LFkku ij (3X) ;k
(4X) gks tkrh gSA ftu thoksa esa xq.klw=ksa ds rhu leqPp; ik;s tkrs gSa] mldks
f=xqf.krk (Triploion) dgrs gSaA ftu xq.klw=ksa ds nks] pkj] ik¡p] N% leqPp;
ik;s tkrs gSa] mudks Øe'k% f}xqf.krk (Diploidy), prqZxqf.krk (Tetraploidy),
iapxqf.krk (Pentaploidy), ,oa 'k"Vhxqf.krk (Hexaploidy) dgrs gSA cgqxqf.krk



51

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

fofHkUurk,¡& L=ksr rFkk
çdkj

(Polyploidy) vlkekU; lelw=.k (abnormal mitosis) ;k fQj vlkekU;
v/kZlw=.k (meiosis) ds }kjk mRiUu gksrs gSaA

fp= Ø- 2-4% Fig. Diagram to illustrate deletion

fp= Ø- 2-5% Fig. Diagram to illustrate deletion

1 1

1 1 1

2
2

2

3 3

3 3 3

A B C D

a

b

c

d

db

c
a

+ =
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fp= Ø- 2-6% Fig. Translocation: complement of male Dro soplnlnlel of
varousspecies derived by treanslocation in the chromosumes of

ancestial species Drosphilaviridis

(f) xq.klw= ds ,d lSV esa xq.klw=ksa dh la[;k esa ifjorZu&

(f-i) eksukslksfed (Monosomic)& blesa xq.klw=ksa ds lSV esa ,d xq.klw=
dh deh gks tkus ls eksukslksfed tho curs gSa ftuds xq.klw=h lSV
esa xq.klw=ksa dh la[;k (2x–1) gksrh gSA

(f-ii) iksyhlksfed (Polysomic)& blesa xq.klw=ksa ds lSV esa fdlh fo'ks"k
xq.klw= dh la[;k 2 ds LFkku ij 3 ;k 4 gks tkrh gS vFkkZr (2x
+1) gks tkrh gSA

(g) xq.klw=ksa dh vkdkfjdh esa ifjorZu& xq.klw=ksa dh vkdkfjdh esa
ifjorZu fuEufyf[kr dkj.kksa ls gksrk gS&

(g-i) f}jkof̀Rr (Duplication)& dHkh-dHkh fdlh xq.klw= dk dksbZ Hkkx
VwVdj vU; xq.klw= ls tqM+ tkrk gS ftlls VwVs xq.klw= ds tksM+s
esa thUl dh deh gks tkrh gS rks nwljs esa iqujkof̀Rr gks tkrh gS
ftlls lUrkuksa esa fofo/krk ,oa foHksnurk ds vf/kd volj feyrs



53

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

fofHkUurk,¡& L=ksr rFkk
çdkj

gSaA vr% f}jkof̀Rr (Duplication) dk tSo-fodkl esa cgqr egRo
gSA

g (ii) (Deletion)& bldk vFkZ gksrk gS ,d ;k vf/kd vkuqoa'kd@thUl
dh ,d xq.klw= esa {kfr] vkSj bldk dkj.k gksrk gS xq.klw= [k.M
dh {kfr ds }kjkA fig. 2.4 A ¼fp= 2-4 A½ lkekU; xq.klw= dks
n'kkZrh gS vkSj bl ij la[;k vkuqoa'kd@thUl dks n'kkZrh gSA
fig.2.4 C ¼fp= 2-4 C½ ,d viekftZr@foyqIrh (deleted) xq.klw=
dks n'kkZrh gS ftlesa ls xq.klw= dk ,d [k.M] vkuqoa'kd@thUl
lfgr dh {kfr gksrh gSA

fp= Ø- 2-7% Diagram to illustrate the molecular basis of gene mutation

(h) thUl ds foU;kl esa ifjorZu (Changes in the arrangement of
genes) :

h (i) LFkkukarj.k (Translocation)& dHkh-dHkh nks fo"ke;qXeh
(Heterologous) xq.klw=ksa ds dqN Hkkx VwVdj foijhr xq.klw=ksa esa
la;ksftr gks tkrs gSaA vr% xq.klw=ksa ds dqN [k.Mksa ds vknku
çnku thUl dh O;oLFkk esa ifjorZu gks tkrk gSA bldh O;k[;k
bl çdkj ls Hkh dh tk ldrh gS fd nks xq.klw=ksa esa ab ,oa cd
thUl ik;s tkrs gSa vkSj [k.Mksa ds vknku çnku ls tks xq.klw=
fufeZr gksrs gSa ftlesa thUl ac ,oa bd gksrs gSaA ;g ikni txr
ds mf}dkl esa egRoiw.kZ Hkwfedk fuHkkrs gSaA lkFk gh lkFk ikneksa esa
ubZ tkfr;ksa rFkk vkFkksZiksM~l] if{k;ksa ,oa Lruh çkf.k;ksa esa ubZ
tkfr;k¡ mRiUu gksrh gSA
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(h-ii) çfryksehdj.k (Inversion)& dHkh-dHkh ,d gh xq.klw= esa mldk
dksbZ Hkkx 180o ds dks.k ij ?kwe tkrk gS ftlls mlds thuh-
foU;kl esa vUrj vk tkrk gS tks ltkrh; lnL;ksa esa fHkUurk
mRiUu djrk gSA

;fn ,d xq.klw= esa thUl dh O;oLFkk ;k thUl dk foU;kl
abcdefg gS] ;fn ;g fcUnw b ,oa e ij VwV tkrk gS vkSj bldk
e/; [k.M bcde esa çfrykseu (Inversion) gksrk gS vkSj thUl dk
mYVs xq.klw= esa Øe aedcbfg esa ifjofrZr gks tkosxkA ǹ'; #ih esa
çHkko mRiUu gksxk D;ksafd thUl ds LFkku ifjofrZr gqvk gSA
çfrykseu ds dkj.k thu fofue; ugha gks ikrk gS vkSj xq.klw=
vius ewy thUl ds la;kstu dks /kkj.k dj jgsxkA

mnkgj.k% MªkslksfQyk

(i) thu-mRifjorZu (Gene Mutation)& fdlh Hkh voLFkk esa fdlh Hkh
dkj.k thu esa mRifjorZu mRiUu gks tkrs gSaA bl çdkj ds mRifjorZu rHkh
Kkr gksrs gSa tc fd ;g mRifjorZu tuu dksf'kdkvksa ds xq.klw=ksa esa ns[ks tk,¡A
Hkzw.k esa ifjorZu ds le; ik, tkus okys çHkkoh mRifjorZu rqjUr viuk çHkko
n'kkZrs gSa] ysfdu vçHkkoh mRifjorZu dk çHkko rHkh Kkr gksrk gS tcfd bldk
lg;ksxh thu Hkh leku çdkj dk mRifjorZu n'kkZ,A

mnkgj.k% ,sudkWu (Ancon) uLy dh HksM+ ¼NksVs Vkaxksa okyh fdLe½ dks
loZçFke oSKkfud lsFk jkbV (Seth wright ) us 1971 essa [kkstk FkkA

2-2-3 thu mRifjorZu ds Ádkj

thu mRifjorZu nks çdkj ds gksrs gSa&

(i) ;dk;d (Spontaneous) ;g thUl esa okrkoj.k ds çHkko ds
dkj.k ;dk;d mRiUu gksrs gSaA budk o.kZu vusd ikniksa ,oa çkf.k;ksa esa
fd;k x;k gSA

(ii) mRçsfjr (Induced) ;g ckgjh dkjdks tSls fd {k&fdj.k (x-rays),
ijkcSaxuh fdj.ksa (ultraviolet rays), fofdj.k (radiation) vkfn ds dkj.k
gksrs gSaA
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fp= Ø- 2-8% Diagram to illustract inversion and the behavior of
inverted chromosome during meiosis

mnkgj.k % MªkslksfQyk

mijksä o.kZu ls ;g lkjka'k çkIr gksrk gS fd thUl ltho thoksa dk
mRiknu ,oa çÑfr] çeq[k ewyHkwr fØ;kvksa dk fu;a=.k djrs gSaA bu ifjorZuksa ds
dkj.k lajpuk] p;kip; ,oa çtuu esa ifjorZu gksrs gSaA bldk vFkZ gksrk gS
fd ;g ifjorZu ;k fofHkUurk,¡ mf}okl (evolution) ds fy;s vf/kd egRoiw.kZ
gSA
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thoksa esa çR;sd thu@vkuqoa'kd (gene) ifjo/kZu ,oa thoksa ds foHksnhdj.k
fof/k esa egRoiw.kZ Hkwfedk fuHkkrk gSA ,dy thu ,d ls vf/kd y{k.kksa dks
çHkkfor dj ldrk gS ;k fQj ,dls vf/kd thUl ;k thUl ds lewgksa dh
fuf'pr la[;k y{k.kksa dk fu;eu dj ldrs gSaA thu dk mRifjorZu] thu ds
jklk;fud çfr#i esa ifjorZu gks ldrk gS] ;g rkiØe (Temperature),
dkWfLed fofdj.k (cosmic radiation), ijkcSaxuh fofdj.k (ultra Violet
radiation), jsfM;ks/kehZ inkFkksZa ;k vU; jklk;fudksa ds dkj.k gksrk gSA mnkgj.k %
yky us=ksa okys MªkslksfQyk lewg esa lQsn us=ksa okyh MªkslksfQykA

2-2-4 n'̀;#ih fofHkUurkvksa ds L=ksr
(Sources of Phenotypic variahons)

n'̀;#ih fofHkUurkvksa ds L=ksr fuEufyf[kr gksrs gSaa

¼v½ okrkoj.k (Environment)& okrkoj.k ds çHkko ls ltkrh; lnL;ksa
esa dkf;d (Somatic) ;k mikftZr (acquired) fofHkUurk,¡ mRiUu gksrh gSA ;g
fofHkUurk,¡ ,d ih<+h ls nwljh ih<+h esa LFkkukarfjr ugha gksrh gSA okrkoj.kh;
n'kk;sa çR;{k #i ls lthoksa dks çHkkfor djrh gS vkSj lthoksa ds laxBu esa
fofHkUu çdkj ds ifjorZu gksrs gSaA ;g ifjorZu çk.kh ds O;fäxr fodkl ds
le; mRiUu gksrh gS vkSj oa'kkxr ugha gksus ds dkj.k çk.kh dh èR;q ds lkFk gh
lekIr gks tkrh gSA

Hkkstu] rki] (Temperature), B.M@lnhZ (Cold) ouLifr dh
mifLFkrh ;k vuqifLFkrh] vknzZrk (moisture), ok;q nkc (atmospheric
Pressure), çdk'k (Light), nq'euksa dh mifLFkrh ;k vuqifLFkrh] ekSle dh
n'kk,a vkfn thoksa ij lh/kk çHkko Mkyrh gS] ftlls lthoksa esa dkf;d
fofHkUurk,a mRiUu gksrh gSA mnkgj.k %

(i) fNNys ty esa ik;s tkus okys ikS/kksa dh ifRr;ka lkekU; gksrh gS] ijUrq
xgjs ty esa ik;s tkus okys ikS/kksa dh ifRr;ka dVh QVh gksrh gSaA ;g
bl dkj.k gksrk gS] D;ksafd xgjs ty esa çdk'k dh de ek=k igqaprh gS]
vr% ifRr;ka vf/kdkf/kd çdk'k xzg.k djus ds fy;s foHkkftr gks tkrh
gSA bl çdkj fNNys ,oa xgjs ty ds dkj.k ltkrh; ikS/kksa esa ;g
ifjorZu@fofHkUurk,a mRiUu gks tkrh gSaA

(ii) oSKkfud vxkj ,oa Vkoj (Agar and Tower) us ç;ksxksa }kjk ik;k
fd ,d gh tkfr ds pwgksa dks de ;k vf/kd rki ij iF̀kd-iF̀kd j[kus
ij FkksM+s le; i'pkr ns[kk fd nksuksa çdkj ds pwgksa esa fofHkUurk vk xbZA

(iii) leqæh vfpZr (Sea-urchin) ,oa esa<d ds ykokZ dk #i ,oa vkdkj
ifjofrZr gks tkrk gS] ;fn og ,sls ty esa thou O;rhr djrs gSa ftlesa
fyfFk;e yo.kksa dh ek=k vf/kd gksrh gSA ;g ykokZ dk;kUrj.k dh lHkh
voLFkkvksa ls rhoz xfr ls xqtjrs gSa] ysfdu vkdkj ;k #i esa ifjorZu
gksrk gSA
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(iv) ;fn esa<d ds ykokZ dks Lruh çkf.k;ksa dh Fkk;jkbM xzfUFk;ksa ds L=ko dks
f[kyk;k tkrk gS] ;g ykokZ rhoz xfr ls dk;kUrj.k dh lHkh voLFkkvksa
ls xqtjrs gSa] ysfdu bu ykokZ dk vkdkj NksVk gh jgrk gS] ysfdu esa<d
ds og ykokZ tks fd lk/kkj.k vkgkj dks [kkrs gSa] og lkekU; vkdkj esa
of̀/n djrs gSa] ysfdu dk;kUrj.k dks yEch vof/k esa iw.kZ djrs gSaA

(v) oSKkfud ySekdZ us n'kkZ;k fd ,d gh tkfr ds vusd çk.kh fofHkUu
okrkoj.kh; n'kkvksa esa fodflr gksrs gSa vkSj vusd fofHkUurkvksa dks n'kkZrs
gSaA tSls fd&

¼v½ vuqitkÅ ;k catj@nqcZy (Poor) Hkwfe esa NksVs vkSj detksj ikS/ks
mRiUu gksrs gSa rFkk mitkÅ@ÅoZj Hkwfe esa LoLFk ,oa
lè/n@vfrLQhr (Luxuriant) ikS/ks mRiUu gksrs gSaA

¼c½ pednkj o{̀kksa dh ifRr;ka lw;Zrkiu (insolation) esa çfrfØ;k djrs
gSa vFkkZr o{̀kksa dh ifRr;ksa dh lw;Z dh vksj dh fn'kk esa
isfylsM@LrEHk oy; (palisade) dksf'kdkvksa dh nks Lrj gksrh gS
tcfd Nk;knkj o{̀kksa dh ifRr;ksa esa isfylsM dksf'kdkvksa dh ,d
Lrj ikbZ tkrh gSA

¼d½ vusd mHk;pjh; (amphibians) ikS/kksa esa nks çdkj dh ifRr;ka ikbZ
tkrh gSa vFkkZr fo"kei.kZ (heterophylly) fLFkrh dks n'kkZrs gSaA

(vi) oSKkfud tSfuax (Jenning) vius ç;ksxksa dks n'kkZ;k fd iSjkehf'k;e]
(Paramecium) vxj u;s okrkoj.k esa j[ks tkrs gS rc muds #i ,oa
dk;Zdh; voLFkk esa ifjorZu ns[ks tkrs gSa vFkkZr~ ty esa fofHkUu
jklk;fud inkFkksZa dks ikuh esa feykus ;k ikuh ds rkiØe esa of̀/n
ds }kjk iSjkehf'k;e ds #i ,oa dk;Zdh; voLFkk esa ifjorZu gksrs gSaA
vxj iSjkehf'k;e vius lkekU; okrkoj.k esa okil vk tkrs gSa rc ;g
ifjorZu lekIr gks tkrs gSaA

¼v½ vUrZfufgr çof̀r (Inherent tendency)& çR;sd tho ;k çk.kh
dk vk/kkjHkwr inkFkZ çjl@thoæO;@çksVksIykTe& (Protoplasm)
gSA ;g çjl ;k tho æO; ,d tfVy inkFkZ gksrk gS] rFkk blds
d.kksa esa ges'kk jklk;fud ifjorZu gksrs jgrs gSa] blh dkj.k nks
tho ,d leku ugha gksrs gSaA vxj nks thoksa dh lajpuk leku gS
rks LoHkko (habits) ,oa dk;Zdh (Physiology) ds vk/kkj ij
lekurk fHkUu gksrh gSA

¼c½ vUr%L=koh xzfUFk;ka (Endocrine glands)& çR;sd euq"; ,oa çk.kh
esa vUr%L=koh xzfUFk;ka ikbZ tkrh gSaA fofHkUu çdkj dh vUr%L=koh
xzfUFk;ksa ds }kjk jklk;fud inkFkZ-gkeksZUl L=kfor fd;k tkrk
gSA ;g gkeksZUl 'kjhj dh lHkh p;kipf;d fØ;kvksa ij fu;U=.k
dj leUo; cuk;s j[krs gSaA bu gkeksZUl dks deh ;k vf/kd
L=koj.k ds dkj.k thou dh fØ;kvksa esa ifjorZu vk tkrs gSaaA ;g
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fofHkUurk,¡& L=ksr rFkk
çdkj

fofHkUurk,a 'kkjhfjd] ekufld ,oa fØ;kRed fofHkUurk,a gksrh gSa]
tks fd ubZ lUrfr dks mRiUu djrs gSaA

mnkgj.k% euq"; esa&

(i) of̀/n gkeksZUl ds de L=ko.k ds dkj.k 'kjhj ckSuk (Dwarf) gks tkrk gSA

(ii) of̀/n gkeksZUl ds vfr L=ko.k ds dkj.k Hkhedk; vkdkj@nSR;kdkj
(Gigantism) gks tkrk gSA

(iii) dadkyh; of̀/n ds le; vf/kd L=ko.k ds dkj.k ,Øksessxsyh
(Acromegly) jksx-gkFk] v¡xqfy;ksa] gksaBksa] ukd vkfn dh Ropk eksVh gks
tkrh gSA

(iv) of̀/n gkeksZUl ds vfr L=ko.k ds dkj.k dkbQksfll (Kyphosis) jksx gks
tkrk gS] vFkkZr 'kjhj /kuq"k ds leku (Bowing of spine) gks tkrk gS]
d'ks#d n.M dh yEckbZ vf/kd gks tkrh gSA

(v) ih;w"k xzfUFk ds gkeksZUl ds de L=ko.k ds dkj.k csMkSyiu (obesity)
'kjhj esa olk dk vR;f/kd lap;] uj euq"; esa nk<+h ewNksa dk vHkko gksrk
gSA

(vi) Fkk;jkbM mRçsjd gkeksZUl ds de L=ko.k ds dkj.k euq"; esa Ropk
vf/kd eksVh gksrh gS] cky lw[ks] psgjs ij lwtu] ekSgkZ (Eyebrow) ij
de ckyA

(vii) Fkk;jksDlhu gkeksZu ds vYiL=ko.k ds dkj.k tM+ekuork (Creatinism )
is'kh of̀) esa deh gks tkrh gS] vkSj vfrL=ko.k ds dkj.k is'kh ladqpu
f'kfFky gks tkrk gSA

(viii) Fkk;jksDlhu gkeksZUl dh deh ds dkj.k çk.kh ckSuk jg tkrk gS] Vkaxs eqM+h
gqbZ] cky dBksj] Ropk eksVh] mnj ckgj dh vkSj fudyk gqvk gksrk gSA

(ix) iSjkFkk;jkbM gkeksZu ds vYiL=ko.k ds dkj.k fVVsuh (Tetany) jksx gks
tkrk gSA jä esa dSfYl;e dh ek=k lkekU; ls de gks tkrh gS rFkk
QklQksjl dh ek=k lkekU; ls vf/kd gks tkrk gSA

(x) iSjkFkk;jkbM gkeksZu ds vfrL=ko.k ds dkj.k 'kjhj dh gfM~M;ksa dk
VwVuk 'kh?kzrk ls gksrk gSA vFkkZr vksLVksiksjksfl;l (Osteoporosis) jksx
gks tkrk gSA

viuh Áxfr tk¡fp, (Check Your Progress)

1- thuksVkbi ,oa QhuksVkbi 'kCn fdlus fn;k\

¼v½ es.My us ¼c½ MkfoZu us

¼l½ tksgkUlu us ¼n½ fdlh us ughA
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fofHkUurk,¡& L=ksr rFkk
çdkj2- fofHkUurkvksa dk eq[; L=ksr gS &

¼v½ ikyhVykbMh ¼c½ E;qVs'ku

¼l½ fl.Mªkse ¼n½ lHkh

3- teZykTe dh fujUrjrk dk er fn;k Fkk &

¼v½ ohteku ¼c½ yWekdZ

¼l½ ekYFkl ¼n½ MkfoZu

4- vkuqoaf'kdrk fdls dgrs gS\

¼v½ y{k.kks dk ,d ih<+h ls nwljh ih<+h esa LFkkukarj.k

¼c½ y{k.kksa dk ,d ih<+h esa thuh foU;kl

¼l½ fu"kspu es vfu;fer la;qXeu

¼n½ mijksä lHkhA

5- fofHkUurk fdldk çxkeh dkjd gS\

¼v½ çkÑfrd p;u ¼c½ fodkl

¼l½ mRifjorZu ¼n½ iF̀kDdj.k

6- xq.kkRed fofHkUurkvksa ds mnkgj.k gS &

¼v½ nhid ¼c½ e/kqeD[kh

¼l½ es<s ¼n½ lHkhA

7- fofPN= fofHkUurkvksa dks fdl oSKkfud us mRifjorZu dgk

¼v½ MkfoZu ¼c½ chteku

¼l½ Mh-czht ¼n½ es.My

8- tufud fofHkUurk,¡ fdl dkj.k gksrh gS

¼v½ teZIykTe dk LFkkukarj.k

¼c½ ltkrh; lewgksa ds thuh lewg esa ifjorZu

¼l½ ltkrh; lnL;ks esa ;qXeut ds fuekZ.k esaA

¼n½ ltkrh; lnL;ksa ds ekrk-firk esa xq.klw=ksa ls
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fofHkUurk,¡& L=ksr rFkk
çdkj 2-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj

(Answers to Check Your Progress)

1- ¼l½

2- ¼n½

3- ¼v½

4- ¼n½

5- ¼c½

6- ¼n½

7- ¼l½

8- ¼l½

2-4 lkjka'k (Summary)

fofHkUurk,¡ ;k vkuqoaf'kdh tSo fodkl ds çeq[k lk/ku gSaA ;s fofHkUurk,¡ pkgsa
fdlh Hkh çdkj ls mRiUu gks ;k fdlh Hkh LoHkko dh gks Li"V ;k vLi"V #i
ls tSfod fodkl dh fØ;k dks vo'; gh çHkkfor djrh gSaA blhfy, fofHkUurk,¡
fodkl esa cgqr egRo j[krh gSA

2-5 eq[; 'kCnkoyh (Key Terminology)

 vlekurk,¡ (Dissimilarities)& ltkrh; lnL;ksa esa ik;h tkus okyh
folaxfr;k¡ ;k fofHkUurk,¡

 fofHkUurk,¡ ¼Variations½& thoksa ds chp ik;h tkus okyh vfu;ferrk,¡
vFkok vlekurk,¡ gh fofHkUurk,¡ dgykrh gSaA

 tfeZuy osfj;s'ku& ,slh fofHkUurk,¡ tks ih<+h-nj-ih<+h pyrh jgrh gS
vFkkZr~ vkuqoaf'kd gksrh gSA

 lksesfVd osfj;s'ku& uku-vkuqoaf'kd fofHkUurk,¡A

 thu E;wVs'ku& thu ds xq.k esa gq, vpkud ifjorZu dks thu E;wVs'ku
dgrs gSaA

 es.My& vkuqoaf'kdh ds tud (Father of Genetics)
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fofHkUurk,¡& L=ksr rFkk
çdkj2-6 Lo-ewY;kadu iz'u ,oa vH;kl

(Self Assessment Question and Exercise)

y?kq mÙkjh; iz'u (Short Answer Type Question)

1- fuEufyf[kr ij laf{kIr fVIi.kh fy[kks &

(i) fofHkUurkvksa ds dkj.k

(ii) lrr~ ,oa vlrr~ fofHkUurk,¡

(iii) thu çk#i ,oa ley{k.kh

(iv) thu çk#Ik

(v) okrkoj.kh; fofHkUurk,¡¡

(vi) fofHkUurkvksa ds çdkj

(vii) QhuksVkbi

(viii) nSfgd ,oa tfeZuy fofHkUurk,¡W

2- thuksVkbi ,oa QhuksVkbi ij vUrj fyf[k;sA

3- fofHkUurkvksa ds dkj.kksa dk mYys[k dhft,A

4- fuEu ij laf{kIr fVIi.kh fy[kks&

(i) thuksVkbi

(ii) QhuksVkbi

(iii) ySafxd tuu ds dkj.k fofHkUurk

5- fu/kkZjh ,oa vfu/kkZjh çdkj dh fofHkUurk ij çdk'k Mkfy,A

nh?kZ mÙkjh; iz'u (Long Answer Type Question)

1- fofHkUurkvksa ls vki D;k le>rs gS\ fofHkUu çdkj dh fofHkUurkvksa ij
çdk'k Mkfy,A

2- fofHkUurk ij ,d ys[k fyf[k,A

3- fofHkUurkvksa ds L=ksr ij fuca/k fyf[k,A

4- fofHkUurk,¡ fdls dgrs gS\ fofHkUurkvksa ds dkj.k ,oa çdkjksa dk o.kZu
dhft,A

5- fofHkUurk,¡ D;k gS\ fofHkUurkvksa ds vkuqoaf'kd vk/kkj ij o.kZu dhft,A

6- fofHkUurk ds L=ksr D;k gS\ foLrkjiwoZd o.kZu djksA
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fofHkUurk,¡& L=ksr rFkk
çdkj 2-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology – By – J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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bdkbZ 1

v/;k; 3 Mh,u, ,oa vkj,u, dh lajpuk] vkf.od
laxBu ,oa dk;Z rFkk vkj,u, ds çdkj
(Structure, Molecular Organization
and Function of DNA and RNA and
Types of RNA)

Lakjpuk (Structure)

3-0 ifjp;
3-1 mÌs';
3-2 U;qfDyd vEy dh lajpuk

3-2-1 MhvkWDlhjkbcks U;qfDyd vEy
3-2-2 jkbcksU;wfDyd vEy
3-2-3 thu@vkuqoa'kd dh ifjHkk"kk

3-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
3-4 lkjka'k
3-5 eq[; 'kCnkoyh
3-6 Lo-ewY;kadu iz'u ,oa vH;kl
3-7 lgk;d ikB~; lkexzh

3-0 ifjp; (Introduction)

thoksa esa vkuqoaf'kd xq.kksa dks ,d ih<+h ls nwljh ih<+h rd ig¡qpkus dk dk;Z thu
vFkok ukfHkdh; vEyksa dk gksrk gSA ukfHkdh; vEy dks loZçFke ÝsMfjp eh'pj
(Friedrich Meischer) }kjk eokn dksf'kdkvksa (Pus cells) ds dsUæd ls iF̀kd
fd;kA vr% mUgksus bls (Nuclein) dgkA ckn esa vEyh; LoHkko ds dkj.k
vYVeSu ¼1899½ uas bldk uke ukfHkdh; vEy vFkok (Nucleic Acid) j[kkA
ysosu (levene, 1910) us jklk;fud fo'ys"k.k ds vk/kkj ij ;g crk;k fd blesa
QkWLQksfjd vEy rFkk jkbckst vFkok Mh-vkWDlhjkbckst 'kdZjk ik;h tkrh gSA
mUgksaus U;wfDyd vEy esa ik;s tkus okys pkj çdkj ds U;wfDy;ksVkbM~l dk Hkh
irk yxk;kA

çR;sd tho vius tud (Parents) ls vf/kd feyrk-tqyrk gS] bldk
çeq[k dkj.k gS fd ih<+h esa (Generation) vius tud ls vkuqoaf'kd dkjdksa
(Heredity factors) dk igq¡apukA bUgh dkjdksa (Factors) dk thu@vkuqoa'kd
(Gene) dgrs gSaA thu@vkuqoa'kd ,d vR;Ur lw{e ØksesfVu d.k (Chromatin
particle) gS tksfd ges'kk ;qXeksa (Pairs) esa ,d eknk (Female) ,oa nwljk uj
(Male) tud (Parents) ls] ØkseksfuekVk (Chromonemata) ij ,d jsf[kd Øe
(Linear sequence) esa yxs jgrs gSaA jklk;fud :i ls ;s çksVhu o U;qfDyd

bhandup8
Rectangle
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vEyks (Nucleic acid) ds cus gksrs gSaA tfVy lajpuk ds dkj.k çkjEHk esa çksVhu
dks gh vkuqoaf'kd inkFkZ ekuk tkrk FkkA ysfdu ç;ksxksa }kjk vc ;g fl/n gks
x;k gS fd okLro esa U;qfDyd vEy (Nucleic acid) gh vkuqoaf'kd inkFkZ dk
dk;Z djrs gSaA U;qfDyd vEy (Nucleic acid) tfVy v.kq gksrs gSa tksfd çksfVu
v.kqvksa ls Hkh ls cMs+ gksrs gSaA buesa C, O, H, N ,oa P ik;k tkrk gSA U;qfDyd
vEy dks loZçFke ,Q- eh'kj (F. Miescher) us 1868 esa eokn dksf'kdkvksa (Pus
cell) ds dsUædksa esa ls iF̀kd~ fd;k FkkA budk uke bl dkj.k ls çfl/n gqvk
fd ;g vEyh; (Acidic) gksrs gSa vkSj loZçFke dsUæd ;k U;qfDy;l (Nucleus)
esa ik;s x,A eh'kj (Meischer) us bl inkFkZ dks U;wDyhu (Nuclein) dgkA ckn
esa bl oSKkfud us ik;k fd bl U;wDyhu (Nuclein) esa vEyh; U;wDyhu dk
yo.k (Salt of acidic nuclein) ,oa ,d {kkjh; inkFkZ çksVkehu (Protamine)
ik;k tkrk gSA vYVeku (Altaman) us 1899 esa çksVhu eqä U;wDyhu (Protein
free nuclein) dks çkIr fd;k rFkk blds fy, U;qfDyd vEy (Nucleic acid)
'kCn dk ç;ksx fd;kA lu~ 1880 esa I;wjhUl (Purines) ,oa fifjfeMhUl
(Pyrimidine) {kkjksa (Bases) dks fQ'pj (Fischer) us igpkukA dksLlsy (Kossel)
us U;qfDyd vEy dh jklk;fudh (Chemistry of Nucleic acid) ij dk;Z fd;k
vkSj n'kkZ;k fd U;qfDyd vEy ls fgLVksUl (Histones) ,oa çksVkehUl
(Protamines) lEcfU/kr gksrs gSaA dksLlsy (Kossel) us nks fifjfeMhUl
(Pyrimidines), ,oaa nks I;wjhUl (Purines) dks U;qfDyd vEy esa n'kkZ;kA
ÝsUdfyu] MCY;w- LVkgy (Franklin, W. Stahl) us loZçFke çek.k çLrqr fd;k
fd U;qfDyd vEy] vkuqoaf'kd inkFkZ dks cukrk gSA ih-,- ysohu( P.A. Levine,
1931) us n'kkZ;k fd nks çdkj ds U;wfDyd vEy ik, tkrs gSa%

(A) Mh-vkWDlhjkbcks U;qfDyd vEy (Deoxyribo Nucleic acid-DNA) ,oa

(B) jkbcksU;qfDyd vEy (Ribonucleic acid-RNA)

3-1 mÌs'; (Objective)

bl bdkbZ dks i<+us ds ckn vki&

 DNA ,oa RNA dh jklk;fudA dkcZfud lajpuk ,oa dk;ksZa dk v/;;u
djukA

 Mh,u, vkuqoaf'kd inkFkZ (Genetic Material) ds #i esaA

 vkuqoaf'kd ¼inkFkksZa½ y{k.kksa dks ,d ih<+h-ls nwljh ih<+h esa lapj.k esa
lgk;d gksrk gS xq.klw=ksa ds ek/;e gSA

 DNA-Replication esa lgk;d gksrk gSA

 thu fofue; esa Hkh dh DNA xgjh Hkwfedk gksrh gSA
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3-2 U;qfDyd vEy dh lajpuk
(Structure of Nucleic Acid)

U;qfDyd vEy (Nucleic acid) U;qfDyvksVkbM~l (Nucleotides) dk cuk gksrk gSA
çR;sd U;qfDyvksVkbM~l (Nucleotides) esa rhu rRo (Elements) ik, tkrs gSa&

(i) fo"kepfØ; oy; (Heterocyclic ring) esa ukbVªkstu {kkj (Base) ds :i
esa ik;k tkrk gSA

(ii) 5 dkcZu 'kdZjk ;k isUVkst (Carbon Sugar or Pentose)

(iii) QkWLQksfjd vEy (Phosphoric acid)A QkWLQksfjd vEy (Phosphoric
acid) dks fudkyus ds i'pkr~ 'ks"k cpk gqvk ;kSfxd (Compound)
U;wfDyvkslkbM (Nucleoside) dgykrk gSA

¼v½ {kkj (Bases)& U;qfDyd vEy (Nucleic acid) esa ik¡p {kkj gksrs gSaA {kkj
(Bases) dkcZfud çdkj ds gksrs gSa vkSj gk;MªksQksfcd (Hydrophobic)
gksrs gSaA ty vi?kVu (Hydrolysis) ,oa isij ØksesVksxzkQh (Paper
chromatography) ds }kjk nks çdkj ds {kkj ¼I;wjhu ,oa fifjfeMhUl &
Purines and Pyrimidines) gksrs gSA

nks çeq[k I;wjhu {kkj-,fMukbu (Adenine)-A, Xokfuu (Guanine) - G
gksrs gSaA rFkk fifjfeMhUl (Pyrimidines), ;wjkfly (Uracil)– ‘U’,
lk;Vksful (Cytosine) - C ,oa Fkk;ehu (Thymine)- T gksrs gSaA

¼c½ isUVksl-'kdZjk (Pentose Sugar)& lu~ 1909 esa ysohu (Lewine) us
n'kkZ;k fd U;qfDyd lajpuk esa isUVksl 'kdZjk (Pentose sugar) çeq[k
Hkkx gksrh gSA isUVksl 'kdZjk nks :iksa esa ik;h tkrh gS& (i) jkbcksl
(Ribose), (ii) MhvkWDlhjkbcksl (Deoxyribose)A jkbcksU;wfDyvksVkbM
(Ribonucleotide) esa 'kdZjk jkbcksl (Ribose) gksrh gS rFkk
MhvkWDlhjkbcksU;wfDyvksVkbM (Deoxyribonucleotide) esa
MhvkWDlhjkbcksl (Deoxyribose) 'kdZjk gksrh gSA

fp= Ø- 3-1% Phosphodiester linkage
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¼d½ QkWLQksfjd vEy (Phosphoric acid)& ;g f=dk;Zdh (Trifunctional)
gksrk gS rFkk rhu bZLVj cU/kksa (Three ester bonds) dks cukrk gSA
U;qfDyd vEy (Nucleic acid) esa dsoy nksgjs bZLVjhÑr QkWLQsV
(Double esterified phosphate) cU/k fofHké U;wfDyvksVkbM~l ds chp esa
gksrk gSA

U;qfDyd vEy lk/kkj.kr% nks çdkj ds gksrs gSa& DNA ¼MhvkWDlhjkbcks
U;qfDyd vEy rFkk RNA ¼jkbcks U;qfDyd vEy½A

3-2-1 MhvkWDlhjkbcks U;qfDyd vEy (DNA)
(Deoxyribo Nucleic Acid)

dksf'kdh; DNA, dsUæd ds xq.klw=ksa esa ik;k tkrk gSA xq.klw= eq[;r% çksVhu o
U;qfDyd vEyksa ds cus gksrs gSaA çksVhu tks fd DNA ds lkFk tqM+k gksrk gS]
fgLVksu dgykrk gSA dqN vU; dksf'kdkaxksa] tSls-ekbVksdkWf.Mª;k rFkk
DyksjksIykLV esa Hkh dqN ek=k esa DNA ik;k tkrk gSA

mifLFkfr (Occurrence)

DNA vkuqoaf'kd inkFkZ gksrk gS rFkk ;g Hkkoh ihf<+;ksa esa vkuqoaf'kd lwpuk
lapkfjr djrk gSA ikni ok;jlksa (Plant viruses) ds vfrfjä vU; lHkh thoksa
dh dksf'kdkvksa esa DNA feyrk gSA

DNA dh lajpuk (Structure of DNA)

DNA vfr mPp vkf.od Hkkj (High molecular weight) dk ,d cM+k v.kq
(Macromolecule) gksrk gSA

fp= Ø- 3-2% Diagrammatic representation of molecular structure
of nucleotide and nucleoside
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DNA v.kq dk vkf.od Hkkj 106 ls 107 MkYVUl (Daltons) ds chp esa gksrk gSA
DNA dbZ U;wfDyvksVkbMksa (Nucleotides) dk cuk gksrk gSA çR;sd
U;wfDyvksVkbM] ,d U;wfDyvkslkbM (Nucleoside) rFkk ,d QkWLQsV lewg ls
cuh gksrh gSA çR;sd U;wfDyvkslkbM esa ,d 'kdZjk (Sugar) v.kq vkSj ,d
ukbVªksthul {kkj gksrk gSA DNA esa ik;h tkus okyh isUVkst (Pentose) 'kdZjk
fMvkWDlhjkbcksl (Deoxyribose) çdkj dh gksrh gSA fMvkWDlhjkbcksl 'kdZjk esa
dkcZu ua- nks ij ,d vkWDlhtu ijek.kq ugha ik;k tkrk gSA ¼fp= 3-2 ,oa 3-3½

{kkjd (Bases)& DNA esa ik, tkus okys {kkjd nks çdkj ds gksrs gS
fifjfeMhu (Pyrimidine) rFkk I;wfju (Purine) {kkjdA nksuksa {kkjd 'kdZjk ds
dkcZu ua- ,d ij yxs gksrs gSaA fifjfeMhu] ,d oy; ;kSfxd (One ring
compound) rFkk I;wfju nks oy; ;kSfxd (Double ring compound) gksrs gSaA
¼fp= 20-3½ DNA esa lkbVksful rFkk Fkk;feu (Cytosine and thymine) uked
fifjfeMhu ,oa ,fMukbu o Xokfuu (Adenine and guanine) uked I;wfju ik,
tkrs gSaA

fp= Ø- 3-3% Structural formula of deoxyribose sugar

U;wfDyvkslkbM (Nucleoside)& ,d {kkjd vkSj ,d 'kdZjk v.kq feydj
U;wfDyvkslkbM cukrs gSaA pkj ukbVªksthul {kkjksa dh mifLFkfr ds dkj.k DNA
esa pkj çdkj ds U;wfDyvkslkbM gksrs gSa&

1- ,fMuksflu (Adenosine)  ,fMukbu $ fMvkWDlhjkbcksl

2- Xokuksflu (Guanosine)  Xokfuu $ fMvkWDlhjkbcksl

3- lkbfVfMu (Cytidine)  lkbVksflu $ fMvkWDlhjkbcksl

4 FkkbfeMhu (Thymidine)  Fkk;feu $ fMvkWDlhjkbcksl

,d U;wfDyvkslkbM dh 'kdZjk dk dkcZu ua- ,d fifjfefMu ds rhljs
LFkku okyh ukbVªkstu ds lkFk ;k I;wfju dh uos LFkku okyh ukbVªkstu ds lkFk
tqM+k gksrk gSA

U;wfDyvksVkbM (Nucleotide)& ,d U;wfDyvkslkbM ds ,d QkWLQksfjd
vEy ds lkFk la;ksx ls U;wfDyvksVkbM curh gSA QkWLQsV lewg 'kdZjk v.kq ds
dkcZu ua- 5 ls vFkok dkcZu ua- 3 ls lgyXu jgrk gSA 'kdZjk esa QkWLQsV lewg
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ls lgyXu LFkku ds vuqlkj gh U;wfDyvksVkbMksa dks 5' p3' OH U;wfDyvksVkbM
vFkok 3' P5OH U;wfDyvksVkbM dgk tkrk gSA DNA esa fuEufyf[kr
U;wfDyvksVkbM ik;h tkrh gSa %

fp= Ø- 3-4% Structural formulae of nitrogenous bases in DNA

fp= Ø- 3-5% The four nucleotides in DNA
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fp= Ø- 3-6% A Polylnucleotide chain showing phosphodiester bonds

1- fMvkWDlhlkbfVfMfyd ,flM (Deoxycytidylic acid)

2- fMvkWDlhFkkbfefMfyd ,flM (Deoxythymidylic acid)

3- fMvkWDlh,fMfufyd ,flM (Deoxyadinylic acid)

4- fMvkWDlhXokfufyd ,flM (Deoxyguanylic acid)

bu pkjksa U;wfDyvksVkbMksa dh lajpuk fp= 3-5 esa fn[kkbZ xbZ gSA

ikWyhU;wfDyvksVkbM (Polynucleotide)& cgqr-lh U;wfDyvksVkbM
dh ,dy bdkb;k¡ QkWLQksMkb,LVj ca/kuksa (Phosphodiester bonds) }kjk
feydj ,d ikWyhU;wfDyvksVkbM J̀a[kyk cukrs gSaA ,d QkWLQksMkb,LVj ca/kuksa
nks ikl-ikl fLFkr U;wfDyvksVkbMksa ds chp esa ik;k tkrk gSA ,d
ikWyhU;wfDyvksVkbM J̀a[kyk esa ,d ,slh fn'kk gksrh gS tks C3 eas çkjEHk gksdj C5

ij lekIr gksrh gS vkSj ;fn ;g C5 ls vkjEHk gksrh gS rks C3 ij lekIr gksrh
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gSA vr% J̀a[kyk ds ,d fljs ij QkWLQsV lewg o nwljs ij gkbMªkWfDly lewg
gksrk gSA ¼fp= 3-6½A mnkgj.k ds fy, 5' P3 OH VsVªkU;wfDyvksVkbM dk vFkZ
gksxk fd bl J̀a[kyk esa 4 U;wfDyvksVkbM ,dd gSa vkSj blds 5' fljs ij
QkWLQsV lewg rFkk 3' fljs ij gkbMªkWfDly lewg gSA

DNA dh vkf.od lajpuk (Molecular structure of DNA)

lu~ 1953 esa ts- Mh- okV~lu (J. D. Watson) ,oa ,Q- ,p- lh- fØd (F.H.C.
Crick) us DNA dh lajpuk ds fy, ,d f=-foeh; (Three dimensional)
f}d~dq.Myh; (Double helical) ekWMy çLrqr fd;kA okVlu] fØd rFkk
fcfYdUl dks muds bl dk;Z ds fy, 1962 esa ukscy iqjLdkj fn;k x;kA
vkuqoaf'kd foospuk esa] f}d~dq.My (Double helix) ds ,d lw= (Strand) dks
okVlu (W) rFkk nwljs dks fØd (C) dgk tkrk gSA DNA dh nksuksa J̀a[kyk,¡
gkbMªkstu cU/kuksa }kjk vkil eas tqM+h jgrh gSaA nksuksa ,d-nwljs ds çfr-
lekukUrj (Antiparallel) fn'kkvksa esa foU;kflr gksrh gSaA fofHké fo'ys"k.kksa }kjk
DNA ds lEcU/k esa fuEu fu"d"kZ fudkys x, gSa%

fp= Ø- 3-7% Base Pairing in DNA
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 I;wfju lnSo fifjfeMhu ds lkFk ;qXeu djrs gSaA

 ,fMukbu Fkk;feu ds lkFk rFkk Xokfuu lkbVksflu ds lkFk ;qXeu djrs
gSaA ¼fp= 3-7½

 ,fMukbu (A) v.kqvksa dh la[;k lnSo Fkkbfeu (T) v.kqvksa dh la[;k ds
cjkcj rFkk Xokfuu (G) v.kqvksa dh la[;k lkbVksflu (C) ds cjkcj gksrh
gSA fdUrq ;g vko';d ugha gS fd ,fMukbu] Xokfuu ds ;k lkbVksflu]
Fkk;feu dh la[;k ds cjkcj gksaA blh çdkj A + T/C + G dk vuqikr
rFkk J̀a[kyk esa {kkjdksa dk vuqØe Hkh fuf'pr ugha gksrkA

 DNA ds nksuksa lw=ksa dh ikWyhU;wfDyvksVkbM J̀a[kyk,¡ ,d-nwljs dh iwjd
gksrh gSaA vr% ;fn ,d J̀a[kyk esa fdlh {ks= esa {kkj vuqØe T-C-A-C-
G gks rks iwjd J̀a[kyk esa {kkj vuqØe A- G-T-G-C gksxkA

fp= Ø- 3-8% The DNA double helix

 jklk;fud fo'ys"k.k ds vfrfjä fofYdUl us DNA dh lajpuk dk
v/;;u ,Dl-js fØLVyksxzkQh (X-ray crystallography) }kjk fd;k Fkk
ftlls Kkr gqvk fd DNA dh lajpuk f}d~dq.Myh; gksrh gS ftldk
O;kl 20 Å rFkk ,d fip (Pitch) dh nwjh 34 Å gksrh gSA çR;sd
pDdj ;k fip (In one complete turn or pitch) esa 10 {kkjd ;qXe
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(Base pairs) gksrs gSa ,oa nks fudVorhZ {kkjd ;qXeksa ds chp 3-4 Å dh
nwjh gksrh gS ¼fp= 3-8 ,oa 3-9½

 DNA ds nksuksa gh lw= ?kM+h dh lqbZ dh fn'kk esa (Clockwise) vFkkZr~
nf{k.kkorhZ (Right handed) dq.Mfyuh n'kkZrs gSaA DNA lw=ksa dh
fV~ofLVax (Twisting) ds ifj.kkeLo:i xgjh rFkk mFkyh (Deep and
shallow) [kk¡ps (Grooves) cu tkrh gSaA

DNA esa vlkekU; {kkjd (Unusual Bases in DNA)& gkyk¡fd DNA esa
lkekU;r;k ,fMukbu] Xokfuu] Fkk;feu rFkk lk;Vksflu gh ik, tkrs gSa] fdUrq
dqN vU; {kkjd Hkh ik, x, gSaA dqN ok;jl tSls PBS1 vkSj PBS2 ds DNA esa
Fkk;feu ds LFkku ij ;wjsfly ik;k tkrk gSA blh çdkj dqN cSDVhfj;ksQst
(Bacteriophages) esa lkbVksflu ds LFkku ij 5-gkbMªkWDlhfeFkkby lkbVksflu
(5-hydroxymethyl cytosine, HMC) ik;k tkrk gSA

,dlw=h DNA (Single Stranded DNA)& vf/kdka'k thoksa esa DNA
f}lw=h (Double stranded) gksrk gS fdUrq cSDVhfj;ksQst ok;jl  X 174 ,oa

vU; cSDVhfj;y ok;jlksa esa DNA ,dlw=h gksrk gSA ,dlw=h DNA xksyh;
(Circular) gksrk gSA iqujkof̀Rr ds le; ;g f}lw=h gks tkrk gSA

fp= Ø- 3-9% Diagrammatic representation of the DNA molecule
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DNA ds :i (Forms of DNA)& DNA A, B, C rFkk D :iksa esa ik;k tk
ldrk gS ftuesa ls okVlu rFkk fØd }kjk çLrqr ekWMy dks gh B-DNA dgk
tkrk gSA DNA ds oSdfYid :i ,d-nwljs ls fuEu y{k.kksa esa fHké gksrs gSa %

(i) DNA dq.Myh ds çR;sd pDdj esa {kkjd ;qXeksa dh la[;k]

(ii) dq.Myh; v{k ij {kkjdksa dk >qdko (Inclination)A

fofHké çdkj ds DNA dh lajpuk dks fuEu lkj.kh esa çLrqr fd;k x;k
gS %

lkj.kh Ø- 3-1% Several Forms of DNA Double Helical Structure

Helix
Type

Condition
Helical

Base
Pairs
Per Turn

Rotation
Per bp

Diameter

A 75% rel. Humidity
NA+, K+, Cs+ ions

11 7.32 o 23Å

B 92% rel. Humidity
low ionic strength

10 (Right handed)
0.36 o

19Å

C 66% rel humidity
Li+ ions

9.33 (Right handed)+
+38.6o

19Å

D Very high salt
concentration

12 (Right handed)+
--30.0o

(Left handed)

18Å

mi;qZä lkj.kh ds vuqlkj ns[kk tk ldrk gS fd B-DNA tks fd
lkekU;r;k thfor dksf'kdkvksa esa gksrk gS] cgqr vf/kd vkisf{kd vknzZrk yxHkx
92% (Relative humidity 92%) rFkk de vk;fud lkaærk (Low ionic
concentration) ij ik;k tkrk gSA blh çdkj ‘A’ :i 75% vkisf{kd vknzZrk
rFkk Na+, K+ ;k Cs+ vk;u dh mifLFkrh eas ik;k tkrk gSA ‘C’ :i 66%
vkisf{kd vkæZrk rFkk Li+ vk;u dh mifLFkrh esa ik;k tkrk gSA

dqN vU; :i tSls D rFkk E Hkh ik, tkrs gSa ftuesa ,d pDdj esa {kkjdksa

dh la[;k Øe'k% 8 vkSj 7 2
1 gksrh gSA ;s mu DNA v.kqvksa esa ik, tkrs gSa

ftuesa Xokfuu ugha gksrkA

Z-DNA vFkok okekorZ DNA (Z-DNA or Left-handed DNA)&
okVlu ,oa fØd }kjk fn, x, ekWMy ds ckn le;~-le; ij vU; ekWMy Hkh
çLrqr fd, tkrs jgs gSaA bueas o q (Wu, 1970), vkuksZV ¼1968½ rFkk osax (Wang,
1979) }kjk çLrqr ekWMy çeq[k gSA osax ¼1979½ }kjk fn;k x;k DNA dk ekWMy
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Ñf=e :i ls la'ysf"kr fd;k x;k gSA bls fØLVy :i esa çkIr fd;k x;k gSA
blesa DNA f}d~ dq.My dk mi;ksx fd;k x;k ftlesa CGC GCG ,dkUrj
Øe esa mifLFkr FksA v/;;u djus ij Kkr gqvk fd ;g DNA okekorZ Fkk rFkk
blesa dqN ,sls u, y{k.k ik, x, tks okVlu ,oa fØd }kjk çLrqr B-DNA esa
ugha ik, x, FksA Z-DNA esa fuEufyf[kr y{k.k ik, tkrs gSa %

1- ;g f}d~ dq.Myh; gksrk gS fdUrq ;g B-DNA dh vis{kk vf/kd yEck o
iryk gksrk gSA

2- bldk dq.Myu (Coiling) ck;ha vksj (Left sided) gksrk gS tcfd
B-DNA esa dq.Myu nk;ha vksj gksrk gSA ¼fp= 3-10½

3- Z-DNA ds nksuksa lw= Hkh B-DNA ds gh leku çfr lekUrjrk çnf'kZr
djrs gSaA vr% G C ds lkFk ;qXeu djrk gSA

4- ikWyhej esa v.kqvksa ds fofHké foU;kl ds dkj.k] Z-DNA dh QkWLQsV
cSdcksu ftxtsx (Zig-zag) :i esa pyrh gS] tcfd B-DNA esa ;g
fu;fer gksrh gSA

5- Z-DNA esa Xokfuu ls tqM+h gqbZ 'kdZjk dk ‘O’ Åij dks fufnZ"V gksrk gS
rFkk lkbVksflu ls tqM+h gqbZ 'kdZjk dk ‘O’ J̀a[kyk esa uhps dh vksj
fufnZ"V gksrk gS ¼fp= 20-10½A bl çdkj 'kdZjk ds v.kq ,dkUrj O;oLFkk
es ik, tkrs gSa vr% bl Z-DNA esa fjihfVax bdkbZ (Repeating unit)
MkbU;wfDyvksVkbM gksxh tcfd B-DNA esa ;g eksuksU;wfDyvksVkbM gksrh
gSA

fp= Ø- 3-10% B and Z conformations of DNA. As indicated by
arrows B is right-handed, while form Z is left-handed
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6- Z-DNA esa ,d pDdj esa 12 {kkj ;qXe gksrs gSa rFkk 6 fjihfVax
MkbU;wfDyvksVkbM bdkb;k¡ gksrh gSa] tcfd B-DNA esa ,d pDdj esa
10 {kkj ;qXe ,oa 10 gh eksuksU;wfDyvksVkbM bdkb;k¡ gksrh gSA

7- Z-DNA ds f}d~ dq.My dh ,d gsfyDl (Helix) esa 12 {kkj ;qXe gksrs gSa
blfy, çR;sd fjihfVax bdkbZ dk fV~oLV dk dks.k (Angle of twist) 60o

gksrk gS (360o/6 = 60o) = 60o tcfd B-DNA esa ;g (360o/10) = 36o

gksrk gSA

8- Z-DNA dh ,d iw.kZ gsfyDl 45 Å dh tcfd B-DNA esa ;g 34 Å
dh gksrh gSA

9- Z-DNA dk O;kl 18 Å gksrk gSA

okVlu rFkk fØd ekWMy dk tSfod egRo (Biological importance of
Watson and Crick’s model)& DNA dh okVlu ,oa fØd }kjk nh xbZ
lajpuk blds fuEufyf[kr dk;ksZa dh O;k[;k djus esa lgk;d fl/n gqbZ gS %

fp= Ø- 3-11% Orientation of adjacent sugar residues in
Z-DNA and B-DNA

1- Lor% f}xq.ku (Self duplication)& DNA ds lw=ksa dk iwjd
LoHkko ;g crkrk gS fd DNA Lor% f}xq.ku dj ldrk gSA DNA dh
f}d~dq.Mfyuh (Double helix) dk çR;sd lw= VSEiysV (Template) ds leku
dk;Z djds viuk çfr:i cuk ldrk gSA

2- lans'kksa dk çs"k.k (Transmission of information)& DNA dh
lajpuk çksVhu la'ys"k.k ds fy, lans'kksa ds çs"k.k dk ljyrkiwoZd Li"Vhdj.k
djrh gS] D;ksafd ;s lans'k ukbVªksthul {kkjksa ds vuqØe ds :i esa dksfMr jgrs
gSa] ,oa bl vuqØe dks m-RNA esa dksfMr djds mls çksVhu la'ys"k.k ds fy,
dksf'kdk esa ys tk;k tkrk gSA
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3-2-2 jkbcksU;wfDyd vEy (Ribonucleic Acid)

U;wfDyd vEy dk nwljs çdkj dk U;wfDyd vEy jkbcksU;wfDyd vEy
(Ribonucleic acid) gksrk gSA

fp= Ø- 3-12% Structural formula of ribose sugar.

mifLFkfr (Occurrence)– RNA eq[; :i ls dksf'kdkæO; rFkk dsfUæd
(Nucleolus) esa ik;k tkrk gSA

fp= Ø- 3-13% Structural formulae of nitrogenous bases in RNA
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dksf'kdkæO; esa ;g eqä :i ls feyrk gS rFkk jkbckslkse (Ribosome) ds
lkFk Hkh RNA, ekbVksdkWf.Mª;k] gfjryod o ;wdsfj;ksfVd dks'kkvksa esa Hkh ik;k
tkrk gSA

RNA dh lajpuk (Structure of RNA)

DNA dh rjg RNA Hkh dbZ U;wfDyvksVkbMksa dk cuk gksrk gSA ;g
lkekU;r;k ,d lw=h (Single stranded) jpuk gksrh gS] tks Lo;a ofyr gksdj
f}-dq.Mfyuh jpuk cuk ldrk gSA RNA ds U;wfDyvksVkbMksa esa jkbckst 'kdZjk
(Ribose) 'kdZjk gksrh gS ¼fp= 3-12½A RNA ds U;wfDyvksVkbM]
jkbcksU;wfDyvksVkbM dgykrs gSaA

{kkjd (Bases)& RNA esa ik, tkus okys {kkjd Hkh nks çdkj ds gksrs gSa&
fifjfefMu (Pyrimidine) rFkk I;wfju (Purine) {kkjdA nksuksa {kkjd 'kdZjk ds
dkcZu uEcj 1 ij yxs gksrs gSaA fifjfefMu] ,d oy; ;kSfxd (Single ring
compound) rFkk I;wfju nks oy; (Double ring) ;kSfxd gksrs gSa ¼fp= 3-13½A
RNA esa lkbVksflu rFkk ;wjsfly (Cytosine and uracil) uked fifjfefMu
rFkk ,fMukbu o Xokfuu (Adenine and guanine) uked I;wfju ik, tkrs gSA

U;wfDyvkslkbM (Nucleoside)& ,d {kkjd o ,d 'kdZjk v.kq ds
la;ksftr :i dks U;wfDyvkslkbM dgrs gSaA RNA essa fuEufyf[kr pkj
U;wfDyvkslkbM gksrs gSa%

1- lkbfVMhu (Cytidine), 2- ;wfjMhu (Uridine), 3- ,fMukslhu
(Adenosine), (4) Xokukslhu (Guanosine)A ,d U;wfDyvkslkbM dh 'kdZjk dk
dkcZu uEcj 1 fifjfefMu ds rhljs LFkku okyh ukbVªkstu ds lkFk vFkok I;wfju
dh uosa LFkku okyh ukbVªkstu ds lkFk tqM+k jgrk gSA

U;wfDyvksVkbM (Nucleotide)& ,d U;wfDyvkslkbM ds lkFk QkWLQksfjd
vEy ds ,d v.kq ds la;ksx ls ,d U;wfDyvksVkbM curh gSA QkWLQsV lewg
'kdZjk v.kq ds dkcZu uEcj 5 ls vFkok dkcZu uEcj 3 ls lgyXu jgrk gSA
'kdZjk ls QkWLQsV lewg ls lgyXu LFkku ds vuqlkj gh U;wfDyvksVkbMksa dks
5' P3OH U;wfDyvksVkbM vFkok 3' P5OH U;wfDyvksVkbM dgk tkrk gSA jkbcksl
'kdZjk esa] QkWLQsV lewg dkcZu uEcj 2 ls Hkh lgyXu gks ldrk gS] D;ksafd
blesa uEcj 2 ij Hkh gkbMªkWfDly lewg ik;k tkrk gSA fdUrq thoksa esa
lkekU;r;k 'kdZjk ess 5 osa ;k rhljs LFkku ij gh QkWLQsV lewg tqM+k jgrk gSA
bl çdkj RNA esa fuEufyf[kr pkj U;wfDyvksVkbM ik;h tkrh gSSA
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fp= Ø- 3-14% The four nucleotides in RNA

1- lkbfVfMfyd vEy]

2- ;wfjfMfyd vEy]

3- ,fMusfyd vEy]

4- Xokfufyd vEy ¼fp= 3-14½A
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DNA lEHkor% ges'kk vkuqoaf'kd gksrk gS] tcfd RNA dsoy dHkh-dHkh
gh vkuqoaf'kd gksrk gSA vr% ;|fi dqN thoksa esa RNA }kjk vkuqoaf'kd lwpuk
dk lapj.k fd;k tkrk gS fdUrq thoksa esa feyus okyk vf/kdka'k RNA, muesa gksus
okyh fofHké çfrfØ;kvksa esa Hkkx ysrk gSA bl çdkj RNA nks çdkj dk gksrk
gS& (1) vkuqoaf'kd] (2) vukuqoaf'kdA

vkuqoaf'kd RNA (Genetic RNA)& vf/kdka'k ikni ok;jlksa (Plant
viruses) rFkk dqN cSDVhfj;y ok;jlksa (Bacterial viruses) esa vkuqoaf'kd inkFkZ
RNA gksrk gSA bl RNA esa os lHkh lwpuk,¡ gksrh gSa tks mPp Js.kh ds thoksa essa
feyus okys DNA esa ik;h tkrh gSaA ok;jlksa esa ik;k tkus okyk
RNA ,dlw=h ;k f}lw=h gks ldrk gSA tc RNA f}lw=h gksrk gS rks
lkekU;r;k blesa {kkjd ;qXeu (Base pairing) mlh çdkj dk gksrk gS tSlk
RNA esaA ,dlw=h ;k f}lw=h RNA okys fofHké ok;jl lkj.kh esa fn, x, gSa
¼rkfydk 3-2½A

vukuqoaf'kd RNA (Non-genetic RNA)& vf/kdka'k thoksa esa ftueas DNA
vkuqoaf'kd inkFkZ ds :i esa ik;k tkrk gS muesa RNA cgqr vf/kd ek=k esa ik;k
tkrk gS fdUrq ;g vukuqoaf'kd gksrk gSA bldk la'ys"k.k DNA VsEiysV (DNA
template) ij gh gksrk gS rFkk ;g rhu çdkj dk gksrk gS

(1) eSlsUtj RNA,

(2) jkbckslksey (RNA), VªkUlQj RNAA

1- eSlsUtj RNA (Messenger RNA or m-RNA)

m-RNA çksVhu la'ys"k.k ds fy,] DNA lans'k ysdj] jkbckslkse rd
igWqapkrk gS vFkkZr~ ;g lans'kokgd dk dk;Z djrk gS blhfy, tsdkWc ,oa eksukM
(Jacob and Monad, 1961) us 1961 esa bl RNA dks eSlsUtj RNA dgkA ;g
dksf'kdk esa mifLFkr dqy RNA dk 5% ls 10% rd gksrk gSA ,d vkSlr
vkdkj ds m-RNA dk v.kq Hkkj 5]00]000 MkYVu gks ldrk gSA

lkj.kh Ø- 3-2% Different RNA viruses and the nature of RNA
associated with them
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m-RNA, DNA ds nksuksa lw=ksa esa ls fdlh ,d lw= ds iwjd lw= ds :i
esa curk gSA blhfy, çR;sd m-RNA esa {kkjksa ds foU;kl dk Øe DNA ds ml
Hkkx ds leku gksrk gS ftlls mldk vuqys[ku gqvk gSA vUrj dsoy bruk
gksrk gS fd RNA esa Fkk;feu ds LFkku ij ;wjsfly (Uracil) ik;k tkrk gSA
dsUæd esa la'ysf"kr gksus ds ckn m-RNA rqjUr gh folfjr gksdj dksf'kdkæO; esa
vk tkrk gS vkSj jkbckslkseksa dh lrg ij fu{ksfir gks tkrk gS tgk¡ m-RNA
çksVhu la'ys"k.k ds fy, fofHké vehuks vEyksa ds ijLij la;kstu ds fy,
VsEiysV ;k dk;Z djrk gSA çksdsfj;ksV esa m-RNA lkekU;r;k vLFkk;h gksrk gS
rFkk dqN gh çs"k.kksa ds ckn fo?kfVr gksus yxrk gS] fdUrq ;wdsfj;ksV esa ;g
vis{kkÑr cgqr le; rd LFkk;h gksrk gSA

m-RNA dh fo"kekaxrk (Heterogeneity of m-RNA)& m-RNA ds v.kq
fo"kekaxh gksrss gSa] D;ksafd buds v.kqvksa ds vkdkj ,oa vkf.od Hkkj esa fHkérk gksrh
gSA budh fo"kekaxrk nks dkjdksa ij fuHkZj gksrh gS %

 flLVªkWu dk vkdkj ,oa la[;k

 çksVhu v.kq dk vkdkjA

flLVªkWuksa dh la[;k ds vk/kkj ij m-RNA nks çdkj dk gksrk gS %

(i) eksuksflLVªkWfud m-RNA (Monocistronic m-RNA)& blesa dsoy ,d
flLVªkWu ds ladsr vuqysf[kr gksrs gSaA ;s çksVhu ds dsoy ,d v.kq dk
la'ys"k.k dj ldrk gSA

(ii) ikWyhflLVªkWfud m-RNA (Polycistronic m-RNA)& blesa ,d ls
vf/kd flLVªkWuksa ds ladsr fufgr gksrs gSaA bl çdkj m-RNA ,d ls
vf/kd çksVhu dk la'ys"k.k dj ldrk gSA

fp= Ø- 3-15% General features of eukaryotic m-RNA

m-RNA ds lkekU; jpukRed y{k.k (General structural features of
m-RNA)& ;wdsfj;ksfVd mRNA esa fuEufyf[kr fo'ks"k y{k.k ik, tkrs gSa
¼fp= 3-15½%
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(i) dSi (Cap)& vf/kdka'k ;wdsfj;ksfVd dksf'kdkvksa rFkk dqN tUrq ok;jlksa
esa m-RNA ds 5* fljs ij ,d dSi ik;h tkrh gS ftlesa feFkkbysVsM
Xokfuu (Methylated guanine) gksrh gSA çksVhu la'ys"k.k dh nj dSi dh
mifLFkrh ij fuHkZj gksrh gSA dSi dh vuqifLFkrh esa m-RNA jkbckslkse
ds lkFk Bhd ls ca/ku ugha cuk ikrkA

(ii) ukWu-dksfMax {ks=-1 (NC-1 or Non-coding Region-1)& dSi ds rqjUr
ckn 10 ls 100 U;wfDyvksVkbMksa ls cuk Hkkx gksrk gS] bl Hkkx esa A rFkk
U vf/kd ek=k esa ik, tkrs gSaA ;g Hkkx çksVhu ds fy, vuqokfnr ugha
gksrkA

(iii) çkjfEHkd dksMksu (Initiation codon)& çksdsfj;ksV rFkk ;wdsfj;ksV nksuksa
esa gh çkjfEHkd dksMksu AUG gksrk gSA

(iv) dksfMax {ks= (Coding Region)& bl {ks= esa yxHkx 1]500
U;wfDyvksVkbM gksrh gSa rFkk ;g Hkkx çksVhu ds fy, vuqokfnr
(Translate) gksrk gSA

(v) VfeZus'ku dksMksu (Termination codon)& m-RNA ds vuqokn dk
VfeZus'ku] VfeZus'ku dksMksu }kjk fd;k tkrk gSA ;wdsfj;ksV esa ;s UAA,
UAG rFkk UGA gksrs gSaA

(vi) ukWu-dksfMax {ks=-2 (NC-2 or Non-coding region-2)& bl Hkkx esa 50-
150 U;wfDyvksVkbM gksrh gSa rFkk ;g Hkkx çksVhu esa vuqokfnr ugha gksrkA
bl Hkkx esa ,d AAUAAA Øe gksrk gSA

(vii) ikWyh-A vuqØe (Poly-A Sequence)& ikWfy,fMuk;ysV ;k ikWyh–A
(Poly-adenylate) vuqØe gksrk gS ftlesa vkjEHk esa 200-250
U;wfDyvksVkbM gksrh gSa tks mez (Age) ds lkFk /khjs-/khjs de gksrh tkrh
gSA ikWyh (A) vuqØe m-RNA esa dsUæd esa gh tksM+k tkrk gSA

2- jkbckslksey RNA ;k r-RNA (Ribosomal RNA)& tSlk fd blds
uke ls Li"V gksrk gS] ;s jkbckslkse (Ribosome) esa ik, tkrs gSaA dksf'kdk esa ;s
dqy RNA dk yxHkx 80% gksrs gSaA jkbckslkse çksVhu rFkk RNA ds cus gksrs
gSaA çksdsfj;ksV ds 70 S jkbckslkse esa 30 S vkSj 40 S dh nks mi-bdkb;k¡ gksrh
gSaA 30 S mi-bdkbZ esa 16 S-rRNA tcfd 50 S mi-bdkbZ esa 23 S vkSj 5 S-
rRNA gksrk gSA

;wdsfj;ksV ds 80 S jkbckslkse esa nks mi-bdkb;k¡ 40 S o 60 S dh gksrh gSaA
d'ks#dh thoksa dh 40 S mi-bdkbZ eas 18 S r-RNA tcfd 60 S mi-bdkbZ esa
28-29 S, 5.8 S vkSj 5S rRNA gksrk gSA ikS/kksa rFkk vd'ks#dh thoksa dh 40 S
vkSj mi-bdkbZ esa 16-18 S r-RNA rFkk 60 S mi&bdkbZ esa 25 S rFkk 5 S, 5-8
S r-RNA ik, tkrs gSaA E.coli esa dsoy 23 S o 16 S r-RNA ik, tkrs gSaA

mi;Zqä o.kZu ls Kkr gksrk gS fd lSfMesUVs'ku (Sedimentation) rFkk v.kq
Hkkj (Molecular weight) ds vk/kkj ij jkbckslksey RNA rhu çdkj ds gksrs gSa%
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1- igyh Js.kh es os r-RNA vkrs gSa ftudk v.kq Hkkj mPp vFkkZr~ ,d
fefy;u (One million) ls vf/kd gksrk gS] mnkgj.kkFkZ 21–29 S RNAA

2- f}rh; Js.kh esa mPp v.kq Hkkj okys os r-RNA vkrs gSa ftudk v.kq
Hkkj ,d fefy;u ls de gksrk gS] mnkgj.kkFkZ 12 S - 18 S r-RNAA

3- rr̀h; Js.kh esa de v.kq Hkkj okys r-RNA gksrs gSaA mnkgj.kkFkZ 5 S
r-RNAA

fp= Ø- 3-16% Secondary structure of r-RNA : As an
extended strand

{kkj laxBu (Base Composition)& r-RNA ,oa m-RNA dh rqyuk esa
r-RNA esa {kkj dh ek=k fHké gksrh gSA Xokfuu o lkbVksflu dh ek=k vis{kkÑr
vf/kd gksrh gSA E.coli esa {kkj ?kVdksa dk eksyj vuqikr (Molar ratio) bl
çdkj gksrk gS %,fMukbu 21 % ;wjsfly 19 % Xokfuu 36 % lkbVksflu 23A dbZ
fofHké thoksa esa r-RNA dk {kkj vuqikr yxHkx leku gksrk gS tks ;g çnf'kZr
djrk gS fd r-RNA esa jpukRed lekurk ik;h tkrh gSA vk;fud 'kfä
(Ionic strength), rkiØe (Temperature) rFkk pH ds vuqlkj r-RNA v.kq
NksVh l?ku NM+h (Short compact rod) ds leku] dq.My ds leku vFkok QSys
gq, lw= ds leku (Compact coil or extended strand) gksrs gSaA jkbckslksey
RNA ,dlw=h (Single stranded) gksrk gSA ;gh lw= dqN Hkkxkas esa dq.Mfyr gks
tkrk gS rFkk gSfyDl (Helix) cukrk gSA gSfyDl Hkkx _.kkRed ;k /kukRed
(Negative or positive) ikjLifjd fØ;k,¡ (Interactions) n'kkZrs gSaA gSfyDl
Hkkx esa vf/kdka'k {kkj ;qXe iwjd gksrs gSa o gkbMªkstu cU/k }kjk tqM+s gksrs gSaA
'ks"k Hkkx tks eqM+rs ugha gS vFkok ,dlw=h gh gksrs gSa] esa iwjd {kkj ugha ik, tkrs
gSaA vr% r-RNA esa I;wfju rFkk fifjfefMu cjkcj ugha gksrsA r-RNA yxHkx nks
ihf<+;ksa rd LFkk;h jgrs gSaA

3- VªkUlQj – RNA ;k t-RNA (Transfer - RNA): t-RNA v.kqvksa dks
foy;'khy RNA (Soluble RNA), lqijusVsUV- RNA (Supernatant- RNA) Hkh
dgrs gSaA RNA dksf'kdk esa RNA ds dqy Hkkj dk 10-15% gksrk gSA budk
v.kqHkkj 25]000 ls 30]000 MkYVu gksrk gSA ;wdsfj;ksV ds ifjiDo t-RNA dk
lSfMesUVs'ku xq.kkad 3-8 S gksrk gSA ;g yxHkx 73-93 U;wfDyvksVkbMksa dk cuk
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gksrk gSA çR;sd cSDVhfj;y dks'kk esa yxHkx 100 ;k vf/kd çdkj ds t-RNA ik,
tkrs gSaA t-RNA dk dk;Z vehuks vEy dks igpku dj mls m-RNA rd ys
tkuk gSA igys ;g le>k tkrk Fkk fd çksVhu la'ys"k.k ds fy, 20 vehuks
vEy gksrs gSa] blhfy, t-RNA Hkh 20 gksrs gSa& çR;sd vehuks vEy ds fy, ,d
t-RNAA fdUrq dbZ ?kVukvkas esa ,d vehuks vEy ds fy, nks t-RNA gksrs gSaA
bl çdkj vehuks vEyksa dh la[;k ls vf/kd t-RNA ik, tkrs gSaA t-RNA
jkbckslkse rFkk m-RNA ij fLFkr fof'k"V dksMkWu dks Hkh igpkurs gSaA

t-RNA dk la'ys"k.k dsUæd esa DNA VsEiysV (Template) }kjk gh gksrk
gSA dsoy 0.025% DNA, t-RNA ds fy, dksM djrk gSA

jpuk (Structure)& fiNys dqN o"kksZa esa t-RNA ds NksVs ifjek.k ds
dkj.k bldh lajpuk dk foLr̀r v/;;u gks ldkA

(I) t-RNA dh f}-foeh; lajpuk ;k Dyksoj iRrh ekWMy (Two
dimensional structure of t-RNA or clover leaf model)– t-RNA dh
lajpuk dk lcls igys jkWcVZ gkWys (Robert Holley) us lu~ 1965 esa v/;;u
fd;k FkkA bl t-RNA dk uke ;hLV ,ysukbu t-RNA (Yeast alanine t-RNA)
FkkA blds ckn dbZ fofHké t-RNA dk v/;;u fd;k x;k fdUrq lHkh dh
vk/kkjHkwr lajpuk gkWys }kjk v/;;u fd, x, t-RNAds leku FkhA t-RNA dh
lajpuk dh vk/kkjHkwr ;kstuk ¼fp= 3-17½ ds leku gksrh gS tks Dyksoj iRrh ds
leku gksrh gS] blhfy, bls Dyksoj yhQ ekWMy dgk tkrk gSA t-RNA dh
vusd tkfr;ksa dh foLrr̀ lajpukvksa ds vk/kkj ij mudh lajpuk ds fo"k; esa
fuEu dqN lkekU; y{k.k fn, tk ldrs gSa%

1- lHkh çdkj ds t-RNA esa vlkekU; U;wfDyvkslkbMksa dh ,d cM+h la[;k
ik;h tkrh gSA buesa ls dqN eq[; çdkj gSa& L;wMks;wfjfMu
(Pseudouridine), bukslhu (Ionosine, I), MkbgkbMªks;wfjfMu (DHU)A
lkekU; {kkjdksa ls ;s {kkjd muds feFkkbys'ku }kjk çkIr gks ldrs gSaA

2- A : U rFkk G : C vuqikr yxHkx bdkbZ esa gksrs gSa ftlls ;g vuqeku
gksrk gS fd t-RNA esa Hkh DNA dh rjg f}dq.Mfyr [k.M curs gSaA

3 G : C {kkjd ;qXe vf/kd gksrs gSaA

4- lHkh t-RNA dh rr̀h; lajpuk Hkh gksrh gSA budh lajpuk ds
LFkk;hdj.k ds fy, Mg ion dh lkUærk egRoiw.kZ gSA

5- çR;sd t-RNA esa 4 ywIl (Loops) I, II, III vkSj IV rFkk 5 LVse (5-
Stems) a, b, c, d vkSj e gksrs gSaA

6- Dyksoj iRrh ekWMy ds vuqlkj t-RNA dh ,dy ikWyhU;wfDyvksVkbM
J̀a[kyk Lo;a ofyr (Folded) gks tkrh gS ftlls 3' fljk o 5' fljk
ikl-ikl gks tkrs gSaA bl çdkj 5 Hkqtk,¡ (Arms) cukrh gSaA çR;sd Hkqtk
esa ,d LVse o ,d ywi gksrk gSA ywIl esa {kkj ;qXed ugha ik;k tkrk
gSA ,d Hkqtk esa dsoy LVse gksrk gS] ywi vuqifLFkr gksrk gSA ;g
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Hkqtk ,DlsIVj Hkqtk (Acceptor arm) dgykrh gSA blds 3' fljs ij
CCA vuqØe gksrk gS] ftl ij vehuks ,fly flUFksVst (Amino acyl
synthatase) ,Utkbe dh lgk;rk ls ,d fof'k"V vehuks vEy tqM+rk
gSA bl Hkqtk esa 7 {kkj ;qXe rFkk 4 v;qfXer U;wfDyvksVkbM (Unpaired
nucleotides) gksrs gSaA pkjksa v;qfXer U;wfDyvksVkbM esa ls CCA 3' fljs
ij ik;k tkrk gSA t-RNA ds 5' fljs Xokfuu ;k lkbVksflu gksrk gSA
vU; pkj Hkqtk,¡ 0 Hkqtk] ,fUVdksMkWu Hkqtk osfj;scy] T C Hkqtk,¡

dgykrh gSaA

fp= Ø- 3-17% Basic plan of the structure of t-RNA

f}rh; Hkqtk D ;k DHU Hkqtk dgykrh gS tks vehuks ,fly flUFksVst ls
cU/ku esa Hkkx ysrh gSA blesa 15-18 U;wfDyvksVkbM gksrh gS ftuesa ls 3-4
{kkj ;qXe LVse essa rFkk 7-11 v;qfXer U;wfDyvksVkbM ywi esa gksrh gSaA ,d Hkqtk
dk ywi] ywi I ;k MkbgkbMªks;wfjfMu ywi dgykrk gSA blesa nks osfj;scy Hkkx 
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rFkk  gksrs gSaA vehuks ,fly flUFksVst lkbV tks fd vehuks vEy ,fDVosfVax

(Amino acid activating) ,Utkbe dks igpkurh gS D ywi esa rFkk mldk dqN
Hkkx ,DlsIVj Hkqtk dh 5* dh vksj fLFkr gksrk gSA

rr̀h; Hkqtk ,fUVdksMkWu Hkqtk (Anticodon arm) tks fd m-RNA esa
fof'k"V dksMkWu ls {kkj ;qXeu djrh gSA blds LVse esa 5 {kkj ;qXe gksrs gSaA
bldk ywi] ywi II dgykrk gS ftlesa 7 v;qfXer U;wfDyvksVkbM gksrh gSa ftuesa
ls rhu ,fUVdksMkWu cukrh gSA ,fUVdksMkWu m-RNA ij 3 iwjd {kkjksa dks
igpkurh gSaA ,fUVdksMkWu ds 3' dh vksj gkbijekWfMQkbM I;wfju
(Hypermodified purine) (H) gksrh gS tcfd 5' dh vksj U vkSj fijhfeMhu (Y)
gksrk gSA

prqFkZ Hkqtk osfj;scy Hkqtk ;k yEi (Lump) dgykrh gSA bldk ywi] ywi-
III dgykrk gSA osfj;scy Hkqtk esa dHkh-dHkh LVse ugha gksrk dsoy 4-5 {kkjksa ls
cuk ywi gksrk gSA tcfd vU; t-RNA esa 13-21 U;wfDyvksVkbM gksrs gSa o
ywi ,oa LVse dks lQyrkiwoZd vyx-vyx igpkuk tk ldrk gSA

ik¡poh rFkk vfUre Hkqtk T C Hkqtk dgykrh gSA blds ywi esa 7

U;wfDyvksVkbM rFkk LVse 5 {kkj ;qXe gksrs gSaA bl Hkqtk dh lgk;rk ls t-RNA
jkbckslkse ls ca/ku djrk gSA vr% bldk ywi jkbckslksey ckbf.Max ywi
(Ribosomal binding loop) dgykrk gSA ;g Hkqtk jkbckslkse dks igpkurh Hkh
gSA

vlkekU; {kkj (Unusual bases)& lkekU; {kkj A, U, G vkSj C ds
vfrfjä t-RNA esa dqN vlkekU; {kkj Hkh gksrs gSa& feFkkby Xokfuu (Methyl
guanine – GMe), MkbfeFkkby Xokfuu (Dimethyl guanine – GMe2) feFkkby
lkbVksflu (Methyl cytosine–Me), jkbcksFkk;feu (Ribothymine – T),
L;wMks;wfjfMu (Pseudouridine - )] MkbgkbMªks;wfjfMu (Dihydrouridin – DHU,
H2U, UH2) bukslhu (Inosine-I) rFkk feFkkby buksflu (Methyl inosine –
MeI)A

oxhZdj.k (Classification)& dbZ fofHké t-RNA dk v/;;u djus ij
Kkr gksrk gS fd ,DlsIVj LVse] ,fUVdksMkWu Hkqtk rFkk T C Hkqtk dh jpuk

fLFkj gksrh gSA fdUrq D rFkk osfj;scy Hkqtkvksa esa vUrj ik, tkrs gSaA bUgha
vUrjksa ds vk/kkj ij t-RNA ds 3 oxZ (Classes) cuk, x, gSa%

1- oxZ I (Class I) –D LVse esa 4 {kkj ;qXe rFkk osfj;scy ywi esa 4-5 {kkjdA

2- oxZ II (Class II)-D LVse esa 3 {kkj ;qXe rFkk osfj;scy ywi esa 4-5
{kkjdA

3- oxZ III (Class III) – D LVse esa 3 {kkj ;qXe o cM+h osfj;scy HkqtkA



Mh,u, ,oa vkj,u, dh
lajpuk ---

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh86

dsoy osfj;scy Hkqtk ds vk/kkj ij t-RNA nks çdkj ds gksrs gSa%

1- oxZ I (Class I)& ftuds osfj;scy ywi esa 4-5 {kkjd gksrs gSaA

2- oxZ II (Class II)& ftudh Hkqtk cM+h gksrh gS ftlesa 13-21 {kkjd gksrs
gSa%

(II) t-RNA dh f=-foeh; lajpuk (Three dimensional structure of t-
RNA)& t-RNA ds 1968 esa fØLVyh; :i (Crystal form) esa miyC/k gks tkus
ds ckn bldh f=-foeh; lajpuk (Three – dimensional structure - TDS)
dk ,Dl-js fØLVksyksxzkQh (X-ray crystallography) }kjk v/;;u fd;k tk
ldkA bldh lajpuk ds fy, dbZ ekWMy çLrqr fd, x, fdUrq 1973 esa ,l-
,p- fde (S. H. Kim) }kjk çLrqr ekWMy dks loZlEefr ls Lohdkj fd;k x;kA
muds vuqlkj t-RNA dk TDS vaxzsth Hkk"kk ds L ds vkdkj dk gksrk gS ¼fp=
3-18½ ftldh eksVkbZ 20 Å gksrh gSA

fp= Ø- 3-18% Digrammatic representation of L-shaped
three-dimensional structure of t-RNA

f}-foeh; Dyksoj ds iRrh :i ls bldh mRifRr ljyrk ls dh tk
ldrh gSA TDS ds la:i.k (Conformation) esa fdlh çdkj dh foÑfr fd;s
fcuk gh bldh Hkqtk dks c<+k;k tk ldrk gSA bldk CCA LVse ckgj fudy
vkrk gS vkSj vyx-vyx vfHkfoU;kl /kkj.k dj ldrk gSA
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Lkkj.kh Ø-3-2% DNA rFkk RNA esa vUrj

Deoxyribose Nucleic Acid
(DNA)

Ribo Nucleic Acid
(RNA)

1- ;g eq[;r% xq.klw=ksa esa gksrk gSA 1- ;g eq[;r% dksf'kdkæO; esa gksrk
gS rFkk bldh dqN ek=k
U;wfDy;ksyl o dsUædæO; esa Hkh
gksrh gSA

2- blds ,d v.kq esa ikWfyU;wfDyvksVkbM~l
dh nks dq.Mfyuh (Helix) gksrh gSa tks
lfiZykdkj Øe esa jLlh ds leku ,saBh
jgrh gSaA

2- ;g eq[;r% ikWfyfjcksVkbM~l
ds ,d gh LVªS.M dk cuk gksrk
gSA

3- blesa MhvkWDlhfjcksl 'kdZjk gksrh gSA 3- blesa dsoy fjcksl 'kdZjk gksrh
gSA

4- blesa fifjfefMUl o I;wjhUl leku ek=k
esa gksrs gSaA

4- blesa bu nksuksa dk leku ek=k esa
ik;k tkuk vko';d ugha gSA

5- blesa ,fMuhu o Xokfuu ¼I;wjhUl½ rFkk
lkbVkslhu o Fkk;ehu ¼fijkfeMhu½
uked ukbVªksftul {kkj gksrs gSaA

5- blesa Fkk;ehu ds LFkku
ij ;wjsfly csl gksrk gSA

6- DNA esa {kkj-laxBu A/T = G/C = 1
gksrk gSA

6- blesa ,slk ugha gksrk gSA

7- DNA vkuqoaf'kd inkFkZ gS rFkk ;g
dksf'kdk esa gksus okyh lHkh fØ;kvksa ij
fu;U=.k djrk gSA

7- ;g vkuqoaf'kdh dk lwpuk-okgd
gS rFkk çksVhu-la'ys"k.k esa
eq[; :i ls Hkkx ysrk gSA

8- DNA esa U;wfDyvksVkbM~l dh la[;k
vf/kd gksrh gS] vr% bldk v.kq-Hkkj
vis{kkÑr vf/kd gksrk gSA

8- RNA esa jkbcksVkbM~l dh la[;k
DNA ds vis{kkÑr de gksrh gS]
vr% bldk v.kq-Hkkj DNA dh
rqyuk esa de gksrk gSA

9- DNA dk v.kq vis{kkÑr cM+k gksrk gSA 9- RNA dk v.kq vis{kkÑr NksVk
gksrk gSA

thu] ,d vuqoaf'kdh (hereditary) bdkbZ gSA tks fd ,d ih<+h ls nwljh
ih<+h esa LFkkukarfjr (transmitted) gksrh gSA thu ;k vkuqoa'kd (Gene) ,d
ewyHkwr tSfodh (biological) bdkbZ gS] ftl çdkj ijek.kq (atom) ,d HkkSfrd
bdkbZ (Physical unit) gksrh gS çkjEHk esa es.My (Mendel) dks xq.klw=
(chromosome) ;k thu@vkuqoa'kd ds ckjs esa dqN Hkh Kku ugha Fkk] fQj Hkh
es.My us vius ç;ksxksa ds ifj.kkeksa dh O;k[;k djrs le; n'kkZ;k Fkk fd
vkuqoaf'kdrk ,d fHkéd.k la?kVu (particulate) gS vkSj thu@vkuqoa'kd ,d
fHkUrd.k la?kVu bdkbZ (particulate unit) gS] vkSj bl bdkbZ dks fHké-fHké uke
fn;kA tSls fd vkuqoaf'kdh dkjd (herediary factor) ;k vkuqoaf'kdh rRo
(hereditary element)A tksgUlu (Johanson-1909) us loZçFke budks thu
(Gene) dh laKk nhA ;g ,sls mRçsjd ds leku gS] tks fd fdlh Hkh çdkj dh
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vfHkfØ;k (reaction) esa u rks çHkkfor gksrs gSa vkSj u gh u"V ;k ifjofrZr gksrs
gSa thu@vkuqoa'kd dk HkkSfrd ,oa jklk;fud LoHkko lHkh çdkj ds vkuqoaf'kdh
fl/nkarks ds fy, ehy dk iRFkj gSA

LokUlu (Swnson-1963) ds vuqlkj thu@vkuqoa'kd vklkuh ls of̀)]
çtuu ,oa mRifjorZuh; (mutate) gks ldrk gSA ekxZu (Morgan-1926) us
thu dks ,d df.kdk (corpuseles) ds :i esa n'kkZ;k tks fd xq.klw= ds
Økseksfu;k (chromonema) ij ,d fuf'pr jsf[kr (linear) vuqØe esa O;ofLFkr
gksrs gSaA çR;sd thu vU; lHkh thUl ls fHkfér gksrk gSA thu ;k vkuqoa'kd
(gene) iqufoZfu;kstu (recombination) dh ,d bdkbZ gSA ekxZu ds fHkéd.k
la?kVu vkuqoa'kd fl)kUr (Particulate gene theory) dks lHkh oSKkfudksa }kjk
ekU; fd;k x;k gS] tks fd dksf'kdh;@dksf'kdkRed voyksduksa (cytological
observations) ds }kjk Hkh ekU; fd;k x;k ;k lefFkZr gqvkA ysfdu orZeku esa
vkuqoaf'kdh lwpukvksa ds okgd ds :i esa Mh,u, v.kq dh [kkst us ekxZu ds
fl/nkUr dks vekU; dj fn;kA

3-2-3 thu@vkuqoa'kd dh ifjHkk"kk (Definition of Gene)

thu@vkuqoa'kd (gene), xq.klw= (chromosomes) dk og fof'k"V {ks= gS] tks
fd fof'k"V y{k.k dks fu/kkZfjr djrk gSA thu@vkuqoa'kd (gene) dh ifjHkk"kk
ifjpkfyr (operational) gksrh gS] vkSj vusd oSKkfudksa ds vuqlkj blds çFkd
vFkZ gSA

thu (gene) ,d dk;kZRed bdkbZ gS] tks fd xq.klw= (chromosome)
ij ,d fu'pr LFkku xzg.k djrh gS vkSj ,d fof'k"V
O;äxq.kksiy{k.k@n'̀;:ih@QhuksVkbfid (phenotypic) y{k.k ds fy,
mRrjnk;h gksrh gSA

okV~lu] fØd ,oa fofYdUl (Watson, Crick and Wilkins-1962) us thu
(gene) fuEufyf[kr çdkj ls ifjHkkf"kr fd;k %

^thu@vuqoa'kd C, H, N, O ,oa P’ dk cM+k ewyd gS] tks fd ,d
vfoHkkfnr çksfVu rUrq }kjk Økseksuhek (Chromonema) ls tqM+k jgrk gS] rFkk
fcuk fdlh ifjorZu ds ,d dksf'kdk ls nwljh dksf'kdk esa rFkk ih<+h nj ih<+h
LFkkukUrfjr gksrk jgk gSA*

thu (Gene) 'kjhj fØ;k dh bdkbZ gSA (Gene is an unit of
physiological activity), tks fd xq.klw= ds ,d fuf'pr fcUnq iFk (locus) ij
fLFkr gS] vkSj ,d fuf'pr n'̀; :i (Phenotypic) y{k.k ds fy, mRrjnk;h gSA

thu@vkuqoa'kd (Gene) ikjxE; ;k fofHkérk dh pje bdkbZ gS (Gene
is the ultimate unit of permeability of variation), D;ksafd ;g Vkdk;d ;k
mRçsfjr ifjorZu (induced change) }kjk ;g fHké n'̀;:i (Phenotypic)
vfHkO;fä çnku djrh gSA
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thu@vkuqoa'kd (Gene) LFkkukUrj.k ;k foyxu dh bdkbZ gS] (Gene of
transmission or segregation), D;ksafd ;g v/kZlw=.k (meiosis) ds le; thu
fofue; (crossing over) }kjk foyfxr ;k vknku çnku dh tk ldrh gSA

iksUVsdksjoks (Pontecorvo-1952) ds vuqlkj thu@vkuqoa'kd (Gene) Lor%
çtuu dh pje bdkbZ gS] (gene is an ultimate unit of self reproduction)

mijksä lHkh ifjHkk"kk,¡ dsoy mu rduhd dh lhekvksa ds vUrZxr lgh gS]
tksfd thu@vkuqoa'kd ds v/;;u ds fy;s mi;ksx dh tkrh gSA bu ifjHkk"kkvksa
ls thu dh fuEufyf[kr fo'ks"krk,¡a Kkr gksrh gS %

(i) thu@vkuqoa'kd C, H, N, O ,oa P ds nh?kZ v.kq gS

(ii) thu fof'k"V y{k.kksa okyh fØ;kRed bdkbZ (unite) gSA

(iii) ;g LFkkbZ gksrs gSa ,oa oSKkfud es.My ds vkuqoaf'kdh fu;eksa dk ikyu
djrs gSaA

(iv) buesa ifjorZu gksrs gSa] ftudks thu mRifjorZu (Gene Mutation) dgrs
gSaA

(v) thu xq.klw=ksa (Chromosome) esa jsf[kd Øe esa O;ofLFkr gksrs gSaA

thu dh fpjlEer vo/kkj.kk (Classic Concept of gene)

orZeku le; esa gedks vkuqoa'kd@thu dh çÑfr ds ckjs esa vf/kd Kkr gS]
thu dh fpjlEer vo/kkj.kk (classic Concept of gene) ds vuqlkj
fuEufyf[kr rF; çkIr gq, gSa%

(i) vkuqoaf'kdh ds vUrxZr y{k.kksa dk lapkj.k thu ds }kjk fu;afU=r gksrs
gSaA

(ii) thu xq.klw= ij ,d jsf[kr vuqØe esa O;ofLFkr gksrs gSaA

(iii) thu xq.klw= ij fLFkr gksrs gSa vkSj HkkSfrd p;kipf;d y{k.kksa dks
fu;fU=r djrs gSaA

(iv) thu xq.klw= ij ,d fLFkr] fuf'pr] LFkk;h fLFkrh ij ik;s tkrs gSaA
fLFkfr (Position) dks fcUnw iFk (Locus) dgrs gSaA tcfd mRifjorZu
fcUnq iFk esa ifjorZu yk ldrs gSa ;k ifjorZu dj ldrs gSaA

(v) vusd #iksa@vkdkj esa ,dy thu ik;k tk ldrk gS]
ftldks ;qXefodYih (Alleles) dgrs gSaA lkekU;r% thu nks #iksa esa ik;k
tkrk gSA

¼d½ çHkkoh@çcy (Dominant), ,oa ¼[k½ vçcy@vçHkkoh (Recessive)
ysfdu tc blds nks ls vf/kd #i gksrs gSa] rc bldks cgq;qXe fodYih
(Multiple alleles) dgrs gSaA



Mh,u, ,oa vkj,u, dh
lajpuk ---

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh90

(vi) ,d xq.klw= (Chromosomes) esa thUl nwljs leku letkr ;qXe
(Homo Logouspairs) esa foLFkkfir gks ldrs gSa] ;g foLFkkiu thu
fofue; (Crossing Over) ;k LFkkukarj.k@lapj.k ds }kjk gksrk gSA

(vii) thUl ds nks ;k vf/kd ;qXe vkil esa ijLij fØ;k dj y{k.k (Trait)
dks mRié djrs gSaA

(viii) çR;sd xq.klw= esa vusd thUl ik;s tkrs gSa] bl çdkj ds lHkh ,d gh
xq.klw= dks thUl dks lgyXu thUl (Linked genes) dgrs gSA

(ix) ;qXed tuu (Gametogenes...) ds le; letkr xq.klw=ksa esa thu
fofue; ds ifj.kke Lo#i thUl ds u;s la;kstu curs gSaA

viuh izxfr tk¡fp, (Check Your Progress)
1- çksVhu la'ys"k.k ds fy, fdl RNA v.kq dh vko';drk gksrh gS\

¼v½ m-RNA ¼c½ r-RNA

¼l½ t-RNA ¼n½ mi;qDr lHkhA

2- RNA esa fuEufyf[kr ukbVªkstu {kkj ugha ik;k tkrk gS- \

¼v½ Fkkbehu ¼c½ ;wjsfly

¼l½ Xokuhu ¼n½ lkbVksfluA

3- fuEufyf[kr esa ls dkSu-lk ukbVªkstu osl tks DNA esa vuqifLFkr
gksrk gS] ysfdu RNA esa ik;k tkrk gS\

¼v½ ,Mhuhu ¼c½ ;wjsfud

¼l½ lkbVksflu ¼n½ Xokuhu

4- DNA v.kq cuk gksrk gS &

¼v½ is.Vkst lqxj] QkWLQksfjd ,flM] rFkk fifjfeMhu

¼c½ is.Vkst lqxj] QkWLQksfjd ,flM] fifjfeMhu rFkk I;wjhUl

¼l½ is.Vkst lqxj] QkWLQksfjd ,flM rFkk I;wjhUl

¼n½ is.Vkst lqxj] fifjfeMhu rFkk I;wjhUl

5- Mcy gsfyDl DNA ekWMy fdlus fn;k\

¼v½ fQ'kj rFkk gsYMsu

¼c½ okV~lu& ,oa fØd

¼l½ ySFkkdZ rFkk MkfoZu

¼n½ Hugo-de Vries
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6- DNA ds I;wjhUl gSa&

¼v½ ;wjsfly rFkk Xokuhu

¼c½ Xokuhu rFkk ,Mhuhu

¼l½ ,Mhuhu rFkk lkbVkslhu

¼n½ mijksä esa ls dksbZ ughaA

7- DNA esa dkSu-lk ukbVªkstu ;qDr {kkj vuqifLFkr gksrk gS\

¼v½ ,Mhuhu ¼c½ Xokuhu

¼l½ lkbVkslhu ¼n½ ;wjsfly

8- dkSu-lk fifjfeMhu ugh gS\

¼v½ Fkkbehu ¼c½ ;wjsfly

¼l½ ,Mhuhu ¼n½ lkbVksflu

9- DNA ds fifjfeMhu gksrs gS&

¼v½ lkbVksflu ,oa ;wjsfly

¼c½ ,Mhuhu ,oa Xokuhu

¼l½ lkbVksflu ,oa Fkkbehu

¼n½ Xokuhu ,oa lkbVkslhuA

10- loZçFke thu dh laKk fdl oSKkfud us fdl lu~ esa nh FkhA

¼v½ MkfoZu ¼1809½ ¼c½ tksgsUlu ¼1909½

¼l½ àkxks-Mh czht ¼1900½ ¼n½ osV~lu us ¼1680½

11- Dyksoj yhd-ekWMy lacaf/kr gS&

¼v½ t-RNA ¼c½ m-RNA

¼l½ S-RNA ¼n½ r-RNA

12- ,d {kkjd vkSj ,d 'kdZjk v.kq feydj cukrs gSa %

¼v½ Nucleotide ¼c½ Nucleoside

¼l½ Polynucleotide ¼n½ All

13- dksf'kdh; RNA esa lokZf/kd ek=k fdl RNA dh gksrh gS&

¼v½ m-RNA ¼c½ r-RNA

¼l½ t-RNA ¼n½ Hn - RNA
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3-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼M½ 6- ¼c½ 11- ¼v½

2- ¼v½ 7- ¼M½ 12- ¼c½

3- ¼c½ 8- ¼d½ 13- ¼c½

4- ¼c½ 9- ¼d½

5- ¼c½ 10- ¼c½

3-4 lkjka'k (Summary)

mijksä o.kZu ls Li"V gS DNA ,oa RNA thoksa ds vkuqoaf'kd inkFkZ gksrs gSA
budh lajpuk tfVy gksrh gS rFkk budk v.kqHkkj Hkh vf/kd gksrk gSA ;s
jklk;fud #i ls dkcZfud tfVy v.kq gksrs gSaA vkuqoaf'kdh esa DNA ,oa RNA
dk cM+k egRoiw.kZ ;ksxnku gSA

3-5 eq[; 'kCnkoyh (Key Terminology)

 DNA& De-oxyribose Nucleic Acid

 RNA& Ribose Nucleic Acid

 t-RNA– Dyksoj yhQ ekWMy ls lacaf/krA

 Nucleoside& ,d {kkjd vkSj ,d 'kdZjk v.kq

 Nucleotide& ,d U;wfDyvkslkbM ds ,d QkWLQksfjd vEy ds lkFk
la;ksx ls U;wfDyvksVkbM curk gSA

 DNA– Double Helix– Given by Watson - Crick

3-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; ç'u (Short Answer Type Question)

1- laf{kIr fVIif.k;k¡ fyf[k,&

(i) ikWfyU;wfDy;ksVkbM

(ii) I;wjhu
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(iii) fifjfeMhu

(iv) lSVsykbV DNA

2- fVIif.k;k¡ fyf[k, %

(i) BDNA ,oa ZDNA

(ii) CDNA

(iii) DNA dk okVlu ,oa fØd ekWMy

(iv) U;wfDy;ksVkbM~l

3- fuEufyf[kr esa ls fdUgh nks ij laf{kIr fVIif.k;k¡ fyf[k, %

(i) U;wfDy;kslkbM

(ii) DNA dh lajpuk

(iii) ZDNA

(iv) t-RNA dh f=foeh; lajpuk

4- laf{kIr esa fVIif.k;k¡ fyf[k,%

(i) mRNA (ii) tRNA

(iii) Dyksoj iRrh ekWMy (iv) mRNA ,oa tRNA dh rqyuk

5- DNA dh RNA ls rqyuk dhft,A

6- DNA dh vkf.od lajpuk dk o.kZu dhft,A

7- okVlu ,oa fØd dk tSfod egRo dk laf{kIr fooj.k nhft,A

8- r-RNA dh lajpuk dk o.kZu dhft,A

9- DNA ,oa RNA dksbZ 5 varj crkb;sA

nh?kZ mÙkjh; ç'u (Long Answer Type Question)

1- DNA ,oa RNA dh lajpuk dk o.kZu dhft,A

2- fofHké çdkj ds RNA rFkk muds dk;ksZa dk o.kZu dhft,A

3- okVlu-fØd }kjk çLrqr DNA ekWMy dk o.kZu dhft,A

4- DNA dh vkf.od lajpuk o blds dk;Z ds egRo dk o.kZu dhft,A

5- U;wfDyd vEyksa dh lajpuk dk o.kZu dhft,A ,oa muds tSfodh; egRo
ij fVIi.kh fy[kksA

6- DNA ,oa RNA ij foLr̀r fuca/k fy[kksA

7- DNA dh foLr̀r lajpuk ,oa dk;Z ds egRo dks le>kb,A
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3-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology – By – J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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bdkbZ 1

v/;k; 4 çksdSfj;ksV~l esa Mh,u, dk f}xq.ku
(DNA Replication in Prokaryotes)

Lakjpuk (Structure)

4-0 ifjp;
4-1 mÌs';
4-2 Mh,u, dh iqujkòfÙk

4-2-1 v)Zlaj{kh fof/k }kjk Mh,u, iqujkòfÙk ds i{k es çek.k
4-2-2 Mh,u, dh iqujkòfÙk dh vkf.od fØ;kfof/k
4-2-3 Mh,u, dh lrr ,oa vlrr çfrÑfr

4-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
4-4 lkjka'k
4-5 eq[; 'kCnkoyh
4-6 Lo-ewY;kadu iz'u ,oa vH;kl
4-7 lgk;d ikB~; lkexzh

4-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)& f}xq.ku vFkok
iqujkof̀Ùk DNA dk çeq[k xq.k gSA blds }kjk ;g viuh u;h çfrÑfr ;k dkih
rS;kj djrk gSA ;g fØ;k vR;Ur egRoiw.kZ gS D;ksafd blh dh lgk;rk ls thu
vius xq.kksa dks vxyh ih<+h esa igq¡pkrk gSA ;g dksf'kdk pØ ds vUrjkoLFkk ds
5-Qst esa laié gksrk gSA DNA f}xq.ku dh çfØ;k ds ckjs esa igys yksxksa esas
vfu'p; dh fLFkrh FkhA dksf'kdk ds vUnj ik;s tkus okys eSØksekWyhD;qYl eas
U;wfDyd vEyksa dk Hkh çeq[k LFkku gSA vf/kdka'k ;wdSfj;ksfVd (Eukaryotic)
dksf'kdkvksa esa DNA, vkuqoaf'kdh inkFkZ ¼tSusfVd eVsfj;y½ dk dk;Z djrk gSA
vr% dksf'kdk ds vUnj ik, tkus okys Macromolecules esa DNA lokZf/kd
egRoiw.kZ gSA fdlh ,d tho ds vUnj mifLFkr lHkh dksf'kdkvksa esa DNA dh
ek=k rFkk xq.koÙkk fcYdqy ,d leku gksrh gSA pw¡fd lHkh dksf'kdk,¡ ,d gh
dksf'kdk ds foHkktu ls curh gSA

vr% lHkh dksf'kdkvksas esa DNA ds la'ys"k.k dh fo'ks"k çfØ;k mifLFkr
gksrh gSA ftls DNA dk f}xq.ku vFkok iqujkof̀Ùk (Replication) dgrs gSaA

dksf'kdh; DNA vkuqoaf'kd inkFkZ gksrk gS rFkk ;g Hkkoh ihf<+;ksa esa
vkuqoaf'kd lwpuk lapkfjr djrk gSA DNA ,d yEch J̀a[kyk okyk cgqyd
(Polymer) gS tksfd ikWfyU;wfDy;ksVkbM (Polynucleotide) dgykrk gSA çR;sd
ikWfyU;wfDy;ksVkbM (Polynucleotide) vusd U;wfDy;ksVkbM ls feydj cuk gSA
loZçFke okVlu ,oa fØd (Watson and Crick) us lu~ 1953 esa DNA ds

bhandup8
Rectangle
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egRoiw.kZ y{k.kksa dk o.kZu djds DNA ekWMy (Model) çLrqr fd;kA
okVlu ,oa fØd (Watson and Crick) ds vuqlkj DNA f}dq.Mfyr (Double
helical) lajpuk gksrh gS] ftlesa ikWfyU;wfDy;ksVkbM dh nks J̀a[kyk,¡ (Two
chains of Polynucleotide) ;k nks LVªS.M (Strand) gksrs gSaA çR;sd LVªS.M
(Strand) v'kkf[kr (Unbranched) gksrk gS rFkk nksuksa J̀a[kyk ;k LVSª.M
gkbMªkstu cU/k (Hydrogen bond) ds }kjk tqM+h jgrh gSA çR;sd DNA esa nks
I;wjhUl (Purines) A ,oa G nks ik;jhfeMhUl (Pyrimidines) T ,oa C ik, tkrs
gSaA {kkjdksa (Bases) esa ;qXeu (Pairs) I;wjhu (Purines) ,oa ik;jhfeMhUl
(Pyrimidines) ds chp tSls gksrk gS tSls fd& A = T ,oa C ≡ GA nksuksa
ikWfyU;wfDy;ksVkbM J̀a[kyk (Polynucleotide chains) ,d-nwljs ds foijhr gksrh
gSaA vr% ,d LVªS.M dk (Strand) 3' fljk nwljs LVªS.M (Strand) ds 5' fljs ds
ikl gksrk gSA okVlu ,oa fØd (Watson and Crick) ds vuqlkj DNA ds nksuksa
LVSª.M~l dh ,d LFkk;h vkÑfr (Stable confermation) gksrh gSA vusd
U;wfDy;ksVkbM (Nucleotide) vkil esa QkWLQksMkb,LVj cU/k ;k QkWLQsVg cU/k
(Phosphodiester bond or phosphate bond) ds }kjk tqM+dj
ikWfyU;wfDy;ksVkbM (Polynucleotide) dh yEch J̀a[kyk cukrs gSaA DNA ds
nksuksa LVSª.M~l vkil esa dq.Mfyr (Coiled) gksrs gSaA DNA dq.Myh dk ,d iw.kZ
pØ 34 Å dk gksrk gSA ,d iw.kZ pØ esa 10 tksM+h U;wfDy;ksVkbM gksrs gSaA nks
U;wfDy;ksVkbM ds chp dh nwjh 3-4 Å gksrh gSA DNA dq.Myh dh ifjf/k dk
O;kl 20 Å gksrk gSA okVlu ,oa fØd ekWMy (Watson and Crick) DNA dh
lajpuk ds lkFk DNA dh iqujkof̀Ùk (Replication) dks Hkh Li"V djrk gSA

4-1 mÌs'; (Objective)

bl bdkbZ dks i<+us ds ckn vki&

 DNA Histone Protein ds lkFk feydj xq.klw=ksa dk fuekZ.k djrk gS

 DNA, m-RNA ds fuekZ.k ds fy, VsEiysV dh Hkk¡fr dk;Z djrk gSA

 DNA tho/kkfj;ks esas çksVhu ds fuekZ.k ds fy, mÙkjnk;h gksrk gSA

 DNA tho/kkfj;ksa dh fofHké fodklkRed çfØ;kvksa rFkk tSfod fØ;kvksa
ij fu;a=.k j[krk gSA

4-2 Mh,u, dh iqujkof̀Ùk (Replication of DNA)

DNA dk egRoiw.kZ xq.k ;g gS fd ;g viuh çfrÑfr dh {kerk j[krk gSA ;g
çfØ;k iqujkof̀Ùk dgykrh gS] tks fd thou dk vk/kkj gSA DNA dh f}d~
dq.Mfyuh ds nksuksa lw= I;wfju rFkk fijhfeMhu ds chp gkbMªkstu ca/k gksus ds
dkj.k vkil esa tqM+s jgrs gSaA tc gkbMªkstu cU/k VwVrs gSa rc nksuksa lw= iF̀kd~
gksdj [kqy tkrs gSa ¼fp= 4-1½A dsUæd esa LorU= U;wfDy;ksVkbM dk iwy ftlesa
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LorU= ,fMukbu] Xokfuu] Fkk;feu rFkk lkbVksflu gksrh gSa] fLFkr gksrk gSA ;s
LorU= U;wfDy;ksVkbM DNA ds iF̀kd~ lw=ksa ds lkFk gkbMªkstu cU/k }kjk tqM+
tkrh gSA LorU= ,fMukbu lw= dh Fkk;feu ds lkFk rFkk LorU= Xokfuu lw=
dh lkbVksflu ds lkFk ;qXe cukrh gSA bl çdkj ,d u;k lw= curk gS tks fd
iqjkus lw= dh vuqÑfr (Identical copy) gksrk gSA ifj.kkeLo:i cuh f}d
dq.Mfyuh esa ,d lw= tud o nwljk larfr gksrk gSA çfrÑfr gksus dh ;g
fof/k v/nZlaj{kh (Semi-conservative) çfrÑfr dgykrh gSA bl fof/k esa ,d
tud lw= lajf{kr jgrk gSA

Msyczsd (Delbruck) ds vuqlkj çfrÑfr dh nks vkSj laHko fof/k;k¡ gks
ldrh Fkha%

1- laj{kh (Conservative)& ftlesa f}lw=h v.kq iw.kZ:i ls lajf{kr jguk
pkfg, vkSj iqjkus v.kq ls mlh çdkj dh ,d ubZ çfrfyih dk la'ys"k.k
gksuk pkfg,A

2- ifj{ksih fof/k (Dispersive)& bl fof/k esa iqjkus v.kq dk iw.kZ fo?kVu
gksuk pkfg, vkSj nks iw.kr% u, v.kqvksa dk la'ys"k.k gksuk pkfg,A

fofHké çek.kksa ls vc ;g fl) gks pqdk gS fd çfrÑfr v/nZlaj{kh
fof/k }kjk gh gksrh gSA

fp= Ø- 4-1% Replication of DNA.
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4-2-1 v)Zlaj{kh fof/k }kjk Mh,u, iqujkof̀Ùk ds i{k es çek.k
(Evidences in Support of Semi-conservative Method
of DNA Replication)

1- eSlYlu ,oa LVkWgy dk ç;ksx (Meselson and Stahl’s Experiment)& ,e-
eslYlu vkSj ,Q- MCY;w- LVkWgy us lu~ 1958 esa vius bl ç;ksx ds ifj.kkeksa
dks çdkf'kr fd;k Fkk] tks ;g ns[kus ds fy, fd;k x;k Fkk fd D;k DNA
okLro esa v)Zlaj{kh fof/k ls gh iqujkof̀Ùk djrk gSA

bl fof/k ds vUrxZr eSlYlu ,oa LVkWgy us cSDVhfj;k E. coli dk
mi;ksx fd;kA mUgksaus bldh dksf'kdkvksa dks yxHkx 14 fif<+;ksa rd N15 Hkkjh
vkblksVksi ;qälao/kZu ek/;e esa mxk;k] ftlls DNA dh ukbVªksthul {kkjksa esa
ik;h tkus okyh çR;sd ukbVªkstu N14 ds LFkku ij N15 ls vafdr gks tk,A
blds ckn bu dksf'kdkvksa dks vpkud gh N14 okys lao/kZu ek/;e esa
LFkkukUrfjr dj fn;k x;kA ;fn iqujkof̀Ùk v/nZlaj{kh fof/k ds }kjk gksrh gS rks
vxyh ih<+h ds DNA esa ,d lw= N15 o nwljk N14 gksuk pkfg,A blds ckn
çfrÑfr }kjk] Hkfo"; dh ihf<+;ksa esa Øe'k% N14 vkrk tk,xk] vFkkZr~ ?kuRo /khjs-
/khjs de gksrk tk,xkA

blds mijkUr Hkkjh DNA dks gYds DNA ls iF̀kd~ djus fy, ?kuRo
ço.krk lerksyu lsfUVª¶;wxs'ku (Density gradient equilibrium centrifugation)
fof/k dk mi;ksx fd;k tkrk gSA DNA dks lhft;e DyksjkbM ds lkUæ ?kksy
(8.8 M CsCI in water) esa Mky fn;k tkrk gS vkSj bl ?kksy dks ikjn'khZ
DokVZ~t uyh (Transparent quartz tube) esa Mkydj yxHkx 5-8 ?kaVksa rd rst
xfr ls lsUVªh¶;wt fd;k tkrk gSA tc CsCI ij lsUVªh¶;wxy cy dk;Z djrk gS
rks ;g ls.Mhes.V gksuk çkjEHk gks tkrk gS D;ksafd CsCI ikuh ls vf/kd ?kuk
(Dense) gksrk gSA ls.Mhes.V gksus dh bl çof̀Ùk dk folj.k (Diffusion) }kjk
fojks/k fd;k tkrk gS] fdUrq dbZ ?kaVksa ckn ,d lerksyu (Equilibrium) dh
fLFkrh vk tkrh gSA ufydk esa CsCI dh lkaærk dk forj.k bl çdkj ls gksrk
gS fd lcls vf/kd ?kuRo ufydk ds ry ls o lcls de ?kuRo ufydk ds
Åijh Hkkx esa gksrk gS] vU; lHkh e/; ?kuRo bu nksuksa ds chp esa gksrs gSaA
ufydk esa mifLFkr DNA ds v.kq CsCI ?kuRo ço.krk ds ml Hkkx ij vkdj
te tkrs gSa ftl Hkkx dh ?kuRo ço.krk ml DNA ds v.kq ds leku gksrh gSA
DNA dh fuf'pr fLFkrh dks vYVªkok;ysV ¼ijkcSaxuh½ fdj.kksa }kjk fu/kkZfjr
fd;k tkrk gSA blesa ufydk dk QksVks ijkcSaxuh fdj.kksa }kjk fy;k tkrk gS]
D;ksafd ;s fdj.ksa dsoy DNA iÍh }kjk gh 'kksf"kr dh tkrh gSa] CsCI }kjk ughaA
blfy, DNA dh fLFkrh fuf'pr gks tkrh gS] CsCI dh ?kuRo ço.krk esas DNA
xgjh iÍh dh :i esa fn[kkbZ nsrk gS] bl DNA dh iV~Vh dh fLFkrh ds vuqlkj
blesa mifLFkr DNA dk ?kuRo Kkr fd;k tk ldrk gSA
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fp= Ø- 4-2% Diagrammatic representation of the experiment of
Meselson and Stahl.

fp= Ø- 4-3% Experiment of Meselson and Stahl demonstrating
semi-conservative replication.
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;g ik;k x;k fd Hkkjh DNA ftlesa N15 gS CsCI ds ?kksy ds ry ij
iÍh (Band) cukrk gSA og DNA ftls ,d ih<+h rd N14 lao/kZu ek/;e esa
mxk;k x;k] og ufydk ds e/; esas (Intermediate position) essa iÍh cukrk gS
tcfd gYdk DNA vFkkZr~ ftls nks ih<+h rd N14 ek/;e esa mxk;k gS og
ufydk ds Åijh Hkkx esa iÍh cukrk gSA çFke ih<+h ds ckn tks DNA curk gS
mldh ek=k e/;orhZ vFkok ladj ?kuRo dh FkhA ;g rHkh lEHko gS tc DNA
dh çfrÑfr v/kZlaj{kh fof/k }kjk gqbZ gksA nwljh ih<+h ds ckn nksuksa ifÍ;k¡ leku
rhozrk dh çkIr gksrh gSa] ftldk vFkZ Fkk fd nks fofHké ?kuRo okyk DNA
leku ek=k esa fLFkr FkkA blds ckn Øe'k% vkxs vkus okyh ihf<+;ksa esa ogh nksuksa
ifÍ;k¡ fujUrj çdV gqbZa vkSj ladj ?kuRo okyh iÍh /khjs-/khjs de gksrh xbZa ,oa
gYds ?kuRo okyh iÍh c<+rh xbZa ¼fp= 4-3½A

2- dsjUl dk vkWVksjsfM;ksxzkQh ç;ksx (Cair’n Autoradiography
Experiment)& cSDVhfj;y xq.klw= dh iqujkof̀Ùk dh v/kZ-laj{kh fof/k dks dsjUl
us vkWVksjsfM;ksxzkQh dh rduhd }kjk çLrqr fd;k tks bl çdkj gS%

gkbMªkstu dk jsfM;ks,fDVo vkblksVksi fVªfV;e (Tritium) gS] ftls fofHké
inkFkksZa ds lkFk lekfgr (Incorporate) fd;k tk ldrk gSA ;fn blls
Fkk;fefMu ¼Fkk;feu dk U;wfDyvkslkbM½ ds gkbMªkstu ijek.kq dks foLFkkfir
fd;k tk, rks ;g Fkk;fefMu eas lekfgr gks tkrk gS vkSj vc Fkk;fefMu]
fVªfV,VsM Fkk;fefMu (Tritiated thymidine: H3-TdR) dgykrh gSA fVªfV,VsM
Fkk;fefMu dk ç;ksx blfy, fd;k x;k D;ksafd Fkk;fefMu {kkjd dsoy DNA
esa gh gksrk gS] RNA esa ughaA vr% blds }kjk dsoy DNA dk gh oj.kkRed
vadu gksxkA vc bu dks'kkvksa dks fVªfV,VsM Fkk;fefMu ls fudky dj buds
xq.klw=ksa dks LykbM ij Leh;j (Smear) cukdj QSyk fn;k tkrk gSA blds ckn
bUgsa QksVksxzkfQd beYlu (Photographic emulsion) tksfd flYoj czksekbM dk
gksrk gS] dh iryh fQYe ls <d dj va/ksjs esa j[k fn;k tkrk gSA LykbMksa dks
yxHkx 6-8 lIrkg rd va/ksjs esa j[kk tkrk gSA jsfM;ks,sfDVo ijek.kq lkekU;r;k
vLFkk;h gksrs gSa vkSj jsfM;ks,sfDVo d.kksa dk mRlxZ (Emmision) djrs gSaA ;s
d.k flYoj czksekbM ds d.kksa dks tksfd muds Bhd Åij fLFkr gSa] dks vipf;r
(Reduce) djrs gS] ftlls ,d fuxsfVo QksVksxzkQ (Negative photograph)
tSlh fQYe cu tkrh gSA fQYe esa ls beYlu /kqy tkrk gS vkSj ftu LFkkuksa ij
vipf;r flYoj xzs gksrs gSa ogk¡ xgjs jax ds /kCcs cu tkrs gSaA ;s /kCcs
vçR;{k :i ls vafdr DNA dh mifLFkfr dks çnf'kZr djrs gSaA vuqfyihdj.k
djus okys DNA esa ,d iqujkof̀Ùk f}'kk[kk cu (Replicating fork) fn[kkbZ nsrh
gS] blh fcUnq ij DNA dh nks J̀a[kykvksa ls pkj J̀a[kyk,¡ curh gSaA çFke
iqujkof̀Ùk ds ckn DNA ds nksuksa lw=ksa esa ls dsoy ,d lw= esa jsfM;ks,sfDVork
dk lekos'k gksrk gS] tcfd f}rh; iqujkof̀Ùk ds ckn DNA ds nksuksa lw=ksa esa
jsfM;ks,sfDVork dk lekos'k gks tkrk gSA vr% DNA dh v/kZlaj{kh iqujkof̀Ùk dh
iqf"V gksrh gS ¼fp= 4-4½A
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fp= Ø- 4-4% A diagrammatic representation of : (A) An
autoradiography, and (B) Its interpretation in terms of DNA.

3- xq.klw=ksa dh v)Z& laj{kh çfrÑfr (Semi-conservative Replication
of Chromosomes)& fofl;k Qkck (Vicia faba) ds ewykxz dh dksf'kdkvksa
(Root tips of Vicia faba) esa xq.klw=ksa ds f}xq.ku ds v/;;u gsrq ts- ,p- Vsyj
(J. H. Taylor) ,oa muds lkfFk;ksa us vkWVksjsfM;ksxzkQh dk ç;ksx fd;k FkkA bu
ç;ksxksa ds ifj.kke 1857 esa çdkf'kr gq,A fVªfV,VsM Fkk;fefMu ds ek/;e esa
mxkus ds ckn rc ewykxzksa dks vukafdr (Unlabelled) Fkk;fefMu ds ek/;e esa
LFkkukUrfjr fd;k x;k rks f}xq.ku dh çFke ih<+h esa nksuksa gh v/kZxq.klw= vafdr
ik, x,] vFkkZr~ çR;sd v/kZxq.klw= esa DNA f}d~ dq.Mfyuh Fkk vkSj DNA ds
nksuksa lw=ksa esa ls ,d vafdr FkkA iqujkof̀Ùk ds nks pØksa ds ckn] çR;sd xq.klw= es
v/kZxq.klw=ksa ds nks tksM+s ik, x,a (Tetraploid), ftuesa ls ,sls çR;sd tksM+s esa ,d
v/kZxq.klw= vafdr rFkk nwljk vukafdr FkkA iqujkof̀Ùk ds rhljs pØ esa çR;sd
xq.klw= esa v/kZxq.klw=ksa ds pkj tksM+s ik, x, (Octoploid), buesa ls nks tksM+ks
esa ,d vafdr o nwljk vukafdr v/kZxq.klw= Fkk tcfd vU; nks tksM+ksa esa nksuksa
gh v/kZxq.klw= vukafdr FksA ;g ns[kk tk ldrk gS fd ;s lkbVksyksftdy
ifj.kke] DNA dh v/nZlaj{kh çfrÑfr dks gh çekf.kr djrs gSa ¼fp= 4-5½A

fp= Ø- 4-5% Interpretation of the results of Taylor’s experiments in
terms of semi-conservative replication of the DNA double helix. H3

labelled chromatids are represented by wavy or dash lines.

Labelled
Unlabelled

A B
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4-2-2 Mh,u, dh iqujkof̀Ùk dh vkf.od fØ;kfof/k
(Molecular Mechanisms of DNA Replication)

DNA iqujkof̀Ùk dh lcls lkekU; çfØ;k og gS ftlesa la'ys"k.k ,d fuf'pr
Hkkx esas rFkk ,d fof'k"V LFkku ls çkjEHk gksrk gS ftl mn~Hko LFky ;k çkjfEHkd
LFky (Origin site) dgk tkrk gSA bl LFkku ij {kkjdksa dk ,d fof'k"V Øe
ik;k tkrk gS ftls çkjfEHkd çksVhuksa (Initiation proteins) }kjk igpkuk tkrk
gSA nksuksa lw=ksa dk iF̀kDdj.k çkjfEHkd LFky ls vkjEHk gksrk gS ftlls ,d
cqycqys (Bubble) ;k vk¡[k (Eye) tSlh jpuk curh gSA blds mijkUr cqycqys esa
iqjd J̀a[kyk,¡ cuuk vkjEHk gksrh gSa tks çkjfEHkd LFky ds foifjr fn'kkvksa esa
curh gSaA bl çdkj iqujkof̀Ùk djrs le; DNA dh f}d~ dq.Mfyuh esa nks ‘Y’
ds leku fcUnq (Growing point) fn[kkbZ nsrs gSa ¼fp= 4-6½A

fp= Ø- 4-6% Replication bubble with replication forks moving in
opposite directions from the initiation site.

vkjEHk esa vkFkZj dksuZcxZ (Arthur Kornberg) us ,Utkbe dks [kkstk ftls
DNA- ikWfyejst I dgk tkrk gSA vusd o"kksZa rd ;g ekuk tkrk jgk gS
fd ;gh ,Utkbe DNA dh iqujkof̀Ùk ds fy, vko';d gSA fdUrq ;g ik;k x;k
fd ;fn bl ,Utkbe dh fo'ks"k thu mRifjofrZr gks tkrh gS vkSj DNA-
ikWfyejst I ugha curk gS rks bldh vuqifLFkfr dk DNA dh iqujkof̀Ùk ij dksbZ
çHkko ugha iM+rkA fdUrq og ,Utkbe ftldh mifLFkfr DNA dh iqujkof̀Ùk ds
fy, vko';d gksrh gS] DNA- ikWfyejst III dgykrk gSA ;g ,d lfEeJ.k
(Complex) gksrk gS] ftlesa dbZ mi-bdkb;k¡ gksrh gSa] blfy, bls ikWfyejst III
gksyks,Utkbe (Polymerase III holoenzyme) Hkh dgrs gSaA
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4-2-3 Mh,u, dh lrr ,oa vlrr çfrÑfr
(Continuous and discontinuous replication of DNA)

tSlk fd igys crk;k x;k gS fd DNA dh iqujkof̀Ùk ds le; tks J̀a[kyk,¡
curh gSa os VsEiysV ds çfr-lekUrj gksrh gSaA vr% 3' ls 5' lw= ij u;k 5' ls
3' iwjd lw= curk gSA blh izdkj 5' ls 3' lw= ij u;k 3' ls 5' iwjd lw=
curk gSA 5' ls 3' fn'kk esa tks iqujko`Ùkh gksrh gS mlesa ubZ U;wfDyvksVkbM
3-OH fljs ij tqM+rh gSa tcfd 3' ls 5' fn'kk esa iqujkof̀Ùk gksus ij ubZ
U;wfDyvksVkbM 5'-P fljs ij tqM+uk pkfg,A vr%nksuksa fn'kkvksa esa ubZ J̀[kayk ds
la"ys"k.k ds fy, vyx vyx ,Utkbe gksus pkfg,A fdUrq DNA la"ys"k.k esa Hkkx
ysus okys ikWfyejst III ,Utkbe dsoy 5'-3' fn'kk esa gh la'ys"k.k djrs gSA bl
dkj.k og J̀a[kyk tks 5'-3' fn'kk esa curh gS og lrr #Ik ls curh gS tcfd
nwljs lw= ij iqujkof̀Ùk vlrr #i ls gksrh gS vkSj NksVs NksVs VqdMs
(Fragments) curs gS izR;sd VqdMk 5'-3' fn'kk esa gh curk gSA bu VqdMksa dks
vksdktkdh VqdMs (Okazaki segments or pieces) dgk tkrk gSA bUgsa ckn
esa ,Utkbe ykbxst (Ligase) }kjk vkil esa tksM fn;k tkrk gSA ubZ J̀[kayk
tks lrr #i ls curh gS fyfMax lw= (Leading strand) rFkk vlrr~ #Ik ls
cuh J̀a[kyk ySafxx lw= (Lagging strand) dgykrh gSa ¼fp= 4-7½A

fp= Ø- 4-7% Model of DNA replication illustrating continuous and
discontinuous synthesis at the two replication forks of a replication

bubble.

dsjUl us fu"d"kZ fudkyk Fkk fd DNA dk la'ys"k.k xq.klw= ij ,d
fuf'pr fcUnq ij vkjEHk gksrk gS vkSj ,d fn'kk esa gh pyrk gSA blds ckn ;g
vuqHko fd;k x;k fd dsjUl ds ifj.kkeksa dh O;k[;k f}-fn'kh; (Bi-directional)
izfrdf̀r ds #Ik esa Hkh dh tk ldrh gSA vkWVksjsfM;ksxzkQh bysDVªkWu lw{en'khZ
rFkk vkuqoaf'kd v/;;uksa ls izkIr lHkh izek.k DNA dh
f}-fn'kh; izfrdf̀r dh gh iqf"V djrs gSaA
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fp= Ø- 4-8% Synthesis of RNA primer

DNA izfrdf̀r esa RNA izkjEHkd (RNA Primer in DNA Replication)

DNA dh okLrfod izfrdf̀r vkjEHk gksus ls igys RNA dss NksVs NksVs VqdMs
curs gSa ftUgsa RNA izkjEHkd dgrs gSaA DNA ds la'ys"k.k ds fy, igys ls
mifLFkr RNA dh J̀a[kyk dk gksuk vR;ar vko';d gS ftlls
ikWfyU;wfDyvksVkbM tqMrsa gSAa RNA izkjEHkd 5'-3' fn'kk esa gksrh gS ,oa bldk
la'ys"k.k iqujkof̀Ùk ds mn~Hko LFky ds ikl fLFkr DNA dh VsEIysV }kjk gksrk
gSA RNA dk la'ys"k.k RNA ikWfyejst dh lgk;rk ls gksrk gSA ckn esa RNA
ds [k.M dks DNA ikWfyejst I dh lgk;rk ls gkbMªksykbt (Hydrolyse) dj
fn;k tkrk gSA ifj.kkeLo:i tks [kkyh LFkku curs gSa mUgsa fQj DNA &
ikWfyejst-I dh mRizsjd fØ;k (Catalytic activity) }kjk U;wfDyvksVkbMksa ls Hkj
fn;k tkrk gSA ;g Hkh ns[kk x;k fd ;fn fjQsfEiflu (Rifampicin)
uked ,.Vhck;ksfVd }kjk RNA ds la'ys"k.k dks jksd fn;k tkrk gS rks DNA
dh iqujkof̀Ùk ugha gksrh gSA bl izdkj DNA izfrdf̀r esa RNA izkjEHkd
dk ;ksxnku izekf.kr gksrk gSA

DNA izfrdf̀r ds fofHkUu pj.k (Different Steps in DNA Replication)

fiNys dbZ o"kkZsa esa fd, x, iz;ksxksa ls Kkr gqvk gS fd DNA izfrdf̀r ds
fy, ,d tfVy fØ;kfof/k iz;ksx esa yk;h tkrh gSA E. coil tSls cSfDVfj;k esa
DNA iqujkof̀Ùk ,d cgq ,Utkbe lfEEkJ (Multi-enzyme complex) dh
lgk;rk ls gksrh gSA bl cgq ,Utkbe lfEeJ dks jsfIyds'ku ,ijsVl
(Replication apparatus) dgrs gSaA E. coil esa DNA iqujkof̀Ùk fuEufyf[kr
pj.kksa esa iw.kZ gksrh gSaA
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1- iqujkof̀Ùk f}'kk[k (Replication fork)& cuus ls igys DNA esa ;fn
dksbZ lqijfV~oLV ¼fV~oLV ds Åij fV~oLV½ (Supertwist) gks rks
bls ,Utkbe Vksiksvkblksejst (Topoisomerase) }kjk gVk;k tkrk gSA

2- izfr lekUrj lw=ksa dks [kksyus (Unwinding) rFkk iF̀kDdj.k dk dk;Z
gsfydstst (Helicases) ,Utkbe }kjk fd;k tkrk gSA ;g nksuksa lw=ksa ds
chp mifLFkr gkbMªkstu cU/kuksa dks [kksy nsrk gSA

fp= Ø- 4-9% Scheme for enzymes operating at one of the forks in the bi
directional replication of an E. coil chromosome.

3- lw=ksa ds iF̀kDdj.k ds ckn nksuksa ,dy lw=ksa (Single strand) dk dqN
le; ds fy, DNA ckbf.Max izksVhUl (DNA binding proteins) }kjk
LFkk;hdj.k (Stabilization) gks tkrk gSA

4- ySafxd lw= ds la'ys"k.k ds fy, RNA izkjEHkd 6 izksfVuksa (DNA B,
DNA C, n, n’,n”, vkSj i) dh lgk;rk ls curk gSA ;g izksVhu lfEeJ
fizizkbfeax lfEeJ (Prepriming complex) dgykrk gSA ;g izizkbfeax
lEfeJ ,UTkkbe izkbest (Primase) ds lkFk feydj izkbekslkse
(Primosome) cukrk gSA izkbekslkse esa NksVs NksVs RNA vuqØe cukus
dh {kerk gksrh gSA ;s vuqØe DNA VsEiysV ij mlls iwjd gksrs gSA
VsEiysV ij RNA vuqØe ftUgsa RNA izkjEHkd (RNA primer) dgrs gSa
5' ls 3' fn'kk esa curs gSaA bl fn'kk esa DNA ikWfyejst III
U;wfDyvksVkbM cukrk gSA

5- ,d ckj RNA izkjEHkd ds viuk LFkku ik ysus ij ikWfyejst III
gksyks,Utkbe LorU= 3'-OH fljs ij Øe ls U;wfDyvksVkbM tksM+uk
vkjEHk dj nsrk gSA DNA dk ,d NksVk VqdMk+ cuus ds ckn ikWfyejst
I, RNA izkjEHkd dks gVk nsrk gS vkSj [kkyh LFkku dks rFkk nks VqdMksa ds
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chp QkWLQksMkb,LVj cU/k ykbxst (Ligases) dh fØ;k ls cuk fy;s
tkrs gSaA

6- bl chp izkbfeax lfEEkJ izkbekslkse iqujkof̀Ùk f}'kk[k esa vkxs c<+rk gS
vkSj u;k RNA izkjEHkd vuqØe cukrk gSA bl izdkj ySafxd lw= dk
fuekZ.k gksrk gS tksfd vlrr izdkj ls gksrk gSA izR;sd Vq+dMs dk vkjEHk
RNA izkjEHkd ls gksrk gS ftl ij DNA dh {kkjd tqMrh gSA

7- ySafxd lw= ds foijhr yhfMax lw= (Leading strand) iqujkof̀Ùk f}'kk[k
ds mn~Hko (Origin) LFky ls DNA ikWfyejst III gksyks,Utkbe dh fØ;k
ls lrr #Ik ls curk gSA fdUrq yhfMax lw= cuus ls igys RNA
izkjEHkd curk gSa ;k ugha ;g fuf'pr ugha gS] fdUrq ,slk ekuk tkrk gS
fd RNA izkjEHkd dk la"ys"k.k gksuk pkfg,A

mi;qZDr fooj.k esa of.kZr fofHkUu pj.k fp= 4-9 esa fn[kk, x, gSA

dbZ izksVhu o ,Utkbe tksfd E. coil esa DNA dh iqujkof̀Ùk ds fy,
mÙkjnk;h gksrs gSaA ;wdsfj;ksfVd (Eukaryoatic) tUrqvksa esa Hkh ik, tkrs
gSaA ;wdsfj;ksV esa Hkh la'ys"k.k lrr o vlrr gksrk gS vkSj RNA izkjEHkd curs
gSa gkykafd E. coil ekWMy iwjh rjg ;wdsfj;ksV esa DNA ds la'ys"k.k dks iznf'kZr
ugha djrk fdUrq mPp thoksa esa fdl izdkj DNA dk la'ys"k.k gksrk gSA ;g
le>kus ds fy, ,d vk/kkj iznku djrk gSA

DNA ds dk;Z (Functions of DNA)

DNA thfor thoksa dk eq[; vkuqoaf'kd inkFkZ gSA blds dbZ dk;Z gSa
mnkgj.kkFkZ& ¼1½ f}xq.ku }kjk ;g vius tSls nwljk DNA cuk ldrk gS]
¼2½ m RNA ds fy, VsEiysV ds #Ik esa dk;Z djrk gS] ¼3½ mYVk vuqys[ku
(Reverse transcription) Hkh dj ldrk gSA ¼4½ vkuqoaf'kd thu fofue; ls
lEcfU/kr gksrk gSA ¼5½ viuh fjis;j (Repair) Lo;a dj ldrk gSA

viuh Áxfr tk¡fp, (Check Your Progress)

1- ySafxax LVªS.M (Lagging Strand) ij f}xq.ku gksrk gS&

¼v½ yxkrkj ¼c½ [k.Mks eaas]

¼l½ mijksä nksuks (v) o (c) ¼n½ dksbZ ughA

2- DNA jsVyhdslu esa dkSu&lk ,Utkbe çeq[k Hkwfedk fuHkkrk gS\

¼v½ DNA ykbxst ¼c½ Vhyksejst

¼l½ ikWyhejst ¼n½ gsDlksekbust
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3- DNA Replication ds fy, fdl ,Utkbe dh vko';drk gksrh gS\

¼v½ ykbxst ¼c½ ikyhejst

¼l½ Vhyksejst ¼n½ gsDlksekbust

4- v/kZlaj{kh fof/k dks çekf.kr djus ds fy, lu~ 1958 esa fdlus ç;ksx
fd;k Fkk\

¼v½ Watson– Crick ¼c½ Meselson and Stahall

¼l½ F. Meischer ¼n½ Leven

5- Watson – Crick Model fdl fof/k dks Li"V djrk gS&

¼v½ iqujkof̀Ùk ¼c½ vuqys[ku

¼l½ vuqokn ¼n½ ladj.k

6- DNA – Model of Double Helix – fdu oSKkfudksa }kjk çLrqr fd;k
x;k \

¼v½ Meselson and Stahall ¼c½ Darwin and Mendel

¼l½ Watson – Crick ¼n½ None of these

7- DNA – Polymerase-I ,Utkbe dks fdlus [kkstk Fkk\

¼v½ vkFkZj dksjuoxZ ¼c½ okVlu

¼l½ eh'pj ¼n½ esaMy

8- bZ- dksykbZ thok.kq esa DNA iqujkof̀Ùk fof/k fdlds }kjk iw.kZ gksrh gS\

¼v½ çksVhu ¼c½ olk

¼l½ gkeksZu ¼n½ cgq,Utkbe lfEeJ

4-3 viuh Áxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼n½ 5- ¼v½

2- ¼l½ 6- ¼l½

3- ¼c½ 7- ¼v½

4- ¼c½ 8- ¼n½
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4-4 lkjka'k (Summary)

mijksDr o.kZu ls Li"V gS fd izkSdsfj;ksV~l esa DNA Replication dh fØ;k fof/k
egRoiw.kZ gS rFkk tfVy fØ;k gksrh DNA Replication ds dkj.k gh thoksa dh
lUrfr;ksa esa DNA dh ¼ek=k½ ;k izfr;kW ig¡qprh jgrh gS tks fd thoksa dk
vkuqoaf'kd inkFkZ gksrk gSA

4-5 eq[; 'kCnkoyh (Key Terminology)

 DNA Replication& DNA ls DNA dk cuukA

 vuqys[ku& DNA ls RNA cuus dh fØ;kA

 yhfMax LVªs.M (Leading strand)& fcuk VqdMsa ds DNA ¼[k.M½ (Strand)
dk cuukA

 ySafxax LVªs.M (Lagging Strand)& VqdMksa esa DNA LVªs.M dk cuukA

 SSB Protein& single strand Binding Protein.

 Oric & Origin of Replication.

 DNA Helicase& ;g DNA dh dq.Myh dk vdq.Myhdj.k djrk gSA

 DNA Topoisomerase& ;g ,Utkbe dq.Myh ds VsUlu dks de djrk
gSA

 DNA Ligase& vksdktkdh [k.Mksa dks vkil esa tksM+ukA

 Primase& ;g Primer dk fuekZ.k djrk gSA

4-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; ç'u (Short Answer Type Question)

1- fuEufyf[kr ij laf{kIr fVIi.kh fy[kks&

(i) DNA Replication

(ii) Semi-conservative method of DNA Rep.

(iii) DNA Polymerase

(iv) Leading strand

(v) Lagging strand

2- DNA ikWfyejst ds çdkj rFkk dk;ksZa dk o.kZu dhft,A

3- Mh,u, f}xq.ku ds fofHké pj.kksa dk laf{kIr fooj.k nhft,A
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4- fuEufyf[kr ij laf{kIr fVIi.kh fy[kks&

(i) eSlYlu ,oa LVkby dk ç;ksx

(ii) okVlu ,oa fØd ekWMy

5- v/kZlaj{kh fof/k }kjk DNA ds i{k esa çek.kksa dk o.kZu dhft,A

6- dksjsUl ds vkVksjsfM;ksxzkQh ç;ksx }kjk DNA dh iqujkof̀Ùk dks le>kb,A

7- DNA dh iqujkof̀Ùk dks fdruh fof/k;ksa ds }kjk le>k ldrs gS\
v/kZlaj{kh fof/k dk ,d çek.k lfgr o.kZu dhft,A

nh?kZ mÙkjh; ç'u (Long Answer Type Questions)

1- DNA Replication ¼f}xq.ku½ ij ,d fuca/k fy[kksA

2- DNA jsIyhdslu fØ;k fof/k dk foLrkj ls o.kZu dhft,A

3- çkSdSfj;ksfVd DNA ds jsIyhdslu ij çdk'k Mkfy,A

4- Mh,u, ds f}xq.ku esa mi;ksxh ,Utkbe rFkk çksVhUl dks foLrkj ls
le>kb,A

5- Mh,u, ds v/kZlajf{kr f}xq.ku dh foospu dhft,A eSlYlu ,oa LVky
ds ?kuRo xszfM,.V (Density Gradient) larqyu ds ç;ksxks dks le>kb;sA

6- DNA jsIyhdslu dh fØ;k fof/k dks pj.kc) #i ls o.kZu dhft,A

7- Mh,u, dh iqujkof̀Ùk dh fØ;k fof/k dks mi;qä fp= }kjk O;k[;k
dhft,A

4-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology – By – J. Darnell H. Lodish and D.
Baltimore

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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bdkbZ 1

v/;k; 5 U;wfDy;kslkse&lksysukWbM ekWMsy
(Nucleosome Solenoid Model)

Lakjpuk (Structure)

5-0 ifjp;
5-1 mÌs';
5-2 U;wfDy;kslkse ekWMy

5-2-1 lksysukW;M ekWMy
5-2-2 U;wfDy;kslkse çfrÑfr lajpuk fuekZ.k lEcU/kh rduhd
5-2-3 U;wfDy;kslkse esa fgLVksUl dh LFkkfud O;oLFkk
5-2-4 fofHkUu U;wfDy;kslkse ds chp lEcU/k
5-2-5 lfØ; thUl esa U;wfDy;kslkse dh çkoLFkk ,oa :ikUrj.k

5-3 viuh Áxfr tk¡fp, iz'uksa ds mÙkj
5-4 lkjka'k
5-5 eq[; 'kCnkoyh
5-6 Lo-ewY;kadu iz'u ,oa vH;kl
5-7 lgk;d ikB~; lkexzh

5-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)& U;qfDy;kslkse
(Nucleosome) lu~ 1974 esa ,- ,y- vksfyUl ,oa Mh- bZ- vksfyUl (A.L. Olins
and D.E. olins) us vUrjkoLFkk dsUæd (Interphase nuclens) ls çkIr ØksesfVu
ds bysDVªkWu lw{en'khZ v/;;u esa ik;k fd ØkseSfVu Hkkxksa esa vusd d.k :ih
lw{e] xksykdkj jpuk,¡ ,d-nwljs ls fuf'pr nwjh ij fLFkr gksrh gSA bu d.kksa
dks U;wdk; (Nubodies) dgk x;kA bUgha U;wdk;ksa dh 1975 esa vkmMsV (outdet)
us (Nucleosome) uke fn;kA

DNA xq.klw=ksa ds Åij ik, tkrs gSaA xq.klw=ksa ds Åij DNA ds foU;kl dks
DNA iSdsftax (Packaging) dgrs gSaA bls Li"V djus ds fy, U;wfDy;kslkse
ekWMy vkSj lksysuk;WM ekWMy fn;k x;kA

5-1 mÌs'; (Objective)

bl bdkbZ dks i<+us ds ckn vki&

 vkf.od tho foKku (Molecular Biology) ds v/;;u djus esaA

 DNA dh Packaging djus o blds xq.kksa ds v/;;u djus esaA

bhandup8
Rectangle
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 Histone çksVhu ds v/;;u djus esa] ekbØksLdksfid Microscopic study
djus esaA

5-2 U;wfDy;kslkse ekWMy Nucleosome Model

bl ekWMy dk çfriknu dksuZoxZ rFkk FkkWel (Kornberg and Thomas 1974)
uked oSKkfudksa }kjk fd;k x;kA blds egRoiw.kZ fcUnq fuEufyf[kr gSa%&

1- xq.klw= esa ik;k tkus okyk ØksesfVu] DNA rFkk Histone-Protein dk
cuk gksrk gSA

2- ØksesfVu dh bdkbZ U;wfDy;kslkse (Nucleosome) gksrs gSaA

3- çR;sd Nucleosome, Protein ds octamar dk cuk gksrk gSA ,d
vkWDVkej esa H2A, H2B, H3 rFkk H4 ds nks-nks v.kq ik;s tkrs gSaA

4- çksVhu vkWDVkej ds Åij DNA dk Strand fyiVk jgrk gS] ftlesa 200

{kkj ;qXe (Base Pair) ik;s tkrs gSaA ;g vkWDVkej ds pkjksa vksj
31
4

pDdj esa fyiVk gksrk gSA

5- çksVhu vkWDVkej rFkk DNA Strand ls cuh bdkbZ dk uke
Nucleosome, ih- ;wMsV ,oa lg;ksfx;ksa (P. oudet etal 1975) }kjk fn;k
x;kA 1 Nucleosome = 2 (H2A + 2H2B + H3 + H4) + 200bp DNA.

6 nks Nucleosome ds chp Lora= DNA dk [k.M ik;k tkrk gSA tks
fyadj DNA (Linker DNA) dgykrk gSA fyadj DNA esa 50-70
{kkj ;qXe ik;k tkrk gSA

7- fyadj DNA ds lkFk ,d v.kq H1 fgLVksu tqM+k gksrk gSA

fp=- Ø- 5-1% U;wfDy;kslkse ekWMy& (A) U;wfDy;kslkse rFkk fyadj DNA,
(B) U;wfDy;kslkse dksj
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fp=- Ø- 5-2% U;wfDy;kslkse dk vk.kfod la?kVu

5-2-1 lksysukW;M ekWMy (Solenoid Model)

ØkseSfVu esa U;wfDy;kslkse dh O;oLFkk dks le>kus ds fy, ,jkWu Dyx (Aaeron
Clug, 1977-80) uked oSKkfud us lksysukW;M ekWMy çfrikfnr fd;kA ;g
DNA dh l?kurk dks çnf'kZr djrk gSA blds vuqlkj xq.klw=ksa ds rUrq
etcwrh ls dq.Mfyr gksdj ØkseSfVu rUrqvksa dk ,d lewg cukrs gSaA bl lewg
dk vkSlr O;kl 300 Å vFkok 30nm gksrk gSA ftlesa 100 Å O;kl okys vusd
U;wfDy;kslkse ik;s tkrs gSA lksysukW;M rFkk U;wfDy;kslkse ds lajpukRed
vrlaca/k dks fp= esa n'kkZ;k x;k gSA

lHkh ;wdSfj;ksV~l xq.klw=ksa (Eukaryotes chromosomes) esa DNA ,oa
çksVhu ik;k tkrk gSA yxHkx 13-20 çfr'kr Lruh çkf.k;ksa ds xq.klw= esa DNA
gksrk gS] rFkk 'ks"k Hkkx esa çksVhUl vkSj fHkUu ek=k esa ysfdu dqN de ek=k esa
RNA ik;k tkrk gSA fgLVksUl (Histones) lk/kkj.k çksVhUl gksrs gSa tksfd DNA
ls lEcfU/kr gksrs gSaA lu~ 1973 esa oqMdkWd (Woodcock) us bysDVªkWu lw{en'khZ
(Electron microscope) esa ns[kus ij xq.klw=ksa esa ØksesfVu rUrqvksa (Chromatin
fibers) dks ns[kkA lu~ 1974 esa jkstj dksjsucxZ (Roger Korenberg) us ØksesfVu
rUrqvksa ds ekWMy (Model) dks ,d yphyh lfU/k;qä J̀a[kyk (Flexible jointed
chain) ds :i esa çLrqr fd;kA ;g ,d ekyk ds eksfr;ksa (Beads) ds :i esa
iqujkofrZr bdkb;ksa (Repeating units) dh la[;k ds leku fn[kkbZ nsrs gSaA lu~
1975 esa vks;wMsV (Oudet) ,oa blds lg;ksfx;ksa us bu iqujkofrZr bdkb;ksa dks
U;wfDy;kslkse (Nucleosome) ;k v-dk; (v-bodies) uke fn;kA U;wfDy;kslkse
dh ladYiuk (Concept of nucleosome) vk/kqfud DNA çksVhu lEcU/k ds
xq.klw=h; ekWMy (Chromosome model) dks n'kkZrs gSaA
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fp= Ø- 5-3% xq.klw=ksa esa ØkseSfVu dk dq.Myu rFkk vfrdq.Myu

U;wfDy;kslkse (Nucleosome) ,d piVs v.kq ds leku] yxHkx 50-55 Å
ÅaWps vkSj 10 Å O;kl esa gksrs gSaA blesa ,d l?ku vkUrjd@vUrLry (Core)
fgLVksu (Histone) dk gksrk gSA

fgLVksUl (Histones) ewy :i ls çksVhUl gksrs gSaA bu ij dkf;Zdh pH
(Physiological pH) /kukRed (Positive) vkos'k esa gksrk gSA ;g /kukRed
vkos'k vehuks vEy yk;flu (Lysine) ,oa vkthZuhu (Arginine) ds -NH3+

lewg ij ik;k tkrk gSA ;g çR;sd fgLVksu v.kq ds dqy vehuks vEy dk 20-
30% gksrk gSA çR;sd fgLVksu ds ,d fljs ij ykbflu (Lysine) ,oa vkthZuhu
(Arginine) ,df=r gksrs gSaA bl çdkj çksVhu ds ,d fljs ij /kukRed vkos'k
dk vf/kd ek=k esa ?kuRo ik;k tkrk gSA DNA ij PO4& lewg dk _.kkRed
vkos'k (Negative charge) gksrk gSA ;g _.kkRed vkos'k (Negative charge)
fgLVksUl ij ik, tkus okys /kukRed vkos'k (Positive charge) ls vuksU; fØ;k
(Interaction) dj ,d lfEeJ.k (Complex) dks cukrk gS ftldks
U;wfDy;ksfgLVksu (Nucleohistone) dgrs gSaA

fgLVksUl (Histones) ewy vehuks vEy (Amino acid)& vkthZukbu
(Arginine) ,oa ykbflu (Lysine) esa vR;f/kd :i ls lEiUu gksrs gSaA blesa
fVªIVksQsu (Tryptophan) dk vHkko gksrk gSA ikS/kksa ,oa çkf.k;ksa esa DNA- fgLVksUl
dk vuqikr 1 % 1 gksrk gSA fgLVksUl vR;f/kd :i ls :ikUrfjr çksVhUl gksrs
gSa] :ikUrj.k ds vUrxZr ,lhfVys'ku (Acetylation), feFkkbys'ku
(Methylation) ,oa QkWLQksfjys'ku (Phosphorylation) gksrk gSA fgLVksUl
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vR;f/kd :i ls laxzfgr çksVhUl gksrs gSaA buesa cgqr de buds vehuks vEy esa
fHkUurk ik;h tkrh gSA vkthZuhu (Arginine) ,oa ykbflu (Lysine) dh
vkisf{kd ek=k ds vuqlkj fgLVksUl rhu lewgksa esa foHkkftr gksrs gSa%

(i) vf/kd lEiUu ykbflu (Very lysime rich)- (H1)

(ii) yk;flu lEiUu (Lysine rich)- (H2a, H2b)

(iii) vkthZuhu lEiUu (Arginine rich)- (H3’H4)

lkj.kh Ø- 5-1

oxZ

Class

Ádkj ykbflu@
vkthZuhu

Type Lysine@
Arginine Ratio

v.kqHkkj

Molecular
Weight

dqy
vuqikr

Total
Residue

N vUrLFk
vo'ks"k

(N-
terminal)

C vUrLFk
vo'ks"k
(C-
terminal)

H1 vf/kd ykbflu
lEiUu 22-0

21]500 215 Ac-Ser ykbflu

H2a ykbflu lEiUu
1-11

14]004 129 Ac-Ser ykbflu

H2b ykbflu lEiUu
2-50

13]774 125 Pro ykbflu

H2 vkftZuhu lEiUu
0-72

15]324 135 Ala Ala

H4 vkftZuhu lEiUu
0-79

11]284 102 Ac-Ser Xyk;flu

;g 40 Å Å¡pk ,oa 80 Å O;kl dk gksrk gS] ftlds pkjksa vksj DNA
fyiVk gksrk gSA fgLVksu (Histone) dk dqy Hkkj DNA ds leku gksrk gSA tc
ØksesfVu vkaf'kd :i ls çlkfjr voLFkk esa gksrk gS] eksfr;ksa (Beads) dk O;kl
de gksdj yxHkx 10 Å gks tkrk gSA bu d.kksa (Particles) dks nu dk; (nu
bodies) dgrs gSaA
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fp= Ø- 5-4% The Nucleosome : (A) Chromatin with phosphorylated H1 (?).
(B) Chromatin With Unphosphorylated H2(?), (C) Three nucleosomes with

linker DNA. (D) A possible model of the nucleosomes (Kornberg, 1974). The
histone core consists of 4 histones, H2a, H2b, H3 and H4 H1 is associated with

the linker region.

çR;sd U;wfDy;kslkse (Nucleosome) esa DNA dk ,d dq.My gksrk gS
tksfd fgLVksu v.kq (Histone molecules) ds vkWDVksej (Octomer) ds pkjksa vksj
fyiVdj ,d vkUrfjd d.k (Core particle) dks cukrk gS] bldks lu~ 1977 esa
ts-Vh- fQUp (J. T. Finch) us IysVhlkse (Platysome) dgkA DNA, vksDVksej

(Octomer) ds pkjkssa vksj
31
4

dq.My cukrk gSA DNA ds çR;sd dq.My esa

80-100 U;wfDy;ksVkbM {kkj ;qXe (Nucleotide base pair) yEcs gksrs gSa vkSj
U;wfDy;kslkse dks yxHkx 140-200 {kkj ;qXe yEck cukrs gSaA U;wfDy;kslkse
(Nucleosome) esa U;wfDy;ksVkbM ;qXe dh la[;k fHkUu gksrh gSA 154 ,LiftZyl
(Aspergillus) esa rFkk 241 lh-vfpZu ds 'kqØk.kq (Sperm of seaurchin) esa ik,
tkrs gSaA çR;sd U;wfDy;kslkse (Nucleosome) nwljs U;wfDy;kslkse ls fyUdj
DNA ds 15-100 U;wfDy;ksVkbM ;qXe (Nucleotide pair) ;k bUVjU;wfDy;kslkse
DNA (Internucleosomal DNA) ds }kjk tqM+dj ,d yphyh lfU/k;qä J̀a[kyk
(Flexible jointed chain) ds :i esa gksrk gSA U;wfDy;kslkse (Nucleosome)
yxHkx 200 Å O;kl dk gksrk gSA ,d çdkj dk DNA ,Utkbe] ,dy
J̀a[kyh; fud (Single stranded nick) dks DNA lEcfU/kr U;wfDy;kslkse esa
cukrs gSaA
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fp= Ø- 5-5% Nucleosome model

ØksesfVu (Chromatin) ls lEcfU/kr fgLVksu (Histone) ds ik¡p oxZ ik,
tkrs gSa % H1, H2a, H2b, H3, H4A bu pkjksa esa ls H1 dh fLFkrh vU; fgLVksUl
dh vis{kk fHkUu gksrh gSA fgLVksUl nks {ks=ksa esa O;ofLFkr gksrs gSA ,d esa H2a,
H2b, H3 esa ,oa H4 ds 8 v.kq ik, tkrs gSa] nwljs esa H1 ds v.kq ik, tkrs gSaA
fgLVksu vkUrjd (Histone core) esa 8 fgLVksu v.kqvksa dk vksDVkej (Octamer)
ik, tkrs gSa tks fd H2a, H2b, H3 ,oa H4 ds nks piVs VsVªkelZ (Tetramers)
ds :i essa O;ofLFkr gksrs gSaA ;g ,d-nwljs ls 'kh"kZ Hkkx ls tqM+s jgrs gSaA vr%
U;wfDy;kslkse esa nks] çR;sd esa pkj çdkj ds fgLVksUl (Histones) ik, tkrs gSA
iqu%laxBuh; ç;ksx ds vUrxZr ;fn pkj fgLVksUl esa rhu fgLVksUl vkil esa
lfEefJr gksrs gSa rc U;wfDy;kslkse ugha curk gSA tSls gh pkSFkk fgLVksu fey
tkrk gS rqjUr U;wfDy;kslkse (Nucleosome) cu tkrk gSA

fp= Ø- 5-6% Different constituents of DNA of a nucleosome and

their properties

a-nucleosome unit

200 A
200 base

pairs of DNA

DNA
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lkj.kh Ø- 5-2% U;wfDy;kslkse ekWMy ds xq.k
(Properties of a Nucleosome Model)

fofHkUu Hkkx

(Different
constituents)

U;wfDy;kslkse
Nucleosome

vkUrjd d.k
(Core Particle)

vkdkj
(Size)

Hkkj
(Mass)
¼MkYVl½

vkdkj
(Size)
¼MkYVu½

Hkkj

1. DNA 200 {kkj ;qXe
(67nm)
vksDVkej
(Octamer)

1,30,000 140
{kkj ;qXe

90,000

2- fgLVksUl
(Histones)
(H2a, H2b, H3,
H4)

vksDVkej
(Octamer)
¼çR;sd ds nks v.kq½

1,08,000 vksDVkej
(Octamer)
¼çR;sd ds
nks v.kq½

1,09,000

3- H1 fgLVksUl 1 v.kq
(Molocule)

24,000 vuqifLFkr

dqy Hkkj 2,62,000 1,99,000

5-2-2 U;wfDy;kslkse çfrÑfr lajpuk fuekZ.k lEcU/kh rduhd

ØksesfVu lajpuk dh ,d mi;qä çfrÑfr (Model) ds fuekZ.k dk çkjEHk 1960
esa gqvk FkkA bl gsrq fofHkUu rduhdksa dk mi;ksx dj U;wfDy;kslkse çfrÑrh
(Nucleosome model) dk fuekZ.k fd;k x;kA fofHkUu rduhd fuEu çdkj ls
gSa%

1- {k-fdj.k foorZu@fo;kstu ,oa bysDVªkWu lw{en'khZ;rk (X-ray
Diffraction and Electron Microscopy)& {k-fdj.k foorZu] fofdj.k ds
foorZu (Diffraction of radiation) ij vk/kkfjr gksrh gSA foorZu çfreku
(Diffraction Pattern) dks oLrq (DNA ;k çksVhUl leku v.kq ls nwj j[kdj
QksVksxzkfQd IysV ij çkIr fd;kA foorZu çfreku v.kqvksa ;k ijek.kq ds chp
miyC/k nwjh ij fuHkZj djrh gSA {k-fdj.kh; foorZu çfreku ds v/;;u ds fy,
nh?kZ v.kq (Macro molecules) mi;qä gksrs gSaA ,e-,Q- fofYdUl (M. F.
Wilkins) ,oa oh- ywTtkVh (V. Luzzati) us lu~ 1960 esa ØksesfVu ds {k-fdj.kh
çfreku ds v/;;u }kjk ,d çfreku dks çkIr fd;k tksfd ØksesfVu esa O;qRØeh
bdkb;ksa dks n'kkZrk gSA blh çdkj ds O;qRØe DNA ,oa fgLVksu feJ.k ds
{k-fdj.kh foorZu ls çkIr gq,A

ØksesfVu lajpuk ds v/;;u ds fy, bysDVªkWu ekbØksLdksih (Electron
microscopy) dk mi;ksx fd;k x;kA lu~ 1974 esa vksfyUl (Olins) us
bysDVªku lw{en'khZ ds vUrxZr ØksesfVu rUrq dks ns[kus ds i'pkr~ n'kkZ;k
fd ;g ØksesfVu rUrq (Chromatin Fiber) xksykdkj d.kksa ds Øe foU;kl
(Arrays of spherical particle) ds :i esa fn[kkbZ nsrs gSaA budk O;kl 10 nm
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(1 nm = 10 m = 10 Å) gksrk gS vkSj ;g rUrqvksa (Filaments) ds }kjk tqM+s gksrs
gSaA tks fd 2nm O;kl ds gksrs gSA bu d.kksa dks ‘y’ ;k nu dk; (nu bodies)
dgk tkrk gSA 1975 esa budks vks;MsV (Oudet) us U;wfDy;kslkse (Nucleosome)

uke fn;kA ØksesfVu (Chromatin) ij bysDVªkWu ekbØksLdksih (Electron
microscopy) dk mi;ksx dj U;qfDy;kslkse lajpuk dks çekf.kr fd;k x;kA
DNA dh lajpuk ds v/;;u ls ;g Kkr gksrk gS fd DNA vdsys O;qRØe dks
100 Å ds vUrjky ij fufeZr ugha dj ldrk gSA ;g n'kkZrk gS fd ØksesfVu
laxBu esa fgLVksu dk lEcU/k vko';d gksrk gSA fgLVksUl dk lEcU/k n'kkZrk gS
fd- çFke] fgLVksu (Histones) /kukRed vkosf'kr (Positively charged) gksrs gSa]
rFkk _.kkRed vkosf'kr (Negatively charged) DNA esa mifLFkr lewgksa ls
lEcfU/kr gksrs gSaA nwljs] fgLVksUl (Histones) ØksesfVu es viuk dk;Z DNA ls
la;ksftr gksus ij djrs gSaA ØksesfVu esa O;qRØfer bdkbZ 100 Å vUrjky ij
fgLVksUl ,oa Mh-,u-,- ds lEcU/k ds dkj.k gksrk gSA (1 Å = 10-7 mm, 10-10 m)

2- ØksesfVu iqufuZekZ.k ç;ksx (Chromatin Reconstitution
Experiments) & ØksesfVu iqufuZekZ.k rduhd Hkh ØksesfVu dh lajpuk ds
v/;;u esa lgk;rk djrh gSA ØksesfVu dk iqufuZekZ.k DNA ,oa fgLVksUl ds
mi;ksx ds }kjk fd;k tkrk gSA {k-fdj.k foorZuh (X-ray diffraction) ØksesfVu
çfreku dh rqyuk iquZfufeZr ØksesfVu ls dh tk ldrh gSA blls ;g Kkr gksrk
gS fd ØksesfVu dk iquZfuekZ.k fdruk lQy jgkA oSKkfud Vh- dksjsucxZ (T.
Korenberg) us n'kkZ;k fd 90% iqufuZekZ.k ØksesfVu rc çkIr gqvk tc DNA
dks fgLVksu ls fefJr fd;k x;kA tc 'kq) fgLVksUl dk mi;ksx fd;k x;k]
iqufuZekZ.k vlQy jgkA

3- U;wfDy,t ikpu ,oa tSy bysDVªksQksjsfll (Nuclease Digestion and
Gel Electrophoresis)& U;wfDy,t ikpu ,oa tSy bysDVªksQksjsfll rduhd
ds }kjk ØksesfVu dh lajpuk ds lkFk-lkFk bldh midkbZ- U;wfDy;kslkse ds ckjs
esa Hkh Kkr gks ldrk gSA U;wfDy,t ,Utkbe ds }kjk DNA dk va'kksa
(Fragments) esa foHkktu mu LFkyksa ij gksrk gS tksfd DNA ,oa fgLVksUl ls
lqjf{kr ugha gksrs gSaA U;wfDy,t ikpu ds }kjk DNA ds tks va'k çkIr gksrs gSa
mudks tSy bysDVªksQksjsfll (Gel electrophoresis) ds }kjk v/;;u fd;k tkrk
gSA

fp= Ø- 5-7% Model of core particle. (A) DNA and histone core in
side elevation, (B) The same in plan, (C) Particle view of elevation.
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o"kZ 1973 esa gSfo'k ,oa cxksZ,us (Hewish and Burgoyne)us tSy
bysDVªksQksjsfll ds }kjk pwgs dh ;Ñr dksf'kdkvksa esa ØksesfVu ds
ÝsXesUVs'ku@fo[k.Mu dk v/;;u fd;kA U;wfDy,t ikpu ds i'pkr~ DNA dks
tSy bysDVªksQksjsfll (Gel electrophoresis) ds }kjk v/;;u fd;kA fofHkUu
vkdkj ds va'k@[k.M (Fragments) çkIr gq, tks fd fofHkUu ifÍdkvksa (Bands)
ds cukrss gSaA fofHkUu vkdkj esa NksVh bdkbZ ds 2] 3] 4 xquk vkdkj esa ik, x,A

fp= Ø- 5-8

bl v/;;u ls ;g Kkr gqvk fd U;wfDy,t us ØksesfVu dks mu LFkyksa
ij fonfyr fd;k tgk¡ ij DNA ij LFky fu;fer vUrjky ij ØksesfVu fLFkr
FksA tcfd uXu DNA vfu;fer :i ls fonfyr (Cleaved) gksrs gSa rFkk
fgLVksUl fu;fer :i ls U;wfDy,t ikpu ls lqjf{kr jgrk gSA fgLVksUl DNA
ij fu;fer vof/k esa forfjr jgrs gSA buds laxBu dks tSy fuLiUnu rduhd
(Gel filteration technique) ls v/;;u fd;k x;kA fgLVksUl dh tc tSy
fuLiUnu (Gel filteration) ds }kjk vfHkfØ;k dh xbZ rc fgLVksUl nks lewgksa esa
foHkkftr gq,% ,d lewg esa H1, H3 ,oa H4 Fks rFkk nwljs lewg esa H2a ,oa H2b
vkrs gSaA

fp= Ø- 5-9% Path of a super helix on a nucleosome core
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U;wjksu fofdj.k rduhd (Neuron scattering technique) ds }kjk
U;wfDy;kslkse (Nucleosome) ds dsUæ ls fgLVksUl (Histones) ,oa DNA dh dh
nwjh dks Kkr fd;k tkrk gSA ;g n'kkZrk gS fd dsUæ ls çksVhu dh vis{kk DNA
vf/kd nwjh ij gksrk gSA iqu% n'kkZrk gS fd DNA, fgLVksUl (Histones) ls
vkofjr ugha gksrk gS] cfYd fgLVksUl çksVhu ds pkjksa vksj fyiVk jgrk gSA ,d
lk/kkj.k ØksesfVu (Chromatin) çfr:i@ekWMy (Model) tks DNA dks
fgLVksUl vkUrfjd (Histones core) ds pkjksa vksj fyiVk gksrk gS fp= 5-7 esa
n'kkZ;k x;k gSA

U;wfDy;kslkse (Nucleosome) dk vf/kd dk;Z fo"kk.kq SV 40 ij Hkh fd;k
x;k gS] ftlesa DNA dk ,d xksykdkj v.kq 5200 {kkj ;qXe (Base pair – bp)
yEck ;k 1500 nm yEck gksrk gSA DNA esa vusd J̀a[kyk esa U;wfDy;kslkse ik,
tkrs gSa] ftudksa lkewfgd :i ls y?kq xq.klw= (Minichromosome) dgrs
gSaA ;g 210 nm yEck gksrk gSA

fp= Ø- 5-10% Model of nucleosome core with DNA super helix on
histones octamer

4- vkUrjd d.k (Core particles)& U;wfDy;kslkse (Nucleosome) ds
ikpu ds ifj.kkeLo:i vkUrjd d.k (Core particles) fufeZr gksrk gSA tc
U;wfDy;st (Nuclease) fØ;k vf/kd le; rd U;wfDy;kslkse ds chp fonyu ls
vf/kd nwjh rd gksrh gS] rc DNA nksuksa LorU= fljksa ls gVk fn;k tkrk gS
vkSj d.k çkIr gksrs gSa ftlesa DNA 200 U;wfDy;ksVkbM ;qXe dh vis{kk 146
U;wfDy;ksVkbM ;qXe (Nucleotide pair) lfgr gSA 140 U;wfDy;ksVkbM ;qXe
(Nucleotide pair) gksrs gSaA U;wfDy;kslkse (Nucleosome) ds bl àkflr :i dks
vkUrjd d.k (Core particle) dgrs gSaA ikl okys vkUrjd d.k (Core
particle) ,d-nwljs ls vkil esa DNA [k.M }kjk tqM+s jgrs gSaA bldks fyadj
Mh-,u-, (Linker DNA) dgrs gSa] ;g vf/kd le; rd ikpu (Digestion) ds
dkj.k gVk fn, tkrs gSaA vkUrjd DNA (Core DNA) dh yEckbZ 146 bp
¼{kkj ;qXe = bp = Base pair½ gksrh gS] tcfd fyadj Mh,u, dh yEckbZ 8 bp

DNA
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ls 114 bp rd gksrh gSA vr% U;wfDy;kslkse esa Mh,u, (DNA) dh yEckbZ 154
bp ls 260 bp rd fHkUu gksrh gSA ¼fp= ½

fp= Ø- 5-11% Nucleosome model showing symmetrical arrangement of
two-H2A, H2B dimmers on either side of central kernel.

vkUrjd d.k (Core particle)& josnkj :i (Crystalline form) esa
f=;keh lajpuk (Three dimensional structure) ds {k-fdj.kh fØLVsyksxzkQh ds
v/;;u ds fy, ik, tkrs gSaA bysDVªkWu lw{en'khZ; ;U= (Electron microscope)
ds }kjk v/;;u ls rFkk {k-fdj.k foorZu çfreku (X-ray diffraction pattern)
ls Hkh ;g Kkr gksrk gS fd U;wfDy;kslkse vkUrjd d.k u rks xksykdkj vkSj u
gh iw.kZr;k piVk gksrk gS] cfYd vfu;fer vkdkj dk 110 Å O;kl ,oa 55 Å
Å¡pkbZ esa gksrk gSA jos (Crystals) ds v/;;u ls ;g Kkr gksrk gS fd
f}dqf.Myuh DNA (Double helix DNA) dq.Mfyr gksdj d.k ds e/; esa
fgLVksu (Histone) ds pkjksa vksj nks pØ yxkdj ,d cM+h dq.Mfyuh ;k lqij
dq.Mfyuh dks cukrk gSA DNA dh lajpuk vkSj vkUrjd d.k (Core particle)
ds O;kl ds dkj.k ;g vuqeku yxk;k x;k fd lqij dq.Mfyuh (Super helix)
ds nks pØ esa 160 {kkj ;qXe (Base pair) gksrs gSa] çR;sd pØ esa 80 {kkj ;qXeA
D;ksafd vkUrjd d.k esa DNA dh yEckbZ dsoy 146 {kkj ;qXe dh gksrh gS] bl

dkj.k ;g
31
4

pØ gh cuk,xhA vr% vkUrjd d.k ,d vksj iryk gksxkA bl

dkj.k vkUrjd d.k vfu;fer vkdkj dk ;k VsM+k-es<+k gksrk gSA fgLVksu
vksDVkej (Histone Octamer) Hkh f}iVh; (Bipartite) rFkk VsM+k-es<+k ;k
vfu;fer vkdkj dk gksrk gS vkSj NksVk lfiZy <yku (Helical ramp) cukrk gS
ftlls DNA fyiVk gksrk gSA

5-2-3 U;wfDy;kslkse esa fgLVksUl dh LFkkfud O;oLFkk
(Spatial Arrangement of Histones in Nucleosome)

U;wfDy;kslkse (Nucleosome) esa pkj fgLVksUl dh O;oLFkk dk v/;;u Mh,u, ds
fof'k"V LFky ds }kjk vkSj budh pkj fgLVksUl ls vU;ksU; fØ;k ds }kjk fd;k
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x;kA ;g fof'k"V LFky vksDVkej ds fy, çnk; fd, x, FksA (H3)2, (H4)2

prq"V;h@VsVªkej Mh-,u-,- ds vfr dq.Myu (Super helix) ds dsUæh; pØ dks
ifjHkkf"kr djrk gSA H2A ,oa H2B dks (H3)2, (H4)2 prq"V;h dh çR;sd lrg
ij (H2A), (H2B) Mkbej (Dimer) ds :i esa tksM+kA çR;sd cU/ku vfrfjä
DNA dks tksM+dj lqij gSfyDl@vfr dq.Mfyuh dks iw.kZ djrk gSA (H3)2,
(H4)2 prq"Vd dsUæh; fcUnq (Kernel) dks cukrk gS tks fd nks LorU= MkbelZ
(Dimers) H2A-H2B ls lEcfU/kr gksrk gSA ;g n'kkZrk gS fd H3 ,oa H4 vdsys
gh U;wfDy;kslkse leku xq.kksa dks DNA ij n'kkZrk gS ysfdu H2A ,oa H2B dHkh
Hkh bl xq.k dk lR;kiu ugha djrk gSA

5-2-4 fofHkUu U;wfDy;kslkse ds chp lEcU/k
(Relation between Different Nucleosome)

fofHkUu U;wfDy;kslkse (Nucleosome) ds chp lEcU/k dk ijh{k.k ØksesfVu
(Chromaatin) dk ekbØksdksdy U;wfDy,st (Micrococcal nuclease) ds }kjk
ikpu dh lgk;rk ls fd;k tkrk gSA U;wfDy,st dk çFke çHkko U;wfDy;kslkse
ds chp fonyu gksrk gSA ;fn ikpu fujUrj tkjh jgrk gS rc U;wfDy;kslkse]
vkUrjd d.k ds :i esa àkflr gks tkrk gSA vkUrjd d.k ds fuekZ.k ds iwoZ
e/;koLFkk esa rc DNA esa 146 {kkj ;qXe dh vis{kk 166 {kkj ;qXe ik, tkrs gSaA
tc ;g e/;koLFkk ftlesa 166 {kkj ;qXe ik, tkrs gSa rc ;g vkSj vkUrjd d.k
ds :i esa àkflr gks tkrk gSA DNA ds çR;sd fljs ls 10 {kkj ;qXe ds gV
tkus ls H1 fgLVksu çksVhu fxj tkrk gS] ;g n'kkZrk gS fd H1 DNA v.kq ds
fljs ls lEcfU/kr gksrk gSA ;g Hkh ik;k x;k fd DNA ds 166 {kkj ;qXe
U;wfDy;kslkse ds pkjksa vksj nks iw.kZ pØ cukrs gSa ftlls DNA ds nksuksa
fljs ,d-nwljs ds brus ikl vk tkrs gSa fd DNA ds nksuksa fljks ls H1 ,d ds
ckn ,d lEcfU/kr gks tkrk gS vkSj U;wfDy;kslkse ds nks pØ iw.kZ djrs gSaA nwljs
'kCnksa esa H1 U;wfDy;kslkse ds ik'oZ esa DNA lqij dq.My (Super helix) ds
ços'k ,oa fuxZe (Entry and exit) {ks= esa ik, tkrs gSaA DNA ds dq.Myu ds fy,
H1 dh vko';drk ugha gksrh gS ysfdu ØksesfVu (Chromatin) ds la?kuu
(Condensation) ds fy, vko';d gksrk gSA DNA pØ dk fip (Pitch) bruk
NksVk gksrk gS fd nksuksa pØksa ds chp vuksU; fØ;k djrk gSA

tc ØksesfVu (Chromatin) dk ikpu U;wfDy,st DNase I ds }kjk gksrk gS
rc DNA, 10, 20, 30, 40 {kkj yEckbZ esa VwV tkrk gSA ;g n'kkZrk gS fd
U;wfDy;kslkse esa DNA 10 {kkj ;qXe ds vUrjky ij fonfyr (Cleavage) gksrk
gSA LFky (Sites) tksfd çHkkfor gksrh gS og 5* fljs ij 10] 20] 40] 50] 90]
100] 120] 130 {kkj LFky gksrs gSaA
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fp= Ø- 5-12% DNA super helix in the nucleosome

U;wfDy;kslkse (Nucleo-some) esa fgLVksu ,oa DNA f}iVh; dk¡p
leferh (Bipartite mirror symmetry) n'kkZrs gq, O;ofLFkr gksrs gSaA ;g bu
rF;ksa ls fn[kkbZ nsrk gS&

1- U;wfDy;kslkse vk/ks esa foHkä (Split) gksdj v/kZU;wfDy;kslkse
(Seminucleosome) dks cukrs gSaA

2- ØksesfVu (Chromatin) esa DNA 100 {kkj ;qXe (100 bp) vUrjky ij
DNase II ds }kjk dqN n'kkvksa esa fonfyr gksrk gSA

fp= Ø- 5-13% Super solenoid structure of the unit fibre in cross section

xq.klw=ksa esa ØksesfVu dh O;oLFkk (Arrangement of chromatin in
chromosome)& lelw=h; xq.klw= (Mitotic chromosome) ,d cM+s csyukdkj
rUrq (Cylindrical fibre)& bdkbZ rUrq (Unit fibre) ds dq.Myu ds }kjk curs
gSaA rUrq (Fibre) rhu Lrj ds dq.Myu ds }kjk curs gSa%



U;wfDy;kslkse&lksysukWbM
ekWMsy

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh124

1- DNA dk çFke Lrj dk dq.Myu U;wfDy;kslkse ds /kkxs@jLlh (String)
ds :i esa gksrk gSA

2- U;wfDy;kslkse dk /kkxk@jLlh (Sotring) fQj 300 Å O;kl dh
lksysuks,M (Solenoid) ds :i esa dq.Mfyr gksrk gSA

3- lksysuks,M (Solenoid) iqu% dq.Mfyr gksdj lqçk lksysuks,M lajpuk
(Supra solenoid structure) dks cukrk gSA bldk O;kl 4000 Å vkSj
bldh fHkRrh (Wall) 300 Å eksVh gksrh gSA ;g lqij lksysuks,M lajpuk]
bdkbZ rUrq (Unit fibre) gksrh gSA

dq.Myu ds çR;sd Lrj ij ladqpu vuqikr 7]6 ,oa 30-40 gksrk gSA
¼7 U;wfDy;kslkse dh jLlh ds fy, (Nucleosome string), 6 lksysuks,M
(Solenoid) ,oa 30-40 bdkbZ rUrq (Unit fibre) dh lqij lksysuks,M
[Super solenoid] lajpuk ds fy,A bl rUrq bdkbZ esa DNA ladqpu
1]300 ls 1]500 oyuh; (Fold) gksrk gSA bdkbZ rUrq Økseksusek
(Chromonema) ds leku] lkekU; çdk'k lw{en'khZ; ds }kjk fn[kkbZ
nsrs gSaA

ifjufydk@lksysuks,M izfreku@ekWMy (Solenoid Model)

ØksesfVu dh vfrlajpuk dk ifjufydk çfreku@lksysuks,M ekWMy (Solenoid
model) dks loZçFke fQUp ,oa Dyx (Finch and Cluge) us lu~ 1976 esa
çnf'kZr fd;kA ;g n'kkZ;k fd U;wfDy;kslkse dk 100 Å rUrq Lo;a ij dq.Mfyr
gksdj 300 Å pkSM+h dq.Mfyuh (Helix) dks cukrk gSA çR;sd dq.Mfyuh (Helix)
esa 5 ;k 6 U;wfDy;kslkse (Nucleosome) gksrs gSaA bl dq.Mfyuh (Helix) esa
Øfed ?kqeko ikl vk tkrs gSa ftlls muds dsUæ ls dsUæ dh nwjh yxHkx 100
Å FkhA ;g 300 Å lajpuk ifjufydk çfreku (Solenoid model) dgykrh gSA
¼lksysuks,M@ifjufydk (Solenoid) 'kCn dk HkkSfrdh 'kkL= esa vFkZ gksrk gS& ,d
rkj dk dsUæh; v{k ds pkjksa vksj dq.Mfyr gksuk½A

lksysuks,M@ifjufydk (Solenoid) dk U;wfDy;kslkse ls fuekZ.k dh
rqyuk ,d tathj@dscy (Cable) (DNA) dks p[khZ@U;wfDy;kslkse
(Spool/Nucleosome) ij yisVuk vkSj blds i'pkr~ yisVh gqbZ p[khZ (Spool)
dks eksM+uk@lksysuks,M@ifjufydk çfreku dh lajpuk dks fp= 5-14 esa n'kkZ;k
x;k gSA

oSKkfudksa us ;g Hkh çekf.kr fd;k gS fd H1 çksVhu 100 Å rUrq 300 Å
eksVs lksysuks,M (Solenoid) esa eksM+us esas lgk;rk djrk gS D;ksafd tc H1 dks
gVk;k x;k] rc bl çdkj ls Øe dk oyu vuqifLFkr gksrk gS vkSj dsoy
U;wfDy;kslkse dks vfu;fer çdkj ds lewgu dks ns[kk tk ldrk gSA ;g n'kkZ;k
x;k fd H1 v.kq ladj.k la;kstu ds }kjk lewgu dj cgqyd (Polymer) dks
cukrk gS vkSj lksysuks,M (Solenoid) ds fuekZ.k dks fu;fU=r djrk gSSA ;g Hkh
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dYiuk dh xbZ fd ØksesfVu (Chromatin) ds la?kuu (Condensation) ds le;
oyfur ;k dq.Mfyr gksrk gSA

mi;qZä o.kZu ds vuqlkj Mh,u, ds dq.Myu ,oa ladqyu@Hkjko
(Packing) ds çfreku dk o.kZu çkIr gksrk gSA D;ksafd 60 nm (600 Å) yEck
Mh,u, (DNA)-166 {kkj ;qXe lfgr U;wfDy;kslkse esa dq.Mfyr gksrk gSA dsoy
5.5 nm (55 Å) yEck Mh,u, gksus ij U;wfDy;kslkse (Nucleosome) 30 nm
(300 Å) pkSM+s lksysuks,M rUrqvksa (Solenoid fibre) esa dq.Mfyr gksrs gSaA ;g
Mh,u, esa Hkjko vuqikr 1%50 nsrk gS tcfd vfr la?kfur xq.klw= (Condensed
chromosomes) esa Hkjko dk vuqikr 1%5000 gksrk gSA ;g lksysuks,M çfr:i
(Solenoid model) }kjk çnk; vuqikr ls 100 xquk vf/kd gksrk gSA lksysuks,M
çfr:i (Solenoid model) dk ;g 100 xquk Hkjko lksysuks,M (Solenoid) ds
iqu% dq.Myu (Coiling) ,oa oyu (Folding) ls çkIr gksrk gS ysfdu fuf'pr
çfreku ,oa dq.Myu (Coiling) dh fof/k Kkr ugha gSA

ØksesfVu dh iqujkof̀Rr ,oa U;wfDy;kslkse dk la;kstu
(Chromatin Replication and Nucleosome Assembly)

U;wfDy;kslkse ds :i essa DNA dk laxBu Kkr gks tkus ds i'pkr~ ç'u mBrk
gS fd iqujkof̀Rr ds le; U;wfDy;kslkse dk D;k gksrk gS rFkk vkSj fdl çdkj
u, U;wfDy;kslkse dk la;kstu gksrk gSA ladj.k cU/ku (Cross linking) ç;ksx ds
vuqlkj iqujkof̀Rr ds le; fgLVksu vksDVkej laxzfgr jgrs gSa] ftlls tc
ØksesfVu (Chromatin) iqujkor̀ gksrk gS ik, tkus okyk fgLVksu vksDVkej DNA
ls gVdj iqujkof̀Rr dks çkjEHk djrk gSA leku la[;k esa fgLVksu vksDVkej
'kh?kzrk ls la'ysf"kr gksrk gS] ftlls U;wfDy;kslkse dk lq/kkj nksuksa DNA larfr
v.kqvksa ij 'kh?kzrk ls gks tkrk gSA

U;wfDy;kslkse ds la;kstu ,d la;kstu çksVhu U;wfDy;ksIykfTeu
(Nucleoplasmin) eq[; Hkwfedk vnk djrk gSA U;wfDy;ksIykfTeu
(Nucleoplasmin) ,d isUVkej mibdkbZ 29]000 MkYVUl dh gksrh gS tksafd
U;wfDy;ksIykTe (Nucleoplasm) esa ik;h tkrh gSA U;wfDy;ksIykfTeu
(Nucleoplasmin) fgLVksu ls la;ksftr gksrk gS] DNA ;k U;wfDy;kslkse ls
la;ksftr ugha gksrk gSA ;g fgLVksu vksDVkej dks DNA ls eqä djrk gS]
ftlls ;g vfu;fer lewgu ugha cuk ldsA loZçFke U;wfDy;kslkse la;ksftr
gksrk gS blds i'pkr~ DNA dq.Myu dk la;kstu gksrk gSA

5-2-5 lfØ; thUl esa U;wfDy;kslkse dh çkoLFkk ,oa :ikUrj.k
(Nucleosome Phasing and Modification in Active
Genes)

DNA Øe dh U;wfDy;kslkse (Nucleosome) ij forj.k esa fof'k"Vrk ,oa budh
vfu;fer forj.k dh deh dks U;wfDy;ksVkbM çkoLFkk (Nucleosome phasing)
dgrs gSaA
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fp= Ø- 5-14% Solenoid model with a helix having about
six nucleosome per turn.

vk/kqfud çek.kksa ls ;g Kkr gksrk gS fd U;wfDy;kslkse DNA dh yEckbZ
esa O;oLFkkc/n (Phased) gksrs gSa] vkSj budh DNA ij fLFkrh ds }kjk DNA ds
dqN Øe lqjf{kr gksrs gSaA ;g Hkh Kkr gqvk gS fd U;wfDy;kslkse dk vUrjky
(Spacing) fLFkj ugha gksrk gSA ;g vUrjky lkaf[;dh dh nf̀"V ls vfu;fer
ugha gksrk gSA ;g Hkh n'kkZ;k x;k gS fd fofHkUu Årdksa esa U;wfDy;kslkse dk
vUrjky (Spacing) fHkUu gksrk gS rFkk U;wfDy;kslkse dh fLFkrh fLFkj ugha gksrh
gSA SV 40 ds xq.klw= ,oa 400 {kkj ;qXe ds DNA [k.M esa iqujkof̀Rr {ks= ,oa
çkseksVlZ uXu gksrs gSa] vkSj U;wfDy;kslkse vuqifLFkr gksrs gSa] U;wfDy;kslkse dh
çkoLFkk dks n'kkZrk gSA ;g Hkh n'kkZrk gS fd thUl tksfd vuqys[ku
(Transcription) dh voLFkk esa gksrs gSa og DNAase ,Utkbe ls laosnu'khy
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gksrs gSa ;g crkrk gS fd U;wfDy;kslkse laxBu vuqys[ku ds LFky ls
vLFkk;h :i ls gV tkrk gSA tSls gh vuqys[ku lekIr gksrk gS fgLVksUl
vkDVksej mlds LFkku dks ys ysrk gSA ;g Hkh ik;k x;k fd vuqys[ku ds vkjEHk
LFky ds Åijh Hkkx esa vR;f/kd laosnh LFky ik, tkrs gSa DNAase dh de
lkUærk ij ikfpr gksrs gSa½ bu LFkyksa ij U;wfDy;kslkse vuqifLFkr gksrs gSa vkSj
100-200 {kkj ;qXe (bp) yEcs gkssrs gSaA

lfØ; thUl ds lEcU/k esa voyksdu ls Kkr gqvk fd çksVhu ;wfuDohfVu
(Protein uniquitin) dk H2A ls UH2A ds :i esa 10-30% U;wfDy;kslkse esa
UH2A ds :i esa cU/ku gksrk gSA nks H2A U;wfDy;kslkse esa ls dsoy ,d v.kq
loZO;kid (Ubiquitinated) gksrk gSA UH2A esa ;g çof̀Rr gksrh gS fd og
U;wfDy;kslkse ds vuqysf[kr Øe esa lkfUær gksA U;wfDy;kslkse ds :ikUrj.k gksus
dh fof/k ds ckjs esa dksbZ Hkh çek.k çkIr ugha gSA

viuh Áxfr tk¡fp, (Check Your Progress)

1- ,d U;wfDy;kslkse esa çksVhu ds fdrus v.kq gksrs gS \

¼v½ 8 ¼c½ 4

¼l½ 1 ¼n½ 9

2- U;wfDy;ksslkse dk dksj v.kq gS&

¼v½ is.Vkej ¼c½ VsVªkej (Tetramer)

¼l½ vkWDVkej ¼n½ Mkbej

3- lksysukWbM çfrÑrh dks loZçFke fdlus o.kZu fd;k Fkk%

¼v½ okVlu ,oa fØd ¼c½ fQUp ,oa Dyx

¼l½ csjsy ,oa fØd ¼n½ dksjsucxZ

4- ØksesfVu rUrqvksa ds ekWMy dks ,d yphyh laf/k;qä J̀a[kyk esa loZçFke
fdlus çLrqr fd;k&

¼v½ dksjsucxZ ¼c½ fQUp ,oa Dyx

¼l½ vks;wMsV ¼n½ csjsy

5- fgLVksu dks vkthZuhu ,oa ykbflu ds vk/kkj ij fdrus lewg esa
foHkkftr fd;k gS&

¼v½ 4 ¼c½ 6

¼l½ 5 ¼n½ 3
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6- DNA dk dq.My fgLVksu ds vkDVksej ds pkjksa vksj fyiVdj fdl
lajpuk dks cukrk gS%

¼v½ vkUrjd d.k ¼c½ lfU/k;qä J̀a[kyk

¼l½ U;wfDyd vEy ¼n½ dsoy mRNA

5-3 viuh Áxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼n½

2- ¼l½

3- ¼c½

4- ¼v½

5- ¼n½

6- ¼v½

5-4 lkjka'k (Summary)

mijksä o.kZu ls Li"V gS fd Nucleosome DNA xq.klw=ksa ds Åij ik, tkrs
gSaA xq.klw=ksa ds Åij DNA ds foU;kl dks DNA iSdsftax dgrs gSaA bls Li"V
djus ds fy, U;wfDy;kslkse ekWMy vkSj lksysukW;M ekWMy fn;k x;kA

5-5 eq[; 'kCnkoyh (Key Terminology)

 ØkseSfVu dh bdkbZ& U;wfDy;kslkse gksrs gSaA

 dksuZcxZ rFkk FkkWel ¼1974½& U;wfDy;kslkse ekWMy fn;kA

 U;wfDy;kslkse D;k gS& çR;sd U;wfDy;kslkse] çksVhu ds vkWDVkej
(octamer) dk cuk gksrk gSA ,d vkWDVkej esa H2A, H2B, H3 rFkk H4

ds nks v.kq ik;s tkrs gSaA

 DNA& tsusfVd inkFkZ

5-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; ç'u (Short Answer Type Question)

1- lksyhukWbM ekWMy ij la{ksi esa o.kZu dhft,A

2- U;wfDy;kslkse esa mifLFkr fgLVksu çksVhuksa ds ckjs esa fyf[k,A
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3- dksj v.kq D;k gS\ U;wfDy;kslkse esa bldk egRo le>kb;sA

4- fuEufyf[kr ij laf{kIr fVIi.kh fy[kks&

(i) U;wfDy;kslkse

(ii) fgLVksu vkWDVkej

(iii) U;wfDy;kslkse dk egRo

(iv) H2A o H2B,

(v) Solenoid Model of Nucleosome

5- U;wfDy;kslkse D;k gS\

nh?kZ mÙkjh; ç'u (Long Answer Type Questions)

1- U;wfDy;kslkse ds lksyhukWbM ekWMy dk lfp= o.kZu dhft,A

2- U;wfDy;kslkse dks ifjHkkf"kr djrs gq, U;wfDy;kslkse esa fofHkUu çdkj ds
fgLVksu ds laxBu dk o.kZu dhft,A

3- fgLVksUl fdls dgrs gS\ ;s fdrus çdkj ds gkssrs gS\ fofHkUu
U;wfDy;kslkse ds chp lEcU/k dk o.kZu dhft, \

4- U;wfDy;kslkse ds lksyhukWbM ekWMy ij fuca/k fy[kksA

5- U;wfDy;kslkse dh lajpuk dk foLr̀r o.kZu dhft,A

5-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology – By – J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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bdkbZ 2

v/;k; 6 thu vfHkO;fDr
(Genetic Expression)

Lakjpuk (Structure)

6-0 ifjp;
6-1 mÌs';
6-2 dksMkWu

6-2-1 vkuqoaf'kd dwV@dksM dk dwV okpu
6-2-2 vkuqoaf'kd dwV@tsusfVd dksM dh fo'ks"krk,¡
6-2-3 mRifjorZu ,oa vkuqoaf'kd dwV
6-2-4 ekbVksdkWf.Mª;k ,oa lhfy;sV izksVkstksvk esa u;k vkuqoaf'kd dwV

6-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
6-4 lkjka'k
6-5 eq[; 'kCnkoyh
6-6 Lo-ewY;kadu iz'u ,oa vH;kl
6-7 lgk;d ikB~; lkexzh

6-0 ifjp; (Introduction)

tsusfVd dksM (Genetic Code)& chMy ,oa VSVe ds iz;ksxksa ls ;g ckr rks
izekf.kr gks x;h fd thoksa esa thUl }kjk vkuqoaf'kd xq.kksa dk fu;a=.k izksVhu
vFkok ,Utkbe ds }kjk gksrk gS ,oa izksVhu la'ys"k.k fØ;k ij DNA dk
fu;a=.k gksrk gSA ijUrq iz'u ;g mBrk gS ;k mBk fd DNA dsoy pkj
U;wfDy;ksVkbM~l ds cus gksrs gS] tcfd izksfVu esa 20 fofHkUu izdkj ds vehuksa
vEy ik;s tkrs gSA ,slh fLFkfr esa DNA }kjk@}kjk izksVhUl esa vehuksa vEyksa ds
Øe dk fu/kkZj.k dSls laHko gSA bldh O;k[;k djus ds fy, F.H.C. Crick us
1961 esa ;g fopkj izfrikfnr (Proposed) fd;k fd DNA esa mifLFkr
vkuqoaf'kd lwpuk,¡ mRNA esa LFkkukUrfjr gksus ds ckn vkuqoaf'kd ladsrksa
(Genetic Codes) esa cny tkrs gSA bl vo/kkj.kk ds vk/kkj ij fujsucxZ]
[kqjkuk rFkk gkWyh (Nirenberg, Khorana and Holley) us tsusfVd dksM dh
[kkst esa lQyrk izkIr dhA

“vkuqoaf'kd dwV] DNA v.kqvksa ;k thUl esa fLFkr ukbVªksftul {kkjksa dk
og vuqØe gS ftlesa izksVhu v.kqvksa ds la'ys"k.k ds lans'k fufgr ;k dksMsM jgrs
gSA (Genetic code is the Sequences of nitrogenous bases present in DNA
molecule in which messages are present or coded for the synthesis of
proteins molecule.)”
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6-1 mÌs'; (Objective)

bl bdkbZ dks i<+us ds ckn vki&

 chMy ,oa VWVe ds iz;ksxksa ls ;g ckr rks izekf.kr gks x;h fd thoksa esa
thUl }kjk vkuqoaf'kd xq.kksa dk fu;a=.k izksVhu vFkok ,Utkbe ds }kjk
gksrk gS ,oa izksVhu la'ys"k.k fØ;k ij DNA dk fu;a=.k gksrk gSA ijUrq
iz'u ;g mBk fd DNA dsoy pk ¼U;wfDy;ksVkbM~l ds cus gksrs gS
tcfd izksVhUl esa 20 fofHkUu izdkj ds vehuksa vEy ik;s tkrs gSA vr%
vehuks vEy ds Øe dk fu/kkZj.k djus es tsusfVd dksM dh [kkst dh
x;hA

 tsusfVd dksM dh fo'ks"krkvksa ds v/;;u djus esaA

6-2 dksMkWu (Codon)

U;wfDy;ksVkbM~l ds ml xzqi ;k lewg dks ftlesa fdlh ,d vehuksa vEy ds fy,
dwV ;k lans'k gksrk gS] dksMkWu dgrs gSA

A specific nucleotide group or triplet in which code for single amino
acid is present, known as code.

Mh-,u-,- ,d vkuqoaf'kd inkFkZ gksrk gS] tks vkuqoaf'kd lwpuk,¡ ,d
dksf'kdk ls nwljh dksf'kdk esa rFkk ,d ih<h ls nwljh ih<h (Generation) dks
ys tkrk gSA ,d Mh-,u-,- v.kq (Molecule) esa rhu izdkj ds inkFkZ gksrs gSa&

(i) QkWLQksfjd vEy (Phosphoric acid),

(ii) Mh-vkWDlh-jkbcksl 'kdZjk (Deoxy-ribose sugar),

(iii) ukbVªkstu {kkj (Nitrogen bases)A
DNA esa ukbVªksftul {kkjksa ds vuqØeksa ds #i esa vkuqoaf'kd lans'k gksrs

gSaA ;g fofHkUu izdkj ds izksVhUl dk la'ys"k.k ,oa funsZ'ku djds leLr tSfod
fØ;kvksa (Life processes) dks fu;a=.k djrk gSA izksVhUl] vehuks vEyksa ds nh?kZ
v.kq gS] tksfd fo'ks"k vuqØeksa (sequence) esa la;ksftr jgrs gSA thoksa ds 'kjhj
esa fofHkUu fØ;kvksa ds fy, vla[; izksVhUl gksrs gS] ysfdu fofHkUu izdkj ds
izksVhuksa dk fuekZ.k 20 vehuksa vkEyksa ds iF̀kd~-iF̀kd~ foU;kl ds dkj.k gksrk gSA
izksVhu la'ys"k.k ds le; fofHkUu vehuksa vEyksa ds v.kq ,d fuf'pr la[;k ,oa
Øe esa foU;kflr gksrs gSaA U;wfDyd vEy esa dsoy pkj {kkjd gksrs gS& ,fMuhu
(A), Fkkbehu (T), lkbVkslhu (C) rFkk Xokuhu (G)A nwljs 'kCnksa esa] ge ;g
dg ldrs gS fd izksVhu Hkk"kk dh o.kZekyk esa 20 vehuksa vEy :ih v{kj
(Alphabates) gksrs gS] blh izdkj pkjksa {kkjd :ih v{kj U;wfDyd vEyksa dh
Hkk"kk dh o.kZekyk dks cukrs gSA vkuqoaf'kd lwpuk mRNA ds }kjk izksVhu rd
igq¡prh gSA bl dkj.k RNA dh Hkk"kk dk izksVhu dh Hkk"kk esa vuqokn djus ds
fy, ,d 'kCndks'k dks rS;kj djuk gh vkuqoaf'kd dwV dh leL;k FkhA
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,d pkj v{kjksa dh Hkk"kk vkSj nwljh 20 v{kjksa (Alphabets) dh Hkk"kk gksus
ds dkj.k ;g lEHko ugha gS fd RNA Hkk"kk dk ,d v{kj vFkkZr~ ,d {kkjd
(Base) izksVhu Hkk"kk ds ,d v{kj vFkkZr~ vehuks vEy ds leku gks ldsA bl
izdkj RNA ds lEiw.kZ pkj v{kj dsoy pkj vehuksa vkEyksa ds fy, gh i;kZIr
gksaxsA bl dkj.k ;g vko';d gks tkrk gS fd izksVhu ds ,d vehuksa vEy ds
gsrq RNA ls vf/kd v{kjksa dk iz;ksx gksA bl lEcU/k esa vusd fl)kUr
izfrikfnr fd;s x;sA F.H.C. Crick }kjk izLrqr fl)kUr gh lokZf/kd ekU; gS
blds vuqlkj izR;sd vehuksa vEy ds fy, ukbVªksthul {kkjksa dk ,d vuqØe
f=d~ dksM (Triplet code) gksrk gSA loZizFke xsekm (Gamow, 1954) us rhu
v{kjh; dksM (Triplet code) dh laHkkouk O;Dr dh FkhA

DNA ,oa RNA esa dqy pkj U;wfDyvksVkbM~l (Nucleotides) gksrs gSa
vkSj 20 vehuks vEy ds foU;kl dk dwV (Code) buds foU;kl ij vk/kkfjr
gksrk gSA vxj og eku fy;k tk;s fd &

1- izR;sd dksM dsoy U;wfDy;ksVkbM dk cuk gksrk gS] blls dqy 4 dksM
cusaxs tksfd 4 vehuks vEyksa dks dksfMr djsaxs vFkkZr~ ,d dksM (Single
code) ,d v{kj okys 'kCn ¼1 × 4 = 4 U;wfDys;ksVkbM½

A C G U

,dd dksM (Single Code) ns[kus esa vf/kd ljy fn[kkbZ nsrk gS ysfdu
20 vehuksa vEyksa ds fy, ;g dwV i;kZIr ugha gSA

2- ;fn izR;sd dwV nks U;wfDy;ksVkbM~l dk ;k nks v{kjksa okyk gksa] rc
dsoy 16 ¼4 × 4½ vehuksa vEyksa dks dksfMr djsxk f}d~ dksM ;g f}d
dksM (Double code) Hkh 20 vehuksa vEyksa ds fy, i;kZIr ugha gSA

lkj.kh Ø- 6-1

AA AC AG AU

CC CA CG CU

GG GA GC GU

UU UA UG UC

3- f=d~ dksM (Triplet code)& rhu v{kj okys ;k rhu U;wfDy;ksVkbM~l ds
cus dksM ls ¼4 × 4 × 4 = 64½ 64 dksMksu (Codone) curs gSA ;g
dksM 20 vehuksa vEyksa ds fy, vko';drk ls vf/kd gks tkrs gSA vr%
xsekm (Gamow, 1954) dh f=d~ dksM ;k rhu v{kjh; dwV dh laHkkouk
ugha gSA f=d~ dksM dks rkfydk 6-1 ds }kjk n'kkZ;k gSA

Rkkfydk (Table 6.2) ls ;g Li"V gS fd f=d~ dksM (Triplet code)
esa ,d gh izdkj ds v{kj gSa] fdUrq vuqØe (Sequence), fHkUu-fHkUu
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izdkj dk gS rFkk fHkUu vehuksa vEyksa ds dksM gksrs gSA bl dkj.k f=d~
(Triplet) esa v{kjksa dk foU;kl fdlh fo'ks"k vehuks vEy ds dksM dks
fu/kkZfjr djus ds fy, vf/kd egRoiw.kZ gSA

fp= Ø- 6-1% Similarity between Nucleotide Sequence of RNA Molecule and
Amino Acids of Polypeptide Chain

;|fi DNA v.kqvksa esa ukbVªksftul {kkjksa ds vuqØe ds :i esa lwpuk,¡a
dksfMr jgrh gS] ysfdu dksM v{kjksa dks izk;% DNA dh vis{kk RNA }kjk gh
iznf'kZr fd;k tkrk gSA RNA vkSj DNA ds {kkjksa esa ,d fHkUurk gS fd RNA
esa ;wjsfly (U) Fkkbfeu (T) ds LFkku ij gksrk gSA

izkjEHk esa f=d~ dksM (Triplet code) dk vfLrRo ,d dYiuk ek= FkkA
lu~ 1961 esa fujsucxZ (Nirenberg) ,oa eSFkSb Z (Mathaei) us vius iz;ksxksa }kjk
f=d~ dksM ds vfLrRo dks izekf.kr fd;kA bu oSKkfudksa usa RNA ds la'ys"k.k
esa lQyrk ik;h] ftlesa dsoy ,d {kkj ;wjsfly (Uracil) ds v.kq FksA bldks
ikWyh;wfjMkbfyd (Polyuridylic-Poly-U) v.kq dh laKk nh xbZA la'ysf"kr
Poly-U dks 20 vehuks vEyksa ,oa vko';d ATP lfgr ,'kfjfd;k dksyh
(E.coli) ls fu"dkf"kr izksVhu la'ys"kh ,Utkbd ;qDr dksf'kdk eqDr iz.kkyh esa
j[kkA blds i'pkr vusd oSKkfudksa us vusd RNA la;ksx izkIr fd;s] muesa ls
dqN jklk;fud la'ys"k.kksa ls ,oa dqN izk—frd :i ls izkIr gq, FksA

6-2-1 vkuqoaf'kd dwV@dksM dk dwV okpu
(Deciphering of Genetic Code)

f=d~ dwV (Triplet code) dh [kkst ds i'pkr~ vusd oSKkfudks us dksf'kdk ds
ckgj lao/kZu ek/;e esa —f=e la'ys"ku (Artificial synthesis) ds }kjk 20
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vehuks vEyksa ds dksMksuksa dks lqLFkkfir djus esa lQyrk izkIr dhA vkxs rkfydk
6-2 esa bu dksMksuksa dks n'kkZ;k x;k gS&

lkj.kh Ø-6-2: Genetic Code Consisting of 64 Triplet Combinations.
Second Base

lkj.kh Ø- 6-3% vehuksa vEyksa dk f=d~ vkuqoaf'kd dwV

vehuksa vEy
(Amino Acids)

Abbrevia-
tion

Mh-,u-,- dwV
(DNA Code)

vuqys[ku
(mRNA

transcription)
1- ,ysfuu (Alanine) ala CGA, CGG

CGT, CGC
GCU, GCC
GCA, GCG

2- vkthZfuu (Arginine) arg GCA, GCT, GCC
TCT, GCG, TCC

CGU, CGA, CGG
AGA, CGC, AGG

3- ,LikftZu (Aspargine) asn TTA, TTG AAU, AAC
4- ,sLikfVZd vEy (Aspartic

acid)
asp CTA, CTG GAU, GAC

5- flLVhu (Cysteine) cys ACA, ACG UGU, UGC
6- XywVsehu (Glutamine) gln GTT, GTC CAA, CAG
7- XywVsehd vEy (Glutamic

acid)
glu CTT, CTG GAA, GAG

8- Xykblhu (Glycine) gly CCA, CC, CCT,
CCC

GGU, GGC,
GGU, GGG

9- fgLVhMhu (Histidine) his GTA, GTG CAU, CAC
10- vkblksY;wlhu

(Isoleucine)
ilu TAA, TAG AUA, AUU

11- Y;wlhu (Leucine) leu AAT, AAC, GAA,
GAG, GAT, GAA

UUA, UUG,
CUU, CUC, CUA,
CUG
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12- ykblhy (Lysine) lys TTT, TTC AAA, AAAG
13- fefFk;ksuhu (Methionine) met TAT, TAC AUA, AUG
14- fQukby vehu

(Phenyl amine)
phe AA, AAG UUU, UUC

15- izksfyu (Proline) pro GGA, GGG,
GGT, GGC

CCU, CCC, CCA,
CCG

16- lsjhu (Serine) ser AGA, AGG,
AGT, AGC, TCA,
TCG

UCU, UCC, UCA,
UCG, AGU, AGC

17- fFkz;ksuhu (Threonine) thr TGA, TGG, TGT,
TGC

ACU, ACC, ACA,
ACG

18- fVªIVksQsu (Tryptophane) try ACT, ACC UGA, UGG
19- Vk;jkslhu (Tyrosine) tyr ATA, ATG UAU, UAC
20- osyhu (Valine )

Termination Triplet

val CAA, CAG, CAT,
CAG
ATT, ATC

GUU, GUC,
GUA, GUG
UAA, UAG

6-2-2 vkuqoaf'kd dwV@tSusfVd dksM dh fo'ks"krk,¡
(Essential Featurees of Genetic Code)

vkuqoaf'kd dwV dh fuEufyf[kr fo'ks"krk,¡ iz;ksxksa }kjk izkIr fuf'pr izek.kksa ds
lkFk fl) gks pqdh gS&

1- dwV f=d~ gksrk gS (The code is triplet)& vkuqoaf'kd dwV dk dksMksu
(Codone) mRNA ds rhu ukbVªksftul {kkjksa (Nitrogenous bases) ds ,d
fo'ks"k vuqØe dk cuk gksrk gSA ,dd (Singlet) ,oa f}d dwV (Double code)
20 vehuksa vEyksa dks dksfMr djus ds fy, i;kZIr ugha gksrs gS] ijUrq ,d f+=d~
dwV (Triplet code) esa 64 dksMksu curs gS] blesa 44 dksMksu dh vf/kdrk ik;h
tkrh gSA bl dkj.k ,d vehuksa vEy ds gsrq ,d ls vf/kd dksMksu f=d~ dwV
ds iz;ksx djus ij gh izkIr gksrs gSA ;fn vkuqoaf'kd dwV esa rhu v{kj 'kCnksa ls
vf/kd dk iz;ksx fd;k tkrk rks vR;f/kd la[;k esa ;k vko';drk ls vf/kd
dksMksu dh la[;k izkIr gks tkrh gSA bl izdkj prq"d dwV esa 4 × 4 × 4 ×
4 = 256 'kCn gksrs gSa tksfd vuko';d gksrs gS] bl dkj.k vkuqoaf'kd dwV esa
izfr 'kCn rhu v{kjksa dk mi;ksx@vuqys[ku fd;k tkrk gSA

2- vkuqoaf'kd dwV viáflr gksrk gS (Genetic code is degenerate)&
vkuqoaf'kd dwV esa vf/kdka'k vehuks vEyksa dks ,d ls vf/kd dksMksu
(Codone) }kjk isIVkbM J̀a[kyk (Peptide chain) esa buds fof'k"V LFkkuksa dh
vksj funsZf'kr fd;k tk ldrk gSA dwV djus dh bl xqf.kr iz.kkyh dks
viákflr iz.kkyh (Degenerate system) dgrs gSA ;g iz.kkyh thoksa dks
gkfudkjd mRifjorZuksa (harmful mutations) ls lqj{kk iznku djrh gSA ,d
áflr dwV og gksxk] ftlesa vehuksaa vEy vkSj dksMksu ds chp ,d-,d dk
lEcU/k gksxkA bl dkj.k 64 dksMksuksa (Codones) esa ls 44 dksMksu vuqi;qDr gks
tkrs gSaA viâkflrk eq[; :i ls f=d~ dksMksu (Triplet code) ds 3 fljs ds
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rhljs ukbVªksftul {kkj ds LFkku ij gksrh gSA vehuks,fly (Aminoacyl)
t-RNA flUFksVst ,Utkbe mfpr vehuks vEy ds layXurk esa Hkwy ds dkj.k Hkh
viákflrk fodflr gksrh gSA

lkj.kh Ø- 6-4

AUU
UU

U

AUU

G
GC

GCA
CA

A

GCA

U
UC

UCG
CG

G
UCG

A
AC

ACC
ACC

vfHkO;kiu dwV
(Overlapping code)

vufrO;kiu dwV
(Non-overlapping code)

fp= Ø- 6-2

3- vkuqoaf'kd dwV dh lkoZf=drk (Universality of Genetic Code)&
lHkh thoksa es vFkkZr~ pkgs og lw{e gksa ;k nh?kZ] ikSa/ks gks ;k tUrq] vkuqoaf'kd dwV
ik;k tkrk gSA lHkh esa vkuqoaf'kd dwV leku gksrk gSA ekbVksdkWf.Mª;k ,oa dqN
izksVkstksvk esa dwV dqN fHkUu gksrk gSA

4- vkuqoaf'kd dwVksa dk vfHkO;kiu ,oa vufrO;kiu (Overlapping and
Non-overlapping Genetic Codes)& tk¡p esa vkuqoaf'kd dksM esa viáflrk
(Degeneracy) dk feyuk fooknkLin fo"k; FkkA bl dkj.k vfrO;kih
(Overlapping) vuqØe okyk ,d f=d~ dwV (Triplet code) izLrqr fd;k x;kA
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blds }kjk dksMksu (Codon) dh la[;k dks 64 ls de djds 20 rd fd;k tk
ldrk gSA ysfdu orZeku esa vufrO;kih f=d~ dwV (Non-overlapping triplet
code) ds vfLrRo ds i{k esa ,dq.k miyC/k gSaA

vufrO;kih dwV (Non-overlapping code) dk vFkZ gS ,d v{kj dk nks
fofHkUu dksMkuksa (Codones) ds fy, la;ksx u fd;k tk;sA mnkgj.k ¼fp= 6-3½&

vehuks vEy
U;wfDyd vEy

vehuks vEy
U;wfDyd vEy

vehuks vEy
U;wfDyd vEy

vehuks vEy
U;wfDyd vEy

fp= Ø- 6-3% Overlapping and Non-overlapping Genetic Codes

mi;qZDr fp=ksa dsa vuqlkj 6 {kkjdksa ls 4 vehuks vEyksa ds fy, dwV ys[ku
djuk ,d vufrO;kih dwV esa gh laHko gS] ysfdu okLrfodrk esa 6 {kkjd vf/kd
ls vf/kd nks vehuks vEyksa ds fy, vko';d gksrs gSaA

5- lafnX/krk (Ambiguity)& dksf'kdh; ek/;e esa vkuqoaf'kd dwV dh
mifLFkfr fuf'pr :i ls vlafnX/k gks vFkkZr~ vkuqoaf'kd dwV esa tc fdlh Hkh
dksMksu (Codon) fo'ks"k ds ckjs esa lUnsg ugha gksrk rc og vlafnX/k dgykrk
gSA ,d fo'ks"k dksMksu lnSo ,d gh vehuks vEy dks dksfMr djrk gS] pkgs og
dksMksu fdlh Hkh LFkku ij gks ¼,d gh dksMksu nks fHkUu vehuks vEyksa dks
dksfMr ugha djrk½A

dHkh-dHkh ns[kk x;k gS fd dksMksu lafnX/k gksrk gS] D;ksafd vlkekU;
voLFkkvksa ;k ifjfLFkfr;ksa esa dqN dksMksuksa dks fHkUu izdkj ds vehuks vEyksa dks
dksfMr djrs ns[kk x;k gSA tSls& bZ- dksykbZ (E.coil) ds LVsªIVksekbflu laosnh
LVSªu (Streptomycin Inisitive Stain) esa UUU dksMksu lkekU; :i ls fQukby
vehu (Phenyl amine) dks dksfMr djrk gS] ysfdu jkbckslkseksa dks
LVsªIVksekbflu ls vfHkfØ;k djus ij ;g vkblksY;wlhu (isoleucine), Y;wlhu
(Leucine), ;k lsjhu] (Serine) dks Hkh dksfMr djrk gSA Mg-vk;u dh lkUnzrk]
de rki ,oa ,Fkkby ,YdksgkWy (Ethyl alcohol) dh mifLFkfr esa lafnX/krk esa
of̀) gksrh gSA

6- dwV dksekjfgr gksrk gS (Code in commaless)& tc ,d vehuks
vEy dksMsM@ladsfrd (Coded) gks tkrk gS rFkk blds ckn ds tks rhu v{kj
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gksrs gSa muds }kjk vehuks vEy Lor% gh ladsfrd (Coded) gks tkrk gS] vFkkZr
bu nksuksa ladsrksa ds chp es dksbZ Hkh v{kj O;FkZ ugha gksrk] og crkus ds fy, fd
igyk vehuks vEy ladsfrd (Coded) gks x;k gS o nwljk gksuk pkfg,A nks
layXu dksMksu ds chp esa v/kZ-fojke@fcUnwxrZ (Comma/Punctuation) ugha
gksrk gS vFkkZr~ fdUgha nks dksMksu ds chp fjDr LFkku dk vHkko gksrk gSA

7- lajs[krk (Collineratity)& mRifjorZuksa (Mutants) }kjk DNA ,oa
mRNA rFkk ikWyhisIVkbM J̀a[kyk (Polypeptide chain) esa laxr vehuks vEyksa
ds vo'ks"kksa esa jsf[kr foU;kl (Linear arrangement) dk irk pyk gSA ;g
mRifjorZu (Mutants) vkaf'kd fljs okys izksVhu v.kqvksa dk mRiknu djrs gSaA
iqu;ksZtu rduhfd;ksa (Technics) }kjk bu mRifjorZuksa ds jsf[kd vuqØe dks
iznf'kZr fd;k tk ldrk gSA blls vkuqoaf'kd dwV@tSusfVd dksM (Genetic
code) dh lajs[krk (Collinearity) Kkr gksrh gSA

fp= Ø- 6-4% Ambiguity in Genetic Code

8- izkjEHk djus okyk dksMksu (Starting codon)& AUG dksMksu (Codon)
dks J̀a[kyk dks izkjEHk djus okyk dksMksu (Chain initation codon) dgrs gS]
D;ksafd ;g ikWyhisIVkbM J̀a[kyk ds la'ys"k.k dks izkjEHk djrk gSA

9- fujFkZd Kkr dksMksu (Non-sense codon)& UAA ,oa UAG ,sls nks
dksMksu gS tksfd Kkr 20 vehuksa vEyksa esa lsa fdlh dks Hkh dksfMr ugha djrs gS]
bu nksuksa dksMksu dks fujFkZd dksMksu dgrs gSA budks vUrLFk dksMksu
(Termination codon) Hkh dgrs gSA UAA ;k vksØs (Ochre), UAG ;k vEcj
(Amber) tks mRNA esa mifLFkfr gksus ij Hkh ikWyhisIVkbM J̀a[kyk
(Polypeptide chain) dk lekiu dj nsrs gSA orZeku esa bu dksMksu ds }kjk
gksus okyk lekiu dk fuf'pr izdk;Z Kkr gks x;k gS] bl dkj.k budks vc
fujFkZd dksMksu dguk mfpr ugha ekuk tkrk gSA
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6-2-3 mRifjorZu ,oa vkuqoaf'kd dwV (Mutations and Genetic Code)

vHkh rd vkuqoaf'kd dwV (Genetic code) ls lEcfU/kr ftruk Hkh 'kks/kdk;Z gqvk
gS] og dksf'kdk eqDr ra=ksa esa fd;k x;k FkkA orZeku esa ;g iz'u oSKkfudksa ds
lEeq[k vk;k fd D;k ;g lwpuk ltho ra=ksa (Living systems) ds fy, Hkh
mi;ksxh gSA dqN mRifjofrZ;ksa ls ;g Kkr gqvk gS] fd dksf'kdk dk eqDr ra=ksa
ds iz;ksx ls dwVoafpr (Deciphered) vkuqoaf'kd dwV@tSusfVd dksM] ltho
rU=ksa ds fy, Hkh ykxw gksrk gSA

nks izdkj ds mRifjorZu ,sls gSa ftudk ltho rU=ksa esa vkuqoaf'kd dwV ds
v/;;u esa vfr egRoiw.kZ ;ksxnku jgk gSA ;s gSa&

(i) vkuqoaf'kd lans'k (Genetic message)

(ii) {kkjd izfrLFkkiu@vehuks vEy izfrLFkkiu (Base substitution or
Amino-acid replacement)

(i) vkuqoaf'kd lans'k (Genetic message)& ,d fuf'pr fcUnq ij izkjEHk
gksdj] rhu v{kjh 'kCnksa (Three letter words) dh J̀a[kyk esa ,d fuf'pr Ýse
ds vUnj i<k tkrk gSA tSls-tSls ,d ;k ,d ls vf/kd {kkjdksa (Base) dk
foyksiu (Deletion) dk ;ksx (Addition) fd;k tkrk gS] oSls gh Ýse vlkekU;
gks tkrk gS ;k fcxM tkrk gSA izek.k ds :i esa ,fØfMu o.kZd@jatu
(Acridine dye) ,oa lEcfU/kr ;kSfxdks }kjk izsfjr mRifjorZu (Mutations)
dsoy ,dy {kkjdksa ds ;ksx ;k foyksiu }kjk vk/kkfjr gksrs gSaA bl izdkj ds
Ýse foLFkkiu mRifjorZuksa dk ijLij ladj.k dj;k x;k rc dqN la;kstuksa esa
cUn izk:i izkIr gksrs gSA blls ;g fu"d"kZ fudkyk x;k gS fd bu la;ksftuh
tksMksa esa ls izR;sd tksMs esa ,d foyksiu (Deletion) dk vkSj nwljk ;ksx
(Addition) dk gksxk] ftlls fd ,d mRifjorZu (Mutation) ds dkj.k mRiUu
gqvk fo?u nwljs ds }kjk lq/kkj fn;k tk,A bl izdkj ds lq/kkj esa dqN vehuks
vEy tksfd mRNA [k.M ds }kjk dksfMr (Coded) fd;s tkrs gS] foyksiu ,oa
e/; fLFkr gksrs gS] lkekU; izksVhUl ls fHkUu gksrs gSA ;g vUrj vkuqoaf'kd dwV
ds }kjk o.kZu fd;s tkrs gSA

fp= Ø- 6-5% Frame Shift Mutations due to Deletion and Addition
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(ii) {kkjd izfrLFkkiu@vehuks vEy izfrLFkkiu (Base substitution or
Amino-acid replacement)& ;fn ,d mRNA esa ,d fo'ks"k fcUnq ,d {kkjd
fdlh vU; {kkjd }kjk fcuk fdlh ;ksx ;k foyksiu ds izfrLFkkfir dj fn;k
tkrk gS rc ml dksMksu (Codon) dk vFkZ] ftlesa og ifjofrZr {kkjd gksxk
cny tk,xk ,oa ,d ikWfyisIVkbM esa ,d fo'ks"k LFkku ij ,d fo'ks"k vehuks
vEy ds LFkku ij ,d vU; vehuksa vEy lekosf'kr gks tk;sxkA bl izdkj ds
mRifjorZuksa dk v/;;u fVªIVksQku flUFksVsl (Tryptophan synthetasc)
uked ,d izksVhu esa foLrkj ls fd;k x;k gSA ;fn vkuqoaf'kd dwV (Genetic
code) dk 'kCn dks"k (Dictionary) miyC/k gks] rc ikWfyisIVkbMksa esa bu
ifjofrZr vehuks vEyksa ds vuqØeksa dks Kkr djds] {kkjd vuqØe (Base
sequence) esa gksus okys lEHkkfor ifjorZuksa ds fo"k; esa dqN Hkh fu"d"kZ lqxerk
ls fudkys tk ldrs gSA bl izdkj dk v/;;u fVªIVksQku flUFksVsl
(Tryptophan synthetase) ds v/;;u ds lkFk-lkFk g¡fl;kdkj dksf'kdk
vjDrrk (Sickle cell anaemia) jksx ls xzflr jksfx;ksa ds gheksXyksfcu
(Haemoglobin) ds v/;;u ds fy, fd;k tkrk gS vr% mRifjorZu izek.k
izLrqr djrk gS fd dksf'kdk eqDr ra=ksa ds iz;ksx ls dwVoafpr (Deciphered)
vkuqoaf'kd dwV] ltho rU=ksa (Living system) esa Hkh mi;ksxh gSA

vkuqoaf'kd dksM ;k tSusfVd dksM dh [kkst (Discovery of Genetic Code)

lu 1950 rd oSKkfudksa dks ;g le> esa vk x;k Fkk fd vkuqoaf'kd dwV
f=d~ (Triplet) gksuk pkfg,] ml le; ;g le>uk laHko ugha Fkk fd 64
lEHkkfor dksMkuksa a (Codons) esa ls dkSu lk dksMksu fo'ks"k 20 vko';d vehuksa
vEyksa esa ls fdl vehuks vEy fo'ks"k dks dksfMr djrk gSA bl leL;k dk
lek/kku ek'kZy fujsUcxZ (Marshall Nirenberg, 1951) us —f=e :i ls
la'ysf"kr mRNA dk iz;ksx djds ik= iz.kkyh }kjk ikWfyisIVkbM dk la'ys"k.k
fd;kA vksdksvk (OKoa, 1955) us loZizFke ladsrksa dks rksMus ;k mudks
Li"Vhdj.k djus dk iz;ksx fd;kA mlus cSDVhfj;k esa ls ,d ,Utkbe ikWyh-
U;wfDy;ksVkbM QkWfLQksfjysl dks iF̀kd~ fd;k tksfd RNA U;wfDy;ksVkbM
dks ,d J̀a[kyk esa ckW/kus fd fØ;k dks mRizsfjr djrk gSA bl vkfo"dkj ds
Ik'pkr~ oSKkfudksa us fHkUu-fHkUu izdkj ds RNA v.kqvks dk fuekZ.k izkjEHk dj
fn;kA

fujsUcxZ ,oa eFkkbZ (Nirenberg and Matthaei, 1961) us og izeq[k
iz;ksx fd;k ftlus okLro esa vkuqoaf'kd ladsr dks rksMus esa vf/kd lgk;rk
dhA bu nksuksa us ikWyh jkbcksU;wfDy;ksVkbM (Poly-U) dk fuekZ.k fd;kA bl
ikWyh-;w (Poly-U) dh J̀a[kyk dks mUgksus 20 vehuks vEyksa ds feJ.k esa feyk
fn;kA dqN le; i'pkr fQukby,ysfuu (Phenylalanine) dh cU/krk ls ,d
NksVk-lk izksVhu ds leku v.kq fufeZr gqvkA blls ;g Li"V gksrk gS fd UUU
fQukby,sysfuu (Phenylalanine) dk dksMksu gSA ;g ladsr dgrk gS fd ^^,d
fQukby,ysfuu dk v.kq curh gqbZ vehuks vEy J̀a[kyk esa tksM nks**A



thu vfHkO;fDr

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh 141

lkj.kh Ø- 6-5

―U―U―U ―U―U―U ―U―U―U
add

Phenylaiamine
to Protein

add
Phenylaiamine

to Protein

add
Phenylaiamine

to Protein

blds i'pkr~ ikWfy-A ls ikWfyykblhu (Polylysine) vkSj ikWfy-C ls
ikWfyizksyhu (Polyproline) izkIr fd;s AAA dksM dks ykbflu (Lysine) ds
fy, ,oa CCC dks izksyhu (Proline) ds fy, ekuk x;k gSA blds i'pkr~
fujsUcxZ ,oa mlds lkfFk;ksa us n'kkZ;k fd ,d gh izdkj ds U;wfDy;ksVkbMksa
(Nucleotides) ls cuh mRNA dh ,slh J̀a[kyk dks lecgqy J̀a[kyk
(HomopoPolymer) dgrs gSaA lecgqydks dk lQyrkiwoZd iz;ksx djus ds
i'pkr~ ;k LFkkfir djus ds i'pkr nks ;k nks ls vf/kd {kkjdks dks iz;ksx djds
la'ysf"kr gksus okys RNA dk iz;ksx dj] dksMksuksa dh iz—fr dks LFkkfir djus
dk ;Ru fd;kA tSls A ,oa C dk iz;ksx djsa rc ikWfy-AC dh lajpuk esa AAA,
AAC, ACA, CAA, CCA, CAC, ACC ,oa CCC vkfn laaHkkfor dksMksu gksaxsA

lu 1964 esa fujsUcxZ ,oa ysMj (Nirenberg & Leder) us n'kkZ;k fd ,d
fo'ks"k la'ysf"kr VªkbU;wfDy;ksVkbM (Trinucleotide) dk mi;ksx ,d fo'ks"k
vehuks ,sfly- tRNA ,oa jkbckslkse (Ribosome) ds lkFk fd;k tk, vkSj
mi;ksx fd;k x;kA VªkbU;wfDy;ksVkbM dksMksu ml vehuks vEy dks dksfMr djs
tksfd iz;ksx fd, x, t-RNA ls tqMk gks rks lc feydj ,d feJ.k cuk;saxs
tSls fd

dksMksu 1 $ jkbckslkse $ AA1−tRNA1  jkbckslkse-dksMksu1 −AA1−tRNA1

blls ;g fl) gksrk gS fd iz;ksx fd;k x;k dksMksu fn, gq, vehuks
vEy dks dksfMr djrk gSA fujsUcxZ ,oa lkfFk;ksa us lHkh 6 la'ysf"kr dksMksuksa ds
lkFk blh izdkj iz;ksx djds vusd vehuks vEyksa dks igpkukA bUgksaus AA-
tRNA dk cU/ku lc iz;ksx esa leku :i ls mi;qDr ugha ik;kA

MkW- gjxksfoUn flag [kqjkuk (Dr. Hargovind Singh Khurana) us
U;wfDy;ksVkbMksa ds fujUrj vuqØe }kjk mRNA ds —f=e la'ys"k.k esa lQyrk
ik;hA MkW- [kqjkuk ,oa muds lg;ksfx;ksa us la'ysf"kr DNA }kjk dsoy nks ;k
rhu U;wfDy;ksVkbM ds vuqØe ls ikWfyjkbcksU;wfDy;ksVkbMksa (Polyribonucleotides)
dh J̀a[kyk,¡ izkIr djus esa lQyrk ik;hA buesa ls nks ikWfyjkbcksU;wfDy;ksVkbM
J̀a[kyk,¡ (Polyribonucleotide chain) fuEu izdkj ls gSa &

(i) Poly CUC UCU CUC UCU……………..

(ii) Poly CUA CUA CAU CUA……………..

bu J̀a[kykvksa esa las izFke J̀a[kyk esa CUC ,oa UCU nks dksMksu (Codons)
gSA ;g nksuks dksMksu ikWfyU;wfDy;ksVkbM J̀a[kyk esa ,dkUrfjr Øe esa foU;kflr
jgrs gSaA ;g nks vehuks vEyksa Y;wlhu (Leucine) rFkk lsjhu (Serine) ls cuh
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ikWfyisIVkbM J̀a[kyk dk fuekZ.k dk fu;eu djrh gSA bl rduhd ds vk/kkj
ij ,d vkuqoaf'kd dwV (Genetic code) 'kCndks"k dh lajpuk dh tk ldh
¼fp= 6-4 blds vuqlkj nks dksMku AUG ,oa GUG lEHkkjEHk dksMksu
(Initiation codon) ds :i esa vkSj rhu dksMksu (UAA, UAG ,oa UGA)
vUrLFk dksMksu (Terminal codon) ds :i esa izkIr gSaA

okScy ladYiuk (Wobble Hypothesis)

vkuqoaf'kd dwV ds foLr̀r v/;;u ls ;g Hkh irk pyk gS] fd fdlh Hkh dksMkWu
dh rhljh U;wfDy;ksVkbM mldh fof'k"Vrk (Specificity) dks fu/kkZfjr djus esa
egRoiw.kZ ugha gksrh] cfYd ;g fof'k"Vrk igyh nks U;wfDy;ksVkbM~l }kjk Hkh
fu/kkZfjr gksrh gSA blh dkj.k ,d gh tRNA ,sls ,d ls vf/kd dksMkWuks ¼,d
gh vehuks vEy ds fy,½ dks igpku ldrk gS tks dsoy rhljs LFkku ij gh
vkil esa ,d-nwljs ls fHkUu gksaA ,slk fo'okl fd;k tkrk gS fd bl izØe esa
rhljs LFkku ij {kkjdksa ds ;qXeu esa okScfyax (Wobbling) gksrk gS vkSj ,d
LFkk;h ;qXeu (Pairing) ugha gks ikrkA bl ifj?kVuk dks ukscsy iqjLdkj
fotsrk ,Q-,p-lh- fØd (F.H.C. Crick) uked oSKkfud us 1965 esa okScy
ifj?kVuk (Wobble hypothesis) ds :i esa izLrqr fd;k FkkA ,f.VdksMkWu ds
izFke LFkku ij fLFkr ik¡p laHko {kkjdks (Bases) esa ls izR;sd dk ;qXeu dksMkWuks
ds rhljs LFkku ij fLFkr ftu {kkjdkss a ls laHko gS mudks rkfydk 6-5 esa nh x;h
gSA okScfyax dh bl izfØ;k ds dkj.k tRNAs dh la[;k dksMkWuks a dh la[;k ls
de gks ldrh gSA mnkgj.kkFkZ] ,f.VdskMkWu IGC dk ;qqXeu rhu dksMkWuksa (GCU,
GCC, GCA rhukas alanine) ds fy, laHko gSA

lkj.kh Ø- 6-6% Wobble Hypothesis

Anticodon (First base) Codon (Third base)

U
C
A
G

(Inosine, resembles G)

A, G
G
U

U, C
U, C

6-2-4 ekbVksdkWf.Mª;k ,oa lhfy;sV izksVkstksvk esa u;k vkuqoaf'kd
dwV (New Genetic Code in Mitochondria and Ciliate
Protozoa)

igys ;g crk;k x;k Fkk fd dwV lkoZf=d (Universal) gksrk gS rFkk vkuqoaf'kd
dwV esa fdlh izdkj dk fodkl ugha gksrkA bls LFkk;h ugha gksuk pkfg,] fdUrq
1980 esa ;hLV o Lru/kkfj;ksa dh ekbVksdkWf.Mª;k ds vkuqoaf'kd dwV esa dqN
fofHkUurk,¡ ikbZ xbZA
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lkj.kh Ø-6-7% Difference between Universal Genetic Code and
Mitochondrial Genetic Code

Universal genetic code Mitochondrial code
(mammals, yeast)

1. 55 anticodons (tRNA) 22 anticodons (tRNA)

2. 3 termination codones (UAA,
UAG, UGA)

(a) UGA = termination

(b) AGA and AGG code for
arginine

4 termination codons (UAA,
UAG, AGA AGG)

UGA codes for tryptophan

AGA and AGG are termination

3. CUN (N= any nucleotide)
coded for leucine

Codons CUN coded for
threonine in yeast mitochondria

4. UAG anticodon in amino
acylated by leucine accepts
thereonine

UAG anticodon in yeast
mitochondria

buesa ¼;hLV ekbVksdkWf.Mª;k½ UGA fVªIVksdsu ds fy, dksM djrh gS
tcfd dsUnz dh thu esa UGA ,d vUrLFk dksMkWu gSA ;g Hkh ik;k x;k gS fd
lHkh thoksa dh ekbVksdkWf.Mª;k esa leku vkuqoaf'kd dwV ugha ik;k tkrkA
mnkgj.k ds fy, ekbVksdkWf.Mª;k es UGA lnSo gh fVªIVksQsu ds fy, dksM ugha
djrk] eDdk dh lkbVksØkse vkWfDlMst mibdkbZ II esa UGA mifLFkr ugha
gksrk ,oa fVªIVksQsu dks dksMkWu CGG }kjk dksM fd;k tkrk gS ¼tks fd dsUnzdh
thu esa vkftZukbu fy, dksM djrk gS½ blh izdkj AUA tksfd dsUnzdh thu esa
vkblksY;qflu ds fy, dksM djrk gS] Lru/kkfj;ksa dh ekbVksdkWf.Mª;k thuksil
(Xenopus), ;hLV (Yeast) o MªkslksfQyk (Drosophila) esa ehfFk;ksukbu dks
dksM djrk gSA CUN f=d~ (CUA, CUG, CUU, CUC) ;hLV ekbVksdkWf.Mª;k esa
Y;wflu ds ctk; Fkzh;ksukbu dks dksM djrh gSaA Lru/kkfj;ksa dh ekbVksdkWf.Mª;k
esa nks ds (AUG, GUG) LFkku ij pkj lekjEHk dksMkWu (AUG, AUA, AUU,
AUC) gksrs gSA Lru/kkfj;ksa dh ekbVksdkWf.Mª;k ,oa thuksil esa AGA o AGG
vUrLFk dksMkWu gksrs gS] ¼rkfydk 6-5½A lhfy;sV izksVkstkvks ekbdksIykTek
dsfizdksye (Mycoplasma Capricolum) ds dwV esa UAA, UAG XywVsekbu dks
dksM djrs gSA
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viuh Áxfr tk¡fp, (Check Your Progress)

1- U;wfDyd vEy esa dkSu ls {kkjd ik;sa tkrs gS&

¼v½ ,fMuhu ¼c½ Fkkbehu ,oa lkbVkslhu

¼l½ Xokuhu ¼n½ mi;qZDr lHkh

2- Mh-,u-,- v.kq es fdrus izdkj ds inkFkZ gksrs gS\

¼v½ 3 ¼c½ 5

¼l½ 7 ¼n½ 4

3- fdl oSKkfud us f=d~ (Triple code) dksM dks izekf.kr fd;k Fkk&

¼v½ fØd ¼c½ fujsUcxZ ,oa eSFkSbZZ

¼l½ vksdksvk ¼n½ osV~lu

4- fuEu esa ls dkSu ls fujFkZd dksMku gS&

¼v½ UAG, AUG ¼c½ AND, ANR

¼l½ UAA, UAG ¼n½ UUU, UAG

5- fdu dksMksu dh J̀a[kyk dks izkjEHk djus okyk dksMku gS&

¼v½ UAG ¼c½ AUG

¼l½ UGA ¼n½ GUA

6- Anticodon lacaf/kr gS &

¼v½ DNA ¼c½ m-RNA

¼l½ t-RNA ¼n½ r-RNA

7- fdl RNA esa Anticodon gksrk gS&

¼v½ m-RNA ¼c½ t-RNA

¼l½ r-RNA ¼n½ ALL

8- izksVhu ds fuekZ.k ds fy, fdrus izdkj ds vehuks vEy ik;s tkrs gS\

¼v½ 10 ¼c½ 20

¼l½ 15 ¼n½ 50
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6-3 viuh Áxfr tk¡fp, Á'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼n½

2- ¼v½

3- ¼c½

4- ¼l½

5- ¼c½

6- ¼l½

7- ¼c½

8- ¼c½

6-4 lkjka'k (Summary)

mijksDr o.kZu ls Li"V gS fd tsusfVd dksM (Genetic code) vkuqoaf'kdh dk
egRoiw.kZ ?kVd gS D;ksafd vkuqoaf'kd lwpuk,¡a DNA esa izksVhu ds :Ik esa dksfMr
gksrh gSA

6-5 eq[; 'kCnkoyh (Key Terminology)

 izkjafHkd dksMkWu (Initiation Codon)& AUG

 Non-sense codon& UAA, UAG, UGA

 tsusfVd dksM dh [kkst& MkW- gjxksfoUn [kqjkuk us dhA

6-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; Á'u (Short Answer Type Question)

1- fuEufyf[kr ij laf{kIr fVIi.kh fy[kks&

(i) vkuqoaf'kd dksM

(ii) tsusfVd dksM ds y{k.k

(iii) dksMkWu] VfeZusfVax dksMkWu

(iv) LVkWi dksMkWu

(v) lekiu ,oa izkjafHkd dksM

(vi) fVªiysV dksMkWu
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2- vkuqoaf'kd dksM fdls dgrs gS\

3- vkuqoaf'kd dksM ds egRo dk laf{kIr o.kZu dhft,A

4- vksojysfiax thu D;k gS\

5- vkuqoaf'kd dksM dh izeq[k fo'ks"krk,¡ crkb;sA

nh?kZ mÙkjh; Á'u (Long Answer Type Questions)

1- vkuqoaf'kd dksM D;k gS\ ifjHkkf"kr djrs gq, mldh fo'ks"krk,¡ crkb;sA

2- MkW- gjxksfoUn [kqjkuk ,oa muds lkfFk;ksa }kjk fd;s x;s iz;ksxksa ls
vkuqoaf'kd dwV ds ckjs esa fdl izdkj dh lwpuk izkIr gqbZ Fkh\ bu
iz;ksxksa dk o.kZu dhft,A

3- vkuqoaf'kd dksM ls vki D;k le>rs gS\ bl ij fuca/k fyf[k;sA

4- vkuqoaf'kd dksM dk foLrkj ls o.kZu dhft, ,oa egRo fyf[k;s

5- vki ;g fdl izdkj fn[kk;saxs fd dwV 'kCn dk de ls de ifj.kke
f=d~ gksuk pkfg,A

6- tsusfVd dksM ls D;k le>rs gS blds lkekU; xq.k/keksaZ ,oa egRo dk
o.kZu dhft,A

6-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Gardner, Lewin and Maloy, Genetics.

2. Bruece Alberts, J. Lewis and J.D. Watson, Cell Biology and
Molecular Biology.

3. J. Darnell, H. Lodish and D. Baltimore, Molecular Cell Biology.

4. A.M. Winchester, Genetics.

5. Edgar Alterberg, Genetics.
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bdkbZ 2

v/;k; 7 izksdSfj;ksV~l esa vuqys[ku ,oa vuqokn
(Transcription an Translation in
Prokaryotes)

Lakjpuk (Structure)

7-0 ifjp;
7-1 mÌs';
7-2 vkuqoaf'kd lwpukvksa dk izokg ;k lsUVªy MksXek

7-2-1 izksVhu la'ys"k.k ds izeq[k ?kVd
7-2-2 izksVhu la'ys"k.k dh fØ;k& fof/k

7-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
7-4 lkjka'k
7-5 eq[; 'kCnkoyh
7-6 Lo-ewY;kadu iz'u ,oa vH;kl
7-7 lgk;d ikB~; lkexzh

7-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)

izR;sd thfor dksf'kdkvksa dh fØ;k'khyrk dh igpku muds vanj thonzO; esa
gksus okyh jklk;fud vfHkfØ;kvksa dh mifLFkfr ls gksrh gSA lHkh jklk;fud
fØ;k,¡ fof'k"V izdkj ds ,Utkbe dh mifLFkfr esa lEiUu gksrh gSA ;s ,Utkbe
izksVhu ds cus gksrs gSaA lHkh izdkj ds izksVhu] vFkok ,Utkbe dk la'ys"k.k thu
vFkok DNA dh ns[kjs[k esa gksrk gSA vFkok ,slk dgk tkrk gS fd DNA dh
vkuqoaf'kdrk izksVhu }kjk fu/kkZjhr gksrh gSA

fof'k"V izdkj ds thu fof'k"V izdkj ds izksVhu vFkok ,Utkbe dk fuekZ.k
djrs gSaA ;s ,Utkbe iqu% fofHkUu tSo 'kkjhfjd fØ;kvksa ds ek/;e ls 'kjhj esa
y{k.kkssa ds fodkl ij fu;a=.k j[krs gSA

vusd 'kks/k fu"d"kksZ ds vk/kkj ij ;g izekf.kr gks pqdk gS fd DNA esa
mifLFkr ukbVªksftul {kkjdksa dk Øe gh ikWyhiIsVkbM J̀a[kyk esa vehuksa vEy ds
Øe dks fu/kkZfjr djrk gSA izksVhu la'ys"k.k ds le; loZizFke DNA esa lafpr

DNA
Transcription

mRNA
Transcription

Polypeptide
(Protein)

bhandup8
Rectangle
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vkuqoaf'kd lwpuk,¡ DNA ls mRNA esa LFkkukarfjr gks tkrh gSA mRNA iqu%
bu vkuqoaf'kd lwpukvksa dh izksVhu dh Hkk"kk esa vuqokfnr djrk gSA

DNA dh vkuqoaf'kd Hkk"kk dks mRNA esa vuqysf[kr gksus dh fØ;k
vuqys[ku vFkok Transcription dgykrh gSA mRNA lsa vkuqoaf'kd lwpuk,¡¡
jkbckslkse (Ribosomes) dh e/;LFkk ls ikWyhisIVkbM vFkok izksVhu rd igq¡prh
gSA bl fØ;k dks vuqoknu vFkok Translation dgrs gSA thoksa esa vkuqoaf'kd
izokg fuEu izdkj ds gks ldrs gSA

1- ,dfn'kh; izokg& bldh vo/kkj.kk dks F.H.C. Crick }kjk 1958 esa
izfrikfnr fd;k FkkA

Proteins

Translation
RNADNA

Transcription

fp= Ø- 7-1% A. One way Flow of Information

blds vuqlkj& DNA-mRNA ,oa mRNA ls izksVhu rd vkuqoaf'kd
lwpukvksa dk izokg ges'kk ,dfn'kh; gksrk gSA

2- pØh; izokg (Circular flow)& 1968 esa csjh dheksuj us cryk;k fd
thoksa esa vkuqoaf'kd lwpuk dk izokg pØh; gks ldrk gSA DNA, RNA izksVhu
rd ig¡qpdj iqu% DNA rd ig¡qp yxrk gSA

Proteins

DNA

RNA RNA

fp= Ø- 7-2% B. Circular Flow of Information

3- foijhr izokg (Inverse flow)& bl izdkj ds vkuqoaf'kd izokg ds
vuqlkj DNA ls vkuqoaf'kd lwpuk,¡¡ mRNA rd vuqys[ku dh fØ;k }kjk
ig¡qprs gSA blh izdkj] ;s lwpuk,¡ mRNA ls iqu% DNA esa vkrh gSA bl
ifjdYiuk ds izek.k ckYVheksj rFkk Vsfeu }kjk jsVjksokbjl esa izLrqr fd;s x;sA
mUgksaus Lora= :i ls izekf.kr fd;k fd bl thok.kq esa RNA }kjk DNA dk
fuekZ.k gksrk gSA
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7-1 mÌs'; (Objective)

bl bdkbZ dks i<us ds ckn vki&

 fof'k"V izdkj ds thu fof'k"V izdkj ds izksVhu vFkok ,Utkbe

 DNA dh vkuqoaf'kd Hkk"kk

 thoksa esa vkuqoaf'kd izokg

 izksdSfj;ksV~l esa vuqys[ku ,oa vuqokn

 izksVhu la'ys"k.k

bu fo"k;ksa dk foLrr̀ #Ik ls v/;;u dj ldrs gSA

7-2 vkuqoaf'kd lwpukvksa dk izokg ;k lsUVªy MksXek
(Flow of Genetic Information or Central Dogma)

vusd 'kks/k fu"d"kksZ ds vk/kkj ij ;g izekf.kr gks pqdk gS fd DNA esa mifLFkr
ukbVªksthul {kkjdksa dk Øe gh ikWyhisIVkbM J̀a[kyk eas vehuks vEy ds Øe dks
fu/kkZjhr djrk gSA izksVhu la'ys"k.k ds le; loZizFke DNA esa lafpr
vkuqoaf'kd lwpuk,¡ DNA ls mRNA esa LFkkukarfjr gks tkrh gSA mRNA iqu%
bu vkuqoaf'kd lwpukvksa dks izksVhu dh Hkk"kk esa vuqokfnr djrk gSA

fp= Ø- 7-3% vkuqoaf'kd lwpuk dk izokg

DNA dh vkuqoaf'kd Hkk"kk dks mRNA esa vuqysf[kr gksus dh fØ;k
vuqys[ku vFkok VªkalfØI'ku (Transcription) dgykrh gSA mRNA ls
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vkuqoaf'kd lwpuk,¡ jkbckslksEl dh e/;LFkrk ls ikWyhisIVkbM vFkok izksVhu rd
igWqqprh gSA bl fØ;k dks vuqoknu vFkok Vªkalys'ku (Translation) dgrs gSA
thoksa es vkuqoaf'kd izokg fuEu izdkj ds gks ldrs gS&

1- ,dfn'kh; izokg (Unidirectional flow)& ,d fn'kh; vkuqoaf'kd
lwpukvksa ds izokg dh vo/kkj.kk ,Q-,p-lh- fØd (F.H.C. Crick) }kjk 1958 esa
izLrkfor dh x;hA muds vuqlkj DNA ls mRNA ,oa mRNA ls izksVhu rd
vkuqoaf'kd lwpukvksa dk izokg ges'kk ,dfn'kh; gksrk gSA DNA igys viuh
vkuqoaf'kd lwpuk dks mRNA ds :i esa vuqysf[kr djrk gSA rRi'pkr~ mRNA
ds vuqokn }kjk mlesa fufgr lwpuk,¡ izksVhu dh Hkk"kk esa ifjofrZr gks tkrh gSA

2- pØh; izokg (Circular flow)& 1968 esa csjh dkseksuj (Berry
commoner) us cryk;k fd thoksa esa vkuqoaf'kd lwpuk dk izokg pØh; gks
ldrk gSA vFkkZr~ ;g DNA, RNA izksVhu rd ig¡qqpdj iqu% DNA rd igq¡p
ldrk gSA

foijhr izokg ;k VsfefuTe ;k fjplZ VªkalfØI'ku (Inverse flow or
Teminism or Reverse Transcription)& izksVhu fuekZ.k ds le; lkekU;r%
DNA vuqys[ku (Transcription) fØ;k ds }kjk mRNA }kjk dk fuekZ.k djrk
gSA blh izdkj mRNA vuqoknu (Translation) fØ;k }kjk izksVhu dk fuekZ.k
djrk gSA

Proteins

Translation

mRNADNA

Transcription

ysfdu Vsfeu (Temin) us lu~ 1963 esa dqN dSalj fo"kk.kqvksa esa Bhd
foijhr izdkj fd fØ;k dk voyksdu fd;kA dSalj ;k V~;wej fo"kk.kqvksa esa
vkuqoaf'kd inkFkZ RNA ds :Ik esa ik;k tkrk gSA vr% blesa VªkalfØI'ku fØ;k
foijhr fn'kk esa gksrh gS rFkk RNA foijhr VªkalfØI'ku (Reverse Transcription)
fØ;k }kjk loZizFke DNA dk fuekZ.k djrk gSA ;g DNA ckn esa VªkalfØI'ku
fØ;k }kjk mRNA vkSj mRNA Vªkalys'ku fØ;k }kjk izksVhu cukrk gSA ckn esa
Mh- ckYVheksj ,oa ,p- Vsfeu (D. Baltimore and H. Temin) us lu~ 1975 essa
fofHkUu iz;ksxksa ds vk/kkj ij crk;k fd fjolZ VªkalfØI'ku fØ;k fjolZ
VªkalfØIVst (Reverse Transcriptase) ,Utkbe dh mifLFkfr esa gksrh gSA bl
lEiw.kZ ?kVuk dks gh VsfefuTe dgrs gSA

Translation
ProteinRNA

Reverse
DNA

Transcription

mRNA
Transcription
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7-2-1 izksVhu la'ys"k.k ds izeq[k ?kVd
(Important Components of Protein Synthesis)

izksVhu la'ys"k.k ,d vR;ar tfVy izfØ;k gS] ftlesa fuEufyf[kr ?kVdksa ,oa
lajpukvksa dks ;ksxnku gksrk gS&

1- DNA& ;g vkuqoaf'kd inkFkZ ds :i esa ik;k tkrk gSA blds
U;wfDy;ksVkbM~l esa gh izksVhu la'ys"k.k ls lEcfU/kr lHkh lwpuk,¡ ikabZ
tkrh gSA

2- mRNA& ;g vkuqoaf'kd lwpukvksa dks dsUnzd ds DNA ls dksf'kdknzO;
rd igq¡pkus dk dk;Z djrk gSA

3- tRNA& ;g vehuks vEyksa dks dksf'kdknzO; ls jkbckslksEl rd igq¡pkus
dk dk;Z djrk gSA

4- rRNA& ;g jkbckslksEl ds fuekZ.k dk dk;Z djrh gSA

5- jkbckslksEl (Riabosome)& ;g izksVhu fuekZ.k LFky ;k izksVhu ds
dkj[kkus ds :Ik esa dk;Z djrk gSA

6- Mn++ vk;u& ;g jkbckslksEl dh mi-bdkb;kas dkss tksMus ds fy,
vko';d gksrk gSA

7- vehuks vEy (Amino acids)& ;g izksVhu dh lajpukRed bdkbZ ds :i
esa dk;Z djrk gSA

fp= Ø- 7-4% (A) jkbckslkse dh foLrr̀ lajpuk] (b) ,.MksIykfTed jsfVdqye dk
mifLFkr jkbckslkse

8- ,Utkbe (Enzyme) &

(i) RNA ikWfyejst ,Utkbe]

(ii) vehuks-,sfly flUFksVst]
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(iii) fefFk;ksfuy VªkalQsjst]

(iv) Vªkalyksdst]

(v) VªkalQkesaZt]

(vi) fofHkUu dkjd] tSls & IF1, IF2, IF3, E.F, R.F. vkfnA

9- mtkZ L=ksr& ATP ,oa GTP vkfnA

7-2-2 izksVhu la'ys"k.k dh fØ;k& fof/k
(Mechanism of Protein Synthesis)

izksVhUl vehuks vEyksa ds cgqyd gSa] tks fd vehuksa vEyksa ds isIVkbM cU/k ls
tqMus ds dkj.k fufeZr gksrs gSA izksVhu fdlh tho ds tSfod y{k.kksa ds fu/kkZj.k
vFkok tSfod fØ;kvksa ds lEiknu ds fy;s vfr-vko';d gksrh gSA bldk
fuekZ.k VªkalfØI'ku (Transcription) ,oa Vªkalys'ku (Translation) nks Lrjks ij
gksrk gSA

(A) vuqys[ku ;k mRNA dk la'ys"k.k (Transcription or mRNA
Synthesis)

DNA esa mifLFkr vkuqoaf'kd lwpukvksa dk mRNA esa igq¡puk vFkok
DNA }kjk mRNA dk fuekZ.k vuqys[ku dgykrk gSA ;g fØ;k fuEu pj.kksa esa
iwjh gksrh gS&

1- jkbcksU;wfDy;ksVkbM~l dk lfØ;dj.k (Activation of
ribonucleotides)& mRNA pkj izdkj ds U;wfDy;ksVkbM~l (A, U, C rFkk G)
dk ikWyhej gksrk gS rFkk J̀a[kyk ds :i esa ik;k tkrk gSA J̀a[kyk fuekZ.k ds iwoZ
loZizFke bu jkbcksU;wfDy;ksVkbM~l dk lfØ;dj.k gksrk gSA blds QyLo:Ik
buds VªkbQkWLQsV~l curs gSA

Adenosine monophosphate (AMP) Phosphorylse
ppi Adenosine triphosphate (ATP)

Uridine monophosphate (UMP) Phosphorylse
ppi Uridine triphosphate (UTP)

Citidine monophosphate (CMP) Phosphorylse
ppi Citidine triphosphate (CTP)

Guanosine monophosphate (UMP) Phosphorylse
ppi Guanosine triphosphate (UTP)

2- DNA VsEiysV dk fuekZ.k (Formation of DNA template)& tSlk
fd vkius Åij i<k gS] DNA }kjk gh mRNA dk fuekZ.k gksrk gSA vr%
fof'k"V lkbV~l ij DNA vFkok thu ds nksuksa lw= ,d-nwljs ls iF̀kd~ gksus
yxrs gSA ;g fØ;k Vksiksvkblksejst rFkk gsfydst uked ,Utkbe dh lgk;rk
ls laiUu gksrh gSA vyx gq, DNA ds ,dy lw= dks VsEIysV DNA dgrs gSA
blh dk vuqys[ku gksrk gSA izR;sd VSEIysV ij ,d izkseksVj] vkWijsVj] dksfMax
jhtUl rFkk VfeZusVj lkbV ik;s tkrs gSA
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3- RNA ikWyhejst dh lgk;rk ls mRNA Jà[kyk dk fuekZ.k
(Formation of mRNA chain with the help of RNA Polymerase)&
vuqys[ku fØ;k ds fy, RNA ikWyhejst vR;Ur egRoiw.kZ ,Utkbe gSA blds
fcuk vuqys[ku dh fØ;k laHko ugh gksrhA

fp= Ø- 7-5% VªkalfØI'ku ds le; DNA VsEiysV ij mRNA dk fuekZ.k

DNA VsEiysV ij jkbcksU;qfDy;ksVkbM~l dk cgqyhdj.k djus
okys ,Utkbe dks RNA ikWyhejst dgrs gSA izkSdSfj;kWfVd dksf'kdkvksa] tSls&
bZ- dksykbZ esa dsoy ,d izdkj dk RNA ikWyhejst ik;k tkrk gSA ;g ,d
ikWyhesfjd ,Utkbe gS tks ik¡p fofHkUu ikWyhisIVkbM~l dk cuk gksrk gS& nks
vYQk () J̀a[kyk] ,d chVk () J̀a[kyk] ,d chVk ou (1) J̀a[kyk ,d xkek
() J̀a[kyk rFkk ,d flXek () Jàa[kykA buesa , , 1, rFkk  J̀a[kyk feydj
21 laxBu okys ,iks,Utkbe vFkok dksj,Utkbe (Core enzyme) dk
fuekZ.k djrs gSA ;g rc rd fØ;k'khy ugh gksrk tc rd blls vkdj flXek
dkjd (Sigma factor) u tqM tk;sA

fp= Ø- 7-6% ikWyhejst rFkk flXekdkjd }kjk gksyks,Utkbe dk fuekZ.k

;wdSfj;kWfVd dksf'kdkvksa esa rhu izdkj ds RNA ikWyhejst ik;s tkrs gS
tks fofHkUu izdkj ds RNA ds fuekZ.k ds fy, mRrjnk;h gksrs gS &

(i) RNA ikWfyejst I& ;g rRNA dk fuekZ.k djrk gSA

(ii) RNA ikWfyejst&II& ;g HnRNA dk fuekZ.k djrk gS A
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(iii) RNA ikWfyejst&III & ;g tRNA rFkk 5S rRNA dk fuekZ.k djrk
gSA

mRNA J̀a[kyk fuekZ.k ds Øe esa lcls igys DNA VsEiysV ds izkseksVj
lkbV vFkok lekjEHku lkbV ij RNA ikWyhejst dk dksj-,Utkbe (21)
vkdj tqMrk gSA rRi'pkr~] flXekdkjd blds lkFk la;qDr gks tkrk gSA bl
izdkj RNA ikWyhejst ds gksyks,Utkbe (Holoenzyme) dk fuekZ.k gksrk gSA
thonzO; esa fLFkr jkbcksU;wfDy;ksVkbM~l ckjh-ckjh ls DNA VsEiysV esa vkrs-tkrs
gSA /;ku nsus okyh ckr gS fd jkbcksU;wfDy;ksVkbM~l DNA esa fLFkr
U;wfDy;ksVkbM~l ds dkWfEIyesUVjh Øe esa gh igq¡prs gSA RNA ikWyhejst dk
gksyks,Utkbe DNA VsEiysV ij /khjs-/khjs vkxs dh vksj ljdrk gSA bl fØ;k ds
lkFk-lkFk og jkbcksU;wfDy;ksVkbM~l dks QkWLQksMkb,LVj cU/kksa }kjk tksMrk
tkrk gSA

4- mRNA dk vyx gksuk (Separation of mRNA)& okafNr yEckbZ dh
mRNA J̀a[kyk cuus ds ckn ;g DNA VsEiysV ls vyx gks tkrk gSA ijUrq
blds fy, igys RNA ikWyhejst
dk DNA VsEiysV ls vyx gksuk
vko';d gksrk gSA ;g fØ;k ,d
vyx dkjd vFkok jks dkjd
(Rho factor, ) }kjk izfrikfnr
gksrh gSA ftl fcUnq ls mRNA
dk la'ys"k.k cUn gksuk gksrk gS]
ogh ij  dkjd RNA ikWyhejst
ds lkFk vkdj tqM tkrk gSA ,slk
gksus ij RNA ikWyhejst ds
gksyks,Utkbe ls flXek dkjd rFkk
dksj ,Utkbe iF̀kd~ gks tkrs
gS ,oa ;s DNA VsEiysV ls vyx
gks tkrs gSA bl izdkj cuk
mRNA v.kq Lora= :Ik ls
dksf'kdknzO; esa mifLFkr jgrk gSA

dqN mRNA dsoy ,d thu }kjk fufeZr gksrs gSA ;s eksuksflLVªkWfud
mRNA dgykrs gSA nwljh vkSj dqN nwljs mRNA dk vuqys[ku ,ds-lss-vf/kd
thUl }kjk ,d lkFk gksrk gSA ,sls mRNA, ikWyhflLVªkWfud mRNA dgykrs
gSA

fp= 7-7% VªkalfØI'ku dh fØ;kfof/k
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lkj.kh Ø-7-1% izksdSfj;kWfVd ,oa ;wdSfj;kWfVd vuqys[ku esa varj (Differences
between Prokaryotic and Eukaryotic Transcription)

izksdSfj;kWfVd vuqys[ku
(Prokaryotic transcription)

;wdSfj;kWfVd vuqys[ku
(Eukaryotic transcription)

1- ;g dksf'kdknzO; esa gksrk gSA 1- ;g iw.kZ :i ls dsUnzd ds vanj
laiUu gksrk gSA

2- mRNA fuekZ.k ds rqjar ckn lfØ;
gks tkrk gSA

2- dsUnzd esaa fuekZ.k ds ckn ;g igys
dksf'kdknzO; esa igq¡prk gS] rc
fØ;k'khy gksrk gSA

3- RNA ikWyhejst dsoy ,d izdkj dk
gksrk gSA

3- rhu izdkj ds RNA ikWyhejst ik;s
tkrs gS A

4- mRNA lkekU;r;k ikWyhflLVªkWfud
gksrk gSA

4- mRNA lkekU;r;k eksuksflVªkWfud
gksrk gSA

5- ifjiDou ds le; RNA ds [k.Mksa
ds foyksiu dh vko';drk ugha
gksrh gSA

5- ifjiDou ds le; RNA ds vusd
vuko';d [k.M foyksfir (Spliced
out) gks tkrs gaSA

(B) vuqoknu (Translation)

mRNA ls izksVhu dk fuekZ.k vFkok DNA ls izkIr vkuqoaf'kd lwpukvksa dk
mRNA ds }kjk izksVhu dh Hkk"kk esa vuqokn gksus dh fØ;k dks gh vuqoknu
dgrs gSA nwljs 'kCnksa esa] jkbckslkse esa mRNA ij fLFkr vkuqoaf'kd ladsrks ds
vuqlkj vehuk vEyksa ls tqMdj ikWyhisIVkbM ds fuekZ.k dh fØ;k vuqoknu
dgykrh gSA ;g fØ;k fuEu pj.kksa es iwjh gksrh gS&

1- vehuks vEyksa dk lfØ;dj.k (Activation of amino acids)& vehuks
vEy dksf'kdknzO; esa fuf"Ø; voLFkk esa ik;s tkrs gSA izksVhu ds :i eas cgqyh—
r gksus ds igys bu vehuks vEy v.kqvksa dk lfØ;dj.k vko';d gksrk gSA
blesa ,d vehuks vEy ,d ATP ds lkFk la;ksx dj vehuks vEy & AMP
(AA-AMP) dkWEIysDl dk fuekZ.k djrk gSA bl fØ;k ds fy, vehuks,lkby&
tRNA flUFksVst uked ,Utkbe vko';d gksrk gSA

fp= Ø- 7-8% vehuks vEy dh lfØ;rk
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2- tRNA ds lkFk lfØ; vehuks vEyksa dk tqMuk (Attachment of
activated amino acid on tRNA)& iwoZ dh vfHkfØ;k }kjk fufeZr AA-AMP-
enzyme dkWEIysDl fof'k"V tRNA ds lkFk vfHkfØ;k djrk gS rFkk AA-tRNA
dkWEIysDl dk fuekZ.k djrk gSA bl fØ;k ds ckn vehuks,lkby tRNA
flUFksVst ,Utkbe eqDr gks tkrk gSA

fp= Ø- 7-9% lfØ; vehuks vEy dk tRNA ij LFkkukUrj.k

fp= Ø- 7-10% vehuks vEyksa dk tRNA ls tqM+uk

3- ikWyhisIVkbM dk lekjEHku (Initiation of olypeptide chain) & lHkh
thoksa esa ikWyhisIVkbM J̀a[kyk dk izkjEHk fefFk;ksfuu uked vehuks vEy }kjk
gksrk gSA mRNA ij ik;s tkus okyk AUG dksMkWu bl vehuks vEy dks dksfMr
djrk gSA izkSdSfj;kWV~l esa bl fØ;k ds fy, vusd lekjEHku dkjd (Initiation
factor, IF) vko';d gksrs gSA buesa IF1, IF2 rFkk IF3 izeq[k gSA ikWyhisIVkbM dk
lekjEHku fuEu pj.kksa esa iwjk gksrk gS &

(a) QkWekZbysVsM feFkk;ksukby tRNA dk fuekZ.k (Formation of
formylated methionyl-tRNA)& p¡wfd ikWyhisIVkbM cuus esa igyk
vehuks vEy fefFk;ksfuu iz;qDr gksrk gSA vr% loZizFke fefFk;ksfuu dk
lfØ;dj.k rFkk tRNA ij yksfMx gksrk gSA blds iwoZ fefFk;ksfuu dk
QkekZbys'ku (Formylation) Hkh vko';d gksrk gSA



izksdSfj;ksV~l esa
vuqys[ku ,oa vuqokn

fVIi.kh

157

Lo-vf/kxe
ikB~; lkexzh

(b) mRNA rFkk jkbckslkse dh NksVh bdkbZ dk tqMuk (Association of
mRNA and 30S unit of ribosomes)& izksdSfj;kWV~l esa jkbckslksEl
70S izdkj ds gksrs gSA budh NksVh ,oa cMh bdkb;k¡ Øe'k% 30S rFkk
50S izdkj dh gksrh gSA izksVhu fuekZ.k ds iwoZ ;s nksuks bdkb;k¡ vyx-
vyx gksrh gSA izksVhu fuekZ.k ds le; loZizFke mRNA J̀a[kyk 30S
bdkbZ ds lkFk la;qDr gksdj 30S-mRNA dkWEIysDl dk fuekZ.k djrh
gSA bl vfHkfØ;k esa IF1 rFkk IF2 dkjd vko';d gksrs gS rFkk
GTP }kjk mtkZ xzg.k dh tkrh gSA

(c) F-met-tRNAfmet dk 30S-mRNA ds lkFk tqMuk (Binding of
F-met-tRNAfmet with 30S-mRNA complex)& bl pj.k esa iwoZ
vfHkfØ;k esa fufeZr 30S-mRNA ds lkFk tRNA vius }kjk yk;s x;s-
F-met lfgr] mRNA ds P-LFky (Peptidyl site) ij mifLFkr lekjEHk
dksMkWu AUG ls vius ,UVhdksMkWu ds }kjk layXu gks tkrk gSA blds
ifj.kkeLo:i 30S-mRNA-f-met-tRNAfmet dk fuekZ.k gksrk gSA bl
fØ;k ds fy;s Hkh IF1 rFkk IF2 vko';d gksrs gSA vko';d mtkZ
GTP }kjk iznku dh tkrh gSA

(d) 30S-mRNA-f-met-tRNAfmet dkWEIysDl dk jkbckslkse dh cMh bdkbZ
ls tqMuk (Association of larger ribosomal unit with 30S-mRNA-
f-met-tRNAfmet complex)& mijksDr fufeZr 30S-mRNA-f-met-
tRNAfmet dkWEIysDl ds lkFk jkbckslkse dh cMh bdkbZ 50S ds lkFk
tqMdj 70S-mRNA-f-met-tRNAfmet dk fuekZ.k djrk gSA bl
vfHkfØ;k esa IF1, IF2 rFkk IF3 dkjdksa dk mi;ksx gksrk gS rFkk] GP mtkZ
iznku djrk gSA
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fp= Ø- 7-11% Vªkalys'ku ds fofHkUu pj.k& (A) f-met-tRNA-mRNA dk 30S mi-
bdkbZ ls tqMuk (B) 30S-f-met-tRNA-mRNA dkWEIysDl dk jkbckslkse dh cMh

bdkbZ 50S ls tqMuk] (C) jkbckslkse ds A LFky ls nwljs vehuks vEy
(ala-,ykuhu) ;qDr tRNA dk tqMuk

4- ikWyhisIVkbM Jà[kyk dh yEckbZ esa of̀/n (Elongation of polypeptide
chain)& ikWyhisIVkbM cuus dh fØ;k ds lekjEHku ds ckn bldh J̀a[kyk dh
yEckbZ esa of̀/n gksus yxrh gSA ,slk fofHkUu vehuks vEy v.kqvksa ds vkil esa
fu;fer :i ls isIVkbM cU/k }kjk tqMus ds dkj.k gksrk gSA ;g fØ;k fuEu
mi-pj.kksa esa iw.kZ gksrh gSA&

(a) nwljs vehuks vEy tRNA dk jkbckslksey mRNA dkWEIysDl ls
tqMuk (Attachment of second amino acid tRNA complex with
ribosomal-mRNA complex)& ikWyhisIVkbM J̀a[kyk dh of̀) ds Øe esa
loZizFke jkbckslkse mRNA ds 3' fdukjs dh vkSj f[kldus yxrk gSA

EFmet
2

GTP GDP + Pi

met
2

70s – RNA – – met – RNA AA – tRNA

70s – RNA – – met – RNA – AA – tRNA
Complex

 f

f

m f t

m f t

blds QyLo:i f-met-tRNAfmet A-LFky ls f[klddj jkbckslkse ds
P-LFky ij vk tkrk gS rFkk A-LFky iqu% [kkyh gks tkrk gSA bl A-LFky ij
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nwljk AA2－ tRNA dkWEIysDl vkdj tqMrk gSA ;g fØ;k EF-Ts rFkk EF-Tu
(Elongation factors) rFkk GTP dh mifLFkfr es gksrh gSA

(b) isIVkbM cU/k dk fuekZ.k (Formation of peptide bond)& isIVkbM
cU/k dk fuekZ.k ,d vehuks vEy ds dkcksZfDlfyd lewg (COOH) rFkk nwljs
vehuks vEy ds vehuks lewg (NH2) ds chp gksrk gSA ;g cU/k P-LFky ij
mifLFkr vehuks vEy ds COOH rFkk A-LFky ij mifLFkr NH2 lewg ds chp
curk gSA bl izdkj vehuks vEy-1(AA1) rFkk vehuks vEy-2(AA2) vkil esa
tqM tkrs gSA

fp= 7-12% Vªkalys'ku ds fofHkUu pj.k& (D) isIVkbM ca/k dk fuekZ.k (E) tRNA-
fmet dk A ls P lkbV ij vkuk (F) jkbckslkse ds A lkbV ij rhljs vehuks vEy

dk vkuk] (G) ikWyhisIVkbM Jà[kyk dk cuuk
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AA1-AA2 cU/k cuus ds ckn f}rh; tRNA jkbckslkse ds P-LFky ij vk
tkrk gSA lkFk gh izFke tRNA dkWEIysDl ls eqDr gksdj dksf'kdknzO; esa vk
tkrk gSA bl izdkj A-LFky [kkyh gks tkrk gSA bl LFky ij rhljk AA3-
tRNA dkWEIysDl tqMrk gSA AA2 rFkk AA3 vehuks vEy ds chp iqu% isIVkbM
cU/k dk fuekZ.k gksrk gSA bl chp jkbckslkse iqu% mRNA J̀a[kyk ij 3' dh
vkSj ,d dksMkWu f[kldrk gSA blds QyLo:i] rhljs vehuks vEy dks <ksdj
ykusokyk tRNA A-LFky ls P-LFky ij vk tkrk gSA [kkyh gq, A-LFky ij
pkSFkk vehuks vEy-tRNA dkWEIysDl tqM tkrk gSA AA3 rFkk AA4 ds chp
isIVkbM cU/k curk gSA ;g fØ;k rc rd tkjh jgrh gS] tc rd okafNr yEckbZ
dh ikWyhisIVkbM J̀a[kyk dk fuekZ.k ugha gks tkrkA

5- ikWyhisIVkbM Jà[kyk dk lekiu (Termination of polypeptide
chain)& izR;sd mRNA J̀a[kyk ds 3' fdukjs dh vkSj UAA, UAG rFkk UGA
esa ls dksbZ ,d VfeZusfVax dksMkWu ik;k tkrk gSA tc bl LFky ij jkbckslkse
rFkk isfIVMkby-tRNA ig¡qprk gS rks jkbckslkse vkSj vkxs ugh c< ikrkA
ikWyhisIVkbM J̀a[kyk cuus dh fØ;k lekIr gks tkrh gSA jkbckslkse tRNA rFkk
mRNA ,d-nwljs ls iF̀kd~ gks tkrs gSA ;g fØ;k RF1 rFkk RF2 fofu;kstu
dkjd (Releasing factor) dh mifLFkfr esa gksrh gSA

fp= Ø- 7-13% lekiu ds i'pkr~ ikWyhisIVkbM Jà[kyk dk eqDr gksuk

6- Lora= ikWyhisIVkbM Jà[kyk dk :ikUrj.k (Modification of released
polypeptide chain)& ikWyhisIVkbM J̀a[kyk ds foekspu ds ckn blesa dqN
izeq[k ifjorZu gksrs gSA blds ckn gh ;s viuk lajpukRed vFkok
fØ;kRed ;ksxnku ns ikrs gSA ikWyhisIVkbM esa gksus okys izeq[k ifjorZu
fuEukuqlkj gS&

(a) ikWyhisIVkbM J̀a[kyk ds izFke vehuks vEy ds :i esa QkWekZbysVsM
fefFk;ksfuu fo|eku jgrk gSA loZizFke bldk QkWekZby lewg QkWekZbyst
bUtkbe dh fØ;k }kjk iF̀kd~ gks tkrk gSA

Formylated methionyl – Peptide  Formic acid + Methionyl – PeptideDeformylase
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(b) fefFk;ksfuu vehuks vEy dh vko';drk ikWyhisIVkbM J̀a[kyk ds izkjEHku
ds fy, gh gksrk gSA vko';d ugha fd ifjiDo ikWyhisIVkbM J̀a[kyk esa
izFke vehuks vEy ds :i esa ;g mifLFkr gh gksA ,slh fLFkfr es bldk
foyksiu vko';d gks tkrk gSA ;g fØ;k vehuks isIVkbVst
uked ,Utkbe dh mifLFkfr esaa gksrh gSA

Methionyl Peptide  Methionine + PeptideAminopeptidase

(c) mijksDr ifjorZuksa ds ckn Hkh izkIr ikWyhisIVkbM izksVhu dh izkFkfed
lajpuk (Primary structure) gksrh gSA ;s fØ;k'khy ugha gksrsA vr%
budk ifjiDou gksrk gSA bl fØ;k esa ikWyhisIVkbM J̀a[kyk QksfYMax
izkjEHk dj nsrs gS rFkk -gsfyDl vFkok -'khV lajpuk xzg.k dj ysrs
gSA blds vykok budh lajpuk f=vk;keh (Three-dimension) Hkh gks
tkrh gSA bl izdkj fØ;kRed :i ls lfØ; izksVhu v.kq izkIr gksrk gSA

viuh Áxfr tk¡fp, (Check Your Progress)

1- ls.Vªy MksXek (Central dogma) fjolZ fdlus izLrqr fd;k&

¼v½ fØd }kjk ¼c½ jkWcVZ dksp

¼l½ Vsfeu ,oa ckYVheksj ¼n½ dksbZ ugha

2- DNA – m-RNA cuus dh izfØ;k dgykrh gS&

¼v½ LFkkukarj.k ¼c½ vuqoknu

¼l½ VªkUlMD'ku ¼n½ vuqys[ku

3- izkWdWfj;ksV esa RNA Polymerase fuEu esa ls fdldk la'ys"k.k djrk
gS&

¼v½ m-RNA ¼c½ r-RNA

¼l½ t-RNA ¼n½ mijksDr lHkh

4- bZ- dksykbZ (E.Coli) esa fdrus izdkj ds RNA Polymerase ik;s tkrs
gS&

¼v½ 1 ¼c½ 2

¼l½ 3 ¼n½ 4

5- izkWdWfj;ksV~l esa jkbckslkse fuEu nks bdkbZ;ksa esa fu;ksftr gksrk gS&

¼v½ 10S o 40S ¼c½ 60S o 40S

¼l½ 30S o 50S ¼n½ 60S o 50S
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7-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼l½

2- ¼n½

3- ¼n½

4- ¼v½

5- ¼l½

7-4 lkjka'k (Summary)

mijksDr o.kZu ls Li"V gS fd vuqys[ku ,oa vuqoknu izkSdWfj;ksfVd ,oa ;wdSfj;ksfVd ,d
izeq[k izfØ;k gS ftlds dkj.k gh vkuqoaf'kd lwpukvksa dk vknku-iznku gksrk
jgrk gS vFkkZr~ DNA  RNA  Protein vkfn ds :i es vuqys[ku]
vuqoknu ,oa izksVhu dh Hkk"kk ds :i esa lwpukvksa dk izokg gksrk jgrk gSA ;g
fØ;k,W tfVy gksrh gSA

7-5 eq[; 'kCnkoyh (Key Terminology)

 Central Dogma = DNA  RNA  izksVhu cuus dh fØ;k Central
Dogma dgykrk gSA

 ,dfno'kh; izokg& ,d fn'kk es lwpuk dk izokg gksuk& vFkkZr& DNA
 RNA  Protein

 rRNA ;g vehuks vEyksa dks dksf'kdknzO; ls jkbckslkse rd igq¡pkus dk
dk;Z djrk gSA

 Ribosome& ;g izksVhu fuekZ.k LFky ;k izksVhu ds dkj[kkus ds :i es
dk;Z djrk gSA

7-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; iz'u (Short Answer Type Question)

1- fuEufyf[kr ij laf{kIr fVIi.kh fy[kksA

(i) RNA Polymerase

(ii) Polyribosome
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(iii) t-RNA

(iv) lekjEHk dkjd

(v) VªkUlfØIlu

(vi) ls.Vªy MksXek

(vii) RNA-Polymerase

(viii) flXek dkjd

nh?kZ mÙkjh; iz'u (Long Answer Type Questions)

1- vuqys[ku D;k gS\ bldh fØ;k-fof/k dk o.kZu dhft,A

2- vuqoknu D;k gSA bldh fØ;k-fof/k dk o.kZu dhft,A

3- izksVhu la'ys"k.k dh fØ;k ij fuca/k fyf[k,A

4- vuqoknu D;k gS\ bl fØ;k ds fy, vko';d inkFkksZ dk o.kZu dhft,A

5- izkSdWfj;ksV~l esa vuqys[ku ij fuca/k fyf[k,A

6- ;wdWfj;ksV~l esa VªkWUlys'ku dk o.kZu dhft,A

7- m-RNA dk la'ys"k.k dSls gksrk gS\ bl fØ;k esa flXek dkjd ,oa lg-
,Utkbe ds dk;Z le>kb,A

8- vuqys[ku ls vki D;k le>rs gS\ vuqys[ku fØ;k dk lfp= o.kZu
dhft,A

7-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Gardner, Lewin and Maloy, Genetics.

2. Bruece Alberts, J. Lewis and J.D. Watson, Cell Biology and
Molecular Biology.

3. J. Darnell, H. Lodish and D. Baltimore, Molecular Cell Biology.

4. A.M. Winchester, Genetics.

5. Edgar Alterberg, Genetics.
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bdkbZ 2

v/;k; 8 thu vfHkO;fDr dk fu;eu izksVhu
la'ys"k.k vkSj ySd vksisjkWu ekWMsy
(Gene Expression : Regulation of Protein
Synthesis And Lac Operon Model)

Lakjpuk (Structure)

8-0 ifjp;
8-1 mÌs';
8-2 izksdSfj;kWfVd dksf'kdkvksa esa thu fu;eu dsa izdkj

8-2-1 vksisjkWu ekWMy
8-2-2 ySd vksisjkWu dk /kukRed rFkk _.kkRed fu;a=.k
8-2-3 ;wdSfj;kWV~l es thu vfHkO;fDr
8-2-4 ;wdSfj;kWV~l es thu vfHkO;fDr dk fu;eu

8-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
8-4 lkjka'k
8-5 eq[; 'kCnkoyh
8-6 Lo-ewY;kadu iz'u ,oa vH;kl
8-7 lgk;d ikB~; lkexzh

8-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction/Definition)

izR;sd tho dh dksf'kdkvksa esa vusd thUl gksrs gSA ;s la[;kRed rFkk
xq.kkRed :i ls ,d tho dh lHkh dksf'kdkvksa esa ,d leku gksrs gSA ;s thUl
fofHkUu izksVhUl ,oa ,Utkbe dks mRiUu djus ds fy, mRrjnk;h gksrs gSA
ijUrq ,slk ns[kk tkrk gS fd ,d tho dh dksf'kdkvksa esa thUl ,d lkFk dk;Z
ugha djrsA mnkgj.kLo:Ik& cht ds vadqj.k ds le; Hydrolizing Enzyme
dk fuekZ.k rsth ls gkssrk gSA Qwy ds fuekZ.k ds le; dqN nwljs ,Utkbe dk
la'ys"k.k gksrk gSA blh izdkj tUrqvksa Reproduction ¼iztuu½ ds le; vyx&2
izdkj ds ,Utkbe curs gSA ;gk¡ rd fd ,d gh lkFk vyx&2 vaxks] tSls ;d`r]
o`"k.k] vkW¡ar] vkek'k;] v.Mk'k; vkfn vaxks esa vyx&2 thUl lfØ; gksdj fofHkUu
izdkj ds ,Utkbe dk fuekZ.k djrs gSA ,slh fLFkfr esa dksf'kdkvksa esa dqN ,slh
fØ;k-fof/k dk gksuk vko';d gS tks dsoy mi;qDr thuksa dks gh fØ;k'khy gksus
ns rFkk xSj t:jh thuksa dh fuf"Ø; dj nsA ;g fØ;k thu vFkok thu fØ;k
dk fu;eu dgykrh gSA

bhandup8
Rectangle
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8-1 mÌs'; (Objective)

 izksVhu la'ys"k.k dh fØ;k dh lapkfyr djukA

 tWdksc ,oa eksukWM }kjk vksisjkWu ekWMy fn;k x;k ftlds v/;;u ls
thu fu;eu (Gene Regulation) dk fu;a=.k vksisjkWu ekWMy }kjk fd;k
tk ldrk gSA

8-2 izksdSfj;kWfVd dksf'kdkvksa esa thu fu;eu dsa izdkj
(Types of Gene Regulation in Prokaryotes)

izkSdSfj;kWfVd dksf'kdkvksa esa thu fØ;kvksa ds fu;eu dk v/;;u foLrkjiwoZd bZ-
dksykb uked thok.kq esa fd;k x;k gSA blesa fuEu izdkj ds thu fu;eu ik;s
tkrs gS&

1- izsj.k (Induction)& izsj.k }kjk thu vFkok thuksa dks ,Utkbe mRiUu
djus ds fy, izsfjr fd;k tkrk gSA ,Utkbe fuekZ.k dks izsfjr djus okys inkFkZ
dks izsjd (Inducer) dgk tkrk gSA og vkuqoaf'kd rU= tks bl izdkj
ds ,Utkbe la'ys"k.k ds fy, mRrjnk;h gksrk gS] izsj.kh; ra= (Inducible system)
dgykrk gSA mnkgj.kkFkZ] bZ-dksykbZ esa  -xSysDVkslkbMst uke ,d ,Utkbe ik;k

tkrk gSA tks ySDVkst 'kdZjk dks ty-vi?kfVr dj Xywdkst rFkk
xSysDVkslkbMst esa ifjofrZr djrk gSA ;fn bZ- dksykbZ dksf'kdkvksa dks ,sls dYpj
ek/;e ij mxk;k tkrk gS ftlesa ySDVkst 'kdZjk mifLFkr gks rks bl ,Utkbe
dk la'ys"k.k rsth ls gksrk gSA nwljh vksj] dYpj ek/;e esa ySDVskt ds
vuqifLFkr gksus ij  -xSysDVkslkbMst ,Utkbe dk la'ys"k.k ugh gksrkA tSls gh

ek/;e esa ySDVkst Mkyk tkrk gS] ,Utkbe dk la'ys"k.k 'kq: gks tkrk gSA pw¡fd
bl ,Utkbe dk la'ys"k.k vfHkdkjd (Substrate) ds feykus ls iszfjr fd;k tk
ldrk gS] vr% ,sls ,Utkbe dks izsj.kh; ,Utkbe (Inducible enzyme) dgrs gS
rFkk ,slk fu;eu ra= izsj.k ra= (Inducible system) dgykrk gSA

fp= Ø- 8-1% ysDVkst dh mifLFkfr esa  -xSysDVkslkbMst dk izsj.k

Lactose concentration
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fp= Ø- 8-2% fgLVhMhu adh mifLFkfr esa fgLVhMhu la'ys"k.k ls
lacaf/kr ,Utkbe dk neu

2- neu (Repression)& ;g izsj.k ds foijhr dk;Z djrk gSA neu dh
fØ;k }kjk thu dh fØ;k'khyrk fu:) gksrh gS blds QyLo:Ik thu ds }kjk
fof'k"V izksVhu vFkok ,Utkbe dk la'ys"k.k de gks tkrk gS vFkok :d tkrk
gSA ,sls inkFkZ neudj (Repressor) dgykrs gSA bZ- dksykbZ esa ,slk ik;k tkrk
gS fd dksf'kdk fofHkUu vehuks vEyksa ds la'ys"k.k gsrq vko';d ,Utkbe dk
la'ys"k.k dj ysrh gSA ijUrq ;fn fdlh vehuks vEy dks dYpj ek/;e esa Mky
fn;k tkrk gS rks ml vehuks vEy ds fy, vko';d ,Utkbe dk la'ys"k.k
cUn gks tkrk gSA mnkgj.kkFkZ] dYpj ek/;e esa fgLVhMhu (Histidine) vehuks
vEy feyk fn;s tkus ij fgLVhMhu dk la'ys"k.k djus okys ,Utkbeksa dk
mRiknu de gks tkrk gSA ,sls ,Utkbe neu'khy ,Utkbe (Repressible
enzyme) dgykrs gSa rFkk ,sls ra= dks neu'khy ra= (Repressible system)
dgrs gS] ftl thu dh vfHkO;fDr cUn gks tkrh gS] mls fjizsLM thu
(Repressed gene) vkSj ,sls thUl dh fØ;k'khyrk dk ;fn iqu% izkjEHku gksrk
gS rks ;g fMfjizsLM thu (Depressed gene) dgykrs gSA

mi;qZDr O;k[;k ls Li"V gS fd thu dh vfHkO;fDr ds fy, mRrjnk;h
neu rFkk izsj.k nksuksa gh ek/;e esa mifLFkr vfHkdkjd ij fuHkZj djrh gSA ;g
fu;a=.k thu ds vuqys[ku Lrj (Transcription level) ij gksrk gSA bldh
O;k[;k vksisjkWu ekWMy ;k ySd vksisjkWu vo/kkj.kk ds ek/;e ls fd;k tk ldrk
gSA

8-2-1 vksisjkWu ekWMy (Operon Model : Lac Operon Concept)

izksdWfj;kWfVd dksf'kdkvksa esa ,Utkbe la'ys"k.k ds izsj.k rFkk neu dks le>kus ds
fy, tSdc ,oa eksuksM (Jacob and Monod, 1961) us ,ad ladYiuk izLrqr
dhA ;s nksuks oSKkfud isfjl fLFkr ik'pj bULVhV~;wV (Pasteur Institute, Paris)
ls lacaf/kr FksA bl dk;Z ds fy, bUgsa lu~ 1965 esa ukscsy iqjLdkj ls lEekfur
fd;k x;kA

Histidine concentration
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vksisjkWu (Operon)& tSdc rFkk eksuksM ¼1961½ ds vuqlkj] vksisjkWu DNA
vFkok tsussfVd inkFkZ dk ,d [k.M gS tks ,dy fu;eu bdkbZ dh rjg dk;Z
djrk gS ,oa jsxqysVj] izeksVj] vkWijsVj rFkk lajpukRed thUl (Structural
genes) dk cuk gksrk gSA ckgj ls iznku fd;s x;s lg-neudkjd (Co-
repressor) rFkk mRizsjd (Inducer) Hkh vksisjkWu ds Hkkx gksrs gSA

An Operaon = Regulator gene + Promotor gene + Operator gene + Structural genes

vksisjkWu dh lajpuk (Structure of Operon)

,d vksisjkWu fuEufyf[kr thUl dk cuk gksrk gS&

1- jsxqysVj thu (Regulator gene)& vksisjkWu dk jsxqysVj thu ;g
fu/kkZfjr djrk gS fd lajpukRed vFkok LVªDpjy thUl dks vuqysf[kr gksuk
pkfg, vFkok ughaA ;g ,d fo'ks"k izdkj ds neudkjh izksVhu dk fuekZ.k djrk
gSA ;g izksVhu vkWijsVj thu ds lkFk lEc) gksdj mldh fØ;kfof/k dks ckf/kr
djrk gSA neudkjh izksVhu lfØ; vFko fuf"Ø; voLFkk esa ik;s tk ldrs gSA

fp= Ø- 8-3% ySd vksisjkWu dh lajpuk (Structurre of Operon)

2- izeksVj thu (Promoter gene)& ;g DNA ds NksVsls [k.M dk cuk
gksrk gS ftles U;wfDy;ksVkbM~l dh la[;k yxHkx 100 gksrh gSA ;g jsxqysVj
rFkk vkWijsVj thu ds chp esa ik;k tkrk gSA bl thu ij RNA ikWyhejst
uked ,Utkbe vkdj caf/kr gksrk gS tks ljapukRed thuksa }kjk vuqys[ku ds
fy, vko';d gksrk gSA ySd-vksisjkWu ds vykok vU; vksisjkWu esa bl thu ij
nwljk caf/kr LFky (Binding site) Hkh ik;k tkrk gS] ftl ij lkbfDyd AMP
fjlsIVj izksVkWu (Cyclic Amp receptor protein) vkdkj caf/kr gksrk gSA

3- vkWijsVj thu (Operator gene)& bl thu ij jsxqysVj thu }kjk
mRikfnr neudj caf/kr gksrk gSA bl izdkj vkWijsVj thu ;g fu/kkZfjr djrk
gS fd neudj }kjk lajpukRed thUl dk neu gksuk pkfg, vFkok ughaA

4- lajpukRed thUl (Structural gene)& fofHkUu vksisjkWu esa lajpukRed
thUl dh la[;k vyx-vyx gks ldrh gSA mnkgj.kkFkZ] ySd vksisjkWu es rhu
ljapukRed thUl ik;s tkrs gSA bUgs flLVªkWu&Z, flLVªkWu&Y rFkk
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flLVªkWu&A }kjk fu:fir fd;k tkrk gSA ;s Øe'k%  -xSysDVkslkbMst
(  -Galactosidase),  -xSysDVkslkbM ijfe,t (  -Galactoside permease),
rFkk  -xSysDVkslkbM Vªakl,flVkbyst (  -Galactoside transacetylase)
uked ,UtkbEl ds fy, mRrjnk;h gksrs gSA ;s rhuksa flLVªkWu lajpukRed thUl
(Structural genes) dgykrs gS rFkk vksisjkWu esa ikl-ikl ik;s tkrs gSA

izsj.kh; ra= es vksisjkWu dh fØ;k-fof/k dh nks voLFkk,¡ gksrh gS&

¼v½ tc ek/;e es izsjd vuqifLFkr gks& ,slh fLFkfr esa vksisjkWu dk jsxqysVj
thu neudkjh izksVhu (Repressible protein) dk la'ys"k.k djrk gSA
izsjd dks vuqifLFkfr esa ;g lfØ; gksrk gS rFkk vkWijsVj LFky
(Operator site) ij vkdj tqM tkrk gSA blds QyLo:i RNA
ikWyhejst ,Utkbe dh lajpukRed thu dh vksj xfr :d tkrh gSA
lajpukRed thUl }kjk vuqys[ku fØ;k :d tkrh gS ,oa ,Utkbe dk
fuekZ.k ugha gks ikrkA

Regulator gene → Active repressor → Active repressor binds to and block operator
gene → Structural genes cannot transcribe mRNA → Enzyme synthesis inhibited.

fp= Ø- 8-4 izsjd dh vuqifLFkfr ,oa fjizslj dh mifLFkfr esa vksisjkWu dh fØ;k-fof/k

¼c½ tc ek/;e esa izsjd mifLFkr gks (When inducer is present in the
medium)& izsjd ds v.kq jsxqysVj thu }kjk mRikfnr neudkjh izksVhu
(Repressor protein) ds v.kqvksa ds lkFk la;qDr gksdj mls fuf"Ø; dj
nsrk gSA vc ;g vkWijsVj LFky ugh ca/k ikrkA ,slh fLFkfr esa RNA
ikWyhejst vkWijsVj ls vkxs dh vksj c<rs tkrs gSA lajpukRed thUl
(Z,Y,A) dk vuqys[ku gksrk gSA Qyr% muds }kjk lfØ; ,UtkbEl
mRikfnr gksrs gSA

Regulator gene → Active repressor → Active repressor + Inducer → Inactive
repressor → Inactive repressor molecules → does not bind with operator gene →
Transcription of mRNA by structural genes → Translation takes place → Synthesis
of enzymes (Proteins).



thu vfHkO;fDr dk
fu;eu izksVhu la'ys"k.k---

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh 169

fp= 8-5 izsjd dh mifLFkfr esa vksisjkWu dh fØ;k-fof/k

neudj ra= (Repressible system)& bl izdkj ds ra= ek/;e es
mifLFkr inkFkZ ,Utkbe ds mRiknu fd fØ;k dks jksdrk gSA neudkj ra= esa
vksisjkWu dh fØ;k-fof/k dh nks voLFkk,¡ gksrh gS &

(i) tc ek/;e esaa lg neudkjh vFkok dks-fjizslj vuqifLFkr gks (When co-
repressor is absent on the median)& neudkjh ra= esa vksisjkWu ds
jsxqysVj thu }kjk mRikfnr fjizslj vizHkkoh vFkok fuf"Ø; gksrk gSA
vr% bls ,iksfjizslj (Aporepressor) dgrs gSA ;g vkWijsVj thu ls
tqM ugha ikrkA vkWijsVj LFky ds Lora= vFkok vckf/kr gksus ds dkj.k
RNA ikWyhejst vkxs c<dj lajpukRed thuksa ds }kjk mRNA dk
vuqys[ku (Transcription) djuk izkjEHk dj nsrs gSA bl izdkj cus
mRNA ds vuqoknu (Translation) ls izksVhu vFkok ,Utkbe dk
la'ys"k.k gksrk gSA

Regulator gene → Inactive repressor (Aporepressor) → Aporepressor does not binds
to operator gene → No blocking of operator gene → Transcription of mRNA by
structural genes → Enzyme systhesis takes place

fp= Ø- 8-6% lg-neudkjh dh vuqifLFkfr esa vkWisjkWu dh fØ;k-fof/k
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(ii) tc ek/;e esaa lg-neudkjh vFkok dks-fjizslj mifLFkr gks (When co-
repressor is present in the medium)& p¡wdh neudkjh ra= es
vfHkdkjd dh ek/;e esa mifLFkfr ,Utkbe la'ys"k.k dh fØ;k dks jksdrh
gS] vr% ,sls vfHkdkjd dks dks-fjizslj vFkok lg-neudkjh dgrs gSA
fgl-vksisjkWu ds fy, fgLVhMhu lg-neudkjh dh rjg dk;Z djrk gSA
bldh vuqifLFkfr esa jsxqysVj thu }kjk mRikfnr ,iks-fjizslj fuf"Ø;
gksrk gSA ijUrq ek/;e es tSls gh dks-fjizslj ¼fgLVhMhu½ Mkyk tkrk
gS] ;g ,iks-fjizslj v.kqvksa ls izfrfØ;k djds mls lfØ; cuk nsrk gSA

fp= 8-7% lg-neudkjh dh mifLFkfr esa vkWisjkWu dh fØ;k-fof/k

;g lfØ; fjizslj vkWijsVj thu ds lkFk tqMdj ekxZ dks vo:/n dj
nsrk gS] ftlds dkj.k DNA J̀a[kyk ij RNA ikWyhejst ,Utkbe vkxs ugha c<
ikrkA ,slh fLFkr es lajpukRed thu vuqys[ku }kjk mRNA mRikfnr ugha dj
ikrs rFkk muds }kjk ,Utkbe ugha cu ikrsA fcydqy ;gh fLFkfr fVªIVksQsu rFkk
fVªIVksQsu flUFksVst ,Utkbe ds lkFk gksrh gSA

Regulator gene → Inactive repressor Aporepressor → Aporepressor + Corepressor
→ Active repressor → Active repressor binds to operator gene → Structural genes
do not transcribe mRNA → Enzyme (Protein) synthesis takes place.

8-2-2 ySd vksisjkWu dk /kukRed rFkk _.kkRed fu;a=.k
(Positive and Negative Control of Lac Operon)

tSdc ,oa eksuksM }kjk ySd vksisjku dh bZ- dksykbZ es [kkst ds ckn vusd
oSKkfudksa us bl ij vkSj dk;Z fd;k gSA [kkldj izkseksVj thu dk foLr̀r
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v/;;u gqvk gSSA blls Kkr gksrk gS fd izkseksVj thu ij rhu LFky (Sites) ik;s
tkrs gSA&

1- vip;h thu lfØ;d LFky vFkok cga LFky (Catabolite gene
activation site or cga site)A

2- izkjfEHkd cU/ku LFky vFkok ibs LFky (Initial binding site or ibs)A

3- vkWijsVj thu vFkok op (Operator gene or op)A

vr% vk/kqfud fopkj/kkjk ds vuqlkj fdlh vksisjkWu dk vkWijsVj thu Hkh
mlds izkseksVj dk Hkkx gksrk gSA

ySd vksisjkWu ds fu;eu esa nks izksVhuksa dk ;ksxnku gksrk gS&

(i) ySd neudkjh izksVhu (Lac Repressor protein) rFkk

(ii) vip;h thu lfØ;d izksVhu (Catabolic gene activation or cga
protein)A

neudkjh izksVhu vkWijsVj thu ls ca/kdj RNA ikWyhejst ,Utkbe dh
xfr dks ckf/kr djrk gS] ftlds QyLo:i lajpukRed thUl }kjk ySDVkst ds
mikip; esa Hkkx ysus okys ,UtkbEl ugha cu ikrsA vr% neudkjh izksVhu ySd
vksisjkWu ij _.kkRed fu;a=.k j[krk gSA nwljh vkSj] cga izksVhu dh vksisjkWu ij
fØ;k'khyrk /kukRed gksrh gSA ;g ,fDVosVj (Activator) dh Hkk¡fr dk;Z djrk
gS cga izksVhu dks vip;h ,fDVosVj izksVhu (CAP) Hkh dgk tkrk gSA tc cga
vFkok CAP v.kq ,d pfØ; AMP (Cyclic AMP) }kjk lfØ; gksrk gS rks ;g
izkseksVj thu cga LFky ls tqMdj RNA ikWyhejst ,Utkbe dks izkseksVj thu ij
LFkku xzg.k djus esa leFkZ cukrk gSA bl izdkj] cga vFkok CAP izksVhu }kjk
izkseksVj thu ij fu;a=.k vFkok fu;eu /kukRed gksrk gSA vr% ge ns[krs gS fd
ySd vksisjkWu dk fu;eu nks Lrjksa esa gksrk gS&

¼v½ _.kkRed fu;eu (Negative regulation)& ;g neudkjh izksVhu }kjk
vksisjkWu thu ij RNA ikWyhejst ds ekxZ dks ckf/kr dj ,Utkbe
la'ys"k.k fØ;k dks jksddj laiUu gksrk gSA

¼c½ /k.kkRed fu;eu (Positive regulation)& ;g pfØ; AMP }kjk lfØ;
cga izksVhu dh mifLFkfr esa RNA ikWyhejst ds izeksVj LFky ij twMus
ds }kjk gksrk gSaA

8-2-3 ;wdSfj;kWV~l es thu vfHkO;fDr
(Gene Expression in Eukaryotes)

;wdSfj;kWV~l es thu vfHkO;fDr dk fu;eu vis{kkdr̀ tfVy gksrk
gSA ;wdSfj;kWV~l dh thu lajpuk Hkh izksdSfj;kWV~l dh vis{kk tfVy gksrh gSA tc
ges thokf.od DNA ds thu dk Øe Kkr gksrk gS rc ge izksVhu esa vehuks
vEy ds Øe dk vuqeku vklkuh ls yxk ldrs gSa D;ksafd f=d~ dksMkWu ds
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vk/kkj ij ges dksMkWu ds Øe rFkk vehuks vEy dk Øe vklkuh ls irk py
tkrk gSA

;wdSfj;kWV~l esa lacaf/kr thoksa dh fØ;k'khyrk ,d vdsys vksisjkWu dk
izfrfuf/kRo ugha djrh gS] D;ksafd ;wdSfj;kWV~l esa ;s thu vyx-vyx xq.klw=ksa
ij ik;s tkrs gSaA izeksVj Hkkx (Promoter region) ds }kjk fu;af+=r gksrk gS
ysfdu ,d thu dk fu;eu DNA ds dbZ izeksVj Hkkxkas ds }kjk fd;k tkrk gSA
vr% thuksa dh vR;f/kd la[;k ds fy, DNA ij mifLFkr f=d~
U;wfDy;ksVkbV~l izksVhu esa vehuks vEyksa ds Øe ds vuq:i ugha gksrs gSA bldk
vFkZ gS fd izksVhu la'ys"k.k ds le; vehuks vEy dks tksMus ds fy, thuksa esa
mifLFkr vkuqoaf'kd lwpuk,¡ lrr~ ugha gksrh gSA ;g ns[kk x;k gS
fd ;wdSfj;kWV~l esa vehuks vEyksa dh dksfMax djus okys U;wfDy;ksVkbM~l ds chp-
chp dqN ,sls U;wfDy;ksVkbM~l Hkh mifLFkfr gksrs gS tks vehuks vEyksa dh dksfMax
ugha djrs gSA

fp= Ø- 8-8% ;wdSfj;kWV~l es thu vfHkO;fDr

bl izdkj fØ;k'khyrk ds vk/kkj ij ;wdSfj;kWfVd thu ds nks Hkkx gksrs
gS&

1- ,DtkWUl (Exons)& DNA ;k thu dk og Hkkx tksfd mRNA dk
VªkalfØI'ku djrk gS rFkk vehuksa vEyksa dh dksfMax djrk gS mls ,DtkWu
dgrs gSA
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2- bUVªkWUl (Introns)& ;g DNA dk thu dk og Hkkx gksrk gS tks fd
mRNA VªkalfØI'ku ugha djrk gSA ;g Hkkx VªkalfØI'ku ds le; vyx
gks tkrk gSA

lfØ; mRNA ds fuekZ.k dh izfØ;k ftles RNA ds vokafNr Hkkx
¼bUVªkUl½ vyx gks tkrs gS rFkk os Hkkx tks fd vehuks vEyksa dh dksfMax djrs
gSA ,DtkUl dk vkil esa tqM tkuk LIykbflax (Splicing) dgykrk gSA
VªkalfØI'ku ds le; og RNA ftles bUVªkWfud ,oa ,d tkfud Hkkx gksrs gS
fo"kekaxh (Hn RNA) curs gSA bl izdkj ge dg ldrs gS fd (Hn-RNA)
okLrfod mRNA dk izhdlZj gksrk gS tks fd fof'k"V izksVhu dk la'ys"k.k
Vªkalys'ku izfØ;k }kjk djrk gSA

8-2-4 ;wdSfj;kWV~l es thu vfHkO;fDr dk fu;eu
(Regulation of Gene Expression in Eukaryotes)

izkSdWfj;kWV~l dh vis{kk ;wdSfj;kWV~l esa thu vfHkO;fDr ds fu;eu fd izfØ;k dh
vf/kd tkudkjh ugha gS D;ksafd ;wdSfj;kWV~l es thu fØ;k dk fu;eu vis{kkd`r
tfVy gksrk gSA bl izfØ;k esa cgqr ls dksf'kdh; inkFkZ tSls& gkWeksZUl]
foVkfeUl /kkfRod vk;u ,oa dqN vU; jlk;u Hkh Hkwfedk vnk djrs gSA

;wdSfj;kWV~l es thu fØ;k ds fu;eu ds vU; fl/nkaUr (Other Theories
of Mechanism of Gene Regulation in Eukaryotes)

;wdSfj;kWV~l es thu vfHkO;fDr ds fu;eu dks le>kus ds fy, fn, x,
izeq[k fl/nkUr bl izdkj gS&

1- izksVhu fu;ked fl)kUr (Protein Regulatory Theory)& ;wdSfj;kWV~l
xq.klw= U;wfDy;ksizksVhu ds cus gksrs gSA xq.klw=ksa esa DNA ds lkFk nks izdkj dh
izksVhu& (i) fgLVksu ,oa (ii) ukWu-fgLVksu izksVhu tqMh jgrh gSaA ,slk ekuk tkrk
gS fd fgLVksu izksVhu ØksesfVu dks cukus dk dk;Z djrk gS tcfd ukWu-fgLVksu
thu fu;eu esa Hkwfedk fuHkkrk gSaA bl fl/nkUr ds i{k esa fxyekWj ,oa ikWy
(Gilmour and Paul, 1973) us fl/n fd;k fd ØkseSfVu ds DNA }kjk mRNA
dk la'ys"k.k eq[;r% ukWu-fgLVksu izksVhu ds L=ksr ij fuHkZj djrk gSA

2- LVhjkW;M gkWeksZu ,oa thu fu;eu (Steroid Hormone and Gene
Regulation)& bl fl/nkUr ds vuqlkj dqN LVhjkW;M gkWeksZu
tSls& ,LVªkstsu ,oa izkstsLVhjkWu dqN thuksa dk fu;eu djrs gSaA mnkgj.k&
pwtksa dh v.Mokfguh es izksVhu vksoy ,Ycwfeu dk la'ys"k.k ,LVªkstu dh
mifLFkfr esa gh gksrk gSA dksf'kdknzO; esa ,LVªkstu fjlsIVj izksVhu ds lkFk
tqMdj gkWeksZu-fjlsIVj izksVhu dkWEIysDl dk fuekZ.k djrk gSA ;g dkWEIysDl
dsUnzd ds vUnj LFkkukarfjr gksus ds Ik'pkr~ DNA ls tqM tkrk gS rFkk ;g
vksoy ,YC;qfeu izksVhu ds mRiknu ds fy, mRNA ds VªkalfØI'ku dh
flXufyax esa enn djrk gSA
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3- fczVu-MsfoMlu ekWMy ;k thu cSVjh ekWMy (Britten-Davidson
Model or Gene Battery Model)& vkj-ts fczVu (R.J. Britten) rFkk b-,p-
MsfoMlu (E.H. Davidson) us lu~ 1969 esa ,d pfpZr ekWMy& ^^thu cSVjh
ekWMy (Gene Battery Model) ds :i es izLrqr fd;kA

fp= 8-9% fczVu-MsfoMlu ekWMy ;k thu cSVjh ekWMsy

bldk Lo:Ik dkQh dqN ;wdSfj;kWV~l ds vksisjkWu ekWMy ds leku gSA bu
oSKkfudkas us lajpukRed thUl ds fy, izksM;wlj ;k mRiknd (Producer) 'kCn
dk mi;ksx fd;k gS vkSj blh izdkj vkWijsVj thu ds fy, fjlsIVj lkbV
(Receptor site) rFkk jsxqysVj thu ds LFkku ij thu 'kCn dk mi;ksx fd;k gSaA
bUVhxzsVj lkbV dk fu;eu lsUlj-lkbZV (Sensor-site) }kjk gksrk gSA bu
oSKkfudksa us viuh O;k[;k esa ;wdSfj;kWV~l xq.klw=- esa mifLFkr ukWu-fjihVsfVo
flaxy dkWih DNA Øeksa (Non-repetative single copy DNA sequences) rFkk
fjihVsfVo DNA Øeksa (Repetative DNA Sequences) dk Hkh mYys[k fd;k gSA

thu cSVjh ekWMy esa izksM;qlj (Producer) ,oa bUVhxzsVj thu (integrator
gene) ds vuqØe gksrs gS] tks fd RNA ds vuqys[ku (Transcription) esa Hkkx
ysrs gS] tcfd lsUlj (Sensor) ,oa fjlsIVj (Receptor) LFky ,sls vuqØe gksrs
gS] tks RNA ds la'ys"k.k esa Hkkx ugha ysrs gSA rFkk ;s dsoy v.kqvksa dks
igpkuus dk gh dk;Z djrs gSA

thu cSVjh (Gene battery)& fczVu ,oa MsfoMlu us vius ekWMy es
lsUlj LFky (Sensor site) }kjk fu;af=r izksM;qlj thuksa (Producer genes) ds
lewg dks cSVjh (Battery) dgk gSaA ;g cSVjh thuksa ds lewgksa dks ,d lkFk lfØ;
djus dk dk;Z djrh gS] ftlds ifj.kkeLo:Ik ,d gh le; es lHkh bUVhxzsVj
thukas ds }kjk vuqys[ku (Transcription) dh fØ;k izkjaHk gks tkrh gSA

4- VkVk-ckWDl ,oa dkV ckWDl (TATA Box and CAAT Box) &
vk/kqfud [kkstks ds i'pkr~ DNA J̀a[kyk esa mifLFkr thu fu;eudkjh
U;wfDy;ksVkbM vuqØeksa (Regulating nucleotide sequences) ds ckjs esa vkSj
vf/kd tkudkfj;k¡ miyC/k gqbZA mnkgj.k& 30 U;wfDy;ksVkbM viLVªhe (30
Nucleotide Upstream) blesa TATA {kkjdksa dk vuqØe ik;k tkrk gSA
vf/kdka'k ;wdSfj;ksV~l esa 30 U;wfDy;ksVkbM viLVªhe;qDr NksVk vuqØe ik;k
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tkrk gSS] tks fd muesa vuqys[ku (Translation) fØ;k ds fy, vko';d gksrk
gSA bl vuqØe dh [kkst xksYMcxZ ,oa gksXusl (Goldberg and Hogness) us
lu~ 1979-80 esa dh FkhA vr% bls xksYMcxZ-gksXusl ckWDl (Goldberg and
Hogness box) ;k VkVk ckWDl (TATA Box) dgrs gSA

fp= 8-10 Mh- ,u- ds izeksVj {ks= esa VkVk ckWDl ,oa dkV ckWDl

blds vfrfjDr VkVk-ckWDl ds iwoZ ,oa ckn esa Hkh 200 {kkjksa ds vuqØeksa
rd Bhd blh izdkj ds vuqØe ik;s tkrs gS] tks fd fdlh u fdlh :i esa
vuqys[ku fØ;k ij fu;a=.k j[krs gSA mnkgj.k CAAT ckWDlA ;g ckWDl
izkseksVj {ks= (Promotor region) esa 70 ,oa 80 {kkjd ;qXeksa ds e/; mifLFkr
{ks= esa ik;k tkrk gSA VkVk-ckWDl esa yxHkx 200 {kkjdks ds }kjk VªkalfØI'ku dh
fØ;k iw.kZ dh tkrh gSA

viuh Áxfr tk¡fp, (Check Your Progress)

1- vksisjkWu ekWMy fuEu oSKkfudksa }kjk izLrqr fd;k x;k %

¼v½ okVlu rFkk fØd ¼c½ Vsfeu rFkk Mycsdks

¼l½ tsdkWc o eksukWM ¼n½ cksuj rFkk cVsZ.M

2- ysd-vksisjkWu esa fdrus dUVªksy thu gksrs gS %

¼v½ 2 ¼c½ 3

¼l½ 5 ¼n½ 1

3- tSdkWc o eksukM ekWMy dgk tkrk gS %

¼v½ vksisjkWu ekWMy dks ¼c½ LVhu ekWMy dks

¼l½ fczVu-MsfoMlu ekWMy dks ¼n½ ÝsULVj ekWMy dksA
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4- ysd-vksisjkWu ekWMy esa ugh ik;k tkrk &

¼v½ jsxqysVj ¼c½ lSUlj

¼l½ izkseksVj ¼n½ vkWijsVjA

5- bZ- dksykb Z ds ysd vksisjkWu ds ekWMy ds vk/kkj ij thu vfHkO;fDr
dh /kkj.kk nh Fkh&

¼v½ okVlu ,oa fØd us ¼c½ tSdc ,o aeksuksM us

¼l½ Vsfeu ,o ckYVheksj us ¼n½ fczVu ,oa MsfoMlu us

6- vksisjkWu gS %

¼v½ xq.klw= ij iqulZa;kstu dh bdkbZ

¼c½ vkuqoaf'kd inkFkZ dh lcls NksVh bdkbZ

¼l½ mRizsj.k ds fy, ftEesnkj vkuqoaf'kd inkFkZ dh bdkbZ

¼n½ xq.klw=ksa ij thuksa dk lewg tks vuqoknu fØ;k fu;fU=r djrs
gSa rFkk fu;U=d thu] izsjd thu ,oa lajpukRed thu ds cus
gksrs gS A

8-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼l½

2- ¼c½

3- ¼v½

4- ¼c½

5- ¼c½

6- ¼n½

8-4 lkjka'k (Summary)

mijksDr o.kZu ls Li"V gS thu vfHkO;fDr (Gene Expression) ds dkj.k gh
izksVhu la'ys"k.k gksrk gS rFkk vksisjkWu ekWMy lqpk: :i ls dk;Z djrk gSA
vksisjkWu ekWMy ,oa izksVhu la'ys"k.k ,d tfVy fØ;k gS ftldk fu;a=.k DNA
ds }kjk gksrk gS rFkk E. Coli esa ySDVkst dh mifLFkfr ,oa vuqifLFkrh ds dkj.k
ySd vksisjku vkWu ,oa vkWQ jgrk gSA
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8-5 eq[; 'kCnkoyh (Key Terminology)

 ,Dtku& DNA ;k thu dk og Hkkx tks fd mRNA dk VªkUlfØI'ku
djrk gS rFkk vehuksa vEyksa dh dksfMax djrk gS mls ,Dtku dgrs gSA

 bUVªkWUl (Introns)& ;g DNA dk thu dk og Hkkx gksrk gS tks
VªkalfØI'ku (Transcription) ugh djrk gSA

 Splicing& ,DtkUl dk vkil esa tqM tkuk Splicing dgykrk gSA

 Inducer& izsj.k@mn~nhfir djuk

8-6 Lo-ewY;kadu Á'u ,oa vH;kl
(Self Assessment Questions and Exercise)

Yk?kq mÙkjh; iz'u (Short Answer Type Question)

1- ysd vksisjkWu D;k gksrk gS\

2- fuEufyf[kr ij laf{kIr fVIif.k;kW fyf[k;s%

(i) lg-neudj (Co-repressor)

(ii) fizCuks ckWDl (Pribnow box)

(iii) ;wdSfj;ksV ds thu fu;eu esa ukWu-fgLVksu dh Hkwfedk
(Role of non-histones in gene regulation of eukaryotes),

(iv) iquHkZj.k laneu (Feed-back inhibition)

(e) neu'khy ra= (Repressible system)

(f) vgsrqd foHksn (Constitutive strain)

3- fVIi.kh fyf[k,%

(a) fu;ked thUl (Regulator genes)

(b) vkWisjkWu (Operon)

(c) lajpukRed thUl (Structural genes)

(d) ysd-vkWisjkWu dh jpuk

(e) thu-cSVjh

(f) vkWisjsVj ,oa izksaeksVj

(g) fczVu-MsfoMlu ekWMy

(h) izksdSfj;kWV~l es thu-fu;eu

4- thu-vfHkO;fDr D;k gS\ E. Coli ds ysd-vksisjkWu ds dk;Z dk o.kZu
dhft,A
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5- D;k dksf'kdk ds lHkh thUl gj le; fØ;k'khy gksrs gS\ ;fn ugh] rks os
fdl izdkj fuf"Ø; gks tkrs gS\

6- thu-vfHkO;fDr ij fVIi.kh fyf[k,A

7- ?kUkkRed ,oa _.kkRed fu;U=.k D;k gS\

8- izsjd dh mifLFkfr ij vksisjkWu dh fØ;kfof/k dk o.kZu djksA

9- izsjd dh vuqifLFkfr ij vksisjkWu dh fØ;kfof/k dk o.kZu djksA

10- ysd vksisjkW; D;k gS\ la{ksi esa le>kb;sA

nh?kZ mÙkjh; Á'u (Long Answer Type Question)

1- vksijkWu (Operon) D;k gS\ ySd-vksisjkWu dh lajpuk ,oa fØ;k fof/k dks
le>kb,A

2- thu fu;ed ds izsj.kh; ra= dh O;k[;k dhft,A

3- thu fu;eu ls vki D;k le>rs gS\ thoksa esa ;g D;ksa vko';d gS\

4- thu fu;eu ds vksisjkWu ekWMy ij fuaca/k fyf[k,A

5- thu fu;eu ds fy, vksisjkWu ekWMy dk o.kZu dhft,A

6- /kukRed rFkk _.kkRed fu;a=.k D;k gksrk gS\ ysd-vksisjkWu es _.kkRed
fu;U=.k fdl izdkj ls gksrk gS\

7- vksisjkWu D;k gS\ thu fu;eu dh foospuk dhft,A

8- vksisjkWu ekWMy ,oa mldh lajpuk ij izdk'k Mkfy,A

9- izsjd dh mifLFkfr ,oa vuqifLFkfr esa vksisjkWu fØ;kfof/k dk o.kZu
dhft,A

8-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology – By – J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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bdkbZ 2

v/;k; 9 fLIyV thUl] vksojySfiax thu o
L;wMksthUl
(Split Genes Overlapping Genes
and Pseudogenes)

Lakjpuk (Structure)

9-0 ifjp;
9-1 mÌs';
9-2 [kf.Mr thu ;k foHkDr thu

4-2-1 foHkDr thu dk R-dq.My ekufp=.k ,oa jsfLVªD'ku ekufp=.k

9-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
9-4 lkjka'k
9-5 eq[; 'kCnkoyh
9-6 Lo-ewY;kadu iz'u ,oa vH;kl
9-7 lgk;d ikB~; lkexzh

9-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction /Definition)

loZizFke thu dh [kkst ,oa thu 'kCn dk iz;ksx tksgkUlu (Johanssen) }kjk
lu~ 1909 esa fd;k x;kA tcfd es.My us leku inkFkZ ds fy, dkjd (Factors)
'kCn dk iz;ksx fd;k FkkA es.My us dkjdks ds ckjs esa cryk;k fd & ^^dkjd
thuksa esa ik;s tkus okys fof'k"V rFkk fofufnZ"V ;k vfuok;Z bdkbZ gS tks fof'k"V
vkuqoaf'kd y{k.kksa dh vfHkO;fDr dks fu;af=r djrs gSA tksgkUlu us Hkh thu dks
yxHkx blh izdkj ls ifjHkkf"kr fd;kA muds vuqlkj& ^^thu oa'kkxfr dh
lk/kkj.k bdkbZ gS tks fof'k"V vkuqoaf'kd xq.kks dks izHkkfor djrs gSA**

ekWxZu ¼1910½ rFkk muds ledkyhu oSKkfudksa us thu ij vusd dk;Z
fd;kA ekWxZu ds vuqlkj thu xq.klw=ksa ij ik;s tkrs gS] tks fd Økflax
vksoj }kjk thUl ,d&nwljs ls vyx gks ldrs gS rFkk (Mutation) }kjk thu
dh izdf̀r esa ifjorZu laHko gSA orZeku es thu dks fuEukuqlkj ifjHkkf"kr fd;k
x;k gS & “A gene is defined as a unit o inheritance composed of a
segment of DNA or chromosome situated at a specific locus (Gene Locus)
which carrier coded information associated with a specific function and
can under go crossing over as well as mutation.”

bhandup8
Rectangle
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fiNys rhu n'kdksa es vkf.od tho foKku (Molecular Biology) dh
vk/kqfud rduhdks ds vkuqoaf'kdh ds v/;;u esa iz;ksx ls vusd egRoiw.kZ
miyfC/k;k¡ gkfly dh xbZ gSA blesa ls ,d gS iqu;ksZtu DNA rduhdh
(Recombinant DNA Technology) ftlls vkuqoaf'kd vfHk;kaf=dh (Genetic
Engineering) tSlh egRowi.kZ 'kk[kk dk mn; gqvk gSA thu lacaf/kr fuEu [kksts
Hkh fo'ks"k :i ls mYys[kuh; gS&

1- Split Genes

2- Overlapping genes

3- Pseudogenes

4- Criplic genes

5- House keeping genes

6- Multiple genes

7. Single copy genes,

8. Jumping genes

9. Structural genes etc.

fdUrq blesa mijksDr esa ls Øe'k% 'kq: ds rhu izdkj ds thUl dks
fo'ks"k :i ls o.kZu fd;k tk jgk gSA

thu (Gene) vkuqoaf'kdrk ds okgd gS rFkk xq.klw=ksa (Chromosomes)
ij ,d jSf[kd Øe (Linear order) esa ik;s tkrs gSaA xq.klw=ksa (Chromosomes)
ij thUl ,d fof'k"V LFkku ij ik, tkrs gS] ftldks fcUnqiFk (Locus) dgrs
gSA thUl ds LFkku ij ifjorZu gksus ij u, thu Øe (Gene sequence) okys
xq.klw= curs gSA izR;sd thu ds vusd fØ;kRed :i gSA izR;sd tho esa vusd
thUl ik, tkrs gS] tksfd fofHkUu y{k.kksa dk fu/kkZj.k djrs gSA thUl das laxBu
esa vpkud ifjorZu ls budh vfHkO;fDr esa Hkh ifjorZu vk tkrs gSA vusd
thUl vius xq.kksa dks rHkh iznf'kZr djrs gS] tc thu mRikn (Gene Product)
dh vko';drk gksrh gSA bl izdkj ds thUl (Genes) dks lqIr thUl ;k
lkbys.V thu (Silent Genes) dgrs gSA bl izdkj vusd thUl ik, tkrs gS]
ftuds mRikn dksf'kdh; fØ;kdykiksa (Cellular activites) ds fy, vko';d
gksrs gSA

tssusfVDl vFkok vkuqoaf'kdh (Genetics) 'kCn dk mi;ksx lcls igys
cSVslu (Bateson) }kjk 1905 eas fd;k x;kA es.Msfy;u dkjdksa (Mendelian
factors) ds fy, thu (Gene) 'kCn dk izfriknu tksgkulu us 1909 esa fd;kA

thu dh vk/kqfud ladYiuk dks dbZ oSKkfudks us le;-le; ij
izfrikfnr fd;k gS] mnkgj.k ds fy,] eqyj (Mular) okVlu o fØd (Waston
and Crick) foyfdUl (Wilkins), eksxZu (Morgan), lVu (Sutton) vkfnA
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thu dh vk/kqfud ladYiuk ds vuqlkj]

1- thu HkkSfrd rFkk 'kjhj-fØ;kRed y{k.kksa a dks ,d ih<h ls nwljh ih<h esa
igq¡pkrs gSA

2- thu xq.klw=ksa (Chromosomes) ij ik, tkrs gSA

3- ,d xq.klw= ij dbZ thUl ik, tkrs gSA

4- thu xq.klw=ksa ij ,d jsf[kd Øe (Linear sequence) esa ik, tkrs gSaA

5- thu dk LFkku izR;sd xq.klw= esa fuf'pr gksrk gS ftls yksdl ;k
fcUnqiFk (Locus) dgrs gSA

6- izR;sd thu dh dbZZ izdk;kZRed (Functional) voLFkk,¡ gks ldrh gSa
ftUgs fodYih ;k ,yhy (Alleles) dgrs gSA

7- lk/kkj.kr;k thUl ;qXefodYih gksrs gSa ,oa ;qXefodfYi;ksa dks izHkkoh o
vizHkkoh }kjk lacksf/kr fd;k tk ldrk gSA

8- thu ,d ls vf/kd ckj mRifjofrZr gksdj nks ls vf/kd ;qXefodYih cuk
ldrs gS afd ,d tho esa dsoy nks ;qXefodYih gh gks ldrs gSA

9- thu] thu fofue; }kjk nwljs xq.klw= ij LFkkukUrfjr gks ldrs gSA
vletkr (Non-homologous) xq.klw=ksa esa thUl dk fofue;
LFkkukUrj.k (Translocation) dgykrk gSA

10- thUl esa iqujkof̀Rr (Replication) ik;h tkrh gSA

11- izR;sd thu ,d fo'ks"k izdkj ds izksVhu ds la'ys"k.k ds fy, mRrjnk;h
gksrk gSA

12- thu DNA ds ,d [k.M dks iznf'kZr djrk gS ftlesa ,d fo'ks"k
izksVhu ;k ikWyhisIVkbM J̀a[kyk ds fy, U;wfDy;ksVkbM~l ds :Ik es lans'k
fufgr jgrk gSA fdlh thu esa U;wfDy;ksVkbMksa dk Øe ikWyhisIVkbM
J̀a[kyk esa vehuks vEy ds Øe dks fu/kkZfjr djrk gSA

9-1 mÌs'; (Objective)

bl bdkbZ dks i<us ds ckn vki&

 thu lacaf/kr ?kVd

 thu ds izeq[k izdkj

 xq.klw=ksa esa thUl dk fofue; LFkkukUrj.k

 thUl esa iqujkof̀Rr

 thu lacaf/kr egRoiw.kZ [kksts

bu fo"k;ksa dh foLrr̀ #Ik ls tkudkjh izkIr dj ldrs gSA
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9-2 [kf.Mr thu ;k foHkDr thu (Split Gene)

og thUl tksfd e/;orhZ Øe (Intervening sequence) esa ik, tkrs gS [kf.Mr
thu ;k foHkDr thu dgykrs gSA

lu 1900 esa es.My ds fu;eksa dh iqu% [kkst gksus ds dkj.k thu (Gene)
xq.klw= (Chromosome) ij ,d fcUnq ds :i esa ekuk x;k rFkk ckn esa fujUrj
DNA ds ,d [k.M ds :i esa ekuk x;kA lu~ 1964 esa ;g izekf.kr gks x;k Fkk
fd DNA ij U;wfDy;ksVkbM Øe (Nucleotide sequence) ds chp rFkk izksVhUl
esa vehuks vEy ds chp lgjSf[kdrk (Colinearity) Fkh] ftlls thu (Gene) tks
fd DNA [k.M dks n'kkZrk gS esa U;qfDy;ksVkbM (Nucleotide) dh fujUrjrk esa
dksbZ 'kadk ugh FkhA

;g izkSdsfj;ksV~l (Prokaryotes) ,oa ;wdSfj;ksV~l (Eukaryotes) esa
izekf.kr gks pqdk Fkk ysfdu lu 1970 esa loZizFke dqN Lruh izkf.k;ksa
(Mammals), if{k;ksa (Birds) ,oa mHk;pjh (Amphibians) izkf.k;ksa es thUl
(Genes) U;wfDy;ksVkbM~l (Nucleotides) ds fujUrj Øe ds }kjk izfrfufgr
(Represented) ugh gksrs gS cfYd dqN e/;orhZ Øe ds }kjk vo:) ;k Hkax
(Interrupted) gksrs gS] tks fd izksVhUl ds la'ys"k.k esa mi;ksx ugha gksrs gS vkSj
u gh thUl (Genes) ls vuqysf[kr (Transcribed) mRNA es izfrfufgr ugha
gksrs gSA bl izdkj ds e/;orhZ Øe ds thUl] foHkDr@[kf.Mr thu (Split gene)
dgykrs gSA

fp= Ø- 9-1% The upper figure shows a DNA sequence representing an
interrupted gene with three introns (A, B, C) and th synthesis of its mRNA;

the bottom figure shows the result of hybridization of mRNA with single
stranded DNA obtained after denaturation of native DNA

(note the loops formed by three intron regions)
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czhFkusd (Breathnack), es.My (Mendel) ,o NEcksu (Chambon) us
n'kkZ;k fd vusd NksVs U;wfDy;ksVkbM Øe (Nucleotide sequence) thukse
(Genome) esa forfjr :i ls ik, tkrs gS tks fd ,d izksVhu dks dwfVr
(Coding) djrs gSA ;g n'kkZ;k fd thu VqdMksa es foHkDr gksrs gSA bl rF; dks
izekf.kr djus ds fy, bu oSKkfudksa us pwts (Chicken) esa ,x ,YC;wfeu (Egg
albumen) ;k v.Ms dh lQsnh (White of egg) ls thu ds mRNA ds iF̀kd~
fd;kA ;g vkso,YC;wfeu (Ovalbumen) thu] vkso,YC;wfeu izksVhu ds la'ys"k.k
ds fy, mRrjnk;h gksrk gS] bles 386 vehuks vEy gksrs gSaA ;g v.Mokfguh ds
vf/kd fo'ks"khdr̀ uykdkj xzfUFky dksf'kdkvksa ds }kjk ml le; la'ysf"kr gksrk
gS tc eqxhZ v.Ms nsrh gSA bl vkso,YC;wfeu esa thu dh vfHkO;fDr] eknk fyax
gkeksZUl (Female sex hormones) ds }kjk fu;fU=r gksrh gSaA ih;js psecksu
(Pierre Chambon) ,oa blds lg;ksfx;ksa us vizkdf̀rd @cukoVh (Artificial)
vkso,YC;wfeu thu (Ovalbumen gene) dk la'ys"k.k fd;k ftlls fd blds
fu;eu dk iw.kZ v/;;u fd;k tk ldsA

bl izdkj ds vizkdf̀rd thu (Artificial gene) dks vkso,YC;wesu
(Ovalbumen) ds mRNA ds }kjk la'ysf"kr fd;k tk ldrk gS tksfd cDNA
laiwjd DNA (Complementary DNA) dks mRØfer VªkUlfØIVst ,Utkbe
(Rreverse transcriptase enzyme) dh lgk;rk ls nsrk gSA ;g cDNA ,d
IykfTeM (Plasmid) ls la;kstu djrk gSA bZ- dksykb (E.coli) esa vius xq.ku ds
fy, DyksUM (Cloned) gksrk gSA tc bl cDNA dh rqyuk vkuqoaf'kd DNA ls
dh xbZ] rc DNA ladj.k ds }kjk ;g ik;k fd vkuqoaf'kd DNA esa vfrfjDr
vUroZrh (Intervening) Øe gksrk gSA

foHkDr ;k [kf.Mr thu (Split gene) dh [kkst ds fy, tks nwljh
rduhd dk mi;skx fd;k x;k] mles jsfLVªD'ku ,Utkbe (Restriction enzyme)
dk mi;ksx FkkA bl ,Utkbe esa DNA dksa ,d fof'k"V LFky ij fonfyr djus
dk xq.k gksrk gSA bl izdkj ds 100 jsfLVªD'ku ,UMksU;wfDy,st ,Utkbe
(Rrestriction endonuclease enzyme) Kkr gSA jsfLVªD'ku ,UMksU;wfDy,st ,Utkbe
dk mi;skx dj ,d thu es dqN Øe dh mifLFkfr ;k vuqifLFkfr dks Kkr
fd;k tk ldrk gSA tSlk fd Eco RI ,oa Hind III ,Utkbe dk mi;skx
vkso,YC;wfeu ds cDNA ds lkFk mi;ksx fd, tkrs gSa ;g ik;k x;k fd dkssbZ
fonyu ugha gqvk ;g n'kkZrk gS fd bu nks ,Utkbe ds }kjk izR;sd ds 6
{kkj ;qXe dks igpkuk tksfd vuqifLFkr FksA

blds vk/kkj ij ,slk lEHko Fkk fd ;fn v.Mokfguh ls fuLrkfjr
DNA ;k fdlh vU; Ård ls fuLrkfjr DNA, dks bu nks ,UtkbEl dh
lgk;rk ls fonfyr fd;k tk ldrk gSA vkso,YC;wfeu thu VwVrk ugha gS vkSj
fonyu fdlh vU; LFkku ij gksxk] bl izdkj ltho dksf'kdk ls vkso,YC;wfeu
thu dks iF̀kd~ fd;k tk ldrk gSA ;g DNA [k.M tks vkso,YC;wfeu thu dks
n'kkZrk gS] vizkdf̀rd :Ik ls la'ysf"kr cDNA ds }kjk ladj.k dh lgk;rk ls
iF̀kd~ fd;k tk ldrk gSA tc ;g ladj.k fd;k tkrk gS] ;g ik;k x;k fd
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vizkdf̀rd :i ls la'ysf"kr cDNA, DNA ds fofHkUu [k.Mks a ls ladfjr dj
ldrk gS u fd ,dy LVªsUMsM DNA ls] ftlesa vkso,YC;wfeu dk thu gksrk gS
vkSj mlds mRNA ds chp ladj.k djrk gS] ;g Hkh n'kkZrk gS fd ,d fof'k"V
LFky ij ,d ywi@dq.My (Loop) dks cukrk gS tSlk fd bysDVªkWu
lw{en'khZ; ;U= (Electron microscope) ds }kjk fn[kkbZ nsrk gSaA ;g DNA
ds }kjk dq.My (Loop) dk fuekZ.k mRNA esa vuqifLFkr gksrk gSA bl izdkj
ds ifj.kkeksa ds vuqlkj lu~ 1977 esa foHkDr thu@[kf.Mr thu (Split gene) dh
[kkst gqbZA

fp= Ø- 9-2% (A) a portion of a split gene showing general pattern including

(a) GU at the start and AG at the end of each intron end (b) other 5 c and

3 c consensus sequences (note X = A or G or C or U; Y = C or U). (B) GU-AG
rule for intron shown for a part of ovalbumin gene transcript

(Precursor mRNA) and its srole in RNA splicing.

bl izdkj ds foHkDr thu (Split gene) nks vU; izdj.kksa&  -Xyksfcu thu
(  -Globin gene) [kjxks'k ,oa pwgs (Mouse) esa rFkk bE;wuksXykscqfyu thu

(Immuno-globin gene) izfrj{kh (Antibody) thu esa ik;s x;sA o"kZ 1977 ds
vUr rd ;g Kkr gks pqdk Fkk fd mPp Js.kh ds thoksa esa foHkDr thu (Split
gene) dh mifLFkfr lkekU; :i ls ik;h tkrh gSA lu~ 1978 esa fxYcVZ
(Gilbert) us] lu 1979 es ÝkfUll fØd (Francis Crick) vkSj lu~ 1981 esa ih-
psecksu (P. Chambon) us blds ckjs esa v/;;u fd;kA

foHkDr thu (split gene) dh leL;k dks fuEu mnkgj.k ls le>k ldrs
gS&

,d thu tks fd ,d DNA Øe }kjk iznf'kZr gksrk gS] blesa thu ds
rhu [k.M& bDlkWu (Exon) 1] bDlkWu (Exon) 2] ,oa bDlkWu (Exon) 3 gksrs
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gSaA ;g fru bDlkWu nks yEcs e/;orhZ@vUroZrhZ (intervening) Øe ds }kjk
iF̀kd~ gksrs gS ftudks b.VªkWu (Intron) A ,oa B dgrs gSA fp= 4-2 ds vuqlkj
DNA ds vuqys[ku (Transcription) esa vfUre mRikn& mRNA esa ;g Øe ik,
tkrs gSa tks bDlkWu ls feyrs gS] ysfdu b.VªkWu ls lEcfU/kr Øe vuqifLFkr gksrs
gSA DNA Øe ftlesa vUroZrh Øe-b.VªkWUl gksrs gS] ls mRNA dk mRiknu
1978 ,oa 1979 rd pfpZr jgkA vUr esa O;kidhdj.k (Generalization) ds
vk/kkj ij ;g fu"d"kZ fudkyk fd DNA ij bDlkWu ds Øe ogh gksrs gSa tks fd
vfUre mRNA ij ik, tkrs gSaA

9-2-1 foHkDr thu dk R-dq.My ekufp=.k ,oa jsfLVªD'ku
ekufp=.k (R-loop Mapping and Restriction Mapping
of Split Gene)

R-dq.My ekufp=.k
(Loop mapping) ,d
rduhd gksrh gS ftlesa
mRNA dk ladj.k nksgjs
LVSªUMsM DNA ds lkFk
mlh n'kk esa fd;k tkrk gS
ftlesa DNA MqIysDl dh
vis{kk RNA-DNA ladj
vf/kd fLFkj gksrk gSA
blds }kjk DNA ds ,d
LVSª.M dks ml LFkku ls
foLFkkiu fd;k tkrk gS
tgk¡ ij RNA ls la;kstu
djrk gSA tc foHkDr thu
ds DNA dk mi;ksx
mRNA ls ladj.k ds
iz;ksx esa fd;k x;k] rc
vUroZrhZ Øe (Intervening
sequence) ;k b.VªkWu {ks=
(Intron region) nksgjs
LVSª.MsM DNA dq.My
ds :i esa rFkk bDlkWu
(Exon) {ks= ,dy LVSª.MsM
dq.My ds :i esa fn[kkbZ
nsrs gSA ¼fp= 9-4½ DNA

ds nksgjs LVSª.MsM dq.My] nks ,dy LVSª.MsM dq.My ds laxe ij fn[kkbZ nsrs
gS] ;g mRNA ds foLFkkiu ds dkj.k mRiUu gksrs gSA budks bysDVªkWu

fp= Ø- 9-3% R-Looping where mRNA is
hybridized with double standard DNA
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lw{en'khZ ;U= (Electron microscope) ds }kjk ns[kk tkrk gSA mnkgj.k
 -Xyksfcu thu pwgs esaA

foHkDr thu dk v/;;u] foHkDr thu ds jsfLVªD'ku ekufp=.k dh mRNA
ls fufeZr cDNA ls rqyuk dh tk ldrh gSA bles nks fcUnq fn[kkbZ nsrs gS&

(i) ;fn vUroZrhZ Øe (Intervening sequence) ;k b.VªkWu {ks= esa ,Utkbe ds
fy, dksbZ mi;qDr LFky ugha gksrk gS rc lEcfU/kr [k.M dh yEckbZ esa
ifjorZu gksrk gSA ysfdu [k.Mksa (Segments) dh la[;k lkekU; jgrh gSA

(ii) ;fn b.VªkWWu (Intron) ij ml ,Utkbe ds fy, ftldk mi;skx fd;k tkrk
gS jsfLVªD'ku LFky gksrk gS] blesa ,d vfrfjDr dkV bl {ks= esa cuk;k
tkrk gSA ;g vfrfjDr dkV cDNA esa vuqifLFkr gksrk gSA vr% thu esa
vfrfjDr dkV nks [k.Mks dks fufeZr djrk gS tks fd CDNA ds ,d [k.M
ds leku gksrs gSA cDNA dk jsfLVªD'ku ekufp= ,oa pwgs ds  -Xyksfcu
thu ds ftukse DNA dk eku fp=.k dks 9-5 esa n'kkZ;k x;kA ;g ns[kk
x;k fd thu esa nks b.VªkWu {ks= (Intron region) gksrs gS] ,d vf/kd cMk
tksfd bysDVªkWu lw{en'khZ; ;U= (Electron microscope) es R-dq.My
(R-loop) ds vUrxZr ns[kk tk ldrk gS] ysfdu nwljk NksVk] tks fd
bysDVªkWu lw{en'khZ ;U= ls fn[kkbZ ugha nsrk gSA

pwts ds vkso,YC;wesu foHkDr thu dh lajpuk
(Structure of Chicken Ovalbumen Split Gene)
fLIyV thu (split genes)& izkjEHk eas ,slk ekuk tkrk gS fd thu tks fd ,d
fo'ks"k ikWfyisIVkbM~l ds fy, dksM djrh gS ml ij U;wfDy;ksVkbM~l dk ,d
fujUrj vuqØe (Continuous sequence) gksrk gS] fdUrq gsDlkWu (Hexon) thu
dks ,fMuksok;jl (Adenovirus) esa rFkk vkso,YC;qfeu (Ovalbumin) thu dks
fpdUl (Chickens) esa gksrh gSa] esa igyh ckj ;g ns[kk x;k fd DNA dk
vuqØe fujUrj ugha FkkA

fp= Ø- 9-4% A comparison of the restriction maps of cDNA and
genomic DNA for mouse b-globin gene showing that the gene has two

introns not present in cDNA. Only one of them shows up as a loop during
hybridization of mRNA with denatured.
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gsDlkWu thu& ,fMuksok;jl dk DNA f}lw=h (Double stranded) gksrk
gS o yxHkx 20 izksVhu ds fy, dksM djrk gS dqy thUl esaa ls 8 thUl ysV
thUl (Late genes) dgykrh gSA D;ksafd ;s ok;jl ds thou esa nsj ls
izfrfyfir gksrh gSA ;s vkBksa thu izfrfyfir gSA ,d ,dy mRNA cukrh gS
tks ckn esa VwVdj 8 mRNA cuk ysrk gSA bu vkB mRNA dh dqy yEckbZ
izfrfyfir gq, ewy ,dy mRNA (Original single m-RNA) ls de gksrh gSA
tc vkBksa esa ls ,d gsDlkWu thu (hewxon gene) dk tksMk blds mRNA ds
lkFk cuk rks DNA esaa 3 ywIl (3 loops) curs gS A

fp= Ø- 9-5% Transcription and processing of m-RNA of the ovalbumin gene.
(A) ovalbumin gene with coding (Black) and noncoding sequences (Whitea-g)
(B) precursorRNAtranscribedbyDNA, (C) Noncoding sequences of p RNA loop

out, (D) m-RNA after excision of loops (Shorter m-RNA)

tks v;qXeh (Unpaired) voLFkk dks n'kkZrs gSA

blls ;g bafxr gksrk gS fd gsDlku mRNA pkj fofHkUu {ks=ksa ¼vuywIM
Hkkxksa Unlooped regions) }kjk izfrfyfir gqvk gS vkSj pkjksa VqdMs (segments)
ckn esa vkil esa tqM x,A

vkso,YC;qfeu thu& psEckWu lewg] (Chambon group) Ýkal rFkk eSyht
lewg (Malley’s group) ;w- ,l- , us fpdUl esa vkso,YC;wfeu thu dks [kkstk
tks fujarj ugha gksrh] cfYd dbZ VqdMksa dh cuh gksrh gS tks xq.klw= ij fc[kjs
gksrs gSA ;s thu fLIyV thUl dgykrh gSA thu es dqN Hkkx 'kkUr Hkkx
dgykrk gS ftuls ikWyhiSIVkbM~l dk la'ys"k.k ugha gksrkA bl voLFkk esa
vkso,YC;qfeu thu esa DNA lsa mRNA izfrfyfir gksus ds igys DNA fizdlZj
RNA (Precursor RNA) curk gSA ftlesa os vuqØe gSa tks mRNA esa ugh ik,
tkrs gaSA ;s vuqØe ywIl cukrs gS] tks ckn esa dV tkrs gSa vkSj m-RNA curk
gSA ¼fp= 9-6½

fLIyV thUl vU; thoksa tSls MªkslksfQyk] ekbl o jsfcV (Drosophila,
Mice, rabbit) vkfn esa ik;h xbZ gSaA
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fp= Ø- 9-6% Ovalbumin gene showing 8 exons (L, 1.7)
7 intron (A-G)

pwts ds vkso,YC;qfeu foHkDr thu lajpuk dk v/;;u foLrkj djus ds
i'pkr~ ;g ik;k fd pwts ds vkso,YC;qfeu foHkDr thu esa vkB bDlkWUl
(Exons) ,oa lkr b.VªkWUl (Introns) ik, tkrs gSaA

bDlkWUl (Exons)& ;wdSfj;ksfVd (Eukaryotic) thUl dk ,d [k.M gS
ftlds }kjk vehuks vEy (Amino acids) ds Øe vFkok RNA dh dksfMax
(Coding) gksrh gS] mls bDlkWUl dgrs gSA ;g DNA dk fØ;k'khy Hkkx gSA

b.VªkUl (Introns)& ;wdsfj;ksfVd (Eukaryotic) DNA ;k thUl dk og
Hkkx gS tks fd vehuks vEy (Amino acids) ;k m-RNA ds fuekZ.k esa Hkkx ugh
ysrk gS rFkk vuqys[ku (Transcription) ds le; thUl ls vyx gks tkrk gSA
mls b.VªkWUl (Introns) dgrs gSA ;g DNA dk vfHkfØ;k'khy Hkkx gSA
izR;sd ;wdsfj;ksfVd thUl esa bDlkWUl ,oa b.VªkWUl ,dkUrfjr :i esa ik, tkrs
gSA

fp= Ø- 9-7% Loop A-G represent 7 different introns and
segment L and 1.7 represents 8 exons.

vkso,YC;qfeu (Ovalbumen) thu dh lajpuk es 7700 {kkj ;qXe (Base
pairs) ik, tkrs gS rFkk vkso,YC;qfeu ds ifjiDo m-RNA esa 1]872
U;wfDy;ksVkbM~l (nucleotides) gksrs gSA lEiw.kZ vkso,YC;qfeu thu esa 7]700
{kkj;qXe gksrs gSaA loZizFke iwoZxkeh RNA (Precursor RNA) ds }kjk vuqysf[kr
gkssrs gS vkSj blesa 5' fljs ij 7 mG ;qDr Vksih dks tksMk rFkk 3' fljs ij ikWyh
A iqPN (Poly A tail) dks tksMkA Vksih ,oa i¡wN dks tksMus ds Ik'pkr~ nks fd'rksa
esa b.VªkWUl (Introns) dks dkVkA ,d pj.k esa ik¡p b.VªkWUl (Introns) dks dkVk
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vkSj 'ks"k nks dks nwljs pj.k esa dkVkA VqdMs djus ij bDlkWUl (Exons) izkIr
gq,] mudks ,Utkbe ykbtst (Ligase) dh lgk;rk ls tksMdj vkso,YC;qesu
thu ds ifjiDo m-RNA dks izkIr fd;kA ¼fp= 9-8½

fp= Ø- 9-8% Steps involved in the production of ovalbumin mRNA (1872
nucleotidess) from ovalbumin gene (7700 base pairs long);

intorns (A-G) and exons (L, 1-7)

bDlkWUl (Exons) ,oa b.VªkWUl (Introns) ds foLrkj Øeksa dks Hkh Kkr
fd;kA bDlkWUl (Exons) ,oa b.VªkWUl (Introns) ds laxe bl izdkj ds gksrs gS
fd og ,s.MksU;wfDy,st ,Utkbe (Endonuclease enzyme) ds }kjk Kkr fd, tk
ldsA U;wfDy;ksVkbM ds Øe fo'ys"k.k ds v/;;u ds }kjk ;g n'kkZ;k x;k fd
RNA ds vuqys[ku esa tksfd m-RNA dk iwoZxkeh gksrk gS b.VªkWUl dk {kkj Øe
ges'kk GU ;qDr 5' fljs ij izkjEHk gksrk gS vkSj AG ;qDr 3' fljs ij lekIr
gksrk gSA nwljk lkekU; Øe b.VªkWUl (Introns) ds GU ,oa AG fljs ij bu
Øeksa ds nksuks vkSj bDlkWUl (Exons) ds lkFk b.VªkWUl (Introns) eas of̀) djrk
gSA budks laizfrifr Øe (consensus sequence) dgrs gSA ;g vkso,YC;qfeu
(Ovalbumen) thu ds fy, gh Bhd ugha gS cfYd vusd vU; izdkj ds thUl
ds fy, Hkh ftlesa bE;wuksXyksC;wfyu thu (Immuno-globulin gene) rFkk fo"kk.kq
SV 40 ds thUl Hkh vkrs gS Bhd ugha gSA ysfdu ;g fu;e ftlesa b.VªkWUl
(Introns) GU ls izkjEHk gksrk gS vkSj RNA vuqys[ku (Transcript) AG ij
lekIr gksrk gS] ;hLV ds v.kq t-RNA esa ik, tkus okys bDlkWUl-b.VªkWUl ds
laxe }kjk ikyu ugha fd;k tkrk gSA



fLIyV thUl] vksojySfiax
thu o L;wMksthUl

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh190

orZeku le; esa ;g n'kkZ;k x;k fd dqN ,UtkbEl tks espqjslsl
(Maturases) dgykrs gSA] b.VªkWUl Øe es izHkko ds }kjk la'ysf"kr gksrs gSa
vkSj ;gh espqjslsl ,UtkbEl la;kstu ds fy, mRrjnk;h gSA ;g Hkh n'kkZ;k x;k
fd ;g la;kstu (Splicing) ,d NksVs {kkj;qXe dsUnzdh; RNA (Sn RNA) esa
gksrk gSA ftldks UI (Snurp) dgrs gSA ;g RNA bDlkWUl-b.VªkWUl lhek ij
{kkj ;qXe gksrk gS D;ksafd sn RNAs vusd izdj.kksa esa dsUnzdh; RNA (Nuclear
RNA) ls lEcfU/kr gksrk gSA ;g Hkh ik;k x;k gS fd ;fn b.VªkWUl esa
mRifjorZu gksrk gS rc ;g :ikaUrfjr espqjslsl (Maturases) dks fufeZr djrs gS
tkssfd la;kstu (Splicing) ds fy, l{ke ugh gS] ftlls mRNA esa vla;kstuh;
(Unspliced) b.VªkWu {ks= ik, tk ldrs gSA

(B) vfrO;kih thu (Overlapping Gene)

ckVZ csjsy (Barrt Barell), fxfy;u ,;j (Gillian Air) ,oa DykbM gSfpUlu III
(Clyde Hatchinson III) us n'kkZ;k fd thu dks nks fofHkUu fof/k;ksa ds }kjk nks
fofHkUu izksVhUl dks fufeZr djus ds fy, i<k ;k vuqokn (Translate) fd;k tk
ldrk gSA bu oSKkfudksa us ,d NksVs fo"kk.kq 174 ij v/;;u fd;kA bl
fo"kk.kq 174 esa ,dy LVSª.MsM (Single stranded) DNA gksrk gS] vkSj bldk

vkuqoaf'kd inkFkZ vleku :Ik ls 9 thUl A, B, C, D, E, J, F, G ,oa H gksrs gSA
bu thUl esa ls ^thu D’ es vUrLFk dksMksu (Terminating codon) nwljs thu
J dk izkjEHk dksMksu (Start codon) ij vfrO;kIr (Overlap) gksrk gSA {kkj Øe
(Base sequence) TAATG esa izFke f=d~ dksM (Triplet code) TAA thu D dk
vUrLFk dksMksu ,oa vfUre rhu ATG, thu J ds izkjEHk dksMksu FksA blesa e/;
{kkj-ck;s ls rhljk og {kkj (Base) gksrk gS tgk¡ nksuks dksMksu feyrs gSA ;g
vkuqoaf'kd dksM dks vfrO;kIr ugha djrk gSA bu oSKkfudksa us n'kkZ;k fd thu
E iw.kZ :i ls thu D es la;ksftr gksrk gSA ;s nksuks thUl vius izksVhUl dks
vR;f/kd ek=k esas Øe'k% cukrs gSA bu thUl dks vfrO;kIr thUl
(Overlapping genes) ,oa lekfo"V thUl (Included genes) dgrs gSA

lu 1976 es csjsy oSKkfud ,oa muds lg;ksfx;ksa us n'kkZ;k fd thu E,
thu D ,o J ds chp fLFkr gksrk gS rFkk thu E, thu D ij vfrO;kIr gksrk
gSA ;g DNA [k.Mksa ds U;wfDy;ksVkbM Øe dks] tks thu D, E ,oa J dks
iznf'kZr djrs gS dks Kkr djus ij fd;k tk ldrk gSA ;g n'kkZ;k tk ldrk
gS fd thu E esa vEcj mRifjorZu thu D ds vUrxZr jgrk gS vkSj ;g vEcj
mRifjorZu thu D ds vuqokn dks mlds izksVhu esa izHkkfor ugha djrs gSA blh
izdkj thu E ds dqN ukUlsUl (nonsense) mRifjoZru thu D esa vUrfuZfgr
gksrs gS] bl rF; dks n'kkZrk gS fd DNA Øe esa thu D ,oa E vfrO;kIr gksrs gS
rFkk thu D ,oa E nks fofHkUu i<us okys Ýse ij vuqokfnr gksrs gS] ftlls
fd ,d thu ds mRNA esa vEcj dksMksu] vUrLFk dksMksu (Termination
codon) ds :i esa nwljs thu ds mRNA ds vuqokn ds le; ugha i<k+ tk
ldrkA
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fp= Ø- 9-9% Overlapping and included genes.

174 esa thUl D, E ,oa J esa ls thu

D ,d lkekU; izksVhu dks rFkk thu E yk;fll
(Lysis) ds izksVhu dks vksj thu J ,d v.kq Hkkx
dks dksfMr djrs gSA ;g n'kkZ;k gS fd tgk¡
ij ;g thUl fLFkr gksrs gS
ogk¡ ij vf/kd LFkku miyC/k ugha gksrk gSA ;g
vuqeksnu djrk gS fd D ,oa E thUl ds chp
vfrO;kIr (Overlap) gksrs gSA vfrO;kiu A ,oa
B thUl ds {ks= esa ik;k tkrk gS vkSj vfrO;kiu
{ks= es mRifjorZd (Mutant) fLFkr gksrs gSA
vfrO;kiu {ks= (Overlapping region) thUl A,
C ,oa J ds izkjEHk esa ik, tkrs gS tgk¡ izR;sd
izdj.k esa vkjfEHkd dksMksu (Inititation codon)

lEcfU/kr iwoZ dksMksu ds vUrLFk dksMksu ls vfrO;kiu djrk gSA DNA [k.M tks
D ,oa E esa vfrO;kiu dks fp= 4-12 esa n'kkZ;k x;k gSA

mi;qZDr mnkgj.k ds vykok vfrO;kIr thUl dks bZ- dksykbZ (E. coli) ds
fVªIVksQsu mRNA esa Hkh ik;k gSA thUl dk vfrO;kiu (Overlapping) vf/kd
thoksa ds thuksae esa ik, tkus ds dkj.k ;g ik;k x;k fd vfrO;kiu thUl dh
fof/k vkuqoaf'kd inkFkZ (Genetic material) dk vPNs izdkj lsa mi;ksx
djuk ,d ferO;;h (Economic device) gksrh gSA ;g fof/k lkekU; :i ls
ik;h tkrh gSA

lSaxj o mlds lkfFk;ksa (Sanger et al) us 1976 esa bl Qst ds iw.kZ
U;qfDy;ksVkbM Øeksa dk fp=kadu fd;kA 174 DNA eas 5]385 U;qfDy;ksVkbM

gksrh gSA f=d~ dksM (Triplet code) ds vk/kkj ij bl la[;k dks yxHkx 1]800
vehuks vEyksa esa dksfMr gksuk pkfg, ftudk dqy Hkkj 2]00]000 MkYVu (Dalton)
gksuk pkfg, fdUrq okLro esa ;g Qst 2]50]000 MkYVu v.kqHkkj okys izksVhu
cukrh gSA QSt DNA ftldh dksM {kerk vkSlru 5 ls 6 lkekU; ifjek.k Okkys
izksVhu cukus dh gksuh pkfg, og 9 izksVhu dksM djrk gSA tc DNA dsa {kkj
vuqØe ,oa izksVhu ds vehuks vEy vuqØe dh rqyuk dh xbZ rks ik;k fd nks
txgksa ij ,d gh thu nks izksVhu ds fy, dksM djrh gS vr% nks thu ftUgs nks

fp= Ø-9-10%
Overlapping of D and

E genes in phage
f x 174.
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izksVhu ds fy, dksM djuk pkfg, os okLro eas 4 izksVhu ds fy, dksM djrh gSA
lSaxj us ik;k fd thu B ¼360 U;wfDy;ksVkbM½ iw.kZr% thu A ¼1536
U;qfDy;ksVkbM½ esa fufgr Fkh (Gene within gene) ,oa thu E ¼273
U;qfDy;ksVkbM½ iw.kZr% thu D ¼1456 U;qfDy;ksVkbM½ esa fufgr FkhA bUgh thUl
dks vksojySfiax thUl dgrs gSA

fp= Ø- 9-11% Overlapping gene.

thu B ls cuus okyk izksVhu] thu A ls cuus okys izksVhu ls fcydqy
fHkUu gksrk gSA blh izdkj thu D o E ls cuus okys iksVhu Hkh fHkUu gksrs
gSA ,d gh thu ls nks izksVhu cuus dh izfØ;k dks Ýse f'k¶V jhfMax (Frame
shift reading) }kjk le>k;k x;kA mnkgj.k ds fy, ,d jhfMax Ýse esa G,
AAG, TTA, ACA Øe'k% ykbflu] Y;wflu o fFk;ksukbu ds fy, dksM djrs
gSA ;fn bl Ýse dks ,d fcUnq igys ls i<k tk, rks GGA, GTT, AAC, A- -
tks XywVsfeu] oSfyu o ,LikftZfuu ds fy, dksM djrk gSA vr% ,d thu nks
fofHkUu vuqØeksa ds fy, Ýse f'k¶V (Overlapping code) ds dkj.k dksfMr gksrh
gS vkSj nks iw.kZr% fHkUu izksVhu cukrh gSA

(C) dwV thUl (Pseudo Genes)

Ckgqdksf'kdh; thoksa (Multicellular organisms) esa vusd izdkj ds DNA Øe
(Sequences) ik, tkrs gSa tksfd fdlh mi;skx ds ugha gksrs gSA blesa ls dqN
Øe fØ;kRed@dk;kZRed thUl dh fodr̀ izfrfyih gksrh gSA bl dkj.k budks
dwV thUl dgrs gSA bu thUl esa de ls de thu fofue; dh de lEHkkouk
gksrh gSA ysfol (Lewis, 1955) ,oa xzhu (Green, 1963) us le>k fd ;g dwV
thUl fHkUu izdkj ds mYys[kuh; thUl gksrs gSA ftudk Lo;a dk dk;Z gksrk gSA
iksUVsdkoksZ (Pontecartvo 1958) us bu thUl dks ¼dwV thUl½ leku thUl
ds :Ik esa le>k tks fd leku ;k ,d gh xq.klw= ij fofHkUu LFkkuksa ij fLFkr
gksrs gSA dwVthUl lajpukRed ,oa dk;kZRed bdkbZ gksrh gS vkSj iqulZa;kstu
(Recombination) dh vUr% vkuqoaf'kd bdkbZ (Intragenic unit) gksrh gSA
mi;qZDr dwV thUl dk lcls vPNk mnkgj.k MªkslksfQyk (Drosophila) gSA
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Fig. 9.12 A model for origin of Pseudogenes, in which cDNA
(complementary DNA) is synthesized on snRNA (Small nuclear RNA) and is

inserted in DNA, which undergoes staggered cleavage through restriction
endonuclease activity.

(i) vf/kd izeq[k dwV thUl (Pseudogenes) tks fd Kkr gS og gS  &
XyksfcudwV thu (  &globin pseudogene) ,oa (  &Xykskfcu dwV thu
( pseudogeneGlobin  )A nks Xyksfcu (Globin) esa ls izR;sd >q.M (Clusters)
ik, tkrs gSA dwV vYQk thu (alpha gene) ds lEiw.kZ U;wfDy;ksVkbM Øe
(Nucleotide sequence) Kkr gS] vkSj ;g n'kkZ;k x;k gS fd ;g nksuks thUl
vuqokn ds fy, l{ke ugha gS] D;ksafd buds vkjfEHkd dksMksu esa mRifjorZu
(Mutation) gksrs gS vkSj mudh yEckbZ esa Ýse f'k¶V mRifjorZu (Frame Shift
mutation) ik;k tkrk gSA

(ii) pwgs (Mouse) esa nks vYQk Xyksfcu dwV thUl (Pseudogene) gksrs gSA
blesa ls ,d 3a vU; dwV thUl ls fcYdqy fHkUu gksrk gS] D;ksafd blls

dksbZ b.VªkWu (Introns) ugha gksrk gS] tcfd dk;kZRed a &Xyksfcu thUl
(globin genes) ds lkFk-lkFk vU; dwV thUl (Pseudogene) esa b.VªkWUl ik;k
tkrk gSA dwV thu dk 3a mRNA dk mRØfer vuqys[ku gksrk gS tksfd

mRØfer VªkUlfØIVst ,Utkbe ds }kjk mRiUUk gksrk gSA

(iii) U snRNA dwV thUl& euq"; es dwV thUl U sn RNA dh J̀a[kyk
es U1, U2, U3 SN RNA thUl tks fd U;qfDyd vEy ds Øe ds la;kstu
(Splicing) eas fuosf'kr gksrs gSA

(iv) MªkslksfQyk (Drosophila) esa fgLVksu dwV thUl& (Histone
pseudogene) dh [kkst gqbZA

(v) ekuo thukse (Human genome) esa vU; Øe ik, tkrs gS tks fd
Alu dqy ds forfjr iqujkof̀Rr rRo (Dispersed repetitive element) dgykrs
gS ftudh 3]00]000 izfrfyfi;k¡ vxqf.kr eku thukse esa ik;h tkrh gSA izR;sd



fLIyV thUl] vksojySfiax
thu o L;wMksthUl

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh194

Øe eas 300 {kkj yEch gksrh gS vkSj RNA ikWfyejst&II dh vis{kk RNA
ikWfyejst&III ds }kjk vuqysf[kr gksrh gSA

dwV thUl (Pseudogene) ds dqN y{k.k budh mRifRr ds ckjs esa izdk'k
Mkyrs gSA buds y{k.k fuEufyf[kr gS&

1- vf/kdka'k dwV thUl (Pseudogene) dh la[;k vius thUl dh la[;k dh
vis{kk vf/kd gksrh gS bl dkj.k ;g iqujkof̀Rr (Repetitive) Øe ls gksrs
gSA

2- vf/kdka'k dwV thUl ds ik'oZ esa NksVs iqujkoR̀r NksVs izR;{k 6-21 {kkjh;
yEcs ls lEcfU/kr gksrs gSA bl izdkj ds dwV thUl (Pseudogene)
fuEufyf[kr fof/k;ksa ds }kjk mRiUu gksrs gS&

(i) izFke lEHkkouk ;g gksrh gS fd mRNA ;k snRNA, DNA esa
vUrfuZfgr gksrs gS ;k jksVjksok;jl RNA ls vUrfuZfgr gksrs gSA

(ii) nwljh lEHkkouk ;g gS fd mRNA vuqys[ku (Transcript) ;k
snRNA cDNA ds :i es la'ysf"kr gksrs gS] tks fd ckn esa
vUrfuZfgr gksrs gSA

vfrO;kiu thUl (Overlapping genes) foHkDr thUl (Split genes) dh
[kkst ds i'pkr~ thu dh ladYiuk dks orZeku le; es vYVªk ekMuZ thu dh
ladYiuk dgk tkrk gSA vfrO;kIr thUl dh ,oa foHkDr thUl dh mifLFkfr ds
dkj.k ,d gh U;qfDy;ksVkbM (Nucleotide) ds Øe] nks ikWfyisIVkbM~l
(Polypeptides) dks dksfMr djrs gSA bl vYVªk ekWMuZ thu dh ladYiuk
(Ultra modern gene concept) ds vuqlkj&

(i) thu dh Li"V lajpuk gksrh gSA

(ii) nks thUl vkil esa dHkh Hkh vfrO;kIr (Overlap) ugh gksrs gS]
cfYd ,d-nwljs esa vUrfuZfgr gksrs gSA (iii) ,d thu foHkDr gks ldrk
gS ;k VwV ldrk gS vFkkZr~ U;wfDy;ksVkbM (Nucleotide) dk Øe
lrr@fujUrj ugha gksrk gSA

viuh Áxfr tk¡fp, (Check Your Progress)

1- Split genes Ikk;s tkrs gS&

¼v½ izkWdWfj;ksV esa ¼c½ ;wdSfj;ksV esa

¼l½ nksuks ¼n½ fdlh esa ugha

2- ,sls thUl ftudk vuqys[ku ugha gksrk gS] os dgykrs gS&

¼v½ Split gene ¼c½ Overlapping gene

¼l½ Pseudogenes ¼n½ Criptive gene
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3- Split gene dh [kkst fdlus dh Fkh\

¼v½ P. Chambor

¼c½ P. Leader

¼l½ Philip Sharp o Rechard Robertson

¼n½ I. B. David o N. Davison

4- ,d thu ls ,d yack eSlsatj RNA curk gS ijUrq ;g vuqokn ds
iwoZ NksVk gks tkrk gSA ;g fufeZr gksxk&

¼v½ dwV thu ls

¼c½ ukulsUl thu ls (Nonsense gene)

¼l½ vksojySfiax thUl

¼n½ fLVyV thu ls

5- ,d thu ,d ,Utkbe fl)kar dks fdl oSKkfud us loZizFke
izfrikfnr fd;k Fkk &

¼v½ chMy ,oa VkVe

¼c½ fujsucxZ ,oa ewyj

¼l½ okVlu ,oa fØd

¼n½ dksbZ ugh

6- tsusfVDl 'kCn dk iz;ksx loZizFke fdl oSKkfud us fd;k &

¼v½ es.My ¼c½ ekfVZu

¼l½ csVlu ¼n½ foyfdUl

9-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼v½

2- ¼l½

3- ¼l½

4- ¼n½

5- ¼v½

6- ¼l½
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9-4 lkjka'k (Summary)

mijksDr laiw.kZ o.kZu ls Li"V gS fd split/Overlapping and Pseudogens Hkh
egRoiw.kZ thUl gS tks DNA-Recombinant&Technology, Molecular biology
dks le>kus esa lgk;d fl) gksrh gSA

9-5 eq[; 'kCnkoyh (Key Terminology)

 Split genes& tks vFkZiw.kZ mRNA ugh cukrs ,sls thu dks Split genes
dgrs gSA

 Overlapping genes& mu DNA [k.M okyh thuks ls gS tks vyx&2
le; ij nks ;k nks ls vf/kd thuks dk Hkkx cu tkrs gSA

 Pseudogenes& ,sls DNA vfHkØe tks mRNA ls fjolZ
VªkUlfØI'ku }kjk curs gS] Pseudogenes dgykrs gSA

9-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; Á'u (Short Answer Type Question)

1- [kf.Mr thu ,oa vfrO;kih thu ij fVIi.kh fy[kksA

2- b.VªkWu rFkk ,DlkWu dh ifjdYiuk dh foospuk dhft,A

3- fuEufyf[kr ij fVIi.kh fy[kks&

(i) vksojySfiax thu

(ii) L;wMksthUl

(iii) ,DlkWu

(iv) fØ,fVo thu

(v) thu ds izdkj

(vi) gsDlku thu

4- laSxj dk U;wfDy;ksVkbM Øe ds fp=kadu dk o.kZu dhft,A

5- foHkDr thu dk R-dq.My ekufp=.k dk o.kZu dhft,A

nh?kZ mÙkjh; Á'u (Long Answer Type Question)

1- thu D;k gS\ fofHkUu izdkj ds thUl dk o.kZu dhft,A

2- Pseudogene dh ifjHkkf"kr djrs gq, mnkgj.k lfgr foLrkj ls o.kZu
dhft,A
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3- vksojySfiax thu ,oa fLiYV thu dk mnkgj.k lfgr o.kZu dhft,A

4- L;qMksthUl] vksojySfiax ,oa fLIyV thu dk mnkgj.k lfgr o.kZu
dhft,A

5- cSjy o fxfy;u 174 fo"kk.kq ij iz;ksx dks le>kb;sA

6- thu ls vki D;k le>rs gS\ fofHkUu izdkj ds thuksa ij laf{kIr fuca/k
fyf[k;sA

9-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology – By – J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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bdkbZ 3

v/;k; 10 lgyXurk rFkk ØkWflax vksoj& izdkj
rFkk egRo (Linkage and crossing
Over: Types and Significance)

Lakjpuk (Structure)

10-0 ifjp;
10-1 mÌs';
10-2 thu lgyXurk

10-2-1 lgyXurk ds Ádkj
10-2-2 lgyXurk lEcU/kh fl/nkUr
10-2-3 lgyXurk dk egRo
10-2-4 lgyXurk dk vFkZ
10-2-5 thu lgyXurk ds mnkgj.k
10-2-6 thu fofue; ds izdkj
10-2-7 thu fofue; dh vkòfÙk dks izHkkfor djus okys dkjd
10-2-8 thu fofue; dk egRo

10-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
10-4 lkjka'k
10-5 eq[; 'kCnkoyh
10-6 Lo-ewY;kadu iz'u ,oa vH;kl
10-7 lgk;d ikB~; lkexzh

10-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)

es.My ds Lora= viO;wgu ds fu;e ls Li"V gks x;k fd fdlh tho esa ik;s
tkus okys fofHkUUk thUl vxyh ih<h esa Lora= :i ls vkrs gSA bu [kkstks rFkk
izs{k.kksa ds ckn ikniksa ,oa tUrqvks ij ladj.k laca/kh iz;ksx tkjh jgsA buds
vusd ifj.kke ,sls izkIr gq, tks Lora= viO;wgu fu;e ds fo:) tkrs FksA
es.My HkkX;'kkyh Fks fd muds }kjk pqus x;s lkr foi;kZ;h y{k.kksa dks fu/kkZfjr
djus okys dkjd oSls rks vyx&2 xq.klw=ksa ij fLFkr Fks vFkok ,d xq.klw= ij
bl izdkj fLFkr Fks fd muds chp lgyXurk vuqifLFkr FkhA oa'kkxfr ds
xq.klw=h; fl/nkar ls ;g Hkh Li"V gqvk fd thUl xq.kl= ij ik;s tkrs gSA

MªkslksfQyk esykuksxWLVj (Drosophila Melanogaster) uked eD[kh ij
fd;s x;s iz;ksxksa ,oa izkIr fu"d"kksZ ds vk/kkj ij lVu ,oa muds lg;ksfx;ksa
(Sutton et, al 1903) us fu"d"kZ fudkyk fd ,d xq.klw= ij vusd thUl ik;s
tkrs gSA ;s lHkh thUl ,d gh lkFk larkuksa esa ik;s tkrs gSA bl izof̀Ùk dks
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lgyXurk dgrs gSA lgyXurk dks fuEukuqlkj ifjHkkf"kr fd;k tk ldrk
gS] ,d gh xq.klw= ij ik;s tkus okys thUl dh og izof̀Ùk ftlds dkj.k og
lewg esa ,d ih<h ls nwljh ih<h eas tkuk pkgrs gS vFkok lkFk jguk pkgrs gS]
lgyXurk dgykrh gSA (The Tendency of genes located on the same
chromosome to remain together and inherit in block, from generation to
generation is called linkages ) ,sls thUl] lgyXu thUl dgykrs gSA

10-1 mÌs'; (Objective)

bl bdkbZ dks i<us ds ckn vki&

 thu lgyXurk

 lgyXurk ds izdkj

 lgyXurk ls lacf/kr fl)kar

 thu fofue;

 thu fofue; dk egRo

bu fo"k;ksa dk foLrr̀ #Ik ls v/;;u dj ldrs gSA

10-2 thu lgyXurk (Gene Linkage)

fdlh Hkh ,d O;fDrxr izk.kh esa thUl (Genes) dh la[;k vR;f/kd gksrh gS]
ysfdu vf/kdrj izkf.k;ksa esa xq.klw=ksa (Chromosomes) dh la[;k 3 ;k 4 ntZu
ls vf/kd ugha gksrh] blls de gh la[;k gksrh gSA izR;sd xq.klw= ij vusd
thUl (Genes) gksrs gSa rFkk bl rjg xq.klw=ksa dh la[;k ls thUl dh la[;k
dgha vf/kd gksrh gS] ysfdu mu fo"ke y{k.kksa (Allele genes) ds tksMks adh
la[;k] ftudk Lora= viO;wgu gksrk gS] letkr xq.klw=ksa (Homologous
Chromosomes) ds tksMksa dh la[;k ls vf/kd ugha gks ldrh] ;g lkFk&lkFk
oa'kkuqxr gksrs gS] D;ksafd v/kZlw=h foHkktu (Meiosis) esa og fcuk ,sfPNd
viO;wgu (Assortment) ds volj ds ,d gh ;qXed (Gamete) esa igq¡p tk;saxsA

oa'kkuqxfr lapj.k esa dqN fof'k"V thUl ,d lkFk jgus dh bl izof̀Ùk dks
thu lgyXurk (Gene Linkage) dgrs gSA

;k

thUl (Genes) }kjk ,d lkFk oa'kkuqxr gksus rFkk lUrfr esa vius iSrd̀
la;ksx dks cuk;s j[kus ds izØe dks thu lgyXurk (Gene Linkage) dgrs gSA

Vh- ,p- ekWxZu (T.H. Morgan, 1911) us n'kkZ;k fd tks vkuqoa'kd
(Genes) ,d gh xq.klw= (Chromosomes) ij fLFkr gksrs gS] mUgh ds dkj.k
lgyXurk (Linkage) iznf'kZr gksrh gS vkSj bldh n<̀rk xq.klw=
(Chromosomes) es vkuqoa'kd (Genes) dh nwjh ij fuHkZj gksrh gS] ysfdu ekWxZu
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ds iwoZ Hkh lÍu (Suttan, 1903) ,oa casVlu ,oa iqUusV (Bateson and Punnet,
1906) us dqN lgyXurk (Linkage) dh fof/k ds ckjs esa vkHkkl fn;kA eS.My
(Mendel) us lgyXurk fof/k dks ugha igpku ik;k Fkk] ysfdu HkkX;o'k lkr
tksMs dkjd ;k ;qXe fodYi tks fd mlus eVj esa v/;;u fd;k FkkA fofHkUu
lkr tksMs xq.klw=ksa (Chromosomes) ij fLFkr FksA

og thUl tks ,d gh xq.klw= (Chromosomes) ij fLFkr gksrs gSa
rFkk ,d gh lkFk oa'kkuqxr gksrs gSa mudks lgyXu thu (Linked genes) rFkk
bl thUl ls lEcfU/kr y{k.kksa dks tks buds lkFk oa'kkuqxr gksrs gS lgyXu
y{k.k (Linked characters) dgrs gSA leLr thUl tks ,d gh xq.klw= ij
fLFkr gksrs gSa lgyXu lewg (Linked groups) cukrs gSA lgyXu lewgksa dh
la[;k xq.klw= ;qXeksa (Pairs) ds cjkcj ;k leku gksrh gSA mnkgj.k& euq"; esa
23] eVj (Pea) es a7] es<d esa 13 rFkk MªkslksfQyk esa 4 lgyXu lewg gksrs gSa
fdlh Hkh tkfr ¼Lihlht& Species) esa bu lgyXu lewgks adh la[;k xq.klw=ksa
ds tksMksa ls vf/kd ugha gks ldrh gSA blh dkj.k eS.My vius rhljs fu;e dk
izfriknu dj ldk] D;skafd la;ksx ls og mUgha thUl dks ns[k jgk Fkk tks ,d
gh xq.klw= esa lgyXu ugha Fksa] bl rjg mlus thUl ds Lora= viO;wgu ds
fl/nkUr dh [kkst dh] vc ;g Kkr gS fd vusd y{k.kksa ds lkFk-lkFk oa'kkuqxr
gksus dh izof̀Ùk gksrh gS] D;ksafd thu lgyXu gSA

esaMy (Mendal) ds fu;eksa dk iqujkUos"k.k (Rediscovery) gksus ds ckn
tho oSKkfudksa }kjk ikS/kksa ,oa tUrqvksa ij dbZ iz;ksx fd;s x,A bu iz;ksxksa ls
tks ifj.kke izkIr gq, os esaMy ds Lora= viO;wgu (Independent assortment)
ds foijhr FksA esaMy ds iz;ksxksa es Lora= viO;wgu blfy, laHko gks ldk fd
mlds }kjk fy;s x;s 7 y{k.kksa dh thUl vyx-vyx xq.klw=ksa ij fLFkr FkhA
v/kZlw=h foHkktu ds foLrr̀ v/;;u ij Kkr gksrk gS fd vletkr (Non-
homologous) xq.klw=ksa dk viO;wgu Lora= gksrk gSA Lora= viO;wgu ds
fl/nkUr ij f}ladj (Dihybrid) ladj.k esa F2 larfr dk vuqikr 9 :3:3:1 rFkk
ijh{kkFkZ ladj.k (Test cross) dk vuqikr 1:1:1:1 gksrk gSSA

mnkgj.k 1- fofHkUu xq.klw=ksa ij fLFkr dk viO;wgu Lora= gksrk gS rFkk ijh{kkFkZ
ladj.k (Test Crosss) 1:1:1:1 gksrk gS] tks fd fuEu izdkj gS%

bu ladj.kksa dks fuEu izdkj ls js[kkafdr fd;k tk ldrk gS%
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mnkgj.k 2- lgyXu thu dk Lora= viO;wgu ugha gksrk] ysfdu og
lkFk-lkFk laeku la;qXeu (Combination) ds lkFk jgrs gS tSlk la;qXeu iSrd̀
thoksa esa ik;k tkrk gSA fuEu fp= esa js[kk ds ck;h vkSj ds thUl ,d xq.klw=
ij gksaxs vkSj tks nk;h vksj gksaxs og letkr xq.klw= ij gksaxsA

ijh{kkFkhZ ladj.k esa 1%1%1%1 vuqikr tho lgyXurk dk izek.k gSA

lgyXurk dks Li"V djus ds fy, csVlu ,oa iqUusV (Bateson and
Punnet, 1906) ,d iz;ksx ds }kjk bl fu"d"kZ ij igq¡ps fd uhys iq"i rFkk yEcs
y{k.k okys eVj ds iks/kksa dks yky iq"i ,oa xksy y{k.k okys eVj ds ikS/ks ls
ladj.k (Cross) djkus ij f}rh; ih<h (IInd Filal generation) esa es.My ds
Lora= laO;wgu ds fu;e ds vuqlkj 9 % 3 % 3 % 1 vuqikr okys lUrfr ikS/ks
feyus pkfg, Fks] ijUrq ,slk ugha gqvk vfirq lUrfr ikS/kksa esa 14 : 1 : 1: 3.5 dk
vuqikr izkIr gksrk gS vFkkZr~ uhys jax ,oa xksy ijkxd.k rFkk yky jax yEcs
ijkxd.k nksuksa dk iquxZBu (Recombination) cgqr de gksrk gSA buesa iSrd̀
la;ksx dh larfr ds la;ksxksa ls lkr xquk gSA vr% es.Md dk Lora= laO;wgu dk
fu;e (Law of independent assortment) bl ladj.k esa iz;ksx esa ugh vkrkA
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7 : 1 : 1: 7 ijh{k.k ØkWl vuqikr iw.kZr% n'kkZrk gS fd izHkkoh ;qXe
fodYih esa ,d izof̀Ùk Fkh fd og lkFk jgsA

fp= Ø-10-1% Results of F2 generation, when blue colour and tallness
character is present in gametic stage in parental plants.

mUgksaus iSrd̀ la;ksxkas ds bl vkf/kD; dk /;ku j[krs gq, fu"d"kZ fudkyk
fd iSrd̀ ikS/kss ls vkusokys leLr xq.kksa ds ;qXe-fodfYi;ksa (Alleles) esa ,d lkFk
gh ;qXedksa esa vkus dh izof̀Ùk gksrh gS rFkk ;s ,d lkFk u;h ihf<;ksa esa oa'kkuqxr
gksrs gSA bl izdkj nks fHkUu-fHkUu iSrd̀ ikS/kksa ls vkus okys xq.kksa ds ;qXe-
fodfYi;ksa (Alleles) dh izof̀Ùk vyx-vyx ;qXedksa esa igWqpus dh gksrh gSA bl
izdkj ;s u;h ihf<;ksa esa Lora= :i ls vyx-vyx oa'kkuqxr gksrs gSA

bl izdkj csVlu rFkk iqUusV us iSrd̀ ikS/kksa ls izkIr leLr xq.kksa ds ;qXe-
fodfYi;ksa ds ,d lkFk ;qXed esa vkus dh izof̀Ùk dks lgyXurk (Coupling of
Linkage) dgk rFkk fofHkUu iSrd̀ ikS/kksa ls vkus okys xq.kksa ds ;qXe-fodfYi;ksa
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dks vyx-vyx ;qXedksa (Gametes) esa igqWqpus dh fØ;k dks foyXurk
(Repulsion) dgkA

csVlu ,oa iqUusV lgyXurk ,oa foyXurk (Coupling and repulsion) ds
okLrfod dkj.kksa dks ugha tkurs gS] ysfdu oSKkfud ekWxZu 1910 esa MªkslksfQyk
ij iz;ksx dj ik;k fd lgyXurk ;k foyXurk iw.kZ ugha FkhA mlus n'kkZ;k fd
lgyXurk ;k foyXurk voLFkk esa nks vkuqoa'kd ik;s tkrs gS tks fd ,d leku
xq.klw= esa ik;s tkrs gaS ¼lgyXurk½ ;k nks letkr xq.klw=ksa ¼foyXurk½ ij ik;s
tkrs gSaA ;g vkuqoa'kd] lgyXu vkuqoa'kd (Linked genes) lgyXu dh
vkuqoaf'kdrk dh fof/k dks thu lgyXurk (Gene Linkage) dgrs gSA

;fn lkekU; :i ls Lora= viO;wgu gksrk gS rc ,d ijh{kkFkZ ladj.k esa
1 : 1 : 1 : 1 dk vuqikr feyrk gSA ysfdu 7 : 1 : 1 : 7 dk vuqikr izkIr gksus
ij Li"V :i ls ;g n'kkZrk gS fd izHkkoh ;qXefodfYi;ksa esa lkFk-lkFk jgus dh
izof̀Ùk FkhA blh izdkj vizHkkoh ;qXefodfYi;ksa (Recessive alleles) esa Hkh ns[kk
x;kA buds foyxu dks csVlu ,oa iqUusV us ;qXed lgyXurk (Gametic
coupling) dgkA blh izdkj ;g ns[kk x;k fd tc bl izdkj ds nks izHkkoh ;k
vizHkkoh (dominant or recessive) ;qXefodYih tc nks fofHkUu izdkj ds iSrd̀ksa
(Parents) ls vkrs gS] rc og iF̀kd~ gksrs gS] bldks foyXu (Repulsion) dgk
x;kA csVlu ,oa iqUusV (Bateson and Punnet) ds bl foyXu fof/k dks le>kus
ds fy, fuEu fp= ¼1-2½ esa n'kkZ;s x;s ijh{kkFkZ ladj.k (Test cross) dks /;ku esa
j[kuk pkfg,A

10-2-1 lgyXurk ds Ádkj (Kinds of Linkage)

lgyXu thUl (Linked genes) ds u;s la;ksxksa (Combination) dh
mifLFkfr ;k vuqifLFkfr rFkk lgyXurk dh ;FkkFkZrk ds vk/kkj ij Vh-,l-
ekWxZu ,oa lg;ksfx;ksa (T.H. Morgan and Coworkers) us MªkslksfQyk
(Drosophila) ,oa vU; thoksa esa vUos"k.kksa ds i'pkr~ nks izdkj dh lgyXurk ikbZ
xbZ%

(i) iw.kZ lgyXurk (Complete linkage)

(ii) viww.kZ lgyXurk (Incomplete linkage)

(i) iw.kZ lgyXurk (Complete linkage)& tc lgyXu thUl nks ;k
mlls vf/kd ihf<;ksa (Generation) rd vius tudh; la;ksx esas gh oa'kkuqxr
gksrs gSa rks bl fLFkfr dks iw.kZ lgyXurk dgrs gSaA ;g fof/k dsoy mUgh
fLFkfr;ksa esa ik;h tkrh gSa tc lgyXu thUl cgqr gh lehi fLFkr gksrs gSA bl
voLFkk esa thUl iF̀kd~ gksdj u;s la;ksx tksMs ugha cuk ldrs ;k buds iF̀kd~
gksus dh laHkkouk,W de gksrh gSA mnkgj.k& uj MªkslsfQyk eD[khA ;g fLFkfr
cgqr de ik;h tkrh gSA ;g izeq[k :i ls thu la;kstu (Gene combination)
esa tks fd fdlh Hkh xq.klw= esaa ik;s tkrs gSa foyXu ugha gksus ds dkj.k gksrh gSA



lgyXurk rFkk
ØkWflax vksoj---

fVIi.kh

204
Lo-vf/kxe
ikB~; lkexzh

vFkok bl lgyXurk dh oa'kkxfr fdlh Hkh xq.klw= ij fLFkr
thu ;qXeksa@la;kstuksa ds fcuk VwVs gh gksrh lgyXurk gSA

MªkslsfQyk eas iw.kZ lgyXurk (Complete linkage in Drosophila)&
blesa ,d dkyk tks fd lk/kkj.k Hkwjs jax (Normal grey) ls xgjh Hkwjh 'kjhj dh
MªkslsfQyk (BBVV) rFkk nwljh ukeek= vizHkkoh mRifjorhZ (recessive mutant)
vo'ks"kh ia[k okyh MªkslsfQyk (bbvv) FkhA tc bu mRifjofrZ;ksa (Mutants) dks
lk/kkj.k MªkslsfQyk (Normal Drosophila) ls ijLij tuu djk;k] rc F1 ih<h
es 3 :1 dk vuqikr izkIr gksrk gSA

fp= Ø-10-2% Cross in Drosophila complete linkage.

;fn 'kq) yEcs ia[kks okyh dkyh (Pure long winged black) o 'kq) Hkwjs
'kjhj ukeek= ds ia[k (Pure grey vestigial wings) okyh nks MªkslsfQyk ds chp
ijLij tuu djk;k tk;s rc F1 ih<h esa lk/kkj.k tun (Normal offspring)
mRiUu gksrs gS] D;ksafd buesa vk;s vU; vkuqoaf'kdks (genes) dh vis{kk lk/kkj.k
thUl (Normal genes) dh ek=k vf/kd gksrh gSA tc rd lk/kkj.k ladjksa
(hybrid) ls izkIr gqbZ eknk dks fdlh f}izHkkoh (Dobule recessive) ls mYVk
ijLij tuu (Back cross) djk;k tkrk gS] rc izkIr tudksa (Offsprings) dk
vuqikr vU; lk/kkj.k iz;ksxksa ds leku 1 : 1: 1: 1 dk vuqikr gksrk gSA

mi;qZDr o.kZu ,oa fp= 1-2 ls ;g Li"V gks tkrk gS fd bl izdkj ls
izkIr tudksa (offsprings) dk vuqikr yxHkx leku ;k cjkcj gSA bu nks
la;kstuks@;qXeksa (Combinations) esa yxHkx leku la[;k esa iSrd̀ksa@tudksa
(Ground parents) ds y{k.k ik;s tkrs gS] vkSj ;gh y{k.k vU; nks u;s
la;kstuksa@;qXeksa (Combinations) esa Hkh gS] ysfdu nksuks ;qXeksa esa ,d vUrj gS
fd iqjkus la;kstuksa@;qXeksa (Old combinations) es a;s y{k.k vf/kd la[;k
esa ;kfu 83% gSa] tcfd u;s la;kstuksa@;qXeksa (New combinations) esa dsoy
17% gSA ysfdu esaMy ds Lora= viO;wgu ds fu;e (Law of Independent
Assortment) ds vuqlkj ;g vuqikr la;kstuksa@;qXeksa esa cjkcj gksuk pkfg,A
ekxZu (Morgan) us bls Li"V dj fn;k fd izkIr vuqikr okLrfod :i esa mu
thUl ds dkj.k vk;k tks fd dkys (Black) o vo'ks"kh (Vestigeal) xq.kksa ds fy,
mlh xq.klw= (Chromosomes) esa mifLFkr Fks] ;k nwljs 'kCnksa esa
vkuqoa'kd@thUl ,d-nwljs ls lgyXu (Linked) FksA vr% ;g iw.kZr;k Li"V gS
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fd thUl ds ;s tksMs Bb, aVv Lora= :i ls iF̀kd gha fd;s x;sA bl dkj.k
u;s la;kstuksa@;qXeksa (Combination) dh vis{kk (17%) ;s iqjkus
la;kstuksa@;qXeksa ;k tud ;qXeksa (Parental combinations) esa ;s (83%) vf/kd
vkrs gSA

2- viw.kZ lgyXurk (Incomplete linkage)& bl izdkj dh lgyXurk
rc gh ik;h tkrh gS tc lgyXu thUl ;qXed curs le; xq.klw=ksa
(Chromosomes) ds VwVus ds dkj.k iF̀kd gks tkrs gSa ,oa bu VqdMksa ds fofue;
(Exchange) ds dkj.k u;s la;ksx cudj ;qXedksa es vkrs gSA bl fLFkfr dks
viw.kZ lgyXurk dgrs gSA bl izdkj dh fLFkfr ds mnkgj.k lHkh thoksa esa izkIr
gksrs gSA

mnkgj.k& viw.kZ lgyXurk MªkslksfQyk esa ik;h tkrh gSA blds vfrfjDr
VekVj (Tomato)] eDdk (Maize), eVj (Pea) pwgs (Rats) euq"; (Man) ,oa
eqfxZ;k (Hens) vkfn esa ik;h tkrh gSA

fp= Ø-10-3% Diagram showing incomplete linkage in linked genes for
body colour and wing shape in Drosophila b= black body, v= vestigial

wings, + = gray body and + = long wings.

viw.kZ lgyXurk MªkslksfQyk esa (Incomplete linkage in Drosophila) &
taxyh MªkslksfQyk esa LysVh 'kjhj ,oa yEcs ia[k (b+v+/b+v+) ysfdu ;qXefodYih
LysVh b+ ,oa yEch v+ mRifjofrZr ;qXefodYih dkys b ,oa vo'ks"kh v ij izHkkoh
gksrh gSA tc LysVh yEch eD[kh (b+v+/b+v+) dkys 'kjhj ,oa vo'ks"kh ia[k okyh
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eD[kh (bv/bv) ls tc eSFkqu djrh gS rc F1 lUrfr esa fo"ke;qXe;h LysVh
yEcs ,oa QhuksVkbi (Phenotype) ,oa b+v+/bv thuksVkbi (Genotype) esa ik;s
tkrs gSaA F1 ;qXe;qXe;h (b+v+/bv) tc nksgjs vizHkkoh iSrd̀ (bv/bv) ls eSFkqu
djrs gSa rc 1 :1 vuqikr esa QhuksVkbi nks oxksZ dh vis{kk QhuksVkbi ds pkj
oxksaZ esa gksrs gSaA mnkgj.k&

bl mnkgj.k ds ifj.kke Li"V :i ls ;g n'kkZrs gSa fd tudksa ds la;kstu@;qXe Hkwjs
yEcs ,oa dkys vo'ks"kh] og gksrs gSa tks fd iw.kZ lgyXurk ls izkIr gksrs gSa vkSj 83% esa
izkIr gksrs gSaA ysfdu nwljs Hkwjs vo'ks"kh ,oa dkys yEcs u;s la;kstu@;qXe gksrs gSa vkSj

17% fLFkfr esa izkIr gksrs gSA 17% n'kk esa iqu;ksZtu gksrk gSA

fp= Ø-10-4% Incomplete linkage and crossing over in maize
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eDdk esa viw.kZ lgyXurk (Incomplete Linkage in Maize)

gVfpUlu (Hutchinson) us eDdk (Maize) dh nks fdLeksa (Varieties) ftlesa
(i) lk/kkj.k jax ,oa Hkjk gqvk cht (Normal, colourful seed) ,oa (ii) nwljh
jaxghu ,oa ladqfpr cht (colourless shrunken seed) ds chp ijLij tuu
(cross) djk;k vkSj ;g n'kkZ;k fd jax-thu (Colour-gene) ‘C’ jaxghu thu
(Colourless gene)’c’ dks vkSj lk/kkj.k ;k iw.kZ vkdkj (Complete shape) thu
‘S’ ladqfpr vkdkj (Shrunken shape) thu ‘s’ dks yqIr dj ysrk gSA blesa
nksuksa fdLeksa CCSS o ccss dh F1 dk ifj.kke CS/cs dh lajpuk dk
ladj@gkbfczM (hybrid) gksrk gSA

;fn F1 ds ladj (hybrid) esa buds thUl dks Lora= :i ls iF̀kd dj
fn;k tk;s] rc bles lethoh ikS/kksa (Genotype) dh lajpuk CS/cs izkIr gksrh
gSA bu ikS/kksa ls pkj izdkj – CS, cS, Cs, cs ds ;qXed (Gametes) mRiUu gksrs
gSaA bu ;qXedksa (gametes) dh la[;k Hkh leku gksrhs gSA tc bu ;qXedksa
(Gametes) dks f}vizHkkoh (Double recessive) ds ;qXed cs ds lkFk ijLij
tuu djk;k tkrk gS rc fuEufyf[kr ifj.kke gksrs gS

Ø-
la[;k

n'̀; :i

(Phenotype)
thuh
lajpuk

(Genotype)

chtksa dh la[;k

(Number of
seeds)

1- jax;qDr ,oa iw.kZ (Coloured
and full)

CScs 4032

4035
2- jaxghu ,o ladqfpr

(Colourless and Shrunken)
cscs

3- jax;qDr ,oa ladqfpr
(Coloured and Shrunken)

Cscs 149

152
4- jaxghu ,oa iw.kZ (Colourless

and full)
cScs

3.6%

96.4%
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mi;qZDr ifj.kkeksa ls ;g Li"V gks tkrk gS fd jax;qDr iw.kZ (Coloured
full) ,oa jaxghu ladqfpr (Colourless Shrunken) chtksa (Seeds) dh la[;k]
jax;qDr ladqfpr (Coloured Shrunken) o jaxghu iw.kZ (Colourless full) chtksa
dh vis{kk cgqr vf/kd gSA

iqu%la;kstu vko`fÙk;ksa dks lEiw.kZ la[;k dh izfr'kr :i ls Kkr dj
ldrs gSa tks fd ;qXeu izkoLFkk esa 301/8368 = 3.6% ,ao foyXu izkoLFkk esa
1310/44,595 = 2.94% blls fu"d"kZ fudyrk gS fd jax ,oa Hkzw.kdks"k dh
vkd`fr y{k.kksa ds e/; ,d 'kfDr'kkyh lgyXurk cy (Force) fLFkr gSA

bl izdkj nks izdkj dh gh lgyXurk (Linkage) gksrh gS] ysfdu orZeku
esa vkuqoaf'kdKksa (Geneticians) us nks vkSj izdkj gh lgyXurk dks n'kkZ;k%

(i) fyax lgyXurk (Sex linkage)

(ii) vUrjk&xq.klw=h; lgyXurk (Inter-Chromosomes linkage)

(i) fyax lgyXurk (Sex linkage)& ;g ,d fo'ks"k izdkj dh lgyXurk
gksrh gSA] tks mu vkuqoa'kdksa ds e/; ik;h tkrh gS tksfd fyax xq.klw= (Sex
chromosomes) esa ik;s tkrs gSA letkr ,oa fo"ketkr (homologous and
non-homologous) X ,o Y xq.klw=ksa ds [k.Mksa dh fLFkfr ds vuqlkj thu
fofue; (Crossing over) ugha dj ldrs gSaAa ;g fLFkfr viw.kZ :i ls vkuqoa'kd
(Gene) fyax lgyXu (Sex linked) tkus tkrs gSaA

fyax lgyXurk (Sex linkage) dks loZizFke ekWxZu (Morgan) us
MªkslksfQyk esykuksxSLVj (Drsophila melanogester) ij izs{k.kksa }kjk Kkr fd;kA
ekWxZu ,oa mlds lg;ksfx;kas us vius iz;ksxksa ds le; MªkslksfQyk ds yky us=ksa
okyh taxyh tkfr (Wild species) efD[k;ksa esa ,d lQsn us= (White eyes)
okyh uj eD[kh ns[khA bl lQsn us= okyh uj eD[kh dk yky us=ksa okyh
efD[k;ksa ds lkFk ijLij tuu djkus ij F1 ih<h esa lHkh uj ,oa eknk (Male
and Female) efD[k;k¡ yky us= okyha FkhA blls Kkr gksrk gS fd lQsn us=
dk mRifjorZu (Mutation) (w), us=ksa ds yky jax (W+) ds fy, vizHkkoh
(recessive) gSA F1 ih<h dh efD[k;ksa dk vkil esa ijLij tuu djus ij
yky ,oa lQsn us=ksa okyh efD[k;kW 3 : 1 ds vuqikr esa FkhA lHkh lQsn us=ksa
okyh efD[k;k¡ uj FkhA ;|fi yky us=ksa (Red eyes) okyh efD[k;kW
vf/kd@i;kZIr la[;k esa Fkh] fdUrq leLr eknk efD[k;k¡ dsoy yky us=ksa okyh
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FkhA bl ladj.k esa lQsn us=ksa okyh eknk efD[k;k¡ mRiUu ugha gqbZ] ysfdu
F1dh yky us=ksa okyh eknk ,oa muds lQsn us=ksa okys uj tud (Parent) esa
ladjiwoZt ladj.k (Back cross) djkus ij dqN eknk efD[k;k¡ Hkh lQsn us=ksa
okyh FkhA

fp= Ø- 10-5% A cross between white eyed female and red eyed
male showing sex linkage in Drosophila.

bl iz;ksx dks Li"V djrs gq, ekWxZu (Morgan) us Li"V fd;k fd thu
(Gene) tks uj ds fy, fyax lgyXu vkuqoa'kd (Sex linked genes) fy, gq,
gS] os mRifjofrZr uj (Mutants male) ds fy, fyax xq.klw= (Sex
chromosomes) ;k X-xq.klw= ij fLFkr gksrs gSA ysfdu blds uj esa X-xq.klw=
ds lkFk Y-xq.klw= Hkh gksrs gSaA tc tud dksf'kdkvksa (Germcells) es v/kZlw=.k
(Melosis) gksrk gS] rc blesa nks 'kqØk.kq (Sperms) curs gS] ftudh la[;k
cjkcj gksrh gSA buesa ,d] tks X-xq.klw= fy, gksrk gS] ij lQsn us= thu
(White eyes) yxs jgrs gSA nwljk Y-xq.klw= (Chromosomes) gksrk gSA

tc dHkh lk/kkj.k yky vk¡[k okyh eknk ls X-xq.klw= (Chromosomes)
okys 'kqØk.kq (Sperms) ds }kjk fu"kspu djk;k tk;s rc XX’ eknk mRiUu
gksxhA bu lcdh vk¡[ks yky gksxhaA eknkiu (femaleness) ds fy, yky us=
okys thu (Red eyed genes) tks fd X-xq.klw= ij yxs jgrs gS] gksrs gSA ;fn
lk/kkj.k yky us= okyh eknk dk fu"kspu ,sls 'kqØk.kq (Sperms) ds }kjk djk;s
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ftlesa Y-xq.klw= gksrk gS] rc yky vkW[k okyk uj (Red eyed male) iSnk gksxkA
bldk dkj.k ;g gS fd X xq.klw= tks eknk ls vkrs gS] mlesa yky us= thu
(Red eyed gene), lQsn us= thUl (White eyed genes) ds xq.kksa dks <¡ad yssrs
gSA

fyax lgyXurk (Sex-linkage), euq"; (Man), eksFk (Moth), frrfy;ksa
(Butterflies), if{k;ksa (Birds) vkfn esa Hkh ik;k tkrk gSA

(ii) vUrjk-xq.klw=h; lgyXurk (Inter-chromosomes linkage)& bl
izdkj dh lgyXurk (Linkage) dk ySaxyh (Langley 1945) us feF;k
lgyXurk (False linkage) dgkA ;g n'kkZ;k fd fofHkUu izdkj ds lgyXu
lewgksa (Linkage groups) esa mifLFkr vkuqoa'kdksa (Genes) ds e/; ,d izdkj
fd feF;k lgyXurk gSA bl lgyXurk (Linkage) esa lelw=h foHkktu
(Mitosis) ds le; xq.klw= (Chromosomes) [k.Mksa (Segments) esa
vkdfLed :i ls ifjorZu vk tkrs gS] ;g ifjorZu /khjs-/khjs mRiUu gksrk gSA

10-2-2 lgyXurk lEcU/kh fl)kUr
(Theories Related to Linkage)

vusd oSKkfudkas us lgyXurk dh O;k[;k djus dk iz;kl fd;k FkkA ekWxZu
(Morgan) us 1911 esa lgyXurk dk fl/nkUr izfrikfnr fd;k FkkA ekWxZu ds
iwoZ Hkh dqN oSKkfudks us vius fl/nkUrksa dk o.kZu fd;k FkkA lgyXurk fof/k ds
ckjs esa fofHkUu vkuqoaf'kd Kkrkvksa ;k 'kks/kdrkZvkasa ds fl/nkUr vxz izdkj ls gS%

1- lVu dh ifjdYiuk (Sutton’s Hypothesis)& 1903 es lVu us
n'kkZ;k fd izR;sd xq.klw= (Chromosomes) ,d ls vf/kd thu gksrs gSa
rFkk ,d xq.klw= ij ik;s tkus okys lHkh thUl ,d lkFk oa'kkuqxr gksrs gSaA
lVu us iqu% n'kkZ;k fd xq.klw= esa bdkbZ ds :i esa ;qXedksa (gametes) ds
v/kZlw=.k (Meiosis) ds le; xfr djrs gSaA lHkh thUl tks fd ,d gh xq.klw=
ij fLFkr gksrs gS ijLij lgyXu (Linked) gksrs gSaA bl dkj.k izkf.k;ksa ,oa
ikS/kksa dh ,d gh tkfr esa lgyXu] thUl lewg dh fof'k"V la[;k gksrh gS tks
fd mlh tkfr dh xq.klw=ksa dh la[;k ds leku gksrs gSA bl ifjdYiuk dk
dksbZ iz;ksxkRed izek.k ugha gksus ds dkj.k ekU; ugha gqbZA

2- ;qXeu ,oa izfrd"kZ.k ifjdYiuk (Coupling and Repulsion
Hypothesis)& bl ifjdYiuk dks csVlu ,oa iqusV (Bateson and Punnet) us
1906 esa fn;kA bl ifjdYiuk dk iz;ksx eVj ds ikS/kksa ij fd;k x;k FkkA
oSKkfudksa us ik;k fd Qwyksa dk cSaxuh jax] yky jax ,oa yEck ijkxd.k xksy
ijkxd.k ij izHkkoh gksrk gSA f}ladj.k (Dihybrid) ls F2 ih<h esa 9 : 3 : 3 : 2
ls izR;kf'kr vuqikr dh vis{kk 11 : 1 : 1 : 3 dk vuqikr izkIr gqvkA

blh izdkj F1 ih<h ds cSaxuh yEcs&fo"ke;qXeth (Heterogametic) dk
vizHkkoh yky xksy-le;qXeth (Homogametic) ls ladj.k djus ij 1:1:1:1 ds
izR;kf'kr vuqikr dh vis{kk 7 : 1: 1: 7 dk vuqikr izkIr gqvkA bldh O;k[;k
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djus ds fy, oSKkfudksa us ;qXeu (Coupling) o izfrd"kZ.k (Repulsion) dk
iz;ksx fd;kA

fp= Ø- 10-6% Results of F2 generation in Bateson’s experiment
when both dominent

mi;qZDr ifj.kkeksa dks ns[kdj ,slk yxrk gS fd izHkkoh ,oa
vizHkkoh ;qXefodfYi;ksa (Alleles) esa lkFk-lkFk jgus dh izof̀Ùk FkhA blh izdkj
tc nksuksa izHkkoh ;qXefodfYi;ksa ;k vizHkkoh ;qXefodYih vyx-vyx tudksa es
gksrs gSa rks os iF̀kd~ jgus dh izof̀Ùk n'kkZrs gaSA

csVlu us vius nwljs iz;ksx esa nksuks izHkkoh y{k.kksa vFkkZr cSaxuh jax o
yEcs ijkxd.kksa dks iF̀kd~ tudksa esa vkSj nksuksa vizHkkoh y{k.kksa vFkkZr yky
iq"i ,oa xksy ijkxd.kksa dks Hkh iF̀kd~ tudksa esa fy;kA

blds vuqlkj ,d gh tud ds ;qXefodfYi;ksa esa ;qXed esa ,df=r jgrs
gq, ,d gh lkFk oa'kkuqxr gksus dh izof̀Ùk gkssrh gSA oSKkfudksa us bls ;qXeu dh
laKk nhA iF̀kd-iF̀kd~ tudksa ls vk, vkuqoaa'kd (Genes) esa lUrfr esa iF̀kd~-
iF̀kd~ Lora= :i ls oa'kkuqxr gksus dh izof̀Ùk gksrh gSA bls izfrd"kZ.k dh miek
nh] ysfdu osVlu ,oa iqusV dh leqfpr iw.kZ O;k[;k ugha dj ik;sA vr% ;g
iz;ksx Hkh ekU; ugha gSA

3- ekxZu (Morgan) ds vuqlkj ;qXeu (Coupling) rFkk izfrd"kZ.k
(Repulsion) dh n'kk esa Øe'k% nks izHkkoh ;qXe-fodYih ,d gh xq.klw= ij rFkk
nksuks izHkkoh ;qXe-fodYih vyx-vyx lekaxh (Homogenous) xq.klw=ksa ij gksrs
gSA ekWxZu ds vuqlkj ,sls thUl dks lgyXu thUl dgrs gSA rFkk ,slh
ifj?kVuk dks lgyXurk dgrs gSA
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fp= Ø- 10-7% Results of F2 generation in Bateson’s experiment
when dominant characters are in Repulsion phase.

4- lgyXurk dk xq.klw=h fl/nkUr (Chromosomal theory of linkage)
ekxZu ,oa dsly us 1911 esa mi;qZDr fl/nkUr dks izfrikfnr fd;k FkkA blds
vuqlkj

(i) thUl ,d jsf[kr Øe (Linear direction) esa xq.klw= ij foU;kflr gksrs
gSaA

(ii) tks thUl lgyXurk dks iznf'kZr djrs gSa og ,d gh xq.klw= ij ik;s
tkrs gSA

(iii) lgyXu thUl esa vkil esa chp dh nwjh lgyXurk ds lekF;Z ds
O;qRØekuqikrh (Inversely proportional) gksrh gSA ftruh vf/kd lehirk
gksxh mruh gh vf/kd lgyXurk gksxhA blds }kjk xq.klw=ksa
(Chromosomes) dk lgyXu fu:i.k (mapping) lEHko gks ldrk gSA

lgyXurk dh ;FkkFkZrk ¼'kfDr½ lgyXuh thUl ds chp dh nwjh ij fuHkZj
djrh gSA buds chp dh nwjh c<us ds lkFk-lkFk budh oa'kkuqxr {kerk de gks
tkrh gSA izR;sd tho-tkfr esa xq.klw=ksa dh la[;k fHkUu-fHkUu ijUrq fuf'pr gksrh
gS] ijUrq thUl dh la[;k gtkjksa esa gks ldrh gSA vr% izR;sd xq.klw= ij
lSdMksa thUl yxs jgrs gSA ,d tksMh xq.klw=ks ij fLFkr lHkh ;qXe-fodYih
thUl ,d lgyXu lewg cukrs gSA bl izdkj ,d tho esa ftrus xq.klw= ik;s
tkrs gS mrus gh lgyXu gksrs gSA
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fp= Ø- 10-8% Gametes and F2 off springs obtained by genes exchange in an
experimental cross AB/ab x ab/ab

5- foHksnh; cgqxq.ku fl/nkUr (Differential Multiplication Theory)&
loZizFke bl fl/nkUr dks oSKkfud csVlu (Bateson) us 1930 esa izfrikfnr
fd;k FkkA oSKkfud us n'kkZ;k fd thoksa es lgyXurk dksf'kdkvksa ds foHksnh;
cgqxq.ku (Differential multiplication) ds }kjk gksrh gSA blds vUrxZr xq.kksa
(Properties) ;k y{k.kksa (Characters) ds fofHkUu ;qXe (Pair) mifLFkr gksrs
gaSA ;g y{k.kksa ds ;qXe (Pairs of Characters) ;qXedksa (Gametes) ds fufeZr
gksus ds iwoZ iF̀kd~ gks tkrs gSA blds i'pkr~ iF̀kd-;qXed lewg] vf/kd rhozrk
ls cgqxq.ku (Multiplication) djrk gSA bl izdkj rhozrk ls fufeZr gksus okys
cgqxq.ku ds vuqlkj es.My (Mendal) ds f}ladj.k vuqikr (Dihybrid ratio) esa
ifjorZu vk tkrk gSA

10-2-3 lgyXurk dk egRo (Significance of Linkage)

1- ladjksa (Hybrid) esa vkus okys iSrd̀ y{k.kksa (Parental characters) dk
v/;;u lgyXurk (Linkage) ds }kjk fd;k tk ldrk gSA
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2 ;qXed fuekZ.k ds le; gksus okyh fofHkUurkvksa (Variations) dh
laHkkoukvksa dks de djrh gSA

3 {k; fdj.kksa (X-rays) ds }kjk fofHkUu vkuqoaf'kdh; xq.kksa dk v/;;u dj
ldrs gSA

4 lgyXurk (Linkage) dks /kukRed (Positive) ,oa _.kkRed (Negative)
Hkkxksa es foHkkftr fd;k tk ldrk gSA bl fLFkfr ds }kjk ladj.k
(Hybridization) ,oa fjdEchus'ku (Recombination) ds LoHkko dks Kkr
dj ldrs gSA

5 ladjhdj.k (Hybridization) ds }kjk mRiUu fd;s x;s ladjksa (Hybrids)
dh N¡Vuh djus ,oa mudh izdf̀r] LoHkko Kkr djus esa lgyXurk
(Linkage) dk vR;kf/kd egRo gSA

10-2-4 lgyXurk dk vFkZ (Meaning of Linkage)

iSrd̀ la;kstu (Parental combination) dh lkFk jgus dh izof̀Ùk] u, la;kstu
dh vkisf{kd fojyrk@vuHkh{.krk (Infrequency) dks vfHkO;Dr djrh gSA budks
lgyXurk dh fof/k (Phenomenon of linkage) dgrs gSA thUl lgyXurk dks
n'kkZrk gSa] D;ksafd os leku ;k ,d gh xq.klw= (Chromosomes esa fLFkr gksrs gSA
lgyXu thUl ds u, la;kstuksa (New combination) dks iqu%la;kstu
(Recombination) dgrs gSA

lgyXurk ,oa iqu%la;kstu dks ljyrkiwoZd le>kus ds fy, gfpUlu
(Hutchinson) ds }kjk eDdk (maize) ij fd,s x, iz;ksxksa dks mnkgj.k Lo:i
fn;k x;k gSA

10-2-5 thu lgyXurk ds mnkgj.k (Examples of Genes Linkage)

thu lgyXurk ,oa iqu% la;kstu dks fuEufyf[kr mnkgj.kksa ls le>k;k tk
ldrk gSA%

MªkslksfQyk esa lgyXurk (Linkage in Drosophila)& ekWxZu (Morgan)
us lu~ 1910 esa MªkslksfQyk (Drosophila) uked eD[kh ij lQy iz;ksx dj
ns[kk fd ,d LysVh (Grey) jax A ds 'kjhj rFkk vYifodflr ia[k a okyh uj
taxyh MªkslksfQyk dk eSFkqu dkys jax B rFkk yEcs ia[k b okyh eknk eD[kh ds
lkFk fd;k tkrk gS] D;ksafd blesa AB izHkkoh ;qXefodYih rFkk ab vizHkkoh ;qXe-
fodYih thu gksaxsA buls F1 ih<h esa iw.kZ LysVh jax rFkk yEcs ia[k okyh lHkh
efD[k;k¡ izkIr gqbZA ;s lHkh f}ladj (Dihybrid) lUrkus Ab/ab gksaxhA

vc F1 ih<h ds uj ladj AB MªkslksfQyk dk vizHkkoh eknk ab ds lkFk
ladj.k fd;k rks f}rh; ih<h (F2) esa nks izdkj dh efD[k;k¡ cjkcj la[;k esa
izkIr gqbZ (Ab/ab, ab /ab) (Ab/ab, aB/ab)A blls Li"V gksrk gS fd bl izdkj
ds ladj.k esa dsoy iSrd̀ la;ksx curs gS rFkk thUl vyx ugha gksrs gSa aA bls
iw.kZ lgyXurk dgrs gSA
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eDdk esa lgyXurk (Linkage in Maize)& ;fn jaxhu rFkk iwjs Hkjs
eDdk ds chtksa okys ikS/kksa dk jaxghu rFkk ladfjr cht okys ikS/kksa ls ladj.k
fd;k tk, rks F1 ih<h esa dsoy jaxhu rFkk Hkjs cht okys ikS/ks curs gSA

vc F1 ih<h ds eknk ladj ikS/kksa dks jaxghu o ladqfpr cht okys ikS/ks ds
ijkxd.kksa (Pollen grains) ls fu"ksfpr fd;k tkrk gS] rks fuEufyf[kr pkj
izdkj ds cht okys ikS/ks curs gS& (i) jaxhu rFkk Hkjs cht okys ikS/ks (ii) jaxhu
rFkk ladqfpr cht okys ikS/ks (iii) jaxghu rFkk ladqfpr cht okys ikS/ks] rFkk
(iv) jaxghu rFkk Hkjs cht okys ikS/ksA bues 96.4% rFkk 3.6% dk vuqikr FkkA

iz;ksx ls Li"V gS fd iSrd̀ la;ksx ls 96.4% rFkk viSrd̀ la;ksx ls
3.6% y{k.kksa okys ikS/ks cusA u, viSrd̀ la;ksx blfy, lEHko gq,] D;ksafd
dqN ;qXedks aesa bu xq.kks ds thUl ,d nwljs ls vyx gks x,A bls viw.kZ
lgyXurk (Incomplete linkage) dgrs gSA

gfpUlu (Hutchinson) us bl iz;ksx dks nks n'kkvksa esa fd;kA ,d iz;ksx
esa mlus nksuksa cht y{k.kksa dks ;qXeu voLFkk esa ,oa nwljs esa izfrd"kZ.k voLFkk esa
iz;ksx fd;kA iz;ksx ds ifj.kke fp= esa n'kkZ, gSA iqu% la;kstu vko`fÙk;ksa dks
lEiw.kZ la[;k dh izfr'kr :i esa Kkr dj ldrs gS] tks ;qXed izkoLFkk esa
301/8368 = 3.6% ,oa izfrd"kZ.k izkoLFkk esa 1310/44,595 = 2.94% Fkh A bl
rF; ls ;g fu"d"kZ fudyrk

,Y;wjksu ds jax ,oa Hkwz.kdks"k dh vkdf̀r y{k.kksa ds e/; ,d 'kfDr'kkyh
lgyXurk cy fLFkr gSA

gfpUlu iz;ksx ds ifj.kke fuEukafdr rkfydk esa n'kkZ, x, gS%

Ø-
la[;k

n`'; :i

(Phenotype)
thuh lajpuk

(Genotype)
chtksa dh la[;k

(Number of
seeds)

1- jax;qDr ,oa iw.kZ (Coloured and
full)

CScs 4032

40352- jaxghu ,o ladqfpr
(Colourless and Shrunken)

cscs

3- jax;qDr ,oa ladqfpr (Coloured
and Shrunken)

Cscs 149

1524- jaxghu ,oa iw.kZ (Colourless
and full)

cScs

gfpUlu }kjk fd, x, iz;ksx (Experiments by Hutchinson)

gfpUlu us iqu% la;ksx dh ckjEckjrkvksa (Frequencies) dk irk yxkus ds fy, eDdk
ds nks thuksa dk mi;ksx fd;kA buesa ls ,d thu eDdk ds cht ds ,Y;qjksu
(Aueurone) ds jax o nwljh cht ds vkdkj ;k mlds Hkjsiu (Fullness of

3.6%

96.4%
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Endosperm) dks fu/kkZfjr djrh FkhA jaxhu cht (Coloured seeds) dks ‘C’ thu
o cht ds Hkjsiu (Full endosperm) dks ‘S’ thu fu;fU=r djrh FkhA budh
vizHkkoh (Recessive) ,yhya ‘c’ o ‘s’ Fkh] tks Øe'k% jaxghu ,Y;qjksu (Colourless
aleurone) rFkk fldqMs ,UMksLieZ (Shrunken endosperm) dks fu/kkZfjr djrh FkhA

gfpUlu us vius iz;ksx nks lSV (Set) esa fd,A igys lSV esa mlus nksuksa
izHkkoh y{k.kksa vFkkZr~ C o S dks ,d tud ;k ;qXeu esa fy;kA nwljs lSV ds
iz;ksx esa nksuks aizHkkoh y{k.kksa dks izfrd"kZ.k esa fy;kA

fp= Ø- 10-9% Results of Hutchinson’s experiment, when dominant
characters are taken in coupling phase.
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izFke lSV ds iz;ksx esa CCSS ikS/kksa ¼jaxhu o Hkjs ,UMksLieZ½ dk ladj.k
ccss ¼jaxghu o fldqMs ,UMksLieZ½ okys ikS/kksa ds lkFk djk;k x;kA F1 ih<h esa
lHkh ikS/ks o jaxhu o Hkjs ,UMksLieZ (CcSs) okys chtksa ds izkIr gq,A blds ckn
F1 gkbfczM dk nksgjs vizHkkoh tud (|Double recessive parent) ds lkFk
ijh{kkFkZ ladj.k (Test cross) djk;kA bl ladj.k dh larfr esa (Progeny) esa
96.4% ikS/ks tud izdkj (Parental type) ds Fks rFkk 3.6% ikS/ks u, la;ksx
n'kkZrs FksA

f}rh; lSV ds iz;ksx esa CCss ¼jaxhu] fldqMs ,UMksLieZ½ ikS/kksa dk ladj.k
ccSS ¼jaxghu] Hkjs ,UMksLieZ½ okys chtksa ds ikS/kksa ds lkFk djk;k x;kA F1 ih<h
esa lHkh jaxhu o Hkjs ,UMksLieZ (CcSs) okys chtksa ds ikS/ks izkIr gq,A F1 ih<h ds
ikS/kksa dk ladj.k nksgjs vizHkkoh tud (Double recessive parent) ds lkFk
djk;k x;kA bl ijh{kkFkZ ladj.k (Test cross) eas 97.06% ikS/ks tudh;
(Parental) la;ksx ds ,oa 2.94% ikS/ks u,a la;ksxksa ds izkIr gq,A

mi;ZqDr iz;ksaxksa ds ifj.kke ls Kkr gksrk gS fd izHkkoh ;qXefodYih
tc ;qXeu voLFkk esa gksrs gSa rc lkFk jgus dh izdf̀r o tc izfrd"kZ.k voLFkk
esa gksrs gSa rc vyx jgus dh izof̀Ùk fn[kkrs gSaA lkFk gh tudh; la;ksx] u,
la;ksxksa ls vf/kd curs gSaA igys iz;ksx esa 96.4% lgyXurk (Linkage) o 2.6%
thu fofue; rFkk nwljs iz;ksx esa 97.6% lgyXurk o 2.94% thu fofue;
ik;k tkrk gSA

1- vkuaqoaf'kd iqu%la;kstu fof/k
(Mechanism of Genetic Recombination)

v/kZlw=h foHkktu ds le; gksus okys xq.klw= fofue; ds ifj.kkeLo:i gh vkuqoaf'kd
iqu%la;kstu dh ?kVuk gksrh gSA v/kZlw=h foHkktu dh iwokZoLFkk– I (Prophase I)
dh ;qXeiÍ (Zygotene) voLFkk esa nksuksa tudksa ds xq.klw= ,d-nwljs ds fudV
vkdj tksMk cukrs gSaA ;g ;qXeu lw=;qXeu@lk;usfIll (Synapsis) dgykrk gSA bl
voLFkk ls iwoZ gh izR;sd xq.klw= yEckbZ esa] nks v/kZxq.klw=ksa esa foHkDr gks tkrk gSA
LFkwyiÍ@iSdhVhu (Pachytene) voLFkk esa v/kZxq.klw=ksa ds [k.Mksa dk fofue; gksrk
gSA vc f}iÍ (Diplotene) voLFkk esa xq.klw= fod"kZ.k ds dkj.k ,d-nwljs ls nwj
gksrs gSa] fdUrq ,d ;k vf/kd LFkkuksa ij lEidZ jgus ds dkj.k bu LFkkuksa ij ik'k cu
tkrs gSa ftUgs fp;kTesVk (Chiasmata) dgrs gSA izR;sd fp;kTek (Chiasma)
ij ;qxy xq.klw=ksa (Bivlaent) ds ukWuflLVj (Non-sister) v/kZxq.klw= laxr fcUnqvksa
ij VwV tkrs gSaA izR;sd VwVk gqvk Hkkx nwljs v/kZxq.klw= ds 'ks"k Hkkx ls tqM tkrk gSA
bl fofue; es lkekU;r;k ;qxy (Bivalent) ds nks e/;orhZ ukWuflLVj v/kZxq.klw=
Hkkx ysrs gSa rFkk izFke o vfUre v/kZxq.klw= tudh; izdkj ds gksrs gSaA ;g fuf'pr gS
fd fp;kTesVk thu fofue; ds ifj.kke gksrss gSa dkj.k ughaA vkuqoaf'kd la;kstu ;k
thu fofue; vkSj fp;kTesVk ds ikjLifjd laEcU/kksa dks Li"V djus ds fy, nks
fl/nkUr fn, x, gSa tks bl izdkj gSA
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fp= Ø- 10-10% Results of Hutchinson’s experiments when dominant
characters are taken in repulsion phase

(i) fpjlEer fl/nkUr vFkok f}ry fl/nkUr (Classical Theory or
Two Plane Theory)& ;g fl/nkUr 'kkiZ (Sharp) ds }kjk 1934 esa fn;k x;k
FkkA blds vuqlkj fp;kTesVk igys curs gSa og thu fofue;@iqu%la;kstu ckn
esa gksrk gSa] vFkkZr fp;kTesVk thu fofue;@iqu%la;kstu ds dkj.k gksrs gSaA bl
fl/nkUr ds vuqlkj fp;kTesVk os fcUnq gSa tgk¡ letkr (Homologous) o ukWu-
flLVj (Non-sister) v/kZxq.klw= ,d-nwljs dks ØkWl djrs gSaA gkyakfd bu
fcUnqvksa ij xq.klw= dk fofue; gksuk vko';d ugha gS] fdUrq tc dHkh Hkh thu
fofue;@iqu%la;kstu gksrk gS rks ;g fp;kTek fuekZ.k }kjk mRiUUk ruko ds
dkj.k gh gksrk gSA bl izdkj dh ifjdYiuk ls vklUu ik'kksa (Adjacent loops)
esa v/kZxq.klw=ksa dk iF̀kDdj.k Øe'k% ledkjh (Equational) ,oa U;wudkjh
(Reductional) gksrk gSA nwljs 'kCnksa esa dgk tk ldrk gS fd vklUu ik'kksa esa
Øe'k% flLVj o ukWuflLVj v/kZxq.klw=ksa dk iF̀kDdj.k (Separation) gksxkA
¼fp= 1-11 A½ bl fl/nkUr ds vuqlkj vklUu ik'k ,d-nwljs ds ledks.k ij
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gksrs gSa vFkkZr fofHkUu ryksa ij gksrs gSa] blfy, bl fl/nkUr dks f}ry fl/nkUr
dgk tkrk gSA

fp= Ø- 10-11% . Crossing over and chiasma formation based on Classical
theory (A) and Chiasmatype theory (B)

(ii) fp;kTekVkbi fl/nkUr vFkok ,d ry fl/nkUr (Chiasmatype
Theory or one Plane Theory)& ;g fl/nkUr tSUlsUl (Janssens) }kjk 1909
eas izLrqr fd;k x;kA ckn esa bldk iw.kZ fodkl cSfyax (Belling) o MkfyZxVu
(Darlington) }kjk fd;k x;kA bl fl/nkUr ds vuqlkj fp;kTesVk] thu
fofue; iqu%la;kstu ds ifj.kke gksrs gS] vFkkZr~ fp;kTesVk thu
fofue;@iqu%la;kstu ds ckn curs gSa] vr% fp;kTesVk o thu
fofue;@iqu%la;kstu esa ,d vkSj ,d (One to one) dk lEcU/k gksrk gSA bl
fl/nkUr ds vuqlkj vklUu ik'kksa ds v/kZxq.klw=ksa dk iF̀kDdj.k U;wudkjh
(Reductional) gksrk gS vFkkZr~ ukWuflLVj v/kZxq.klw=ksa dk iF̀kDdj.k gksrk gSaA
bl fl/nkUr esa fp;kTek ds nksuksa vksj ds ik'k (Loop) ;k vklUu ik'k ,d gh ry
ij gksrs gS] blfy, bls ,d ry fl/nkUr Hkh dgk tkrk gSA ¼fp= 10-11 B½

thu fofue;@iqu%la;kstu dh fØ;k-fof/k (Mechanism of Genetic
Recombination)& thu fofue;@iqu%la;kstu dh fØ;k-fof/k vFkkZr~ okLro eas
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fdl izdkj v/kZxq.klw=ksa ds [k.Mksa dk vknku-iznku gksrk gS] dks le>us ds fy,
fuEufyf[kr fl/nkUr fn, x, gSA

¼v½ fizdkWflVh fl/nkUr (Precocity theory)& ;g fl/nkUr MkfyZxVu }kjk
izLrqr fd;k x;k gSA mlds vuqlkj v/kZlw=h foHkktu es iwokZoLFkk
dkyiwoZ (Precocious) gksrh gS vFkkZr~ bles xq.klw=ksa dk f}x.qku
iwokZoLFkk esa gksrk gS] tcfd lelw=h foHkktu esa ;g varjkoLFkk esa gh gks
tkrk gSA

fp= Ø- 10-12% Diagram of Belling theory of crossing over.

vr% xq.klw=ksa ds tksMs cukus dh vko';drk (Pairing need) tks foHkktu
ds fy, vR;ko';d gksrh gS] lelw=h foHkktu esa vrajkoLFkk ds le; gh
iw.kZ dj yh tkrh gS] fdUrq v/kZl=h foHkktu ds le;] D;ksafd f}xq.ku
varjkoLFkk ds ckn esa gksrk gS] tksMs cukus dh vko';drk (Pairing need)
dk fluSfIll }kjk iw.kZ fd;k tkrk gSA xq.klw= ,d-nwljs ds lkFk ;qfXer
o dq.Mfyr (Synapse and coiled) gksrs gSaA blds ckn xq.klw=ksa dk
f}xq.ku gksrk gSA v/kZxq.klw= ftu LFkkuksa ij ,d-nwljs ls xw¡Fkrs gSa mu
LFkkuksa ij ruko (Tension) iMrk gSA ruko ds vf/kd gks tkus ij
v/kZxq.klw= VwV tkrs gSaA vc ;g laHkkouk gS fd ,d v/kZxq.klw= dk VwVk
gqvk Hkkx nwljs v/kZxq.klw= ds VwVs gq, Hkkx ls tqM ldrk gSA
ifj.kkeLo:i fp;kTek curs gSaA ¼fp= 10-12½

mi;qZDr fl)kUr vkt ds ifjizs{; esa vleFkZuh; gS] D;ksafd vk/kqfud
[kkstksa ds vuqlkj ;g fuf'pr gks pqdk gS fd v/kZlw=h foHkktu esa Hkh DNA dk
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la'ys"k.k] iwokZoLFkk izkjEHk gksus ds iwoZ gh gks tkrk gSA dsoy 0.3%
DNA ;qXeiV~V (Zygote) voLFkk rd curk gSA

¼c½ cSfyax dh ifjdYiuk o dkWih pkWbl fl/nkUr (Belling’s hypothesis
and copy choice theory)& cSfyax dh ifjdYiuk cSfyax }kjk 1931 esa
nh xbZ bl fl/nkUr ds vuqlkj thu fofue;] u, la'ysf"kr thu ds
chp esa uohu vuqcU/k cuus ls gksrk gSA bl fl/nkUr ds vuqlkj xq.klw=
dk f}xq.ku nks voLFkkvksa esa iwjk gksrk gS%

(i) ubZ thUl dk cuuk

(ii) bu thUl ds chp esa uohu vuqcU/kksa dk cuukA

mi;qZDr fl/nkUr Hkh fl/nkUrr% vekU; gS] D;ksafd ;g fuf'pr gS fd
xq.klw=ksa dk f}xq.ku fujarj gksrk gS] nks voLFkkvksa esa ughA

ekbØksckby ra=ksa (Microbial systems) eas iqu%la;ksxks ds dqN vlkekU;
ifj.kke izkIr gq,] ftudh foospuk ds fy, ySMjcx (Lederberg, 1955) us
cSfyax ds dkWih pkWbl fl/nkUr dk ifjofrZr :i izLrqr fd;kA bls thu
fofue; dh dkWih pkWbl fØ;k&fof/k dgk tkrk gSA bl fl/nkUr ds
vuqlkj ,d u, larfr v/kZxq.klw= dk la'ys"k.k ,d xq.klw= dh dqN nwjh rd
rFkk fQj cph nwjh ds fy, vU; letkr (Homologous) xq.klw= dh udy
(Copy) gksus ls gksrk gSA

dkWih pkWbl xq.klw= Hkh nks"kiw.kZ fl) gqvk] D;ksafd ;g DNA ds f}xq.ku
dk lajf{kr fp= (Conservative model) izLrqr djrh gS tcfd ;g v/kZlajf{kr
(Semiconservative) izdkj dk gksrk gSA

¼d½ ladj DNA ekWMy (Hybrid DNA models)& 1960 ds yxHkx ^ladj
DNA ekWMy* cgqr vf/kd izpfyr gq, gSaA ;s ekWMy ekbØksckby ra=ksa
(Microbial system) ds ifj.kkeksa dks vPNh rjg foosfpr djrs gSA bu
ekWMyksa ds vuqlkj ukWuflLVj v/kZxq.klw= ds izR;sd nks DNA MqIysDl
(DNA Duplex) esa ls DNA dk dsoy ,d LVSªUM (Strand) VwVrk gSA
bl [kaMu ls ,d LVSª.M cU/ku eqDr (Release) gksrk gS] tks v[kafMr
LVSªUM (Unbroken strand) ds lkFk laiwjd csl is;fjax
(Complementary base pairing) fof/k ls vuqizLFk :i ls (Crosswise)
tksMk cuk ysrk gSA ifj.kkeLo:i ladj DNA (Hybrid DNA) curk
gSA ;fn [kaMu DNA ds nksukss a LVSªUM esa gksrk gS rks ikjLifjd iqu%la;ksx
(Reciprocal recombination) curs gSa]tSlk fd lkekU;r;k ;wdSfj;ksV~l
(Eukaryotes) eas ik;k x;k gSA

nks gkbfczM DNA ekWMy izLrqr fd, x, gS] igyk OgkbVgkml
(Whitehouse) }kjk 1963 eas o nwljk gkWfyM (Holiday) ds }kjk 1964 esa izLrqr
fd;k x;k gSA
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fp= Ø- 10-13% Mechansim of genetic recombination based on copy
choice mechanism.

gkWosy ,oa LVu (Howell and Stern) ds vuqlkj LFkwyiV~V (Pachytene)
o ;qXeiV~V (Zygotene) voLFkk eas ,d ,Utkbe ra= (Enzyme system) dk;Z
djrk gS tks DNA ds [kaMu o iqu%la;kstu (Breakage and reunion) ds fy,
iw.kZr% l{ke gksrk gSA bl ra= esa ,UMksU;wfDy;st (Endonuclease) ,Utkbe
DNA ds ,dy LVSªUM dks chp-chp esa ls rksMrk gS rFkk ykbxst (Ligase)
uked ,Utkbe VwVs gq, DNA dks iqu% la;ksftr djrk gSA bl izdkj ladj ;k
gsVsjksMqIysDl DNA (Hybrid or heteroduplex DNA) ds v.kq curs gSA
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thu fofue; dk dksf'kdkfoKku vk/kkj (Cytological basis of Crossing-over)

;g iznf'kZr djus ds fy, fd thu fofue;] xq.klw= [k.Mksa ds okLrfod fofue; ls
lacaf/kr gS] 1931 esa LVuZ (Stern) }kjk MªkslksfQyk (Drosophila) esa vkSj
ØsVu ,oa eSdfDyaVksd (Creighton and McClintock) }kjk eDdk esa iz;ksx fd;s
x,A buesa ,sls xq.klw= dk iz;ksx fd;k x;k] ftudh vkdkfjdh xq.klw= =qfV;ksa
(Chromosomal aberrations) ds dkj.k ifjofrZr gks xbZ FkhA LVuZ o ØsVu]
eSdfDyaVksd rhuksa dks gh thu fofue; ds dksf'kdkfoKku vk/kkj dks izLrqr djus
ds fy, cjkcj dk Js; fn;k tkrk gSA

fp= Ø- 10-14% Mechanism of recombinations as explained on the basis
of hybrid DNA model of Holiday 1964

MªkslksfQyk esa LVuZ dk iz;ksx (Stern’s experiment in Drosophila)&
bl iz;ksx ds fy, MªkslksfQyk ds mu LVkWd (Stock) dk mi;ksx fd;k x;k
ftuesa VªkUlyksds'ku (Translocation) mRiUu gks pqds FksA bu
LVkWd }kjk ,d ,slh eknk MªkslksfQyk dks mRiUu fd;k x;k] ftuds nks X
xq.klw=ksa esa ls ,d esa Y- xq.klw= dk Hkkx tqMk Fkk rFkk nwljk X xq.klw= Hkh nks
yxHkx cjkcj VqdMksa esa VwVk Fkk vkSj ftlesa vyx-vyx xq.klw= fcUnq
(Centroemere) FksA lw{en'khZ }kjk ns[kus ij bl eknk MªkslksfQyk (Female
drosophila) ds ;s nks X xq.klw= u dsoy vkil eas ,d-nwljs ls fHkUu Fks] cfYd
lkekU; xq.klw=ksa ls Hkh fHkUu Fks vkSj vyx ls igpkus tk ldrs FksA
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bl eknk MªkslksfQyk esa ,d X xq.klw= ds nksuksa VqdMksa esa las ,d VqdMs
ij mRifjorhZ ;qXefodYih (Mutant allele), dkusZ'ku us= (Carnation eye) ,oa
ckj uss= (Barred eye) ds y{k.k mifLFkr FksA buesa dkusZ'ku (Car) ,d vizHkkoh
y{k.k gS ftlls us= esa gYdk jax izdV gksrk Fkk vkSj ckj y{k.k (B) izHkkoh Fkk
ftlesa us= vis{kkd`r ladh.kZ (Narrow) gksrs FksA nwljs X xq.klw= ij ftlds
lkFk Y xq.klw= dk dqN Hkkx tqMk Fkk] nksuksa thuksa ds lkekU; ;qXefodYih
(Normal allele) mifLFkr Fks] bl izdkj bu nksuksa thuksa ds fo"ke;qXeth
((heterozygote, Car B/++) eknk esa ckj us= Fks] ijUrq ‘Car’ ds vizHkkoh
(Recessive) gksus ds dkj.k us= jax lkekU; vFkkZr~ yky (Red) FkkA

bl izdkj dh eknk efD[k;ksa dk ladj.k ,ssls uj (Male) ds lkFk fd;k
x;k] ftlesa bu nksuks thuksa ds vizHkkoh ;qXefodYih (Recessive allele)
mifLFkr FksA vr% ;g ,d ijh{kkFkZ ladj.k (Test cross) Fkk ;fn eknk eD[kh es
thu fofue; ugha gksrk gS rks nks izdkj ds ;qXed (Car B and ++) dh mRifÙk
gksxh A ;fn thu fofue; gksrk gS rks blds lkFk nks vU; ;qXed (Car + and
+B) Hkh cussaxsA bl izdkj thu vfofue; (Non-exchange of genes) ,oa thu
fofue; nksuksa izkIr pkjksa eknk ;qXedks dk fu"kspu tc X xq.klw= okys (Car)
uj ;qXedks lsa gksrk gS rks pkj izdkj dh eknk efD[k;k¡ mRiUu gksrh gSA

(i) dkusZ'ku o ckj us= -Car B/Car +

(ii) yky o xksy us= -+/Car +

(iii) yky o ckj us= - +B/Car +

(iv) dkusZ'ku o xksy us= -Car +/Car +

bl v/;;u esa ;g ns[kk x;k fd dkusZ'ku efD[k;ksa esa dksbZ [kf.Mr X
xq.kwl= u gksdj lkekU; xq.klw= FkkA anwljh vksj efD[k;ksa esa ,d X xq.klw=
[kf.Mr Hkh Fkk ,oa mlds nksuksa VqdMksa esa ls ,d ij Y xq.klw= dk VqdMk Hkh
layXu FkkA bl izdkj ds iz{k.kksa ls Kkr gksrk gS fd xq.klw= [k.Mks a ds okLrfod
fofu;e }kjk gh vkuqoaf'kd thu fofue; (Genetic crossing over) gksrk gSA

thu fofue; pkj lw=h voLFkk esa gksrk g S (Crossing Over at four
strand stages) thu fofue; LFkwyiV~V (Pachytene) esa gksrk gS] blds dbZ
larks"ktud izek.k gSA LFkwyiV~V voLFkk esa xq.klw= f}xqf.kr gksdj pkj
v/kZxq.klw= cukrs gSA blh pkj lw=h voLFkk esa thu fofue; gksrk gSaA ;fn thu
fofue; f}lw=h (Two strand) voLFkk esa gksxk rks lHkh u, la;ksx cussaxs]
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fp= Ø- 10-15% Sten’s experiment to demonstrate cytological
crossing over.

tudh; la;ksx ugh cusaxs fdUrq MkslksfQyk U;wjksLiksjk (Drosophila
Neurospora) vkfn ij fd;s x;s iz;ksxksa ls ;g Kkr gksrk gS fd u, la;ksxksa ds
lkFk tudh; la;ksx Hkh curs gSA tudh; la;ksx 50% rd curs gSA blh
izdkj u, la;ksx Hkh 0 ls 50% gksrs gS] vf/kd ughA blls ;g izekf.kr gksrk gS
fd thu fofue; 4 lw=h voLFkk esa gh gksrk gSA

U;wjksLiksjk esa prq"d fo"ys"k.k (Tetrad analysis in Neurospora)

thu fofue; lkekU;% pkj lw=h voLFkk esa gh gksrk gS] ;g izekf.kr djus ds
fy, U;wjksLiksjk dk mnkgj.k fy;k tk ldrk gS D;ksafd U;wjksLiksjk ds l¡djs
(narrow) ,Ldl esa chtk.kqvksa dk jSf[kd Øe igys gks pqdh v/klw=h foHkktu
dh ?kVukvksa dks n'kkZrk gSA U;wjksLiksjk esa v/kZlw=h foHkktu ,d yEch] l¡djh
jpuk esa gksrk gSa ftls ,Ldl dgrs gSA bl ,Ldl esa LFkku dh deh ds dkj.k
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foHkktu rdqZ (Division spindle) vfrO;kfir (overlap) ugha gksrsA chtk.kqvksa dk
Øe] v/kZlw=h foHkktu dh izFke o v/kZlw=h foHkktu dh f}rh; voLFkk
(Meiosis I and Meiosis II) ,oa lelw=h foHkktu (Mitotic division) ds mRiknksa
dks n'kkZrk gSA izR;sd ,ldl esa vkB ,Ldkschtk.kq (Ascosperms) gksrs gS
(Fig.) ;fn ge dYiuk djs afd gesa U;wjksLiksjk ds ,Ldl eas thUl dk Øe o
xq.klw= o xq.klw= fcUnq dh fLFkfr Kkr gSA bl ,Ldl esa vkB ,Ldkschtk.kq
fuEufyf[kr Øe esa gSA

A-Crossing over at two strand stage

fp= Ø- 10-16% Difference in Consequences between Crossing over at the
two strand stage and four strand stage.

2 a b

2 + b

2 a +

2 + +

vr% ,Ldl esa pkj izdkj ds chtk.kq gSA bl izdkj ds ,Ldl dks
VsVªkVkbi dgrs gSaA len'khZ chtk.kqvksa (Identical spores) dk izR;sd ;qXe]
v/kZlw=h foHkktu ds vfUre mRikn ds lelw=h foHkktu ls cuk gS
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D;ksafd ,Ldl cgqr l¡adjk gksrk gS rFkk blesa chtk.kqvksa dk foLFkkiu ugha gks
ldrk] vr% ge ;g eku ldrs gS fd v/kZlw=h foHkktu f}rh; ds ifj.kke bl
Øe es O;ofLFkr gksaxs & ab, + b, a + ,oa $$A dsUnzd esa ;g Øe v/kZlw=h
foHkktu izFke ds ifj.kkeksa dks n'kkZrk gS ftlesa ukWuflLVj v/kZxq.klw=ksa
(Nonsister chromatids) ds chp esa fofue; gksrk gSA ;g fofue; pkjlw=h
voLFkk esa gksrk gS] blfy, bles ,Ldl ds 'kh"kZ ij ik, tkus okys nks chtk.kq
o lcls uhps ik, tkusokys nks chtk.kq tudh; (Parentals) rFkk chp esa ik,
tkus okys pkj chtk.kq u, la;ksx n'kkZrs gSA bl iz;ksx ls ;g Hkh izekf.kr gksrk
gS fd fofue; lkekU;r% pkj esa ls chp okys nks v/kZxq.klw=h ds chp esa gksrk gSA

fp= Ø- 10-17: Tetrad analysis in Neurospora. The direction of the
arrows follows the line of reasoning used in deducing preceding events.

From the sequence of spores in the mature ascus (a) the order of the
proceeding nuclei, (b) can be deduced; and from the order of these
nuclei (b), the position and orientation of nuclei, (c) resulting from

segregation at the first meiotic division can be inferred; finally, from
the deduced constitution of nuclei (c,) the crossover events occurring

in the meiotic prophase (d) can be analyzed.

10-2-6 thu fofue; ds izdkj (Types of Crossing over)

thu fofue; ds le; fp;kTesVk dh la[;k xq.klw=h dh yEckbZ ij fuHkZj djrh
gSA fp;kTesVk dh la[;k ds vk/kkj ij thu fofue; vxzfyf[kr izdkj ds gks
ldrs gS&
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1- ,dy thu fofue; (Single Crossing over)& tc xq.klw=h ;qxy dh
iw.kZ yEckbZa es dsoy ,d fp;kTek curk gS rks bls ,dy thu fofue;
dgrs gS bles ltkrh; xq.klw=ksa ds v/kZxq.klw= viuh iw.kZ yEckbZ esa
dsoy ,d LFkku ij lEidZ esa vkrs ,oa VwVrs gSA

2- f}d thu fofue; (Double Crossing over)& blesa v/kZxq.klw= nks
LFkkuksa ij lEidZ esa vkrs o VwVrs gS vFkkZr~ xq.klw=ksa dh iwjh yEckbZ esa
nks fp;kTesVk curs gSA

3- xqf.kr thu fofue; (Multiple Crossing over)& tc ,d gh
xq.klw= ;qxy esa nks ls vf/kd LFkkuks aij fp;kTesVk curs gS rks bl
izdkj ds thu fofue; dks xqf.kr thu fofue; dgrs gSA ;g dHkh&dHkh
gh ik;k tkrk gSA

10-2-7 thu fofue; dh vkof̀Ùk dks izHkkfor djus okys dkjd
(Factors Affecting the Frequency of Crossing Over)

vusd vkuqoaf'kd (Genetic)] okrkoj.kh; (Environmental) o 'kjhjfØ;kRed
(Physiological) dkjd thu fofue; dks izHkkfor djrs gSA ;s fuEufyf[kr gS&

1- rkiØe (Temperature)& fuEu o mPp rki thu fofue; dh vko`fÙk
esa of̀/n djrs gSA

2- X &fdj.k (X-Ray)& eqyj (Mullar) ds vuqlkj X& fdj.ks o vU;
fofdj.kksa (Radiations) ls thu fofue; dh vkof̀Ùk esa of̀/n gksrh gSA

3- vk;q (Age)& eknk MªkslksfQyk esa vk;q ds lkFk thu fofue; esa deh
gksrh gSA

fp= Ø- 10-18% Single, double and multiple Crossing over

4- jlk;u (Chemicals)& E;wVktu (Mutagen) mudh Hkk¡fr dk;Z djus
okys dqN jlk;u Hkh thu fofue; dh vkof̀Ùk dks izHkkfor djrs gSA

5- fyax (Sex)& MªkslksfQyk dh uj efD[k;ksa esa thu fofue; ux.; gksrk
gSA js'ke ds dhV dh eknk esa thu fofue; ugha gksrk gSA
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6- izfrykseu (Inversion)& xq.klw=h [k.Mksa esa ;fn izfrykseu gksrk gS rks
thu fofue; ugha gksrkA

7- thUl ds chp dh nwjh (Distance Between Genes)& lgyXu thUl ds
chp dh nwjh thu fofue; dh vkof̀Ùk dk fu;eu djus okyk eq[;
dkjd gSA ikl-ikl fLFkr thUl dh vis{kk nwjh ij fLFkr thUl es thu
fofue; dh lEHkkouk vf/kd gksrh gSA

10-2-8 thu fofue; dk egRo (Significance of crossing over)

1- thu fofue; }kjk thUl ds jSf[kd foU;kl (Linear arrangement) dh
iqf"V gksrh gSA

2- thu fofue; }kjk xq.klw=ks ds vkuqoaf'kd ekufp= cukus esa lgk;rk
feyrh gSA

3- thu fofue; ds QyLo:i thUl ds u, la;ksx curs gS ftudk tho ds
fodkl esa cgqr egRo gSA

viuh Áxfr tk¡fp, (Check Your Progress)
1- lgyXu lewg curs gS%

¼v½ nks tksMh xq.klw=

¼c½ ,d tksMh thu ij mifLFkr lHkh ;qXefodYih ij

¼l½ leLr thu lewg

¼n½ dksbZ ugh

2- lgyXu dh ;FkkFkZrk fuHkZj djrh gS%

¼v½ thu dh vkof̀Ùk ij

¼c½ lgyXu thu dh nwjh ij

¼l½ lgyXu thu dh eksVkbZ ij

¼n½ lgyXurk xq.klw= ijA

3- lgyXurk%

¼v½ es.My ds izFke fu;e ds vuqdwy gS

¼c½ es.My ds f}rh; fu;e ds vuqdwy gS

¼l½ es.My ds rr̀h; fu;e ds vuqdwy gS

¼n½ es.My ds prqFkZ fu;e ds vuqdwy gSA
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4- MªkslksfQyk esa viw.kZ lgyXurk esa vuqikr gksrk gSA

¼v½ 41.5%, 8.5%, 8.5%, 39.0%

¼c½ 39.5%, 8.5%, 9.5%, 41.5%

¼l½ 41.5%, 8.5%,8.5%, 41.5%

¼n½ dksbZ ugh

5- eDdk esa lgyXurk ds vUrxZr F1 ih<h ds eknk ladj jxghu
ikS/kks ,oa ladqfpr cht okyks esa ladj.k djkus ls lUrfr chtksa dk
vuqikr gksrk gSA

¼v½ 50%, 50% ¼c½ 96.4%, 3.6%

¼l½ 90%, 10% ¼n½ 95%, 5%

6- ;qXeu ,oa izfrd"kZ.k ifjdYiuk fdlus izfrikfnr dh Fkh %

¼v½ MkfoZu ,oa gDlys ¼c½ csVlu ,oa iqUusV

¼l½ ekxZu ,oa lVu ¼n½ csVlu ,oa MkfoZu

7- ;qXeu ,oa izfrd"kZu ifjdYiuk ds vuqlkj F1 ih<h esa
fo"ke;qXedh ,oa le;qXedh esa ladj.k djus ij -------- vuqikr izkIr
gqvk A

¼v½ 1 : 1: 1: 1 ¼c½ 11 : 1 : 1 : 3

¼l½ 9 : 3 :3 : 2 ¼n½ 7 : 1 : 1 : 7

8- foHksnh; xq.klw=h; lgyXurk fl/nkUr dks -------- us izfrikfnr fd;k
FkkA

¼v½ csVlu ¼c½ ekxZu

¼l½ gDlys ¼n½ lVu

9- thUl tks ,d gh xq.klw= ij fLFkr gksrs] bUgh thUl ds dkj.k
lgyXurk gksrh gS] fdlus n'kkZ;k Fkk

¼v½ osVlu ¼c½ ekxZu

¼l½ iqUusV ¼n½ MkfoZu

10- gfpUlu us fdl tho ij lgyXurk dk iz;ksx fd;k Fkk\

¼v½ MªkslksfQyk ¼c½ eDdk

¼l½ eVj ¼n½ pwgs
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11- nks lgyXu thUl dk fofue; fuHkZj djrk gS&

¼v½ fo'kq/n la;ksx ij

¼c½ thu fofue; dh vko';drk ij

¼l½ thUl ds chp dh nwjh ij

¼n½ mi;qZDr esa ls dksbZ ugh

12- lgyXurk ds mnkgj.kksa esa esaMy dk dkSulk fu;e vlQy gks tkrk
gS\

¼v½ izFke ¼c½ f}rh;

¼l½ rr̀h; ¼n½ lHkh rhuksa

13- og fcUnq] tgk¡ ;qxy ds pkj v/kZ xq.klw= ,d&nwljs dks ØkWl djrs
gS] dgyrk gS&

¼v½ Øksekseh;j ¼c½ lS.Vªkseh;j

¼l½ fp;kTesVk ¼n½ dkbusVksdksj

14- fp;kTesVk v/kZlw=h foHkktu dh fdl izkoLFkk esa curs gS\

¼v½ ySIVksVhu ¼c½ tkbxksVhu

¼l½ iSdkbVhu ¼n½ fMIyksVhu

15- v/kZlw=h foHkktu ds le; ekrd̀ o iSrd̀ xq.klw=ksa ds chp es
vkuqoaf'kd inkFkksaZ dk vknku&iznku dgykrk gS&

¼v½ lgyXurk ¼c½ thu fofue;

¼l½ Mk;dkbusfll ¼n½ izHkkoh

16- ,d dksf'kdk esa 10 tksMsa xq.klw= gS] mldk lgyXurk lewg gksxk&

¼v½ 5 ¼c½ 10

¼l½ 15 ¼n½ 20

17- eknk MªkslksfQyk es lgyXurk gksrk gS&

¼v½ iw.kZ ¼c½ viw.kZ

¼l½ mi;qZDr nksuks ¼n½ mi;qZDr esa ls dksbZ ugha
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10-3 viuh Áxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼v½ 11- ¼l½

2- ¼c½ 12- ¼c½

3- ¼l½ 13- ¼l½

4- ¼l½ 14- ¼l½

5- ¼c½ 15- ¼c½

6- ¼c½ 16- ¼c½

7- ¼n½ 17- ¼c½

8- ¼v½

9- ¼c½

10- ¼c½

10-4 lkjka'k (Summary)

mijksDr o.kZu ls Li"V gS fd lgyXurk (Linkage and Crossing over) ,oa
ØkWflax vksoj dk egRo ekuo ,oa vU; tho tUrqvks ds fy, egRoiw.kZ LFkku
j[krk gSA lgyXurk ds }kjk euq"; ds iSrd̀ y{k.kksa dk v/;;u fd;k tk
ldrk gSA blds }kjk vkuqoaf'kd xq.kksa dk v/;;u djus esa lgk;d gksrs gSA

10-5 eq[; 'kCnkoyh (Key Terminology)

 letkr xq.klw= (Homologous Chromosomes)& leku izdkj ds
xq.klw= (TT x TT / tt x tt)

 lgyXu thUl& og thUl tks ,d gh xq.klw= ij fLFkr gksrs gS
rFkk ,d gh lkFk oa'kkuqxr gksrs gSa mudksa lgyXu thu dgrs gSA

 Lora= viO;wgu& xsehV fuekZ.k ds le; xq.klw=ks dk Lora= :Ik ls
vyx&vyx gksukA

 ØkWflax vksoj& vyx&2 xq.klw=ksa ds lkFk la;kstu djukA

 thu fofue;& thUlksa ds chp vknku&iznku djukA
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10-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; iz'u (Short Answer Type Question)

1- thu lgyXurk dks la{ksi esa le>kb;s A

2- fuEufyf[kr ij laf{kIr fVIi.kh fy[kks&

(i) lgyXurk dh xq.klw=h; fl/nkar

(ii) viw.kZ lgyXurk

(iii) iw.kZ lgyXurk

(iv) lgyXurk dk egRo

(v) lVu (Sutton) dh ifjdYiuk

(vi) thu lgyXurk

(vii) dkWih pkbl fl)kUr (Choice)

(viii) fluSfIll

(ix) lgyXurk lewg

3- ØkWflax vksoj D;k gS\ mnkgj.k nsdj le>kb;sA

4- thu fofue; D;k gSA laf{kIr o.kZu dhft,A

5- fyadst xzqi dks le>kb;sA

6- eDdk esa lgyXurk dk mnkgj.k lfgr o.kZu dhft,A

7- MªkslksfQyk esa lgyXurk dk mnkgj.kiwoZd laf{kIr o.kZu dhft,A

8- lyXurk dks ifjHkkf"kr djrs gq, blds izdkj crkb;sA

9- gfpUlu ds fl)kar ij laf{kIr fVIi.kh fy[kksA

nh?kZ mÙkjh; iz'u (Long Answer Type Questions)

1- lgyXurk ,oa ØkWflax vksoj ls vki D;k le>rs gS\ foLr̀r o.kZu
dhft,A

2- thu lgyXurk dh ifjHkk"kk nsrs gq, MªkslksfQyk esa lgyXurk dk o.kZu
dhft, A

3- MªkslksfQyk vFkok eDdk esa lgyXurk dk o.kZu dhft,A

4- iw.kZ ,oa viw.kZ lgyXurk ls vki D;k le>rs gS\ mnkgj.k lfgr o.kZu
dhft,A

5- fp;kTek fuekZ.k ds nksuks fl/nkarks dk o.kZu dhft,A
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6- ØkWflax vksoj ls vki D;k le>rs gS\ bldh fØ;k-fof/k ,oa blds egRo
dh O;k[;k dhft,A

7- gfpUlu }kjk fd;s x;s eDdk ds iz;ksxkas dk o.kZu dhft, A

8- lgyXurk ,oa ØkWflax vksoj dks mfpr mnkgj.k nsdj le>kb;sA

10-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology – By – J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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bdkbZ 3

v/;k; 11 fyax fu/kkZj.k & xq.klw=h; rFkk
vkuqokaf'kd larqyu fl)kUr

Sex Determination – Chromosomal
and Genetic Balance Theory

Lakjpuk (Structure)

11-0 ifjp;
11-1 mÌs';
11-2 fyax xq.klw= rU=

11-2-1 fyax fofo/krk
11-2-2 fyax fofo/krk ds Ádkj
11-2-3 Ákf.k;ksa esa fyax fofo/krk
11-2-4 fyax fu/kkZj.k ;k xq.klw=h; fl/nkUr

11-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
11-4 lkjka'k
11-5 eq[; 'kCnkoyh
11-6 Lo-ewY;kadu iz'u ,oa vH;kl
11-7 lgk;d ikB~; lkexzh

11-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction And Definition)

fyax fu/kkZj.k ls rkRi;Z gS thoksa esa uj ,oa eknk ls gS ftldk fu/kkZj.k iztuu
(Reproduction) ds le; ØkWflax vksoj ds nkSjku thoksa esa eq[;r% euq"; esa
ns[kk tk;s rks xq.klw= esa mifLFkr XX ,oa XX-Chromosome ds nkSjku Øe'k%
uj ,oa eknk dh igpku dh tkrh gSA ftldk o.kZu vkxs ge blh v/;k; esa
mnkgj.klfgr ns[ksaxsA vf/kdka'k ds thoksa es uj ,oa eknk nks izdkj ds tUrq gksrs
gSA thoksa dh ;g fo'ks"krk fyax (Sex) dgykrh gSA 'kq: ls gh euq"; esa tkuus
dh bPNk jgh gS fd ek¡ ds xHkZ es iy jgk ¼Hkzq.k½ f'k'kq uj gksxk ;k eknkA
chloh lnh ls iwoZ oSKkfudksa }kjk bl laEca/k esa vusd ifjdYiuk,¡
(Hypothesis) nh x;h gSA

11-1 mÌs'; (Objective)

bl bdkbZ dks i<us ds ckn vki&

 fyax xq.klw=

bhandup8
Rectangle



fyax fu/kkZj.k & xq.klw=h;
rFkk vkuqokaf'kd larqyu---

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh236

 fyax fu/kkZj.k ;k xq.klw=h; fl/nkUr

bu fo"k;ksa dk foLr̀r #Ik ls v/;;u dj ldrs gSA

11-2 fyax xq.klw= rU= (Sex Chromosome System)

izk;% tUrq nks izdkj ds gksrs gS&

1- ,dfyaxh (Unisexual), ftues uj rFkk eknk iF̀kd-iF̀kd~ gksras gSaA lkFk
gh buesa ySafxd foHksfnrk (Sexual dimorphism) gksrh gS bl izdkj ds
tUrq izk;% mPp Js.kh ds tUrq gksrs gSaA

2- fuEu Js.kh ds tUrq tks f}fyaxh (Bisexual) gksrs gSaA bues uj rFkk eknk
tuukax ,d gh tUrq es ik;s tkrs gSA mPp Js.kh ds tUrqvksa esa uj rFkk
eknk izkf.k;ksa dh 'kjhj-lajpuk ,oa dkf;Zdh esa vUrj gksrk gSA

vr% lnk ls euq"; esa ;g ftKklk dk fo"k; cuk jgk fd lUrku uj
gksxh ;k eknk vFkkZr~ lUrfr yMdk (Boy) gksxk ;k og lUrfr yMdh (Girl)
gksxhA izkphu le; ls ysdj chloha lnh ds oSKkfudksa] euksoSKkfudksa
(Psychologists)] fopkjdksa (Thinkers) ds }kjk vusd ifjdYiuk,¡
(Hypothesis) izLrqr dh xbZA fdUrq muesa ls dksbZ Hkh iw.kZr% lkFkZd ,oa
oSKkfud rF;ksa ij vk/kkfjr ugha FkhA bu ifjdYiukvksa ,oa vU; oSKkfud
fl/nkUrksa dks nks Hkkxksa esa foHkkftr fd;k x;k gS%

¼1½ izkphu fl/nkUr (Old theories) rFkk ¼2½ vk/kqfud fl/nkUr (Modern
theories)

1- Ákphu fl/nkUr (Old Theories)& blds vuqlkj ml le; ds
euksoSKkfudksa] fopkjdksa ,oa oSKkfudks us tks ifjdYiuk,¡ izLrqr dha og
fuEufyf[kr izdkj gSa&

(i) fgIiksØssV~l (Hippocrates)& ds vuqlkj iks"k.k] fyax dks fu/kkZj.k djrk
gSA ;fn xHkZorh L=h dks lUrqfyr ,oa iks"k.k;qDr Hkkstu izkIr gksrk gS rks
uj lUrfr tUe ysxh] ;fn iks"k.k foghu ,oa vlUrqfyr Hkkstu izkIr
gksrk gS rks eknk (Female) lUrfr mRiUu gksxhA blh dks ckn esa LpsUd
(Schenk) us Hkh n'kkZ;k fd xHkkZoLFkk ds le; Hkkstu ds vk/kkj ij fyax
Kkr fd;k tk ldrk gSA

(ii) FksYl (Thales)& us n'kkZ;k fd ;fn v.MksRlxZ (Ovulation) ds rqjUr
i'pkr~ gh fu"kspu gks tk;s rks blls eknk (Female) mRiUu gksxhA ;fn
fu"kspu ds iwoZ v.Mk.kq v.Mokfguh esa :d tkrk gS vkSj fQj dqN le;
Ik'pkr~ fu"kspu gks rks uj (Male) lUrfr tUe ysxhA

(iii) xsyu (Gallen)& ,oa mlds lg;ksfx;ksa us n'kkZ;k fd ;fn fu"ksfpr
v.Mk.kq (Ovum) nkfgus v.Mk'k; (Right Ovary) ls vkrk gS rks uj
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lUrfr tUe ysxh] ;fn fu"ksfpr v.Mk.kq (Ovum) ck;sa v.Mk'k; (Left
Ovary) ls vkrk gS rks eknk lUrfr tUe ysxhA

Hkzwf.kdh foKku (Embryologically)

fyax ds ckjs esa fu/kkZj.k rhu izdkj dk gks ldrk gS%

1- izksxsfed (Progamic)& fyax dk fu/kkZj.k fu"kspu (Fertilization) ds iwoZ
gksrk gSA

2- fluxsfed (Syngamic)& fyax dk fu/kkZj.k fu"ksfpr ds le; gksrk gSA

3- bfixsfed (Epigamic)& tkbxksV (Zygote) cuus ds i'pkr~ fyax dk
fu/kkZj.k gksrk gSA

2- vk/kqfud fl/nkUr (Modern Theory)& xr lnh rd ,d vke
fopkj/kkjk ;g Fkh fd lUrku esa fyax-fu/kkZj.k xHkZ ds le; pUnzek dh fLFkfr]
gok dh fn'kk] rkiØe rFkk Hkzw.k ds ikyu-iks"k.k vkfn fn'kkvksa ij fuHkZj gksrk
gSA lu~ 1900 ds i'pkr gsufdu (Henkin) eSDykax (Mclung 1901), foYlu
rFkk LVhoUl (Wilson and Stevens) vkfn oSKkfudksa us lUrkuksa esa fyax-fu/kkZj.k
dk xq.klw=hokn (Chromosomal Theory of Sex-Determination) izLrqr fd;kA
blds vuqlkj mPp Js.kh ds izk.kh ySafxd iztuu djrs gSA blesa uj rFkk eknk
tuukaxks esa v/kZlw=.k dh izfØ;k }kjk vxqf.kr ;qXed (Haploid gametes) curs
gSA ;s ;qXed Øe'k% uj rFkk eknk gksrs gSa ftuds la;kstu ls f}xqf.kr (2X)
tkbxksV (Zygote) curk gSA ;qXeut (Zygote) gh lUrku dh izFke dksf'kdk
gksrh gS tks fonyu }kjk Hkwz.k dk fodkl djrh gSA Hkzw.k esa fyax dk fu/kkZj.k
fu"kspu ds le; la;ksftr gksus okys xq.klw=ksa dh izof̀Rr ij fuHkZj djrk gSA

xq.klw=ksa (Chromosomes) dh [kkst ds cgqr le; i'pkr~ rd ;g
ekU;rk jgh fd fyax okrkoj.k lEcU/kh dkjdksa tSls rkiØe vkSj 'kjhj
fØ;kRed dkjdksa }kjk gksrk gS] rFkk xq.klw= (Chromosomes) dsoy dkf;d
y{k.kksa (Vegetative characters) dk fu;eu djrs gSaA fyax xq.klw= (Sex
chromosomes) dks loZizFke ikS/ks ds cx (Plant bug) ik;jksdksjl ,IVsjl
(Pyrrhocorus apterus) esa gSufdax (henking) us 1891 esa ns[kkA mUgksus ik;k
fd 'kqØk.kqtuu (Spermatogenesis) ds le; dqN ØksesfVu jpuk,¡ xgjh
vfHkjaftr gksrh gSa vkSj ,ukQsftd xfr (Anaphasic movement) ds le; vU;
xq.klw=ksa ls ihNs NwV tkrh gSA rc rd bu ØksesfVu jpukvksa dk dk;Z Kkr ugha
Fkk blfy, gSufdax }kjk bUgs X xq.klw= (X-chromosome) uke fn;k x;kA
blds ckn 1901 esa eSd Dyax (Mc Clung) us lcls igys ;g crk;k fd ;s X-
xq.klw= fyax fu/kkZj.k las lEcfU/kr gSaA dbZ dhVksa ds xq.klw=ksa dk v/;;u fd;k
x;k vkSj ;g fu"d"kZ fudyk fd uj dhVksa esa xq.klw=ksa dk ,d tksMk vleku
gksrk gS] bls gSVsjksekWfQZd tksMk (Heteromorphic pair) dgk x;kA foYlu us
vU; dhVksa ds v/;;u ds le; dqN fHkUurk ik;h ,oa ns[kk fd eknk dhVksa
(Female insects) esa xq.klw=ks dk ;g tksMk leku gksrk gSA var esa ;g fuf'pr
gks x;k fd uj o eknk esa ik;s tkus okys ;s xq.klw=] fyax xq.klw= gS vkSj uj
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esa ;g tksMk vleku xq.klw=ksa dk o eknk esa leku xq.klw= dk cuk gksrk gSA
bUgsa eks.Vxksejh (Montgomery,1904) }kjk gSVjksØksekslkse
(Heterochromosomes) rFkk vU; xq.klw=ksa dks vkWVkslkse (Autosome) dgk
x;kA vkWVkslkse uj o eknk nksuksa es leku FksA LVhosUl (Stevens, 1905) us uj]
ftuesa nks vleku fyax xq.klw= Fks] dks gSVsjksxSfefVd uj (Heterogametic male)
rFkk eknk] ftuesa nksuksa fyax xq.klw= leku Fks] dks gkseksxSfefVd eknk
(Homogametic female) dgkA eknk ds nksuksa xq.klw= ‘XX’ o uj ds xq.klw=
‘XY’ xq.klw= gksrs gSaA vf/kdka'k ikS/kksaa] Lru/kkjh thoksa ,oa dhVksa tSls MªkslksfQyk
esa fyax dk fu;U=.k eq[; :i ls Y }kjk gh gksrk gSA ;fn Y xq.klw= mifLFkr
gksrk gS rks tho uj gksrk gS vkSj bldk vHkko gksus ij eknk gksrh gSA

blh izdkj MªkslksfQyk esa Hkh ,d tksMh leku fyax lw= XX eknk esa
rFkk ,d tksMh vleku fyax lw= XY uj esa ik;s tkrs gSA MªkslksfQyk esa rhu
tksMh vkWVkslkse o ,d tksMh fyax xq.klw= gksrs gSa vFkkZr dqy 8 xq.klw= gksrs
gSA v.Mtuu (Oogenesis) ds le; eknk lHkh v.M ,d leku (3+X) cukrh
gS] tcfd 'kqØk.kqtuu (Spermatogenesis) ds le; uj 50% 3+X 'kqØk.kq o
50% 3 + Y 'kqØk.kq cukrk gSA

euq"; esa 23 tksMh vFkkZr 46 xq.klw= gksrs gSa ftuesa 44 vkWVkslkse o ,d
tksMk fyax xq.klw= gksrs gSA

iq:"k esa & 44+XY

L=h esa & 44+XX

iq:"k }kjk mRiUu 'kqØk.kq nks izdkj ds (1) 22 + X rFkk (11) 22 + Y
gksrs gS] tcfd L=h }kjk mRiUu lHkh v.M esa 22+ X xq.klw= gksrs gSA

fdlh tho] tkfr oa'k vFkok lewg ds xq.klw=ksa ds ,d leqPp@lSV (Set)
dh mu HkkSfrd vFkok vkdkfjd fo'ks"krkvksa dks dsfj;ksVkbi (Karyotype) dgrs
gSa] ftudsa }kjk ;g vU; thoksa ds xq.klw=ksa ds leqPp; ls fHkUu gksus ds dkj.k
igpkus tk ldrs gSa vFkok izR;sd tkfr lHkh izkf.k;ksa ,oa ikS/kksa esa ,d gh izdkj
ds fof'k"V xq.klw=ksa dk lewg ik;k tkrk gSA bu xq.klw=ksa esa dqN fof'k"V ,oa
LFkk;h y{k.k ik;s tkrs gS] ftlls ml tkfr fo'ks"k dks igpkuk tkrk gS] y{k.kksa
ds bl lewg dks dSfj;ksVkbi dgrs gSA dSfj;ksVkbi ds vUrxZr ,d leqPp; esa
xq.klw=ksa dh la[;k] vkdkj] vkisf{kd lEcU/k] xq.klw=ksa dh lajpuk] mudh
vkUrfjd lajpuk] laxBu ,oa muds O;ogkj dk v/;;u fd;k tkrk gSA bu
HkkSfrd y{k.kksa dsa vfrfjDr dksf'kdk foHkktu ds le; muesa vkdqapu ,oa
dq.Myu (Coiling) dh ek=k esa fHkUurk Hkh fdlh tho ds xq.klw=ksa dks igpkuus
esa lgk;d gksrh gSA

fofHkUu lewgksa ds izkf.k;ksa esa ik;h tkus okyh lekurkvksa dks LFkkfir djus
esa Hkh dSfj;ksVkbi lgk;rk djrk gSA ;g ,d loZekU; lR; gS fd thoksa eas
xq.klw=ksa dh ,d fuf'pr la[;k gksrh gSA vr% ;g fofHkUu isM-ikS/kksa ,oa izkf.k;ksa
dh oxhZdj.k (Classification) esa fLFkfr ,oa tkfr bfrgkl dks Kkr djus esa
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lgk;rk iznku djrk gSA fdlh Hkh tho ds dSfj;ksVkbi dks mlds xq.klw= lewg
ds fp= }kjk iznf'kZr fd;k tkrk gS] bl fp= dks bfM;ksxzke (Idiogram) dgrs
gSA bfM;ksxzke esa ltkrh; xq.klw= dsa ;qXyksa (Pairs) dks bl izdkj foU;kflr
fd;k tkrk gS fd lcls cMs xq.klw= lcls iwoZ ,oa NksVs xq.klw= Øekuqlkj mls
ckn vkrs gSA mnkgj.k& euq"; ds dSfj;ksVkbi (Human karyotype) dk
v/;;u vf/kd ykHkizn gS] D;ksafd dSfj;ksVkbi ds v/;;u ls jksxtfud y{k.kksa
dks tks xq.klw= ;k thUl (Genes) ls lEcfU/kr gksrs gSa] lqyHkrk ls tkuk tk
ldrk gSA 1931 esa ysfotdh (Levitzski) ,oa muds lg;ksfx;ksa us dSfj;ksVkbi
dh leferrk dh ,d ladYiuk] dSfj;ksVkbi lefefr (Concept of Karyotype
symmetry) izLrqr dh gSA

fp= Ø- 11-1% Idiogram of Human chromosomes.

bl ladYiuk ds vuqlkj dSfj;ksVkbi nks izdkj ds gksrs gS

(i) lefer dSfj;ksVkbi Symmetrical Karyotype)& bl izdkj ds
dSfj;ksVkbi eas lcls cMs o lcls NksVs xq.klw= ds ifjek.k esa vf/kd
vUrj ugha gksrk vFkkZr leqPp; ds lHkh xq.klw= yxHkx ,d ifjek.k ds
gksrs gSa rFkk blesa e/;dsUnzh; (Metacentric) xq.klw=ksa dh la[;k vf/kd
gksrh gSA lefer dSfj;ksVkbi dks vkfndkyhu (Primitive) ekuk tkrk
gSA

(ii) vlefer dSfj;ksVkbi (Asymmetric Karyotype)& vlefer
dSfj;ksVkbi esa lcls cMs o lcls NksVs xq.klw= ds ifjek.k esa vf/kd
vUrj gksrk gS rFkk blesa e/;dsUnzh; xq.klw=ksa dh la[;k vis{kkd`r de
gksrh gSA vlefer dSfj;ksVkbi fodflr (Advanced) ekuk tkrk gSA

11-2-1 fyax fofo/krk (Sex Differentiation)

vf/kdka'k thoksa esa uj ,oa eknk nks izdkj ds tho gksrs gSA thoksa dh ;g fo'ks"krk
fyax (Sex) dgykrh gSA uj ,oa eknk ;qXedks (Gametes) dks mRiUu djuk
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ySafxd tuu (Sexual reproduction) dk ,d vko';d y{k.k gSA blh y{k.k
ds dkj.k ySafxd tuu (Sexual reproduction) }kjkA vkuqoaf'kd fofo/krk
(Genetic differentiation) Hkh izkIr gksrh gS vkSj ,slk fo'okl fd;k tkrk gS fd
mn~fodkl (Evolution) esa ySafxd tuu dk egRoiw.kZ ;ksxnku jgk gSA

uj ,oa eknk nksuksa thoksa eSa ySafxd fodkl (Sexual development) ,d
leku gksrk gSA mPp Js.kh ds d'ks:d izkf.k;ksa esa cMs izkjfEHkd tuu dksf'kdk,
(Primordial germ cells) ckg; Hkzw.kh; Årdksa (Extra embryonic tissues) esa
gksrs gSa vkSj ml {ks= dks izokl (Migrate) djrh gSa tgkW tun (Gonad) dk
fuekZ.k gksrk gSA bu dksf'kdkvksa dh la[;k ,oa izokl dks thu (Gene) izHkkfor
djrs gS vkSj uj ;k eknk esa ls fdlh esa Hkh uiqaldrk@ca/;rk (Sterility) dks
mRiUu djrs gSA lEHkkfor tunksa dh ,ihFkhfy;e esa ,d ckj fyax fofo/krk
(Sex differentiation) dh fuf'pr ?kVuk esa izkjfEHkd tuu dksf'kdkvksa
(Primordial germ cells) ds }kjk Hkkx ysuk izkjEHk fd;k tkrk gSA dksf'kdkvks
ads jTtw (Cords of cells) esM~;wyjh fyax jTtq (Medullary sex cords)
bihfFkfy;e ls of̀) (Proliferat) izkjEHk dj nsrs gSA uj (Male) esa izkjfEHkd
tuu dksf'kdk,¡ (Primordial germ cells) bu jTtq (Cords) ds }kjk ys tk;k
tkrk gS ftlls fd og o"̀k.k (Testes) Hkh tuu dksf'kdk,¡¡ cu tk;sA eknk
(Female) esa izkjfEHkd tuu dksf'kdk,¡¡ (Primordial germ cell) bfiFkhfy;e esa
gh jg tkrs gSa vkSj nwljh of̀/n (Proliferation) ds }kjk v.Mk'k; (Ovary) ds
dkVsZDl (Cortex) dks mldh tuu dksf'kdkvksa (germ cells) lfgr mRiUu
djrk gSA izkjfEHkd tuu dksf'kdkvksa ds dqN y{k.k of̀/n djus okyh jTtq
dksf'kdkvks (Proliferating cord cells) ds lkFk ijLij fØ;k djrh gSa] Lruh
(Mammals) izkf.k;ksa dh dksf'kdkvksa esa ‘Y’ xq.klw= (Chromosomes) gksrk
gS ;k ugha gksrk gSA tunksa (Gonads) esa fo'ks"k izdkj dh dksf'kdk,¡ fHkfUur
gksdj fyax gkeksZUl (Sex hormones) dks L=kfor djrs gS] ;g fyax gkeksZUl
vUr%L=koh dksf'kdkvksaa (Endocrine cells) ds lkFk ijLij fØ;k djrs gS&ih;w"k
xzfUFk (Pituitary gland) ,fMªuy (Adrenal) ,oa xHkkZ'k; (Uterus), vijk
(Placenta) vkSj tc L=h@eknk xHkZorh gksrh gS rc Hkzw.k (foetus) esa ijLij
fØ;k djrs gSA

vkuqoaf'kdh :i ls fu/kkZfjr Årdks ij& tSls eknk (Female) uj dh
fn'kk (Maleness) esa fHkfUur ;k foHksfnr gks ldrh gS ;fn uj gkeksZUl (Male
hormones) ds }kjk izHkkfor gksrh gSA ;g fLFkfr fyax fofo/krk (Sex
differentiation) rU= dsa vUrZxr gksrh gS tks fd izk.kh txr~ (Animal
Kingdom) ds fy, lkoZHkkSE; (Universal) ugha gksrh gSA dhVksa (Insects), esa fyax
fofo/krk dk dkjd vUr%dksf'kdh; (Intercellular) gksrk gS u fd gkWeksZuykA
mnkgj.k& MªkslksfQyk (Drosophila) vusd thoksa ds lewgksa esa ftuesa ,d ckj
uj ,oa eknk (Male and Female) lkekU; :i ls iF̀kd gks tkrs gS] bu lHkh
thoksa es nksuksa fyaxks (Sexlies) ds fy, thUl (Genes) ik;s tkrs gSaA tSls fd
vkuqoaf'kdh :i ls fHkfUur uj (Male) eknk gkWeksZUl (Female hormones)
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ds }kjk izHkkfor gksrs gSa vkSj eknk] uj gkWeksZUl (Male hormones) }kjk izHkkfor
gksrs gSA vR;kf/kd foijhr voLFkk esa iw.kZ fyax (Sex reversal) ik;k tkrk gSA

11-2-2 fyax fofo/krk ds Ádkj (Types of Sex Differentiation)

fyax fofo/krk (Sex differentiation) v.Mk.kq (egg) ds fu"kspu ds Ik'pkr~ izkjEHk
gksrk gSA tkbxksV (Zygote) tks izkjEHk es vfHkfUur (Undifferentiated) gksrk gS]
Hkzw.k (Embryo) ds fodkl ds le; fHkfUur gks tkrk gSA blds ifj.kkeLo:i
'kjhj bl izdkj fHkfUur gksrk gS fd fyax (Sex) fHkfUur gks tkrs gSA fyax
fofo/krk nks izdkj dh gksrh gS&

1- Lo'kklh izdkj (Autonomous Type)& MªkslksfQyk (Drosophila) esa izR;sd
dksf'kdk uj ;k eknk (Male or Female) Ård
esa fodflr gksrh gS] ;g bl ckr ij fuHkZj djrk
gS fd fof'k"V dksf'kdk ;k xq.klw=h; laxBu
(Chromosomel constitution) fdl izdkj dk
gSA bl izdkj ds fodkl dks Lo'kklh
(Autonomous) dgrs gSA bldk lcls vPNk
mnkgj.k ^fyax ekstkbd* (Sex mosaic) ;k
xkbusUMªksekQZ (Gynandromorph) dgykrk gSA
bu efD[k;ksaa (Flies) esa loZizFke ;g lkekU;
efD[k;ksa ds :i esa thou izkjEHk djrh gSA bu
efD[k;ksa esa fonyu (Cleavage) dh izkjfEHkd
n'kk esa X-xq.klw= yqIr gks tkrk gSa] ifj.kkeLo:Ik
bl lUrfr dh fof'k"V dksf'kdk,¡ lHkh eknk dh
vis{kk uj (Male) gksrh gS] vr% o;Ld eD[kh
vkaf'kd :i ls uj (Male) ,oa vkaf'kd :i ls
eknk (Female) gksrh gSA nksuksa izdkj ds Årdks
es foHkktu js[kk fcYdqy Li"V gksrh gSA

xkbusUMªksekQZ (Gynandromorph)
lk/kkj.k :i ls MªkslksfQyk (Drosophila),
flYdeksFk (Silkmoth), o 'kgn dh efD[k;ksa
(Honey bees) esa ik;k tkrk gSA xkbusUMªksekQZ

(Gynandromorph) fyax Årdksa (Sex Tissues) dh mifLFkfr ds vuqlkj fuEu
izdkj dh gksrh gS%

¼v½ f}ik'ohZ;@ckbysVªy xkbusUMj (Bilateral Gynanders)& ;g og tho
gksrs gS] ftuds 'kjhj ds vk/ks Hkkx esa uj (Male) ,oa vk/ks esa eknk
(Female) fyax ds y{k.k gksrs gSaA mnkgj.k& MªkslksfQyk (Drosophila)

¼c½ vxz&i'p@,.Vhjksa&iksLVhfj;j xkbusUMj (Antero-Posterier
Gynander)& bl izdkj ds thoksa esa 'kjhj ds vk/ks vxz Hkkx esa ,d

fp= Ø- 11-2%
(A) Gynandromorph of

Drosophila showing female
and male parts, (B) Loss of
an X-Chromosome during
first mitotic division of a

zygote (2A + XX).



fyax fu/kkZj.k & xq.klw=h;
rFkk vkuqokaf'kd larqyu---

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh242

fyax (Sex) o i'p vk/ks Hkkx esa nwljs fyax (Sex) ds y{k.k ik;s tkrs
gSA

¼d½ fyax fickYM (Sex piebalds)& bu L=h&iq:"kksa@uj-eknk esa eknk
(Female sex) fcUnqvksa ds :i esa uj ds Årdksa ij vfuf'pr Øe esa
fc[kjs gksrs gSaA budks fyax fickYM (Sex piebald) dgrs gSA

2- v-Lo'kklh@uku&vkWVksuksel ;k gkeksZuy izdkj (Non-Autonomous
or Hormonal Tye)& d'ks:d izkf.k;ksa esa Hkzw.k (Embryo) fdlh Hkh izdkj ds
fyax (Sex) ds :i esa fodflr gksus ds fy, l{ke gksrk gSaA blesa xq.klw=
fodkl ds Øe dks fdlh Hkh fn'kk esa djrk gSA fodkl iw.kZr;k gkeksZu ds
fu;U=.k esa gksrk gSA fof/k fdlh Hkh le; mYVh gks ldrh gS] D;ksafd vR;f/kd
okrkoj.k ds izHkko ds dkj.k ;g fodkl ds nwljs iFk dh vkSj of̀/n djrk gSA

fp= Ø- 11-3% Formation of gynandromorphs in Drosophila

(i) Ýh ekfVZu (Free martin)& izdf̀r us ,d vR;Ur [kwclwjr iz;ksx fyax-
fofo/krk@fu/kkZj.k esa gkWeksZu ds fl/nkUr ds :i esa fd;k gSA fofHkUu
oSKkfudksaa us v/;;u fd;k gS fd tc foijhr fyax ds ;et (Twins)
eosf'k;ksa (Cattle) esa mRiUu gq, rks uj rks lkekU; jgk] fdUrq eknk
vlkekU; ,oa cU/; gksrh gSA oSKkfud fyyh (Lillie) us vius lg;ksfx;ksa
ds lkFk Hkzw.kh; ;et (Embryonic Twins) dk v/;;u fd;k gSA
vlkekU; cU/; eknk dks QzhekfVZu (Free martin) dgkA ,slk uj fyax
ds gkWeksZuksa ds eknk fyax dks izHkkfor djus ds dkj.k gksrk gSA eosf'k;ksa esa
nksuksa ;etksa (Twins) dh jDr okfgfu;ksa esa xHkkZ'k; ds vUnj gh vkil esa
tqMh jgrh gS] jDr izokg lkekU; (Common) gksrk gSA ifjo/kZu ds le;



fyax fu/kkZj.k & xq.klw=h;
rFkk vkuqokaf'kd larqyu---

fVIi.kh

243

Lo-vf/kxe
ikB~; lkexzh

uj fyax gkWeksZu] eknk gkWeksZu ds iwoZ L=kfor gksus yxrk gSA jDr
izokg ,d ;et ls nwljs ;et ds 'kjhj ls gksdj izokfgr gksrk gSA eknk
gkWeksZu ds iwoZ gh uj gkWeksZu eknk ;et (Female Twins) ds vUnj izos'k
dj eknk y{k.kksa dks lqIr ,oa foHksfnr dj nsrs gS ftlds dkj.k ifjo/kZu
esa eknk cU/; fodflr gksrh gSA ,slh eknk dh voLFkk dks Ýh ekfVZu
dgrs gaSA

(ii) fyax foHksnu esa okrkoj.k dh Hkwfedk (Role of Environment in sex
differentiation) & dqN izkf.k;ska ds fyax fu/kkZj.k esa okrkoj.k dh
egRoiw.kZ Hkwfedk gksrh gSA bldk lcls vPNk mnkgj.k-cksusfy;k
(Bonellia) uked df̀e (Worm) esa feyrk gSA bl df̀e dk ykokZ
(Larva) ges'kk f}fyax (Bisexual) gksrk gS] ysfdu ;fn ,d Hkh df̀e
viuh tkfr ds df̀e;ksa ls nwj gks tkrk gS rks og eknk esa ifjofrZr gks
tkrk gSA nwljh rjQ ;fn uotkr df̀e dks ifjiDo eknkvksa ls Hkjs ikuh
ds dq.M esa NksM fn;k tk, rks tks uotkr df̀e ikuh dh rygVh ls
fpid tkrs gSa eknk esa ifjofrZr gks tkrs gS] tcfd tks df̀e ifjiDo
eknk ds izkscksfll (Proboscis) ls fpid tkrs gSa os uj esa ifjofrZr gks
tkrs gSa] vFkkZr eknk okrkoj.k ls izHkkfor gksdj dksbZ inkFkZ L=kfor
djrh gS] ftlds dkj.k fpidk gqvk ykokZ uj esa ifjofrZr gksrk gSA
ijUrq okrkoj.k ds izHkko ls mRiUu gqvk ;g fyax-fu/kkZj.k vkn'kZ ls nwj
rFkk vfLFkj gksrk gSA blh dkj.k ;g cgqr de izkf.k;ksa esa ik;k tkrk
gSA

11-2-3 Ákf.k;ksa esa fyax fofo/krk
(Sex Differentiation in Animals)

1- ek=kRed vuqikr fl/nkUr (Quantitative Ratio Theory)& ;g fl/nkUr
oSKkfud lh- ch- fcztst us izLrqr fd;kA blds vuqlkj vkWVkslksEl (Autosomes)
rFkk X xq.klw= dk vuqikr fyax-fu/kkZj.k dks izHkkfor djus okyk dkjd gSA
vkWVkslksEl ds iw.kZ vxqf.kr lSV esa uj y{k.kksa ds thu gksrs gSa ftudh vkisf{kd
lkeF;Z 1.0 gksrh gS] tc fd eknk ds X xq.klw= ij eknk y{k.kksa ds thu gksrs gSa
ftudh vkisf{kd lkeF;Z uj dh vis{kk vf/kd 1-5 gksrh gSA Y xq.klw= izk;%
gSVsjksØksesfVd (Heterochromatic) o vfØ; gksrk gSA vr% blesa fyax-fu/kkZj.k
ds thUl ugha gksrs gSaA vkWVkslksEl (Autosomes) ds iw.kZ fodflr lSV dks A ls
iznf'kZr djus ij 2A : X ls uj rFkk 2A: 2X ls eknk tho fodflr gksxkA

bl fl/nkUr ds vuqlkj lh- ch- fcztsl us MªkslksfQyk efD[k;ksa esa fyax-
fu/kkZj.k dks fuEufyf[kr izdkj le>k;k %

dHkh-dHkh v.Mtuu (Oogenesis ) ds le; vlkekU; v/kZlw=.k ds
dkj.k ;qfXer X xq.klw= ,d-nwljs ls vyx ugha gksrs gS rFkk rdqZ (Spindle)
ds ,d gh /kzqo ij igq¡p tkrs gSaA bl izdkj dqN ,d vkWVkslkseh thukse
(Autosomal Genome) rFkk X xq.klw= ij (AXXX) gksrs gSa] ijUrq vU; esa ,d
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vkWVkslkseh thukse rks gksrk gh gS] ijUrq fyax-xq.klw= ugha gksrk gSA bl izdkj
buds la;kstu ls lUrkuksa esa fyax-fu/kkZj.k ds fuEufyf[kr ifj.kke lkeus vkrs
gS%

2- thuh-lUrqyu fof/k (Gene Balance Theory)& lh- ch- fcztsl (C.B.
Bridges) us vius vuqikrh fl/nkUr ds izs{k.kksa ds vk/kkj ij thuh lUrqyu
fl/nkUr dk izfriknu fd;kA

blds vuqlkj uj rFkk eknk nksuksa ds thukse (Genome) esa uj rFkk eknk
y{k.kksa ds thUl gksrs gSA blesa fdlh ,d izdkj ds thu dh la[;k fyax-
fu/kkZj.k dks izHkkfor djrh gS] tSls-bl thukse esa ;fn uj y{k.kksa okys thUl dh
la[;k vf/kd gksxh rks lURkku uj gksxh vkSj ;fn eknk y{k.kksa okys thUl dh
la[;k vf/kd gksxh rks lUrku eknk gksxhA

MªkslksfQyk esa vkWVkslkse ij uj y{k.kksa okys thUl dh la[;k vf/kd gksrh
gS rFkk X xq.klw= ij eknk y{k.kksa okys thUl dh la[;k vf/kd gksrh gSA bl
izdkj buesa X rFkk vkWVkslkse dk vuqikr fyax-foHksnu@fu/kkZj.k dks izHkkfor
djrk gSA

MªkslksfQyk esa fcztsl }kjk n'kkZ;k thuh lUrqyu
(Proposed by Bridges for Drosophila)
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3- e/;fyaxh (Intersexes)& xksYMf'eMV~l (Goldschmidt) us ftIlh
ekWFk&ykbeSfUVª;k (Gypsy mothlymantria) ds f}xqf.kr e/;fyafx;ksa (Intersexes)
ij iz;ksx }kjk fyax fofo/krk dks le>kus esa vf/kd ;ksxnku fn;k gSA

oSKkfud us n'kkZ;k fd]

(i) bl ekWFk (Moth) dh vusd HkkSxksfyd uLysa ik;h tkrh gSa tks fd
baXyS.M ls tkiku rd QSyh gSaA

(ii) bldh eknk fo"ke;qXeth (XY) ,oa uj le;qXeth (XX) gksrk gSA

(iii) ,d gh HkkSxkskfyd uLy@tkfr ds uj ,oa eknk esa eSFkqu ls lkekU;
uj ,oa eknk mRiUu gksrs gSaA

(iv) ;wjksih; uLy dh eknk ekWFk ¼ykbeSfUVª;k fMLikj] Lymantria dispar½
rFkk tkikuh uLy ds uj ekWFk (Lymantria Japonica) esa ladj.k djus
ij lUrfr esa dqN e/;fyaxh (Inter sexes) Hkh mRiUu gksrs gSA e/;fyaxh
eknk ekWFk gksrh gSA

lkj.kh Ø- 11-1

Øe tud uj eknk

1 ;wjksi dh L. dispar eknk ¼nqcZy½
 L. Japonic a uj ¼izcy½

lkekU; Ek/;fyaxh
(intersexes)

2- L. dispar Ekknk ¼izcy½
 L. japonica ¼nqcZy½

lkekU; lkekU;

3- izFke ladj.k dh F2 ih<h lkekU; 50% lkekU;

4- F2 f}rh; ladj.k dh F2 50% lkekU;
50% e/;fyaxh

50% e/;fyaxh

lkekU;

11-2-4 fyax fu/kkZj.k ;k xq.klw=h; fl/nkUr& (Chromosome
Theory of Sex Determination)

xr lnh rd ,d vke fopkj/kkjk ;g Fkh fd ,d lUrku esa fyax-fu/kkZj.k xHkZ
ds le; pUnzek dh fLFkfr] gok dh fn'kk] rkiØe rFkk Hkzw.k ds ikyu-iks"k.k
vkfn fn'kkvksa ij fuHkZj gkrk gSA lu~ 1900 ds i'pkr~ gsufdu (Henkin)
eSDykax (McClung, 1901), foYlu rFkk LVhoUl (Wilson and Stevens) vkfn
oSKkfudksa us lUrkuksa esa fyax fu/kkZj.k dk xq.klw=hokn (Chromosomal Theory
of Sex Determination) izLrqr fd;kA blds vuqlkj mPp Js.kh ds izk.kh ySafxd

Dispar ♀ x Japonica ♂ Dispar ♂ x Japonica ♀

lkekU; ♂ e/;fyaxh ♀ lkekU; ♂ e/;fyaxh ♀
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iztuu djrs gSA blesa uj rFkk eknk tuukaxksa es v/kZlw=.k dh izfØ;k }kjk
vxqf.kr ;qXed (haploid gamete) curs gSaA ;s ;qXed Øe'k% uj rFkk eknk gksrs
gSa ftuds la;kstu ls f}xqf.kr (2X) tkbxksV (Zygote) curk gSA ;qXeut
(Zygote) lUrku dh izFke dksf'kdk gksrh gS tks fonyu }kjk Hkzw.k dk fodkl
djrh gSA Hkwzw.k esa fyax dk fu/kkZj.k fu"kspu ds le; la;ksftr gksus okys xq.klw=ksa
dh izof̀Rr ij fuHkZj djrk gSA

1- fyax-fu/kkZj.k dk xq.klw=h fl/nkUr (Chromosomal Theory of Sex
Determiantion)& ;g fl/nkUr eSDykax (Mc-Clung) us lu~ 1902 esa izLrqr
fd;kA blds vuqlkj thoksa es xq.klw=ksa dh la[;k] vkd`fr] eki rFkk jpuk
tkrh; y{k.k gksrs gSA vr% ,d tkfr ds lHkh lnL;ksa ds 'kjhj dh lHkh
dksf'kdkvksa esa ,d fuf'pr xq.klw=h <k¡pk (Chromosomal pattern) gksrk gSA
blesa nks izdkj ds xq.klw= gksrs gSa& vkWVkslksEl (Autosomes) &buesa nSfgd
(Somatic) y{k.kksa ds thu gksrs gSA fyax-xq.klw= (Sex Chromosomes) & blesa
uj rFkk eknk y{k.kksa ds thu gksrs gSa tks thoksa esa fyax fu/kkZj.k dk fu;eu
djrs gSA xq.klw=ksa dh la[;k fHkUu-fHkUu tho-tkfr;ksa esa fHkUu-fHkUu o fuf'pr
gksrh gS] tSls euq"; esa 46 esa<d esa 26] eD[kh esa 12] dqRrs esa 78] MªkslksfQyk esa
8] eDdk esa 20 rFkk eVj esa 14A

lkekU;r;k X xq.klw= ij eknk y{k.kksa ds thu rFkk Y xq.klw= ij uj
y{k.kksa ds thu gksrs gSA fofHkUu izkf.k;ksa esa fuEufyf[kr xq.klw=h izk:i ns[kus dks
feyrs gS

(i) vfHkfUur fyax-xq.klw= (Undifferentiated Sex-Chromosomes)& bl
izdkj dk xq.klw=h <k¡pk vizfre vkfne izkf.k;ksa esa ik;k tkrk gS ftuesa
X rFkk Y ¼eknk rFkk uj½ xq.klw=ksa dks iF̀kd~-iF̀kd~ igpkuuk eqf'dy
gksrk gSA fyax-fu/kkZj.k djus okys thu dqN fo'ks"k vkWVkslksEl
(Autosomes) esa fLFkr gksrs gSA

(ii) XX-XY ;kykbth;l izdkj ds xq.klw= (XX-Xy or Lygaeus Type
Chromosomes)& blesa fyax-fu/kkZj.k ds fy, nks izfreku gksrs gSa& XX
eknk le;qXedh (XX-Female homogametic) rFkk XY uj fo"ke;qXedh
(XY-Male heterogametic)A

Ekknk esa lHkh tksM le;qXeh (XX) gksrs gS] vr% v.Mtuu (Oogenesis)
dh izfØ;k ds }kjk ;g lHkh leku v.Ms cukrh gSa vFkkZr~ lHkh v.Mk.kqvksa esa
X-xq.klw= gksrk gSA blds foijhr] uj fo"ke;qXedh (Heterogametic-XY) gksrk
gSA vr% blesa nks fHkUu-fHkUu izdkj ds 'kqØk.kq X rFkk Y xq.klw= okys curs gSaA

bl izdkj ds fyax-fu/kkZj.k dh izfØ;k euq";] MªkslksfQyk vkfn esa gksrh
gSA

MªkslksfQyk esa fyax-fu/kkZj.k (Sex Determination in Drosophila)&
MªkslksfQyk esa dqy 4 tksMh vFkkZr~ 8 xq.klw= gksrs gSa ftuesa 3 tksMh letkr
(Autosomes) gksrs gSa rFkk pkSFkh tksMh fyax-xq.klw= (Sex-Chromosomes)
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dgykrh gSA eknk es ;g pkSFkh tksMh letkr (XX) gksrh gSa] tcfd uj esa ;g
pkSFkh tksMh vletkr (Heterogametic-XY) gkssrh gSA bl izdkj eknk esa lHkh
v.Mk.kq leku xq.klw= okys X rFkk X okys curs gSa] tcfd uj esa 'kqØk.kq nks
izdkj ds curs gS& vk/ks os ftuesa X- xq.klw= tkrk gS rFkk vk/ks os ftuesa Y
xq.klw= tkrk gSA bl izdkj eknk MªkslksfQyk dk dsfj;ksVkbi (6 + XX) rFkk uj
dk dsfj;ksVkbi (6+XY) gksxkA

vc ;fn fu"kspu ds le; X-xq.klw= okyk 'kqØk.kq] v.Mk.kq ls feyrk gS
rks Hkzw.k esaa (XX) xq.klw= cusaxs vkSj lUrku eknk gksxhA ;fn Y xq.klw= okyk
'kqØk.kq] v.Mk.kq ls feyrk gS rc Hkzw.k esa (XY) xq.klw= gksaxs vkSj lUrku uj
cusaxhA bldks fuEufyf[kr pkVZ }kjk Hkh iznf'kZr fd;k tk ldrk gS%

bl izdkj izk;% lUrkuksa esa 50% uj rFkk 50% eknk lUrkusa cusaxhA

fp= Ø- 11-4% Sex Determination in Drosophila

euq"; esa fyax-fu/kkZj.k (Sex Determination in Man)& euq"; esa dqy 23
tksMs xq.klw= vFkkZr~ 46 xq.klw= gksrs gS] iq:"k esa bu 23 tksMh xq.klw=ksa esa ls 22
tksMh letkr (Autosomes) gksrs gS rFkk 23 ok¡ tksMk fyax-xq.klw= dgykrk gS
tks fo"ke;qXedh (Hetero-gametic-XY) gksrk gSA bl izdkj iq:"k dk
dsfj;ksVkbi (Karyotype) (22 + XY) gksrk gSA fL=;ksa esa lHkh 23 tksMs letkr
gksrs gSaA bl izdkj budk dsfj;ksVkbi (Karyotype) (22 + XX) gksrk gSA L=h esa
23 osa tksMs ds xq.klw= dqN yEcs o NMuqek gksrsa gS rFkk iq:"kksa ds 23 os tksMs
dk ,d lw= X yEck rFkk nwljk Y NksVk xksy gksrk gSA

mDr xq.klw=h <k¡ps ls Li"V gksrk gS fd iq:"k fo"ke;qXedh
(Heterogametic) gksrs gS] vr% 'kqØtuu (Spermatogenesis) ds nkSjku blds
23 osa tksMs ls vk/ks X xq.klw= okys rFkk vk/ks Y xq.klw= okys 'kqØk.kq (Sperms)
curs gSA

blds foijhr] fL=;k¡ fo"ke;qXedh (heterogametic) gksrh gSaA vr%
v.Mtuu ds nkSjku blds 23 osa tksMs fyax-xq.klw= ls lHkh leku X xq.klw=
& ;qDr v.Mk.kq curs gSA
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vc ;fn fu"kspu ds le; X xq.klw= okyk 'kqØk.kq] v.Mk.kq ls feyrk gS
rks ;qXeut esa xq.klw= leku (XX) gksaxs vksj lUrku eknk gksxh rFkk Y xq.klw=
okyk 'kqØk.kq] v.Mk.kq ls la;qXeu djrk gS rks ;qXeut (Zygote) esa fo"ketkr
xq.klw= (XY) gksaxs rFkk lUrku uj gksxhA bl izdkj 50% lURkkusa uj rFkk
50% lUrkus eknk gksaxhA

fp= Ø- 11-5% Sex Determination in Drosophila

XX –XY fof/k ds :ikUrj.k& (i) bl izdkj ds :ikUrj.k esa X rFkk Y
xq.klw= vkWVkslksEl ls tqMs gksus ds dkj.k fo|eku rks gksrs gSa] ijUrq budk
Lora= vfLrRo ugha gksrk gSA vr% ;s vkWVkslksEl ds lkFk gh ;qXedksa esa ig¡qprs
gSaA

(ii) dqN thoksa esa X rFkk Y esa ls dksbZ ,d xq.klw= nks ;k nks ls vf/kd
VqdMksa esa VwVdj X vFkok Y dkWEIysDl (Complex) cukrs gSA tSls & fVuksMsjk
(Tenodera) eSfUVl (Mantis)] rFkk fLVxkseSfUVl (Stegomantis) vkfn es
X-xq.klw= nks [k.Mksa esa VwV tkrk gSA bl izdkj bldh eknk esa X1X2 rFkk uj
esa X1X2Y xq.klw= gksaxsA vDdksyk (Accola) dhV esa uj (20 + 5X + Y) vFkkZr~
26 xq.klw= rFkk eknk dhV esa (20 + 5X + 5X) vFkkZr~ 30 xq.klw= gksaxsA bl
izdkj uj esa mRiUUk 'kqØk.kq esa (10 + 5X) o ( 10 + Y) rFkk eknk esa mRiUu
v.Mk.kq esa (10 + 5X) xq.klw= gksaxs A

XY eknk fo"ke;qXeh rFkk XX uj le;qXeh (XY Heterogametic Female
and XX Homogametic Male)& blesa euq"; ds foijhr fØ;k gksrh gSA bl
izdkj dk ;qXedtuu dqN if{k;ksa esa] frrfy;ksa es rFkk eNfy;ksa esa ik;k tkrk
gSa ftlesa uj le;qXeh (XX) letkr fyax-xq.klw= /kkjd gksrk gS] tcfd eknk
fo"ke;qXeh (XY) fo"ketkr fyax-xq.klw= /kkjd gksrh gSA bl izdkj esa X rFkk
X xq.klw= okys vk/ks-vk/ks 'kqØk.kq curs gSaA eknk ls X rFkk Y xq.klw= okys
vk/ks-vk/ks v.Mk.kq curs gSA
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fp= Ø- 11-6% Sex Determination in Man

vc ;fn X xq.klw= okyk 'kqØk.kq X xq.klw= okys v.Mk.kq ls la;qDr gksrk
gS rks lUrku (XX) xq.klw= okyh uj cusxh rFkk X xq.klw= okyk 'kqØk.kq Y
xq.klw= okys v.Mk.kq ls la;qDr gksrk gS rks lUrku (XY) xq.klw= okyh eknk
cusxhA

XX eknk rFkk XO uj vFkok izksfVuj izdkj dk (Protenor type)&
eSDykax us LDoS'k cx (Squash Bug or Anasa) esaa o`"k.kksa ds v/kZlw=h foHkktu dk
v/;;u djrs le; xq.klw= ds 10 tksMs ds vfrfjDr ,d vdsyk xq.klw= Hkh
ns[kk tcfd eknk eas 11 tksMh xq.klw= FksA bl izdkj blesa ;qXedtuu ds
QyLo:Ik cus lHkh v.Mk.kqvks esa xq.klw=ksa dk ,d vxqf.kr lSV Fkk] tcfd
'kqØk.kqvksa esa xq.klw=ksa ds nks izdkj ds lSV FksA blesa 50% esa 11 xq.klw= rFkk
50% esa 10 xq.klw= FksA mUgksaus uj esa bl vfrfjDr xq.klw= dks X dh laKk nhA

;fn 11 xq.klw= okys 'kqØk.kq o v.Mk.kq esa la;kstu gksrk gS rks lUrku
eknk curh gS tcfd 10 xq.klw= okys 'kqØk.kq o v.Mk.kq esa la;kstu gksrk gS rks
lUrku uj curh gSA fyax-fu/kkZj.k dh bl fof/k dks fuEukafdr pkVZ
(Chart) }kjk iznf'kZr dj ldrs gSA

2- vxqf.kr&f}xqf.kr fof/k (Haploid and Diploid Method)& e/kqeD[kh]
okLi rFkk vU; ghehuksfIVjUl (Hymenopterans) esa bl izdkj la;kstu ls
lUrkuksa esa fyx-fu/kkZj.k gksrk gSA ;g vfHk"ksdtuu fof/k (Parthenogenesis) ls
tuu dj f'k'kq mRiUu djrs gSA

(i) f}xqf.kr jkfu;k (Diploid Queens)& ;s fu"ksfpr v.M ls iw.kZ fodflr
eknk tho gSa] vkSj fu"kspu ds gsrq v.Mk.kq mRiUUk djrs gSaA
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(ii) f}xqf.kr Jfed (Diploid Workers)& ;g vfØ;k'khy ,oa vfodflr
eknk gksrh gS] tks v.Ms ugha nsrh gSA ;s fu"ksfpr v.Ms ls fodflr gksrs
gS] ijUrq vfodflr gksus ds dkj.k v.Mk.kq mRiUu ugha djrs gSaA

(iii) vxqf.kr uj (Haploid Male)& ;s vfu"ksfpr v.Ms ls vfHk"ksdtuu fof/k
(Parthenogenesis) ls mRiUu gksrs gS] fodflr tho gS tks 'kqØk.kq
mRiUu djrs gSaA ;g iw.kZr% fØ;k'khy gksrs gSA

viuh Áxfr tk¡fp, (Check Your Progress)
1- euq"; esa fdrus tksMh xq.klw= gksrs gS\

¼v½ 23 ¼c½ 22

¼l½ 44 ¼n½ 45

2- euq"; tkfr esa fuEu izdkj ds (Sex- chromosomes) ik;s tkrs gSa&

¼v½ XX ¼c½ XY

¼l½ XX o XY ¼n½ mijksDr dksbZ ughA

3- ,d ekuo v.Ms esa ik;s tkrs gSa

¼v½ X-Øksekslkse dk ,d tksMk

¼c½ XX -Øksekslkse

¼l½ YY- Øksekslkse

¼n½ X-Øksekslkse

4- Sex determination dh Øksekslksey F;ksjh ds vuqlkj &

¼v½ uj ,oa eknkvksa esa fHkUu Øksekslkse gksaxs

¼c½ uj ,oa eknkvksa esa ,d leku Øksekslkse gksaxs

¼l½ eknk dh rqyuk eas uj esa vf/kd Øksekslkse ik;s tkrs gS]

¼n½ mi;qZDr esa ls dksbZ ughaA

5- ekuo tkbxksV esa Øksekslksey dkEIyhes.V tks ,d eknk cPps dks tUe
nsrk gSA&

¼v½ 22A + X ¼c½ 44 + XX

¼l½ 23 tksMh vkVkslksEl ¼n½ 44 + XY

6- gsVjksØkseSfVu fdrus izdkj ds gksrs gS&

¼v½ 5 ¼c½ 7

¼l½ 2 ¼n½ 3
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11-3 viuh izxfr tk¡fp, Á'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼v½

2- ¼l½

3- ¼n½

4- ¼v½

5- ¼c½

6- ¼c½

11-4 lkjka'k (Summary)

mijksDr o.kZu ls Li"V gS fd thoksa es fyax fu/kkZj.k (Sex determination) dk
vR;kf/kd egRoiw.kZ ;ksxnku gksrk gSA bl fØ;k }kjk gh fofHkUu izdkj ds thoksa
ds vkuqoaf'kd xq.kksa dk irk py ikrk gSA rFkk og tho Male gS vFkok Female
dh igpku dk fu/kkZj.k gks ikrk gSA

11-5 eq[; 'kCnkoyh (Key Terminology)

 dSfj;ksVkbi& xq.klw=ksa dk v/;;u djukA

 vkWVkslkse& letkr xq.klw= ¼22 tksMh xq.klw=½

 vfu"ksfpr v.Ms& cuk fu"ksfpr v.Ms

11-6 Lo-ewY;kadu Á'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; Á'u (Short Answer Type Question)

1- euq"; esa fyax fu/kkZj.k dh xq.klw=h; fof/k dk o.kZu dhft,A

2- fyax fofo/krk fdrus izdkj dh gksrhs gS\ o.kZu dhft,A

3- fuEufyf[kr ij laf{kIr fVIi.kh fy[kks&

(i) dSfj;ksVkbi

(ii) xk;usUMªksekdZ

(iii) e/;fyaxh
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4- fdUgh rhu ij laf{kIr fVIi.kh fy[kks&

(i) MªkslksfQyk esa xaq.klw=h; fl/nkar

(ii) fyax foHksnu esa okrkoj.k dh Hkwfedk

(iii) XX – XO fyax fu/kkZj.k fof/k

(iv) XX – XY fof/k

5- fuEufyf[kr ij laf{kIr fVIi.kh fy[kks&

(i) thu larqyu fof/k

(ii) fyax fu/kkZj.k dk xq.klw=okn

(iii) fyax xq.klw=A

nh?kZ mÙkjh; Á'u (Long Answer Type Questions)

1- euq"; esa fyax fu/kkZj.k ds xq.klw=h; fl/nkar dk o.kZu dhft,A

2- fyax xq.klw= rFkk fyax fofo/krk dk o.kZu dhft,A

3- fyax fu/kkZj.k dk fu/kkZj.k MªkslksfQyk esa fdl izdkj fd;k tkrk gS\

4- fyax xq.klw= ra= ls vki D;k le>rs gSa\ fyax fu/kkZj.k ij fuca/k
fy[kksA

5- MªkslksfQyk ,oa vU; izkf.k;ksa es fyax fu/kkZj.k xq.klw=h; fof/k dk o.kZu
dhft,A

6- fyax fu/kkZj.k ,oa blds egRo ij izdk'k Mkfy,A

7- euq"; esa fyax fu/kkZj.k ds xq.klw=h; fl)kar dk o.kZu dhft,A

8- fyax foHksnu D;k gS\ MªkslksfQyk ,oa euq"; esa fyax fu/kkZj.k dSls fd;k
tkrk gS\

11-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology – By – J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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bdkbZ 3

v/;k; 12 fyax-lgyXu vkuqoaf'kdrk &
gheksQhfy;k] o.kkZU/krk Sex-linked
Inheritance – Haemophilia, Colour
Blindness

Lakjpuk (Structure)

12-0 ifjp;
12-1 mÌs';
12-2 fyax-lgyXu y{k.k

12-2-1 fyax-lgyXu oa'kkuqxfr
12-2-2 euq"; esa fyax-lgyXu oa'kkuqxfr
12-2-3 o.kkZU/krk
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12-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)

Ekkuo tkfr ds 'kjhj dh izR;sd dksf'kdk esa 46 ;k 23 tksMh xq.klw= ik;s tkrs
gSA iq:"k ds 46 xq.klw=ksa dks 23 letkr tksfM;ksa esa ls dsoy 22 tksfM;ksa ds
xq.klw= gh vius&2 tksMhnkj leku gksrs gS] bUgs Autosomes dgrs gSA 23 oh
tksMh ds xq.klw= vleku gksrs gS vkSj Heterosomes ;k Allosome ;k Sex
Chromosomes dgrs gaSA fyax lgyXu y{k.kksa dh oa'kkxfr dks fyax-lgyXu
oa'kkxfr dgrs gaSA

12-1 mÌs'; (Objective)

bl bdkbZ dks i<us ds ckn vki&

 fyax lgyXu y{k.kksa dh oa'kkxfr

 o.kkZU/krk

 gheksQhfy;k

bu fo"k;ksa dk foLrr̀ #Ik ls v/;;u dj ldrs gSA

bhandup8
Rectangle
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12-2 fyax-lgyXu y{k.k (Sex-linked Characters)

ekuo rFkk vU; izkf.k;ksa esa ySafxd y{k.kksa ds thUl lnSo fyax-xq.klw=ksa ij gksrs
gSa tks vkuqoaf'kd gksdj ySafxd foHksfnrk (Sexual dimorphism) dks izdV djrs
gSA ;g ,d tfVy o O;kid izfØ;k gSA bldk ,d dkj.k ;g gS fd dbZ
vkWVkslksey thUl (Autosomal genes) Hkh ySafxd foHksfnrk dks izHkkfor djrs gSaA

fp= Ø- 12-1% X and Y Chromosomes of Man.

blh izdkj fyax-xq.klw=ksa ij ySafxd y{k.kksa ds vfrfjDr dbZ vU;-
ySafxd ;k nSfgd y{k.kksa ds thUl Hkh ik, tkrs gSaA vr% oa'kkxfr ds le; ;g
ySafxd y{k.kksa ds lkFk oa'kkuqxr gksrs gSaA ,sls thUl dks fyax lgyXu thUl
(Sex-linked genes) vkSj ,sls y{k.kksa dks fyax-lgyXu y{k.k (Sex-linked
characters) rFkk budh vkuqoaf'kdrk dks fyax-lgyXu vkuqoaf'kdrk dgrs gSA
ekuo esa ,sls yxHkx 20 fyax-lgyXu xq.k ik, tkrs gaSA

,sls nsfgd y{k.kksa dks ftuds thu (Gene) fyax xq.klw= (Sex-
chromosomes) ij fLFkr gksrs gSa rFkk ;g mlh fyax (Sex) ds lkFk oa'kkuqxr
gksrs gSa] fyax lgyXu y{k.k (Sex-linked genes characters) dgrs gS rFkk
budh oa'kkuqxfr fyax lgyXu oa'kkuqxfr (Sex-linked inheritance) dgykrh
gSA lu 1910 esa ekWxZu (Morgan) us MªkslksfQyk esysuksxsLVj (Drosophila
melanogaster) ij vusd iz;ksx dj n'kkZ;k fd bl dhV (Insect) esa dqN ,sls
vkuqoa'kd (Genes) gksrs gSa tks fd fo'ks"k izdkj ds xq.klw=ksa (Chromosomes)
ij fLFkr jgrs gSa] bu xq.klw=ksa dks X-xq.klw= dgrs gaS vFkok fyax xq.klw=
(Sex-chromosomes) dgrs gSA bu fyax-xq.klw=ksa ds }kjk ;g vkuqoa'kd ,d
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ih<h ls nwljh ih<h esa LFkkukUrfjr gksrs gS] vr% bu vkuqoa'kdksa dks fyax-
lgyXu vkuqoa'kd (Sex- linked genes) dgk x;kA

thUl tks X-xq.klw= ij ik, tkrs gSa] eknk esa ;g thUl nksuksa X-xq.klw=
ij ik, tkrs gSa] D;ksafd eknk esa nks X-xq.klw= ik, tkrs gSaA ysfdu uj esa
dsoy ,d X-xq.klw= ik;k tkrk gS] bl dkj.k ;g thUl dsoy ,d ckj uj esa
ik, tkrs gSaA ;fn thu vizHkkoh (Recessive) gksrk gS rc og uj esa ,d X
xq.klw= dh mifLFkfr ds dkj.k iznf'kZr gksxkA blds foijhr ;g eknk (Female)
esa le;qXeth (Homozygous) n'kk gksus ds dkj.k nks X-xq.klw= dh mifLFkfr
ds dkj.k gh iznf'kZr gksrk gSA ;s y{k.k tc bl izdkj ds thUl ds }kjk
fu;fU=r gksrs gSa rc budks fyax-lgyXu y{k.k (Sex-linked characters) dgsaxsA
bu thUl dk laogu ,d ih<h ls nwljh ih<h esa X-Y xq.klw=ksa ds }kjk fyax-
lgyXu oa'kkxfr (Sex-linked inheritance) dgykrk gSA

12-2-1 fyax-lgyXu oa'kkuqxfr (Sex-linked Inheritance)

bldks Vh- ,p- ekWxZu (T. H. Morgan) us loZizFke n'kkZ;k FkkA ;g folaxfr
ekWxZu us MªkslksfQyk esa us=ksa dk ;g y{k.k ;k fyax-lgyXu y{k.k (Sex-linked
character) dk irk yxk;kA bl folaxfr dks fuEufyf[kr mnkgj.kksa ds }kjk
le>k tk ldrk gSA

fp= Ø- 12-2% A cross between red eyed female and white eyed male
showing sex-linked inheritance in Drosophila.
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1- yky us= eknk x lQsn us= uj (Red eyed female x White eyed
male)& ;fn yky us= okyh eknk MªkslksfQyk dk iztuu lQsn us= (White
Eyed) uj MªkslksfQyk ls djk;k tkos] rc izFke ih<h ;k F1 es mRiUu gksus okyh
lUrfr lHkh uj (Male) ,oa eknk (Female) MªkslksfQyk yky us= (Red eyed)
okyh gksrh gSaA F1 ih<h dh bu uj ,oa eknk MªkslksfQyk dk iztuu djk;k tkrk
gS] rc F2 ih<h esa mRiUu lHkh eknk MªkslksfQyk] yky us= dh gksxh ysfdu dqy
mRiUu uj MªkslksfQyk esa ls 50% yky us= okyh (Red eyed ) ,oa 50% lQsn
us= okyh gksxhA

2- lQsn us= eknk x yky us= uj (White eyed female x Red eyed
Male)& MªkslksfQyk eD[kh esa yky (Red) us= jax lQsn (White) us= jax ds
izfr izHkkoh (Dominant) gksrk gSA lQsn us= okyh eknk MªkslksfQyk dk yky us=
jax okys uj MªkslksfQyk ds lkFk iztuu djk;k tkrk gS rc izFke ih<h& F1 ls
mRiUu gksus okyh lUrfr esa eknk yky us= (Red eyed) okyh rFkk uj
MªkslksfQyk lQsn jax okyh gksrh gSA F1 ih<h ds bu yky us= okyh eknk dk F1

ih<h ds lQsn us= okys uj MªkslksfQyk ds lkFk iztuu djk;k tkrk gS] rc F2

ih<h esa dqy eknk MªkslksfQyk esa 50% yky us= okyh rFkk 50% lQsn us=
okyh MªkslksfQyk gksrh gSA dqy uj lUrfr MªkslksfQyk esa ls 50% yky us=
okyh rFkk 'ks"k 50% lQsn us= okyh MªkslksfQyk lUrfr gksrh gSA

fp= Ø- 12-3% A cross between white female and red eyed male showing
sex-linked inheritance in Drosophila.
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ySafxd xq.klw= nks izdkj ds gksrs gSa & X rFkk YA buesa X eknk ySafxd
y{k.kksa dks rFkk Y uj ySafxd y{k.kksa dks iznf'kZr djrs gSaA ;|fi bu yaSfxd
xw.klw=ksa X rFkk Y dh jpuk fHkUu-fHkUu gksrh gS] euq"; esa Y xq.klw= [kkyh gksrk
gS] bl ij nSfgd y{k.kksa ds fy, thUl ugha ds cjkcj gksrs gSa] fQj
Hkh ;qXedtuu (Gametogenesis) dh izfØ;k ds nkSjku v/kZlw=h-foHkktu
(Meiosis) esa budk ;qXeu (Synapsis) vU; letkr tksMksa ds xq.klw=ksa dh Hkk¡fr
gksrk gS] D;ksafd buesa ,d letkr [k.M gksrk gS] 'ks"k vius vyx-vyx letkr
[k.M ds lkFk ;qXeu djrs gSaA blh vk/kkj ij fyax-lgyXu y{k.kksa dks
fuEufyf[kr rhu Jsf.k;ksa esa foHkkftr fd;k tk ldrk gSA

(i) X-lgyXu y{k.k (X-linked Characters)& os y{k.k ftuds thUl
X-xq.klw= ds vletkr [k.M ij gksrs gSaA blls Li"V gksrk gS fd blls
lkFkh Y xq.klw= ij bu thUl ds ,syhy ugha gksaxsA ,sls y{k.k iqf=;ksa
dks ekrk rFkk firk nksuksa ls izkIr gks ldrs gSaA ijUrq iq=ksa dks dsoy
ekrk ls gh izkIr gksaxsA

(ii) Y-lgyXu y{k.k (Y-linked Characters)& os y{k.k ftuds thUl
Y-xq.klw= ds vletkr [k.M ij gksrs gSaA blls Li"V gS fd blds
lkFkh X-xq.klw= ij bu thUl ds ,syhy ugha gksaxsA ;s y{k.k ih<h-nj
ih<h iq=ksa dks vius firk ls izkIr gksrs gSa vr% budks gksyks,f.Mªd thUl
(Holoandric genes) dgrs gSA

(iii) XY- lgyXu y{k.k (XY-linked characters)& os y{k.k ftuds thUl
X rFkk Y xq.klw=ksa ds letkr [k.Mks a ij ,syhYl ds :i esa ik, tkrs gSA
vr% Li"V gS fd budh oa'kkuqxfr vkWVkslksey y{k.kksas (Autosomal
characters) dh Hkk¡fr gh gksxhA

12-2-2 euq"; esa fyax-lgyXu oa'kkuqxfr
(Sex-linked Inheritance in Man)

euq"; dh izR;sd nSfgd dksf'kdk esa 46 xq.klw=ksa ds 23 tksMs ik, tkrs gSaA uj
(male) esa 22 tksMs vfyax xq.klw= ,oa rsblos tksMs esa ,d X rFkk Y ,d
xq.klw= (22 + XY = 23) tksMs gksrs gSaA eknk (Female) esa 22 tksMs vfyax
xq.klw= (Autosomal) ,oa ,d tksMk X xq.klw= dk gksrk gS& (22 + XX = 23)
tksMs gksrs gSaA eknk ds }kjk ,d gh izdkj ds ;qXed (Gametes) curs gSa rFkk
uj (Male) ds }kjk nks izdkj ds ;qXed (Gamete) curs gSa] bl dkj.k fyax dk
fu/kkZj.k uj }kjk gh gksrk gSA bl dkj.k fyax-lgyXu y{k.k (Sex-linked
character) X-xq.klw=ksa ds }kjk vkuqoaf'kdrk djrs gSaA bl dkj.k uj esa fyax-
lgyXurk vf/kd :i ls ik;h tkrh gSA

euq"; esa dqN ,sls vkuqoaf'kd jksxksa ds thUl vkn'kZ :i ls X xq.klw=ksa ij
ik, tkrs gSaA buesa vf/kdka'k jksxksa ds thUl nqcZy@vizHkkoh (Recessive) gksrs gSa
vFkkZr~ bu thUl ds izcy@izHkkoh (Dominant) ,syhy lkekU; jksxghu n'kk
izdV djrs gSaA
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D;ksafd iq:"k esa X xq.klw= ,d rFkk fL=;ksa esa X-X nks gksrs gaSA vr%
fL=;k¡ ,sls y{k.kksa ds fy, ladj (Hybrid) gksrh gSA vr% izk;% ;s fL=;ksa esa
nqcZy gksus ds dkj.k izdV ugha gksrs gS] ijUrq ,slh fL=;k¡ Hkh ,sls y{k.kksa ls
izHkkfor gksrh gSa ftuds nksuksa X-X ij bu y{k.kksa ds thUl mifLFkr gksa A

blds foijhr iq:"kksa esa dsoy ,d X-xq.klw= gksrk gS ftl ij ,sls y{k.kksa
dk dsoy ,d gh thu mifLFkr gks ldrk gS vr% ,d gh nqcZy thu ,sls y{k.k
dk fodkl dj nsrk gSa bldks gsehtkbxl n'kk (Hemizygous condition) dgrs
gSaA vr% ,sls jksxksa ds y{k.k izk;% iq:"kksa esa gh ik, tkrs gSa] ijUrq budh
fo'ks"krk ;g gS fd ,sls y{k.k iq=ksa dks dHkh firk ls izkIr ugha gksrsa gSa] D;ksafd
firk dk ,sls y{k.kksa dk thu-/kkjd X xq.klw= lnSo iqf=;ksa esa tkrk gSA

blls Li"V gksrk gS fd bu iqf=;ksa ls ;g thu nwljh ih<h ds iq=ksa rFkk
ukfr;ksa esa tkrk gSA vr% fL=;k¡ izk;% ,sls jksxksa ds thu dh okgd (Genic
carrier) gksrh gSA bldh oa'kkuqxfr dks fØl-ØkWl (Cris-cross) oa'kkuqxfr dgrs
gaSA

19 oh 'krkCnh esa vkj- vkj- xsV~l (R.R.Gates) us euq"; esa vusd lgyXu
jksxksa dh [kkst dh] buesa izeq[k gSa& o.kkZU/krk (Colour blindness)] gheksQhfy;k
(Haemophilia)] vkWfIVd ,VªksQh (Optic atrophy), Xywdksek (Glaucoma)]
feVªy LVsuksfll (Mitral Stenosis)

12-2-3 o.kkZU/krk (Colour Blindness)

euq"; esa o.kkZU/krk (Colour blindness) fofHkUu izdkj dh gksrh gS] tSls fd yky
o.kkZU/krk (Red colour blindness) ,oa gjh o.kkZU/krk (Green colur blindness)A
yky-gjs jax dh o.kkZU/krk (Red-green colour blindness) loZizFke 1977 esa
fjdkMZ dh xbZ FkhA og o.kkZU/krk X xq.klw= ij vizHkkoh (Recessive) thu dh
mifLFkfr ds dkj.k gksrh gSA ;g uj ;k iq:"kksa (Males) eas vR;kf/kd :Ik ls
ik;h tkrh gS] eknk@fL=;ksa (Females) esa de ik;h tkrh gSA firk (Father)
X-xq.klw=ksa dks ges'kk iqf=;ksa esa laokfgr djrk gSa vkSj iq=ksa (Sons) esa fcYdqy
ugha laokfgr djrk gSA ysfdu ekrk (Females) X-xq.klw=ksa dks cjkcj iq=ksa
(Sons) ,oa iqf=;ksa (Daughters) esa laokfgr djrh gSA ;fn eknk@L=h (Female)
vlkekU; gksrh gS rc mlds lHkh iq= vlkekU; gksaxsA

o.kkZU/krk 1% iq:"kksa (Males) esa rFkk 0.4% fL=;ksa (Females) esa ikbZ
tkrh gSA o.kkZU/krk vusd izdkj dh ik;h tkrh gS] ysfdu eq[; :i ls yky
(Red), gjk (Green), ;k uhys (Blue) jax ds o.kZdksa dh vuqifLFkfr ds dkj.k
gksrh gSA o.kkZU/krk nks izdkj dh gksrh gS%

(i) vkaf'kd o.kkZU/krk (Partial colour blindness)& blesa euq"; gjk
(Green) yky (Red) uhys (Blue) jax dks ugh igpku ldrsA gjs jax
dh o.kkZU/krk (Green colour blindness) vf/kd lkekU; :i ls ik;h
tkrh gSA us= esa Qksfc;k lsUVªsfyl (Fovea Centralia) ds 'kadqvks (Cones)
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esa ,d ;k nks QksVksfiXesUVªl (Photopigments) dh vuqifLFkfr ik;h tkrh
gSA

(ii) iw.kZ o.kkZU/krk (Total Colour blindness)& bl izdkj dh o.kkZU/krk esa
euq"; fdlh Hkh izdkj ds jax dks ugha igpku ldrk gSA ;g folaxfr
cgqr de ik;h tkrh gSA uhys jax dh o.kkZU/krk (Blue Colour
blindness) dkys eksfr;kfcUn (Black cataracts) esa gksrh gS] bl izdkj
o.kkZU/krk esa euq"; dks o/̀nkoLFkk (Old age) esa isfUVax@fp= cukus] jax
Hkjus esa dfBukbZ gksrh gSA

fp= Ø- 12-4% Inheritance of colour blindness or Haemophilia.

ukFkkUl ,oa blds lg;ksfx;ksa us (Nathans et. al., 1986) us xk;@cSy
(Bovine) jgksMksfIlu thu (Rhodopsin gene) dks ijh{k.k ds fy, mi;ksx
fd;kA bu oSKkfudksaa us ik;k fd ;g thu ekuo Mh,u, (Human DNA) ds ,d
[k.M ls vf/kd tqMk jgrk gSa vkSj Mh,u, (DNA) ds rhu vU; [k.Mksa ls de
tqMk jgrk gSA Mh,u, (DNA) ds ftl [k.M ls xk;@cSy (Bovine)
jgksMksfIlu (Rhodopsin) vf/kd tqMk jgrk gS] og ekuo ds xq.klw= 3 ij gksrk
gS ¼LikdlZ] Sparkes et. al., 1986, 1987½ DNA ds og rhu [k.M ftuls
cksokbu jgksMksfIlu de tqMk jgrk gSa og jax nf̀"V (Colour vision) o.kZd
¼yky ,oa gjs jax o.kkZU/krk ds thUl½ dks X-xq.klw= ij ,udksfMax (Encoding)
djrk gS rFkk ,d ¼uhys jax ds thu½ dks 7 os xq.klw= ij ,udksfMax djrk gSA
cksokbu (Bovine) ,oa euq"; dk jgksMksfIlu (Rhodopsin) DNA Øe esa 90%
leku gksrs gSa ¼ukFkkUl ,oa gkxusl] Nathans and Hogness, 1983-1984)A
ekuo jgksMksfIlu ,oa jax o.kZd (Colour pigments) yxHkx 40% leku gksrs gSaA
ysfdu yky ,oa gjs o.kaZd uhys jax o.kZdks ls 43% leku gksrs gSA ysfdu
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vkil es 96% lekurk gksrh gSA ;g X-xq.klw= dh yEch Hkqtk ij vfUre esa
fLFkr gksrs gSa vkSj f}xqf.krk (Duplication) fof/k ds }kjk mRiUu gksrs gSA

ukFkkUl ,oa mlds lg;ksfx;ksa us n'kkZ;k fd yky-gjs jax dh o.kkZU/krk
pkj izdkj dh gksrh gSA

M;qVsjksuksfi;k (Deuteronopia) esa lkekU; yky o.kZd thUl gksrs gSa]
ysfdu dksbZ gjs jax dk thu (S) ugha gksrk gSA

izksVsuksfi;k (Protanopia) jax o.kkZU/krk esa lkekU; yky jax dk o.kZd
vuqifLFkr gksrk gSA bldh vis{kk ladj yky-gjk o.kZd thu ik;k tkrk gS]
ysfdu dksbZ gjk o.kZd ugha gksrk gSA

M~;wVsjksukseksyl VªkbØksesV~l (Deutarono-malous Trichromats) esa lkekU;
yky o.kZd thu] ,d yky-gjk ladj thu] vkSj gjk o.kZd lkekU; gks Hkh
ldrk gS vkSj ugh Hkh ik;k tkrk gSA

fp= Ø- 12-5% Colour blindness in Normal female and Colour blind
male.

izksVsuksesyl VªkbØksesV~l (Protanomalous trichromats) eas lkekU; yky
o.kZd thu vuqifLFkr gksrs gS] ldj yky gjk o.kZd (Hybrid red-green



fyax-lgyXu vkuqoaf'kdrk
& gheksQhfy;k] o.kkZU/krk

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh 261

pigment) vkSj vusd gjs jax ds o.kZd thUl ik, tkrs gSA ;g iz;ksx ;g n'kkZrs
gS fd ;g ifj.kke vlkeu thu fofu;e (Cross over) ds dkj.k gksrs gSa]
ftlds ifj.kkeLo:i o.kZd thu dk foyksiu (Deletion) gksrk gS ;k fQj
fofHkUu izdkj ds la;qXeu thUl gksrs gSa ftlesa yky vkSj gjs jax ds la;qXeu
thUl (Fusion gene) ds fofHkUu Hkkx gksrs gSaA ¼ukFkkUl½ (Nathans, 1986) ,oa
oksyjFk (Volrath, 1988) ftu euq";ksa esa izksVksuksfi;k (Protonopia) ik;h tkrh gS]
mu euq";ksa esa leku thuksVkbi ftlesa ,d yky-gjs jax dk la;qXeu thu
vkSj ,d iw.kZ gjs jax dk thu ik;k tkrk gSA

fp= Ø- 12-6% Cross between a colour blind man and a normal woman
showing inheritance of colour blindness.

buds QhuksVkbi (Phenotype) esa vUrj thu fofue; esa dqN vUrj
yky ,oa gjs o.kZd thUl ds chp ds dkj.k gksrk gS] ifj.kkeLo:i izksVhu o.kZdksa
esa izdk'k laosnurk ds dkj.k fofHkUu jax xzg.k djus dh {kerk dk dkj.k gksrh
gSA

12-2-4 o.kkZU/krk dh oa'kkuqxfr
(Inheritance of Colour Blindness)

dqN euq"; jaxks esa Hksn djus esa vleFkZ gksrs gS] ,sls euq"; o.kkZU/k (Colour blind)
gksrs gSA bl jksx dh oa'kkuqxfr dk v/;;u loZizFke gksjuj (Horner, 1876) us
fd;kA o.kkZU/k O;fDr yky o gjs jax esa Hksn ugha dj ikrs gSA bl jksx dks
izksVkWu-nks"k (Proton defect) Hkh dgrs gSA ;g jksx izk;% lHkh ekuo iztkfr;ksa esa
ik;k tkrk gSA bl jksx esa vf/kdka'kr% iq:"k izHkkfor gksrs gS] fL=;k cgqar deA
yky jax dh o.kkZU/krk dks izksVksuksfi;k (Protonopia) rFkk gjs jax dh o.kkZU/krk
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dks M~;wVsjksuksfi;k (Deutero-nopia) dgrs gSA euq"; esa X xq.klw= esa ,d
lkekU; thu gksrk gS tks fd jsfVuk (Retina) esa o.kZ laosnh dksf'kdkvksa ds fuekZ.k
dk fu;U=.k djrk gSA blds vizHkkoh ;qXe fodYih esa bldk vHkko gksrk gSA

o.kkZU/k jksx dh vkuqoaf'kdrk ds mnkgj.k& o.kkZU/k jksx dh vkuqoaf'kdrk
dks fuEufyf[kr pkj mnkgj.kksa }kjk Li"V fd;k tk ldrk gS%

1- o.kkZU/k iq:"k ,oa lkekU; L=h }kjk mRiUu lUrkuksa esa o.kkZU/krk dh
oa'kkuqxfrdh& ;fn ,d o.kkZU/k iq:"k (XY) dk fookg lkekU; L=h (XX)
ls gksrk gS rks buls mRiUu lUrkuksa esa o.kkZU/krk dk thu dsoy iqf=;ksa esa
tk,xk] D;ksafd ;g iq:"k ds (X) xq.klw= ij fLFkr gksrk gS] ijUrq ;s
iqf=;k¡ o.kkZU/k ugh gksrh] D;ksafd os bl thu ds fy, ladj (XX) gS]
ijUrq ;s iqf=;k¡ bl thu jksx dh okgd dk dke djsaxhA o.kkZU/k firk
dh lkekU; iq=h ls mRiUu lUrkuksa eas ls 50% lkekU; rFkk 50% o.kkZU/k
(Colour blind) gksaxsA

fp= Ø- 12-7% Normal male and colour blind female.

vc ;fn ,sls fdlh okgd ¼ladj½ iq=h dk fookg lkekU; iq:"k (XY) ls
gks rks bldh yxHkx vk/kh lUrkuksa esa o.kkZU/krk dk thu vk,xk]
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ysfdu ;g y{k.k dsoy iq=ksa esa fodflr gksxk D;ksafd bl jksx dk X
thu budks firk ls izkIr gksxk vkSj iq= bl nqcZy thu ds fy, 'kq/n
uLyh gksrk gSA iqf=;k¡ ladj gksus ds dkj.k muesa ;g jksx izdV ugha
gksxk] ijUrq ;s bl jksx ds okgd dk dk;Z djsaxhA ,d o.kkZU/k L=h ds
lHkh iq= o.kkZU/k rFkk iqf=;k¡ lkekU; nf̀"V dh gksrh gSA o.kkZU/k L=h dk
firk lnSo gh o.kkZU/k gksrk gS rFkk mldh ekrk bl jksx ds okgd dk
dk;Z djrh gSA

2- vc ;fn fdlh okgd iq=h dk fookg o.kkZU/k iq:"k ls gks rks budh
lUrkuksa esa ls lHkh iqf=;ks esa rFkk vk/ks iq=ksa es o.kkZU/krk dk thu
vk,xkA bl ih<h esa iq= rks o.kkZU/k gksaxs gh] lkFk esa vk/kh iqf=;k¡ Hkh
o.kkZU/k gksaxh D;ksafd bu iqf=;ksa ds nksuksa xq.klw=ksa (XX) ij bl jksx ds
thUl gksaxsA budks ,d xq.klw= ij lqIr thu firk ls rFkk nwljs ij
ekrk ds }kjk ukuk ls izkIr gksxkA

fp= Ø- 12-8% Carrier mother and Colour blind man.

3- o.kkZU/k iq:"k ,oa okgd L=h }kjk mRiUu lUrkuksa es o.kkZU/krk dh
oa'kkuqxfrdh& bl izdkj lsa mRiUu lUrfr esa 25% iq= o.kkZU/k] 25%
lkekU; iq= ,oa 25%% o.kkZU/k iqf=;k¡ ,oa 25% okgd iqf=;k¡ gksaxh]
vFkkZr~ bl izdkj dh fof/k ds vUrxZr 50% lUrkus o.kkZU/k gksaxhA

4- lkekU; iq:"k ,oa o.kkZU/k L=h }kjk mRiUu lUrkuksa esa o.kkZU/krk dh
oa'kkuqxfrdh& bl izdkj mRiUu lUrkuksa esa lHkh iq= o.kkZU/k (Colour
blind) ,oa iqf=;k¡ okgd (Carrier) gksaxh vFkkZr~ mRiUu lUrkuksa esa 50%
lUrkusa o.kkZU/k ,oa 50% okgd gksaxhA
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fp= Ø- 12-9% Normal male and Carrier female.

mi;qZDr fLFkfr lsa fuEufyf[kr fu"d"kZ izkIr gksrs gSA

 iq:"k bl jksx ds okgd ugha gksarsA

 ;g jksx lkekU; :Ik esa iq:"kksa esa ik;k tkrk gS] fL=;ksa esa ughaA

 fL=;k¡ bl jksx dh okgd (Carrier) gksrh gSA

 o.kkZU/k L=h ds ifr Hkh o.kkZU/k gksus ij gh budh iqf=;k¡ o.kkZU/k gksaxhA

 o.kkZU/k fL=;ksa ds firk lnSo o.kkZU/k gksrs gSa vkSj buds iq= Hkh o.kkZU/k
gksrss gSA

 o.kkZU/k firk dh lkekU; nf̀"V okyh iqf=;ksa ls mRiUu lUrkuksa esa yMdksa
esa 50% lkekU; rFkk 50% o.kkZU/k gksrs gSA

mi;qZDr lHkh fcUnq (Points) gheksQhfy;k jksx esa Hkh mi;qDr gksrs gaSA

uksV&fgeksQhfy;k jksx dh oa'kkuqxfr Hkh blh izdkj gksrh gSA

euq"; esa dqN ,sls jksxksa ds y{k.k ik, tkrs gSa ftuds thu izcy
(Dominant) gksrs gS vkSj iq:"k X-xq.klw= ij ik, tkrs gSaA tSls& nk¡rksa dk
=̀fViw.kZ buSey (Enemal) ;g jksx fL=;ksa rFkk iq:"kksa esa leku :i ls izdV
gksrk gSA fL=;ksa esa 2X xq.klw=ksa ds dkj.k iq:"kksa dh vis{kk fL=;ksa esa bl jksx
dh vkuqoaf'kdrk nks xquh gksxhA

12-2-5 gheksQhfy;k (Haemophillia)

gheksQhfy;k ,d ,slk jksx gS ftlesa jksxh ds jDr dk FkDdk ugha teus ds
dkj.k fujUrj jDr L=ko gksrk jgrk gSA bl fujUrj jDr L=ko ds dkj.k
euq"; dh èR;q Hkh gks tkrh gSA ;g folaxfr ;k jksx Hkh o.kkZU/krk (Colour
blindness) ds leku gh X-xq.klw= ij fLFkr vizHkkoh fyax-lgyXu thu ds
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dkj.k gksrk gSaA blds dsoy ,d thu dh mifLFkfr ds dkj.k gh iq:"kksa es ;g
jksx gks tkrk gS] ysfdu fL=;ksa esa nksuksa vizHkkoh thUl dk gksuk vko';d gksrk
gSA bl thu ds mRizsjd (Mutant) ,.VhgheksfQfyd-Xykscqfyu
(Antihaemophilic-globulin) dk fuekZ.k Bhd ek=k eas ugh gksrkA bl dkj.k
euq"; ds tjk-lh pksV yx tkus ;k dV tkus ij gheksQhfyd euq"; ds 'kjhj
ls fujUrj jDr L=ko gksrk jgrk gSA

bl jksx dk o.kZu ckbZfcy (Bible) iqLrd esa Hkh ns[kk x;k gS rFkk vjLrq
(Aristotle) us viuh iqLrd esa bldk o.kZu fd;k gSA loZizFke 11 oh lnha esa
vjc ns'k ds ,d ltZu us bl jksx dks cPpksa es ns[kk] cPpksa ds elwMksa dks nckus
ls fujUrj jDr L=ko gqvk ftlds dkj.k cPpksa dh èR;q gks xbZA bl jksx dks
Lisu ,oa fczVsu ds 'kkgh ?kjkuksaa esa Hkh ns[kk x;k] bl dkj.k bldks 'kkgh jksx
(Royal Disease) Hkh dgk tkrk gSA 'kkgh ?kjkuksa ds iq:"kkas esa vf/kdka'kr% ;g
jksx ik;k x;kA bl jksx dks loZizFke tkWu dksVks (John Cotto) us lu~ 1803 esaa
crk;kA ;g jksx baXyS.M dh egkjkuh Dohu foDVksfj;k (Queen Victoria) ds
ifjokj esa lkekU; :i ls ik;k x;kA fp= ds }kjk Dohu foDVksfj;k ds oa'ktks esa
fdl izdkj ik;k x;k n'kkZ;k gSA o.kkZU/krk ds leku gheksQhfy;k jksx ls
lEcfU/kr thu ds izfr vizHkkoh (Recessive) gksrk gSA

fp= Ø- 12-10% Pedigree of Queen Victoria showing inheritance of
haemophilia

lkekU;r;k euq";ksa esa ;g jksx nks izdkj dk gksrk gS& gheksQhfy;k-A
(Haemophilia-A) ,oa gheksQhfy;k-B (Haemophilia-B)A gheksQhfy;k-A
jksx ,.VhgheksQhfy;k Xykscqfyu (Antihaemophilic globulin-AHG) dh
deh ;k vuqifLFkfr ds dkj.k gksrk gSA ,.VhgheksQhfyd Xykscqfyu] fyax-
lgyXu folaxfr ds :i esa oa'kkuqxr (Inherited) gksrk gSA 50% folaxfr;ksa esa
bl jksx dk iw.kZr;k dqy bfrgkl (Family history) gksrh gS vkSj ;g folaxfr
oa'kkuqxr gksrh gSA 25% folaxfr;ksa esa dqy (Family) dk dksbZ vU; lnL;
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izHkkfor gksrk gS vkSj ,slk fo'okl fd;k tkrk gS fd ;g jksx jksxh ;k
ekrk@eknk (Mother) esa Mh-uksoks (Denovo) mRifjorZu ds dkj.k gksrk gSA

gheksQhfy;k jksx dk thu X-xq.klw= dh yEch Hkqtk ij Xq 24q ter ij
fLFkr gksrk gSA thu cMs v.kqHkkj dk izksVhu gksrk gSA 50% jksfx;ksa
es ,.VhgheksQhfyd Xykscqfyu dkjd dk Lrj 5-20% lkekU; dk gksrk gSA nwljs
50% es ;g Lrj 5% rd ik;k tkrk gSA ;g jksx eknk ds }kjk laokfgr gksrk
gS vkSj iq:"kksa ;k uj (Male) esa ik;k tkrk gSA eknk okgd (Female) ds 50%
iqf=;ksa esa y{k.k ik;k tkrk gS] 50% iq=ksa esa ;g jksx ik;k tkrk gSA uj
gheksQhfy;k jksx iqf=;ksa esa laokfgr djrk gSA ,.VhgheksQhfyd Xykscqfyu dk
Lrj ;fn lkekU; ls 30% de gks tkrk gS] gYdk jDr L=ko dh fLFkfr
fodflr gksxhA ;fn Lrj lkekU; ls 5% de gksrk gS ;dk;d jDr L=ko izkjEHk
gks tkrk gSA ftu euq";ksa esa vR;kf/kd jDr L=ko gksrk gS
mlesa ,.VhgheksQhfyd Xykscqfyu dkjd iw.kZr;k vuqifLFkr gksrk gSA vfu;fU=r
jDr gkfu ds dkj.k jksxh dh èR;q gkss tkrh gSA

gheksQhfy;k-B

;g jksx Hkh X-xq.klw=h; lgyXu folaxfr gksrh gS] tks fd eknk (Female)
ds }kjk laokfgr gksrh gS vkSj uj (Male) esa ik;h tkrh gSA bl jksx ds y{k.k
Hkh gheksQhfy;k-A ds leku gksrs gSaA bl folaxfr dk thu Hkh X-xq.klw= dh
yEch Hkqtk ij fLFkr gksrk gS rFkk jDr LdUnu (Coagulation) dkjd IX dks
izHkkfor djrk gSA ;g folaxfr Hkkjro"kZ esa 20-25% euq";kas esa ik;h tkrh gS
vkSj eknk ds }kjk laokfgr gksrh gSA

jksx ls cpko

1- vR;f/kd jDr L=ko ds le; jksxh dks vkjke djuk pkfg,A

2- ;fn vR;f/kd jDrL=ko gks x;k gks rks jDr la/kku (Blood transfusion)
djkuk pkfg,A

3- ;fn 'kjhj ds lfU/k LFky ij nnZ gksrk gS rc cQZ dk iSM j[kus ds
i'pkr~ ml lfU/k LFky dks vkjke voLFkk esa j[kuk pkfg,A

4- ,.VhgheksfQfyd Xyksfcu Lrj dks Kkr dj bl dkjd dh deh dks nwj
djus ds fy, fpfdRld dh lykg ij ,.VhgheksfQfyd-Xyksfcu dks
jksxh dks nsuk pkfg,A

5- jDr LdUnu dkjd IX dks tks fd O;kikfjd :Ik ls feyrk gS]
gheksfQfyd-B folaxfr ds jksxh dks nsuk pkfg,A

gheksQhfy;k jksx dks CyhMlZ jksx (Bleeders disease) Hkh dgrs gSA
gheksQhfyd fL=;ksa dh izk;% o;Ld gksus ds iwoZ gh èR;q gks tkrh gSA

'kkgh ?kjkuksa ds iq:"kksa esa vf/kdka'kr% ;g jksx ik;k x;kA lEcfU/kr jksx ds
mnkgj.k fuEufyf[kr izdkj gS&
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(i) vxj ,d gheksfQfyd iq:"k (Haemophilic man) ,d lkekU; L=h ls
'kknh djrk gS bldh lHkh lUrkuksa yMds ,oa yMfd;k¡& nksuks lkekU;
jDr okyh gksaxh] ysfdu lUrkuksa esa lHkh yMfd;k¡ okgd (Carrier) gksaxhA
bu lUrkuksa esa nks X-xq.klw=ksa esa ls ,d X-xq.klw= ij lkekU; thu
gksrk gS tks bldh ekrk ls izkIr gksrk gS] ysfdu nwljs X-xq.klw= ij
lkekU; thu ij vizHkkoh ;qXefodYih (Recessive allele) ik;k tkrk gSA
blh vizHkkoh ;qXefodYih xq.klw= ds dkj.k gh gheksQhfy;k dk jksx
ik;k tkrk gS] ysfdu izHkkoh lkekU; thu dh mifLFkfr ds dkj.k
gheksQhfy;k jksx dk izHkko yMfd;ksa esa fn[kkbZ ugh nsrkA

F1 ih<h dh bu okgd iqf=;ksa dh 'kknh vxj lkekU; iq:"kksa ls gksrh gS rks
buds iq=ksa esa ls 50% gheksfQfyd gksrs gSa rFkk 50% lkekU;A iqf=;ksa esa ls
50% lkekU; rFkk 50% okgdA

(ii) vxj fo"ke;qXeh iq=h@L=h dh 'kknh fdlh gheksfQfyd iq:"k ls gks tk,
rks 50% iqf=;k¡ gheksQhfyd 50% okgd lkekU; iqf=;k¡A 50% lkekU;
iq=] 50% gheksfQfyd iq=A blls irk pyrk gS fd gheksfQfyd yMdh
rHkh iSnk gks ldrh gS tc ml iq=h dh ekrk okgd gks rFkk mldk
firk gheksfQfyd (Haemophilic) gksA
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(iii) vxj lkekU; iq:"k dh 'kknh gheksfQfyd L=h ls dj nh tk, rks mlds
lHkh iq= gheksfQfyd gksaxs rFkk lHkh iqf=;kW okgd gksaxhA

(iv) lkekU; iq:"k rFkk okgd ekrkvksa ls mRiUu lUrkukas esa gheksQhfy;k dh
oa'kkuqxfrdh& lkekU; firk rFkk okgd ekrk ls mRiUu lUrkuksa es 25%
yMds gheksfQfyd rFkk 25% yMds lkekU; gksrs gSA blh izdkj 25%
okgd yMfd;k¡ rFkk 25% lkekU; yMfd;k¡ gksrh gSA

gheksQhfy;k (haemophilia) jksx tuu dksf'kdk esa mRifjorZu (Mutation)
ds dkj.k iSnk gksrk gS vkSj vusd ihf<;ksa es rc rd pyrk jgrk gS tc rd
lHkh okgd (Carrier) ,oa gheksQhfyd (haemophilic) izk.kh ej u tk;saA ;g
ml mRifjorZu ds }kjk Hkh lekIr gks ldrk gS tks fd vizHkkoh (Recessive)
vkuqoa'kd (Gene) dks lkekU; cuk nsA gheksQhfy;k jksx ds vkuqoa'kd (Gene)
jDr ds FkDdk (Clot) cuus esa lgk;d inkFkksZ ds fuekZ.k dks jksd nsrs gS]
ftlds dkj.k ;g chekjh gksrh gSA

gheksQhfy;k dh oa'kkxfr Hkh o.kkZU/krk ds leku gksrh gSA ;fn
gheksfQfyd jksx dh okgd (Carrier) fdlh L=h dk fookg ,d lkekU; iq:"k
ls gks rc mldh lHkh iqf=;k¡ lkekU; gksaxh] ;|fi buesa ls 50% bl jksx dh
okgd gksaxh iq=ksa esa ls 50% esa gheksQhfy;k jksx ik, tkus dh lEHkkouk gksxhA

viuh Áxfr tk¡fp, (Check Your Progress)

1- lkekU; fayax lgyXu vkuqoaf'kd y{k.kksa dh oa'kkxfr gksrh gS&

¼v½ X-xq.klw= }kjk ¼c½ Y-xq.klw=

¼l½ XY- xq.klw=ksa }kjk ¼n½ YY- xq.klw=ksa }kjk

2- uhps fn;s x;s y{k.kksa esa ls dkSu-lk y{k.k oa'kkxr gksrk gSa\

¼v½ vkd`fr ¼c½ yaxMkiu

¼l½ vU/kkiu ¼n½ o.kkZU/krk

3- ekuo esa xq.klw=ksa dh la[;k gksrh gS\

¼v½ 46 ¼c½ 16

¼l½ 32 ¼n½ 48
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4- blesa ls dkSu-lk y{k.k fyax-lgyXu oa'kkxfr ls lacaf/kr gS\

¼v½ yky-gjs jax dh o.kkZU/krk ¼c½ jrkSa/kh

¼l½ Y;wdksMekZ ¼n½ e/kqesg

5- ,d o.kkZU/k ukjh lkekU; iq:"k ls fookg djrh gS rks blls mRiUu
cPps gksaxs &

¼v½ o.kkZU/k iq= ,oa okgd iqf=;k¡

¼c½ o.kkZU/k iq= o iqf=;k¡

¼l½ o.kkZU/k iqf=;k¡ o lkekU; iq=

¼n½ lkekU; iq= o iqf=;k¡A

6- ekuo esa vkVkslkel dh dqy la[;k

¼v½ 22 tksMh ¼c½ 16 tksMh

¼l½ 23 tksMh ¼n½ 11 tksMh

7- vkuqoaf'kd y{k.k gS&

¼v½ vU/kkiu ¼c½ ekaly 'kjhj

¼l½ jax vU/kkiu ¼n½ dksbZ ughA

8- dkSu-lk jksx fyax lgyXu gS\

¼v½ Critimism ¼c½ Beriberi

¼l½ Colourblindness ¼n½ Tilosis

9- gheksQhfy;k dk v/;;u loZizFke fdlus fd;k Fkk\

¼v½ tkWu dhVks ¼c½ tkWulu

¼l½ ghuZj ¼n½ gsYMsuA

12-3 viuh Áxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼v½

2- ¼n½

3- ¼v½

4- ¼v½

5- ¼v½
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6- ¼v½

7- ¼l½

8- ¼l½

9- ¼v½

12-4 lkjka'k (Summary)

mijksDr o.kZu ls Li"V gS fd fyax-lgyXu vkuqoaf'kdrk ls lacaf/kr fcekjh&
gheksQhfy;k ,oa dyj Cykb.Musl gSA tks fd X-fyax lgyXu Øksekslkse esa
mifLFkr thUl ds dkj.k gksrk gSA

12-5 eq[; 'kCnkoyh (Key Terminology)

 ,fufe;k& jDr dh dehA

 fyaxlgyXu& ,sls thu tks fyax Øksekslkse esa lkFk&2 jgrs gS mUgsa fyax
lgyXu dgrs gSA

 okgd& os xq.klw= (Chromosomes) tks vkuqoaf'kd y{k.kksa dks ,d ih<h
ls nwljs ih<h esa ys tkrs gSA

 gheksQhfy;k& gheksQhfy;k ls xzflr O;fDrA

12-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kqq mÙkjh; Á'u (Short Answer Type Question)

1- fyax-lgyXu ,oa fyax-lhfer xq.k ij laf{kIr fVIi.kh fy[kksA

2- lgyXurk ij laf{kIr fuca/k fyf[k;sA

3- o.kkZU/krk ij fVIi.kh fy[kksA

4- lkekU;r% o.kkZ/k O;fDr fdu jaxks dks ugha igpkurk gS \

5- jkW;y fMlht ij fVIi.kh fyf[k;sA

6- o.kkZU/k iq:"k ,oa lkekU; L=h esa gksus ij o.kkZa/krk dh oa'kkxfr crkb;sA

7- fuEufyf[kr ij laf{kIr fVIi.kh fy[kks&

(i) o.kkZU/krk

(ii) gheksQhfy;k

(iii) fyax-lgyXurk
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nh?kZ mÙkjh; Á'u (Long Answer Type Questions)

1- fyax-lgyXu dh oa'kkuqxfr D;k gS\ mnkgj.klfgr foLrkjiwoZd o.kZu
dhft,A

2- fyax-lgyXu ,oa oa'kkxfr ij ,d fuca/k fyf[k,A

3- gheksfQfy;k okgd ekrk vkSj lkekU; firk ds ØkWl dks le>kb;sA

4- fyax-lgyXurk vkuqoaf'kdrk ls vki D;k le>rs gS\ gheksQhfy;k o.kZu
dhft,A

5- o.kkZU/krk ls D;k le>rs gks\ o.kkZU/krk dk mnkgj.klfgr o.kZu dhft,A

6- gheksQhfy;k ls D;k le>rs gks\ ;s fdrus izdkj dh gksrh gSA
mnkgj.klfgr o.kZu djks\ gheksQhfy;k ls cpko ds ckjs esa fVIi.kh
fyf[k,A

7- ekuo esa ik;s tkus okys fyax-lgyXu vkuqoaf'kd y{k.k ij fuca/k fy[kksA

12-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology – By – J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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bdkbZ 3

v/;k; 13 xq.klw=ksa esa lajpukRed ,oa la[;kRed
ifjorZu
(Structural and Numerical
Changes in Chromosomes)

Lakjpuk (Structure)

13-0 ifjp;
13-1 mÌs';
13-2 xq.klw=ksa dk lajpukRed ifjorZu

13-2-1 xq.klw=ksa esa ls lajpukRed ifjorZuksa ds Ádkj
13-2-2 xq.klw= esa la[;kRed ifjorZu

13-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
13-4 lkjka'k
13-5 eq[; 'kCnkoyh
13-6 Lo-ewY;kadu iz'u ,oa vH;kl
13-7 lgk;d ikB~; lkexzh

13-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)

Xkq.klw=ksa es thUl dh la[;k ,oa lajpukRed ifjorZu dks xq.klw=h; foiFku
(Chromosomal aberrations) dgrs gSaA bl izdkj ds ifjorZu ;qXedtuu dh
izfØ;k ds le; xq.klw= esa [k.Mksa esa VwVus] VwVs [k.Mksa ds iqufeZyu ;k vU;
xq.klw=ksa ds lkFk tqMus ds dkj.k mRiUu gksrs gSA

13-1 mÌs'; (Objective)

bl bdkbZ dks i<us ds ckn vki&

 Xkq.klw=ksa es thUl dh la[;k ,oa lajpukRed ifjorZu

 xq.klw=ksa esa ls lajpukRed ifjorZuksa ds Ádkj

 xq.klw= esa la[;kRed ifjorZu

bu fo"k;ksa dk foLr̀r #Ik ls v/;;u dj ldrs gSA

bhandup8
Rectangle
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13-2 xq.klw=ksa dk lajpukRed ifjorZu
(Structural changes in Chromosomes)

xq.klw=ksa (Chromosomes) esa thUl ds foU;kl@O;oLFkk esa tks ifjorZu gksrs gS]
mudks xq.klw=ksa dk lajpukRed ifjorZu (Structural changes) dgrs gSA

vusd thoksa es thUl ds foU;kl@O;oLFkk esa tks ifjorZu ik, tkrs gSa og
lajpuk (Structure) ,oa la[;k (Number) nksuksa esas gksrs gSA ;g fofHkUurk,¡ ;k
ifjorZu df̀=e (Artificial) :i ls Hkh mRiUu dh tk ldrh gSaA ;g
fofHkUurk,¡ ;k ifjorZu vpkud gksrs gS] tks fd xq.klw=ksa (Chromosomes) dh
lajpuk] la[;k ,oa mu ij fLFkr thUl (Genes) dh la[;k esa gksrs gSaA bl
izdkj ds ifjorZu xq.klw=ksa esa izk;% ;qXedtuu (Gametogenesis) dh izfØ;k ds
nkSjku gksrs gSA bl izdkj ds ifjorZuksa dks igpkuk tk ldrk gS] D;ksafd ;g
dkf;r ifjorZu (Phenotypic change) mRiUu djrs gSaA budh oa'kkuqxfr es.My
(Mandel) ds fu;e ds vuqlkj gksrh gSA ;fn Hkzw.kh; voLFkk esa dkf;d ifjorZu
gksrk gS] rc ifjofrZr dksf'kdk,¡] ,d dksf'kdkvksa ds lewg es fn[kkbZ nsrh gaSA

lajpukRed ifjorZu (Strucutral changes) fuEufyf[kr pkj izdkj ds
gksrs gSa&

¼v½ ghurk@deh@foyksiu (Deficiency)& bles xq.klw= ds ,d Hkkx dh
gkfu gksrh gSA

¼c½ f}xq.ku (Duplication)& blesa xq.klw= dk dksbZ Hkkx nksckjk ik;k tkrk
gSA

¼d½ O;qRØe.k (Inversion)& blesa xq.klw= ds fdlh Hkh Hkkx ds thUl dk
Øe mYVk gks tkrk gSA

fp= Ø- 13-1% Different types of chromosomal aberration.
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¼M½ LFkkukUrj.k (Translocation)& bles vletkrh; xq.klw=ksa ds chp [k.Mksa
dk vknku&iznku gks tkrk gSA mi;qZDr pkjksa izdkj ds ifjorZuksa dks fp=
esa n'kkZ;k x;k gSA blesa ,d xq.klw= ds iw.kZ leqPp; (Set) esa ls dsoy
nks vletkrh; (Non-homologous) xq.klw= n'kkZ, x, gSA

;s lajpukRed ifjorZu ,d tksMs (Pair) ds nksuksa vletkrh; (Non-
homologous) xq.klw=ksa ;k nksuksa esa ls fdlh ,d esa gks ldrh gSA tc nksuks
vletkrh; xq.klw=ksa (Non-homolgous chromosomes) ifjorZu ;k
vilkekU;rk,¡ (Abnormalities) gksrh gSa] rc budks lajpukRed le;qXet
(Structural homozygotes) dgrs gSA mnkgj.k&deh@ghurk@foyksiuh;
le;qXet (Deficiency homozygotes) ;k f}xqf.kr le;qXet (Duplication
homozygotes) vkfnA ;fn nksuksa vletkrh; xq.klw= esa ls dsoy ,d xq.klw=
es gh ifjorZu gksrs gSa ;k vilkekU; (Abnormal) gksrk gS] rc bldks
lajpukRed fo"ke;qXet (Structural heterozygote) dgrs gSaA LFkkukUrj.k
(Translocation) esa dsoy thUl ds foU;kl@O;oLFkk esa gksus okys ifjorZuksa dk
v/;;u fd;k tkrk gSA

fp= Ø- 13-2% Translocation hetero and homozygote

13-2-1 xq.klw=ksa esa ls lajpukRed ifjorZuksa ds Ádkj
(Types of Structural Changes in Chromosomes)

¼v½ ghurk@deh@foyksiu (Deficiency or Deletion)& ;g ,d ,slk ifjorZu
gS tks fd xq.klw= (Chromosomes) esa ls fdlh ,d thu ;k vusd thUl ;k
xq.klw= ds ,d Hkkx@[k.M ds VwVdj fudy tkus ds dkj.k gksrk gSA

blesa xq.klw= (Chromosomes) ds lkekU; vkdkj esa deh ;k ifjorZu vk
tkrk gSA bu deh okys xq.klw= v/kZlw=h foHkktu (Meiosis) esa ,d dq.My
(Loop) ;k ,d ;qxyh dks cuk ysrs gSaA bldks isdhVhu@LFkwy iÍ~ (Pachytene)
voLFkk esa ns[k ldrs gSA
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MªkslksfQyk (Drosophila) ds ykj xzfUFk okys xq.klw= (Salivary gland
chromosomes) esa dq.My (Loop) dks ns[kk tk ldrk gSA ;g xq.klw= LFkk;h
(Permanent) ;qXeu (Pairing) dh fLFkfr esa ik, tkrs gSA bu xq.klw=ksa esa NksVh
ls NksVh deh@fgurk@foyksiu (Deficiency) dks ns[kk tk ldrk gSA xq.klw=
esa ghurk deh dh mifLFkfr esa ,d vizHkkoh ;qXefodYih (Recessive
allele) ,d izHkkoh ;qXefodYih (Dominant allele) ds leku O;ogkj djsxkA

fp= Ø- 13-3: Chromosomes Pairing in a deficiency heterozygote.

bl dkj.k bldks L;wMksMksehusUl@vkHkklh izHkkork (Pseudo-dominance)
dgrs gSaA mnkgj.k & ,y- tss- LVsMyj (L.J. Stadler) ikS/kksa ij fofdj.k ds dk;Z
ds fy, tkuk tkrk gSA LVsMyj us ,d fof/k mRiUu dh ftlds }kjk
ftlesa ,d vizHkkoh le;qXeth izHkko (Homo-zygous recessive stock) dks ,d
izHkkoh izHko ds fodfjf.kr (Irradiated) ijkx }kjk ijkx.k djk;kA vr% ;fn
fofdj.ku us ghurk@deh@foyksiu dks izsfjr fd;k gks rc vkHkklh izHkkfork
(Pseudo-dominnce) ds dkj.k vizHkkoh ;qXefodYih (Recessive allele)
iznf'kZr gksxkA ;fn le;qXet (Homozygote), abc/abc ij ABC/ABC }kjk
ijkx.k (Pollinate) djk;k tkrk gS rc fo"ke;qXeth (Heterozygote) F1-
ABC/abc lUrfr mRiUu gksxh vkSj dsoy izHkkoh (Dominant) y{k.k fn[kkbZ
nsasxsA ysfdu ;fn izHkkoh ijkx (Dominant pollen) ABC fofdjf.kr (Irradiate)
gksrk gS rc ghurk@deh (Deficiency) izsfjr gks ldrh gSA blesa ,d ;k ,d
ls vf/kd vizHkkoh ;qXefodfYi;ksa (Recessive alleles) }kjk vkHkklh izHkkfork
(Pseudo – dominance) iznf'kZr gks ldrh gSA
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fp= Ø- 13-4: Deficiency due to pseudo-dominance.

MªkslksfQyk (Drosophila) esa Hkh ghurk@deh dks ykj xzfUFk ds X-xq.klw=
ij thu ‘W’ ds {ks= esa ¼lQsn us=½] ‘fa’ ¼QslsV us= facet eye½ {ks= eas] ,oa
¼ofeZfy;ksu jaxhu us=& Vermilion coloured eye½ {ks= esa ns[kk x;kA blh
izdkj ghurk@deh (Deficiency) dks okYVftax pwgks (Waltzing mice) ds thu
‘V’ {ks= esa ghurk@deh ns[kh xbZ tks rU=dh; folaxfr;ksa (Abnormalities)
dks iznf'kZr djrh gSaA euq"; (Man) esa ghurk@deh dks ns[kk x;k tks fd
dsV&ØkbZ&folaxfr (Cat-like cry abnormality) ds :i esa ns[kh xbZA blesa
cPps dh vkokt fcYyh dh vkokt ds leku gksrh gSA euq"; es ;g folaxfr 5
os vfyax xq.klw= esa ,d Hkkx ds foyksiu ds dkj.k ik;h xbZA

ghurk@deh (Deficiency) eq[; :i ls nks Hkkxksa esa foHkkftr dh tkrh
gS%

(i) vUrLFk (Terminal)& ;fn xq.klw= esa ls dksbZ Hkh [k.M mlds fljs ds
ikl ls VwVrk gS] rc bl ghurk dks vUrLFk ghurk (Terminal
deficiency) dgrs gSaA blesa ,d NksVk lk vdsUnzh; (Accentric) Hkkx
fufeZr gksrk gSA

(ii) vUrjkyh ghurk (Interrstitial deficiency)& blesa xq.klw= dk e/;
Hkkx nks fcUnqvksa esa VwV tkrk gS vkSj ,d u;k vdsUnzh; (Accentric)
Hkkx cu tkrk gSA bldk lh/kk izHkko thoksa ds ley{kf.k;ksa (Phenotype)
ij thUl dh deh ds dkj.k iMrk gSA

fp= Ø- 13.5. The inheritance of notch deficiency in
Drosophila melanogaster.
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fczt (Bridge) us ,d lk/kkj.k yky us= (Red eye) ,oa [kk¡p okyh eknk
(Notched female) dks ,d lQsn us= (White eye) okys uj ds lkFk ijLij
tuu djk;k vkSj ns[kk fd F1 ih<h (Generation) esa [kksaph ia[k (Notched
wing) ,oa lQsn us= (White eye) eknk mRiUu gksrh gSA blesa lQsn us= ds
vkuqoaf'kd [kksap (Inherited notch) dh mifLFkfr esa izHkkoh (Dominant) gSA bl
iz;ksx ds ckjs esa eksgj (Mohr, 1923) us crk;k fd [kksaph efD[k;ksa (Notched
flies) esa ghu@foyksfir Hkkx ds nk;sa ,oa ck;s] nksuks vkSj fLFkr thUl ds chp
fofue; (Crossing over) dh vkof̀Rr (Frequency) 3.8% de gks tkrh gSA ;g
ghurk@deh (Deficiency) dk VqdMk bruk NksVk Fkk fd blesa X-xq.klw= ds
leku ekuuh; deh@NksVkiu (Shortening) mRiUu gks tkrk gS] tSlk fd
v/kZlw=h foHkktu (Meiosis) ds le; ns[kk tkrk gSA lkekU; X-xq.klw= dk ;g
Hkkx ghu@foyksfir xq.klw= ugha gksrk ,d NYys ds :i esa ckgj dh vksj
fudy vkrk gSA

fp= Ø- 13.6.: Chromosomes pairing in a duplication heterozygote.

ghurk@deh (Deficiency) ds }kjk xq.klw=ksa dh fLFkfr dks fu/kkZfjr djus
esa lgk;rk feyrh gSA blls xq.klw= ekufp= (Chromosome maps) rS;kj fd,
tkrs gSA

fp= Ø- 13.7.: Representation of Duplication by assymetrical
crossing over.
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¼c½ f}xq.ku (Duplication)& fdlh xq.klw= (Chromosome) esa mlh
ds ,d Hkkx ;k dqN thUl (Genes) dh nks ckj ik, tkus dh fLFkfr dks
f}xq.ku (Duplication) dgrs gSA ;fn nksuksa letkrh; xq.klw=ks aesa ls dsoy ,d
xq.klw= (Chromosomes) ij f}xq.ku (Duplication) gksrk gS rc f}xq.ku
(Duplication) esa Hkh v/kZlw=h foHkktu (Meiosis) ds vUrxZr isdhVhu
(Pachytene) voLFkk ij ogh y{k.k izkIr gksxk tks fd ghurk@deh
(Deficiency) dh n'kk esa feyrk gSA

f}xq.ku (Duplicaion) nks fof/k;ksa }kjk fodflr gksrs gS&¼v½ ,d xq.klw=
dk dqN Hkkx VwVdj vius letkr xq.kl= (Homologous chromosomes)
ij ;FkkLFkku tqMrk gSA ¼c½ v/kZlw=h foHkktu (Meiosis) ds le; letkr
xq.klw=ksa (Homologous chromosomes), esa vleku thu fofue; (Crossing
over) gksus ls ,d letkr xq.klw= esa dqN thUl (Genes) nks ckj vk tkrs gSa
vkSj nwljs xq.klw= esa ;g vuqifLFkr gksrs gSaA

fp= Ø- 13.8.: Duplication in the eyes of Drosophila.

xq.klw= ds f}xq.ku dks rhu Hkkxks es v/;;u fd;k tkrk gS%

(i) Øe fLFkfrd f}xq.ku (Tendem duplication)& ;fn mlh xq.klw= dk
Hkkx@[k.M VwVdj xq.klw= esa mlh vkuqoa'kdh; Øe (Genetic Order) es
tqM tk, rc bldks Øe&fLFkfrd f}xq.ku dgrs gSaA

(ii) foijhr Øe fLFkfrd f}xq.ku (Reverse on tendem
Duplication)& ;fn mlh xq.klw= (Chromosomes) dk Hkkx ;k [k.M
VwVdj mlh xq.klw= ls tqMs] ysfdu blesa thUl foijhr Øe esa tqM
tk;sA rc bldks foijhr Øe fLFkfrd f}xq.ku dgrs gSaA

(iii) vLFkkuh; f}xq.ku (Displaced duplication)& tc xq.klw=
(Chromosomes) dk dksbZ Hkh [k.M fdlh vU; xq.klw= ls VwVdj vkrk
gS og fdlh Hkh Øe esa tqM tkrk gS] rc bldks vLFkkuh; f}xq.ku
(Displaced) dgrs gSA
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mnkgj.k& fczftl (Bridges, 1919) us MªkslksfQyk (Drosophila) ds X-
xq.klw= esa ckj fcUnw iFk B(Bar locus-B) ij f}xq.ku dks n'kkZ;kA MªkslksfQyk
(Drosophila) ds ykj xzfUFk ds xq.klw=ksa 16A {ks= esa ,d f}xq.ku gks tkus ds
dkj.k 'kykdk (Rod) y{k.k izdV gqvkA MªkslksfQyk (Drosophila) esa vk¡[ks
lkekU; dh vis{kk NksVh o dqN yEch lh o NMuqek gksrh gSA le;qXeth
(Homologous) voLFkk (BB thUl gksus ij½ vkW[ks vkSj Hkh NksVh gksrh gSaA
fcztl (Bridges) us ns[kk fd ckj thu ds nks fcUnq iFk (Locus) ij le;qXeth
(Homozygous) gksus ij MªkslksfQyk dh vk¡[ks vkSj vf/kd NksVh gks tkrh gSA

fczftl (Bridges) us crk;k fd MªkslksfQyk ds lkekU; us= esa 780 xrZ
(Facet) gksrs gaSA us= xksy gksrs gSaA ckj (Bar) us= esa dsoy 325 ls 358 xrZ
(Facet) gksrs gSa] vkdkj vfu;fer gksrk gSA f}ckj (Double bar) us= esa dsoy
120 xrZ (Facet) gksrs gSa]a bldk vkdkj vf/kd gkflr (Reduced) gks tkrk gSA
ckj us= (Bar eye) ,d f}xq.ku (Duplication) tcfd f}ckj us= (Double bar
eye) ,d f=xq.ku (Triplication) gSa tksfd MªkslksfQyk dh ykj-xzfUFk (Salivery
gland) xq.klw=ks esa v/kZlw=h foHkktu (Meiosis) esa vleku thu fofu;e (Gene)
gksus ds dkj.k gksrk gSA

fp= Ø- 13-9. One of the possible mechanisms, which may give rise to
chromosomal Inversion.

¼d½ O;qRØe.k (Inversion)& ;g ,d izdkj dk fo?kVu gSaA blesa ,d gh
xq.klw= (Chromosomes) esa thUl dk lewg (Block of genes) 1800 ij ?kwe
tkrk gS ftlls thUl dk foU;kl@O;oLFkk (Arrangement) esa ifjorZu vk
tkrk gSA dHkh&dHkh xq.klw= nks LFkkuksa ij VwV tkrk gSA VqVk gqvk chp dk
[k.M vius LFkku ij bl izdkj ?kwe tkrk gS fd blds nksuksa fljksa dh fLFkfr
cny tkrh gSA ;g ?kwek gqvk [k.M vius gh LFkku ij xq.klw= ds nksuksa [k.Mksa
es tkrk gSA blesa thUl ds foU;kl esa O;qRØe.k (Inversion) gks tkrk gSA

Ekkuk fd ,d xq.klw= 1&2&3&4&5&6&7&8 ls ,d vU; xq.klw=
1&2&7&6&5&4&3&8 curk gSA bl izdkj igys xq.klw= dk 3&4&5&6&7
[k.M 1800 ij ?kwe x;k] bl dkj.k thUl (Genes) dk Øe myV tkus ls
7&6&5&4&3 gks x;k gSA
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O;qRØe.k fuEufyf[kr nks izdkj esa foHkkftr fd;k x;k gS&

(i) ijkdsUnzh; O;qRØe.k (Paracentric Inversion)& bl izdkj ds O;qRØe.k
esa O;qRØfer [k.M (Inverted segment) essa xq.klw= fcUnq@lsUVªkseh;j
(Centromere) ugha gksrk gSA bl O;qRØe.k esa v/kZlw=h foHkktu
(Meiosis) dks ,ukQst& I (Anaphase-I) esa thu fofue; (Crossing
over) ds lkFk ,d iqy@lsrq cu tkrk gSA vr% blesa dsUnzdh; [k.M
(Centric fragment) lekIr gks tkrk gS ftlds dkj.k f}xq.ku
(Duplication) ;k ghurk (Deficiency) mRiUu gks tkrh gSA

(ii) ifjdsUnzh; O;qRØe.k (Pericentric Inversion)& ;fn O;qRØfer [k.M
(Inverted segment) esa xq.klw= fcUnq ;k lsUVªkseh;j (Centromere) Hkh
ik;k tkrk gSA rc bl izdkj ds ifjoZru dks ifjdsUnzh; O;qRØe.k
(Pericentric Inversion) dgrs gSA bl O;qRØe.k esa v/kZlw=h foHkktu
(Meiosis) esa bldh fMIyksVhu izkoLFkk esa xq.klw=ksa esa O;qRØfer [k.M esa
fp;kTek cu tkrs gSa] ftlesa os iqu% vyx-vyx gksdj v/kZ
xq.klw=ksa@ØksesfVM~l (Chromatids) dk fuekZ.k djrs gSaA bu pkj
v/kZxq.klw=ksa@ØksesfVM~l (Chromatids) esa ls dsoy nks ØksesfVM~l
(Chromatids) esa gh O;qRØe.k (Inversion) gksrk gSA

fp= Ø- 13.10: Chromosome pairing and the products of crossing over
in a paracentric inversion heterozygote
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O;qRØe.k (Inversion) xq.klw= ;qXe (Chromosome pair) ds nksuksa
xq.klw=ksa esa Hkh gks ldrk gS vFkok dsoy ,d xq.klw= ij HkhA xq.klw= ;qXe
(Chromosome pair) ds nksuks xq.klw=ksa ij ;fn leku O;qRØe.k (Homozygous
Inversion) gks rks v/kZlw=h foHkktu (Meiosis) ds le; nksuksa xq.klw=ksa dk ;qXeu
(Pairing) rFkk forj.k lkekU; gksrk gSA fo"ke;qXeth O;qRØe.k (Heterozygous
Inversion) esa thoksa ds QhuksVkbi (Phenotype) esa dksbZ vUrj ugha gksrk gSA
ysfdu ;qXed (Gamete) fuekZ.k ds le; tc v/kZlw=h; foHkktu (Meiosis) gksrk
gS rks O;qRØfer xq.klw= dk lkekU; xq.klw= ds lkFk ;qXeu lkekU; ugha gks
ikrkA

ijkdsUnzh; O;qRØe.k (Paracentric inversion) fo"ke;qXeth
(Heterozygous) esa ;fn O;qRØfer Hkkx esa ,d fp;kTek (Chiasma) curk gS]
ifj.kkeLo:i esVkQst &,sukQst (Metaphase-anaphase) izkoLFkk esa ,d
vdsUnzh; ØksesfVM (Acentric chromatid) fufeZr gksrk gSA blesa xq.klw=
fcUnq ;k lsUVªkseh;j (Centromere) ugha gksrk gSA blds vykok ,d vU;
ØksesfVM&v/kZxq.klw= (Chromatid) curk gS tksfd nks v/kZxq.klw=@ØksesfVM~l
(Chromatids) ds lsUVªkseh;j (Centromere) dks tksMrk gS] bldks ØksesfVM
lsrq@iqy (Chromatid bridge) dgrs gSA

fp= Ø- 13.11: Chromosome pairing and the products of crossing over
in a pericentric inversion heterozygote

ifjdsUnzh; O;qRØe.k (Peri-centric inversion) ds dkj.k xq.klw=ksa
(Chromosomes) dh vkdr̀h es ifjorZu gks tkrk gSA lsUVªkseh;j ;k xq.klw=h;
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fcUnq (Centromere) dh fLFkfr esa ifjorZu ds dkj.k ‘V’ ds vkdkj ds xq.klw=
gqd (Hook) ds vkdkj ds ;k NM (Rod) ds vkdkj ds xq.klq= esa ifjofrZr gks
tkrs gSA blh izdkj gqd ;k NM ds vkdkj ds xq.klw= ‘V’ ds vkdkj ds
xq.kl= esa ifjofrZr gks tkrs gSaA

¼M½ LFkkukUrj.k& LFkkukUrj.k og ,d ?kVuk gS] ftlesa nks letkr
(Homologous) ;k vlertkr (Non-homologous) xq.klw=ksa ds chp thu
[k.Mksa (Gene segments) dk vknku-iznku gksrk gSA

vFkok LFkkukUrj.k ds vUrxZr ,d xq.klw= ls nwljs xq.kl= esa [k.Mksa
ds ,d ikf'oZd (Unilateral) ,oa f}ikf'oZd (Bilateral) lHkh izdkj ds
LFkkukUrj.k lfEefyr fd, tkrs gSaA LFkkukUrj.k esa xq.klw= ds thUl dk
foyksiu (Deletion) ;k f}xq.ku (Duplication) ugha gksrk gSa dsoy thUl
(Genes) ds foU;kl (Arrangement) ,oa fLFkfr (Location) esa ifjorZu gks tkrk
gSA bl izdkj ds xq.klw=ksa ij thu foU;kl (Gene arrangement) okys izkf.k;ksa
esa 'kkjhfjd y{k.kksa esa dksbZ ifjorZu ugh aik;k tkrk gSA ysfdu LFkkukUrj.k
(Translocation) ds dkj.k thUl ds lgyXu (Linked) lewgksa esa ifjorZu gks
tkrk gSA bu u;s cus lgyXu lewgksa (Linked groups) }kjk xq.klw=ksa esa
LFkkukUrj.kksa dks vklkuh ls igpkuk tk ldrk gSA fp= 13 esa lgyXu lewgksa
(Linked groups) 1] 2] 3] 4] 5] 6 ,oa 7] 8] 9] 10] 11] 12 ls LFkkukUrj.k ds
ifj.kkeLo:i 7] 8] 3] 4] 5] 6 ,oa 1] 2] 9] 10] 11] 12 lgyXu lewg cukrs gSA

fp= Ø- 13.12: Step leading to an overlapping inversion and
corresponding pachytene configurations.
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LFkkukUrj.k ds Ádkj (Types of Translocation)

(i) ljy LFkkukUrj.k (Simple Transloction)& bl izdkj ds ifjorZu esa
xq.klw= (Chromosome) esa ls ,d NksVk lk Hkkx VwVdj mlh xq.klw= ds ,d
fljs (End) ij ;k nwljs xw.klw= (Chromosome) ds Hkkx ls tqM tkrk gSA rc
bldks ljy LFkkukUrj.k (Simple Transloction) dgrs gaSA bl izdkj ds
LFkkukUrj.k esa xq.klw= (Chromosome) pkgs letkr (Homologous) gks ;k
vletkr (Non-homologous) xq.klw= bldk dksbZ izHkko ifjorZu esa ugh gksrk
gSA ljy LFkkukUrj.k thoksa esa cgqr de fn[kkbZ nsrk gSA

(ii) ifjorZuh;@foLFkkiuh; LFkkukUrj.k (Shift Translocation)& bl
izdkj ds ifjorZu esa xq.klw= (Chromosome) ds chp esa ;k vUrjkyh [k.M
(Interstitial fragment) VwVdj vletkr xw.klw= (Non-homologous
chromosomes) esa tqM tkrk gSA blls xq.klw= (Chromosome) de ls de
rhu Hkkxksa esa VwVrk gSA bl izdkj dk LFkkukUrj.k thoksa esa cgqr de feyrk gSA

fp= Ø-13-13: Simple Translocation.

(iii) O;qRØfer LFkkukUrj.k (Reciprocal translocation)& bl izdkj ds
ifjorZu esa vletkr (Nonhomologous) xq.klw=ksa ds chp xq.klw=h; [k.Mksa
(Chromosomal segment) dk vknku-iznku gksrk gSA bl izdkj dk LFkkukUrj.k
izkf.k;ksa ,oa ikS/kksa nksuksa esa lkekU; :i ls ik;k tkrk gSA

LFkkukUrj.k (Translocation) ,d dksf'kdh; fof/k (Cytological
Phenomenon) gksrh gSA bldk izHkko letkrh; (Homologously) ,oa
vletkrh; (Non homolgoulsy) nksuksa izdkj esa gksrk gSA LFkkukUrj.k dk
izHkko ?kkrd (Lethal) ugah gksrk gSA ;fn xq.klw= (Chromosomes) ds nksuksa
leqPp;ksa (Set) esa ls fdlh ,d es LFkkukUrj.k (Translocation) ik;k tkrk gS]
rc og LFkkukUrj.k fo"ke;qXet (Heterozygous) gksxkA bl izdkj ds
LFkkukUrj.kksa ds Hkkx ysus okys xq.klw=ksa esa lkekU; ;qXeu (Pairing) ds }kjk
iSdhVhu (Pachytene) dk fuekZ.k laHko ugha gksxkA
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fp= Ø- 13.14: Shift Translocation (a) Shift within a chromosome.
(b) Shift a non-homologous chromosome

(Vertical arrows indicate breaks)

xq.klw=ksa (Chromosomes) ds letkrh; [k.Mksa (Homologous
fragements) ds chp ;qXeu (Pairing) ds dkj.k iSdhVhu (Pachytene) voLFkk
esa ‘+’ dh vkdr̀h fn[kkbZ nsxh] ftles pkj xq.klw= (Chromosomes) gksxasA bu
pkjksa xq.klw=ksa es esVkQst voLFkk (Metaphase stage) ds vUrxZr fuEufyf[kr esa
ls rhu esa ls dksbZ ,d vfHkfoU;kl (Orientation) gks ldrk gSA

pkjksa xq.klw=ksa dh izR;sd Hkqtk esa thu fofue; (Crossing over) ,oa
fp;kTek (Chiasma) ds fuekZ.k ds dkj.k esVkQst-I (Metaphase-I) voLFkk esa
xq.klw=ksa dk oy; curk gSA

1- ,dkUrj (Alternate)& bl O;oLFkk esa ,dkUrj xq.klw= (Alternate
Chromosomes) ,d /kzqo (pole) dh vksj O;ofLFkr gksaxs rFkk fudVorhZ
xq.klw=ks dk foU;kl foijhr /kzqoksa (Opposite poles) dh vksj gksxkA ;g O;oLFkk
‘8’ ds vad dh lajpuk ds dkj.k gksrk gSA

fp= Ø- 13.15: Reciprocal Translocation
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2- layXu-I (Adjacent-I)& blds vUrxZr letkrh; lsUVªkseh;j
(homologous centromere) okys xq.klw= dh O;oLFkk foijhr /kzqoksa ij gksxhA
bl O;oLFkk esa pkj xq.klw=ksa dk oy; fn[kkbZ nsxkA

3- layXu-II (Adjacent-II)& blds vUrxZr letkrh; xq.klw=h;
fcUnq ;k lsUVªkseh;j okys fudVorhZ xq.klw= ,d gh /kzqo (Pole) ij O;ofLFkr
gksrs gSA bl izdkj dh O;oLFkk esa Hkh pkj xq.klw=ksa dk oy; fn[kkbZ nsxk A

layXu I ,oa II n'kkvks esa gksus ds dkj.k ,sls ;qXed (Gametes) rS;kj gksaxs
ftuesa f}xq.ku (Duplication) ,oa ghurk (Deficiency) gksxh ftlds dkj.k
vdk;kZRed (Non-functional) vFkkZr cU/; (Sterile) gksaxsA

pkj oy; mu n'kkvksa es curs gS tc dsoy ,d gh thu fofue;
(Crossing over) gksrk gSA ;fn rhu veltkrh; xq.klw=ksa (Non-homologous
chromosomes) dks lfEefyr djrs gq, nks fofue; (Crossing over) gks tkrs gSa
rc 6 xq.klw=ksa dk oy; cu tkrk gSA ;fn nks ;k nks ls vf/kd ,sls fofue;
LorU= :i ls gksrs gS ftuesa ls izR;sd esa nks fofHkUu vletkrh; (Non-
homologous) xq.klw= lfEefyr jgrs gS vkSj ,d ls vf/kd oy; cu ldrs gSaA

LFkkukUrj.k (Translocation) dks loZizFke Mh-czht (Devries) us
vks,uksFksjk (Oenothera) ikS/ks esa v/;;u fd;k FkkA blds vfrfjDr LFkkukUrj.k
dk v/;;u VSªMsLdsaf'k;k (Tradescantia), MªkslksfQyk (Drosophila) dqN vU;
vkFkksZiskM~l (Orthopods), if{k;ksa (Birds) ,oa Lruh izkf.k;ksa (Mammals) esa
fd;k x;k gSaA

tho txr~ es izR;sd tho esa mlds dsUnzd (Nucleus) es mifLFkr
thUl@vkuqoa'kdks (Genes) dh la[;k fuf'pr gksrh gSaA ;g la[;k izR;sd tho
esa vyx&vyx gSA xq.klw= (Chromosome) ges'kk ,d lewg@leqPp; (Set)
ds :i es fLFkr gksrk gSA blesa ,d xq.klw= lewg@leqPp; (One
Chromosome set) dks dSfj;ksVkbi (Karyotype) dgrs gSA leLr thoksa dh
lk/kkj.k dksf'kdkvksa ;k dkf;d dksf'kdkvksa esa bu xq.klw=ks (Chromosomes) dh
la[;k f}xqf.kr@fMIyk,M (Diploid=2n) gksrh gS] tcfd ;qXed dksf'kdkvksa ;k
tuu dksf'kdkvska (Germ cells) eas budh la[;k vxqf.kr @gSIyk,M (Haploid =
n) gksrh gS] ftldsk thukse (Genome) dgrs gSA

bl v/;k; es mu lHkh gksus okys vpkud ifjorZuksa dk v/;;u fd;k
x;k gS] ftuds dkj.k tho dksf'kdkvksa esa mifLFkr xq.klw=ks dh la[;kvksa
(Numbers) esa ifjorZu vk tkrk gSA thoksa esa xq.klw=ks (Chromosomes) esas ik,
tkus okyh la[;k dh fofHkUurk (Variations in the numbers of chromosomes)
dks fo"ke lq=h;rk (heteroploidy) dgrs gSA fo"kexqf.krk (Heteropolidy) nks
izdkj dh gks ldrh gS& ¼1½ vlqxqf.krk (Aneuploidy) ,oa ¼2½ lqxqf.krk
(Euploidy)A vlqxqf.krk (Aneuploidy) dk vFkZ ml xq.klw= la[;k ls gS]
tksfd izkjfEHkd xq.klw= la[;k ds xq.kd ls fHkUu gksA blds foijhr lqxqf.krk
(Euploidy) esa atho ds vUnj xq.klw=ksa ds ,d ;k ,d ls vf/kd iwjs leqPp;
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(Set) ik, tkrs gSaA mnkgj.kkFkZ % ;fn tho ds ,d fo'ks"k oxZ esa izkjfEHkd
xq.klw= la[;k (n) = 7 gS vkSj f}xqf.kr la[;k (2n) = 14 gSA rc xq.klw= la[;k,¡
2n = 15, 2n = 13 vlqxqf.krk (Aneuploidy) dks n'kkZ,xhA tc dksf'kdk esa
xq.klw=ksa ds leqPp; nks ls vf/kd gks tkrs gSA ,sls thoksa dks cgqxqf.krk
(Polyploidy) dgrs gSaA bl izdkj xq.klw=ksa ds rhu lSV ¼leqPP; okys½ thoksa
dks f=xqf.kr (Triploid-3x) pkj lSV okyksa dks prqxqZf.kr (Tetraploid-4x) ik¡p
lsVksa okyks dk iapxqf.kr (Pentaploid-5x) dgrs gSA cgqxqf.krk (Polyploidy) ds
dkj.k tho-tkfr;ksa ls u;h tho-tkfr;k¡ ds fodkl dh lEHkkouk mRiUu gksrh
gSA blls vfHklkjh tSo-fodkl (Convergent evolution) dh iqf"V gksrh gSA
czkbu f'kzEi (Brine shrimp) cgqxqf.krk dk lkekU; mnkgj.k gSA xzsfeuh dqy dh
nks-frgkbZ tkfr;k¡ cgqxqf.kr gSaA xsgw¡ thul~ fVªfVde (Triticum) bldk lcls
mRd`"V mnkgj.k gSaA blesa xq.klw=ksa dh la[;k 7 gksrh gSA tSls %

1. Triticum monococcum Diploid (7 × 2) 14 Nos. of Chromosomes

2. Triticum dicoccum Tetraploid (7 × 4) 28 Nos. of Chromosomes

3. Triticum durum Tetraploid (7 × 4) 28 Nos. of Chromosomes

4. Triticum vulgare Hexaploid (7 × 6) 42 Nos. of Chromosomes

xq.klw=ksa esa fofHkUu izdkj ds la[;kRed ifjorZu dk oxhZdj.k
fuEufyf[kr izdkj ls gS%

13-2-2 xq.klw= esa la[;kRed ifjorZu (Numerical Changes in
Chromosomes)
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fo"kexqf.krk (Heteroploidy) fuEufyf[kr nks izdkj dh gksrh gSA

1- iw.kZ xq.klw= ds leqPp; esa ifjorZu (Change in complete set of
Chromosomes)& bls lqxqf.krk (Euploidy) Hkh dgrs gSaA bleas nks izdkj dh
fofHkUurk ;k ifjorZu ik, tkrs gSaA

(i) vxqf.krk (Haploidy)& blesa dqy ,d xq.klw= leqPp; (Set) gksrk gS&
(n ;k x)

(ii) cgqxqf.krk (Polyploidy)& blesa xq.klw= ds leqPp; (Set of
Chromosomes) nks ls vf/kd ik, tkrs gSa aA ;g fuEufyf[kr izdkj dh
gksrh gS&

¼v½ f=xqf.krk (Triploidy)& 3n ;k 3x

¼c½ prqZxqf.krk (Tetraploidy)& 4n ;k 4x

¼d½ iapxqf.krk (Pentaploidy)& 5n ;k 5x ,oa "k"Bxqf.krk
(Hexaploidy)& 6n ;k 6x

2- xq.klw= ds leqPp; es xq.klw=ksa dh la[;ka esa ifjorZu (Changes in
the number of Chromosomes of set of Chromosomes)& bls vlqxqf.krk
(Aneuploidy) Hkh dgrs gSa ;g fuEufyf[kr izdkj dh gksrh gS&

(i) ,dU;wulw=h (Monosomic)& blesa xq.klw= leqPp; esa ls ,d xq.klw=
dh deh ik;h tkrh gSA (2n-1)

(ii) cgq vf/klw=h (Polysonic)& blesa xq.klw= leqPp; esa ,d ;k vf/kd
xq.klw=ksa dh of̀/n gksrh gSA (2n+2)

¼v½ ,dkf/klw=h (Trisomic) = 2n+1

¼c½ f}vf/klw=h (Tetrasomic) = 2n+2

(iii) f}U;wulw=h (Nullisomic)& ,d ;qXe ds nksuksa xq.klw=ksa dh deh gksrh
gSaA (2n-2)

1- lqxqf.krk (Euploidy)

lqxqf.krk ;k ;qIykW;Mh (Gr.eu=true; ploid= unit) esa ,d lSV ds xq.klw=ksa dh
la[;k rks leku gksrh gSa] ysfdu xq.klw=ks ds lSVksa (Sets of Chromosomes) dh
la[;k esa ifjorZu gksrk gSA ;g la[;k ges'kk larqfyr (Balanced) gksrh gS
tSls& n ;k n ds xq.kkad (Multiple of n)A ;fn thoksa esa xq.klw=ksa ds eq[; leqPp;
dh la[;k x = 7 gS] f}xqf.kr la[;k 2n= 14 gksxhA xq.klw= dh la[;k,¡ 2n=7, 21,
28, 35 ;k 42 ;qIykW;Mh dk fu:i.k djsaxhA

lqxqf.krk nks Ádkj dh gksrh gS

(i) vxqf.krk (Haploidy or Monoploidy)& Tkks tho vxqf.kr gksrs gSa mudh
dksf'kdkvksa esa xq.klw=ksa dk dsoy ,d lSV (n) gksrk gSA ;s tho vfu"ksfpr v.Ms
(Unfertilized egg) ls curs gSaA vxqf.kr ikS/ks NksVs o detksj gksrs gSaA tUrqvksa



xq.klw=ksa esa lajpukRed
,oa la[;kRed ifjorZu

fVIi.kh

288
Lo-vf/kxe
ikB~; lkexzh

esa vxqf.krk cgqr de feyrh gSaA buds vxqf.kr tho ;k rks Hkzw.kh; voLFkk esa gh
u"V gks tkrs gSa vFkok ySafxd :i ls ;s cU/; (Sterile) gksrs gSaA dqN dhVksa tSls
ojZ (Wasp) rFkk e/kqeD[kh (Honeybee) esa izk;% uj ,dxqf.kr rFkk eknk
f}xqf.kr gksrh gSaA

vxqf.kr thoksa esa xq.klw= vle:ih (Non-homologous) gksrs gS] D;ksafd
muesa tksMs cukus ds fy, le:ih (Homologous) xq.klw= vuqifLFkr gksrs gSaA
bu thoksa esa v/kZlw=h foHkktu dh esVkQst-I voLFkk easa xq.klw= ,dd
(Univalents) gksrs gSa rFkk ,ukQst-1 ,d voLFkk esa xq.klw=ksa ds vfu;fer
forj.k ds dkj.k ;qXed (Gametes) thfor ugh jg ikrs ;k ;qXed fuekZ.k gks
gh ugha ikrk gSA izdf̀r esa ,dxqf.krk vFkok vxqf.krk dqN thoksa esa
LokHkkfod :i esa rFkk vU; dqN esa vfu"ksdtuu (Parthenogenesis) ds dkj.k
mRiUu gksrh gSA oSKkfudks us ,dxqf.krk dks df̀=e :i ls mRiUu djus dh
lQyrk vftZr dj yh gSA blds fy, vusd fof/k;k¡ iz;ksx es yk;h tk ldrh
gSa] tSls& (i) X-fdj.kkas }kjk (ii) dkWfYpflu (Colchicine) ds iz;ksx }kjk]
(iii) rkiØe esa vlkekU; ifjorZu }kjk (iv) ijkx fØ;k esa O;o/kku }kjk]
(v) ijkxd.kksa ds lao/kZu }kjk bR;kfnA

(ii) cgqxqf.krk (Polyploidy)& nks ;k nks ls vf/kd xq.klw=ksa ds lSV okys
tho cgqxqf.kr (Polyploids) dgykrs gS] bl fØ;k dks cgqxqf.krk (Polyploidy)
dgrs gSA tSls-rhu lSV okys tho f=xqf.kr (Triploid) pkj lSV okys tho
prqxqZf.kr (Tetraploid) vkfnA prqqxqZf.krk ls mPp Lrj dh xqf.krk izdf̀r esa
lkekU;r;k de feyrh gSA tUrqvks dh vis{kk ikS/kksa esa cgqxqf.krk vf/kd ik;h
tkrh gSA ikS/kksa dh vusd tkfr;ksa ,oa izkf.k;ksa dh dqN tkfr;ksa dk fodkl blh

fp= Ø- 13-16% Forms of Ploidy
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dkj.k lEHko gks ldk gSA mnkgj.k-izkf.k;ksa esa czkbu fJEi (Brine Shrimp)] ikS/kksa
esa ;g vusd fdLeksa esa ik;h tkrh gSaA

¼v½ f=xqf.krk (Triploidy)& tc fdlh tho dh dksf'kdkvksa es xq.klw=ksa ds
rhu leqPp; ik, tkrs gSa rc bl fLFkfr dks f=xqf.krk (Triploidy, 3n)
rFkk bl izdkj ds tho dks f=xqf.kr (Triploid) dgrs gSaA ;g fLFkfr
izk;% vxqf.kr ;qXed rFkk f}xqf.kr ;qXed ds ijLij la;qXeu ds dkj.k
gksrh gSaA f=xqf.kr thoksa ls vkuqoaf'kd :i ls vlUrqfyr ;qXed mRiUu
gksrs gSaA tho vf/kdka'kr;k iztuu gsrq cU/; (Sterile) gksrs gSA mnkgj.k-
if{k;ksa ljhl`iksa vkfn tUrqvksa esa ik;h tkus okyh dqN dksf'kdk,¡A

¼c½ prqxqZf.krk (Tetraploidy)& tc fdlh tho dh dksf'kdkvksa esa xq.klw=ksa
ds pkj leqPp; ik, tkrs gSa] rc bl fLFkfr dks prqxqZf.krk
(Tetraploidy 4n) rFkk tho dks prqxqZf.kr (Tetraploid) dgrs gSA
dksf'kdk esa ;g fLFkr Lor% vFkok vlkekU; mŸkstukvksa tSls rkiØe es
ifjorZu bR;kfn ,oa jklk;fud inkFkZ ds mipkj }kjk dh tk ldrh gSA

¼d½ iapxqf.krk ,oa "k"Bxqf.krk (Pentaploidy and Hexaploidy)& iapxqf.krk
es tho ds nSfgd dksf'kdkvksa es xq.klw=ksa ds ik¡p leqPp; (5n) rFkk
"k"Bxqf.krk esa N% leqPp; (6n) ik,s tkrs gSaA bl izdkj dh xqf.kr dsoy
ikS/kksa esa df̀=e lk/kuksa }kjk mRiUu dh tk ldrh gSA

cgqxqf.krk dh mRifRr (Origin of Polyploidy)
thoksa es cgqxqf.krk (Polyploidy) vlkk/kkj.k lelw=h (Mitosis) vFkok v/kZlw=h
(Meiosis) foHkktu ds }kjk mRiUu gksrh gSA

fp= Ø- 13.17 : Auto Allopolyploidy.
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vlk/kkj.k lelw=.k }kj cgqxqf.kr dh mRifRRk (Origin of Polyploidy by
abnormal mitosis)& dHkh-dHkh lelw=h foHkktu esa fdlh voLFkk esa vpkud
ifjorZu gks tkus ls cgqxqf.krk mRiUu gksrh gS] tSls& foHkktu ds le; xq.klw=
iF̀kd~ gksus ls :d tk, vFkok xq.klw=ksa ds f}fyfidj.k ds ckn vpkud gh
dksf'kdk-foHkktu :d tk,A rc ,slh voLFkk esa xq.klw=ksa dh la[;k mu
dksf'kdkvks esa nksxquh gks tkrh gSA ,slh prqxqZf.krk (Tetraploidy) tc
lkekU; :Ik ls foHkktu djus yxrh gS rc blls cuus okyh dksf'kdk,¡
prqxqZf.kr (Tetraploid) gksrh gSaA vr% ,slh dksf'kdkvksa ls cuus okyh
'kk[kk,¡ ;fn iq"i :Ik /kkj.k djrh gSa rc blls cus ;qXed f}xqf.kr rFkk cht
prqZxqZf.kr gksrs gSa] ftuls vkxs ikS/ks Hkh prqZxqZf.kr (4x) okys cusaxsA

vlk/kkj.k v/kZlw=.k }kjk cgqxqf.krk dh mRifRr
(Origin of Polyploidy by abnormal meiosis)

v/kZlw=.k (Meiosis) esa xq.klw= ;qXeu (Synapsis) ds Ik'pkr~ f}xqf.kr gksdj
v/kZlw=h foHkktu ds fy, vxzlj gksrs gSa rFkk xq.klw= f}xq.ku djrs gSa]
ijUrq ;fn fdlh dkj.ko'k ;s iF̀kd~ ugh gks ikrs gSa rks lUrfr dksf'kdk esa ;s
lHkh xq.klw= mifLFkr jgdj f}rh; ifjiDo foHkktu ds i'pkr~ nks f}xqf.kr
(2x) lUrfr cukrs gSa] ftlls f}xqf.kr (Diploid) ;qXed curs gSaA vc ;fn ;s
f}xqf.kr ;qXed fdlhlkekU; ;qXed ls la;ksftr gksrs gsa rks buls f=xqf.kr (3x)
tho curs gSa rFkk f}xqf.kr ;qXedksa ds lkFk la;ksftr gksus ij prqxqZf.kr (4x)
tho curs gSaA

cgqxqf.krk ds Ádkj (Kinds of Polyploidy)

cgqxqf.krk rhu izdkj dh gksrh gS&

1- Loxqf.krk (Autoploidy)

2- ijxqf.kr (Alloploidy),

3- Loijcgqxqf.krk (Autoallopolyploidy)A

1- Loxqf.krk (Autoploidy)& blesa ,d gh izdkj ds xq.klw= nks ls
vf/kd ckj iznf'kZr gksrs gSa] tSls& f}xqf.kr dksf'kdk dk thukse~ AA, f=xqf.kr
dksf'kdk dk thukse AAA rFkk prqxqZf.kr dksf'kdk dk thukse AAAA
gksxkA ,d gh tkfr dh f}xqf.krk thukse AA mlh tkfr dh vxqf.kr A ls
la;ksftr gksdj f=xqf.kr AAA okyk tkbxksV cukrk gSA blh izdkj] ,d gh
tkfr ds f}xqf.kr ;qXed (2x+2x) la;ksftr gksdj prqxqZf.kr tho cukrs gSaA
cgqxqf.krk dh izof̀Rr tUrqvksa esa de rFkk ouLifr;ksa esa vf/kd ns[kh tkrh gSA

,slh cgqxqf.kr ikS/ks vis{kkdr̀ rsth ls of̀/n djrs gSa vkSj vf/kd yEcs rFkk
vf/kd Qy /kkj.k djrs gSaA VekVj] vaxwj] LVªkWcsjh dh vusd tkfr;k¡ Loxqf.kr
gksrh gSA tkiku esa ,p- fdgkjk (H. Kihara) us cht jfgr (Seedless) rjcwt dks
fodflr fd;k FkkA Loxqf.krk jlk;u ,oa jsfM;ks/kehZ rRoksa ds rki }kjk izsfjr dh
tk ldrh gSA
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Locgqxqf.krk (Autopolypolidy) fofHkUu izdkj ls mRiUu gks ldrh gSA

(i) vxqf.kr ;qXed (Haploid gamete) ,oa f}xqf.kr ;qXed (Diploid
gamete) ds ijLij la;qXeu (Fusion) ds }kjk& mnkgj.k& Lof=xqf.krk
(Autotriploid)A

(ii) nks 'kqØk.kqvks (Sperms) }kjk ,d gh v.Mk.kq (Ovum) dks fu"ksfpr
(Fertilize) djus ls] mnkgj.k& Lof=xqf.krk (Autotriploid)A Mhczht
(Devries) us 1908 esa vks;uksFksjk (Oenothera)] jeS;k (Rammaiah) us
1931 esa /kku esa rFkk 1942 es jaxkLokeh (Rangaswami) us cktjk ds
ikS/kksa es f=xqf.krk (Triploidy) dk v/;;u fd;kA ,sls ikS/kksa es ifRr;kW
vf/kd ik;h tkrh gSa] iq"iksa dk de fodkl gksrk gSA

(iii) f}xqf.kr ;qXeut (Diploid zygote) esa vilkekU; lelw=h foHkktu
(Abnormal mitosis) ds dkj.k dksf'kdkvksa es xq.klw=ksa (Chromosomes)
dh la[;k nksxquh gksus ds dkj.kA mnkgj.k LoprqxqZf.krk
(Autotetrapolid)A

(iv) vilkekU; v/kZlw=h foHkktu (Abnormal meiosis) ds }kjk mRiUu
f}xqf.kr ;qXedksa (Diploid gametes) ds ijLij la;qXeu lsA mnkgj.k&
LoprqxqZf.krk (Autotetraploid)A

(v) f}xqf.kr ;qXed rFkk f=xqf.kr ;qXed (Triploid gamete) ds ijLij
la;qXeu lsA mnkgj.k& Loiapxqf.krk (Autopentaploid)

Locgqxqf.krk ds dkj.k izk.kh ;k lthoksa esa vusd y{k.k mRiUu gksrs gSaA
dqN fuEufyf[kr gSa&

(i) Qwyksa (Flowers) dk fodkl foyEc ls rFkk vf/kd le; esaa gksrk
gSA

(ii) Locgqxqf.kr ikS/kksa (Autopolyploid plants) ds Qwy] Qy] cht
(Seed) vkdkj esa vis{kkd`r vf/kd cMs gksrs gSaA

(iii) dksf'kdkvksa es ijklj.k nkc (Osmotic pressure) de gks tkus ds
dkj.k ikyk (Frost), rkiØe vkfn ds izfr izfrjks/k de ik;k
tkrk gSA

(iv) Locgqxqf.krksa esa nSR;kdkj (Gigantism) vkdkj mRiUu gks tkrk gSA

(v) dksf'kdk,¡ (cells) vkdkj esa cMh gks tkrh gSa] bl dkj.k buesa ty
dh ek=k esa of̀/n gks tkrh gSA

(vi) Lov"Vxqf.krk (Auto-octaploidy) rFkk vkSj Hkh m¡ps Lrj dh
xqf.krk ?kkrd izHkko mRiUu djrh gSa rFkk buesa èR;q nj cgqr c<
tkrh gSaA

2- ijxqf.krk (Alloploidy)& blesa nks fudV lEcU/kh tkfr;ksa ds
f}xqf.kr ;qXed (2x) ijLij la;ksftr gksdj ijxqf.kr tho cukrs gSa] tSls&
fudV lEcU/kh tkfr;ksa es xq.klw=ksa es dqN u dqN fHkUurk vo'; gksrh gS ftlds
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dkj.k v/kZlw=h foHkktu ds le; ;qXeu ugha gks ikrk ftlls dHkh&dHkh
xq.klw=ksa ds nksuksa lSV ,d gh ;qXed esa igq¡p tkrs gSaA ;fn ,sls nks ;qXed
ijLij la;kstu djsa rks buesa prqxqZf.kr ladj (Allotetraploid) curk gSA bles
izR;sd tkfr ds xq.klw=ksa ds nks lSV gksrs gSaA mnkgj.k& jSQuksczSfldk
(Raphnobrassica), jsQsul lsVkboe (Raphanus sativum – 2n = 18) ,oa
czsfldk vksysjsflvk (Brassica oleracea - 2n - 18) :lh oSKkfud dkisZ'ksUdks
(Karpechenko) us 1927 esa ewyh ds vUnj ijxqf.krk dsk n'kkZ;kA

mnkgj.k& ;fn fdlh tkfr X” (Species-X) es xq.klw=ksa dk leqPp; X gS
rFkk nwljh tkfr ‘Y’ (Species-Y) es xq.klw=ksa dk leqPp; ‘Y’ gS rc budh
izFke lUrfr (F1 – Generation) ladj (Hybrid) gksxh rFkk blesa rFkk bl
lUrfr es xq.klw=ksa (Chromosomes) ds nksuksa leqPp; ‘X’ ,oa ‘Y’ gksaxsA bl
izFke ladj lUrfr esa xq.klw=ksa ds nksxquk gksus ls izkd`frd vFkok df̀=e :i ls
(Natural or artificial) ,d ijprqxqZf.kr (Allotetraploid) tkfr mRiUu gksxh
rFkk blesa nksuks izdkj ds leqPp; X ,oa Y gkssaxsA izFke ladj (Hybrid) lUrfr
cU/; (Sterile) gksrh gS] fdUrq buesa ls dqN lUrfr cU/; u gksdj tuu es l{ke
gksrh gSaA bUgha es xq.klw=ksa ds f}xq.ku (Doubling) gksus ls i'prqxqZf.krk dks
mRiUu djrs gSa vkSj tuu esa l{ke gksrs gaSA

3- Loijcgqxqf.krk (Autoallopolyploidy)& bl izdkj dh fLFkfr
cgqxqf.krk (Allo-polyploidy) ,oa Locgqxqf.krk (Autopolyploidy) ds vkil esa
feyus ds dkj.k mRiUu gksrh gSA

fp= Ø- 13.18: Mechanism of Allotetraploid

Loijcgqxqf.krk izkf.k;ksa esa ;k lthoksa esa xq.klw=ksa (Chromosomes) dh
fLFkfr fHkUu izdkj dh ik;h tkrh gS rFkk bUgsa AAAA BB ;k AA BB BB
vFkok AA AA BB BB izdkj ls n'kkZ;k tk ldrk gSA
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cgqxqf.krk }kjk uohu tho tkfr;ksa dh mRifRr (Origin of new Species
by Polyploidy)& vesfjdk esa mxk;h tkus okyh dikl (Gossypium
brabadense) rFkk (Gossypium hirsutum) esa 26 tksMh xq.klw= gksrs gSa] tks 13
tksMh lw=ksa okyh tkfr;ksa esa ldj.k ls fodflr gksrh gSA 13 tksMh xq.klw=ksa
okyh f}xqf.kr tkfr;k¡ e/; vesfjdk] is: rFkk xkykiSxkl f}iksa o iqjkus fo'o
esa ik;h tkrh gSaA vesfjdu dikl u, fo'o esa iqjkus fo'o dh dikl dh
tkfr;ksa ls fodflr prqxqZf.kr ladj gSA

fp= Ø- 13. 19: The origin of new world cotton by allotetraploidy.

bl izdkj xsgw¡ dh fofHkUu tkfr;ksa dk fodkl cgqxqf.krk }kjk gksrk gSA
bl dh rhu fuEu tkfr;k¡ gS%

(i) f}xqf.kr Einkorm wheat ftlesa 14 xq.klq= gksrs gSa& 7 tksMhA

(ii) prqxqZf.kr Emmer wheat ftlesa 28 xq.klq= gksrs gSa& 14 tksMhA

(iii) "kV~xqf.kr Vullgere wheat ftlesa 42 xq.klq= gksrs gSa& 21 tksMhA

lsDl dsgjk (Sex Kihara) ,oa vU; oSKkfudksa us n'kkZ;k fd ,sej xsg¡w
(Emmer wheat) esa 7 xq.klw=ksa dk ,d lSV ,udkWeZ (Einkorm) xsgw¡ ds leku
rFkk 7 xq.klw=ksa dk nwljk lSV fdlh vU; ikS/ks ls O;qRiUu gqvk gSA

la[;k lEcU/kh vfyax xq.klw=h folaxfr (Numerical autosomal
disorders)& euq"; eas vlaxqf.krk (Aneuploidy) rFkk cgqxqf.krk (Polyploidy)
ds dbZ mnkgj.k ns[ks x, gSaA

¼v½ euq"; esa cgqxqf.krk (Polyploidy in man)& blesa xq.klw= dh cnyh
la[;k lnk ewy la[;k (Haploid = n) ds xq.ku esa gksrh gS] tSls& (Triploid =
3n, Tetraploid = 4n rFkk Pentaploid = 5n vkfnA cgqxqf.krk tUrqvksa dh vis{kk
ikniksa esa vf/kd ik;h tkrh gSA ckW,y ,oa ls.Vslksu (Boyal and Centesone) us
1960 esa ,d ,sls ckyd dh [kkst dh ftlesa f=xqf.krk (Triploidy) ik;h xbZA
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blesa 46 ds LFkku ij 69 xq.klw=ksa dh la[;k FkhA vfyax ¼vkWVkslksEl½ xq.klw=ksa
dh la[;k 66 rFkk XXX lsDl xq.klw= FksA ;g uj ckyd Fkk] ftlds efLr"d
ds fodkl vlekurk ds lkFk-lkFk gkFk-iSjksa dh maxfy;k¡ (Fingers) tqMh Fkh
rFkk NksVk tcMk LFkwy dk; FkkA ;g ckyd tUe ysus rd gh ftfor jgkA

bl cgqxqf.kr tho ds mRiUu gksus ds rhu dkj.k Fks%

(i) ,d lkekU; eknk xSehV ls ,d ls vf/kd uj xSehV ds la;qDr gksus lsA

(ii) vilkekU; v/kZlw=h foHkktu ds dkj.k fMIyk;M xSehV (Diploid
gamete) cuus ijA

(iii) ;qXeut esa izFke foHkktu ds viw.kZ gksus ij ftlds dkj.k xq.klw= nks
lUrfr dksf'kdkvksa es augha igq¡p ikrs vkSj ,d gh dksf'kdk esa jg tkrs
gaSA

euq"; esa cgqxqf.krk (Polyploidy) ds ifj.kkeLo:i ;dk;d xHkZikr
(Diploid gamete) gks tkrk gSA

lSykes.Mj dh dqN tkfr;ksa esa nks izdkj dh eknk,¡ (Females) ik;h tkrh
gSa& f=xqf.kr (Triploid) ,oa f}xqf.kr (Diploid) gksrh gSA mnkgj.k&,sEck;ksLVksek
ts¶Qjlksfu;sue (Ambyostoma jeffersonlanum) tkfr ,sfEQfc;u esa f=xqf.kr
eknk (Triploid) esa 42 xq.klw= ,oa cMs vkdkj ds bfjFkzkslkbV~l (Erythrocytes)
ik, tkrs gSA tcfd f}xqf.kr eknk (Diploid female) esa 28 xq.klw= vkSj NksVs
bfjFkzkslkbV~l (Erythrocytes) ik, tkrs gSA bl tkfr ds uj (Male) f}xqf.kr
gksrs gSaA f}xqf.kr eknk ds ges'kk f}xqf.kr cPps gksrs gSA ;g f}xqf.kr cPps
uj ;k eknk gks ldrs gSaA eSdxzsxj ,oa mTtsy (Macgregor and Uzzell, 1964)
us n'kkZ;k fd izkjfEHkd v.Mtuu esa f=xqf.kr eknk esa xq.klw=ksa ds vfrfjDr
foHkktu vUr%lw=.k@,.MksekbVksfll (Endomitosis) fof/k ds }kjk gksrk gS]
blds ifj.kkeLo:i v.Mk.kq (Ova) esa 42 xq.klw= ik, tkrs gSaA v.Mk.kq dks
mRizsfjr djus ds fy, fu"kspu vko';d gksrk gSA

dkokewjk (Kawamura) ,oa lg;ksfx;ksa us 1939 esa ,sfEQfc;k esa xq.klw=ksa
dh la[;k ij vusd iz;ksx fd,A

Lo%prqxqZf.krk (autotetraploid) dks rkykc ds es<d jkuk uSxzkseSD;wysVk
(Rana nagromaculata) ds fu"ksfpr v.Mksa esa rki /kDds mipkj ds }kj izkIr
fd;kA Lo%prqxqZf.krk es lHkh uj esa<d Fks vkSj vkaf'kd :Ik ls moZjd (Fertile)
FksA tc bl izdkj ds uj dks lkekU; f}xqf.kr eknk ds lkFk ladfjr fd;k x;k
rc f=xqf.kr lUrfr (Triploid offspring) mRiUu gq,A blesa nksuksa uj ,oa eknk
esa<d FksA blh izdkj ds ifj.kke jkuk tSiksfudk (Rana japonica) esa Hkh ns[ks
x,A
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cgqxqf.krk ds ÁHkko (Effects of Polyploidy)

cgqxqf.krk (Polyploidy) ds dkj.k lHkh tho/kkfj;ksa ds vkdkj (Shape) jax
(Colour) cukoV ,oa dkf;Zdh (Physiology) esa fofHkUu izdkj ds ifjorZu
fn[kkbZ nsrs gSaA dqN ifjorZu fuEufyf[kr gSa%

(i) vkdkfjdh; ifjorZu (Morphological Changes)

1- ikS/kksa ds rus (Stem) eksVs ,oa HkÌs fn[kkbZ nsrs gSa rFkk bu ruksa dh yEckbZ
c< tkrh gSA

2- ifŸk;k¡ (Leaves) pkSMh ,oa ek¡ly gks tkrh gSaA

3- ifŸk;ksa dk jax xgjk gjk] vkdkj cMk gks tkrk gSA

4- ruksa (Stem) ,oa ifRr;ksa ij ik, tkus okys jkse yEcs ,oa eksVs fn[kkbZ
nsrs gSaA

5- Qwy] Qyksa rFkk chtksa dk vkdkj cMk gks tkrk gSA

6- ikS/kksa ds tuu vaxks (Sex organs) dk vkdkj cMk gks tkrk gSA

7- ikS/kksa dh dksf'kdk,¡ vkdkj esa of̀) djrh gSA

(ii) jklk;fud ifjorZu (Chemical Changes)

1- cgqxqf.kr Qyksa (Polyploid fruits) esa vf/kd foVkfeUl ik, tkrs gSA

2- cgqxqf.kr ikS/kksa esa ukbVªkstu dh ek=k c< tkrh gSA

3- Hkwfexr tMksa esa 'kDdj dh ek=k esa of̀/n gks tkrh gSA

4- dqN dqy ds Qyksa ds vkdkj esa ifjorZu vk tkrk gSA mnkgj.k&
dqdjfcVslh

5- rEckdw ds ikS/kksa esa fudksVhu ds izfr'kr esa of̀/n gks tkrh gSA

(iii) dkf;Zdh ifjorZu (Physiological Changes)

1- ikS/kksa dh of̀/n (Growth) es :dkoV gksrh gSA

2- ikS/ks cgqo"khZ; (Perennial) gk tkrs gSaA

3- Qwy nsj ls curs gSa rFkk bu Qwyksa es fu"kspu ,oa Qy dk fuekZ.k Hkh nsjh
ls gksrk gSA

4- ikS/kksa esa xq.klw=ks (Chromosomes) dh la[;k vf/kd gksus ds dkj.k cht
(Seed) mRiUu djus dh vf/kd {kerk ik;h tkrh gSA

5- ikS/kksa esa xU/kd (Sulphur) QkWLQksjl (Phosphorus) ,oa dkcksZgkbMªsV~l
dh ek=k de gks tkrh gSA

6- rEckdw ds ikS/kksa eas fudksVhu dh ek=k esa of̀/n gksrh gSA

7- ikS/kksa es ukbVªkstu] iksVsf'k;e ,oa dSfYl;e dh ek=k esa of̀/n gksrh gSA



xq.klw=ksa esa lajpukRed
,oa la[;kRed ifjorZu

fVIi.kh

296
Lo-vf/kxe
ikB~; lkexzh

(iv) vkuqoaf'kdh ifjorZu (Genetical Changes)& ikWyhIykWM~l
(Polyploids) esa xq.klw=ksa dh la[;k c< tkrh gS] ftlds QyLo:i muesa thUl
dh la[;k esa Hkh ifjorZu vk tkrs gSa vkSj ikS/kksa esa fofHkUu izdkj dh fofHkUurk,¡
(Variations) fn[kkbZ nsus yxrh gSA

Ákf.k;ksa esa cgqxqf.krk dk ÁHkko
(Effect of Polyploidyin Animals)
vd'ks:d izkf.k;ksa esa xq.klw=h; la[;k dh of̀/n dh vis{kk bu izkf.k;ksa ds vkdkj
esa vuqikr of̀/n ik;h tkrh gSA tSls fd MªkslksfQyk ds f=xqf.kr :i@vkdkj
(Triploid forms) ,oa vkVsZfe;k (Artemia) ds prqZxqf.kr
(Tetraploid) :i@vkdkj] f}xqf.kr (Diploid) tkfr;ksa dh vis{kk vkdkj esa cMs
gksrs gSA lHkh izdkj dh cgqxqf.krk ds fy, vkdkj es of̀/n lkoZHkkSe (Universal)
ugha gksrh gS vkSj u gh Bhd gksrh gSA

d'ks:d izkf.k;ksa ds 'kjhj dk lkekU; vkdkj ,oa vax cus jgrs gSa ¼Lo:i
&Swarup, 1959½A dsUnzd (Nuclear) ,oa dksf'kdk ds vkdkj esa of̀/n gksrh
gSA ;g cgqxqf.krk (Polyploidy) ds eku ds vuqikr gksrh gSA cgqxqf.kr O;fDr;ksa
esa bu dksf'kdkvks ds vkdkj esa of̀/n dksf'kdkvksa dh la[;k dh deh ds }kjk
iwfrZ djrh gSaA uofufeZr cgqxqf.kr O;fDr dh lQyrk mldh iztuu {kerk ij
vk/kkfjr gksrh gS vkSj mlds ikfjfLFkfrd fup (Ecological niche) dks Kkr
djus dh {kerk ij fuHkZj djrh gSA moZjdrk@iztuu djus dh {kerk
(Fertility) esa deh fuEufyf[kr dkj.kksa ds }kjk gksrh gSA

(i) vfrfjDr xq.klw= leqPp; (Set) dh mifLFkfr ds dkj.k v/kZlw=.k
(Meiotic) es vfu;ferrk,¡

(ii) xq.klw=h; fyax fu/kkZj.k fof/k es vlUrqyurkA

(iii) Ikks"k.k ,oa vUr%L=koh dkjdksa dk vkgkj ij izHkkoA

(iv) cgqxqf.krk ds dkj.k dkf;Zdh vlUrqyurk@vfu;ferrkA

cgqxqf.krk ds dkf;Zdh ,oa vkdkfjdh; (Physiology and Morphology)
izHkko ds dkj.k O;fDr dks vius dks LFkkfir djus dh dq'kyrk fu/kkZfjr gksrh
gSA ,syksiksykbMh (alopoloidy) fefJr tud y{k.kksa dks iznf'kZr djrh gSA
prqxqZf.kr dksf'kdk,¡ (Tetraploid cells) f}xqf.kr dh vis{kk vf/kd cMh gksrh gS]
ysfdu O;fDr ds vkdkj esa of̀/n dksf'kdkvksa dh la[;k vkSj dksf'kdkvksa ds izlkj
ds va'k (Degree) ij fuHkZj gksrh gSA

cgqxqf.krk ds }kjk mRizsfjr ifjorZuksa dk lkjka'k fuEu izdkj gS&

1- dksf'kdk vkdkj dh of̀) ds lkFk ikuh dh ek=k esa Hkh of̀/n gksrh gSaA
blds ifj.kkeLo:i Lo%prqxqZf.kr (Autotetraploids) f}xqf.kr dh vis{kk
cQZ@B.M ds izfr vf/kd izfrjks/kh gksrs gSaA D;ksafd dksf'kdk nzo dk ijklj.k
nkc de gksrk gSaA ;g fLFkfr bl fo'okl ds fcYdqy foijhr gksrh gS fd
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cgqxqf.kr ikfjfLFkfrd n'kkvksa ds izHkkoksa ds izfr f}xqf.kr dh vis{kk vf/kd
lgu'khy gksrs gSaA

2- cgqxqf.kr (Polyploids) dh of̀/n nj de gksrh gSA dkf;Zdh fodkl de
gksrk gS ;k /khek gksrk gSaA ;g dksf'kdk foHkktu vuqikr esa vkWDlhtu iznk; dh
deh ls lEcfU/kr gksrk gSaA Lo:i (Swarup 1959) us n'kkZ;k dh f=xqf.kr
eNfy;kW 'kjhj lrg ds izfr bdkbZ {ks=Qy ds f}xqf.kr eNfy;ksa dh vis{kk
vkWfDltu dk de mi;ksx djrh gSA

,slk le>k tkrk gS fd cgwxqf.kr d'ks:d izk.kh tksfd vHkh rd izkIr gq,
gSa iz;ksxkRed voLFkk rd lhfer gSa vkSj dksbZ O;fDr ;g fopkkj Hkh ugha dj
ldrk fd cgqxqf.kr y{k.kksa dks LFkkfir fd;k tk;sA vHkh rd cgqxqf.kr
O;fDr;ksa dh dkf;Zdh ds ckjs esa Kkr ugha gSA

cgqxqf.krk ds dkj.k (Causes of Polyplidy)& cgqxqf.krk ds dkj.k
fuEufyf[kr gksrs gS%

¼v½ lelw=h foHkktu es vfu;ferrk,W (Irregularities in Mitosis)

1- lelw=h foHkktu ds le; dHkh-dHkh ,sukQst voLFkk (Anaphase stage)
esa dksf'kdk fHkfRr ugha cu ikrh gS] ftlds dkj.k f}xqf.kr xq.klw=
(Diploid Chromosomes) fufeZr gksrs gSaA bu f}xfq.kr xq.klw=ksa ls
f}xqfk.kr ;qXed (Gametes) curs gSA bu f}xqf.kr ;qXedksa ds la;qtu
(Fusion) ls prqxqZf.kr ikS/ks curs gSA

2- dHkh-dHkh gkWeksZUl (Hormones), rki (Heat), ,oa izdk'k dh fdj.kksa
(Light rays) ds izHkko ls lelw=h foHkktu ds le; ,sukQst voLFkk
(Anaphase stage) esa rdqZ (Spindle) ugha curh gSa] bl dkj.k f}xqf.kr
dsUnd (Diploid nucleus) fufeZr gksrh gSA

¼c½ v/kZlw=h foHkktu esa vfu;ferrk,¡ (Irregularities in Meiosis)

1- v/kZlw=h foHkktu esa dksf'kdk foHkktu ds le; xq.klw= (Chromosoems)
yEckbZ esa foHkkftr gks tkrs gSa] ysfdu ,slk foHkktu u gksus ds dkj.k
f}xqf.kr dsUnzd ls f}xqf.kr ;qXed (From diploid nucleus –diploid
genets) fufeZr gksrs gSa] bl izdkj prqxqZf.krk fLFkfr (Tetraploid stage)
fufeZr gksrh gSaA

2- dHkh&dHkh v/kZlw=h foHkktu (Meiosis) dh f}rh; voLFkk es rdqZ
(Spindle) ijLij fey tkrs gSa] blls f}xqf.kr voLFkk (Diploid stage)
curh gSA bu f}xqf.kr ;qXedks (Gametes) ds la;qtu ds }kjk prqxqZf.kr
curs gaSA

cgqxqf.krk dk izsj.k (Induction of Polyploidy)

ns[kk x;k gS fd izk;% v/kZlw=h dksf'kdk foHkktu ds le; dqN foiFku vk tkus
ls cgqxqf.krk mRiUu gks tkrh gSA pw¡fd ;g izØe vR;Ur egRoiw.kZ gSa] blfy,
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bls vktdy df̀=e :Ik ls rS;kj fd;k tkus yxk gSaA cgwxqf.krk ds izsj.k dh
dqy fof/k;k¡ uhps fy[ks vuqlkj gS%

1- o/khZ ,oa iq"idfydkvksa ij X fdj.kksa }kjk fofdj.k (Radiation) ds }kjkA

2- ;qXeut (Zygote) ds izFke foHkktu ds le; iq"iksa dks mPp o fuEu rki
ij j[kus ds }kjkA

3- dqN jklk;fud inkFkZ tSls dk¡fYpflu (Colchicin) DyksjksQkeZ] ,YdksgkWy]
fudksVhu lYQsV] oSjsfVªu lYQsV] NAA, IAN ftCcjsfyd ,flM vkfn ds
izHkko ds }kjkA

4- dsyl cuus (Callus formation) ds }kjkA

5- vUrj tkrh; ,oa vUrj oa'kh; (Interspecific and Intergeneric) ladj.k
(Hybridization) ds }kjkA

jklk;fud inkFkZ dk¡fYplhu] dksYphde vkVeusy (Colchicum
autumnale) uked fyfy;slh dqy ds ikS/ks ls izkIr gksrk gSA bldk iz;ksx
foHkktu djus okyh dksf'kdkvksa ij fd;k tkrk gS] ftlls lw=foHkktu esa
ifjorZu vk tkrk gSA blds izHkko ls Qwy rFkk ifRr;k¡ Hkh cMh gks tkrh gSaA

df̀=e <ax ls cgqxqf.krk dh mRifRr
(Origin of Polyploidy by Artificial Method)

orZeku le; esa fofHkUu jlk;uksa ds mi;ksx ls cgqxqf.krk dh mRifRr lEHko gqbZ
gSA blesa dkWfYplhu (Colchicine) uked jlk;u ds izHkko ls xq.klw=ksa esa
f}xq.ku rks gksrk gS] ijUrq lelw=h foHkktu esa rdqZ-fuekZ.k :d tkrk gS ftlls
xq.klw=ksa ds lSVksa es ifjorZu gks tkrs gSa vkSj ikS/kksa esa uohu fdLe ds ikS/kksa dh
mRifRr dh lEHkkouk cu tkrh gSA

mPp rki esa Hkh xq.klw=ksa ds lSVksa es ifjorZu dh lEHkkouk mRiUu gqbZA
eDdk (Maize) ,oa vU; ikS/kksa esa rki ds ifjorZu ds izfr vuqfØ;k ns[kh tk
ldrh gSA bu ikS/kksa es rki fuEu ,oa mPp va'kks ij j[kus ds dkj.k rdqZ
(Spindle) dk fuekZ.k :d tkrk gSA bl izdkj prqxqZf.kr dksf'kdk,¡
(Tetraploid cells) curh gSA

cgqxqf.krk dk egRo (Significance of Polyploidy)

cgqxqf.krk dk fuEufyf[kr egRo gS%

1- bl fof/k ds dkj.k ijklj.k lkUnzrk esa of̀/n gksrh gSA

2- bl fof/k ds }kjk ikS/kksa ds vkdkj (Shape)] cht (Seed), ijkxd.k
(Pollen grains) rFkk Qy-Qwyksa ds vkdkj esa of̀/n ns[kh tkrh gSA

3- cgqxqf.kr ikS/ks nwljh+ _rq (Season) esa Hkh Qy-Qwy /kkj.k djrs gSaA

4- blds }kjk ubZ tkfr dh mRifRr gksrh gSA
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5- dqN Qyksa ,oa pqdanj vkfn es foVkfeUl] 'kdZjk ,oa ,YdsykWbM~l
(Alkaloids) dh ek=k esa of̀/n gks tkrh gsA

2- vlqxqf.krk (Aneuploidy)

vlqxqf.krk ^,U;wIyk;Mh (GK. Aneu = uneven, ploid = unit) ds vUrxZr
xq.klw=ksa dh la[;k ds os ifjorZu lfEefyr gSa tks iwjs leqPp; esa u gksdj dsoy
mlds ?kVd esa ik, tkrs gS] vFkkZr xq.klw=ks ds leqPp; esa ,d ;k ,d ls
vf/kd xq.klw= la[;k es de vFkok vf/kd gks tkrs gSA xq.klw=ks dh la[;k esa
U;wurk vFkok vf/kdrk ds vk/kkj ij vlqxqf.krk fuEufyf[kr nks izdkj dh gksrh
gS%

(i) v/kksxqf.krk (Hypoploidy)

(ii) vf/kxqf.krk (Hyperploidy)

fofHkUu izdkj dh vlqxqf.krk (Aneuploidy) rFkk f}xqf.kr xq.klw=ksa ds
leqPp; esa ifjorZu

vlqxqf.krk ds izdkj xq.klw=ksa dh la[;k thuks Vkbi

1- lkekU; f}xqf.krk
(Normal diploid

2- v/kksxqf.kr (Hypoploid)
(i) ,dU;wulw=rk

(Monosomic)
(ii) f}U;wulw=rk (Multisomic)

3- vf/kxqf.kr (Hyperploid)
(i) ,dkf/klw=rk (Trisomic)

(ii) f}vf/klw=rk (Tetrasomic)

2n

2n-1
(2n-2)

(2n+1)
(2n+2)

AA BB CC

AA BB C
AA BB

AA BB CCC
AA BB CCCC

(i) v/kksxqf.krk (Hypoploidy)

tc ,d lkekU; f}xqf.kr xq.klw=ksa ds leqPp; esa ,d ;k vf/kd xq.kwlw=ksa dh
deh gks tkrh gS rc bl fLFkfr dks v/kksxqf.krk ;k gk;iksIyk;Mh (Hypoploidy)
dgrs gSA

;g eq[;r% nks izdkj dh gksrh gS%

¼v½ ,dU;wulw=rk (Monosomy)& lkekU; f}xqf.kr xq.klw=ksa ds leqPp;
esa ,d xq.klw= dh deh vFkok U;wurk gksus ij bl fLFkfr
dks ,dU;wulw=rk vFkok eksukslkseh dgrs gSa rFkk bls 2n-1 lw= }kjk
iznf'kZr djrs gSaA ;s ifjorZu cMs vlUrqyu mRiUu dj nsrk gS izk;%
f}xqf.krksa es lkekU; :Ik ls ugha ik, tkrs] fdUrq cgqxqf.krks (Polyploids)
esa bUgs Øfed :i ls mRiUu fd;k tk ldrk gS] D;ksafd muesa le:ih
xq.klw=ksa dh la[;k rhu ;k vf/kd gksrh gS rFkk buesa ls ,d ;k vf/kd
xq.klw=ksa dh deh fdlh cMs vlarqyu esa mRiUu ugha djrhA xsg¡w
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(Wheat)] dikl (Cotton) rFkk rEckdw (Tobacco) esa ,dU;wulw=rk dks
fl;lZ (E.R.Sears)] ,UMªhth (Endrizzi)] DykWlu (Clausen) vkfn
oSKkfudksa }kjk lQyrkiwoZd mRiUu fd;k tk pqdk gSA ;fn lkekU;
f}xqf.kr xq.klw=ksa ds ?kVd esa ls nks fHkUu-fHkUu xq.klw=ksa dh U;wurk gks
tk, rc bls f},dU;wulw=rk (Double monosomy) rFkk rhu fHkUu
xq.klw=ksa dh deh gks tk, rc f=,dU;wulw=rk (Triple monosomy)
dgrs gSa rFkk bu fLFkfr;ksa dks Øe'k% 2n - 1 - 1 rFkk 2n - 1 - 1 - 1
lw=ksa }kjk iznf'kZr djrs gSaA ;s yqIr gksus okys xq.klw= lnSo vletkrh;
gksrs gSaA

¼c½ f}U;wulw=rk (nullisomy)& lkekU; f}xqf.kr xq.klw=ksa ds leqPp; esa
ls ;fn letkrh; (Homologous) xq.klw=ksa dk ,d tksMk (pair) de ;k
yqIr gks tk,s rc bl fLFkfr dks f}U;wulw=rk ;k uyhlkseh (Nullisomy)
dgrs gSa bls (2n-2) lw= }kjk iznf'kZr fd;k tkrk gSA

(ii). vf/kxqf.krk (Hyperploidy)

tc f}xqf.kr xq.klw=ks ads leqPp; esa ,d ;k vf/kd xq.klw=ksaa dh vf/kdrk gks
tkrh gS rc bls vf/kxqf.krk ;k gkbijIykW;Mh (Hyperploidy) dgrs gSaA ;g Hkh
eq[;r% nks izdkj dh gksrh gS%

¼v½ ,dkf/klw=rk (Trisomy)& ;fn lkekU; f}xqf.kr xq.klw=ksa ds leqPp; esa
dsoy ,d xq.klw= dh vf/kdrk ik;h tkrh gS rc bls ,dkf/klw=rk
(Trisomy) dgrs gSa rFkk 2n + 1lw= }kjk iznf'kZr djrs gSaA ;g
vfrfjDr xq.klw= vxqf.kr ?kVd (Haploid) ds fofHkUu xq.klw=ksa esa ls
dksbZ Hkh ,d gks ldrk gSA

,dkf/klw=rk ds mnkgj.k euq";ksa vFkkZr gkseks lSfi,Ul (Homo sapiens)
esa Hkh ik, tkrs gS rFkk vf/kdrj xq.klw=ksa ds 13 osa] 15osa] 18 osa] 21
osa ;k 22 osa tksMksa (Pairs) esa ns[kh xbZ gsA bl izdkj dh ,dkf/klw=rk ls
dqN fuf'pr izdkj dh vlkekU;rk,¡ mRiUu gks tkrh gSA 21 os xq.klw=ksa
ds tksMks esa ,dkf/klw=rk ls Mkmu flUMªkse (Down syndrome) mRiUu
gksrk gSA blls ihfMr ckyd eUn cqf/n okys gksrs gSa rFkk mudk 'kjhj
NksVk] ftOgk lwth gqbZ rFkk us=ksa dh iyds oyuksa (Folds) ls ;qDr gksrh
gSA

,dkf/klw=rk (Trisomy) rhu izdkj dh gksrh gSA izkjfEHkd ¼izkFkfed½]
f}rh;d rFkk rr̀h;d ,dkf/klw=rkA ;fn vfrfjDr xq.klw= vius
letkr xq.klw=ksa ds leku gksrk gS] rc ,slk ,dkf/klw=rk dks
izkjfEHkd ,dkf/klw=rk (primary trisomy) dgrs gSaA ;fn vfrfjDr
xq.klw= ,d lexq.klw= (Isochromosomes) gksrk gSa] vFkkZr~ mldh nksuksa
Hkqtk,¡ vkuqoaf'kd nf̀"V ls ,d leku gksrh gSa] rc ,slh ,dkf/klw=rk dsk
f}rh;d ,dkf/klw=rk (Secondary trisomy) dgrs gSaA blh izdkj ;fn
vfrfjDr xq.klw= nks fHkUu xq.klw=ksa ds Hkkxks ds LFkkukUrj.k
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(Translocation) ls curk gS] rc bls rr̀h;d ,dkf/klw=rk (Teritary
trisomy) dgrs gSaA ,dkf/klw=rk ds bu fofHkUu izdkjksa dks fp= esa
iznf'kZr fd;k x;k A

fp= Ø- 13. 20 : Different kinds of trisomics.

¼c½ f}vf/klw=rk (Tetrasomy)& ;fn f}xqf.kr xq.klw=ksa ds leqPp; esa ,d
fo'ks"k xq.klw= pkj ckj ik;k tkrk gS rc bls f}vf/klw=rk ;k VsVªklkseh
(Tetrasomy) dgrs gSa rFkk bls 2n + 2 lw= }kjk iznf'kZr djrs gSaA

euq"; esa vlqxqf.krk (Aneuploidy in man)

tc fdlh izk.kh esa mlds f}xqf.kr xq.klw=ksa dh dqy la[;k esa ls ,d vFkok
vf/kd xq.klw=ksa dh deh vFkok of̀/n gks rks bl voLFkk dks vlqxqf.krk
(Aneuploidy, aneu = uneven) dgrs gSaA tc fdlh izk.kh dh f}xqf.kr xq.klw=h
la[;k esa ,d ;k vf/kd xq.klw=ksa dh of̀/n gksrh gS rks bldks vf/kxqf.krk
(Hyperploidy) dsoy ,d xq.klw= dh of̀/n dks ,dkf/klw=h (Trisomic) dgrs
gSA (2n+1), tc ,d xw.klw= dh deh gks tkrh gS rks mldks ,dU;wulw=.k
(Monosomy) dgrs gSA mnkgj.k%

(i) 21&,dkf/klw=rk (21 Trisomy)& bldks ts-,y-Mkmu (J.L.Down) us
1866 esa eaxksfy;u tMcqf/nrk vFkok Mkmu fl.MªkWe (Down Syndrome)
dgkA bl izdkj ds O;fDr eUn cqf/n okys gksrs gSA gkFk&iSj NksVs ,oa
eksVs gksrs gS buds tuu vax de fodflr gksrs gSA ,sls izk.kh cU/; gksrs
gSaA us=ksa ds chp dh nwjh vf/kd gksrh gS ts- tstwus (J. Jejune, 1919) ds
er ds vuqlkj ;g 21 os vfyax xq.klw= esa vfrfjDr xq.klw= ds dkj.k
gksrs gSaA 46 ds LFkku ij 47 xq.klw= gksrs gSaA 21 os vfyax xq.klw= esa
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2X + 1 = 3 xq.klw= gksrs gSaA ,sls O;fDr izk;% o;Ld gksus ls iwoZ gh ej
tkrs gSaA

(ii) 18&,dkf/kxqf.krk (18 Trisomy)& bldks ,MoMZ fl.Mªkse (Edward
Syndrome) Hkh dgrs gSA 46 ds LFkku ij 47 xq.klw= rFkk 18 os vfyax
xq.klw= (18- Autosome) esa 2 ds LFkku ij 3 vFkkZr~ 2X + 1 = 3
xq.klw=A ean cqf/n okys ckyd] gkFk NksVs] flj ik'oZ ls piVk rFkk dku
vYi&fodflrA ,sls cPps ,d o"kZ dh vk;q ds iwoZ ej tkrs gSaA

(iii) 13&,dkf/kxqf.krk (13 Trisomy)& 13 osa vfyax xq.klw= esa (13-
Autosome) 2 ds LFkku ij 3 Øksekslkse (2X + 1 = 3) ik, tkrs gSA
bldks iVkÅ fl.Mªkse (Patau Syndrome) dgrs gSaA us= NksVs ;k
vuqifLFkr] flj NksVkA eUn cqf/n okys cPps tUe ds rqjUr i'pkr~ ej
tkrs gSaA

(iv) 21&,d U;wulw=h (21-Monosomy)& 21 osa vfyax xq.klw=
(Autosome) ,d iwjk xq.klw= vuqifLFkr gksrk gS (2X-1)A vxj bl
xq.klw= dk cMk Hkkx vuqifLFkr gks rc O;fDr dh lajpuk Mkmu
fl.Mªkse ds fcYdqy foijhr ik;h tkrh gSA ,sls jksxh ds ckg;d.kZ cgqr
cMs gksrs gSaA

(v) 18&,d U;wulw=h (18-Monosomy)& bl folaxfr esa 18 osa tksMs vfyax
xq.klw= (Autosome) esa ,d iwjk xq.klw= vuqifLFkr jgrk gSa (2n-1)A
blds y{k.k izk;% 18 Vªkblkseh ;k 18 ,dkf/klw=h (18-Trisomy) ds
fcYdwy foijhr ik, tkrs gSaA ,sls euq"; esa vaxqfy;kW yEch] ckg;
d.kZiYyo cgqr cMs] vaxqfy;ksa dh js[kk,¡ vf/kd tfVy gksrh gSaA i'p iSj
dh izFke nks vaxqfy;ksa ds chp fonj de pkSMh ik;h tkrh gS rFkk ,sls
euq";kas dk thou dky de le; dk gksrk gSA

euq"; esa fyax xq.klw=h; vlqxqf.krk

;g fuEufyf[kr izdkj dh gksrh gSaA ;g folaxfr;kW xq.klw=ksa esa vfo;kstu
(Non-disfunction) ds dkj.k ik;h tkrh gSaA

(i) Dykbu&QsYVj fl.Mªkse (Kline-Felter syndrome-XXY)& bu
folaxfr esa uj cU/; gks tkrk gSA tuu vax vYifodflr gksrs gSaA 'kjhj
ij cky de rFkk o{k iq:"kksa dh vis{kk vf/kd fodflrA 46 ds LFkku
ij 47 xq.klw= ik, tkrs gSa SA 1500 cPpksa esa ls ,d cPpk DykbuQsYVj
fl.Mªkse okyk gksrk gSA

(ii) VjulZ fl.Mªkse (Turner’s Syndrome)& ;g ,d izdkj dh U;ulw=rk
gSA fL=;ksa ij fuEufyf[kr izHkko iMrs gSaA vifjiDork] cU/; f>Yyh;qDr
xnZuA Lru vYifodflr] lhuk pkSMk iq:"kksa ds leku] tuu vax
vYifodflr] _rq pØ (Menstrual cycle) vuqifLFkrA 46 ds LFkku ij
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44 xq.klw= XOA vkSlru 5]000 cPpksa esa ,d cPpk bl izdkj ds
fl.Mªkse okyk gksrk gSA

(iii) fVªIyksQhesy (Triplofemale)& fL=;ksa esa lkekU; nks fyax xq.klw=
(Chromosomes) ds LFkku ij rhu X-fyax xq.klw= ik, tkrs gSa (XXX)
A fL=;k¡ ck¡> (Sterile) rFkk eUncqf/n okyh gksrh gSaA dqN lUrku mRiUu
dj ldrh gSaA

fp= Ø- 13-21% Basic types of finger prints.

vlqxqf.krk (Aneuploidy) dk vU; mnkgj.k ds vUrxZr uj (Male)
esa ,d X ,oa nks Y xq.klw=] lkekU; 44 vkWVkslksEl ds vfrfjDr ik, tkrs gSa
(47XYY)A lu 1965 esa isfVªd tSdsCl (Patric Jacobs) us LdkfV'k lqjf{kr
dSfn;ksa esa 315 iq:"kksa esa las 9 esa 47 XXY dSfj;ksVkbi ik;kA ;g iq:"k vkSlru
m¡pkbZ (Height) ls vf/kd m¡pkbZ ds iq:"k Fks vkSj vijkf/kd dk;ksZ esa fyIr FksA

fp= Ø- 13-22% Identification of main lines in a palm.
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xq.klw=h; ekstkbd (Chromosomal Mosaic)& ;g fLFkfr mu O;fDr;ksa esa ik;h
tkrh gS ftlesa ,d gh leku ;qXet (Zygote) ls O;qRiUu fofHkUu dSfj;ksVkbi nks
dksf'kdk js[kk (Cell lines) dh ik;h tkrh gSA vf/kd fyax xq.klw= ekstkbd ekuo
tkfr esa ik;k x;kA izR;sd esa nks dksf'kdk js[kk,W fHkUu fayax xaq.klw= O;oLFkk ds :i es
FkhA dqN xq.klw=h; ekstkbd tks ik, x,] og gSa & XO/XY, XO/XX, XO/XYY,
XO/XXX, XX/XXY/ XO/XX/XXX, XO/XX/XY, XX/XXY/XXYYY,
XXXX/XXXXY vkfnA ;g izkf.k;ksa dh vis{kk ikS/kksa e sa vf/kd ik;h tkrh gSaA

fp= Ø- 4-23% Chief dermatoglyphic areas of the palm.

peZfyfilEcU/kh (Dermatoglyphic)& lHkh vaxqfy;ksa] gFksfy;ksa (Palm) ,oa
ryqvksa (Soles) dh Ropk izfr:Ik dks ;g uke fn;k x;k gSA

Triradius

Triradius

fp= Ø- 13-24% Main and angles of normal and aneuploidy individuals.
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bu Hkkxksa dh Ropk esa mHkkj@daVd (Ridges) NksVs xrZdks (Grooves)
ds }kjk foyfxr@iF̀kd~ {ks= ik, tkrs gSaA vaxqfy;ksa ds fljs ij daVd (Ridges)
izfr:i dq.Mykas (Loops) ds :i esa 70% pØ (Wheels) ds :i esa 25% ;k
pkiksa ds :i esa 5%A gFksyh (Palm) ij daVd (Ridges) izfr:i 6 izeq[k {ks=ksa

eas gksrs gSA izeq[k y{k.k f=-f=T;k (Rri-radius) ds :i esa gksrk gS] tks fd rhu
LiksDl (Spokes) ds feyus okys fcUnqvksa dks n'kkZrs gSa tks fd rhu {ks=ksa es
foHkkftr gksrs gSaA izR;sd {ks= esa lekukUrj d.Vdks dk rU+= ik;k tkrk gSA
vaxqfy;ksa ds vUrLFk fljksa ij ,d f=f=T;k (Triradius) ds lkFk ,d dq.My
izfr:i gksrk gS rFkk nks f=f=T;k (triradius) ds lkFk ,d pØ gksrk gSA gFksyh
ij pkj f=f=T;k ik, tkrs gSa] izR;sd vWxqyh ds vk/kkj ij ,d f=f=T;k
(triradii) ik;k tkrk gSa ftudks, b, c ,oa d vkSj nwljk ‘t’ pkSFkh esVkdiZy vfLFk
ds vk/kkj ij ik;h tkrh gSA

daVd izfr:i (Ridges pattern) dks vusd thUl ds }kjk fu/kkZfjr fd;k
tkrk gS vr% ;g oa'kkuqxr gksrs gSaA

Mkmu fl.Mªkse (Down Syndrome)& blds vUrxZr dqy vaxqfy;ksa dh
daVd la[;k lkekU; O;fDr;ksa dh vis{kk de fHkUu gksrh gSA gFksyh ij atd
dks.k dk eku 810 gksrk gSaA lkekU; O;fDr;ksa esa atd dk eku 480 gksrk gSaA

iVkÅ fl.Mªkse (patau syndrome)& bl folaxfr eas nks pkisa
(Arches) ,oa pØ ds lkFk-lkFk dq.My (Loops) vaxqfy;ksa ds fljs ij gksrs
gSaA ;gk¡ ij atd dks.k dk] eku 1080 gksrk gSA

DykbuQsYVj fl.MªkWe (Klinefelter syndrome)& vfu;fer XXY
dSfj;ksVkbi O;fDr;ksa dh vaxqfy;ksa ds fljksaa ij ,oa gFksyh izfr:Ik esa vkSj lkekU;
O;fDr;ksa ds izfr:i esa fHkUurk ugha ik;h tkrhA izfr:i ftles fuEu eku ,oa
pkiksa dh fLFkfr gksrh gS bl ij vk/kkfjr gS fd O;fDr;ksa XXY, XXYY ;k
XXXYY esa xq.klw=h; xqf.krk ik;h tkrh gSA

VuZj fl.Mªkse (turner’s syndrome)& bles eknkvksa esa vf/kd dqy daVd
eku ik;k tkrk gSa pØ Hkh cMs gksrs gS vkSj atd dks.k yxHkx 660 gksrk gSA

viuh Áxfr tk¡fp, (Check Your Progress)

1 fuEu esa dkSu-ls xq.klw= esa lajpukRed ifjorZu ugha gSa\

¼v½ izfrykseu ¼c½ foyksiu

¼l½ IykW;Mh ¼n½ f}xq.kuA

2- dksfYplhudk iz;ksx fd;k tkrk gS&

¼v½ DNA Replication esa

¼c½ Ploidy es
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¼l½ Spindle fibre ds Organization rFkk Orientation esa

¼n½ Chromosome condensession esaAa

3- tho ftuesa xq.klw= ds leqPp; nks ls vf/kd ik;s tkrs gS] os dgykrs
gS&

¼v½ vlqxqf.kr ¼c½ vxqf.kr (Haploid)
¼l½ f}xqf.kr ¼n½ cgqxqf.kr

4- fuEu esa ls dkSu-lk ,U;wIykW;M ugha gSa\

¼v½ Monoploidy ¼c½ 2n-1

¼l½ Trisomic ¼n½ 2n + 2

13-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼l½

2- ¼l½

3- ¼n½

4- ¼v½

13-4 lkjka'k (Summary)

mijksDr o.kZu ls Li"V gS fd thoksa esa gksus okys vkuqoaf'kd ifjorZd dk dkj.k
xq.klw=ksa esa fLFkr thUl dh la[;k ,oa lajpuk esa tc ifjorZu gks tkrk gS rks
mRifjorZu gks tkrk gSA ftlds ds dkj.k fofHkUurk,W ,oa iF̀kDdj.k mRiUu gks
tkrk gS ftlls tkfr;ksa ds fodkl esa lgk;rk feyrh gSA

13-5 eq[; 'kCnkoyh (Key Terminology)

 fl.Mªkse& ,d ls vf/kd vkuqoaf'kd fcekfj;ksa ds leqg dks fl.Mªkse dgrs
gSaA

 eksukslkseh& ,d xq.klw= dh deh vFkok vuqifLFkfr ds dkj.k mRiUu
fLFkfr eksukslkseh dgykrh gSA

 xq.klw=h; folaxfr& euq"; esa vlaxqf.krk ,ao cgqxqf.krk ds dkj.k mRiUu
fLFkfr vFkok Aneuploidy ,oa Polyploidy ds dkj.k mRiUu
folaxfrdksA
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 dkf;Zdh ifjorZu& of̀/n] esa :dkoV] 'olu] ikpu vkfn esa ifjorZu dks
dkf;Zdh ifjorZu dgrs gSaA

 cgqxqf.krk& nks ;k nks ls vf/kd xq.klw=ksa ds lSV okys tho cgqxqf.krk
dgykrs gaSA

13-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; iz'u (Short Answer Type Question)

1- fodkl esa ikWyhIykW;Mh dh D;k Hkwfedk gS\ Li"V djksA

2- fuEufyf[kr ij fVIi.kh fy[kks&

(i) ;qIykW;Mh (Euploidy)

(ii) ,U;wIykW;Mh (Aneuploidy)

(iii) Vªkblksfed

(iv) uyhlkseh

(v) cgqxqf.krk

(vi) O;wRØe.k

(vii) bUolZu

(viii) VªkUlyksdslu

3- cgqxqf.krk ds egRo dk o.kZu djksA

4- euq"; esa vlqxqf.krk dk o.kZu djksA

5- izfrykseu (Translocation) ds izdkj ,oa egRo fyf[k,A

6- dkWfYplhu dh mi;ksfxrk dk o.kZu fdft,A

nh?kZ mÙkjh; iz'u (Long Answer Type Questions)

1- xq.klw=ks es lajpukRed ifjorZu dk foLr̀r o.kZu dhft,A

2- ghurk] f}xq.ku ,oa O;qRØe.k dk mnkgj.klfr o.kZu dhft,aA

3- mi;qDr mnkgj.kksa ds fofHkUu izdkj dh cgqxqf.krk dh mRifRr ,oa y{k.kksa
dk o.kZu djksaA

4- cgqxqf.krk ij fuaca/k fyf[k;sA

5- lxqf.krk ls D;k le>rs gS\ lxqf.krk dk mnkgj.klfgr o.kZu dhft,A

6- cgqxqf.krk D;k gS \ tUrqvksa ds tuu esa blds egRo dk o.kZu djksA

7- izkf.k;ksa esa vlqxqf.krk dk mnkgj.kiwoZd o.kZu crkb;sA
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8- xq.klw=ks aesa la[;kRed ,oa lajpukRed cnyko dh laf{kIr foospuk
dhft,A

9- Locgqxqf.krk ij ,d ys[k fy[kksA

10- xq.klw= ls lajpukRed ,oa la[;kRed ifjorZu ds mnkgj.klfgr o.kZu
dhft,A

; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology – By – J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics

13-7 lgk;d ikB~
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bdkbZ 3

v/;k; 14 mRifjorZu & Ádkj rFkk E;wVktsu
(Mutation – Types and Mutagens)

Lakjpuk (Structure)

14-0 ifjp;
14-1 mÌs';
14-2 mRifjorZu ds Ádkj

14-2-1 dksf'kdkvksa ds Ádkj ds vk/kkj ij mRifjorZu ds Ádkj
14-2-2 vkdkj ,oa xq.kksa ds vk/kkj ij mRifjorZuksa ds Ádkj
14-2-3 ley{k.kh@QhuksVkbi ds ÁHkko ds vk/kkj ij mRifjorZuksa ds Ádkj
14-2-4 mRifRr ds vk/kkj ij mRifjorZu ds Ádkj
14-2-5 LoHkko ,oa muds ÁHkko ds vk/kkj ij mRifjorZu ds Ádkj
14-2-6 fn'kk ds vk/kkj ij mRifjorZu ds Ádkj
14-2-7 xq.klw=ksa ds Ádkj ds vk/kkj ij mRifjorZu ds Ádkj
14-2-8 ?kfVr gksus dh voLFkk ds vk/kkj ij mRifjorZu ds Ádkj
14-2-9 ÁHkkoh dkjdksa ds vk/kkj ij mRifjorZuksa ds Ádkj

14-3 viuh Áxfr tk¡fp, Á'uksa ds mÙkj
14-4 lkjka'k
14-5 eq[; 'kCnkoyh
14-6 Lo-ewY;kadu Á'u ,oa vH;kl
14-7 lgk;d ikB~; lkexzh

14-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)

thoksa eas gksus okys os leLr ifjorZu tks LFkk;h ,oa oa'kkuqxr gksrs gS] mRifjorZu
dgykrs gSaA budsa] (All the Permanent and sudden changes in organisms
which are heritable are called mutations), buds dkj.k thoksa dh y{k.k Ák:i
cny tkrs gSaA E;wVs'ku 'kCn dk Á;ksx loZÁFke g;wxks Mh-czht uked (Huo-de-
vries 1901) oSKkfud }kjk fd;k x;kA mUgksus bl 'kCn dk Á;ksx lkekU;
yackbZ ds vksbuksFksjk ySekfdZ;kuk (Oeno Thero Lamarckiana) ds vla[; ikS/kksa
ds chp ik;s tkus okys dqN vlkekU; :Ik ls vf/kd yackbZ okys ikS/kksa esa gksus
okys vkuqoaf'kd ifjorZu ds fy, fd;k FkkA

E;qVs'ku (Mutations) 'kCn dk fodkl E;wVsjh (Mutare) 'kCn ls gqvk gS
ftldk vFkZ ifjorZu gksuk (To change) gksrk gSA Mutation dh okLrfod
[kkst T.H. Morgan us lu~ 1910 esa MªkslksfQyk es eSysuksxSLVj (Drosophila
Melanogaster) ;k QzwV ¶ykbZ (Fruitfly) uked dhV ij Á;ksx djrs le; dh
FkhA

bhandup8
Rectangle
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^^fdlh tho esa vpkud oa'kkuqxr gksus okys vkuqoaf'kdh; ifjorZu dks
mRifjorZu (Mutation) dgrs gSaA**

vFkok

^^;g ,d ,slh ?kVuk gS tks lethoh :i esa ,d vkuqoaf'kd ,dkUrj.k
mRiUu djrh gSA**

fp= Ø- 14-1% Plant Oenolthera Lamarckiana ¼vksbuksFksjk ySekÆd;kuk½

nwljs 'kCnksa esa] mRifjorZu dks bl Ádkj Hkh ifjHkkf"kr dj ldrs gSa fd
vkuqoaf'kd inkFkZ ds dkj.k thu-'kjhj esa gksus okys vdLekr~ ifjorZu
mRifjorZu dgykrs gSA thUl ;k xq.klw= (Chromosomes) esa ;dk;d ifjorZu
xq.klw=h mRifjorZu (Chromosomal mutation) dgykrs gSA ;g ,d ,slh ?kVuk
gS tks lethoh :i esa ,d vkuqoaf'kd ,dkUrj.k mRiUu dj nsrh gSA thoksa es
mRifjorZu dh xfr] nj ,oa vko`fRr rhuksa iF̀kd-iF̀kd~ gksrh gSa] ;g lc iF̀kd~
iw.kZ:is.k okrkoj.k ij fuHkZj djrk gSA mRifjorZu ds QyLo:i mRiUu gksus
okys tho dks mRifjorhZ (Mutant) dgrs gSaA thoksa dh thu lajpuk (Genotype)
eas ;dk;d vk, xq.kkRed (Qualitative) ;k ek=kRed (Quantitative) ifjorZu
ds dkj.k gksus okyh fofHkUurkvksa (Variations) dks mRifjorZu (Mutation) dgrs
gSA

thu mRifjorZu dk loZÁFke mnkg.k lsFk jkbV (Seth Wright) us 1791
esaa fn;k Fkk] bl oSKkfud us HksM ds eseus ds NksVs iSjksa dks ns[kdj mRifjorZu
ij fopkj n'kkZ,s FksA

mRifjorZu dk loZÁFke v/;;u ,d Mp oSKkfud g;wxks Mh ozht (Hugo
de Vries 1901) us fd;kA bUgksus lkU/; fÁejkst (Evening primrose) ;k
buksFksjk ySekfdZ;kuk (Oenothera lamarckiana) uked ikS/kksa dks vius v/;;u
dk fo"k; cuk;kA ;g gkWyS.M esa ik;k tkus okyk taxyh ikS/kk gSaA blesa Ák;%
lU/;k ds le; ihys Qwy f[kyrs gSaA

Mh ozht us vkyw ds ,d [ksr esa fÁejkst ySekfdZ;kuk (Oenothera
lamarckiana) uked taxyh ikS/ks dks mxrs gq, ns[kkA buesa dqN ikS/kksa esa
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fHkUurk Fkh] ftuds dkj.k os ikS/ks vius tudksa ls dkQh fHkUu FksA Mh ozht
us ,sls ikS/kksa ds chtksa ,oa tMks dks ysdj viuh Á;ksx'kkyk esa mxk;k vkSj ik;k
fd bu chtksa ls fÁejkst ds fofHkUu lkr Ádkj ds ikS/ks ÁkIr gq,A mUgksasus budh
dbZ ihf<;ksa rd muds xq.kksa dk v/;;u fd;k vkSj bl fu"d"kZ ij igq¡ps fd
dqN ikS/kks ds Qwy] ifRr;k¡ vkfn lk/kkj.k ikS/kksa ls fHkUu FkhA mUgksaus ;g Hkh ik;k
fd dqN y{k.k buesa oa'kkuqxr Hkh gq, rFkk dqN ih<h ds ikS/kksa esa bruh fHkUurk
Fkh fd mUgsa fÁejkst dh uohu tkfr ekuk tk ldrk FkkA

g;wxks Mh ozht us fÁejkst ds ikS/kksa esa lkr Ádkj ds mRifjorZu ns[kssA ;s
mRifjorZu xq.klw=ksa dh la[;k esa ifjorZu ds dkj.k FksA fÁejkst esa xq.klw=ks dh
la[;k 14 gksrh gSA bu ikS/kksa esa xq.klw=ks dh la[;k 15] 16] 20] 22] 24] 26 rFkk
28 rd FkhA bu lHkh dks g;wxks Mh ozht us ,d vyx tkfr crk;kA

mRifjorZuksa (Mutation) dk dk;Z 1910 esa ml le; ÁkjEHk gqvk] tc
oSKkfud Vh-,p- ekWxZu (T.H. Morgan) us QyeD[kh (Fruit fly) MªkslksfQyk
esySuksxsLVj (Drosophila melanogaster) ij Á;ksx ÁkjEHk fd,A blds i'pkr~
lEiw.kZ fo'o ds oSKkfudksa }kjk yxHkx 500 mRifjorZuksa dks Kkr fd;k x;kA
MªkslksfQyk esa mRifjorZuksa dh bl [kkst ds i'pkr —Urdksa@jksMsUV~l (Rodents),
eVj (Pea) eqfxZ;ks (Hens) euq";] fxuh fix (Guinea pig) esa Hkh mRifjorZuksa
(Mutation) dk v/;;u ÁkjEHk fd;kA xr 50 o"kksZ esa ,'kpsfjf'kvk dksykbZ
(Escherichia coli) ,oa U;wjksLiksjk (neurospora) rFkk thok.kqHkksft;k
(bacteriophage) vkfn thoksa esa feyus okys mRifjorZuksa esa fujUrj v/;;u
fd;k tkus yxk] D;ksafd ;g mRifjorZu ds v/;;u gsrq mi;qDr FksA

g;wxks Mh ozht us lu~ 1901 esa buksFksjk ySekfdZ;kuk (Oenothera
lamarckiana) uked ikS/ks ij fd, x, Á;ksxksa ds vk/kkj ij tSo-fodkl ds
lEcU/k esa ,d iF̀kd~ fl/nkUr ÁLrqr fd;k ftls g;wxks Mh ozht ds mRifjorZu
fl/nkUr ds uke ls tkurs gSA ;g fuEufyf[kr eq[; rF;ksa ij vk/kkfjr gS&

1- Á—fr esa mRifjorZu lnSo gksrs jgrs gaSA

2- uohu tho-tkfr;ksa dh mRifRr NksVh-NksVh o vfLFkj fofHkUurkvksa ds
ih<h nj ih<h lap; ,oa Øfed fodkl ds QyLo:i ugha gksrh gS
cfYd ,d gh ckj esa vdLekr~ ifjorZuksa ds QyLo:i gksrh gSA

3- mRifjorZu oa'kkuqxr gksrs gSaA

4- tkfr dk ÁFke lnL; ftlesa mRifjorZu y{k.k fodflr gksrk gS]
mRifjorZd (Mutant) dgykrk gSA

5- mRifjorZu vfuf'pr gksrs gSa] vr% fdlh Hkh fn'kk esa fcuk jksd-Vksd ds
gks ldrs gSaA ;s fdlh ,d va'k fo'ks"k esa ;k lkFk-lkFk ,d ls vf/kd
vaxksa es gks ldrs gSa ftlds dkj.k vax de ;k vf/kd fodflr gks ldrs
gSa ;k iw.kZ :Ik ls foyqIr gks ldrs gS ;k u, vax cu ldrs gSaA
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6- mRifjorZu tho ds fy, ykHknk;d rFkk gkfudkjd nksuksa Ádkj ds gks
ldrs gSA

7- ,d tuu tkfr ds mRifjorZuksa }kjk dbZ feyrh-tqyrh tkfr;k¡ ,d gh
lkFk fodflr gks ldrh gSA

8- mRifjorZu nh?kZ ,oa vkdfLed gksrs gSaA

9- mRifjorZu ls ubZ tkfr;ksa dk fodkl gksrk gSA

10- mRifjorZu ij Ák—frd oj.k dk ÁHkko iMrk gSA

14-1 mÌs'; (Objective)

bl bdkbZ dks i<us ds ckn vki&

 mRifjorZu ds Ádkj

 vkdkj ,oa xq.kksa ds vk/kkj ij mRifjorZuksa ds Ádkj

 dksf'kdkvksa ds Ádkj ds vk/kkj ij mRifjorZu ds Ádkj

 ley{k.kh@QhuksVkbi ds ÁHkko ds vk/kkj ij mRifjorZuksa ds Ádkj

 mRifRr ds vk/kkj ij mRifjorZu ds Ádkj

 LoHkko ,oa muds ÁHkko ds vk/kkj ij mRifjorZu ds Ádkj

 fn'kk ds vk/kkj ij mRifjorZu ds Ádkj

 xq.klw=ksa ds Ádkj ds vk/kkj ij mRifjorZu ds Ádkj

 ?kfVr gksus dh voLFkk ds vk/kkj ij mRifjorZu ds Ádkj

 ÁHkkoh dkjdksa ds vk/kkj ij mRifjorZuksa ds Ádkj

bu fo"k;ksa dk foLr̀r #Ik ls v/;;u dj ldrs gSA

14-2 mRifjorZu ds Ádkj (Typdes of Mutations)

thoksa ds thou dky esa gkus okys mRifjorZuksa dks fuEufyf[kr vk/kkjksa ds
vuqlkj foHksfnr@foHkkftr dj ldrs gSa&

(i) dksf'kdkvksa ds Ádkj ds vk/kkj ij mRifjorZuksa ds Ádkj (Types of
Mutation of the basis of type of the cells)

(ii) xq.klw=ksa ds vkdkj ,oa y{k.kksa@xq.kksa ds vk/kkj ij mRifjorZuksa ds Ádkj
(Types of Mutation on the basis of size and quality of
chromosomes)

(iii) ley{k.kh@QhuksVkbi ds ÁHkko ds vk/kkj ij mRifjorZuksa ds Ádkj
(Types of Mutations on the basis of phenotypic effect)
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(iv) mRifRr ds vk/kkj ij mRifjorZu ds Ádkj (Types of Mutation on the
basis of origin)

(v) LoHkko ds ÁHkko ds vk/kkj ij mRifjorZu ds Ádkj (Types of Mutation
on the basis of their nature and their effect )

(vi) fn'kk ds vk/kkj ij mRifjorZu (Mutations according to their direction)

(vii) xq.klw=ksa ds Ádkj ds vk/kkj ij mRifjorZu (Mutations according to
type of chromosomes)

(viii) ?kfVr@ÁkIr gksus dh voLFkk ds vk/kkj ij mRifjorZu (Mutations
according to the s tage at which they occur.)

(ix) ÁHkkoh dkjdksa ds vk/kkj ij mRifjorZu (Mutations according to the
affecting factors )

14-2-1 dksf'kdkvksa ds Ádkj ds vk/kkj ij mRifjorZu ds Ádkj
(Types of Mutations of the Basis of the Types
of the Cells)

'kjhj dksf'kdkvksa ds Ádkj ds vk/kkj ij mRifjorZu nks Ádkj ds gksrs gSa&

1- tfeZuy mRifjorZu (Germinal Mutation)& tc mRifjorZu tuu
dksf'kdkvksa (Reproductive cells) esa mRiUu gksrs gSa rks mls tfeZuy
mRifjorZu dgrs gSaA ;s nks Ádkj ds gksrs gSa&

¼v½ ;qXeudh mRifjorZu (Gametic Mutation)& bl Ádkj ds
mRifjorZu lEHkor% ;qXedtuu ds nkSjku gksrs gSaA bl Ádkj ds
mRifjorZu vkuqoaf'kd gksrs gSa vkSj vkuqoaf'kdrk ds fy, egRoiw.kZ
gksrs gSaA ;g Ák—frd p;u ds fy, dPpk eky (Raw material)
fufeZr djrs gSA

¼c½ ;qXeuth mRifjorZu (Zygotic Mutation)& bl Ádkj ds
mRifjorZu ;qXeut (Zygote) ds fonyu (Cleavage) ds nkSjku
gksrs gSaA

2- dkf;d ifjorZu (Somatic Mutation)& bl Ádkj ds mRifjorZu tho-
'kjhj esa vdLekr~ dHkh-dHkh mlds thou dky esa gks ldrs gSA bl
Ádkj es mRifjorZuksa dk ÁHkko dsoy nSfgd dksf'kdkvksa (Somatic cells)
ij gksrk gS] vr% Li"V gS fd ;s oa'kkuqxr ugha gksrs gSaA dkf;d
mRifjorZu dk vkuqaoaf'kd ,oa mn~fodklh; egRo ugha gksrk gS] D;ksafd
dsoy ,dkdh dksf'kdk ,oa mudh lUrfr dksf'kdk,¡ gh mRifjorZu ls
lEcfU/kr gksrh gSaA ;fn Hkzw.kh; voLFkk esa dkf;d mRifjorZu gksrk gS rks
mRifjofrZr dksf'kdk,¡ ,d dksf'kdkvksa ds lewg essa fn[kkbZ nsrh gSa vkSj
'kjhj ds dkf;d dksf'kdkvksa ds lewg ds :i esa ik;h tkrh gSaA dkf;d
mRifjorZu lkekU;r% dSUlj of̀) ls lEcfU/kr fn[kkbZ nsrs gSaA dkf;d
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mRifjorZu ds mnkgj.k euq"; ,oa buksFksjk ySekfdZ;kuk esa ik;k tkrk gSA
dkf;d mRifjorZu ds dkj.k euq"; esa vusd Ádkj ds jksx gksrs gSaA

fp= Ø- 14-2% mRifjorZu ds Ádkj

14-2-2 vkdkj ,oa xq.kksa ds vk/kkj ij mRifjorZuksa ds Ádkj
(Kinds of Mutations on the Basis of Size and Quality)

mi;qZDr vk/kkj ij mRifjorZu fuEu Ádkj ds gksrs gSa&

1- thu mRifjorZu

2- xq.klq= mRifjorZu

3- xq.klq= leqg ds mRifjorZu

1- thu mRifjorZu (Gene Mutation)& bl Ádkj dk mRifjorZu fdlh
y{k.k fo'ks"k ds thu esa jklk;fud ifjorZu ds dkj.k gksrk gSA blesa thu dk
ewy y{k.k cny tkrk gS vr% budks fcUnq mRifjorZu (Point Mutation) Hkh
dgrs gSaA

ekWxZu (Morgan, 1910) us yky us= okyh MªkslksfQyk efD[k;ksa dh vkcknh
esa vpkud ,d lQsn us= okyh uj eD[kh ns[khA bl uj eD[kh dk mUgksaus
lkekU; yky us= okyh eD[kh las ladj.k djk;k vkSj ik;k fd lQsn us= okyk
y{k.k LFkk;h o 'kq) uLyh FkkA ,slk vuqeku yxk;k tkrk gS fd bl Ádkj ds
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mRifjorZu DNA v.kq ds fdlh Hkkx eaas U;wfDy;ksVkbM dh iquO;ZoLFkk ds dkj.k
gksrs gSaA thu mRifjorZu (Gene Mutation) nks Ádkj dk gksrk gSa&

¼v½ {kkj ;qXe dk ÁfrLFkkiu (Base pair substitution)

¼c½ Ýsef'k¶V mRifjorZu (Frame shift Mutation)

¼v½ {kkj ;qXe dk ÁfrLFkkiu (Base pair substitution)& bl Ádkj ds
mRifjorZu lkekU;r% vf/kd ik, tkrs gSaA

buesa DNA dh iqujkof̀Rr ;k DNA ds fjis;j (Repair) ds le; xyr
{kkj dk Áos'k gks tkrk gSA {kkj ;qXe ÁfrLFkkiu esa fVªiysV dksMkWu (Triplet
codon) dk dksbZ {kkj nwljs {kkj }kjk ÁfrLFkkfir gks tkrk gS ftlls dksMkWu
(Codon) ifjofrZr gks tkrk gSA mnkgj.kkFkZ fp=

fp= Ø- 14-3% Mutation by Substitution

;fn mRifjofrZr dksMkWu fdlh vU; vehuks vEy ds fy, dksfMr gksrk gS
rks ikWfyisIVkbM J̀a[kyk esa vehuks vEydk ÁfrLFkkiu gks tkrk gSA

bl Ádkj ÁfrLFkkiu }kjk ikWfyisIVkbM J̀a[kyk esa dsoy ,d vehuks vEy
dk lk/kkj.k ifjorZu gksrk gSA ;s ifjorZu fellSUl mRifjorZu (Missense
Mutations) dgykrs gSaA ;fn ,d {kkj ÁfrLFkkiu dksMkWu dks lekiu dksMkWu
(Termination codon) esa cny nsrk gSa rks J̀a[kyk ogha :d tk,xhA ;s
mRifjorZu ukWulSUl (Nonsense) mRifjorZu dgykrs gSaA buds dkj.k viw.kZ
ikWfyisIVkbM J̀a[kyk curh gSaA

{kkj ;qXe ÁfrLFkkiu nks Ádkj ds gksrs gSa&

(i) VªkfUt'ku (Transition)& ;g og ÁfrLFkkiu gS ftlesa ,d I;wfju
dk ÁfrLFkkiu nwljh I;wfju }kjk gksrk gSA ¼A dk G }kjk ;k G dk
A }kjk½ rFkk ,d fifjfeMhu (Pyrimidine) dk ÁfrLFkkiu nwljh
fifjfeMhu }kjk gksrk gS ¼ T dk C }kjk ;k C dk T }kjk½

A  G, C T

(ii) VªkUlolZu (Transversion)& ;fn I;wfju {kkj dk ÁfrLFkkiu
fifjfeMhu }kjk o fifjfeMhu dk ÁfrLFkkiu I;wfju }kjk gh gks ,sls
ÁfrLFkkiu VªkUlolZu dgykrs gSaA

A  T, G  T, C G, C A,
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{kkj ;qXe ÁfrLFkkiu }kjk mRifjorZu lEHkor% nks pj.kksa eas gksrk
gSA ekuk fd ,d DNA f}d~ lw= (Double strand) esa ,d I;wfju
{kkj A dk foLFkkiu nwljs I;wfju {kkj G ds }kjk gks tkrk gS
¼VªkfUt'ku½A tc DNA dh iqujkof̀Rr gksxh rks ;g nks J̀a[kyk,¡
cuk,xk] ,d lkekU; nwljh mRifjofrZr] D;ksafd G ges'kk C ds
lkFk tksMk cukrk gS] mRifjofrZr DNA esa mRifjorZu ds fcUnq ij
G-C gksxkA

fp= Ø- 14-4% Base Substitution Resulting from Mutation

Ázfrykseu (Inversion)& tc DNA esa dksbZ {kkj fudydj fQj ls mlesa
Áfryksfer Øe esa fuosf'kr gks tkrk gS rks mls Áfrykseu dgrsa gSaA mnkgj.kkFkZ
&

lkekU; CAT GAT CAT GAT CAT GAT CAT……..

mRifjofrZr CAT GAT TAC GAT CAT GAT CAT……..

¼c½ Ýse f'k¶V mRifjorZu (Frame Shift Mutation)& og mRifjorZu
ftlesa ,d ;k ,d ls vf/kd {kkj ;k rks ckgj fudyrh (Deletion) gSa ;k tqM
tkrh gSa (Insersion) Ýse f'k¶V mRifjorZu dgykrs gSaA bl mRifjorZu dks Ýse
f'k¶V uke blfy, fn;k x;k gS] D;ksafd bles mRifjorZu fcUnq ds vkxs tsusfVd
dksM dh jhfMax Ýse dh fLFkfr esa ifjorZu (Shift) gks tkrh gSA ,d ;k nks {kkj
ds tqMus ;k ckgj fudyus ls dksMkWu dk Øe iw.kZr% u;k gks tkrk gS ftlls
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fcYdqy fHkUu vehuks vEy curs gSaA ifj.kkeLo:i ÁksVhu Hkh vyx Ádkj ls
la'ysf"kr gksrs gSa tks lkekU;r;k vfØ;k'khy gksrs gSaA ;g ns[kk x;k gS fd ;fn
jhfMax Ýse esa ifjorZu rhu U;wfDy;ksVkbM (Nucleotide) }kjk gksrk gS rks
ÁksVhu lkekU; curk gS] bles dsoy ,d vehuks vEy ;k rks vuqifLFkr gksrk
gS ;k vfrfjDr gksrk gSA

fMyh'ku (Deletion)& ;fn ,d U;wfDy;ksVkbM J̀a[kyk ls ,d ;k vf/kd
{kkj ckgj gV tkrs gSa rks og fMyh'ku dgykrk gSA ;g ns[kk x;k gS
fd ;fn ,d Hkh {kkj gV tkrk gS rks ÁksVhu ds fy, tks lans'k Hkstk tk jgk gS
og vkmV vkWQ Ýse (Out of frame) gks tkrk gS vkSj ,d u;k Øe curk gSA

mnkgj.kkFkZ &

lkekU; lans’k % CAT GAT CAT GAT CAT GAT CAT……..
...C

lans’k tks vkmV vkWQ % CAT GAT ATG ATC ATG ATC AT……..
Ýse gks tkrk gSA

fp= Ø- 14-5% Digrammatic Representation of Effect of Insertion
or Deletion on mRNA.

bUl'kZu (Insertion)& vkuqoaf'kd lans'k ,d ;k vf/kd {kkj ds tqMus las
Hkh ckf/kr (Distrubed) gks tkrk gSA

lkekU; lans’k % CAT GAT CAT GAT CAT GAT CAT……..
+G
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lans’k tks vkmV vkWQ % CAT GAT GCA TGA TCA TGA TCA……..
Ýse gks tkrk gSA

mRifjorZu dh fuEufyf[kr le:irk (Analogy) ds }kjk O;k[;k dj
ldrs gSaA ekuk fd vkuqoaf'kd lwpuk (Genetic message) fuEufyf[kr okD; esa
fufgr gS&

1- THE MAN WHO HAS ONE EYE CAN SEE YOU”

bl okD; esa ÁR;sd 'kCn esa rhu v{kj (Letter) ,d dksMksu (Codon) dks
n'kkZrs gSa aA

2- ;fn v{kj ‘W’ dks WHO esa gVk fn;k tk;s ¼foyksiu& Deletion½]
rc okD; gksxk &

THE MAN HOH ASO NEE YEC ANS EEY OU –

MAN 'kCn ds i'pkr~ okD; vFkZghu (Meaningless) gks tkrk gSA

3- ;fn v{kj ‘A’ dks 'kCn MAN ds i'pkr tksMk tkos
(Inertion&bUl'kZu½ rc Hkh okD; Man ds i'pkr~ vFkZghu gks tk;sxkA

THE MAN AWH OHA SON EEY ECA NSE EYO U –

4- ;fn WHO 'kCn esa ls v{kj ‘H’, ‘U’ v{kj ds }kjk cnyk tkrk gS
(Substitution) rc okD; gksxk &

THE MAN WUO, HA ONE EYE CAN SEE YOU

rc okD; ,d 'kCn WUO vFkZghu gksxkA

5- ;fn 'kCn WHO dks ifjofrZr dj fn;k tk;s ¼Áfrysiu& Inversion½
rc okD; gksxk &

“THE MAN OHW HAS ONE EYE CAN SEE YOU”

bl okD; esa dsoy ,d 'kCn ‘OHW’ vFkZghu gksxkA

6- ;fn 'kCn WHO esa ls v{kj ‘W’ dks fudky dj ‘Z’ v{kj dks ONE
'kCn ds i'pkr~ tksM fn;k tk;s ¼foyksiu] bUl'kZu& Deletion, Insertion½ rc
okD; gksxk&

THE MAN HOH ASO NEZ EYE CAN SEE YOU

dsoy ogh 'kCn ftlesa v{kj dk foyksiu ,oa tksMk tkrk gS] vFkZghu gksrs
gSA

dsoy ,d vehuks vEy (Amino acid) ds ifjorZu ds dkj.k y{k.k Á:ih
(Phenotype) ij vR;f/kd ?kkrd ÁHkko gksrk gS& gheksXyksfcu (Haemoglobin)
tks fd euq"; ds jDr esa mifLFkr yky jDr df.kdkvksa (Red blood corpuscles)
esa ik;k tkrk gS] ,d ÁksVhu v.kq (Molecule) gksrk gS ftlesa 4 J̀a[kyk,¡
(Chains)& 2 vYQk (Alpha) ,oa 2 chVk (Beta) J̀a[kyk,¡ gksrh gaSA bu
J̀a[kykvksa esa vehuks vEy ,d fuf'pr Øe esa O;ofLFkr gksrs gSaA lkekU; RBC
r'rjh (Disc) vkdkj ds gksrs gSaA gheksXyksfcu (Haemoglobin) lajpuk esa
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ifjorZu ds dkj.k dqN Ádkj dh jDr{kh.krk (Anaemia) & tSls g¡fl;kdkj
dksf'kdk jDr{kh.krk (Sickle cell anaemia) ,oa gheksXyksfcu D jDr{kh.krk
(Haemoglobin D anemia) ik;h tkrh gSA g¡fl;kdkj dksf'kdk jDr{kh.krk esa
R.B.C. g¡fl;k vkdkj (Sickle shaped) ds gksuss ds dkj.k vkWDlhtu nkc de
gks tkrh gS] blls vkWDlhtu lajpj.k@ifjogu ds fy, de ÁHkkoh gksrh gSA
blds ifj.kke Lo:i èR;q gks tkrh gSA lkekU; gheksXyksfcu esa vehuks vEy]
XywVsfed vEy (Glutamic acid) NBoha (Six) fLFkfr esa gksrh gSA g¡fl;kdkj
dksf'kdk gheksXyksfcu C esa (Lysine) tqM tkrk gSaA

1 2 3 4 5 6 7 8

A. Valine histidine Leucine Theronine Proline Glutamic
acid

Glutamic
acid

Lysine
B.

Valine histidine Leucine Theronine Proline Valine Glutamic
acid

Lysine

B. Valine histidine Leucine Theronine Proline Lysine Glutamic
acid

Lysine

gheksXyksfcu v.kq ds Hkkx NBoha (Sixth) fLFkfr esa vehuks vEy ds vUrj
dks n'kkZrs gSa&

(A) lkekU; gheksXyksfcu (Normal haemoglobin)

(B) g¡fl;kdkj dksf'kdk gheksXyksfcu (Sickel haemoglobin)

(C) gheksXyksfcu C (Haemoglobin C)

vFkZghu@fellsUl mRifjorZu (Missense Mutation)& vFkZghu
mRifjorZu (Missense Mutation) og gksrk gS tks fd ,d ikWfyisIVkbM
(Polypeptide) J̀a[kyk esa ,d vehuks vEy] nwljs vehuks vEy ds }kjk ifjofrZr
gksrk gSA mRifjorZu ds ifj.kkeLo:i ,d dksMksu (Codon) esa ,d {kkj] nwljs
{kkj ds }kjk ÁfrLFkkfir gksrk gSA vFkZghu mRifjorZu (Mutation), ÁfrLFkkfir
(Substitution)] foyksiu (Deletion), ;k bUl'kZu (Insertion) ds dkj.k gksrk gSA

vFkZghu mRifjorZu (Missense mutation) ÁfrLFkkfir ds }kjk gksrs gSa]
blesa ÁksVhu vius lkekU; Áfr:i (Counter part) ls ,d vehuks vEy
(Amino acid) ds dkj.k fHkUu gksrs gSaA bl Ádkj ds ÁksVhUl ds }kjk lkekU;
tSfod fØ;k dks djrs gSaA fQuk;y,ysuhu (Phenylalanine) esa ,d dksMksu
(Codon) ‘UUU’ gksrk gSA ,dy {kkj ÁfrLFkkfir (U → G) ds dkj.k UGU &
flLVhu (Cystein) ds dksMksu esa ifjofrZr gks tkrk gSA vr% mRifjorZu ds
i'pkr~ tks ÁksVhu fufeZr gksrk gS rc ;g lkekU; ÁksVhu ds leku gksrk gS]
dsoy fQuk;y,ysuhu (Phenylalanine) ds LFkku ij flLVhu (Cystein)
ÁfrLFkkfir gksrk gSA yxHkx Kkr vk/ks ls vf/kd ekuo gheksXyksfcu esa vehuks
vEy dk ÁfrLFkkiu gksrk gS ftlesa ,dy {kkj VªkUlolZu (Transversion) gksrk
gSA

ukulsUl mRifjorZu (Nonsense Mutation)& vehuks vEy (Amino
Acid) ds 64 dksMksUl (Codons) esa ls 61 dksM (code) tcfd rhu vUrLFk
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dksMksUl (Termination codons) ,sls gksrs gSa tks fd fdlh Hkh vehuks vEy dks
Li"V ugha djrs gSaA rhu vUrLFk dksMksUl (Termination codons) UAA,
UAG ,oa UGA gksrs gSaA ,d dksMksu (Codon) tks ,d vehuks vEy (Amino
Acid) dh vUrLFk dksMksu (Codon) ls fof'k"Vrk n'kkZrs gSa] mRifjorZu ds
ifj.kkeLo:i ifjofrZr gksrk gSA bldks ukWulsUl mRifjorZu (Nonsense
mutation) dgrs gSaA tSls fd ;fn UAC dksMksu ¼Vk;jksflu ds fy,½ ,d {kkj
ÁfrLFkkiuk (C → G) djrk gS og ,d vUrLFk dksMksu UAG gks tkrk gSA

,d ukWulsUl mRifjorZu (Nonsense Mutation) vUrLFk fcUnq ij
ikWfyisIVkbM (Polypeptide) dk la'ys"k.k djrk gSA blds ifj.kkeLo:i
ikWfyisIVkbM J̀a[kyk tks la'ysf"kr gksrh gS og viw.kZ gksrh gSA bl Ádkj dh
J̀a[kyk tSfodh :i ls vfØ;k'khy gksrs gSa D;ksafd ,d ukWulsUl mRifjorZu
(Nonsense mutation) la'ysf"kr gksus okys ,Utkbe esa vR;kf/kd :i ls
ifjorZu djrk gS tksfd y{k.k Á:Ik ls vFkZghu mRifjorZu dh vis{kk
vf/kd ?kkrd ÁHkko n'kkZrs gSaA

ikWfyisIVkbM J̀a[kyk (Polypeptide chain) dk la'ys"k.k 5'&3' fn'kk esa
gksrk gSA bl dkj.k ukWulsUl mRifjorZu 5' fljs ds ikl ,d NksVh J̀a[kyk esa
cnyrh gS] ftleas dksbZ tSfod fØ;k ugha gksrh gSA blds foijhr 3' fljs ds
ikl ukWulsUl mRifjorZu ,d iw.kZ J̀a[kyk esa ifjofrZr gksrh gS] ftlesa vusd
lkekU; tSfodh fØ;k,¡ ik;h tkrh gSaA

vUrLFk dksMksu esa mRifjorZu (Mutations in termination codon)&
dqN mRifjorZu] ukWulsUl mRifjorZu (Nonsense mutation) ds foijhr Hkh gksrs
gSaA vr% ,d mRifjorZu vUrLFk dksMksu (Termination codon) dks lsUl dksMksu
(Sense codon) esa ifjofrZr dj ldrk gSA eq[; :Ik ls vehuks vEy (Amino
acid)& ekuo gheksXyksfcu dh J̀a[kyk lekkU; :Ik ls 141 vehuks vEy vo'ks"kh
yEch gksrh gSA mRifjorZu U → C vUrLFk dksMksu (Terminal codon) UAA ls
CAA rd XywVsehu dksMksu (Glutamine codon) ifjofrZr dj nsrh gSA J̀a[kyh;
la'ys"k.k (Chain synthesis) lkekU; vUrLFk fcUnq gksrk gS vkSj 172 vehuks
vEy ;qDr ikWfyisIVkbM J̀a[kyk (Polypeptide chain) dks fufeZr djrk gSA

lqIr mRifjorZu (Silent Mutation)& dksbZ Hkh thu mRifjorZu (Gene
mutation) tks y{k.k Á:ih (Phenotype) dks vfHkO;Dr ugha djrk gS] lqIr
mRifjorZu (Silent mutation) dgykrk gSA lqIr ifjorZu vusd Ádkj ds gksrs
gSa&

1- vkuqoaf'kd dwV (Genetic code) áflr gksrk gS] vFkkZr~ ,d ls vf/kd
dksMksu ,d vehuks vEy dks Li"V djrk gSA tSls fd nksuks AAG ,oa
AAA ykbflu dh O;k[;k djrs gSaA ;fn dksMksu AAG esa mRifjorZu
AAA ls gksrk gSa] fQj AAA dksMksu ykbflu (Lysine) dks Li"V djrk
gSA tc mRifjofrZr f=d~ dwV (Triplet codon) okLrfod esa vehuks vEy
ds leku gksrk gS rc vehuks vEy esa dksbZ ifjorZu ugha gksxkA ;g
mRifjorZu lqIr Ádkj (Silent type) dk gksxk] D;ksafd DNA {kkj Øe esa
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ifjorZu gksrk gS] ysfdu tks ÁksVhu la'ysf"kr gksrk gS mlds vehuks vEy
ds Øe esa dksbZ ifjorZu ugha gksrk gSA

2- dksMksu (Codon) esa ifjorZu ds ifj.kkeLo:i vehuks vEy dk
ÁfrLFkkiu (Substitution) gksrk gS] ysfdu ;g bruk dkQh ugha gksrk fd
ÁksVhu ds dk;Z dks :ikUrfjr dj ldsA

3- mRifjorZu thu esa gksrk gS tksfd fØ;k'khy ugha gksrk gS ;k mldk
ÁksVhu ijh{k.k ds ,d pj.k rd vko';d ugha gksrk gSA

4- fujUrj vf/kya?ku mRifjorZu (Suppressor mutation) dh mifLFkfr ds
dkj.k mRifjorZu ds lqIr gksus ds dkj.k gksrk gSA vkuqoaf'kd vf/kya?ku
(Supprerssion) esa fofHkUu LFky ij nwljk mRifjorZu] ÁFke mRifjorZu
ds ÁHkko dks u"V dj nsrk gSA

vkuqoaf'kd vf/kya?ku@foyksiu (Genetic Suppression)& y{k.k Á:ih
(Phenotype) ij mRifjorZu] foijhr Hkh gks ldrk gS ftlds dkj.k lkekU;
Ádkj (Wild type) okil ÁkIr gksrk gSA bl Ádkj foijhr mRifjorZu
vf/kya?ku ;k foyksiu (Suppression) ds dkj.k ;k myVQsj (Reversion) ds
dkj.k gksrk gSA

;fn okLrfod O;qRØe.k@myVQsj (Reversion) esa ewy vkuqoaf'kd
ifjorZu gksrk gS AC → A mRifjorZu dksMksu GCU ¼,ysuhu-Alanine½ ls
GAU ¼,sLikVsZV-Aspartate½ rd ifjofrZr gksxkA blds ifj.kkeLo:Ik
fufeZr ,Utkbe vfØ;k'khy (Inactive) gks tkrk gSA okLrfod O;qRØe.k (True
reversion) esa A → C O;qRØfer mRifjorZu ,ysuhu (Alanine) ds dksMksu
GAU → GCU dks cuk, j[krk gSA bl Ádkj dk mRifjorZu mYVk mRifjorZu
(Back mutation) dgykrk gSA ;fn vf/kya?ku (Suppression) fofHkUu LFky ij
gksrk gS rFkk mRifjorZu dk y{k.k Á:ih (Phenotype) dk fuokj.k gksrk gSA
okLrfod O;qRØe.k] vf/kya?ku ls fHkUu gksrk gS] dsoy vf/kya?kuh; mRifjorZd
iqu% la;kstu mRiUu djrs gSa] ftlls mRifjofrZr y{k.k Á:ih iqu% ÁkIr gksrk
gSA vf/kya?ku mRifjorZu nks Ádkj ds gksrs gSa&

vUrjk vkuqoaf'kdh; vf/kya?ku@foyksiu (Intrageneic Suppression)& bl
Ádkj ds mRifjorZu esa thu esa mRifjorZu nwljs ;k vU; mRifjorZu ds dkj.k
mlh thu easa foyksfir gks tkrk gSA ;g vusd Ádkj ds gksrs gSa&

1- vUrjkdksMksu vfHkya?ku (Intracodon suppression)& ,d dksMksu tks
fd mRifjorZu ds dkj.k ifjorZu n'kkZrk gS] rc dksMksu esa ,d nwljk
mRifjorZu gksxk tks fd ,Utkbe dk;Z ds fy, ?kkrd gksxkA vr% GCU
(Alanine) dks mRifjorZu GAU rd ¼,sLikVsZV-Aspartate½ ds dkj.k ,Utkbe
vfØ;k'khy gksxkA nwljk mRifjorZu A → U osykbu (Valine) ds fy, GUU
dksMksu fufeZr djsxk vkSj vkaf'kd ;k iw.kZ :i ls ,Utkbe fØ;k dks cuk,
j[ksxkA
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Mutation

Alanine Aspartate Valine
inactive enzyme active enzyme

GCU   GAU   GUU nwljk mRifjoruZ

ÁFke gkfudkjd ÁHkko ds dkj.k mRifjorZu dksMksu ds vUnj nwljs
mRifjorZu ds dkj.k foyksfir gks tk;sxkA bl foyksiu dks bUVªkdksMksu
vf/kya?ku (Intracodon suppression) dgrs gSA

2- jhfMax Ýse mRifjorZu (Reading frame mutation)& thu ds fofHkUu
LFky ij nwljk mRifjorZu] ÁFke mRifjorZu ds ÁHkko dks lekIr ;k mnklhu
dj nsrk gSA bl ifjorZu dks jhfMax Ýse esa ÁFke mRifjorZu ds dkj.k
mRifjorZu dh foijhr fn'kk esa gVkus ds dkj.k gksrk gSA foyksiu ds ÁHkko ,oa
tksMus dks vxzfyf[kr ifjdYiu Øe dks n'kkZ;k gS&

rr̀h; dksMksu ls U ds foyksiu ds dkj.k jhfMax Ýse dk f'k¶V gksrk gS
¼Phe-ÁHkkfor ugha gksrk gS D;ksafd dksM áflr gksrk gS½A blds ifj.kkeLo:Ik
vehuks vEy esa ifjorZu gksrk gS vkSj ÁksVhu vfØ;k'khy gksrk gSA

U dk tksMuk ewy jhfMax Ýse dks tksMus ds fcUnq ds ckn rd cuk,
j[krk gSA vehuks vEy dk Øe lkekU; gksrk gS] dsoy nks mRifjorZu ds chp
dqN vo'ks"kksa (Residue) dks NksMdjA

3- ,d vehuks vEy ds ÁFke mRifjorZu LFky dh dqN nwjh ds ckn
ÁfrLFkkiu ds }kjk vf/kya?ku@foyksiu (Suppression) gksrk gSA bZ-dksykbZ (E.
coli) thu ds fVªIVksQsu flUFksVst A (Trytophan synthetase) esa ÁkjfEHkd
mRifjorZu ¼Xyk;flu  XywVsfed vEy½ ds ifj.kkeLo:Ik ,d
vfØ;k'khy ,Utkbe cukrk gSA bl mRifjorZu dsa ÁHkko dks nwljk mRifjorZu
Bhd dj nsrk gS& ¼Vk;jkslhu-flLVhu½ ;g nwljk mRifjorZu mlh thu esa 36
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vehuks vEy vo'ks"k ij gksrk gSA ;g mRifjorZu ,Utkbe ds dk;Z dks cuk,
j[krk gSA

(B) vUr% vkuqoa'kdh vf/kya?ku (Intergenic Suppression)& ;fn ,d
thu esa mRifjorZu ds gkfudkjd ÁHkko dks nwljs thu esa mRifjorZu ds }kjk
Bhd fd;k tk ldrk gSA bl fof/k dk ckg; vkuqoaf'kdh; ;k vUr% vkuqoaf'kdh;
vf/kya?ku (Extragenic or intergenic Suppression) dgk x;k gSA bl Ádkj ds
mRifjorZu dh Áeq[k fo'ks"krk gS fd nks iF̀kd thUl esa mRifjofrZr vfHkfØ;k,¡
gksrh gSaA ;g nks thUl fofHkUu xq.klw=ks (Chromosomes) ij fLFkr gksrs gaSA

fp= Ø- 14-6% Intergenic Suppression, Deleterious effect of mutation of
glutamine (Gln) codon (CAG) to termination codon (UAG) is neutralized by
mutation of normal tyrosine tRNA anticodon (AUG) to (AUC) which reads

the termination codon for tyrosine

ikWfyisIVkbZM J̀a[kyk dk la'ys"k.k dh lekfIr vUrLFk dksMksu& UAA,
UAG ;k UGA ds }kjk gksrh gSA og mRifjorZu tks ,d dksMksu dks tks vehuks
vEy dks Li"V djrk gS] vUrLFk dksMksu ¼ukWulsUl mRifjorZu½ esa ifjofrZr
djrk gS] ds ifj.kkeLo:Ik viw.kZ ikWfyisIVkbM J̀a[kyk curh gSA bl Ádkj dh
J̀a[kyk,¡ vfØ;k'khy gksrh gSaA ukWulsUl mRifjorZu (Nonsensse mutation) ds
ÁHkko dks nwljs thu esa mRifjorZu dsa }kjk foyksfir fd;k tkrk gS& vUr%
vkuqoaf'kdh mRifjorZu (Intergenic mutation)
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fp= Ø- 14-7% Deletion (Middle Piece of Chromosomes Falls Out)

tRNA v.kq ds ,.VhdksMksu dks cnyuk ,d fof/k gksrh gS ftlds }kjk
ukWulsUl dksMksu (Nonsence codon) ds ÁHkko dks nck;k tk ldrk gSA
XywVsehu (Glutamine) ds fy, ,d dksMksu CAG gSA dksMksu Gln tRNA
ds ,.VhdksMksu GUC ds }kjk igpkuk tkrk gSA XywVsehu dksMksu CAG esaa
mRifjorZu gksrk gS& CAG → UAG tks fd ,d vUrLFk dksMksu gksrk gSA ;g
dksMksu fdlh Hkh vehuks vEy dks n'kkZrk ugha gS] ftlds ifj.kkeLo:Ik
ikWfyisIVkbM J̀a[kyk dk lekiu gksrk gS tks viw.kZ J̀a[kyk curh gS og
lkekU;r;k vfØ;k'khy gksrh gSA

ukWulsUl dksMksu UAG dk ÁHkko nwljs thu ij mRifjorZu ds }kjk nck;k
tk ldrk gSA Vk;jksflu (Tyrosine) tRNA dk ,.VhdksMksu 3' AUC 5' gksrk
gSA vf/kya?ku@foyksiu mRifjorZu bl ,.VhdksMksu dks 3' AUC 5 esaa
G → C ds ÁfrLFkkiu }kjk cny nsrh gSA

mi;qZDr n'kkZ;s vf/kya?ku@foyksiu mRifjorZu ds Ádkj dk p;u rHkh
fd;k tk ldrk gS tc tRNA tksfd mRifjofrZr gksrk gS] og la'ys"k.k ds fy,
vko';d ugha gksA

fp= Ø- 14-8% Translocation

2- xq.klw= ifjorZu (Chromosomal Mutation)& bl Ádkj ds
mRifjorZu xq.klw= ds VwVus-QwVus] iqufeZyu vFkok vU; xq.klw=ksa ds lkFk tqMus
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vkfn ls vFkok xq.klw=ks dh la[;k ,oa fo'ks"krkvksa esa ifjorZu ds dkj.k mRiUu
gksrs gSaA

fp= Ø- 14-9% Diagrammatic Representation of Translocation

bl Ádkj ds mRifjorZu xq.klw=ksa esa Ák;% ;qXedtuu dh ÁfØ;k dsa
nkSjku gksrs gSaA bl Ádkj ds ifjorZuksa dks lkekU;r;k igpkuk tk ldrk gS]
D;ksafd ;g dkf;d ifjorZu (Phenotypic change) mRiUu djrs gSaA budh
oa'kkuqxfr es.My ds fu;e ds vuqlkj gksrh gSaA xq.klw= mRifjorZu fuEufyf[kr
voLFkkvksa esa gksrs gS&

(i) foyksiu (Deletion)& v/kZlw=h foHkktu ds le; xq.klw= igys 2 ;k
vf/kd VqdMksa esa c¡Vrs gSA fofue; ds le; letkr xq.klw=ksa ds bUgha
VqdMksa ds chp vnyk-cnyh gksrh gSA blesa dHkh-dHkh ,d ;k vf/kd
VqdMs le; ij okil ugha tqM ikrs gSa rFkk dksf'kdknzO; esa ?kqydj
lekIr gks tkrs gSa ftlls xq.klw=ks adh la[;k ,oa vkdkfjdh esa ifjorZu
gks tkrk gSA

(ii) LFkkukUrj.k (Translocation)& bldsa ,d ;k vf/kd xq.klw=ks ds VwVs
VwdMs vletkr xq.klw= ls tqM tkrs gSaA ;g fuEufyf[kr Ádkj ds gksrs
gSa&

¼v½ Lkk/kkj.k LFkkukUrj.k (Simple Translocation)& bl Ádkj ds
mRifjorZu esa xq.klw= esa ls ,d NksVk-lk Hkkx VwVdj nwljs xq.klw=
(Chromosome) ds Hkkx ls tqM tkrk gS] ;g mRifjorZu cgqr
de fn[kkbZ nsrs gSaA

¼c½ foLFkkiu LFkkukUrj.k (Shift Translocation)& bl Ádkj ds
mRifjorZu esa xq.klw= (Chromosomes) ds chp ls dksbZ Hkkx
VwVdj vletkr xq.klw= (Heterozygous Chromosomes) ds
fdlh Hkkx ls tqM tkrk gSA
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¼d½ O;qRØfed LFkkukUrj.k (Reciprocal Translocation)& bl Ádkj
ds mRifjorZu esa nks vletkr xq.klw=ksa ds e/; esa [k.Mksa (Parts)
dh vnyk-cnyh gksrh gSA

fp= Ø- 14-10% Diagrammatic Representation of Inversion

(iii) mRØe.k (Inversion)& blesa ,d ;k vf/kd VqdMksa ls ijLij tqMus ls
buds fljs cny tkrs gSaA ÁR;sd ckj thUl dh la[;k xq.klw= esa ugh
cnyrh] ysfdu fdlh thu lewg ds 180° ij ?kweus ls thUl (Genes)
dk Øe (Serial) ifjofrZr gks tkrk gSA bl fof/k dks mRØe.k dgrs gSaA
vxj xq.klw= a b c d e f g h gaSA ;g b c rFkk g h LFkku ij VwV tkrk gS
rFkk e/; [k.M 180° ij ?kwe tkrk gS rc thUl dk Øe xq.klw= esa a b
g f e d c h gks tkrk gSA mRØe.k (Inversion) nks Ádkj ds gksrss gSa&

¼v½ isjklsf.Vªd (Paracentric)& blesa xq.klw= ls.Vªkseh;j (Centromere)
ds dsoy ,d gh vksj ls nks LFkkuksa ij VwVdj mRØe.k gksrk gSA

¼c½ isfjlsf.Vªd mRØe.k (Pericedntric inversion)& blesa ls.Vªksfe;j
(Centromere) lfgr xq.klw= VwVdj mRØe.k djrs gSaA blesa
ls.Vªksfe;j mifLFkr jgrk gSA

(iv) vkof̀Rr (Duplication)& blesa fdlh xq.klw= ij ,d vFkok vf/kd
thUl nksgjs gks tkrs gSaA ;g ,d Ádkj ls foyksiu dh foijhr fØ;k
gksrh gSA xq.klw= esa vleku thu fofue; ds dkj.k gksus okyh of̀) dks
vkof̀Rr dgrs gSaA ;g fuEufyf[kr Ádkj dh gksrh gS%

(i) Vs.Me vkof̀Rr (Tendom duplication)& bl Ádkj ds mRifjorZu
esa tqMs gq, xq.klw= Hkkx esa thUl dk vuqØe (Serial) okLrfod
vuqØe (Serial) ds leku gh gksrk gSA mnkgj.k& ;fn vko`fRr
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Hkkx ABC gks rks Vs.Me vkof̀Rr esa ABC ABC DEF vuqØe
gksxkA

(ii) mRØfer Vs.Me vkof̀Rr (Reverse tendom duplication)& bl
Ádkj ds mRifjorZu esa thUl dk vuqØe (Serial) okLrfod
xq.klw= ds vuqØe ds Bhd foijhr gksrk gSA tSls vkof̀Rr Hkkx
ABC gks rks mRØfer Vs.Me esa ABC CBA DEF vuqØe ik;k
tk,xkA

(iii) foLFkkfir vkof̀Rr (Displaced duplication)& bl Ádkj ds
mRifjorZu esa xq.klw= Hkkx fdlh Hkh vletkr xq.klw= ls tqM
tkrk gSA vuqØe iF̀kd~ gksrk gSA

3- xq.klw= lewg ds mRifjorZu (Genomatic Mutation)& bl Ádkj ds
mRifjorZuksa esa xq.klw=ksa dh la[;k cny tkrh gSA mnkgj.k ds fy,] lkU/;
fÁejkst dh tkfr esa xq.klw=ksa dh la[;k ewyr% 14 gksrh gS] ijUrq mRifjorZu ds
QyLo:i bldh ,slh lkr tkfr;k¡ ns[kh xbZ ftuesa xq.klw=ksa dh la[;k Øe'k%
15] 16] 20] 22] 24] 26 rFkk 28 rd FkhaA xq.klw=ksa dh la[;k esa bl ?kVk-c<h
dks fo"kexq.ku ;k ,sU;wIykWbMh (Aneuploidy) dgrs gSaA dHkh-dHkh xq.klw=ksa dh
la[;k vxqf.kr la[;k dh frxquh rFkk pkSxquh gks tkrh gSA bls cgqxqf.krk
(Polyploidy) dgrs gSaA

cgqxqf.krk fuEufyf[kr Ádkj ls mRiUu gksrh gS%

1- Locgqxqf.krk (Autopolyploidy)&

(i) vxqf.kr ;qXed (Haploid gamete) ,oa f}xqf.kr ;qXed (Diploid
gamate) ds ijLij la;qXeu (Fusion) ds }kjk mnkgj.k& Lof=xqf.kr
(Autotriploid)

(ii) nks 'kqØk.kqvksa (Sperms) }kjk ,d gh v.Mk.kq (Ovum) dks fu"ksfpr
(Fertilize) djus lsA mnkgj.k& Lof=xqf.krk (Autotriploid)A Mhozht
(Devries) us 1908 esa vks;uksFksjk (Oenothera)] jeS;k (Rammaiah) us
1931 esa /kku esa rFkk 1942 esa jaxkLokeh (Rangaswami) us cktjk ds
ikS/kksa esa f=xqf.krk dk v/;;u fd;k] ,sls ikS/kksa es ifRr;k¡ vf/kd ik;h
tkrh gSa rFkk iq"iksa dk de fodkl gksrk gSA

(iii) f}xqf.kr ;qXeut (Diploid Zygote) esa vilkekU; lelw=h foHkktu
(Abnormal mitosis) ds dkj.k dksf'kdkvksa esa xq.klw=ksa (Chromosomes)
dh la[;k nksxquh gksus ds dkj.kA mnkgj.k& LoprqxqZf.krk
(Autotetraploid)

(iv) vilkekU; v/nZlw=h foHkktu (Abnormal meiosis) ds }kjk mRiUu
f}xqf.kr ;qXedksa (Diploid gametes) ds ijLij la;qXeu lsA mnkgj.k&
LoprqxqZf.krk (Autotetraploid)A
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(v) f}xqf.kr ;qXed rFkk f=xqf.kr ;qXed (Triploid gamete) ds ijLij
la;qXeu lsA mnkgj.k& Loiapxqf.krk (Autopentaploid)

2- ijxqf.krk (Alloploidy)& blesa nks fudV lEcU/kh tkfr;ksa ds
f}xqf.kr ;qXed (2x) ijLij la;ksftr gksdj ijxqf.kr tho cukrs gSa] tSls&
fudV lEcU/kh tkfr;ksa esa xq.klw=ksa esa dqN u dqN fHkUurk vo'; gksrh gS ftlds
dkj.k v/nZlw=h foHkktu ds le; ;qXeu ugha gks ikrk gS ftlls dHkh-dHkh
xq.klw=ksa ds nksuksa lsV ,d gh ;qXed esa igq¡p tkrs gSA ;fn ,sls nks ;qXed
ijLij la;kstu djs rks bues prqqxqZf.kr ladj (Allotetraploid) curk gSA blesa
ÁR;sd tkfr ds xq.klw=ksa ds nks lSV gksrs gSaA mnkgj.k& jSQuksczsfldk
(Raphnobrassica) jsQsul lsVkboe (Raphanus sativum – 2n = 18) ,oa
czsfldk vksysjsfldk (Brassica oleracea – 2n = 18) :lh oSKkfud dkisZ'ksUdk
(Karpechenko) us 1927 esa ewyh ds vUnj ijxqf.krk dsk n'kkZ;kA

3- fo"kexqf.krk (Heteroploidy) fuEufyf[kr nks Ádkj dh gksrh gS%

(i) iw.kZ xq.klw= ds leqPp; esa ifjorZu (Change in complete set of
chromosome)& bls lqxqf.krk Hkh dgrs gSaA blesa nks Ádkj dh
fofHkUurk fo"kexqf.krk ;k ifjorZu ik, tkrs gSaA

¼v½ vxqf.krk ((Haploidy)& blesa dqy ,d xq.klw= leqPp; (Set)
gksrk gS% (n ;k x)A

¼c½ cgqxqf.krk (Polyploidy)& blesa xq.klw= ds leqPp; (Set of
chromosome) nks ls vf/kd ik, tkrs gSaA ;g fuEufyf[kr Ádkj
gh gksrh gS&

(a) f=xqf.krk (Triploidy) = 3n ;k 3x

(b) prqqxqZf.krk (Tegraplidy) = 4n ;k 4x

(c) iapxqf.krk (Pentaploidy)& 5n ;k 5x ,oa "k"Bxqf.krk
(Hexaploidy) = 6n ;k 6x

(ii) xq.klw= ds leqPp; esa xq.klw=ksa dh la[;k esa ifjorZu (Changes in the
number of chromosomes of set of chromosomes)& bls vlqxqf.krk
(Aneuploidy) Hkh dgrs gSaA ;g fuEufyf[kr Ádkj dh gksrh gS&

¼v½ ,d U;wulw=h (Monosomic)& blesa xq.klw= leqPp; esa ls ,d
xq.klw= dh deh ik;h tkrh gS] (2n – 1)A

¼c½ cgqvf/klw=h (Polysomic)& blesa xq.klw= leqPp; esa ,d ;k
vf/kd xq.klw=ksa dh of̀/n gksrh gS] (2n + 2)A

(a) ,dkf/klw=h (Trisomic ) = 2n + 1

(b) f}vf/klw=h (Tetrasomic ) = 2n + 2

(iii) f}U;wulw=h (Nullisomic)& ,d ;qXe ds nksuksa xq.klw=ksa dh deh gksrh gS
(2n – 2)A
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14-2-3 ley{k.kh@QhuksVkbi ds ÁHkko ds vk/kkj ij mRifjorZu ds
Ádkj
(Types of Mutation on the Basis of Phenotypic Effect)

lHkh mRifjorZu thoksa es QhuksfVfid (Phenotypic) ;k 'kjhj :i eas ifjorZu
ugha djrs gSaA mRifjorZu lnSo vfuf'pr (Indeterminate) ;k fn'kkfoghu gkssrs
gaSA mRifjorZu Ák;% lajpukRed (Structural) ,oa fØ;kRed (Functional) nksuksa
Ádkj ds gks ldrs gSaA ;s ykHknk;d vFkok gkfudkjd nksuksa Ádkj ds gks ldrs
gSaA QhuksVkbi ÁHkko ds vk/kkj ij mRifjorZu fuEu Ádkj ds gksrs gS%

1- ÁHkkoh nf̀"Vxr mRifjorZu (Dominant Visible Mutation)& ÁHkkoh
gksus ds dkj.k bUgsa vklkuh ls igpkuk tk ldrk gSA ;s le;qXeut rFkk
fo"ke;qXeut nksuksa voLFkkvksa es viuk ÁHkko fn[kk ldrs gSaA ;s ykHknk;d o
gkfudkjd nksuksa Ádkj ds gks ldrs gSaA

2- ek/;fed nf̀"Vxr mRifjorZu (Intermediate Visible Mutation)&
bl Ádkj ds mRifjorZu dsoy fo"ke;qXeut voLFkk esa viuk ÁHkko mRiUu
djrs gSaA tSls tSUFkksesVksfll (Xanthomatosis) chekjh mRiUu djus okyk thu
dsoy le;qXeut (Homogametic) voLFkk esa gh ÁHkkoh cudj jksx mRiUu dj
ldrk gSA vr% bldks vÁHkkoh thu ekurs gSaA orZeku esa ;g ns[kk x;k gS fd
thUl fo"ke;qXeut (Heteroxygous) voLFkk esa gkbijdksysLVsjksyhfe;k
(Hypercholesterolemia) uked jksx mRiUu djrk gSA ;g thu viw.kZ ÁHkkoh
gSA

3- vkWVkslksey vÁHkkoh nf̀"Vxr mRifjorZu (Autosomal Recessive
Visible Mutation) & ;s dsoy le;qXeuth thoksa esa gh ÁHkkoh gksus ds dkj.k
mRifjorZu dj ldrs gSaA vr% budks mHk;fyaxh thoksa es ljyrk ls ns[kk tk
ldrk gSA fo'ke;qXeutks esa ÁHkkoh thu dh mifLFkfr ds dkj.k budk ÁHkko
lekIr gks tkrk gSA

4- fyax-lgyXu nf̀"Vxr mRifjorZu (Sex-linked Visible Mutation)&
bl Ádkj ds mRifjorZu ds thUl fo"ke;qXeut (Heterogameteic) xq.klw=ksa ds
X xq.klw= ij ik, tkrs gSaA vr% X xq.klw= esa gksus okyk dksbZ Hkh thfud
ifjorZu budks ÁHkkoh cukdj ÁdV dj ldrk gSA vr% bl Ádkj ds
mRifjorZuksa dks Ák;% uj esa ns[kk tk ldrk gSA tuu-dksf'kdkvksa esa gksus okyk
vÁHkkoh mRifjorZu uj ,oa eknk nksuksa lUrkuksa esa ugh gks ldrkA

5- ?kkrd mRifjorZu (Lethal Mutation)& budsa thUl fo"ke;qXeut
xq.klw=ksa ij gksus ds dkj.k vÁHkkoh gksrs gSa vr% budks vklkuh ls ugh ns[kk
tk ldrk gSA bl Ádkj ds mRifjorZu dsoy fo"ke;qXeuth thoksa esa gh ns[ks
tk ldrs gSaA
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6- nSfgd mRifjorZu (Somatic Mutation)& bl Ádkj ds mRifjorZu
thu ds thou dky esa mlds fdlh Hkh vax fo'ks"k vFkok Hkkx esaa gks ldrs gSa]
ijUrq mRifjorZu oa'kkuqxr u gksus ds dkj.k lUrkuksa esa ÁdV ugha gks ldrs gSa aA

7- gkfudkjd mRifjorZu (Harmful Mutation)& vf/kdka'k mRifjorZu
ykHkdkjh gksrs gSaA vr% tSo-fodkl esa egRoiw.kZ LFkku j[krs gSa] ijUrq dqN
mRifjorZu gkfudkjd gksus ds dkj.k vÁHkkoh gksrs gSa] tSls& gheksfQfy;k]
o.kkZU/krk] e/kqesg] ,fejhfM;k vkfnA

8- ÁfroR;Z mRifjorZu (Reversible Mutation)& bu mRifjorZuksa dh
fØ;k ÁfroR;Z (Reversible) gksrh gSaA vxj A thu mRifjorZu ds Ik'pkr~ a esa
ifjofrZr gks tk;s] rc a iqu% A esa Hkh ifjofrZr gks ldrk gSA

9- vkblks,yhYl@le;qXefodYih (Isoalleles)& dqN mRifjorZu fdlh
tho ds ley{k.kh (Phenotype) dks bruk de mRifjofrZr djrs gSa fd og
fdlh Hkh fo'ks"k rduhd ds }kjk gh Kkr fd, tk ldrs gSaA mRifjorZu thu
tks de :ikUrfjr ley{k.kh dks n'kkZrs gSa] le;qXefodYih dgykrs gSaA ;g
le;qXeuth (Homozygous) ;k fo"ke;qXeuth (Heterozygous) la;kstu esa
leku ley{k.kh@QhuksVkbi (Phenotype) dks mRiUu djrs gSaA

14-2-4 mRifRr ds vk/kkj ij mRifjorZu ds Ádkj
(Types of Mutation on the Basis of Origin)

mRifjorZuksa dh mRifRr ds vk/kkj ij nks Ádkj ds mRifjorZu (Mutation) ik,
tkrs gSa%

1- Lor% mRifjorZu (Spontaneous Mutation)& ;s mRifjorZu cgqr-lh
Ák—frd fLFkfr;ksa tSls fofHkUu Ádkj ds fofdj.kksa] fo|qr/kkjkvksa] rkiØe
esa vkdfLed ifjorZu vkfn ds ÁHkko ds dkj.k Lor% mRiUu gksrs gSaA bu
mRifjorZuksa dks i`"Bk/kkj@i`"BHkwfe mRifjorZu (Background mutation)
Hkh dgrs gSaA ;g mRifjorZu Ák—frd mRifjorZu (Natural mutation) Hkh
dgykrk gSA ;g mRifjorZu vusd thoksa– (i) ikS/kksa (Plants), eas
vks,uksFksjk (Oenothera) eDdk (Maize) jksVh dh QQWwn (Bread molds)
(ii) lw{ethoksa (Micro-organism) ds vUrxZr thok.kq ,oa fo"kk.kq
(iii) Ákf.k;ksa ds vUrxZr euq"; dh cgqvaxqfyrk (Polydactyly) ,YchfuTe
euq";] lqvj] pwgs esaA lhaxfoghu pkSik;s] cgqpwpdh n'kk (Multi nippled
condition) HksMksa esaA

2- Ásfjr mRifjorZu (Induced Mutation)& bl Ádkj ds mRifjorZu dqN
fo'ks"k ifjfLFkfr;ksa rFkk jlk;uksa }kjk thoksa esa —f=e :i ls mRiUu fd,
tkrs gSaA mRifjorZuksa dks Ásfjr djus okys dkjdksa dks mRifjorZu tud
(Mutagenes) dgrs gSaA mnkgj.k& MªkslksfQykA
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14-2-5 LoHkko ,oa muds ÁHkko ds vk/kkj ij mRifjorZu ds Ádkj
(Types of Mutations on the Basis of their Nature and
their Effect)

;g mRifjorZu nks Ádkj ds gks ldrs gSa%

1- tSojklk;fud mRifjorZu (Biochemical Mutation)& ;g og
mRifjorZu gksrs gSa tks fd fdlh thoksa esa tSojklk;fud laxBu ,oa dkf;Zdh esa
ewyHkwr ifjorZu djrsa gSaA vkuqoaf'kdh ds vk/kqfud v/;;uksa ds vuqlkj thUl
(Genes) ,UtkbEl ds mRiknu dks fu;af=r djrs gSa] vkSj ;g ,UtkbEl
tSojklk;fud (Biochemical) ,oa tSola'ys"k.kh (Biosynthetic) fof/k;ksa dks
ltho dksf'kdkvksa esa fu;eu djrs gSaA ;fn bl Ádkj ds thu esa mRifjorZu
gksrk gS] ifj.kkeLo:i fof'k"V ,Utkbe dh fØ;k ;k rks fuf"Ø; gks tkrh gS ;k
vo:/n gks tkrh gSA blds ifj.kkeLo:i mRifjorZu gksrs gSaA blds mnkgj.k
Ákf.k;ksa ,oa ikS/kksa nksuksa esa ik, tkrs gSaA tho jklk;fud fØ;kvksa (Biochemical;
reactions), tSls ÁksVhu la'ys"k.k (Protein synthesis) U;wfDyd vEy (Nucleic
acid) dk cuuk ;k la'ys"k.k ,oa vU; p;kipf;d fØ;k,¡ vkfn esa gksrk gSA
tSls ekuo 'kjhj esa dqN tSojklk;fud dfe;k¡ (Biochemical defects) ftuds
dkj.k og vYdkIVksuqfj;k (Alkaptonuria), fQukbydhVksuwfj;k (,sfYcfuTe vkfn
fcekfj;ksa dk f'kdkj gks tkrk gSaA blh Ádkj dk ,d vU; jksx Vk;jksfluksfll
(Tyrosinosis) gksrk gS tks fd p;kipf;d fØ;kvksa dh vlkekU; voLFkk ds
dkj.k gksrk gSA

2- —f=e mRifjorZu (Spurious mutation)& vusd Ádkj ds mRifjroZu
tks fd lqIr voLFkk esa jgrs gSa] ysfdu lUrfr;ksa (Offsprings) es thu fofue;
(Crossing over) ds ifj.kkeLo:i fn[kkbZ nsrs gSaA ;fn thu fofue; (Crossing
over) ugha gksrk gSa rc ;g mRifjorZu lqIr voLFkk esa gh jgrs gSaA mnkgj.k&
MªkslksfQyk (Drosophila) esa us=ksa dk cSaxuh jax (Pink Colour)A ;g jax lk/kkj.k
voLFkk esa fNik jgrk gS ;k lqIr voLFkk esa jgrk gS] ysfdu tgk¡ leku tkfr
(Same race) esa thu fofue; ik;k tkrk gS ;g Ánf'kZr gksrs gSa] ifj.kkeLo:i
lkekU; y{k.k esa ;dk;d ifjorZu gksrk gSA ;g fofue; ds }kjk lqIr ;k
vÁHkkoh thUl (Recessive genes) ds ley{k.kh (Phenotype) ds :i esa ÁdV
gksus ds dkj.k gksrk gSA

14-2-6 fn'kk ds vk/kkj ij mRifjorZu ds Ádkj
(Types of Mutation According to their Direction)

fn'kk ds Ádkj ds vuqlkj mRifjorZu fuEufyf[kr Ádkj ds gksrss &

1- vxzlj mRifjorZu (Forward Mutation)& tc fdlh tho esa
lkekU; ;k lk/kkj.k y{k.k (Wild/Normal Characters) vlkekU; y{k.kksa
(Abnormal characters) esa ifjofrZr gks tkrs gSa] rc bl Ádkj ds mRifjorZuksa
dks vxzlj mRifjorZu (Forward mutation) dgrs gSaA bl Ádkj ds mRifjorZu
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ges'kk lkekU; Áeq[k LrEHk (Main stock) ls fopyu@ifjorZu dks mRiUu djrs
gSaA ;g mRifjorZu vf/kd lk/kkj.k LoHkko ds gksrs gSaA mnkgj.k& MªkslksfQyk esa
vo'ks"kh ia[k (Vestigeal wings)A

2- foijhr ;k i`"Bh; O;qR—fer mRifjorZu (Reverse or Back
Mutation)& dHkh-dHkh mRifjorhZ ley{k.kh (Mutant phenotype) ;k vleku
ley{k.kh (Abnormal phenotype) ;dk;d lkekU; Ádkj ds ley{k.kh esa iqu%
ifjofrZr gks tkrk gSA bl Ádkj ds mRifjorhZ (Mutant) ls lkekU; Ádkj
(Wild type) esa Áfrykse dks foijhr mRifjorZu (Reverse mutation) dgrs
gSaA ;g mRifjorZu fuEufyf[kr Ádkj ds gksrs gSa &

(i) ,dy LFkyh; ifjorZu (Single site mutation)& dqN foijhr ;k
Áfrykseh Ádkj ds mRifjorZu esa thu esa ,d U;wfDy;ksVkbM
(Nucleotide) ifjofrZr gksrk gSA bl Ádkj ds mRifjorZu dks ,dy
LFkyh; mRifjorZu (Single site mutation) dgrs gSaA tSls& vxzlj
mRifjorZu (Forward mutation) ds dkj.k ,fMukbu (Adenine) Xokuhu
(Guanine) esa ifjofrZr gks tkrk gS vkSj Áfrykseh mRifjorZu (Reverse
mutation) esa Xokuhu (Guanine) ,fMukbu (Adenine) esa ifjofrZr gks
tkrk gSA

Forward ReverseAdenine  Guanine  Adenine 

(ii) neudkjh@foyksiuh; mRifjorZu (Suppressor mutation)& tc dksbZ
mRifjorZu ml LFky ls foijhr ;k vyx LFky ij gksrk gSA tgk¡ ij
ÁkjfEHkd mRifjorZu gksrk gS rFkk og mRifjorhZ thu (Mutated gene)
ÁkjfEHkd mRifjorhZ thu (Mutated gene) ds ÁHkko dks Áfrykse ;k
foijhr dj nsrk gS] rc f}rh;d mRifjorZu (Secondary mutation) dks
foyksiuh; ;k neudkjh mRifjorZu (Suppressor mutation) dgrs
gSA ;g mRifjorZu fuEufyf[kr Ádkj dk gksrk gS%

¼v½ Ckkg;%thuh; foyksiuh;@neudkjh (Extragenic suppressor) &
bl Ádkj dk mRifjorZu] mRifjorhZ thu (Mutant gene) dh
vis{kk fofHkUu thu esa gksrk gSA bZ-dksykbZ (E.coli) es thu
mRifjorZu foyksiuh; thu (Mutation suppressor gene) rec A
(rec.= iqu@la;kstu@recombination) dgykrk gS] tks fd iqu%
la;kstu (Recombination) ds fy, vko';d gksrk gSaA ;g thu
i'p vuqys[kuh; iqu% la;kstuh; ejEer (Post replication
recombination repair) fof/k ds }kjk ,d thu ds ijkcSaxuh-
mRÁsfjr Fkk;ehu Mkbej ((Ultraviolet-induced dimers) dh
ejEer djrk gSA

¼c½ vUr%thuh; foyksiuh;@neudkjh (Intragenic suppressor)&
bl Ádkj dk mRifjorZu fofHkUu U;wfDy;ksVkbM (Nucleotide) esa
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leku thu ls gksrk gS rFkk ifj'khyu dks iqu% Ýse esa okil dj
nsrk gSA

¼d½ Ádk'k iqu%lfØ;.k (Photo-reactivation)& Ádk'k iqu%lfØ;.k
Ádkj dk foyksiuh;@neudkjh mRifjorZu esa ,d
fof'k"V ,Utkbe ds }kjk nf̀"Vxr Ádk'k rjaxks dh mifLFkfr esa
ijkcSaxuh mRÁsfjr Fkk;feu MkbelZ (Thymine dimers) dk
foyksiu gksrk gSA ijkcSaxuh fofdj.k (Ultraviolet radiation) ds
le; ,d fof'k"V Ádkj dk ,Utkbe p;fur :i ls thok.kq
DNA ls la;ksftr gks tkrk gSA Ádk'k iqu%lfØ;.kh ds
le; ,Utkbe nf̀"Vxr Ádk'k ds }kjk lfØ; gks tkrk gS vkSj
fQj fijhfeMhu (Pyrimidine) ;k I;wjhu Mkbej (Purine dimer)
eksuksej (Monomer) esa fonfyr (Cleave) gksdj vius
okLrfod :i dks xzg.k dj ysrk gSA

¼M½ viPNsnuh; lq/kkj ;k Ádk'kghu iqu%lfØ;.k (Excision repair
or dark reactivation)& ijkcSxuh mRiszfjr mRifjorZu
(Ultraviolet induced mutations) esa foijhr@foyksiuh;
mRifjorZu (Reverse mutation) Ádk'k dh vuqifLFkfr esa gksrk gSA
gksokMZ QysUMlZ (Howard Flanders) ,oa cks;l (Boyce)
oSKkfudksa ds vuqlkj Ádk'kghu iqu%lfØ;.k (Dark reactivation)
fof/k fuEufyf[kr pj.kksa esa gksrh gS%

(i) ,d ,Utkbe & ,s.MksU;wfDy,t (Endonuclease)
ikWfyU;wfDy;ksVkbM (Polynucleotide) J̀a[kyk@LVªS.M esa ,d
dkV Mkbej (Dimer) dh ÁR;sd fn'kk esa yxkrk gS] tksfd
iSjkcSaxuh fofdj.k (Ultraviolet radiation) ds dkj.k curk gS
vkSj DNA ds ,d NksVs] ,dy J̀a[kyh; [k.M dk viPNsnu
(Excises) djrk gSA

(ii) ,s.MksU;wfDy,t (Endonuclease) dh fØ;k ds }kjk mRiUu tks
fjDr LFkku (Gap) gksrk gS mldks ,d
vU; ,Utkbe ,sDlks,Utkbe (Exoenzyme) pkSMk djrk gSA

(iii) DNA ikWfyejst (Polymerase)] 'ks"k cps foijhr LVSª.M
dks ,d VsEiysV (Template) ds :i esa mi;ksx dj [kks, gq,
[k.M dks iqu%la'ysf"kr djrk gSA

(iv) dqN ,Utkbe ds iqu%la;kstu fof/k ds }kjk fjDr LFkku dks
cUn dj fn;k tkrk gSA
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14-2-7 xq.klw=ksa ds Ádkj ds vk/kkj ij mRifjorZu ds Ádkj
(Types of Mutations according to the Types of
Chromosomes)

bl Ádkj ds mRifjorZu fuEufyf[kr Ádkj ds gksrss gS%

1- vfyax xq.klw=h; mRifjorZu (Autosomal mutations)& bl Ádkj ds
mRifjorZu] vfyax xq.klw= (Autosomes) esa mRiUu gksrs gSA

¼v½ vfyax xq.klw=h; mRifjorZu (Autosomal Mutations)

1- ,dkf/klw=rk-21

(Trisomy-21)

¼700 esa ls ,d cPps esa ½

47, XX + 21 95%

o;Ld mezesa

¼vf/kd
mezeas½

Mkmu fl.MªkWe

(Down Syndrome)

47, XY + 21

& LFkkukUrj.k Ádkj

(Trnslocation type)

46, XX–14 + t(14q 21q)

46, XY–22 + t(21q 22q)

4% lkekU;

(Normal)

& ekstkbd Ádkj

(Mosaic type)
46, XX/ 47, XX + 21 1% lkekU;

(Normal)

2- ,dkf/klw=rk-18
(Trisomy-18)

¼5000 esa ls ,d cPps esa ½ vf/kd
voLFkk

,MoMZ fl.MªkWe

(Edward Syndrome)
47, XX+18

47, XY+18

90%

ekstkbd Ádkj

(Mosaic type)
46,XX/47,XX+18 10% lkekU;

3- ,dkf/klw=rk&13

(Trisomy-13)
¼6]000 esa ls ,d cPps esa½

&iVkÅ fl.MªkWe

(Patau’s Syndrome)

47, XX+13

47, XY+13

80%
ds

mij

vf/kd
voLFkk

LFkkukUrj.k Ádkj
(Trnslocation type)

46, XX–14+t (14q, 13q) 10% lkekU;
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ekstkbd Ádkj
(Mosaic type)

46, XX/47 XX +13 10% lkekU;

4- ,dU;wulw=rk-18

(Monosomy-18)

45, XX + 18 75% lkekU;

5- ,dU;wulw=rk-21

(Monosome-21)

45, XX + 21 68% lkekU;

6- f=xqf.kr (3n)

(Triploidy)
69 + 2X, XY

69 + 2X, XX

10% lkekU;

2- fyax-lgyXu mRifjorZu (Sex-linked Mutations)& ;g mRifjorZu
og gksrs gSa tks fd fyax xq.klw= (Sex-chromosome)& X ;k Y xq.klw= ij ik,
tkrs gSaA ;fn mRifjorZu X xq.klw= ij ik;k tkrk gS rc bldks X&lgyXu
(X-linked) dgrs gS] ;fn mRifjorZu Y xq.klw= ij ik;k tkrk gS rc bldks
Y-lgyXu (Y-linked) mRifjorZu dgrs gSaA blds lcls vPNs mnkgj.k
fyaxlgyXu jksx gksrs gS ftudks fyax lgyXu mRifjorZu dgrs gSaA

¼c½ fyax xq.klw=h vlekurk, (Sex-chromosomal)

7- VuZlZ fl.MªkWe (Turner’s
Syndrome)

tunhi ewyoa'k;uk'kd

(Gonadal Dysgenesis)

&XO ,dU;wulw=rk (XO-
Monosomic)

&nks"kiw.kZ nwljk X xq.klw=

(Defective second X
chromosome)

&ekstkbd Ádkj

(Mosaic type)

45X

46, XX P

46, XX q

46, X i (xq)

45, X/46 XX

3]000 esa
ls ,d eknk
tUesa cPpksa esa

lkekU;

lkekU;

lkekU;

lkekU;

lkekU;

8- DykbuQsYVj flUMªkWe

(Kinefelter’s syndrome)

XXY - ,dkf/klw=

(XXY Trisomic)

47, XXY

64, XY/47
XXY

850 esa
ls ,d uj
cPps esa

dqN vf/kd
o;Ld
voLFkk esa
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9- pje DykbuQsYVj flUMªkWe

(Extreme Kinfelter
Syndrome)

(i) XXXY f}vf/klw=rk

XXXY Tetrasomic

(ii) XXXX f=vf/klw=rk
(XXXX Pentasomic)

(iii) nksgjk Y uj
(Double Y Male)

48 XXXY

49, XXXXY

48, XXYY

47, XYY

de

1]000 esa
ls ,d uj
cPps esa

vf/kd
o;Ld
voLFkk essa

lkekU;

10- cgqxq.k X eknk

Multiple X females

,dkf/klw=

(Trisomic) (Triplofemale)

f}vf/klw=rk

(Tetrasomic metafemale)

47, XXX

48, XXXX

1]200 esa
ls ,d eknk
cPpksa esa

vf/kd
o;Ld
voLFkk esa

11- okLrfod f}fyaxh

(True hermaphrodite)
46, XX

46, XX/47
XXY

de lkekU;

14-2-8 ?kfVr gksus dh voLFkk ds vk/kkj ij mRifjorZu ds Ádkj
(Types of Mutations According to the Stage at which
they Occur)

bl Ádkj ds mRifjorZu fuEufyf[kr Ádkj ds gksrs gS%

1- ;qXedh mRifjorZu (Gametic Mutations)& ;fn
mRifjorZu] ;qXedtuu (Gametogenesis) ds iwoZ gks tkrk gS] rc lHkh ;qXed
blls ÁHkkfor gksrs gSa] rFkk ,sls ÁHkkfor gksus okys ;qXedks (Gametes) ls cuus
okys lHkh tho mRifjorZuksa (Mutations) ls ÁHkkfor gksrs gSaA

2- ;qXeth mRifjorZu (Zygotic Mutation)& ;fn mRifjorZu ;qXeut
(Zygote) cuus ds iwoZ ,d ;qXed (Gamete) esa gksrk gS] rc bldk ÁHkko
dsoy ,d tho (Organism) ij iMrk gSA ;fn ;qXeut (Zygote) esa foHkktu
ds i'pkr~ ÁFke ;k vfUre tk;xksV esa lelw=h foHkktu (Mitotic division) ds
i'pkr~ mRifjorZu gksrk gS] rc 'kjhj dh mu dksf'kdkvksa esa mRifjorZd y{k.kksa
dk fodkl gksrk gS tksfd fof/k ds le; lEcfU/kr gksrh gSaA bl Ádkj ,d
ekstkbd tho (Mosaic organism) fufeZr gksxkA
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14-2-9 ÁHkkoh dkjdksa ds vk/kkj ij mRifjorZuksa ds Ádkj
(Types of Mutations According to the Affecting
Factors )

ÁHkkfor djus okys dkjdksa (Factors) ds vk/kkj ij mRifjorZu fuEufyf[kr
Ádkj ds gksrs gSa%

1- cfgtZfur mRifjorZu (Endogenous Mutations)& ;g mRifjorZu og
gksrs gSa tks fd dqN ckgjh dkjdks ds ÁHkko ds dkj.k mRiUu gksrs gSa] mudks
cfgtZfur mRifjorZu (Exogenous mutaions) dgrs gSaA bl Ádkj ds
mRifjorZu rkiØe] ekSle (Climate) okrkoj.k (Environment) vkfn esa
ifjorZu ds dkj.k gksrs gSaA ;g Ák—frd (Natural) ;k vÁk—frd fofdj.k
(Radiations) tks fd jsfM;ks/kehZ rRoksa (Radioactive elements) ds }kjk mRiUu
gksrh gS] ds dkj.k mRiUu gksrs gSaA ckgjh lkS;Ze.My ls vkus okyh ijkcSaxuh
fdj.kksa (Ultraviolet rays) ,oa dkfLed fdj.kksa (Cosmic rays) ds }kjk Hkh tho
ÁHkkfor gksrs gSaA

2- vUrtZfur mRifjorZu (Exogenous Mutations)& ;g mRifjorZu
'kjhj ds vkUrfjd dkjdksa ds dkj.k mRiUu gksrs gSa vFkkZr~ p;kip;
(Metabolism)] iks"k.k] vkUrfjd :i ls mRiUu fofdj.k (Radiations) vkfnA
iks"k.k dh deh ds dkj.k thok.kqvksa (Bacteria) ,oa QQ¡wn (Fungi) vkfn esa
mRifjorZu gksrs gSaA

thoks (organisms) esa fofHkUu Ádkj ds mRifjorZuksa ds v/;;u ls ;g
fu"d"kZ fudyrk gS fd&

(i) mRifjorZu dh lgk;rk ls vuqi;ksxh vaxksa ds vUrj dks igpkuk tk
ldrk gSA

(ii) bldh lgk;rk ls vaxks dh ÁkjfEHkd voLFkk dks le>k tk ldrk gSA

(iii) blds dkj.k FkksMs gh le; esa fodlu'khy ifjorZu ÁkIr gks ldrs gSaA

(iv) mRifjorZu dh lgk;rk ls thoksa dk o.kkZRed ewY; tkuk tk ldrk gSA

(v) Á—fr esa mRifjorZu lnSo gksrs jgrs gSaA Á—froj.k ,oa mRifjorZuksa ds
QyLo:Ik gh uohu tho tkfr;ksa dh mRifRr gksrh gSA

(vi) mRifjorZu fodkl dh lkekU; fof/k dks vfHkO;Dr ugha dj ldrkA

(vii) mRifjorZu Ákf.k;ksa ds chp iF̀kd~rk (Discontinuity) ds dkj.kksa dh
O;k[;k djus easa vleFkZ gksrk gSA

(viii) mRifjorZu gh fodkl dk vk/kkj ugha gSa cfYd Ák—frd oj.k (Natural
selecltion) dk ,d fodYi gS rFkk ;g nksuksa feydj gh fodkl ds eq[;
dkjd curs gSaA

(ix) mRifjorZu ds }kjk egklkxjh; }hiksa esa mifLFkr mMus okys if{k;ksa a dh
mifLFkfr ugh le>kkbZ tk ldrh A
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(x) Ák;% mRifjorZu gkfudkjd gksrs gS vr% mRifjorZu /kkjd tho (Mutant)
thfor ugha jgrk gSaA blls tSo fodkl ds LFkku ij thoksa ds foyqIr
gksus dh lEHkkouk vkSj vf/kd c< tkrh gSaA

viuh Áxfr tk¡fp, (Check Your Progress)

1- mRifjorZuokn dk loZÁFke Áfriknu fd;k FkkA

¼v½ MkfoZu us ¼c½ ySekdZ us

¼l½ g;wxks Mh- czht us ¼n½ oSysl us

2- mRifjorZu dk dkj.k gS&

¼v½ thu esa gksus okyk vpkud ifjorZu

¼c½ iks"k.k

¼l½ X-fdj.ksa

¼n½ dksbZ ugha

3- thu mRifjorZu dk loZÁFke mnkgj.k fdl oSKkfud us ÁLrqr fd;k
Fkk\

¼v½ es.My ¼c½ Mh- czht

¼l½ ekWxZu ¼n½ lsFkjkbV

4- mRifjorZu dks fdrus Ádkj ls foHkkftr fd;k x;k gS&

¼v½ 7 ¼c½ 11

¼l½ 9 ¼n½ 15

5- mRifRr ds vk/kkj ij mRifjorZu dks fdrus Ádkj ls foHkkftr fd;k
x;k gS&

¼v½ 7 ¼c½ 5

¼l½ 4 ¼n½ 2

6- E;wVs'ku dh Frequency gksrh gS&

¼v½ tho ds y{k.k ds lkFk fHkUu-2 gksrh gS]

¼c½ X-ray ds }kjk c<k;h tk ldrh gS

¼l½ okrkoj.k ds dkjdksa dsa }kjk ÁHkkfor gksrh gS

¼n½ mijksDr lHkh
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7- oSKkfud ftlus E;wVs'ku ds fy, X-Ray dk mi;ksx fd;k&

¼v½ ekWxZu ¼c½ gquj

¼l½ ewyj ¼n½ [kqjkuk

8- E;wVs'ku ftlls tho dh èR;w gks tkrh gS] dgykrs gS&

¼v½ yh/kd ¼c½ vkVkslksey

¼l½ ykHknk;d ¼n½ mijksDr dksbZ ugh

9- Á—fr esa E;wVs'ku dh nj gksrh gS&

¼v½ 1 × 105 ¼c½ 1 × 108

¼l½ 1 × 10 －5 ¼n½ 1 × 1012

14-3 viuh Áxfr tk¡fp, Á'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼l½

2- ¼v½

3- ¼c½

4- ¼l½

5- ¼n½

6- ¼n½

7- ¼l½

8- ¼v½

9- ¼n½

14-4 lkjka'k (Summary)

mijksDr o.kZu ls Li"V gS fd E;wVs'ku ;k mRifjorZu thoksa ds fy,
ykHknk;d ,oa dqN ek;uksa esa gkfudkjd gksrs gS fdUrq fodkl dh nf̀"V ls
mRifjorZu Raw Material jkW eVsfj;y ;k dPps inkFkZ dh rjg dk;Z djrs gSaA
mRifjorZu fodkl dh ÁfØ;k dks Ásfjr djrs gSaA ftlds dkj.k ubZ-2
fofHkUurk,¡ mRiUu gksrh gSA
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14-5 eq[; 'kCnkoyh (Key Terminology)

 tfeZuy mRifjorZu& lsDl Øksekslkse es agksus okyk ifjorZuA

 Mutation& thoksa ds xq.klw=ksa esa gksus okys vpkud ifjorZu dks
E;wVs'ku ;k mRifjorZu dgrs gSaA

 E;wVsjh (Mutare)& ifjorZu gksukA MªkslksfQyk esysuksxSLVj ,d Ádkj dk
dhVA

 g;wxks Mh- czht (Huge de vrias)& mRifjorZu ds tudA

 dkf;d mRifjorZu& vkVkslksey xq.klw=ksa esa gksus okyk vpkud ifjorZuA

14-6 Lo-ewY;kadu Á'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; Á'u (Short Answer Type Question)

1- tSo-fodkl esa E;wVs'ku ds egRo dk o.kZu dhft,A

2- mRifjorZu ds Ádkj mRifRr ds vk/kkj ij fdrus Ádkj ds gksrs gSa\

3- thu E;wVs'ku vkSj blds egRo fyf[k;sA

4- fQftdy E;wVktsUl ds xq.kksa dk o.kZu dhft,A

5- jsfM;s'kUl E;wVktsfud gksrs gSA o.kZu dhft,A

6- dsfedy E;wVktsUl ij fVIi.kh fy[kksA

7- fuEufyf[kr ij laf{kIr fVIi.kh fy[kksA

(i) thu E;wVs'ku

(ii) Ásfjr mRifjorZu

(iii) fyax lgyXu mRifjorZu

(iv) Lor% ifjorZu

(v) E;wVkthu ds Ádkj

(vi) vfyax xq.klw=h; mRifjorZu

(vii) vxzLFk mRifjorZuA

8- fn'kk ds vk/kkj ij mRifjorZuksa ds Ádkj dk o.kZu dhft,A

9- xq.klw=ksa ds Ádkj ds vk/kkj ij mRifjorZuksa dk laf{kIr o.kZu djksA

nh?kZ mÙkjh; Á'u (Long Answer Type Questions)

1- mRifjorZu dks ifjHkkf"kr djrs gq, blds Ádkjks a dk foLrkj ls o.kZu
djksA
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2- xq.klw=ks dh lajpuk esa ifjorZuks ds vk/kkj ij fofHkUu Ádkj ds
mRifjorZuksa dk o.kZu dhft,A

3- E;wVktsu fdls dgrs gS\ fuca/k fy[kksaA

4- fofHkUu Ádkj ds E;wVktSUl dk oxhZdj.k dhft,A

5- mRifjorZu fdls dgrs gS\ DNA v.kqvksa esa mRifjorZu dks Ásfjr djus
okys dkjdksa dk o.kZu dhft,A

6- mRifjorZu ij fuca/k fyf[k;sA

7- thu E;wVs'ku ls D;k le>rs gS\ foLrkjiwoZd o.kZu djksA

14-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Gardner, Lewin and Maloy, Genetics.

2. Bruece Alberts, J. Lewis and J.D. Watson, Cell Biology and
Molecular Biology.

3. J. Darnell, H. Lodish and D. Baltimore, Molecular Cell Biology.

4. A.M. Winchester, Genetics.

5. Edgar Alterberg, Genetics.
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bdkbZ 4

v/;k; 15 ekuo dSfj;ksVkbi] ekuo thukse çkstsDV
(Human Karyotypes, Human
Genome Project)

Lakjpuk (Structure)

15-0 ifjp;
15-1 mÌs';
15-2 euq"; dk Øksekslkse <k¡pk

15-2-1 ekuo ds Øksekslkse <k¡ps dh fo'ks"krk,¡
15-2-2 ekuo xq.klw= ekufp=

15-3 ekuo thukse ifj;kstuk
15-3-1 thuksfeDl ds vuqç;ksx
15-3-2 ekuo thukse dh fo'ks"krk,¡

15-4 viuh izxfr tk¡fp, iz'uksa ds mÙkj
15-5 lkjka'k
15-6 eq[; 'kCnkoyh
15-7 Lo-ewY;kadu iz'u ,oa vH;kl
15-8 lgk;d ikB~; lkexzh

15-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction/Definition)

euq"; ds 'kjhj dh lksesfVd dksf'kdkvksa esas 23 tksM+s vFkkZr~ 46-Øksekslkse gksrs gSaA
23 Øksekslkse esa ls 22 tksM+s (Autosome) laetkr gksrs gSa rFkk ,d tksM+k Sex-
chromosome gksrk gSA bu 22 vkWVkslksEl tksfM;ksa ds Øksekslkse vius-vius
tksMhnkj ds fcYdqy leku gksrs gSaA ftUgsa A ls çnf'kZr djrs gSaA iq#"k esa ,d
tksM+k Sex-chromosome esa ls ,d X-chromosome rFkk nwljk Y-Øksekslkse
gksrk gS fdUrq L=h esa ,d tksM+k lsDl-Øksekslkse ds nksuksa Øksekslkse X gh gksrs
gSaA X-chromosome yEck gksrk gS tcfd Y-chromosom NksVk ,oa xksy gksrk
gSA Sex-chromosome dks Heterosomes ;k Allosomes Hkh dgrs gSaA

euq"; dk fyax-fu/kkZj.k X vkSj Y-chromosome }kjk gh gksrk gSA euq";
ds Øksekslkse dks fuEu çdkj ls çnf'kZr fd;k tkrk gS&

Male 46 = 44A + XY
Female – 46 = 44A + XX
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çkphu le; esa ,slk ekuk tkrk Fkk fd ekuo dh 'kjhj ;k Somatic cells
¼nSfgd dksf'kdkvksa½ esa ØksekslksEl dh la[;k 48 gksrh gSA fdUrq dqN gh o"kksZa
igys] lu~ 1956 esa nks çfl) lkbVksykWftLV~l (Cytologists) ;k dksf'kdk
oSKkfudksa] ts-,p- fVtks rFkk ,- yhokWu (J.H. Tijo and A. Levan) us ekuo ds
QsQM+ksa dh dksf'kdkvksa ds dYpj (culture) laca/kh vius ç;ksxksa ds }kjk fl) dj
fn;k fd ekuo dh 'kjhj dksf'kdkvkas esa ØksekslksEl ds dsoy 23 tksM+s ik;s tkrs
gSa vFkkZr~ ØksekslksEl dh dqy la[;k 46 gksrh gSA ckn esa vusd oSKkfudksa tSls&
lh-bZ- QksMZ (C.E. Ford), ,l esfduks (S. Makino) rFkk ts-,y- gSejVu (J.L.
Hammerton) us Hkh viuh Tissue-culture ç;ksxksa }kjk fVtks rFkk yhokWu ds
bl dFku dh iqf"V dhA ;s 46-Øksekslkse 6.4 X 10-12 g- DNA j[krs gSa (3.82 X
1012 daltons) rFkk bl DNA dh yackbZ yxHkx 2 ehVj gksrh gSA

15-1 mÌs'; (Objective)

bl bdkbZ dks i<us ds ckn vki&

 euq"; dk Øksekslkse <k¡pk

 thukse ifj;kstuk

 thukse dh fo'ks"krk,¡

bu fo"k;ksa dk v/;;u izkIr dj ldrs gSA

15-2 euq"; dk Øksekslkse <k¡pk (Human Karyotype)

Åij ds dFku ls ;g Li"V gks tkrk gS fd ekuo tkfr esa 'kjhj dh çR;sd dksf'kdk
esa 46 ;k 23 tksM+s ØksekslksEl ik;s tkrs gSaA iq#"k ds 46-ØksekslksEl dh 23 letkr
tksfM+;ksa esa ls dsoy 22 tksfM+;ksa ds ØksekslksEl gh vius-vius tksM+hnkj ds leku gksrs
gSa] budks vkWVkslksEl (autosomes) dgrs gSaA

fp= Ø- 15-1% Metaphase (Mitotic Chromosomes of a Normal Human Male
(Preparation from a Dividing Leucocyte))
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23oha tksM+h ds Øksekslkse vleku gksrs gSa vkSj gsVjkslksEl
(Heterosomes) ;k ,ykslksEl (Allosomes) ;k lSDl-ØksekslksEl (Sex-
chromosomes) dgykrs gSaA ijUrq blds foijhr ukjh esa 23oha tksM+h ds
ØksekslksEl Hkh tUetkr gksrs gSaA ukjh ds 23oha tksM+h ds ØksekslksEl yEcs rFkk
NM+uqek gksrs gSa] ftUgsa ‘XX’ }kjk çnf'kZr fd;k tkrk gSA iq#"k dh 23oha tksM+h
dk ,d ØksekslksEl ‘X’ gksrk gS]

ysfdu bldk lkFkh fHké] dkQh NksVk rFkk xksy-lk gksrk gS ftls
‘Y’ }kjk çnf'kZr fd;k tkrk gSA

bl çdkj iq#"k ,oa ukjh ds ØksekslksEl <k¡pksa dks Øe'k% 2A + XY vkSj
2A + XX (2A = 22 tksM+h vkWVkslksEl½ }kjk çnf'kZr djrs gSaA

dqN n'kd igys] lu~ 1960 esa Msuoj] dksyjsMks (Denver, Colorado) esa
lkbVkstsusfVDl ;k dksf'kdk-vkuqoaf'kdh; foKku fo"k; ds Åij ,d lsfeukj
vk;ksftr gqbZ FkhA blh lsfeukj esa ekuo-ØksekslksEl ds <k¡ps dks igpkuus ,oa
mudk oxhZdj.k djus dh mfpr ç.kkyh ds ckjs esa dqN fu.kZ; loZ-lEefr ls ikfjr
fd;s x;s FksA ØksekslksEl dh oxhZdj.k dh ;g ç.kkyh Øksekslkse esa ls.Vªkseh;j
(centromere) dh fLFkrh rFkk Øksekslkse dh nksuksa vksj dh Hkqtkvksa p rFkk q dh
yEckbZ ds rqyukRed v/;;u ij vk/kkfjr gSA bl ç.kkyh ds vuqlkj ØksekslksEl
dks fuEufyf[kr rhu Jsf.k;ksa esa foHkkftr fd;k tk ldrk gS&

Characteristics of Human Karyotype

Denver
Conference

London
Conference

Description

Group 1-3 Group 1-3 (A) Large chromosomes with
approximately medium centromeres,
1, 2 and 3 can generally be identified
morphologically.

Group 4-5 Group 4-5 (B) Large sub-matacentric
chromosomes.

Group 6-12 Group 6-12 +
X(C)

Sub-metacentric chromosomes
(Medium sized).

Group 13-15 Group 13-15 (D) Large acrocentric chromosomes.

Group 16-18 Group 16-18 (E) No. 16 is metacentric; No. 17-18 are
small submetacentric chromosomes.

Group 19-20 Group 19-20 (F) Small metacentric chrosomes.

Group 21-22
Sex-
chromosomes

X
Y

Group 21-22 + Y
(G)

Acrocentric chromosomes (short).
Y-Chromosomes belongs to this
group, but has no satellites; it is of
variable size and can usually be
identified morphologically.
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1- esVklsf.Vªd Øksekslkse (Metacentric Chromosome)& blesa ls.Vªkseh;j
Øksekslkse ds Bhd e/; esa mifLFkr gksrk gS rFkk Øksekslkse dh nksuksa
Hkqtk,¡ yEckbZ esa leku gksrh gSa vkSj ;g vaxzsth ds v{kj ‘V’ ds leku
fn[kk;h nsrk gSA

2- lc-esVklsf.Vªd Øksekslkse (Sub-metacentric Chromosome)& blesa
ls.Vªkseh;j Øksekslkse ds yxHkx e/; esa fLFkr gksrk gS ftlls Øksekslkse
dh ,d Hkqtk NksVh rFkk nwljh cM+h fn[kk;h nsrh gS vkSj ;g ns[kus esa
‘J’ ds vkdkj dk fn[kk;h nsrk gSA

3- ,Økslsf.Vªd Øksekslkse (Acrocentric Chromosome)& blesa ls.Vªkseh;j
dh fLFkfr Øksekslkse ds ,d fljs ls FkksM+h gVdj gksrh gS] ftlls ;g
NM+ ds leku fn[kkbZ nsrk gSA

15-2-1 ekuo ds Øksekslkse <k¡ps dh fo'ks"krk,¡
(Characteristics of Human Karyotype)

isV~;w (Patau) uked dksf'kdk-oSKkfud us lu~ 1960 esa ekuo ØksekslksEl ds ckjs
esa ;g çLrko j[kk fd] ekuo esa ØksekslksEl ds lewgksa dks çnf'kZr djus ds fy,
vaxzsth ,YQkcsV ds cM+s v{kjksa dk ç;ksx djuk pkfg,A ekuo ØksekslksEl ds ckjs
esa mudk ;g çLrko lu~ 1963 esa yUnu esa rFkk ckn esa 1966 esa f'kdkxks esa
vk;ksftr oSKkfud lsfeukj esa loZ-lEefr ls Lohdkj fd;k x;k vkSj orZeku esa
bls ekuo ØksekslksEl ds v/;;u ds fy, ,d vk/kkj ds :i esa ekuk tkrk gSA

ekuo ds Øksekslkseksa dks mudh lkisf{kd yEckbZ rFkk lsUVªksehVj dh fLFkrh
ds vk/kkj ij lkr xzqiksa (A ls G) esa ck¡Vk x;k gSA 22 tksM+s Øksekslkseksa dks 1-22
uEcj fn;k x;k gS] tcfd fyax xq.klw=ksa dks X o Y n'kkZrs gSA X-Øksekslkse C
xzqi ds Øksekslkseksa ds leku gksrk gS] vr% mls C xzqi esa j[kk x;k gSA Y-
Øksekslkse dks G xzqi esa j[kk x;k gS] D;ksafd vkdkj ds vuqlkj ;g bl xzqi ds
Øksekslkseksa ds vuq:i fn[krk gSA 13] 14] 15] 21 rFkk 22 osa Øksekslkse ij
lSVsykbV ik;k tkrk gSA ;g fcUnq ds vkdkj dk Øksekslkseksa ls yxk jgrk gSA
ekuo ØksekslksEl ds çR;sd lewg dh fof'k"Vrkvksa dks lkj.kh esa n'kkZ;k x;k gS&

orZeku le; esa xq.klw=ksa dks igpkuus ds fy, xq.klw=h; cSf.aMx rduhd
(chromosomal banding technique) dk lgkjk fy;k tkrk gSA cS.M~l (bands)
xq.klw= ds Hkkx gksrs gSa] tksfd ikl ds {ks=ksa dh vis{kk gYds vkSj xgjs jax ds
gksrs gSaA tc budks fdlh fo'ks"k vfHkjatu fof/k (staining method) ds }kjk
vfHkÑr fd;k tkrk gS rc ;g cS.M vf/kd Li"V gksrs gSaA Q-vfHkjatu fof/k;ksa
(Q-staining methods) esa DohusfØu ;kSfxdksa dk mi;ksx djus ij xq.klw= ij
Q-cS.M çfrnhIr djrk gSA ;g çfrnhIrh (fluorescent) rduhd gSA fxElk
cSf.Max (G-banding) esa fxElk ls LVsu djus ij G-cS.M mRié gksrs gSaA
ls.Vªksesfjd ,oa gsVsjksØksesfVd {ks= C-cSf.Max }kjk vfHkjaftr fd;s tkrs gSaA blh
çdkj R-cSf.Max ¼foijhr½ Hkh gksrh gS tks g-cSf.Max ds foijhr gksrh gSA
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fp= Ø- 15-2% Karyotype of a Normal Human Male (Based on the Metaphase
Plate)

ekuo Øksekslkse dh fofHké vfu;ferrkvksa esa vfrfjDr xq.klw=ksa dk ik;k
tkuk fo'ks"k egRo j[krk gSA bu vfrfjDr xq.klw=ksa dk o.kZu djus ds fy,

fp= Ø- 15-3% On the black background are quinacrine-stained human
metaphase chromosomes arranged in homologous pairs according to size
and similarities in their banding patterns. Above each pair, on the white

background, are the same chromosomes stained with orcein after the
quinacrine treatment. Although orcein chromosomes stained with orcein
after the quinacrine treatment. Although orcein is a good stain for giving
defined chromosomal outlines, quinacrine or some other banding stain is

necessary for matching up many homologous pairs
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vfrfjDr xq.klw=ksa dh dqy la[;k ,oa fyax xq.klw=ksa ds vUr esa $ fpUg ;k &
fpUg ds lkFk vkWVkslkse ds iwoZ j[kk tkrk gSA mnkgj.k ds fy, 47] XX+21 ;g
dSfj;ksVkbi eknk (female) dk gksrk gS ftlesa f=xqf.krk-21 (trisomy-21) gksrh
gSA iq#"k (male) esa vfrfjDr X xq.klw= 47] XXY ds }kjk n'kkZrs gSaA xq.klw=
fpUg ds i'pkr~ & ;k $ fpUg xq.klw= dh Hkqtk dh yEckbZ esa of̀/n ;k deh dks
n'kkZrs gSaA q fpUg ds }kjk xq.klw= dh yEch Hkqtk dks rFkk P fpUg }kjk NksVh
Hkqtk dks fpfUgr djrs gSaA

fp= Ø- 15-4% Human chromosome 1 prepared by four different methods.
From left: Q-banding, G-banding, R-banding. and C-banding (two examples

of C-banding, showing both homologous from a heterozygote)

mnkgj.k 46] XY, I q+ blesa xq.klw= 1 dh yEch Hkqtk esa of̀/n dks n'kkZ;k x;k
gSA ,sls xq.klw= okyk O;fDr iq#"k (male) gksrk gS ftlesa 46 xq.klw= gksrs gSaA
dSfj;ksVkbi (Karyotype) 47 XY +14P+ iq#"k dks fpfUgr djrk gS] ftlesa 47
xq.klw= gksrs gSa rFkk vfrfjDr xq.klw=-Øekad 14 ftlesa mldh NksVh Hkqtk dh
yEckbZ esa of̀) ik;h tkrh gSA ekuo xq.klw= esa igpkuh x;h dqN vfu;ferrk,¡
fuEu gSa&

(i) dHkh-dHkh ekuo esa dsoy ,d ‘X’ xq.klw= ik;k tkrk gSA bls ‘XO’
n'kk dgrs gSaA ;g VuZj fl.Mªkse (Turner’s Syndrome) dgykrk
gSA ,sls O;fDr vfodflr eknk gksrh gSaA blh çdkj DykbusQsYVj
fl.Mªkse (XXY n'kk) ØkbMwpSV fl.Mªkse ¼46 XX, 5p&n'kk½ vkfn vU;
n'kk,¡ Hkh ik;h tkrh gSaA

15-2-2 ekuo xq.klw= ekufp= (Human Chromosome Map)

fiNys nks n'kdksa esa ekuo tkfr dk vkuqoaf'kd v/;;u vf/kd vuqdwy ekuk
x;kA blds fy, ijEijkxr vkuqoaf'kd fo'ys"k.k fof/k;k¡ mi;qDr ugha gksrh gSa]
D;ksafd ekuo dqy dk vkdkj NksVk gksrk gS rFkk ç;ksxkRed la;qXeu lEHko ugha
gSA vkuqoaf'kd vUos"k.kksa esa rFkk ekuo esa xq.klw=h; ekufp= ds cukus dh
dfBukb;ksa ds dkj.kksa dks ijkySafxdrk fo'ys"k.k (parasexual analysis) ds
fodkl }kjk nwj dj fy;k x;k gSA ;g ijkySafxdrk fo'ys"k.k] lao/kZu esa
dksf'kdk ds lay;u (cell fusion) ij vk/kkfjr gSA bl çdkj vçR;{k fof/k;k¡
dk ekuo xq.klw=ksa ds ekufp= ds fuekZ.k esa mi;ksax fd;k x;kA
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fp= Ø- 15-5% The quinacrine and Giemsa banding patterns (Q- and G-bands) of
chromosomes 7 and X at metaphase. The dark bands are those that fluoresce

brightly with quinacrine or stain darkly with Giemsa. These two chromosomes have
almost the same length (p = short arm, q = long arm) and centromere position, but

they can be distinguished by their different banding patterns

eq[;r% ^dksf'kdk ladj.k esa iF̀kDdj.k* rduhd dk mi;ksx fd;k tkrk
gSA bl fof/k ds v/;;u ds çFke pj.k esa ftlesa ekuo dksf'kdk dks fuosf'kr
fd;k tkrk gS] dksf'kdk lay;u (cell fusion) dgrs gSaA lay;fur dksf'kdk,¡
gsVjksdSfj;ksUl (heterokaryons) gksrh gSa] ftlesa Hkkx ysus okyh lay;fur
dksf'kdkvksa ds lHkh xq.klw= gksrs gSaA bu lay;fur dksf'kdkvksa (fused cells) esa
vfLFkj dSfj;ksVkbi gksrs gSa rFkk dksf'kdk ds dk;ksZa esa fcuk gkfu fd, iw.kZ
xq.klw=ksa dh ;k xq.klw=ksa ds [k.Mksa dh gkfu gks ldrh gSA ,dy fof'k"V ekuo
xq.klw= dh gkfu ;k ykHk ds }kjk {kfrxzLr xq.klw= ds thu dh fLFkrh dks Kkr
fd;k tk ldrk gSA

ekuo xq.klw=ksa esa ekufp= fu/kkZj.k ds fy, vktdy fpUgd (markers)
dk ç;ksx fd;k tkrk gSA ;s fpUgd dqN U;wfDyvksVkbM yEcs rFkk fof'k"V thu
ls ladj.k djus esa l{ke gksrs gSaA
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fp= Ø- 15-6% Abbreviated map of the few human chromosomes showing the
locations of a few selected reference genes of loci. Arms of each chromosome

are designated p and q, and each arm, in turn, is divided into segments
(numbered intervals) based on chromosome banding patterns. The symbol

for some of the genes shown on the map and their products or the
phenotypic traits that they control are also listed.
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ekuo Øksekslkseks ij fofHké thuksa dh fLFkrh dk lgh-lgh vuqeku yxkus
ds fy, nqfu;k ds dbZ ns'kksa us ,d lkFk feydj ç;kl 'kq: fd;kA bl ç;kl
us ,d og̀n áweu thukse çkstsDV (human genome project) dk :i ys fy;kA
bls vUrjkZ"Vªh; áweu thukse lhDosfUlax dkWUlksfVZ;e (International Human
Genome Sequencing Consortium) dgk x;kA blds rgr ekuo ds çR;sd
thu dk irk yxkuk rFkk mlds dk;ksZa o egRo vkfn ds ckjs esa foLr̀r
tkudkjh ,df=r djuk bldk eq[; /;s; gSA 2001 esa áweu thukse dh lEiw.kZ
tkudkjh çkIr dh tk pqdh gSA

bl çkstsDV esa çR;sd áweu Øksekslkse dh eSfiax (mapping) dh x;hA
blds fy, vkf.od ekdZj (molecular markers) dk ç;ksx fd;k x;kA ;gk¡
dqN ekuo Øksekslkseksa dk ekufp= fn;k tk jgk gSA çR;sd Øksekslkse ds dqN
çeq[k thu fn[kk;s x;s gSaA

15-3 ekuo thukse ifj;kstuk
Human Genome Project (HGP) Synopsis

Introduction and Definition – tho/kkfj;ksa esa mifLFkr leLr thuksa ;k
vkuqoaf'kd inkFkksZ a dks mldk thukse dgrs gSA thukse DNA ;k RNA fo"kk.kkqvksa
esa RNA dk cuk gksrk gS] thukse 'kCn dk mi;ksx loZçFke gSUl foaDyj (Hans
Winkler) us 1920 esa fd;k FkkA thukse ds varxZr~ ukfHkdh; thuks ds lkFk-2
Mitochoridrial and Chloroplast – DNA dh lfEefyr fd;k x;k gSA çR;sd
thukse esa tho/kkjh ds 'kjhj dks cukus rFkk mldh fofHké fØ;kvksa ds lapkyu
laca/kh thu ik;s tkrs gSaA mnkgj.k ds fy,] ekuo thukse esa 3 fcfy;u ls Hkh
vf/kd (DNA) {kkjd ;qXe ik, tkrs gSa ftlesa ls 30]000 {kkjd ;qXe ;k thu
lfØ; jgrs gSaA thukse dh lajpuk ,oa dk;ksZa dk v/;;u djuk thukse
fo'ys"k.k dgykrk gSA bls lkekU;r% thuksfeDl (Genomics) dgrs gSaA

ekuo thukse ifj;kstuk (Human Genome Project, HGP) dks egk;kstuk
(Maga project) Hkh dgrs gSaA ekuo thukse esa yxHkx 3 × 109 {kkjd ;qXe
(Base Pairs) gksrs gSaA ;fn vuqØe Kkr djus ds fy, çfr{kkjd rhu vesfjdu
MkWyj (USS 3) [kpZ gks rks iwjh ;kstuk esa yxHkx 9 fcfy;u vesfjdh MkWyj dk
[kpkZ gksxkA ;fn çkIr vuqØeksa dh iqLrd esa fy[kk tk;s ftlds i"̀B esa 1000
¼,d gtkj½ v{kj gks rks bl iqLrd esa 1000 i"̀B gksaxs vkSj ,d ekuo
dksf'kdkvksa ds DNA dh lwpukvks dks ladfyr djus ds fy, 3300 iqLrdksa dh
vko';drk gksxhA

bl çdkj cM+h la[;k esa vkadMksa dh çkfIr ds fy, fo'ks"k dEI;wVj
(Computer) dh gksxh ftlls vkWdMksa ds laxzg] fo'ys"k.k ,oa iqu% ç;ksx esa
lgk;rk ekuo thukse ifj;kstuk ds Kku ls tho foKku ds bl u;s {ks= dk
rhoz foLrkj gks ldk gS ftls (Bio-informatics) dgrs gSaA
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15-3-1 thuksfeDl ds vuqç;ksx
(Application of Genomics/Genomics)

thukse ds v/;;u dk fuEu dk;ksZa esa mi;ksx gksrk gS&

1- blds }kjk ekuo vkuqoaf'kdh dks le>us esa enn feyrh gSA

2- bldh lgk;rk ls oa'kkxr chekfj;ksa ls cpus esa enn feyrh gSA

3- bldh lgk;rk ls vkuqoaf'kd foÑfr dk mipkj fd;k tk ldrk gSA

4- blds v/;;u ls VªkUlthfud thoksa dks iSnk djus esa lgk;rk feyrh
gSaA

ekuo thukse ifj;kstuk (HGP) & ds varxZr~ euq"; ds 46 xq.klw=ksa ds
Åij 30]000 ls vf/kd fØ;k'khy thUl ik;s tkrs gSaA ;g thuksfed DNA dk
3% Hkkx gSA ,d vuqeku ds vuqlkj ekuo thukse esa yxHkx 3 yk[k tksMh
U;wfDy;ksVkbM~l ik, tkrs gSaA ekuo thukse dk fo'ys"k.k djus ds fy, ekuo
ftukse ifj;kstuk çkjaHk dh xbZA ;g ,d ,slh ifj;kstuk gS ftlesa ekuo
thukse ds laxBu (Organization) lajpuk (Structure) ,oa dk;ksZa (Functions)
dk v/;;u fd;k tkrk gSA ;g ,d vUrjkZ"Vªh; 'kks/k ifj;kstuk gS tks fd
us'kuy bULVhV~;wV vkWQ gsYFk ,.M fMikVZes.V vkWQ ,uthZ (NIHDE) U.S.A.
ds ekxZn'kZu esa py jgh gSA ;g ifj;kstuk 1 vDVwcj] 1990 esa çkjaHk gqbZ Fkh
rFkk 26 twu] 2000 rd iw.kZ gks xbZA

ekuo thukse ifj;kstuk ds mÌs'; (Goals of HGP)

1- ekuo thukse dk foLr̀r tsusfVd fydst eSi rS;kj djukA

2- thuksfed DNA dh Dyksfuax djds ekuo thukse dk HkkSfrd esa ¼uD'kk½
rS;kj djukA

3- ekuo thukse ds U;wfDy;ksVkbM dk iw.kZ Øe fu/kkZfjr djukA

4- ekuo thukse ds 50]000 ls 10]0000 thuksa dh okLrfod fLFkfr dk
fu/kkZj.k djukA

5- thukse ls lacaf/kr MkVk csl rS;kj djuk rFkk blds laj{k.k ,oa
fo'ys"k.k gsrq rduhdksa] midj.k rFkk lkW¶Vos;j fo;j djukA

6- bl ifj;kstuk ifj.kkeksa ds dkj.k mBus okys lkekftd rFkk dkuwuh
igyqvksa ij fopkj-foe'kZ djukA

7- DNA Dyksfuax] DNA-Sequencing tSlh vkuqoaf'kd rduhdksa dks
fodflr ,oa mér djukA

ekuo thukse ifj;kstuk ds pj.k (Steps of HGP)

ekuo thukse cgqr cMk gksrk gSA blesa DNA esa 3 × 109 bp ¼{kkjd ;qXe½ ik;s
tkrs gSaA ekuo thukse çkstsDV rhu pj.kksa esa iw.kZ fd;k x;k&
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1- çFke pj.k esa ekuo thukse dk foLr̀r ekufp= cuk;k x;kA

2- f}rh; pj.k esa thukse dh iw.kZ Dyksfuax dh xbZA

3- rr̀h; pj.k esa thukse dh Sequencing djds mldk fØ;kRed fo'ys"k.k
fd;k x;kA

ekuo thukse flDosflax ds ykHk (Benefits of Human Genome Sequencing)

1- ekuo thukse esa thuks dh la[;k] okLrfod fLFkfr rFkk dk;ksZa dk Kku
gksukA

2- thu fu;a=.k dh tkudkjh gksuk

3- ekuo thukse ds laxBu dh tkudkjh feyukA

4- ekuo xq.klw= dh lajpuk rFkk laxBu dh tkudkjh gksuk vkfnA

ekuo thukse ifj;kstuk ds y{; (Aims of Human Genome Project)

1- ekuo DNA esa ik;s tkus okys lHkh thUl dks Kkr djukA

2- ekuo DNA ds 3 fcfy;u {kkjd ;qXeksa ds vuqØeksa dks fu/kkZfjr djukA

3- mi;qZDr tkudkjh dks vkadMksa ds #i esa laxzfgr djukA

4- vkadMksa ds fo'ys"k.k gsrq ubZ rduhdksa dk fodkl djuk rFkk fofHké
çdkj ds lkekftd ,oa dkuwuh fooknksa dks lqy>kukA

ekuo thukse ds }kjk fofHké O;fDr;ksa esa vkuqoaf'kd fofHkérkvksa dk Kku
gqvk rFkk euq"; esa gtkjksa çdkj dh vkuqoaf'kd fcekfj;ksa] vfu;ferrkvksa dk
Kku] budk mipkj rFkk buds jksdFkke dh tkudkjh Hkh feyhA bldk v/;;u
ekuo tho foKku (Human biology) ds lqjkxksa dks le>kus] Ñf"k lq/kkj] ÅtkZ
mRiknu] i;kZoj.k lq/kkj vkfn esa mi;ksxh fl/n gqvkA vusd çdkj ds vekuoh;
çfr#i thoksa tSls& Bacteria ¼thok.kq½ Yeast ¼;hLV½] MªkslksfQyk (Drosophila)
/kku vkfn ds vuqØeksa dk Kku gqvkA

15-3-2 ekuo thukse dh eq[; fo'ks"krk,¡
(Chief Characteristics of Human Genome)

ekuo thukse dk fo'ys"k.k djus ij bldh fuEufyf[kr fo'ks"krk,¡ Kkr gksrh
gSa&

1- ekuo thukse esa yxHkx 31647 djksM+ {kkjd gksrs gSA

2- vkSlru çR;sd thu esa 3]000 {kkjd fLFkr gksrs gSaA ftuds vkdkj esa
vR;f/kd fofHkérk,¡ gksrh gSaaA euq"; ds lcls cMs Kkr thu fMlVªkW¡fQu
(Dystrophin) esa 2-4 djksM+ {kkjd gksrs gSA

3- thu dh la[;k yxHkx 30]000 gS tks vuqekfur la[;k ls dkQh de gSA
yxHkx lHkh (99.9%) O;fDr;ksa esa feyus okys Nucleotides ds
{kkjd ,d leku gSaA
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4- ekuo thukse ds cgqr cMs Hkkx dk fuekZ.k iqujkof̀Rr vuqØe
(Repetitive Sequences) }kjk gksrk gSA

5- nks çfr'kr 2% ls Hkh de thukse çksVhu dk dwVys[ku djrs gSaA

6- iqujkof̀Rr vuqØe (Repetitive Sequences) DNA ds QSys gq, Hkkx gksrs
gSa ftudh dHkh-dHkh 100-1000 ckj iqujkof̀Rr gksrh gSA ,slk vuqeku gS
fd vuqys[ku (Transcription) esa budk lh/ks gh dksbZ dk;Z ugha djrk gS
fdUrq buls xq.klw= dh lajpuk] xfrdh; fodkl ds ckjs esa Kku çkIr
gksrk gSA

7- ekuo ds xq.klw= la[;k esa 1 lokZf/kd thUl (2968) rFkk Y-xq.klw= esa
lcls de thUl (231) gksrs gSaA

8- oSKkfudksa us ekuo xq.klw= esa yxHkx 1-4 djksM LFkkuksa ij vyx bd-
gjk {kkj vFkok ,dy U;wfDy;ksVkbM cgq:irk (Single Nucleotide
Polymorphism) gksus dk nkok fd;k gSA

mi;qZDr tkudkjh ls ekuo thukse ds mu LFkkuksa dks tks fd jksx
vk/kkfjr vuqØeksa dks Kkr fd;k tkrk gSA ekuo ds bfrgkl dk irk yxk;k tk
ldrk gSA

viuh izxfr tk¡fp, (Check Your Progress)

1- euq"; esa xq.klw= ik;s tkrs gS &

¼v½ 22-tksMh ¼c½ 23-tksMh

¼l½ 44-tksMh ¼n½ 48-tksMh

2- euq"; es vfyax xq.kwl=ksa ¼vkVkslkse½ dh la[;k gksrh gS &

¼v½ 22 ¼c½ 24

¼l½ 44 ¼n½ 45

3- ekuo dk Y-Øksekslkse fdl lewg es lfEefyr gS\

¼v½ D-group ¼c½ F-group

¼l½ C-Group ¼n½ G-group

4- thukse 'kCn dk mi;ksx loZçFke fd;k Fkk &

¼v½ gSUl foaDyj ¼c½ osVlu

¼l½ xsjkWM ¼n½ jkcVZ gwd

5- ekuo thukse ifj;kstuk çkjaHk gqbZ &

¼v½ 1990 ¼c½ 2000

¼l½ 1988 ¼n½ 1980
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15-4 viuh izxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼c½

2- ¼l½

3- ¼n½

4- ¼v½

5- ¼v½

15-5 lkjka'k (Summary)

mijksDr o.kZu ls Li"V gS fd Human Karyotypes, ,oaaa Human Genome ds
v/;;u ls ekuo ds fodklkRed bfrgkl] vkuqoaf'kdh ds ckjs esa irk pyrk gS
lkFk gh ekuo thukse ds fo'ys"k.k ,oa fu"d"kksZa ds QyLo:i vusd ykHk gSaA

15-6 eq[; 'kCnkoyh (Key Terminology)

 ekuo Øksekslkse& 46 44A XY,44A XX  

 vxqf.kr Øksekslkse (Haploid Chromosome)& 23 Øksekslksse

 f}xqf.kr Øksekslkse (Diploid Chromosome)& 23 + 23 = 46 xq.klw=

(M) (F)

 dSfj;ksVkbi (Karyotype)& xq.klw= ds çdkjksa dk v/;;u lkFk gh
dsUæd dk v/;;u djukA

 dksf'kdk lay;u& ekuo dksf'kdkvksa dks vkil esa fuosf'kr djukA

 thukse eSfiax& fdlh tho esa mifLFkr dqy thuksa dh la[;k dks thukse
dgrs gSaA rFkk mldk vkjs[kh; fp=.k djuk thukse eSfiax dgykrk gSA

 HGP& Human Genome Project.

15-7 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; ç'u (Short Answer Type Question)

1- ekuo ds xq.klw= ,oa mlds ekufp=.k dk o.kZu dhft,A

2- ekuo xq.klw=h; ekufp=.k ij laf{kIr fVIi.kh fy[kksA



ekuo dSfj;ksVkbi] ekuo
thukse çkstsDV

fVIi.kh

355

Lo-vf/kxe
ikB~; lkexzh

3- ekuo xq.klw=h; ikbZ xbZ fofHkérkvksa dk laf{kIr o.kZu djksA

4- ekuo xq.klw=h; ekufp=.k 1988 dk ukekafdr fp= cukvksA

5- fuEufyf[kr ij laf{kIr fVIi.kh fy[kks&

(i) ekuo dSfj;ksVkbi

(ii) ‘X’ Øksekslkse dk vkuqoaf'kd fp=.k

(iii) áweu thukse ifj;kstuk

nh?kZ mÙkjh; ç'u (Long Answer Type Questions)

1- ekuo dSfj;ksVkbi (Karyotype) ls vki D;k le>rs gSa\ euq"; esa fyax
dk fu/kkZj.k dSls gksrk gS\

2- dSfj;ksVkbi fdls dgrs gS\ ekuo dSfj;ksVkbi dk lfp= o.kZu dhft,A

3- ekuo dSfj;ksVkbi ,oa thukse ij foospuk dhft,A

4- ekuo thukse çkstsDV ij fuca/k fyf[k;sA

15-8 lgk;d ikB~; lkexzh (Suggested Readings)

1. Gardner, Lewin and Maloy, Genetics.

2. Bruece Alberts, J. Lewis, J.D. Watson, Cell biology and Molecular
Biology.

3. J. Darnell H. Lodish and D. Baltimore, Molecular Cell biology.

4. A. M. Winchester Genetics.

5. Edgar Alterberg Genetics.
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bdkbZ 4

v/;k; 16 cgqfodYih rFkk jDr lewg dh
vkuqoaf'kdrk (Multiple Allele and
Inheritance of Blood Groups)

Lakjpuk (Structure)

16-0 ifjp;
16-1 mÌs';
16-2 #f/kj lewg rFkk vkj-,p- dkjd

16-2-1 ekuo esa fofHkUu #f/kj oxZ ;k ,chvks flLVe
16-2-2 #f/kj VªkUl¶;wtu esa #f/kj oxksZa dk egRo
16-2-3 #f/kj oxZ dh oa'kkxfr
16-2-4 vkj-,p- QSDVj ;k ,s.Vhtu

16-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
16-4 lkjka'k
16-5 eq[; 'kCnkoyh
16-6 Lo-ewY;kadu iz'u ,oa vH;kl
16-7 lgk;d ikB~; lkexzh

16-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)

tc ,d gh y{k.k dks ,d ls vf/kd thUl fu;af=r djrh gS rks ,slh thUl dks
cgqdkjd thUl dgrs gSA

fp= Ø- 16-1% Interaction of Polygenes for Skin Colour of Man

bhandup8
Rectangle
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cgqdkjd thUl dh oa'kkxfr dk v/;;u usYlu bZyh (Nelson Ehli,
1908) rFkk bZLV (East, 1910) us fd;k FkkA

fp= Ø- 16-2% Progeny of F2 Generations of a Negro and a White

bUgksaus crk;k fd thuksa dk lap;h çHkko (Cumulative Effect) gks ldrk gSA
muds vuqlkj & ,d gh y{k.k dks fu;af=r djusokys ,d ls vf/kd thuksa ds
vk/kkj ij RkFkkdfFkr lfEeJ.k oa'kkxfr (Blending Inheritance) dh O;k[;k Hkh
dh tk ldrh gSA bl çdkj ds thuksa dks cgqthuh ra= (Polygenic System)
dgrs gSaA rFkk bu ra=ksa ls fu;af=r oa'kkxfr dh O;k[;k cgqdkjd ifjdYiuk
(Multiple Factor Hypothesis) ds :i esa dh tkrh gSA

gekjs 'kjhj ds dbZ ek=kRed y{k.kksa (Quantitative Traits) ds fy,
fofoä oxZ (Descrete Classes) lqxerk ls LFkkfir ugha fd;s tk ldrs gSa]
D;ksafd budh oa'kkxfr dbZ thuksa }kjk fu;af=r gksus ds dkj.k tfVy gksrh gSA

bUgksaus crk;k fd thuksa dk lap;h çHkko (Cumulative Effect) gks ldrk
gSA muds vuqlkj ,d gh ekuo dh Ropk dk jax rhu thUl }kjk fu;af=r gksrk
gSA bu thUlksa ls fu;ekuqlkj 8 çdkj ds ;qXed rFkk buls 64 çdkj ds
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ley{k.kh xq.k çfrikfnr gksrs gSa] D;ksafd çR;sd çHkkoh ,yhy feySfuu o.kZd dh
leku ek=k dk mRiknu djus esa le{k gksrk gSA blfy, çHkkoh ,yhy dh
la[;k ds vk/kkj ij ekuo esa Ropk dk jax vyx-vyx gksrk gS rFkk 64 çdkj
ds thu la;kstu esa 1 % 6 % 15 % 20 % 15 % 6 % 1 dk vuqikr gksrk gS
vFkkZr~ ;g 7 çdkj ds jax dh vkof̀Rr ley{k.kh mRikn esa ,d ls vf/kd gksrh
gSA

lh-ch- MsosuiksVZ (C.B. Davenport) us U.S.A. ds 'osr ,oa uhxzks yksxksa ds
chp fookgksa ls çkIr lUrkuksa esa Ropk ds jax dh oa'kkxfr dk v/;;u fd;kA

la;qä jkT; vesfjdk ds os yksx tks uhxzks ,oa 'osrksa ds ikjLifjd fookg
lEcU/kksa esa tUe ysrs gSa] eqysVkst (Mulattoes) dgykrs gSaA uhxzks&'osr fookgksa ds
dkj.k çFke ih<+h esa mRiUu lHkh cPpksa dh Ropk dk jax dkys vkSj 'osr ds chp
dk gksrk gSA tc çFke ih<+h esa çkIr yksxksa ds ijLij fookg gksrs gSa rks nwljh
ih<+h ds yksxksa esa Ropk ds lHkh jax çkIr gksrs gSaA ;fn Ropk ds jax ds fy, A
rFkk B nks foLFky (loci) mRrjnk;h gksa rks uhxzks dk thu çk:i AABB rFkk
'osrksa dk thu çk:i aabb gksxkA e/;orhZ jax dk eqysVksa dk thu çk:i Aa
Bb gksxkA

16-1 mÌs'; (Objective)

bl bdkbZ dks i<us ds ckn vki&

 #f/kj lewg rFkk vkj-,p- dkjd

 #f/kj oxZ dh oa'kkxfr

 vkj-,p- QSDVj ;k ,s.Vhtu

bu fo"k;ksa dk v/;;u izkIr dj ldrs gSA

16-2 #f/kj lewg rFkk Rh-dkjd
(Blood Groups and Rh-Factor)

dHkh-dHkh xgjh pksV ds dkj.k] cgqr-lk #f/kj ckgj cg tkrk gS vkSj
bl ?kVuk esa lEcfU/kr euq"; ;k jksxh dh èR;q gks tkrh gSA ,sls gh ty tkus]
yEch chekjh vkfn dbZ dkj.kksa ls 'kjhj esa jä dh bruh deh gks tkrh gS fd
jksxh ds thou dks [krjk gks tkrk gSA çkphudky ls gh oSKkfud nwljs LoLFk
euq";ksa ;k tUrqvksa dk jä p<+kdj ,sls jksfx;ksa dks cpkus dk ç;kl djrs jgs
gSaA 'kjhj esa #f/kj p<+kus dh fØ;k dks CyM VªkUl¶;wtu ;k #f/kj-vk/kku
(blood transfusion) dgrs gSaaA ,slk djus ls dqN jksxh rks cp tkrs Fks] ysfdu
vf/kdka'k ej tkrs FksA ejus ds dkj.kksa dks tkuus ds fy, oSKkfud yxkrkj
[kkst djrs jgsA vr% lu~ 1900 esa ukscsy iqjLdkj fotsrk] dkyZ yS.MLVhuj
(Karl Landsteiner) us ;g [kkst fudkyk fd euq";ksa esa lcdk #f/kj ,dleku
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ugha gksrk gS] oju~ yky #f/kj df.kdkvksa (RBC) esa mifLFkr ,d fo'ks"k çdkj
dh çksVhu ftls ,s.VhtUl (antigens) dgrs gSa] ds dkj.k fHkUu gksrk gSA vr%
jksxh ds 'kjhj esa #f/kj p<+kus ;k CyM VªkUl¶;wtu ls igys ;g tku ysuk
t:jh gS fd #f/kj-nku nsus okys euq"; vFkkZr~ Mksuj ;k nkrk (donar) dk
#f/kj ysus okys jksxh vFkkZr~ jSflfi,s.V (recipient) ds #f/kj ds leku gksA
vU;Fkk jksxh ds #f/kj esa ig¡qprs gh Mksuj ds #f/kj dh yky df.kdk,¡ (RBCs)
vkil esa cM+s-cM+s lewgksa esa fpidus yxrh gSaA yky df.kdkvksa ds bl çdkj
vkil esa fpidus dh çfØ;k dks DyfEiax ;k ,sXywfVus'ku ;k vfHk'ys"k.k
(clumping or agglutination) dgrs gSaA blh ls jksxh dh èR;q gks tkrh gSA

#f/kj ds ,s.VhtUl ,oa ,s.VhckWMht (Antigens and Antibodies of Blood)

yS.MLVhuj us ekuo #f/kj dk v/;;u djds ;g irk yxk;k fd ekuo
esa fofHkUu #f/kj oxZ rFkk xyr CyM VªkUl¶;wtu esa Mksuj #f/kj dh yky
df.kdkvksa dk vkil esa fpiduk ;k ,sXywfVus'ku (agglutination) nks fo'ks"k
çdkj dh çksVhUl ftUgsa ,s.VhtUl rFkk ,s.VhckWMht dgrs gSa] ij fuHkZj djrk
gSA

1- ,s.VhtUl ;k ,sXywfVukstUl (Antigens or Agglutinogens)& yS.MLVhuj ds
vuqlkj bu fo'ks"k çksVhUl dks ^#f/kj lewg inkFkZ (blood group substance)
dgrs gSaA ,s.Vhtu lnSo yky #f/kj df.kdkvksa (RBCs) dh eSEczsu (membrane)
esa ik;h tkrh gSA dSfedyh ;s XykbdksfyfiM~l (glycolipids) gksrh gSa rFkk ih<+h-
nj-ih<+h oa'kkxr (inherited) gksrh gSA budks ,sXywfVukstu Hkh dgrs gSaA ekuo
esa ;s ,s.Vhtu nks çdkj dh gksrh gSa& A rFkk BA

2- ,s.VhckWMht ;k ,sXywfVfuu (Antibodies or Agglutinin)& ;s nwljh
çdkj dh fo'ks"k çksVhUl gSa ftUgsa ,sXywfVfuu Hkh dgrs gSaA ;s #f/kj IykTek
(blood plasma) ;k lhje esa ik;h tkrh gSaA ;s lhje XykscqfyUl (serum
globulins) çksVhUl dh cuh gksrh gSA ;s fuEukafdr nks çdkj dh gksrh gSa&

(i) bE;wu #f/kj oxZ ,s.VhckWMht (Immune Blood Group Antibodies)&
dqN ,s.VhckWMht ,slh gksrh gSa tks IykTek fyEQkslkbV df.kdkvksa
(WBCs) }kjk rHkh cuk;h tkrh gSa] tc dksbZ ckgjh inkFkZ ;k ,s.Vhtu
'kjhj ;k #f/kj esa ços'k djrk gSA mnkgj.k ds fy,] ;fn ,d ,sls O;fä
dk #f/kj ftlesa Rh-,s.Vhtu gS] fdlh nwljs O;fä ;k jSflfi,s.V
(recipient) ftlds #f/kj esa Rh-,s.Vhtu vuqifLFkr gksrk gS] dks p<+k;k
tk; rks ,sls jSflfi,s.V dks dgk tkrk gS fd og bE;wukbTM
(immunized) gks x;k] vFkkZr~ ,sls O;fä ds #f/kj esa Rh-,s.Vhtu ds
vkrs gh mlds #f/kj lhje esas blesa lEcfU/kr
rh-,s.VhckWMh dk fuekZ.k mlds #f/kj dh fyEQkslkbV~l df.kdk,¡
(WBCs) Lo;a dj ysrh gSaA bl çdkj dh ,s.MhckWMht dks
bE;wu ;k ,Dok,MZ #f/kj oxZ ,s.VhckWMht (immune or acquired blood
group antibodies) dgrs gSaA bE;wu #f/kj oxZ ,s.VhckWMht rG
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globulins (IgG) Js.kh ls lEcfU/kr gksrh gSaA bldk v.kqHkkj 1]50]000 ls
1]60]000 rd gksrk gSA

(ii) çkÑfrd #f/kj oxZ ,s.VhckWMht (Natural Blood Group
Antibodies)& ;s ,s.VhckWMht çR;sd O;fä ds lhje vFkok #f/kj
IykTek esa mifLFkr jgrh gS tks vuq:i ,s.Vhtu ds }kjk dHkh-dHkh
bE;wukbTM (immunized) ugha gksrhA bl çdkj dh ,s.VhckWMht dk
uotkr ;k tUes f'k'kq ds #f/kj esa lcls igys fuekZ.k gksrk gSA
mnkgj.k& ,s.VhckWMh a rFkk bA çkÑfrd ,s.VhckWMht (rM globulins
(IgM) ls lEcfU/kr gksrh gSA budk v.kqHkkj yxHkx 9]00]000 gksrk gS
rFkk Hkzw.k (foetus) esa cuus ds ckn IyslS.Vk (placenta) dks dHkh ØkWl
(cross) ugha djrh] vFkkZr~ ;s Hkzw.k ls ekrk ds #f/kj ifjogu esa dHkh
ços'k ugha djrh gSA

çkÑfrd #f/kj oxZ ,s.VhckWMht yky #f/kj df.kdkvksa (RBCs) dh eSEczsu
esa ik;s tkus okys ,.VhtUl ds fojks/kh ;k foijhr gksrh gSa]
vFkkZr~ ,s.VhckWMh a ,s.Vhtu A ds foijhr rFkk ,s.VhckWMh b, ,s.Vhtu B
ds foijhr gksrh gSaA A ,s.Vhtu a ,s.VhckWMh dh mifLFkrh esa fpidus ds
fy, fØ;k'khy gksrs gSaA yky #f/kj df.kdkvksa (RBCs)
esa ,sXywfVus'ku ;k vfHk'ys"k.k blh dkj.k ls gksrk gSA bl
çdkj ;s ,s.VhckWMht #f/kj oxZ (blood group) ds fuekZ.k esa Hkkx ysrh
gSaA

16-2-1 ekuo esa fofHkUu #f/kj oxZ ;k ABO flLVe
(Blood Group or ABO System)

yS.MLVhuj ds ABO #f/kj oxZ flLVe ds vUrxZr ekuo esa pkj #f/kj oxZ
(blood groups) ik;s tkrs gSa tks eq[;r% A, B, AB rFkk O gksrs gSaA

fp= Ø- 16-3% For Blood Groups of the ABO System
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buesa ls rhu #f/kj oxksZa A, B rFkk AB dh [kkst Lo;a yS.MLVhuj us 1900 esa
dh Fkh] tcfd pkSFks #f/kj oxZ vFkkZr~ O dh [kkst mlds fo|kfFkZa;ks MhdSLVsyks
rFkk LVyhZ (De Castello and Struli) ds }kjk 1902 esa dh x;h FkhA yS.MLVhuj
ds vuqlkj ,s.VhtUl A ,oa B rFkk ,s.VhckWMht a ,oa b ds vk/kkj ij budks
ge fuEu çdkj ls le> ldrs gSa&

1- Blood Group A– bl #f/kj oxZ ds O;fä ds RBC esa ,s.Vhtu A rFkk
#f/kj lhje rFkk IykTek esa ,s.VhckWMh b ik;h tkrh gSA

2- Blood Group B– bl #f/kj oxZ ds O;fä ds RBC esa ,s.Vhtu B rFkk
#f/kj lhje ;k IykTek esa ,s.VhckWMh a ik;h tkrh gSA

3- Blood Groop AB– bl #f/kj oxZ ds O;fä ds RBC esa ,s.Vhtu A
rFkk B nksuksa esa ik;s tkrs gSa] fdUrq blds #f/kj lhje ;k IykTek esa dksbZ
Hkh ,s.VhckWMht ugha ik;h tkrhA

4- Blood Group O– bl oxZ ds #f/kj RBC esa dksbZ Hkh ,s.VhtUl ugha
ik;s tkrs gSa] fdUrq #f/kj lhje ;k IykTek esa nksuksa ,s.VhckWMht a ,oa b
ik;h tkrh gSaA

lkj.kh 16-1% The ABO Blood Groups in Man and their Compatability

Groups RCB
antigens

Blood
Serum

antibodies

Can give
blood to

Can
receive
blood
from

Geno-
type

%
numbers

in
Indians

A A b (anti-B) A, AB O, A IA or IA IO 23.5
B B a (anti-A) B, AB O, B IB IB or IB

IO
34.5

AB A and B None AB From All
as

Universal
Recipient

IA IB 7.5

O None a, b (anti-
A, B)

To ALL
as

Universal
Donor

O IO IO 34.5

tc nks fofHkUu #f/kj oxZ okys #f/kj vkil esa feyrs gSa rks os çfrfØ;k
djrs gSaA vkSj mudh yky #f/kj df.kdk,¡ (RBCs) vkil esa fpidus yxrh gSa]
ysfdu leku #f/kj oxZ okys #f/kj esa ,slk ugha gksrk gSA

16-2-2 #f/kj VªkUl¶;wtu esa #f/kj oxksZa dk egRo
(Importance of Blood Groups in Blood Transfusion)

tc fdlh nq?kZVuk ;k jksxo'k tSls iYeksujh ;k vkek'k; esa ghejst ftlesa jä
dh ifYV;k¡ gksrh gSa ;k lhfj;l ,suhfe;k ds QyLo:i 'kjhj esa #f/kj dh
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vR;f/kd deh gks tkrh gS rks ml lEcfU/kr jksxh ds thou dks cpkus ds fy,
mls fdlh nwljs euq"; dk #f/kj p<+k;k (blood transfusion) tkrk gSA vr%
jksxh ds 'kjhj esa #f/kj p<+kus ;k CyM VªkUl¶;wtu ls igys ;g tku ysuk
t:jh gS fd Mksuj (donor) dk #f/kj jksxh vFkkZr~ jsflfi,s.V (recipient) ds
#f/kj ds leku gks vFkkZr~ Mksuj ds RBCs esa mifLFkr ,s.Vhtu dh foijhr
(anti) ;k lEcfU/kr ,s.VhckWMh jsflfi,s.V ds #f/kj lhje ;k IykTek esa ugha
gksuh pkfg, ¼blh çdkj jsflfi,s.V ds RBCs) vU;Fkk jksxh ;k jSflfi,s.V ds
#f/kj esa igWqapkrs gh Mksuj ds RBCs vkil esa cM+s&cM+s lewgksa esa fpiduk çkjEHk
dj nsaxsA

fp= 16-4% Blood Groups showing their Compatibility

CyM VªkUl¶;wtu lkekU;r% leku #f/kj oxksZa okys O;fä;ksa ds e/; mRre
gksrk gS] ysfdu vko';drk iM+us ij vkUrj-oxhZ; CyM VªkUl¶;wtu Hkh fd;k
tk ldrk gS ¼fp= 16-4½A

CyM VªkUl¶;wtu dks vc ge fuEu çdkj le> ldrs gSa&

1- ;wfuolZy Mksuj ;k loZnkrk (Universal donors)& O #f/kj oxZ okys
euq"; dks ;wfuolZy Mksuj dgk tkrk gS] D;ksafd bldk #f/kj fu%ladksp fdlh
Hkh vU; #f/kj oxZ euq"; dks fcuk fdlh gkfu ds fn;k tk ldrk gS] D;ksafd O
#f/kj oxZ ds O;fä;ksa ds #f/kj esa ,s.VhtUl iw.kZr% vuqifLFkr gksrs gSa rFkk
VªkUl¶;wtu ds le; bu O;fä;ksa dk #f/kj IykTek jSflfi,s.V ds #f/kj esa
Mk;Y;wV (dilute) gks tkrk gS ftlds QyLo:i bu O;fä;ksa ds #f/kj IykTek
esa ekStwn nksukas ,s.VhckWMht ¼aa rFkk b½ fcuk dksbZ gkfu igq¡pk;s jSflfi,s.V ds
#f/kj-IykTek esa vo'kksf"kr gks tkrh gSaA blds foifjr tc O #f/kj oxZ ds
O;fä;ksa dks #f/kj dh vko';drk gksrh gS rks os dsoy vius #f/kj oxZ ds
euq";ksa dk #f/kj ys ldrs gSaA

2- ;wfuolZy jSflfi,s.V ;k loZçkid (Universal recipients)& ftu
O;fä;ksa dk #f/kj oxZ AB gksrk gS] mUgsa ;wfuolZy jSflfi,s.V dgk tkrk gS]
D;ksafd ;s lHkh #f/kj oxksZa ds O;fä;ksa dk #f/kj ys ldrs gSa] dkj.k buds
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lhje ;k IykTek esa nksuksa gh a rFkk b ,s.VhckWMht vuqifLFkr gksrh gSa] blfy,
fdlh Hkh Mksuj (donar) ds #f/kj ds RBCs ;k ,s.VhtUl ij buds #f/kj dh
dksbZ çfrfØ;k ugha gksrh gSA fdUrq blds RBCs esa nksuksa ,s.VhtUl mifLFkr
gksus ds dkj.k budk #f/kj A, B rFkk O #f/kj oxksZa ds fy, csdkj gksrk gS]

fp= 16-5% Diagram showing the Possibilities of Blood Transfusion between
Different Groups

vFkkZr~ AB dk #f/kj dsoy AB oxZ dks gh fn;k tk ldrk gSA RH-QSDVj dh
[kkst ds ckn ;wfuolZy Mksuj ,oa ;wfuolZy jSflfi,s.V çpfyr 'kCn ugha jgsA

3 oxZ A (Group A)& ftu O;fä;ksa dk #f/kj oxZ A gksrk gS] os A rFkk
O #f/kj oxksZa dk #f/kj ys ldrs gSaA fdUrq budks B ,oa AB #f/kj oxZ ds
O;fä;ksa dk #f/kj ugha fn;k tk ldrk gSA dkj.k] vxj B #f/kj oxZ okys
O;fä dk #f/kj A okys O;fä dks ns fn;k tk; rks B #f/kj oxZ ds ,s.Vhtu B
ds RBCs A #f/kj oxZ ds #f/kj lhje esa mifLFkr b ,s.VhckWMht ds dkj.k
vkil esa fpidus yxsaxh] ftlds A #f/kj oxZ okys O;fä dh CyM dSfiyjht
(blood capillaries) jks/kh gks tk;sxh vkSj #f/kj dk lapj.k ugha gks ik;sxk]
ftlds QyLo:i ml O;fä dh èR;q gks tk;sxhA ysfdu B #f/kj oxZ okys
O;fä ds #f/kj lhje esa mifLFkr ,s.VhckWMh a dk A #f/kj oxZ okys O;fä
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ds ,s.Vhtu A ds RBCs ij dksbZ çHkko ugha gksrk gS] D;ksafd CyM VªkUl¶;wtu
esa jsflfi,s.V (recipient) ds #f/kj IykTek dh ek=k dh rqyuk esa Mksuj (donor)
ds #f/kj IykTek dh ek=k bruh de gksrh gS fd bldh ,s.VhckWMh dk dksbZ
çHkko ugha iM+rkA blh çdkj A #f/kj oxZ okys O;fä dks AB #f/kj oxZ okys
O;fä dk #f/kj ugha fn;k tk ldrk gS] dkj.k A #f/kj oxZ ds #f/kj lhje esa
mifLFkr ,s.VhckWMh b, AB #f/kj oxZ ds RBCs ds lkFk ugha jg ldrhA

4- oxZ B (Group B)& ftu O;fä;ksa dk #f/kj B oxZ dk gksrk gS] os
dsoy #f/kj oxZ B ,oa O ls #f/kj ys ldrs gSaA fdUrq bUgsa A rFkk B #f/kj
oxksZa ds O;fä;ksa dk #f/kj ugha fn;k tk ldrk gS] dkj.k& B #f/kj oxZ ds
O;fä ds #f/kj lhje esa mifLFkr a ,s.VhckWMh] A rFkk AB oxksZa ds O;fä;ksa ds
RBCs esa mifLFkr A ,s.Vhtu ds lkFk ugha jg ldrh] vFkkZr~ ;fn A ,oa AB
Mksuj dk #f/kj B oxZ ds O;fä dks fn;k tk; rks bu nksuksa gh Mksuj ds RBCs,
A ,s.Vhtu QSDVj dh mifLFkfr ds dkj.k B oxZ jSflfi,s.V O;fä ds #f/kj
lhje esa mifLFkr ,s.VhckWMh a ls çfrfØ;k djds vkil esa lewgksa esa
fpidus ;k ,sXywfVus'ku ds vUrxZr vk tk;saxsA

#f/kj oxZ dk fu/kkZj.k (Determination of Blood Groups)

Åij ds fooj.k ls ;g Li"V gS fd CyM VªkUl¶;wtu ds fy, jsflfi,s.V rFkk
Mksuj (recipient and donor) ds #f/kj oxksZa dks tkuuk vfr vko';d gSA #f/kj
oxZ dks Kkr djus ds fy, A- ,s.Vhlhje rFkk B-,s.Vhlhje ¼tks cktkj ls cus
cuk;s miyC/k gksrs gSa½ dk ç;ksx fd;k tkrk gSA lhje (serum) #f/kj IykTek
dk og Hkkx gS tks #f/kj dk FkDdk (clot) te tkus ds i'pkr~ ihys æo ds :i
esa cp tkrk gSA blesa dsoy ,s.VhckWMh gh gksrh gSA A-,s.Vhlhje es ,s.VhckWMh a
rFkk B-,.Vhlhje esa ,s.VhckWMh b gksrh gSA fdlh O;fä dk #f/kj oxZ Kkr djus
ds fy, MkWDVj lcls igys ,d lkQ LykbM ij nksuksa çdkj ds ,s.Vhlhje
dh ,d-,d cw¡n vyx-vyx j[k ysrk gSA fQj ,d thok.kqeqä lqbZ ¼lqbZ dks
xeZ djds ,sYdksgkWy esa cq>k ysrs gSa½ pqHkksdj lEcfU/kr O;fä ds gkFk dh ,d
v¡xqyh ds fljs ij ls jä dh cwW¡n fudky ysrk gSA bl jä dks nksuksa çdkj ds
lhjeksa dh c¡wnksa esa FkksM+k-FkksM+k feyk nsrk gS tks Hkh çfrfØ;k lhjeksa dh c¡wnksa esa
gksrh gS] mlds vk/kkj ij fp= 16-6 ds vuqlkj O;fä ds #f/kj oxZ dk fu/kkZj.k
lqxerk ls gks tkrk gSA

CyM Mksus'ku ,oa CyM cSad (Blood donation and blood bank)& lHkh
cM+s fpfdRlky;ks esa CyM cSad gksrh gSa] tgk¡ Mksuj dk #f/kj fy;k tkrk gS vkSj
blds oxZ (group) dk fu/kkZj.k djds bls mi;qä vk/kqfud fof/k;ksa }kjk çhtoZ
(preserve) ;k lqjf{kr j[kk tkrk gS rFkk vko';drkuqlkj bls jksfx;ksa dks
p<+krs gSaA CyM cSad esa O;fä;ksa }kjk MksusV (donate) fd;s x;s #f/kj dks T;ksa
dk R;ksa dsoy 30 fnu rd j[k ldrs gSaA dsoy #f/kj lhje dks Hkh CyM cSadksa
esa CyM VªkUl¶;wtu ds fy, j[kk tkrk gSA bls vf/kd fnuksa rd j[k ldrs gSaSA
blesa #f/kj oxZ dk Hkh >a>V ugha gksrk] D;ksafd blds VªkUl¶;wtu esa jksxh ds
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#f/kj esa dksbZ ,s.Vhtu ugha igWqaprkA blesa dsoy ,s.VhckWMh gh gksrh gSaA #f/kj
lhje dks lq[kkdj ikmMj ds :i esa j[kk tk ldrk gSA VªkUl¶;wtu ds le;
cl blesa fMfLVYM ty (distilled water) feykdj bldk ç;ksx fd;k tk
ldrk gSA xr egk;q/n esa ?kk;y lSfudksa ds fy, rks ;g fof/k ,d çdkj ls
ojnku ds :i esa fl/n gqbZA xr egk;q) esa gh lk/kkj.k 'kdZjk ls cuk;s x;s
MSDLVªkWu (dextron) uked inkFkZ ls vkfVZfQflvy (artificial) IykTek ;k lhje
cukdj cM+s iSekus ij bldk ?kk;y lSfudksa ds fy, mi;ksx fd;k x;kA ckn esa
vk/kqfud oSKkfudksa us #f/kj ds LFkku ij ikWfyfoukby ikbjksfyMkWu (Polyvinyl
pyrrolidone) dk mi;ksx fd;kA gky gh esa phu ds oSKkfudksa us rjy ij¶yqØks
dkcZu (purflucro carbon) ls ,d ,slk rjy inkFkZ rS;kj fd;k gS tks #f/kj ds
LFkku ij dk;Z dj ldrk gS] D;ksafd bl inkFkZ esa #f/kj dh rjg gh O2 ,oa
CO2 ds laogu dh {kerk gksrh gSA

16-2-3 #f/kj oxZ dh oa'kkxfr (Inheritance of Blood Groups)

#f/kj oxZ (blood groups) ekuo esa oa'kkxr gksrs gSaA lUrkuksa esa budk fodkl]
es.My ds fu;eksa ds vuqlkj] ekrk-firk ls çkIr (genes) ds vk/kkj ij gh gksrk
gSA

fp= 16-6% Determination of Blood Groups

budh oa'kkxfr nks ds ctk; rhu rqyukRed y{k.kksa (contrasting
characters) ds thUl vFkkZr~ ,yhYl (genes or alleles) ij fuHkZj djrh gS
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ftlds dkj.k] bl oa'kkxfr dks cgqxq.k ,yhyokn (multiple allelism) dgrs gSaA
rqyukRed y{k.kksa dh thUl vFkkZr~ ,yhYl gkseksyksxl ØksekslksEl
(homologous chromosomes) ij leku o fuf'pr LFkkuksa (loci) ij fLFkr
gksrh gSaA vr% ;g Li"V gS fd fdlh Hkh euq"; esa ;s rhuksa ,yhYl vFkkZr~
thUl ,d lkFk mifLFkr ugha gks ldrha] buesa ls dsoy dksbZ Hkh nks mifLFkr
gksrh gSa tks leku Hkh gks ldrh gSa vkSj vleku HkhA lUrku dh yky #f/kj
df.kdkvksa (RBCs) esa dkSu lk ,s.Vhtu cusxk] bldk fu/kkZj.k ;s thUl gh
djrh gSaA bu thoksa dh vfHkO;fä vaxzsth ds I v{kj ls dh tkrh gS] ftldk
rkRi;Z vkblksghesXY;wfVukstu (Isohaemaglutinogen) ls gksrk gSA vr% bUgsa
fuEu çdkj ls fu:fir djrs gSa&

(i) IA thu& ,s.Vhtu A dk fodkl djrh gSA

(ii) IB thu& ;g ,s.Vhtu B dk fodkl djrh gSA

(iii) IO thu& ;g fdlh Hkh ,s.Vhtu dk fodkl ugha djrh gSA

IA ,oa IB thu] IO thu ds fy, MkWfeus.V ;k çcy (dominant) gksrh gSa]
ysfdu ;s ijLij ,d-nwljs ds fy, MkWfeus.V ugha gksrh gSa] vr% tks lUrku
vius ekrk-firk ls IAIA ;k IAIO thUl çkIr djrh gSa mudh yky #f/kj
df.kdkvksa esa ,s.Vhtu A fodflr gksxk vkSj mudk #f/kj A oxZ dk gksxkA tks
lUrku ekrk-firk ls IBIB ;k IBIO thUl çkIr djrh gSa muesa ,s.Vhtu B dk
fodkl gksxk vkSj mudk #f/kj B oxZ dk gksxkA ftl lUrku dks ekrk-firk ls
IAIB thUl çkIr gksaxh mlesa ,s.Vhtu A vkSj B nksuksa gh fodflr gksaxs] D;ksafd
bu nksuksa esa ls dksbZ Hkh thu ,d-nwljs ij çHkkoh ugha gksrh gS] vFkkZr~ bu thUl
esa ijLij çcyrk dk vHkko (lack of dominance) gksrk gS vkSj mldk #f/kj
AB oxZ dk gksxkA tks lUrku IOIO thUl çkIr djsaxh mlesa dksbZ Hkh ,s.Vhtu
ugha cusxk vkSj mldk #f/kj O oxZ dk gksxkA IAIO ;k IBIO thUl çkIr djus
okyh lUrkukas esa Øe'k% ,s.Vhtu A ,oa B blfy, curs gSa fd thu IO vU;
nksuksa thUl ds fy, lnSo lqIr (recessive) gksrh gSA

fofHkUu #f/kj oxZ ,oa muds thu-lEcU/kksa dks fuEu rkfydk esa n'kkZ;k
x;k gS&

lkj.kh 16-2% Blood Groups and their Related Genes

Blood Groups O A B AB

Genes IOIO IAIA or IAIO IBIB or
IBIO

IAIB Lack of
dominance

,s.Vhtuksa dh bl oa'kkxfr ds vk/kkj ij lUrkuksa ds #f/kj oxZ vxz
rkfydk ds vuqlkj gks ldrs gSa&
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lkj.kh 16-3% Possible Blood Groups

Parent Blood Groups Blood Groups of Children

Possible Impossible

O × O O A, B, AB

O × A
A × A

O, A B, AB

O × B
B × B

O, B A, AB

A × B A, B, AB, O Nil

O × AB A, B O, AB

A × AB
B × AB
AB × AB

A, B, AB O

#f/kj oxZ vkSj ofYn;r& #f/kj oxZ dh oa'kkxfr-i)fr fpfdRlk-dkuwu
ds eqdneksa esa Hkh egRoiw.kZ gksrh gS] fo'ks"kr% tgk¡ ij fir̀Ro dk >xM+k jgrk gSA
fdlh cPps ds ekrk-firk dkSu gks ldrs gSa] ;g #f/kj oxZ ds }kjk gh LFkkfir
fd;k tk ldrk gSA lkj.kh esa lEHkkfor #f/kj oxZ fn;s x;s gSaA bldk
voyksdu djus ij fofnr gksxk fd ;fn ftl cPps ds fo"k; esa >xM+k py jgk
gks] mldk #f/kj oxZ A gS vkSj mlds ekrk-firk dk #f/kj O gS] rks ;g tkfgj
gS fd cPpk mu ekrk-firk dk ugha gSA fdUrq blds foijhr] ;fn ekrk-firk dk
#f/kj oxZ A ,oa B gS] rc #f/kj-ijh{k.k }kjk dqN Hkh fl) ugha gks ldrk]
D;ksafd ,sls ekrk-firk dh lUrkuksa esa lHkh çdkj ds #f/kj oxZ lEHko gksrs gSaA

#f/kj oxZ vkSj fodkl& #f/kj oxksZa ls fodkl lEcU/kh Kku çkIr djus esa
lgk;rk feyrh gSA ekuo dfi;ksa (man like apes) esa A rFkk O #f/kj oxZ ik;s
tkrs gSaA ;s #f/kj oxZ euq";ksa esa Hkh ik;s tkrs gSa tks ,d-nwljs ds fudV
lEcfU/kr gksus ds çek.kksa dks n'kkZrs gSaA

M rFkk N #f/kj oxZ (M and N Blood Groups)

A rFkk B ,s.Vhtu ds vfrfjä RBCs esa M rFkk N ,s.VhtUl Hkh ik;s tkrs gSa]
fdUrq #f/kj lhje esa budh ,s.VhckWMht mifLFkr ugha gksrh gSaA 'k'kd (rabbit)
ds 'kjhj esa ;fn euq"; ds #f/kj dk VªkUl¶;wtu fd;k tk; rks 'k'kd ds #f/kj
lhje esa ,s.VhckWMht fodflr gks tkrh gS tks fofHkUu ,s.VhtUl ds çfr ,s.Vh
fojks/kh gksrh gSaA yS.MLVhuj rFkk yhokbu (Landsteiner and Levine, 1927) us
'k'kd ds #f/kj esa fodflr ,s.VhckWMht ds lkFk çfrfØ;k djus ds vk/kkj ij
ekuo dh tula[;k dks rhu oxksZa esa oxhZÑr fd;k] tks fuEu gSa&
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lkj.kh 16-4

Blood
Groups

Genotype Reaction with
Antibodies of RBCs

Antigen and Antibody
of Blood

Anti-M Anti-N Antigen in

RBC

Antibody
in Serum

M

M/N

N

M/N

M/N

N/M

+

+

Absent

Absent

+

+

M

M/N

N

None

None

None

16-2-4 Rh-QSDVj ;k ,s.Vhtu (Rh-Factor or Antigen)

yS.MLVhuj ,oa ohuj us (Landsteiner and Weiner, 1944) us j~ghll cUnj
(Rhesus Monkey) ds yky #f/kj df.kdkvksa (RBCs) esa ,d vU; ,s.Vhtu dk
irk yxk;k ftls mUgksaus Rh-,s.Vhtu ;k Rh-QSDVj dk uke fn;kA
p¡wfd ;g ,s.Vhtu loZçFke okLro esa j~ghll (Rhesus) cUnj esa [kkstk x;k Fkk
blfy, bldk uke Rh ¼tks Rhesus ds çFke nks v{kjksa dks vafdr djrk
gS½ ,s.Vhtu j[kk x;kA lkekU; :i ls bl Rh-,s.Vhtu ls çfrfØ;k djus ds
fy, dksbZ Hkh ,s.VhckWMh bu cUnjksa ds #f/kj IykTek ;k lhje esa ugha ik;h tkrh
gSA yS.MLVhuj rFkk ohuj us bu cUnjksa ds #f/kj dks [kjgksa (rabbits) ,oa fxuh
fiXl (guinea pigs) ds 'kjhj esa bUtsDV fd;kA ckn esa ijh{k.k djus ij Kkr
gqvk fd] bu tUrqvksa ds #f/kj esa Rh-,s.Vhtu dks çHkkoghu cukus okyh
rh-,s.VhckWMht (antibodies) cu x;hA ckn esa bu tUrqvksa ds #f/kj ls
rh-,s.Vhlhje rS;kj fd;k x;k ftlesa ;s rh-,s.VhckWMht mifLFkr FkhA fQj bl
Rh-,s.Vhlhje ls cUnjksa ds gh ugha oju~ U;w;kdZ ds vusd O;fä;ksa ds #f/kj dh
Hkh yky #f/kj df.kdkvksa (RBCs) ds ,sXywfVus'ku (agglutination) ds vk/kkj ij]
tk¡p dh x;h rks irk pyk fd j~ghll cUnjksa ds vfrfjä] xksjh çtkfr (white
race) ds 85% euq";ksa es ;g Rh-,s.Vhtu mifLFkr FkkA Hkkjrh;ksa esa 97%
O;fä;ksa esa ;g ,s.Vhtu ik;k tkrk gSA

ftu O;fä;ksa ds RBCs esa ;g Rh-,.Vhtu ik;k tkrk gS] mUgsa
Rh-ikWftfVo (Rh-positive = Rh+) rFkk ftuds RBCs esa ;g ,s.Vhtu ugha
ik;k tkrk gS] mUgsa Rh-usxsfVo (Rh-negative = Rh–) dgrs gSaaA

Rh+ #f/kj dk VªkUl¶;wtu (Transfusion of Rh+ Blood)& oSls rks
euq"; ds #f/kj lhje esa rh-,s.VhckWMh ¼tks Rh-,s.Vhtu esa ,.Vh gksrh gS½ ugha
gksrh gS] ysfdu ;fn #f/kj VªkUl¶;wtu esa fdlh Rh– O;fä dks fdlh Rh+ O;fä
dk #f/kj p<+k fn;k tkrk gS rks ml le; ml jSflfi,.V (recipient) ds fy,
(Rh–) ,s.Vhtu cká ckWMht (foreign bodies) dh rjg dk;Z djrk gS ftlls
jSflfi,.V O;fä (Rh–) ds #f/kj esa (Rh–) ,s.Vhtu ls çfrfØ;k djus ds fy,
Rh– ,s.VhckWMht dk fuekZ.k gks tkrk gSA bu ,s.VhckWMht dh ek=k de gksus ds
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dkj.k] rqjUr jSflfi,s.V ij dksbZ cqjk çHkko ugha iM+rk] ysfdu ;fn bls nqckjk
fdlh Rh O;fä dk #f/kj p<+k fn;k tk; rks bu rh– ,s.VhckWMht ds dkj.k
Mksuj (donor) ;k Rh+ O;fä dh yky #f/kj df.kdk,¡ (RBCs) jSflfi,s.V ds
#f/kj esa fpidus yxsaxh vkSj bl çdkj ds jSflfi,s.V dh èR;q gks ldrh gSA
vr% vc #f/kj-VªkUl¶;wtu esa] vU; ,s.Vhtuksa dh Hkk¡fr Rh-,s.Vhtu dk Hkh
igys irk yxk ysrs gSaA

Rh– ,.Vhtu dh oa'kkxfr (Inheritance of Rh-antigen or Factor)&
Rh-,s.Vhtu ;k QSDVj dk y{k.k Hkh vkuqoaf'kd gksrk gSA vr% bldh oa'kkxfr
Hkh es.Msfy;u fu;eksa ds vuqlkj gh gksrh gSA blesa Rh- y{k.k ij Rh+ y{k.k
çcy (dominant) gksrk gSA

viuh izxfr tk¡fp, (Check Your Progress)

1- fdl #f/kj oxZ ds O;fDr dks ;wfuolZy Mksuj dgrs gSa&

¼v½ A ¼c½ O

¼l½ AB ¼n½ B

2- tho foKku ds vuqlkj dkSu lk & fookg-laca/k xyr gS vFkkZr~
fdlds ^^,fjFkzksCykLVksfll dhVsfyl** jksx dh laHkkouk gksrh gS\

¼v½ Rh+ Male ,oa Rh– Female

¼c½ Rh– Male ,oa Rh+ Female

¼l½ nksukas Rh+

¼n½ mijksä esa ls dksbZ ughaA

3- Hkkjrh; turk esa yxHkx fdrus çfr'kr (%) O;fDr;ksa esa Rh+ dkjd
gksrk gS\

¼v½ 97% ¼c½ 65%

¼l½ 75% ¼n½ 60%

4- Rh-Factor dh [kkst fdlus dh Fkh\

¼v½ yS.MLVhuj us ¼c½ gSDlys us

¼l½ ohuj us ¼n½ yS.MLVhuj ,oa ohuj

5- ,sls O;fä dk #f/kj oxZ D;k gksxk ftlesa Antigen A o B ijUrq
Antibody dksbZ ugh gS\

¼v½ A ¼c½ B

¼l½ AB ¼n½ O
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6- Antigen gS&

¼v½ Blood corpuscles ¼c½ Blood Protein

¼l½ Blood Toxins ¼n½ Plasma

7- ,sls O;fä dk #f/kj oxZ D;k gksxk ftlesa Antibody ‘a’ ,oa ‘b’ gS
ijUrq ,.Vhtu dksbZ ugh gS\

¼v½ A ¼c½ B

¼l½ AB ¼n½ O

8- #f/kj-vk/kku (Blood Trasfusion) esa ;wfuolZy jSflfi,.V fdl oxZ
ds O;fä gksrs gSa\

¼v½ ‘A’ ¼c½ ‘AB’

¼l½ ‘B’ ¼n½ ‘O’

9- ,d O oxZ ds jksxh dks fdl oxZ dk :f/kj fn;k tk ldrk gS\

¼v½ O, A ,oa B ¼c½ O ,oa AB

¼l½ dsoy AB ¼n½ dsoy ‘O’

10- AB :f/kj oxZ ds jksxh dks fdl oxZ ds O;fä dk #f/kj ns ldrs gS\

¼v½ A ,oa AB ¼c½ B, AB

¼l½ O ,oa AB ¼n½ O ,oa B

16-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼c½

2- ¼v½

3- ¼v½

4- ¼n½

5- ¼l½

6- ¼l½

7- ¼n½

8- ¼c½

9- ¼n½

10- ¼l½
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16-4 lkjka'k (Summary)

mijksä o.kZu ls Li"V gS fd cgqfodYih rFkk jDr lewg dh vkuqoaf'kdrk ds
v/;;u ls vkuqoaf'kd fodkjksa dks nwj fd;k tk ldrk gSa rFkk jDr dk vknku-
çnku dh fØ;k dks lqpk# #i ls fØ;kfUor fd;k tk ldrk gSA rFkk
Rh-Factor ds ckjs esa tkudkjh feyrh gSA

16-5 eq[; 'kCnkoyh (Key Terminology)

 cgqdkjd thUl& tc ,d gh y{k.k dks ,d ls vf/kd thUl fu;af=r
djrh gSA

 Rh-Factor& Rhisus monkey ij lcls igys bl dkjd dk irk
pykA ftlds dkj.k bldk uke Rh-Factor uke fn;k x;kA

 ,.Vhtu& 'k=qvksa dh Hkk¡fr dk;Z djus okys dkcZfud@vdkcZfud inkFkZA

 ,.VhckMh& 'kjhj dh çfrjks/kd {kerk dks c<+kus okys dkjdA

 Mksuj& nkrk jDr lewg ‘O’ jslhfi,s.V & lHkh ls jDr xzg.k djus
okyk jDr lewg & ‘AB’A

16-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; Á'u (Short Answer Type Question)

1- #f/kj VªkUl¶;wtu esa #f/kj oxksZa dk egRo le>kb,A

2- Rh-Factor (Rh-dkjd) ij laf{kIr fVIi.kh fy[kksA

3- Ropk dh jax dh oa'kkxfr dks le>kb;sA

4- Rh-Factor rFkk ABO dh oa'kkxfr dSls gksrh gS\

5- fuEufyf[kr ij laf{kIr fVIi.kh fy[kks&

(i) Universal Recipient/Recipient

(ii) Universal Donor/Donor

(iii) AB ,oa O #f/kj oxZ

(iv) Rh-Factor

(v) Blood Transfusion

(vi) Blood Group
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(vii) Antigens and Antibody/Antibodies

(viii) Determination of blood Group

nh?kZ mÙkjh; iz'u (Long Answer Type Questions)

1- eYVhiy QSDVj fdls dgrs gSa\ euq"; esa jDr lewgksa dh oa'kkxfr dks
le>kb;sA

2- jDr lewg dk o.kZu dhft,A jDrk/ku esa jDr lewgksa ds egRo dks Li"V
dhft,A

3- ABO System ¼ç.kkyh½ ds vk/kkj ij fofHkUu çdkj ds #f/kj o.kksZa
(Classes) dk o.kZu dhft,A

4- cgqdkjd vkuqoaf'kdh dk foLr̀r o.kZu dhft,A

5- ekuo esa jDr lewg dh vkuqoaf'kdh ij fuca/k (Essay) fyf[k,A

6- ekuo esa ik;s tkus okys :f/kj oxksZa dk o.kZu rFkk mudk egRo
le>kb,A

7- ekuo esa ik;s tkus okys ‘A’, ‘B’ ,oa ‘O’ jDr lewgksa dk o.kZu dhft,A

8- cgqdkjd D;k gS\ ekuo esa Ropk ds jax dh vkuqoaf'kdh dh foospuk
dhft,A

16-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Gardner, Lewin and Maloy, Genetics.

2. Bruece Alberts, J. Lewis and J.D. Watson, Cell Biology &
Molecular Biology.

3. J. Darnell, H. Lodish and D. Baltimore, Molecular Cell Biology.

4. A.M. Winchester, Genetics.

5. Edgar Alterberg, Genetics.
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bdkbZ 4

v/;k; 17 ekuo esa vkWVkslksey rFkk fyax-xq.klw=h;
flUMªkse
(Autosomal and Sex-chromosomal
Syndrome in Human)

Lakjpuk (Structure)

17-0 ifjp;
17-1 mÌs';
17-2 xq.klw=h; flUMªkse

17-2-1 vkWVkslksey fl.MªksEl ;k vkWVkslksey ØksekslksEl dh la[;k esa ifjorZu ds dkj.k
vkuqoaf'kd jksx

17-2-2 lSDl-Øksekslksey fl.Mªkse ;k lSDl-ØksekslksEl dh la[;k esa ifjorZu ds dkj.k
vkuqoaf'kd jksx

17-2-3 Øksekslksey lajpuk esa ifjorZu ds dkj.k vkuqoaf'kd jksx
17-2-4 euq"; esa thu lEcfU/kr jksx ;k thu E;wVs'ku ds }kjk gksus okys jksx

17-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
17-4 lkjka'k
17-5 eq[; 'kCnkoyh
17-6 Lo-ewY;kadu iz'u ,oa vH;kl
17-7 lgk;d ikB~; lkexzh

17-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)

euq";ksa esa lkekU;r% 46 xq.klw= ik;s tkrs gSaA uj esa 44 vkVkslkse ,oa
XY ,ykslkse (Allosome) xq.klw= gksrs gSaA eknk esa 44 vkVkslkse (Autosome)
rFkk XX fyax xq.klw= (Sex-chromosome) gksrs gSaA xq.klw=ksa dh la[;k esa gksus
okys ifjorZu ekuo esa vfu;ferrk,¡ mRié djrs gSaA ftlds dkj.k
Euploidy ,oa Aneuploidy mRié gks tkrh gSA xq.klw=ksa esa gksusokys ifjorZu ds
QyLo:i euq";ksa esa vusd fo'ks"krk,¡ mRié gks tkrh gSA

17-1 mÌs'; (Objective)

bl bdkbZ dks i<us ds ckn vki&

 xq.klw=ksa dh la[;k esa gksus okys ifjorZu

 xq.klw=ksa dh la[;k

bhandup8
Rectangle
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 euq"; esa thu lEcfU/kr jksx ;k thu E;wVs'ku ds }kjk gksus okys jksx

bu lHkh fcanqvksa dk Kku izkIr dj ldrs gSaA

17-2 xq.klw=h; flUMªkse (Chromosomal Syndrome)

ekuo esa ØksekslksEl dh lkekU; la[;k 46 gksrh gSA fdUrq ØksekslksEl esa
lajpukRed ,oa la[;kRed ifjorZuksa ds dkj.k Øksekslkse <k¡ps esa dHkh-dHkh
vusd vlkekU;rk,¡ vk tkrh gSa tks vf/kdrj vfHkO;ä (express) gksrh gSaA bu
Øksekslksey vlkekU;rkvksa ds dkj.k ekuo esa vusd fofHké çdkj ds tSuSfVd ;k
vkuqoaf'kd jksxksa ds y{k.k] ftUgsa fl.Mªkse (syndrome) dgrs gSa] mRié gks tkrs
gSaA ekuo esa Øksekslksey vlkekU;rk,¡¡ fuEufyf[kr nks çdkj dh ik;h tkrh gSa&

1- ;wIykW;Mh (Euploidy, eu = even)& blesa Øksekslkse dh cnyrh gqbZ
la[;k lnk ,d lSV] vFkkZr~ ,d ewy la[;k (haploid monoploid or ‘X’ or ‘n’
number, called genome), ds xq.ku (multiples) esa gksrh gS( tSls& fVªIykW;M =
3n VSVªkIykW;M = 4n rFkk is.VkIykW;M 5n vkfnA blfy, bls ikWyhIykW;Mh Hkh
dgrs gSaA ;g tUrqvksa esa cgqr de] ysfdu ikS/kksa esa vf/kd ik;k tkrk
gSA ;g ,d eknk xSehV~ ¼v.Mk.kq½ ds nks uj xSehV~l ¼'kqØk.kqvksa½ }kjk fu"kspu
ds ;k v/kwjs ekbVksfll (mitosis) ds ;k xSehVkstsuSfll ds nkSjku fevksfll
(meiosis) ds u gksus ls fMIykW;M xSehV~l cu tkus ds QyLo:i gksrk gSA

lu~ 1960 esa oSKkfudksa }kjk igyh ckj ,d vlkekU; ckyd ds feyus dh
iqf"V dh x;hA ;g ckyd fVªIykW;M Fkk rFkk blesa ØksekslksEl dh dqy la[;k
66 vkWVkslkse + 2X lSDl-Øksekslkse + IY lsDl-Øksekslkse FkhA ;g ckyd
vkuqoaf'kdh; nf̀"V ls uj Fkk tks dsoy tUe ysus rd gh thfor jgkA

2- ,U;wIykW;Mh (Aneuploidy, aneu = uneven)& blesa ØksekslksEl dh
cnyrh gqbZ la[;k ,d ewy lSV ds xq.ku (multiples) esa ugha gksrhA fevksfll
(meiosis) esa ,d ;k vf/kd letkr tksfM+;ksa ds ØksekslksEl ds ijLij vyx u
gksus ds dkj.k ØksekslksEl dh la[;k esa ,sls ifjorZu gks tkrs gSaA ;s vkWVkslksEl
esa Hkh gks ldrs gSa vkSj lSDl-ØksekslksEl esa HkhA blesa 'kjhj ds vusd y{k.k ,d
lkFk çHkkfor gksdj vlkekU; jksx n'kk mRié djrs gSaA ,sls y{k.kksa dh fl.Mªkse
(Syndrome) dgrs gSaA ekuo esa ik;s tkus okys fl.Mªkse dks ØksekslksEl ds
LoHkko ds vuqlkj fuEufyf[kr nks Hkkxksa esa foHkkftr fd;k tk ldrk gS &

(i) vkWVkslksey fl.Mªkse rFkk

(ii) lSDl-Øksekslksey fl.Mªkse
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17-2-1 vkWVkslksey fl.MªksEl ;k vkWVkslksey ØksekslksEl dh la[;k esa
ifjorZu ds dkj.k vkuqoaf'kd jksx
(Autosomal Syndromes or Genetic Disorder or
Disease due to Autosomal Numerical Changes)

vkWVkslksey fl.Mªkse esa fuEufyf[kr voLFkk,¡ ik;h tkrh gSa &

1- Mkmu fl.Mªkse (Down’s Syndrome)& bl fl.Mªkse dk o.kZu loZçFke
yS.Mky Mkmu (Langdol Down) us lu~ 1866 esa fd;k FkkA bls
eaxksykbZ bfMvkslh ;k tM+rk vFkok eaaxksfyTe (Mongoloid idiocy or
Mongolism) Hkh dgrs gSaA vkSlr 700 cPpksa esa ls ,d bl fl.Mªkse
okyk iSnk gksrk gSA blesa 21oha tksM+h ds vkWVkslkse nks dh ctk; rhu
gksrs gSa] vFkkZr~ Øksekslkse-lewg 2n + 1 (21) = 47 gksrk gSA ¼iq#"k esa 45+ +
XY = 47 rFkk fL=;ksa eas 45 + XX = 47½A letkr ØksekslksEl ds ,sls
lewg dks Vªkblksfed (trisomic) dgrs gSaA bl fl.Mªkse okys O;fä dk
flj xksy] Ropk [kqjnjh] thHk eksVh] eq[k [kqyk] vk¡[ksa frjNh rFkk iydsa
eaxksy tkfr dh rjg QksYMsM (folded) gksrh gSaA blesa tuu-vax
lkekU; ysfdu iq#"k uiqald gksrs gSaA ,sls O;fä NksVs dn vkSj detksj
fnekx ds gksrs gSa vkSj çk;% o;Ld gksus ls ¼16 o"kZ dh vk;q ls igys½ gh
ej tkrs gSaA

fp= Ø- 17-1% Mongolian Syndrome

2- 18-Vªkblkseh (18-Trisomy) ;k ,MoMZ fl.Mªkse (Edward’s
Syndrome)& bl fl.Mªkse esa 18 osa vkWVkslksey tksM+s esa nks dh ctk;
rhu ØksekslksEl 2n + 1 ik;s tkrs gSa vFkkZr~ Øksekslkse lewg iq#"kksa esa 44
+ 18th (2n + 1) = 45 + XY = 47 vkSj fL=;ksa esa 44 + 18th (2n + 1) = 45
+ XX = 47 gksrk gSA bl jksx ls ihfM+r f'k'kq eUn cqf) okys vkSj
çk;% ,d o"kZ dh vk;q rd gh thfor jgrs gSaA ,sls f'k'kqvksa dk flj
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piVk] ckgjh dku vfodflr] fupyk tcM+k NksVk] Åijh gksB dVk gqvk]
LVjue NksVk rFkk ân; esa vfu;ferrk,¡ ik;h tkrh gSaA 1800 esa ls ,d
f'k'kq bl çdkj dk ik;k tkrk gSA

3- 13&Vªkblkseh (13-Trisomy)& bl çdkj ds fl.Mªkse okys f'k'kq esa 13
oha vkWVkslksey tksM+h esa nks dh ctk; rhu Øksekslkse 2n + 1 ik;s tkrs gSa
vFkkZr~ Øksekslkse lewg iq#"kksa esa 44 + 13 (2n + 1) = 45 + XY = 47 vkSj
fL=;ksa esa 44 + 13 (2n + 1) = 45 + XX = 47 gksrk gSA bl fl.Mªkse dks
isV~;w fl.Mªkse (Patau’s syndrome) ds uke ls Hkh tkuk tkrk gSA bl
fl.Mªkse ds f'k'kq eUn cqf) okys gksrs gSaA budk Åijh gksB dVk gqvk]
v¡xqfy;ksa dh la[;k ik¡p ls vf/kd (Polydactyly), xqnksZa vkSj NksVh vk¡r
esa fofHké vfu;ferrk,¡ ik;h tkrh gSaA ,sls f'k'kqvksa dh èR;q tUe
ds ,d ?k.Vs ds ckn ;k ,d fnu ckn gks tkrh gSA 1600 esa ls ,d f'k'kq
bl çdkj dk ik;k tkrk gSA

4- 21&eksukslkseh (21-Monosomy)& bl çdkj ds fl.Mªkse esa 21 oha
vkWVkslksey tksM+h esa ,d Øksekslkse vuqifLFkr (2n – 1) gksrk gS ¼;kuh nks
dh ctk; ,d Øksekslkse gksrk gS½A O;fä dh ,slh voLFkk çk;%
vf/kd ?kkrd gksrh gSA

5- 18&eksukslkseh (18-Monosomy)& bl fl.Mªkse ds f'k'kq esa 18 oha
vkWVkslksey tksM+h esa ,d Øksekslkse vuqifLFkr (2n – 1) gksrk gSA ,sls
O;fä esa ckgjh dku vR;Ur cM+s rFkk v¡xqfy;k¡ vf/kd yEch gksrh gSaA

17-2-2 lSDl-Øksekslksey fl.Mªkse ;k lSDl-ØksekslksEl dh la[;k esa
ifjorZu ds dkj.k vkuqoaf'kd jksx
(Sex-chromosomal Syndromes or Genetic Disorder or
Disease due to Sex-chromosomal Numerical Changes)

1- VjulZ fl.Mªkse (Turner’s Syndrome)& buesa lSDl-Øksekslkseksa esa ls
dsoy ,d] X-Øksekslkse mifLFkr gksrk gS] vFkkZr~ blesa O;fä lSDl-
Øksekslkse ds fy, eksukslksfed (monosomic = 2n – 1) gksrk gS vFkkZr~
Øksekslkse lewg 44A + XO = 45 gksrk gSA vkSlru 500 cPpksa esa ,d
cPpk bl fl.Mªkse esa ik;k tkrk gSA ,sls O;fä dk 'kjhj NksVs dn dk]
xnZu dh Ropk <hyh ;k oSfcax (Webbing), o{k piVk rFkk tuu-vax
vuqifLFkr ;k vfodflr gksrs gSaA vr% ;s O;fä uiqald (eunuch) gksrs
gSa vkSj uj vkSj eknk nksuksa gh gks ldrs gSaA

2- DykbusQsYVlZ fl.Mªkse (Klinefelter’s Syndrome)& ,sls fl.Mªkse okys
O;fä esa lSDl-ØksekslksEl nks dh ctk; rhu XXY, vFkkZr~ Vªkblksfed
(2n + 1) gksrs gSa vFkkZr~ Øksekslkse lewg 44A + XXY = 47 gksrk gSA

Y-Øksekslkse dh mifLFkfr ds dkj.k bl fl.Mªkse ds O;fä dk 'kjhj
lkekU; iq#"k tSlk gksrk gS] ysfdu o"̀k.k (testes) vfodflr gksrs gSa rFkk
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bueas 'kqØk.kq (sperms) ugha curs gSaA vr% ,sls O;fä Hkh uiqald gksrs gSaA
buesa çk;% vkSjrksa tSls Lruksa dk fodkl ¼xkbuhdkseSfLV;k =
Gynaecomastia) gks tkrk gSA vkSlru 500 iq#"kksa esa ,d O;fä ,sls
fl.Mªkse dk gksrk gSA

3- XYY fl.Mªkse ;k fØfeuy fl.Mªkse (Criminal syndrome)& XYY
uj ;k iq#"k ds ckjs esa lcls igys lS.MctZ (Sandberge) us 1961 esa
tkudkjh nhA bleas Øksekslkse dh la[;k 2n = 47 (44A + XYY = 47)
FkhA XYY iq#"k lk/kkj.kr% yEcs] eUn cqf/n okys rFkk vR;f/kd xqLlk
(aggressive) LoHkko ds gksrs gSaA bueas uj gkWeksZUl dk L=ko vf/kd gksrk
gSA ;s fØfeuy LoHkko ds gksrs gSa] blfy, bUgsa fØfefuy fl.Mªkse dgrs
gSaA bUgsa lqij iq#"k (supermales) Hkh dgrs gSaA

X-Øksekslkse okyh ,sU;wIykW;Mh Øksekslkse la[;k vkSj muls mRié fl.Mªkse
fuEu lkj.kh esa fn[kk;s x;s gSa &

lkj.kh Ø- 17-1% euq";ksa esa Kkr dqN ,sU;wIykW;M~l dh Øksekslkse jpuk] lSDl ,oa
fl.Mªkse

fyax xq.klw= fyax y{k.k izk#i

XO (monosomic) female Turner’s syndrome

XX (disomic) female normal

XXX (trisomic) female superfemale

XXXX (tetrasomic) female Mental abnormalities

XXXXX (pentasomic) female Mental abnormalities

XY(disomic) male normal

XYY(trisomic) male Supermale

XXY (trisomic) male Klinefelter’s Syndrome

XXYY (tetrasomic) male ,, ,,

XXXY (tetrasomic) male Extreme Klinefelter’s

XXXXY (pentasomic) male ,, ,,

17-2-3 Øksekslksey lajpuk esa ifjorZu ds dkj.k vkuqoaf'kd jksx
(Genetic Disorders or Disease due to Chromosomal
Structural Changes)

1- ØkbZ M~;w pSV ;k dSV ØkbZ fl.Mªkse (Cri du Chat or Cat Cry
Syndrome)& dSV ØkbZ fl.Mªkse dh [kkst lcls igys yStS;wu
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(Lejeune) us 1963 esa dh FkhA bl fl.Mªkse dk dkj.k fMyh'ku
(deletion) FkkA ik¡posa vkWVkslkse dh tksM+h esa NksVh Hkqtk ds vkWVkslkse
dk ,d cM+k Hkkx iF̀kd~ gksdj foyqIr gks x;k FkkA bl çdkj ds f'k'kq
buQsUlh ihfj;M (infancy period) esa fcYyh ds cPpksa dh rjg vR;f/kd
rst vkokt fudkyrs gSa] bldk eq[; dkj.k] bu f'k'kqvksa esa ySfjaDl
(larynx) dk vfodflr gksuk gSA 50]000 esa ls ,d f'k'kq bl fl.Mªkse dk
ik;k tkrk gSA bu cPpksa dk thuksVkbi ;k Øksekslkse lewg eknk cPpksa esa
44A + XX, 5p- vkSj uj cPpksa esa 44A + XY, 5p- gksrk gSA

2- Øksfud ekbykW;M Y;wdhfe;k (Chronic Myleoid Leukemia =
CML)& bl jksx ls xzLr jksfx;ksa esa fQykMSfYQ;k Øksekslkse
(Philadelphia chromosome) ik;s tkrs gSa] tks 22 osa tksM+h vkWVkslkse
dk ,d Øksekslkse gksrk gS] ftldh yEch Hkqtk dk vf/kdka'k fMLVy Hkkx
(distal part) iF̀kd~ gksdj foyqIr gks tkrk gSA fQykMSfYQ;k Øksekslkse
dh tkudkjh lcls igys USA esa fQykMSfYQ;k esa bl jksx ls xzLr ,d
jksxh ds ijh{k.k ds nkSjku 1959 esa dh x;hA ØkWfud ekbykW;M~
Y;wdhfe;k ds jksxh ds #f/kj esa xzsU;wyj Y;wdkslkbV (WBC) dh la[;k
vf/kd ik;h tkrh gS vkSj RBCs dh la[;k esa deh gksrh pyh tkrh gS
ftlds dkj.k jksxh ,suhfe;k (anaemia) ls Hkh xzLr gks tkrk gSA ckn
esa ;g ik;k x;k fd Øksfud ekbykW;M Y;wdhfe;k dk dkj.k
VªkUlyksds'ku (translocation) gS ftlesa 22 osa Øksekslkse ds q ck¡g (arm)
dk dqN Hkkx VwVdj 9 osa Øksekslkse ds q ck¡g ls tqM+ tkrk gSA blls
xzLr cPpksa dk thuksVkbi ;k Øksekslkse lewg eknk cPpksa esa 44 + XX,
9q+, 22q－ vkSj uj cPpksa esa 44 + XY, 9q+, 22q– gksrk gSA

17-2-4 euq"; esa thu lEcfU/kr jksx ;k thu E;wVs'ku ds }kjk
gksus okys jksx (Gene Related Disorders in Man or
Genetic Disease Caused by Gene Mutations)

thUl ØksekslksEl ds Åij ,d js[kh;-Øe esa O;ofLFkr (linearly arranged)
jgrh gSa rFkk gSjhfMVsjh osfgdYl (hereditary vehicles) dgykrh gS vFkkZr~ lHkh
gSjhfMVsjh y{k.kksa (hereditary characters) dks ,d ih<+h ls nwljh ih<+h rd ys
tkus dk dk;Z djrh gSaA ekuo esa thu lEcfU/kr vusd vlekurk,¡ ik;h tkrh
gSa tks çk;% fofHké gSjhfMVsjh jksxksa (hereditary diseases); (tSls& ,sYdSIVksU;wfj;k]
fQukbydhVksU;wfj;k] flfdy-lSy ,suhfe;k rFkk ,sihyksb;k vkfn ds :i esa
vfHkO;ä gksrh gSaA thUl esa ;s vlekurk,¡ vusd dkj.kksa ¼tSls& thu E;wVs'ku
vkfn½ ls mRié gksrh gSaA ekuo esa ik;s tkus okys dqN çeq[k thu lEcfU/kr jksx
fuEukafdr gSa &

1- euq"; esa eSVkckWfyd =qfV;ksa ls lEcfU/kr jksx (Disease Related to
Errors of Metabolism in Man)& ,-bZ- xSjM (A.E. Garrod) us 1909 esa
dqN ,sls vkuqoaf'kd jksxksa (hereditary diseases) ds fo"k; esa crk;k] tks
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eSVkckWfyTe esa dqN fodkj mRié dj nsrs gSaA bu jksxksa dk o.kZu mUgksaus viuh
Inborn errors of metabolism’ uked iqLrd esa fd;k FkkA tc fQukby,ykfuu
Hkax gksdj ç;ksx esa yk;k tkrk gS] rks eSVkckWfyTe esa vojks/k gks tkus ds dkj.k
euq"; esa Øe'k% fuEufyf[kr rhu jksx mRié gks ldrs gSaA

fp= Ø-17-2% The Sequence of Reactions in Metabolism of Phenylalanine and
Tyrosine. Blocks in Different Reactions cause Different Genetic

Diseases in Man

(i) fQukbydhVksU;wfj;k jksx (Phenylketonuria Disease)& ;g jksx
fQukbyikb#fod vEy (phenylpyruvic acid) ds lap;u ds dkj.k gksrk gSA
bl jksx esa ;Ñr esa fufeZr gksus okyk ,Utkbe fQukby,sykuhu
gkbMªksvkWDlhMst (phenylalanine hydro-oxidase) nks"kiw.kZ gks tkrk gSA vr%
bl jksx ds jksxh esa fQukbyikb#fod vEy dkss gkbMªksfQukby ikb#fod
vEy esa ifjofrZr djus dh {kerk u"V gks tkrh gSA bl jksx ls ihfM+r O;fä
ds ew= esa Qsfjd DyksjkbM ds ?kksy dh dqN c¡wnsa feykus ls ew= xgjk uhys-
gjs jax dk gks tkrk gSA ;g fØ;k ew= esa mifLFkr fQukbyikb#fod vEy
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ds dkj.k gksrh gSA ;g jksx ,d vçHkkoh thu (recessive gene) ds dkj.k
gksrk gS] ftldh vfHkO;fä dsoy gksekstk;xl n'kk (homozygous
condition) esa gksrh gSA bl jksx ls ihfM+r cPps fQukbyikb#fod tM+ cqf/n
(phenylpyruvic idiots) dgykrs gSa] vFkkZr~ ;s eUn cqf/n ds gksrs gSaA bl jksx
ls ihfM+r O;fä esa isf'k;ksa dh xfr vfu;fU=r gksrh gS rFkk Ropk vkSj ckyksa
dk jax gYdk gks tkrk gSA O;fä;ks dh vk;q Hkh de gksrh gS rFkk buesa
lUrkusa mRié djus dh {kerk de ik;h tkrh gSA

(ii) ,sYdSIVksU;wfj;k jksx (Alcaptonuria Disease)& euq";ksa esa ;g Hkh ,d
ew= lEcU/kh jksx gSA ftlesa ihfM+r O;fä }kjk gksekstsfUVfld vEy
(homogentisic acid) dk mRltZu gksrk gSA bl vEy ds lap;u ds
dkj.k bl jksxh dk ew= 'kjhj ls ckgj vkrs gh vk;q ds lEidZ esa vkus
ij dkyk gks tkrk gSA ;g euq"; esa ml thu ds vçHkkoh (recessive)
gksus ds dkj.k gksrk gS tks gksekstsfUVfld vkWDlhMst ,Utkbe ds flUFksfll dk
fu;U=.k djrh gSA ;g ,Utkbe gksykstsfUVfld vEy ;k ,sYdSIVkWu dks
vkWDlhdr̀ djds igys ,slhVks,slhfVd vEy esa rFkk ckn esa CO2 rFkk
H2O esa cnyus gsrq vko';d gSA lkekU;r% euq"; esa ;g ,Utkbe
vko';d ek=kk esa ik;k tkrk gSA fdUrq bl jksx ls ihfM+r O;fä esa
bldk vHkko ik;k tkrk gSA

viuh Áxfr tk¡fp, (Check Your Progress)

1- VuZj fl.Mªkse esa xq.klw=ksa dh la[;k&

¼v½ 44 ¼c½ 45

¼l½ 46 ¼n½ 47

2- Mkmu (Down Syndrome) fdl çdkj dh fcekjh gS\

¼v½ vkVkslksey ¼c½ lSDl fyaDM

¼l½ okbjy ¼n½ cSDVhfj;y

3- O;fä ftlesa 21 osa vkWVkslksey dk tksM+k Vªkblksfed gksrk gSA og
fdl Syndrome ds varxZr~ vkrk gS\

¼v½ Down Syndrome ¼c½ Klienfelter

¼l½ Turner Syndrome ¼n½ None

4- Klienfelter Syndrome esa xq.klw= gksrs gSa&

¼v½ 47 ¼c½ 46

¼l½ 45 ¼n½ 44
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17-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼c½

2- ¼v½

3- ¼v½

4- ¼v½

17-4 lkjka'k (Summary)

mijksä o.kZu ls Li"V gS fd xq.klw=ksa esa vokaNuh; ifjorZu gksus ls fofHké
çdkj dh Autosomel Syndrome disease mRié gksrs gSaA

17-5 eq[; 'kCnkoyh (Key Terminology)

 vkVkslksey Øksekslkse& 22 tksM+h = 44 ¼ekuo xq.klw=½

 fyax xq.klw=& XX ,oa XY- xq.klw= Øe'k% eknk ,oa uj xq.klw=

 Recessive gene& vçHkkoh thu

 Dykbu QsYVj flaMªkse& XXY = 47 (44A + XXY)

 Autosomal Syndrom = Down Syndrom, Adward syndrome

17-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; iz'u (Short Answer Type Question)

1- fuEu ij laf{kIr fVIi.kh fyf[k,

(i) Mkmu flaMªkse

(ii) VuZy flaMªkse

2- oySus fQYVj flaMªkse dk laf{kIr o.kZu dhft,A

3- ,fefu;ksu lSUVsftl D;k gS\

4- fuEu ij laf{kIr fVIi.kh fyf[k,&

(i) iVkÅ flaMªkse

(ii) ,MoMZ flaMªkse
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5- euq"; esa ik;h tkus okyh vkWVkslksey vlekurkvksa dk o.kZu djks

6- fdUgha nks tsusfVd jksxksa dks le>kb,A

nh?kZ mÙkjh; iz'u (Long Answer Type Questions)

1- ekuo esa ik;s tkus okys fyax xq.klw=h; o vkVkslksey flaMªkse dk foLr̀r
o.kZu dhft,A

2- flaMªkse fdls dgrs gSa\ ekuo esa ik;s tkus okys fyax xq.klw=h; flaMªkse
dk o.kZu dhft,A

3- xq.klw=h; vfu;ferrkvksa ds dkj.k mRié gksus okys flaMªkse dk o.kZu
dhft,A

4- ekuo esa vkVkslksey vkuqoaf'kd jksxksa ij fuca/k (Essay) fy[kksA

17-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Gardner, Lewin and Maloy, Genetics.

2. Cell biology & Molecular Biology.

3. Bruece Alberts, J. Lewis, J.D. Watson and Molecular Cell biology

4. A. M. Winchester, Genetics.

5. Edgar Alterberg, Genetics.
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bdkbZ 4

v/;k; 18 ekuo esa vkuqoaf'kdh; chekfj;k¡& fldy
lsy ,uhfe;k] ,fYcfuTe] FkSyslhfe;k
chekfj;k¡ (Genetic Disease in Human
Sickle Cell Anaemia, Albinism and
Thalisemia)

Lakjpuk (Structure)

18-0 ifjp;
18-1 mÌs';
18-2 vkuqoaf'kd jksxksa dk oxhZdj.k
18-3 vkuqoaf'kd jksx
18-4 vçHkkoh lSDl lgyXu thUl ds dkj.k gksus okys vkuqoaf'kd jksx
18-5 çHkkoh thu E;wVs'ku esa gksus okys vkuqoaf'kd jksx
18-6 thUl dh fofHkUurk ;k v;ksX;rk ds dkj.k vkuqoaf'kd jksx
18-7 viuh izxfr tk¡fp, iz'uksa ds mÙkj
18-8 lkjka'k
18-9 eq[; 'kCnkoyh

18-10 Lo-ewY;kadu iz'u ,oa vH;kl
18-11 lgk;d ikB~; lkexzh

18-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)

tSlk igys o.kZu fd;k tk pqdk gS fd ekuo esa Øksekslkse dh lkekU; la[;k 46
gksrh gS ysfdu lajpukRed ,oa la[;kRed ifjorZuksa ds dkj.k ekuo Øksekslkse
<k¡ps esa dHkh-dHkh vusd vlekurk,¡ vk tkrh gS] ftlls fofHkUu çdkj ds
tSusfVd ;k vkuqoaf'kd jksxksa ds y{k.k] ftUgsa fl.Mªkse (Syndrome) dgrs gSaA

çR;sd thu ,d fof'k"V xq.klw= (Chromosome) esa ,d fof'k"V LFkku ij gksrk
gSA bls fcUnq iFk (Locus) dgrs gSaA ekyk ds nkuksa ds leku thUl (Genes)
Hkh xq.klw=ksa (Chromosomes) ij ,d jsf[kd Øe (Linear arrangement) esa
fLFkr gksrs gSaA thu eq[; :i ls ,Utkbeksa (Enzymes) ds ek/;e ls fØ;k djrs
gSaA ,d thu fdlh ,Utkbe ;k çksVhu ds iw.kZ v.kq dk la'ys"k.k u djds
dsoy ,d ikWyhisIVkbM J̀a[kyk (Polypeptide chain) ds la'ys"k.k (Synthesis)
dks fu;fU=r djrk gSA thUl esa Lo;a dks ;FkkFkZ :i ls vuqfyfidj.k djus dh
lkeF;Z gksrh gSA ;g es.My ds fu;eksa dk ikyu djrs gSaA

bhandup8
Rectangle
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;g es.Msfy;u folaxfr;k¡ ,dkdh thu (Single gene) ds mRifjorZu ds
dkj.k gksrh gS ;k thUl ds vkil esa tqM+us (Addition) ;k thUl ds lewg esa
ifjorZu] thUl esa vkil esa feyus dh v{kerk vkfn ds dkj.k gksrs gSaA thUl
xq.klw= esa ,d fof'k"V LFkku ij gksrs gSa] bls fcUnq iFk (Locus) dgrs gSaA ekyk
ds nkuksa ds leku thUl Hkh xq.klw=ksa ij ,d jsf[kd Øe (Linear arrangement)
esa fLFkr gksrs gSaA thUl ,d fof'k"V ley{k.kh fo'ks"krk ds fy, mRrjnk;h gksrk
gSA thUl ls lEcfU/kr vusd folaxfr;k¡ euq"; esa ik;h tkrh gSa] ftudks jksx
ds :i esa ekuk tkrk gSA

thu (Gene) ,d nh?kZ v.kq (Mega molecule) ;k C, H, N, O, P dk cM+k
ewyd gS tksfd ,d Økseksusek (Chromonema) ls tqM+k jgrk gSA fcuk fdlh
ifjorZu ds ,d dksf'kdk ls nwljh dksf'kdk] ,d ih<+h (Generation) ls nwljh
ih<+h esa laokfgr gksrk jgrk gSA ;g ,d fof'k"V ley{k.kh fo'ks"krk ds fy,
mRrjnk;h gksrk gSA thUl ifjo/kZu@fodkl ds le; vusd fof/k;ksa dks çHkkfor
djrs gSaA thUl dh vfHkfØ;kvksa ds vUrxZr &

(i) dksf'kdkvksa ds vusd fofHkUu çdkj ds :i ,oa dk;ksZa dks çnk; djuk]

(ii) 'kjhj ds fofHkUu Hkkxksa ds fuekZ.k ds fy, mi;qä dksf'kdkvksa ds laxBu
dks funsZf'kr djuk] ,oa

(iii) of̀/n fof/k;ksa dks fu;fU=r djuk tksfd lEiw.kZ tho ds :i ,oa vkdkj
ds lkFk-lkFk fofHkUu Hkkxksa dks fu/kkZfjr djrh gSaA

thu vfHkfØ;k (Gene action) çksVhu la'ys"k.k ds }kjk gksrh gSA vusd
jklk;fud ,tsUV~l tSls fd ,UtkbEl] gkeksZUl] çfrtu (Antigen), laxBd
(Organizer) vkfn] ifjo/kZu@fodkl dh fof/k;ksa dks lgk;rk djrs gSaA thu
vfHkfØ;k (Gene action) ds }kjk vusd p;kipf;d (Metabolism) fof/k;ksa dks
fu;fU=r fd;k tkrk gSA buds çHkko dks lajpukRed ,oa ,Utkbfed çksVhUl ds
mRiknu dks fufeZr fd;k tkrk gSA fof'k"V DNA dh thu bdkbZ dksf'kdk
p;kip; ij çksVhUl ls mRiUu çHkko dh lwpuk dks LFkkukUrfjr djrh gSA
vuqys[ku@VªkUlfØI'ku (Transcription) ,d fof/k gksrh gS ftlds }kjk DNA
VsEiysV (Template) ij mRNA ds la'ys"k.k dks RNA ikWfyesjst
(Polymerase) mRçsfjr djrk gSA

18-1 mÌs'; (Objective)

bl bdkbZ dks i<+us ds ckn vki&

 vkuqoaf'kd jksxksa ds y{k.k

 vkuqoaf'kd jksxksa dk oxhZdj.k

 thUl dh fofHkUurk ;k v;ksX;rk ds dkj.k vkuqoaf'kd jksx

vkfn fo"k;ksa ds ckjs esa v/;;u izkIr dj ldsaxsA
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18-2 vkuqoaf'kd jksxksa dk oxhZdj.k
(Classification of Genetic Diseases)

vkuqoaf'kd jksxksa dks rhu Jsf.k;ksa esa foHkkftr fd;k tkrk gS &

1- xq.klw=h; folaxfr;k¡ (Chromosomal disorders) – 15%

2- ,dy thu folaxfr;k¡ (Single gene disorders) – 30%

3- ikWfythfud cgqdkjdh; folaxfr;k¡ (Polygenic multifactional
disorders) – 55%

1- xq.klw=h; folaxfr;k¡ (Chromosomal disorders)& xq.klw=h;
folaxfr;k¡ 1 ls ysdj 22 vkWVkslkEl@vfyax xq.klw=ksa (Autosomes) ij ;k
fyax xq.klw= (Sex-chromosomes) X ,oa Y ij ik;h tkrh gSaA ;s folaxfr;k¡
lajpukRed ;k la[;kRed (Structural or numerical) gksrh gSaA cM+s xq.klw= ij
vf/kd ifjorZu ?kkrd gksrk gSA

lkekU; xq.klw=h; folaxfr;k¡ vlqxqf.krk (Aneuploidy) gksrh gSaA blesa
çk:ih 46 xq.klw= 45] 47] 48 vkfn esa ifjofrZr gks tkrs gSaA lHkh vlqxqf.krk
folaxfr;ksa esa Mkmu flUMªkse (Down syndrome) egRoiw.kZ gksrh gS& 21
f=xqf.krk (21 Trisomy)A bl folaxfr esa v/kZlw=.k foHkktu (Meiotic division)
ds le; ¼vfo;ksstu Nondisjunctions) ds le; 21 ;qXe xq.klw= iF̀kd~ ugha gks
ikrk gS vkSj 3 xq.klw= dksf'kdk esa ços'k djrs gSa] ifj.kkeLo:i 47 xq.klw= ik,
tkrs gSaA dHkh LFkkukUrj.k (Translocation) ds }kjk Hkh flUMªkse (Syndrome)
ik, tkrs gSaA ;g LFkkukUrj.k 21 ls 13] 14] 21] 22 xq.klw= esa gksrk gS ysfdu
xq.klw= dh la[;k 46 gh jgrh gSA vU; xq.klw=h; folaxfr;k¡ gSa& VuZj
(Turner); DykbuQsYVj (Kline-felter); iVkÅ (Patau), ,MoMZ (Edward) ,oa
f'kfFky (Fragile) X-xq.klw= flUMªkseA la[;kRed (Structural) xq.klw=h;
folaxfr;k¡ xq.klw=ks esa fdlh Hkh [k.M dh {kfr@gkfu ds dkj.k gksrh gSaA

vFkkZr~-[k.M ds foyksiu (Deletion) ;k LFkkukUrj.k (Translocation)A
blds çeq[k mnkgj.k gS& ØkbZ-Mw-dsV (Cri-du-chat), ,oa fQykMsfYQ;k
(Philadelphia) xq.klw= folaxfr;k¡A ØkbZ-Mwq-dsV (Cri-du-chat) 5 os xq.klw= ij
foyksiu (5p–) ds dkj.k folaxfr gksrh gS rFkk fQykMsfYQ;k xq.klw=h; folaxfr
xq.klw= 9 ,oa 22 esa vkil esa [k.Mksa dk vknku-çnku ds dkj.k gksrh gS] bldks
Y;wdsfe;k (Leukemia) dgrs gSaA

2- ,dy thu folaxfr;k (Single gene disorders)& blds vUrxZr
3]900 ls vf/kd vkuqoaf'kd jksx ,dy thu ds mRifjorZu ds dkj.k gksrs gSa]
tksfd es.My ds fu;eksa ds vuqlkj oa'kkuqxr gksrs gSaA mRifjofrZr (Mutant)
thu ;k rks vfyaxxq.klw=@vkVkslkse (Autosome) ;k fQj X-xq.klw=
(Chromosomes) ij ik, tkrs gSaA thUl tksfd ,d y{k.k dks n'kkZrs gSa] og nks
letkr xq.klw=ksa (Homologous Chromosomes) ij ;qXe (Pairs) esa ik, tkrs
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gS] ftudks ;qXefodYih (Alleles) dgrs gSaaA thu dk çHkko ;k rks çHkkoh
(Dominant) gksrk gS vFkkZr~ jksx tc Hkh euq"; esa ik;k tkrk gSA tc ;qXe esa ls
dsoy ,d thu gh vfu;fer@vleku (Abnormal) gksrk gS ;k fQj vçHkkoh
(Recessive) ftlesa jksx tc çnf'kZr gksrk gS fn[kkbZ nsrk gS tc
vfu;fer@folaxr (Abnormal) thu nksuksa xq.klw=ksa (Chromosomes) ij ik;k
tk;sA ;fn mRifjofrZr thu (Mutant gene) fyax xq.klw= (Sex-chromosomes)
ij ik;k tkrk gS rc oa'kkuqxfr (Inheritance) fyax lgyXu (Sex linked)
dgykrh gS pkgs mRifjofrZr thu X ;k Y lgyXu gksA vr% oa'kkuqxfr
(Inheritance) pkj çdkj dh gksrh gS &

fp= Ø 18-1% Normal and Sickle-shaped R.B.C.

¼v½ vfyax xq.klw=h;@vkWVkslksey izHkkoh (Autosomal Dominant)

¼c½ vfyax xq.klw=h;@vkWVkslksey vçHkkoh (Autosomal recessive)

¼d½ X-lgyXu vçHkkoh (X-linked recessive)

¼M½ X-lgyXu çHkkoh (X-linked dominant)

orZeku le; esa dksbZ Hkh jksx euq"; esa Y-xq.klw= ds }kjk oa'kkuqxr
(Inherited) ugha ns[kk x;k gSA

(i) jksxksa ij fyax çHkko (Sex influence on disease)& dqN jksx ,sls gksrs
gSA ftuesa mRifjorZu X ;k Y xq.klw= ij fuosf'kr ugha gksrk gS] ysfdu O;fä
ds fyax ds vuqlkj jksx dh rhozrk fHkUu-fHkUu ik;h tkrh gSA mnkgj.k& cká
d.kZ iYyo (External pinna) ij ckyksa dk ik;k tkuk] xatkiu
(Baldness)A ;g vfyax xq.klw=h; çHkkoh (Autosomal dominant) gksrh gS vkSj
dsoy iq#"kksa (Males) esa ik;h tkrh gSA blh çdkj fMldkWUMªksfLV;ksfll vkWQ
ysjh (Dyschondrosteosis of Leri) ,d vfyaxxq.klw=h; çHkkoh (Autosomal
dominant) folaxr gS ftleas dadkyh; folaxfr ik;h tkrh gS tksdh
fL=;ksa@eknk (Females) esa vf/kd ns[kh tkrh gS] iq#"kksa esa ughaA
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,dy thu folaxfr;k (Single gene disorders)& eq[; :i ls vçHkkoh
(Recessive) gksrh gSaA dqN çeq[k p;kipf;d tUetkr folaxfr;k tksfd ,dy
thu dh folaxfr ds dkj.k gksrh gSa] fuEufyf[kr gksrh gSa &

(i) nkuk dksf'kdk vjärk@g¡fl;kdkj ,uhfe;k (Sickle cell anaemia)

(ii) ,fYcfuTe (Albinism)

(iii) vYdkIVksuwfj;k (Alkaptonuria)

(iv) fQukby dhVksuwfj;k (Phenyl ketonuria)

(v) Fksyslsfe;k (Thalassemia)

(vi) flfLVd Qkbczksfll (Cystic fibrosis)

(vii) Vslspst jksx (Tay-Sachs disease) vkfnA bu folaxfr;ksa esa ls
dsoy çFke rhu jksxkas dk ikB~;Øe ds vuqlkj o.kZu fd;k x;k
gSA

3- ikWfytsfud cgqdkjdh; folaxfr;k (Polygenic multifactional
disorders)& blds vUrxZr çeq[k lkekU; folaxfr;k¡-e/kqesg (Diabetes), vfr
jä nkc (Hypertension), 'kkbtksÝsfu;k (Schizophrenia) uSnkfud ân; jksx
(Congenital heart disease-CHD), ikbyksfjd LVsuksfll (Pyloric stenosis),
rfU=dh; ufydk jksx (Neural tube defects) vkfn vusd thUl dh okrkoj.k
ds lkFk vU;ksU; fØ;k (Interaction) ds dkj.k gksrh gS] blh dkj.k budks
ikfytsfud cgqdkjdh; folaxfr;k¡ (Polygenic multifactional disorders) dgrs
gSaA bu jksxksa ds çeq[k y{k.k gSa &

(i) lkekU; iSrd̀ksa (Parents) esa iqujkof̀Rr dh vkink (Risk) gksrh gS& 2.5%
cPpksa esa ls ,d cPpk çHkkfor gksrk gS vkSj lkekU; n'kkvksa esa ,d ls
vf/kd gks ldrs gSaA

(ii) iqujkof̀Rr vkink esa rhu xq.kk of̀) gksrh gSA

(iii) ;fn çHkkfkor cPps dk fyax (Sex) og gksrk gS ftuesa jksx de ik;k
tkrk gS rc vkink vR;f/kd gksrh gSA blds vUrxZr tks jksx vkrs gSa
og ikfytSfud (Polygenic) ds :i esa O;ogkj djrs gSaA çR;sd jksx ;k
rks vfyaxxq.klw=h; (Autosomal) ;k X lgyXu y{k.k ds :i esa
oa'kkuqxr gksrh gSA

18-3 vkuqoaf'kd jksx (Genetic Diseases)

nkuk dksf'kdk vjärk@g¡fl;kdkj ,fufe;k (Sickle cell anaemia), ,sYchfuTe
(Albinism) ,oa vYdkIVksuwfj;k (Alkaptonuria) dk o.kZu fuEu çdkj ls gS &
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1- flfdy-lSy ,suhfe;k jksx (Sickle-cell Anaemia Disease)

flfdy-lSy ,suhfe;k euq"; esa gksus okyk ,d #f/kj jksx gS] ftlesa yky #f/kj-
df.kdk,¡ (RBC) lkekU; euq"; esa gksus okyh yky #f/kj df.kdkvksa dh rjg
oR̀rkdkj u gksdj g¡fl;k ds vkdkj (sickle shaped) ;k v/nZpUækdkj gks tkrh
gSaA ;g jksx uhxzks tkfr ds euq";ksa esa vf/kd ik;k tkrk gSA bl jksx ds
QyLo:i cgqr-lh vlkekU;rk,¡ mRiUu gks tkrh gSa vkSj vUr esa euq"; dh èR;q
gks tkrh gSA ;g jksx dsoy ,d thu }kjk mRiUu gksrk gSA gsVjkstk;xl n'kk
esa ;g lk/kkj.k çHkko (moderate sickling) mRiUu djrk gS] fdUrq gksekstk;xl
n'kk esa xEHkhj çHkko vFkok flfdy-lSy ,suhfe;k mRiUu djrk gSA
gsVjkstk;xl O;fä bl jksx ds okgd (carrier) gksrs gSaA ;g Hkh ns[kk x;k gS
fd bysDVªksQksjsfVd QhYM (electrophoretic field) esa lkekU; euq"; rFkk bl
jksx ds jksxh ds gheksXyksfcuksa esa fHkUu xfr'khyrk,¡ ik;h tkrh gSaA flfdy-
lSy ,suhfe;k gheksXyksfcu lkekU; gheksXyksfcu dh fn'kk ls foijhr fn'kk esa
xfr djrk gSA ckn esa oSKkfudksa ds }kjk ;g Hkh Kkr gqvk gS fd gheksXyksfcu
dh B- J̀a[kyk esa dsoy ,d vehuks ,flM ds çfrLFkkiu ds dkj.k ;g fHkUurk
ik;h tkrh gSA

fp= Ø- 18-2% Inheritance of Sickle-cell Anaemia
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euq"; esa ;g ,suhfe;k jksx thu HbA esa thu E;wVs'ku ds dkj.k gksrk gS
tks o;Ld euq"; esa  gheksXyksfcu J̀a[kyk dk fuekZ.k djrh gSA E;wVsV thu
HbS flfdy-lSy gheksXyksfcu dk fuekZ.k djrh gSA  gheksXyksfcu J̀a[kyk dk
NBok¡ lkekU; vehuks vEy] XywVkfed vEy gksrk gSA flfdy-lSy gheksXyksfcu
esa ;g lkekU; NBok¡ XywVkfed vEy oSfyu] vehuks vEy (valine amino acid)
çfrLFkkfir gks tkrk gSA

2- ,fYcfuTe (Albinism)

lHkh çdkj dh p;kip;h vkuqoaf'kdh folaxfr;ksa esa ,sYchfuTe lcls de ?kkrd
gSA vf/kdka'k O;fä;ksa esa ;g ,d X-lgyXu vçHkkoh y{k.k ds :i esa oa'kkxr
gksrh gSA ;g folaxrh fQukby ,sysuhu Vk;jkslhu p;kipu esa vfu;ferrk ds
dkj.k mRiUu gksrh gS vkSj ;g vfu;ferrk vçHkkoh mRifjorZu (Recessive
mutation) ds dkj.k gksrh gSA

fp= Ø- 18-3% Inheritence of Albinism

bl mRifjorZu ds dkj.k Vk;jksflust ,Utkbe fuf"Ø; gks tkrk gS
ftlds dkj.k MkbgkbMªkWDlh fQukby ,sysuhu (Dihydroxy phenylalanine)
feysfuu (Melanin) esa ifjofrZr ugha gks ikrk gSA ,YchfuTe ls ihfM+r euq";ksa esa
feysfuu uked jatd inkFkZ dh deh gksus ls Ropk dk jax gYdk gks tkrk
gSA ;g jksx ,d vçHkkoh thu] ftls ,fYcuks thu (Albino gene) dgrs gSa] ds
dkj.k gksrk gSA bl thu dh vfHkO;fä tc gh gksrh gS tc ;g le;qXeth n'kk
(Homozygous condition) esa gksrk gSA ,sYchfuTe (Albinism) esa esysukslkbV~l
(Melanocytes) ,oa esysukslksEl (Melanosomes) lkekU; :i ls ik, tkrs gSa]
ysfdu esysukslksEl esa esysfuu (Melanin) dk la'ys"k.k foÑr (Defective) gksrk
gSA fof/k ds vUrxZr (i) vfyax xq.klw=h; vçHkkoh oa'kkuqxr (Autosomal
recessive inheritance) gksrk gS ;k (ii) us=h; ,YchfuTe (Ocular albinism)
tksfd us= eas LFkkfud gksrk gSA ;g X-lgyXu vçHkkoh oa'kkuqxr gksrh gS vkSj
bl voLFkk esa& ¼v½ Ropk dk jax gYdk gks tkrk gSA ¼c½ ckyksa dk jax Hkh
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lQsn ;k gYdk Hkwjk gks tkrk gSA ¼l½ us=ksa ess Hkh o.kZd (Pigmentation) dh
deh gks tkrh gSA ¼M½ bl jksx esa euq"; rst jks'kuh ugha ns[k ikrk gS vkSj
bldks dkyk p'ek yxkuk iM+rk gSA

thu fu;U=.k (Gene control)& euq"; esa iF̀kd~ thUl o.kZdksa dh
ek=k ,oa forj.k dks fu;fU=r djus ds fy, gksrs gSaA tc o.kZd mRiknu
(Pigment production) vFkkZr~ esysfuu (Melanin), thu ds mRifjorZu
(Mutation) ds }kjk vojksf/kr gksrk gS ftlds ifj.kkeLo:i ,sYchfuTe
(Albinism) ik;k tkrk gSA ,fYcuks (Albino) dh Ropk gYds jax dh gksrh gS]
cky (Hairs) lQsn gksrs gSa vkSj us= gYds uhys jax ds fn[kkbZ nsrs gSaA gYds
uhys jax ds us=] rhoz çdk'k esa yky ;k cStuh (Pink) ds fn[kkbZ nsrs gSaA
vkbfjl (Iris) esa o.kZd (Pigment) vuqifLFkr gksrk gS] vkSj us= xksyd dh jä
okfgfu;ksa dks vklkuh ls ns[kk tk ldrk gSA thfud (Genic) ,oa tSo-jklk;fud
(Biochemical) fLFkrh n'kkZrh gS fd ,dy thu (c) le;qXedh n'kk
(Homozygous condition) (cc) esa o.kZd mRiknu dks vojksf/kr djrs gSaA
ifj.kkeLo:i ,fYcuks QhuksVkbi (Albino phenotype) fufeZr gksrk gSA fof/k
ftlds }kjk ,fYcuks (Albino) fufeZr gksrk gS euq"; esa thu ,oa y{k.kksa ds
lEcU/kksa dks ,d vPNk mnkgj.k gSA esysfuu (Melanin) jklk;fud vfHkfØ;kvksa
dh J̀a[kykvksa ds }kjk mRikfnr gksrk gSA bl jklk;fud vfHkfØ;kvksa esa e/;LFk
mRikn (Intermediate product) ,flM fQuk;y ,sysuhu (Acid phenyl alanine)
gksrk gSA ;g vehuks vEy ,oa nwljk vehuks vEy Vk;jksflu (Tyrosine) vf/kd
egRoiw.kZ gksrs gSaA ,Utkbe Vk;jksflust (Tyrosinase), Vk;jksflu (Tyrosine)
dks MkbgkbMªkWDlhfQukby ,sysuhu (Dihydroxyphenyl alanine-dopa) esa
vkWDlhÑr djrk gS] vkSj Mksik (Dopa) ls b.Mkssy-2 dkcksZfDlfyd vEy
(Indole-2carboxylic acid) esa vkWDlhÑr djrk gSA vkxs vkWDlhdj.k ds
ifj.kkeLo:i feysfuu (Melanin) vfUre mRikn gksrk gSA

Vk;jksflust ,Utkbe (Tyrosinase enzyme) dh vuqifLFkfr vfHkfØ;k
dks ,d ;k nks LFkkuksa ij vojksf/kr djrh gSA Vk;jksflust dh deh ds
dkj.k ,YchfuTe (Albinism) folaxfr mRiUu gksrh gSA tc vçHkkoh
(Recessive) thu ‘c’ ,fYcfuTe ds gsrq le;qXeth n'kk esa mifLFkr gksrk gS]
Vk;jksflust ,Utkbe dk mRiknu vojksf/kr gks tkrk gSA vfHkfØ;k fp= 4-4 esa
n'kkZbZ xbZ gSA mnkgj.k& ekuo (Human) esa ,fYcfuTe (Albinism) dk v/;;u
fuEufyf[kr y{k.kksa ;k ekin.Mksa (Criteria) ds vuqlkj dkdsf'k;u dqy
(Caucasian family) esa fd;kA (i) y{k.k (Trait) dks leku tudksa (Parents) dh

lUrfr (Offsprings) flCl (Sibs) esa Kkr fd;kA (ii) vkSlru
1
4

lgksnj (Sibs)

çHkkfor gksrs gSaA ;qXefodYih (Allele) ‘c’ ,fYcfuTe ls lEcfU/kr gksrk
gSA ,fYcuks O;fä (Albino people) ‘cc’ esa o.kZd dh iw.kZ vuqifLFkrh ds dkj.k
yf{kr gksrk gSA nks lkekU; O;fä;ksa essa le;qXeu (Mating), ftlesa nksuksa ;qXe
fodYih (Allele)-‘c’ ,fYcfuTe ds fy, okgd gksrs gSa] fp= 18-5 esa n'kkZ;k x;k
gSA
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fp= Ø- 18-4% Scheme of phenyl alanine-tyrosine metabolism in man.
The metabolism steps assumed to be blocked in homozygotes for the

three genes indicated are shown by arrows.

,d dkdsf'k;u dqy (Caucasian family) ds 6 lnL;ksa esa ls
nks ,fYcukst (Albinos) gksrs gSaA dkdsf'k;u O;fä;ksa ds fy, tud (Parents)
lkekU; {ks= ds vUrxZr FksA ysfdu og okgd (Cc) FksA nksuksa tudksa
ds }kjk ,d vçHkkoh thu (Recessive allele)-‘c’ nksuksa ,fYcukst iq=ksa esa ls
çR;sd dks laokfgr fd;k (III-5, ,oa III-13 fp= 18.7 esa½ fo okgd Fks vkSj buds
ik¡p ,fYcuks (Albino) ,oa nks lkekU; lUrfr FkhA
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fp= Ø- 18-5% Cross between Two Normally Pigmented People both of whom
were Carriers of the Gene (c) for Albinism.

fp= Ø- 18-6% Pedigree of a Family Group in which Albinism has Occurred.

,d vlrr~ (Infrequent) ;qXefodYih ds fy, ;g fLFkrh cgqr de ik;h
tkrh gS] ;fn tud (III-4 ,oa III-5) lEcfU/kr ugha gksrs gSaA ;g mnkgj.k çFke
y{k.k@ekin.M ds fy, viokn gksrk gSA ladj.k (Cross) ijh{k.k ladj.k çdkj
(Cc × cc) çdkj dk gksrk gSA III-4 ,oa III-5 tudksa dh vk/kh lUrfr
ds }kjk ,fYcuks y{k.k (Albino trait) dks n'kkZ;k tkrk gS rFkk 'ks"k vk/kh lUrfr
lkekU; QhuksVkbi gksrh gS ysfdu okgd (Cc) gksrh gSA

fp= 18-4 esa n'kkZbZ xbZ vfHkfØ;k ;g n'kkZrh gS fd ,fYcfuTe
(Albinism) ,oa fQukbudhVksuwfj;k (Phenylketonuria) ,oa vYdkIVksuwfj;k
(Alkaptonuria) ,d-nwljs ls fcYdqy fHkUu jksx gksrs gSa ysfdu
tSojklk;fud :i ls ,d-nwljs ls lEcfU/kr gksrs gSaA bu jksxksa esa vojks/k
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jklk;fud fØ;k ds Øe esa fofHkUu LFkkuksa ij gksrk gSa tks & js[kkvksa ds }kjk
n'kkZ;k x;k gSA

uSnkfud y{k.k (Clinical features)

Ropk jax foghu@o.kZd foghu (Depigmented) gks tkrh gSA tSls gh lw;Z ds
çdk'k ds lEeq[k Ropk (Skin) gksrh gS rc tyu gksrh gSA

cky (Hair) lQsn (White) ,oa js'keh (Silky) LoHkko ds gksrs gSaA

us= (Eye) dh vkbfjl (Iris) uhysiu ij cStuh (Pinkish) gksrh gSA
çdk'k vkbfjl esa ls tkrh gS ifj.kkeLo:i jks'kuh dh vlguh;rk@
nhfIrHkhfr@QksVksQksfc;k (Photophobia) gksrh gSA nf̀"V dh rh{.krk (Acuity)
de gks tkrh gSA cqf/neRrk (Intelligence) lkekU; gksrh gSA

çdkjkUrj (Variants)

(i) Vk;jksflust (Tyrosinase) ik;k tkrk gS] ysfdu esysukslksEl
(Melanosomes) esa Vk;jksflu (Tyrosine) ds laogu ds fy, ifeZ;st
(Permease) vuqifLFkr gksrk gSA

(ii) tSo-jklk;fud (Biochemical) foÑfr MksikDohuksu (Dopaquinone) ,oa
esysfuu ds chp fLFkr gksrh gSA

(iii) psfM;kd-fgxk'kh flUMªkse (Chediak-Higashi syndrome)& ;g
folaxfr viw.kZ us=h;-Roph; ,fYcfuTe (Oculocutaneous albinism),
U;wVªksisfu;k (Neutropenia) ,oa iw;tuu laØe.k ds fy, laosnu'khyrk
n'kkZrh gSA

(iv) us=ksRoph; ,YchfuTe (Oculocutaneous albinism) ,oa jä lzkoh jksx
çof̀Rr (Hemorrhagic diathesis)& gkWesZUldh-iqMyd flUMªkse
Hermensky-pudlak syndrome)

(v) ØkWl flUMªkse (Cross syndrome)& blesa vYio.kZrk
(Hypopigmentation), ekbØks-vkWIFksfYe;k (Micro-opthalmia),
ftfUtoy Qkbczksekl (Gingival fibromas), ,FksVksfll (Athetosis)
uked folaxfr;k¡a vkrh gSaA

mipkj (Treatment)

euq";ksa dks lw;Z ds çdk'k ls cpko djuk pkfg,A euq";ksa dks de çdk'k okys
LFkkuksa ij jguk pkfg,] lw;Z ds çdk'k ls cpus ds fy, jkf=pj LoHkko dk
thou O;rhr djuk pkfg, ;k fQj ijkorZd (Reflectant) ;k vo'kks"kd lu
LØhu (Absorbent sun screen) dk mi;ksx djuk pkfg,A ,fYcfuTe dk dksbZ
mipkj miyC/k ugha gSA
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Xok;V~l ØSfVfuTe jksx (Goitrous Cretinism Disease)

euq"; esa ;g jksx Hkh ,d vçHkkoh thu (recessive gene) ds dkj.k mRiUu gksrk
gSA ;g jksx dsoy gksekstk;xl n'kk esa vfHkO;Dr gksrk gSA bl jksx ds O;fä esa
fQukbysykuhu rFkk Vkbjkslhu ds eSVkckWfyTe esa vojks/k mRiUu gks tkrk gS
ftlds dkj.k Fkk;jkWbM xzfUFk (thyroid gland) dh fØ;k vfu;fer gks tkrh
gSA bl jksx ds O;fä çk;% eUn cqf/n ds gksrs gSaA

FkSyslhfe;k jksx (Thalassemia Disease)

flfdy-lSy ,suhfe;k dh gh rjg ;g jksx Hkh #f/kj ls lEcfU/kr gSA bl jksx
ls Hkh yky-#f/kj df.kdk,¡ viuh fØ;k esa vlkekU; gks tkrh gSaA euq"; esa bl
jksx dks ekbØkslkbVhfe;k (Microcytemia) ds uke ls Hkh tkuk tkrk gSA ;g
jksx Hkh ,d vçHkkoh thu ds dkj.k gksrk gS tks euq"; esa gksekstk;xl n'kk esa
çHkkodkjh gksrk gS vkSj rhoz ,suhfe;k (severe anaemia) mRiUu djrk gSA euq";
easa bl ,suhfe;k dks dqyht ,suhfe;k (cooly’s anaemia) Hkh dgrs gSa] tks O;fä
bl jksx ls xzLr gksrs gS( muds gheksXyksfcu v.kq esa  Jà[kyk dk la'ys"k.k ugha
gksrk] vr% budk #f/kj vkWDlhtu dk ogu djus esa vleFkZ jgrk gSA

jsVhuksCykLVksek jksx (Retinoblastoma Disease)

;g jksx ekuo tkfr esa ,d lkekU; thu ds çHkkoh ,yhy (dominant allele) esa
E;wVs'ku ds QyLo:i mRiUu gksrk gS tks vR;Ur gh yhFky (lethal) ;k ?kkrd
gksrk gSA bl jksx ds O;fä;ksa ds us=ksa esa dSUljl V~;wej (cancerous tumors)
cu tkrs gSaA bl jksx ds O;fä;ksa dh èR;q vf/kdka'kr% f'k'kq voLFkk esa gh gks
tkrh gSA

,ihyksb;k jksx (Epiloia Disease)

euq"; esa ;g jksx Hkh ,d lkekU; thu ds çHkkoh ,syhy esa E;wVs'ku ds dkj.k
mRiUu gksrk gSA bl jksx ds O;fä gsVjkstk;xl rFkk lkFk gh jksxokgd
(carriler) gksrs gSaA gksekstk;xl O;fä;ksa esa bl jksx ds çHkko ds ckjs esa vHkh
dqN Kkr ugha gks ldk gSA bl jksx ds O;fä eUn cqf/n ds rFkk budh Ropk
vkSj vkUrfjd Hkkxksa esa V~;wej (tumors) ds leku jpuk,¡¡ ik;h tkrh gSaA bu
jksfx;ksa dh èR;q vf/kdrj f'k'kq voLFkk esa gh gks tkrh gSA

xkWpj dk jksx (Gaucher’s Disease)

;g Hkh ,d vkuqoaf'kd jksx gS tks vfu;fer olk eSVkckWfyTe ls lEcfU/kr
gSA ;g jksx XywdkslSjhczkslkbMst (glucocerebrosidase) ,Utkbe dh vuqifLFkrh
ds dkj.k gksrk gSA ;g ,Utkbe olk eSVkckWfyTe dk fu;eu djrk gS vkSj
bldh vuqifLFkfr esa jksxh dh Iyhgk] ;Ñr] vfLFk eTtk rFkk efLr"d esa olk
dk lap; vf/kd gks tkrk gSA blh ds dkj.k bu vaxksa eas lwtu c<+rh pyh
tkrh gS vkSj jksxh dh yxHkx 15 o"kZ dh vk;q esa èR;q gks tkrh gSA
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xSysDVkslhfe;k jksx (Galactosemia Disease)

;g jksx euq"; esa ,d vkWVkslksey vçHkkoh thu ds dkj.k gksrk gSA bl jksx ls
çHkkfor O;fä viuh NksVh vk¡r esa xSysDVkst (galactose) dk ikpu Xywdkst esa
djus esa vleFkZ jgrk gSA ;g jksx xSysDVkst QkWLQsV ;wjhfMy VªkUlQjst
(glactose phosphate uridyl transferase) ,Utkbe dh vuqifLFkfr ds dkj.k
gksrk gSA bl jksx ls ihfM+r f'k'kq ds fy, nw/k ,d VkWfDld inkFkZ gksrk gS vkSj
mldh èR;q rhu o"kZ dh voLFkk esa gh gks tkrh gSA

3- vYdkIVksuwfj;k (Alkaptonuria)

;g ew= ls lEcfU/kr folaxfr gksrh gSA çR;sd çk.kh ew= esa vYdkIVksu
gksekstsfUVfld vEy (Alkapton-Homogentisic acid) mRlftZr djrk gSA
çHkkoh O;fä dk ew= tc ok;q ds lEidZ esa vkrk gS rks dkyk iM+ tkrk gS
vFkok vxj ;g ew= {kkjh; ek/;e (Alkaline medium) esa j[kk tk, rc Hkh
{kkjh; ek/;e ds lEidZ esa vkus ij ew= dk jax dkyk gks tkrk gSA ,- xjksM (A.
Garrod) oSKkfud us 1909 esa n'kkZ;k fd vYdkIVksuwfj;k dk euq"; esa oa'kkuqxr
gksuk] es.My ds fl/nkUrkas ij vk/kkfjr gksrk gSA ;g jksx ,d thu (Gene) dh
[kjkch ds ifj.kkeLo:i gksrk gS tksfd gksekstsfUVfld vkWDlhMsl
(Homogentisic oxidase) ,Utkbe ds mRiknu dks fu;fU=r djrk gS tksfd
vYdkIVksu (Alkapton) dks vkWDlhÑr dj dkcZu-MkbvkWDlkbM ,oa ikuh esa
mRçsfjr dj nsrk gSA lkekU; euq"; esa ;g ,Utkbe ik;k tkrk gS tcfd
vYdkIVksuwfj;k (Alkaptonuria) esa ,d tksM+h 2@SA thUl gksrs gSa tks fd
vçHkkoh gksrs gSaA

;g tUetkr p;kipf;d jksx (Metabolic disease) gksrk gS
tksfd ,Utkbe gksekstsfUVfld ,flM vkWDlhMst (Homogentisic acie oxidase-
HAO) dh ;Ñr ,oa fdMuh esa deh ds dkj.k gksekstsfUVfld vEy
(Homogentisic acid) ds fo?kVu dks vojksf/kr djrk gS] ftlds dkj.k ;g
gksekstsfUVfld ,flM ,df=r@laxzfgr gksrk gS vkSj ew= ds lkFk mRlftZr gksrk
gSA

ekuo 'kjhj esa gksekstsfUVfld vEy (HA) dk esyhysflVks,slsfVd vEy
(Maleylaceto acetic acid) esa vkWDlhdj.k vojksf/kr gksrk gS] vr% euq"; ds jä
esa vf/kd ek=k esa gksekstsfUVfld vEy (HA) laxzfgr gksrk jgrk gS vkSj ew= ds
lkFk vf/kd ek=k esa mRlftZr gksrk gSA tSls gh gksekstsfUVfld vEy (HA)
ok;q ;k okrkoj.k ds lEidZ esa vkrk gS] ;g Hkwjs dkys cgqyd (Polymer) esa
mnklhu pH (Neutral pH) ;k blds Åij vkWDlhÑr gks tkrk gS tgk¡ ew=
fLFkj gksus ij dkyk gks tkrk gSA gksekstsfUVfld vEy (HA) cgqyd ds la;ksth
Årdksa (Connective tissues), ,oa mifLFk;ksa (Cartilage) esa laxzfgr gksus ij
vksdjksuksfll (Ochronosis) gks tkrk gS] blds ifj.kkeLo:i xfB;k
(Arthritis) ;k tksM+ksa esa nnZ ,oa mikfLFk dh vi{kfr@vifodkl (Degeneration)
gks tkrk gSA
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euq"; esa tSo-jklk;fud vfHkfØ;kvksa ds thu ds }kjk fu;U=.k ds y{k.kksa
ds mRiUu gksus dh fLFkrh de ugha gSA dqN ekufld foÑr O;fä;ksa ds }kjk
ew= esa 1 xzke çfrfnu dh nj ls vleku p;kipf;d fQukby ik;#fod vEy
(Phenyl pyruvic acid) dks mRlftZr fd;k tkrk gSA ;g inkFkZ
fQukby ,ysuhu (Phenyl alanine) dk O;qRiUu inkFkZ gksrk gS tksfd gekjs
vkgkj dk ,d egRoiw.kZ ,oa vko';d vehuks vEy gksrk gSA lkekU; euq"; ds }kjk
dHkh Hkh ik;#fod vEy (Pyruvic acid) mRlftZr ugha fd;k tkrk gSA

fQukby ,ysuhu (Phenyl alanine) dk p;kipf;d iFk fHkUu gksrk gSA
bldh dqN ek=k iqu% tkdj 'kjhj ds çksVhu dks fufeZr djrh gSA bldh dqN
ek=k Vk;jksflu (Tyrosine) ,oa feysfuu (Melanin) esa ifjofrZr gksrh gSA blesa
ls dqN vkWDlhtu ds ,d ijek.kq }kjk blds vehuks lewg dks gVkdj fQukby
ik;#fod vEy (Phenyl pyruvic acid) eas vkWDlhÑr gksrs gSaA vkxs dh
vfHkfØ;kvksa esa fQukby ik;#fod vEy (Phenyl pyruvic acid) ,d ds
ckn ,d pj.kksa esa iSjk gkbMªkWDlhfQukby ik;#fod vEy (Parahydrosy phenyl
pyruvic acid); 2, 5-MkbgkWbMªkWDlh fQukby ik;#fod vEy (2, 5-dihydroxy
phenyl pyruvic acid) ,oa gksekstsfUVfld vEy (Homogentisic acid) esa
voØfer (Degraded) gks tkrk gS vkSj fQj ,slhVks,flfVd ,flM ls CO2,
H2O esa fuEuhÑr gks tkrk gSA ;g voØfer@fuEuhÑfer pj.k (Degraded
steps) ds fy, ,d fof'k"V ,Utkbe dh vko';drk gksrh gS tksfd lkekU;
euq"; ds }kjk mRiUu fd;k tkrk gSA ysfdu og euq"; tks fd vYdkIVksuwfj;k
(Alkaptonuria) jksx ls ihfM+r gksrk gS mlesa iSjkgk;MªkWDlhfQukby ik;#fod
vEy (Para hydroxy phenyl pyruvic acid) 2, 5-Mkbgk;MªkWDlh fQukby
ik;#fod vEy esa ifjofrZr ugha gksrk gS] ,sls O;fä esa Vk;jksflusfll
(Tyrosinesis) n'kk ik;h tkrh gS ftldks vYdkIVksuwfj;k (Alkaptonuria) dgrs
gSaA lkekU; O;fä esa ,d ,Utkbe gksekstsfUVlsV vkWDlhMst (Homogentisate
oxidase) ;Ñr esa gksrk gS] tks gksekstsfUVfld vEy (Homogentisic acie) ;k
vYdkIVksu (Alcapton) dks tksfd jksxh ds ew= esa ik;k tkrk gS ,d
jaxfoghu ;kSfxd esa rksM+ nsrk gS tksfd ckn esa CO2 ,oa H2O esa fo?kfVr gks
tkrk gSA euq"; tks vYdkIVksuwfj;k (Alkaptonuria) jksx ls ihfM+r gksrk gS
mlesa vkVkslkse@vfyax xq.klw=h; thu (Autosome gene) ds mRifjorZu ‘aa’
ds dkj.k ¼vçHkkoh thu ds :i esa½ ;g ,Utkbe vuqifLFkr gksrk gS] tksfd
gksekstsfUVfld vkWDlhMst (Homogentisic oxidase) ,Utkbe dks mRiUu ugha
djrk gSA tc vYdkIVksuwfj;k (Alkaptonuria) ls ihfM+r euq"; Hkkstu esa vf/kd
ek=k esa mifLFkr Vk;jksflu (Tyrosine), fQukby ,ysuhu (Phenyl alanine) ;k
iSjk gk;MªkWDlh fQukby ik;#fod vEy (Parahydroxy phenyl pyruvic acid)
dks xzg.k djrk gS rc ,d vuqikr esa gksekstsfUVfld vEy (Homogentisic acid)
dh of̀/n ew= ds lkFk mRlftZr gksrh gSA fp= 18-4 dks ns[ksaA

fp= 18-4 esa n'kkZ;h vfHkfØ;k ls Li"V gksrk gS fd ,fYcfuTe
(Albinism), vYdkIVksuwfj;k (Alkaptonuria) ,d-nwljs ls fcYdqy fHkUu gksrh gS
ysfdu jklk;fud :i ls ,d-nwljs ls lEcfU/kr gksrh gSA çR;sd ds }kjk
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fQukby ,ysuhu ,oa Vk;jkslhu ds p;kip; esa vfHkfØ;kvksa dh J̀a[kykvksa esa
fo?kVu dks ;k VwV dks n'kkZ;k gSA Øe esa vojks/k (Block) fofHkUu LFkkuksa ij
ik;k tkrk gSA

uSnkfud y{k.k (Clinical features)& bl jksx dh vkof̀Rr ,d yk[k
cPpksa esa 5 cPpksa esa ik;h tkrh gSA ;g vfyax xq.klw=h; (Autosomal) vçHkkoh
y{k.k ds :i esa oa'kkuqxr gksrk gSA

1- bl jksx dk çeq[k y{k.k ew= (Urine) dk ok;q ;k okrkoj.k ds lEidZ esa
vkus ij ;k fLFkj gksus ij tc pH {kkjh; (Alkaline) gksrk gS rc ew=
dkyk ;k xgjk gks tkrk gSA

2- us= ds LDysjk (Sclera) esa rFkk dku ,oa ukd dh mikfLFk esa dkyk
o.kZd laxzfgr gks tkrk gS (vksØksuksfll-Ochronosis) ;g fLFkrh 20&30
o"kZ dh mez esa vf/kd gksrh gSA o.kZd gksekstsfUVfld vEy dk cgqyd
(Polymer) gksrk gSA laxzfgr o.kZd (Pigment) ds dkj.k mikfLFk;kssa esa
mRihM+u gksrk gS ifj.kkeLo:i] fuEuhdj.k ,oa xfB;k jksx gks tkrk gSA

3- vUrjkd'ks#d fMLd (Intravertebral disc) fuEuhdj.k
(Degeneration) ;k vi{k; n'kkZrs gSa] LFkku ladjk gks tkrk gS rFkk
dSYlhHkou (Calcification) çkjEHk gks tkrk gSA

4- fdMuh (Kidney) esa o.kZdksa ds laxzg.k ds ifj.kkeLo:i iFkjh (Stone)
fuekZ.k ,oa usÝksfll (Nephrosis) jksx gks tkrk gSA

mipkj (Treatment)& bl jksx essa dksbZ fof'k"V çdkj dk mipkj ugha
gksrk gSA bl jksxh dks vR;f/kd ek=k esa ,sLdkfcZd vEy (Ascorbic acid) nsuk
pkfg, D;ksafd ;g gksekstsfUVfld vEy ds vkWDlhdj.k dks jksdrk gSA ;g
mikfLFk;ksa esa vksdjksuksfVd inkFkksZa ds laxzg.k dks jksdrk gSA ,sLdkfcZd vEy
ewyHkwr p;kip; dks çHkkfor djrk gSA

18-4 vçHkkoh lSDl lgyXu thUl ds dkj.k gksus okys
vkuqoaf'kd jksx (Genetic Diseases or Disorders
Caused by Recessive Sex-linked Genes)

blds vUrxZr fuEufyf[kr jksx vkrs gSa&

1- gheksfQfy;k vkSj o.kkZU/krk jksx (Haemophilia and Colourblindness
Diseases)& euq"; esa ;s jksx lkekU; :i ls ik;s tkrs gSaA bu jksxksa dk
o.kZu vU; v/;k; esa foLr̀r :i ls fd;k x;k gSA

2- gkbiksVªkbdksfll jksx (Hypotrichosis Disease)& blls ihfM+r O;fä;ksa
dh ,DlVuZy vkWfMVjh dSuky (external auditory canal) esa vR;f/kd
cky (hairs) ik;s tkrs gSa rFkk Ropk lw[kh vkSj [kqjnqjh (toadis skin)
gksrh gSA ;g jksx dsoy iq#"kksa esa ik;k tkrk gS] D;ksafd ;g
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Y-lgyXu (Y-linked) Øksekslkse ls lEcfU/kr gS] vr% bldh vkuqoaf'kdh
gksySf.Mªd (holandric) vFkkZr~ ih<+h-nj-ih<+h ;g uj ls uj esa gh gksrh
jgrh gSA

18-5 çHkkoh thu E;wVs'ku esa gksus okys vkuqoaf'kd jksx
(Genetic Diseases or Disorders caused by
Dominant Gene-mutations)

ekuo esa dqN vkuqoaf'kd jksx çHkkoh thUl (dominant genes) ds }kjk fu;fU=r
gksrs gSa( tSls& ckSukiu] gfUVxVu dkWfj;k dk jksx (dwarfism, Huntington’s
chorea disease)A gfUVaxVu jksx ekuo essa ,d çHkkoh thu-E;wVs'ku ds dkj.k
gksrk gS tks pkSFks tksM+h ds vkWVkslkse ds ,d Øksekslkse dh NksVh Hkqtk ij fLFkr
gksrh gSA blls ihfM+r O;fä lkekU; :i ls vLi"V cksyus] vfu;fer 'olu
rFkk lSjhczy MhtuSjs'ku (cerebral degeneration) ds dkj.k MkfUlax xsV]
(dancing gate) vkfn ls ihfM+r jgrs gSaA blds lkFk gh budh v¡xqfy;k¡ NksVh
(brachy dactyly) vkSj buesa v¡xqfy;ksa dh la[;k ik¡p ls vf/kd (polydactyly)
ik;h tkrh gSA

18-6 thUl dh fofHkUurk ;k v;ksX;rk ds dkj.k
vkuqoaf'kd jksx (Genetic Diseases due to
Incompatibility of Genes)

dqN vkuqoaf'kd vfu;ferrk,¡ ;k jksx thUl dh fofHkUurkvksa ;k mudh
v;ksX;rkvksa ds dkj.k uotkr f'k'kq vkSj mldh ek¡ ds #f/kj esa ik;h tkrh gSaA
tSls&

Rh-QSDVj ;k ,s.Vhtu& (Rh-Factor or Antigen) yS.MLVhuj ,oa ohuj
(Landsteiner and Weiner, 1944) us j~ghll cUnj (Rhesus Monkey) dh
yky #f/kj df.kdkvksa (RBCs) esa ,d vU; ,s.Vhtu dk irk yxk;k ftls
mUgksaus Rh-,s.Vhtu ;k Rh-QSDVj dk uke fn;kA pw¡fd ;g ,s.Vhtu loZçFke
okLro esa j~ghll (Rhesus) cUnj esa [kkstk x;k Fkk blfy, bldk Rh ¼tks
Rhesus ds çFke nks v{kjksa dks vafdr djuk gS½ ,s.Vhtu j[kk x;kA
lkekU; :i ls bl Rh- ,s.Vhtu ls çfrfØ;k djus ds fy, dksbZ Hkh ,s.VhckWMh
bu cUnjksa ds #f/kj IykTek ;k lhje esa ugha ik;h tkrh gSA yS.MLVhuj rFkk
ohuj us bu cUnjksa ds #f/kj dks [kjgksa (rabbits) ,oa fxuh fiXl (guinea pigs)
ds 'kjhj esa bUtsDV fd;kA ckn esa ijh{k.k djus ij Kkr gqvk fd bu tUrqvksa
ds #f/kj esa Rh-,s.Vhtu dks çHkkoghu cukus okyh rh-,.VhckWMht (antibodies)
cu x;hA ckn esa bu tUrqvksa ds #f/kj ls rh-,s.Vhlhje rS;kj fd;k x;k
ftlesa ;s rh-,s.VhckWMht mifLFkr FkhA fQj bl Rh-,s.Vhlhje ls cUnjksa ds gh
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ugha oju~ U;w;kdZ ds vusd O;fä;ksa ds #f/kj dh Hkh yky #f/kj df.kdkvksa
(RBCs) ds ,sXywfVus'ku (agglutination) ds vk/kkj ij tk¡p dh x;h rks irk
pyk fd j~ghll cUnjksa ds vfrfjä xksjh çtkfr (white race) ds 85% euq";ksa
esa ;g Rh-,s.Vhtu mifLFkr FkkA Hkkjrh;ksa esa 97% O;fä;ksa esa ;g ,s.Vhtu
ik;k tkrk gSA

ftu O;fä;ksa ds RBCs esa ;g Rh-,s.Vhtu ik;k tkrk gS] mUgsa
Rh- ikWftfVo (Rh-positive = Rh+) rFkk ftuds RBCs esa ;g ,s.Vhtu ugha
ik;k tkrk gS] mUgsa Rh-usxsfVo (Rh-negative = Rh−) dgrs gSaA

Rh+ #f/kj dk VªkUl¶;wtu (Transfusion of Rh+ Blood)& oSls rks
euq"; ds #f/kj lhje esa rh-,s.VhckWMh ¼tks Rh-,s.Vhtu esa ,s.Vh gksrh gS½ ugha
gksrh gSa] ysfdu ;fn #f/kj VªkUl¶;wtu essa fdlh Rh− O;fä dks fdlh Rh+

O;fä dk #f/kj p<+k fn;k tkrk gS rks ml le; ml jSflfi,.V (recipient) ds
fy, Rh-,s.Vhtu cká ckWMht (foreign bodies) dh rjg dk;Z djrk gS ftlls
jSflfi,.V O;fä (Rh−) ds #f/kj esa Rh-,s.Vhtu ls çfrfØ;k djus ds fy,
rh-,s.VhckWMht dk fuekZ.k gks tkrk gSA bu ,s.VhckWMht dh] ek=k de gksus ds
dkj.k] rqjUr rks jSflfi,.V ij dksbZ cqjk çHkko ugha iM+rk ysfdu ;fn bls
nqckjk fdlh Rh+ O;fä dk #f/kj p<+k fn;k tk;s rks bu rh-,s.VhckWMht ds
dkj.k Mksuj (donor) ;k Rh+ O;fä dh yky #f/kj df.kdk,¡ (RBCs)
jSflfi,.V ds #f/kj esa fpidus yxsaxh vkSj bl çdkj ls jSflfi,.V dh èR;q gks
ldrh gSA vr% vc #f/kj-VªkUl¶;wtu esa] vU; ,s.Vhtuksa dh Hkk¡fr Rh-,s.Vhtu
dk Hkh igys irk yxk ysrs gSaA

Rh-,s.Vhtu dh oa'kkxfr (Inheritance of Rh-antigen or Factor)&
Rh-,.Vhtu ;k QSDVj dk y{k.k Hkh vkuqoaf'kd gksrk gSA vr% bldh oa'kkxfr
Hkh es.Msfy;u fu;eksa ds vuqlkj gh gksrh gSA blesa Rh+ y{k.k ij Rh+ y{k.k
çcy (dominant) gksrk gSA

,fjFkzksCykLVksfll QhVSfyl (Erythroblastosis Foetalis or
Haemolytic Disease of the New born Child)& ;g Rh- QSDVj ls lEcfU/kr
jksx gS tks dsoy f'k'kqvksa esa] tUe ls igys gh] xHkkZoLFkk esa gksrk gSA ;g cgqr
de] ysfdu ?kkrd gksrk gSA blls çHkkfor f'k'kq dh xHkkZoLFkk esa gh ;k tUe ds
'kh?kz ckn] èR;q gks tkrh gSA ,sls f'k'kq lnSo Rh+ gksrs gSaA budh ekrk Rh−

rFkk firk Rh+ gksrk gSA f'k'kq dks Rh-QSDVj ;k ,s.Vhtu ls xq.k çcy thUl
(D) ds :i esa firk ls gh LieZ ;k 'kqØk.kq ds }kjk oa'kkxr gksrs gSaA ifjo/kZu
dky esa Hkzw.k ds çk;% dqN Rh-,s.Vhtu ds RBCs IyslS.Vk (placenta) dks fdlh
Hkh le; Hksndj ekrk ds #f/kj esa ig¡qp ldrs gSaA ekrk ds #f/kj esa ig¡qpdj ;s
rh-,s.VhckWMht ds la'ys"k.k dks mRrsftr dj nsrs gSaA ;s ,s.VhckWMht ekrk ds
#f/kj esa Rh-,s.Vhtu dh vuqifLFkrh ds dkj.k dksbZ gkfu ugha igq¡pkrh] ysfdu
tc ;s rh-,s.VhckWMht ekrk ds #f/kj ds lkFk Hkzw.k ds 'kjhj esa igq¡prh gSa rks Hkzw.k
ds RBCs dks fpidkus yxrh gSaA lk/kkj.kr% bl çdkj dh fLFkfr esa çFke xHkZ
ds f'k'kq dks fo'ks"k gkfu ugha gksrh] D;ksafd bl le; rd ekrk ds #f/kj esas
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rh-,s.VhckWMht dh FkksM+h-lh gh ek=k cu ikrh gSA ysfdu ckn esa ekrk ds #f/kj
esa rh-,s.VhckWMht ds vf/kd cu tkus ds QyLo:i vU; xHkZ ds Rh+ f'k'kqvksa esa
bl jksx dh lEHkkouk vf/kd c<+ tkrh gS] D;ksafd ;s vf/kd ek=k esa ekrk ds
#f/kj ds lkFk Hkzw.k ds 'kjhj esa ços'k djrh gS rFkk Hkzw.k ds RBCs ij vkØe.k
djds mUgsa u"V djuk çkjEHk dj nsrh gSA bl çdkj Hkzw.k dh èR;q ekrk ds
xHkkZ'k; essa gh RBCs ds gheksfyfll (haemolysis) ds dkj.k gks tkrh gSA bl
voLFkk dks haemolytic disease of the new born child or erythroblastosis
foetalis dgrs gSaA

fp= Ø- 18-7% Immunization on Rh− Mother by Rh+ Foetus

Rh-bE;wukbts'ku dks iSflo rh-,s.VhckWMh ds }kjk jksduk (Prevention of
Rh-immunization by passively administered
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rh-antibody)& QhVl (Foetus) ;k Hkzw.k ds Rh+ RBCs tks QhV~l ds tUe ds
le; ;k e/; esa IyslS.Vk ds VwV tkus ls ekrk ds #f/kj ifjogu esa ços'k dj
tkrs gSa] mUgsa rqjUr gh ekrk ds #f/kj esa u"V fd;k tkrk gSA blds fy, #f/kj
IykTek ls rS;kj fd;k gqvk bE;wuksXykscqfyu (Immunoglobulin = IgG) ftlesa
'kfä'kkyh rh-,s.VhckWMht gksrh gSa] dh dqN ek=k ekrk ds #f/kj esa bUtSDV dh
tkrh gS tks ekrk ds #f/kj esa ekStwn Rh+ RBCs dks u"V dj nsrk gSA vusd
ns'kksa esa lHkh Rh− efgykvksa dk Rh+ f'k'kq dks tUe nsus ds ckn] bE;wuksXykscqfyu
dk bUtsD'ku yxokuk vfuok;Z gksrk gSA

fp= Ø- 18-8% Stages of Erythroblastosis Foetalis Disease

viuh Áxfr tk¡fp, (Check Your Progress)
1- vYdkIVksuwfj;k ls lEcf/kr thu&

¼v½ vçHkkoh gksrs gSa rFkk le;qXeth n'kk esa viuk çHkko mRiUu
djrs gSaA

¼c½ vçHkkoh gksrs gSa rFkk fo"ke;qXeth n'kk esa viuk çHkko mRiUu
djrs gSaA

¼l½ çHkkoh gksrs gSa rFkk le;qXeth n'kk esa viuk çHkko mRiUu djrs
gSaA

¼n½ çHkkoh gksrs gSa rFkk fo"k;qXeth n'kk esa viuk çHkko mRiUu djrs
gSaA

2- flfdy dksf'kdk vjärk esa gheksXyksfcu dh&

¼v½  J̀a[kyk esa NBosa LFkku ij osykbu gksrh gSA

¼c½  J̀a[kyk esa lkrosa LFkku ij osykbu gksrh gSA
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¼l½  J̀a[kyk esa NBosa LFkku ij osykbu gksrh gSSSA

¼n½  J̀a[kyk esa ik¡pos LFkku ij osykbu gksrh gSSA

3- flfdy dksf'kdk vjärk esa&

¼v½ gheksXyksfcu dh  J̀a[kyk esa ifjorZu gksrk gSA

¼c½ gheksXyksfcu dh  J̀a[kyk esa ifjorZu gksrk gSA

¼l½ gheksXyksfcu dh  ,oa  nksuksa J̀a[kykvksa esa ifjorZu gksrk gSA

¼n½ fdlh esa ughaA

4- ,fYcfuTe&

¼v½ X-lgyXu çHkkoh y{k.k ds :i esa oa'kkuqxr gksrh gSA

¼c½ Y-lgyXu çHkkoh y{k.k ds :i esa oa'kkuqxr gksrh gSA

¼l½ X-lgyXu vçHkkoh y{k.k ds :i esa oa'kkuqxr gksrh gSA

¼n½ Y-lgyXu vçHkkoh y{k.k ds :i esa oa'kkuqxr gksrh gSA

5- thu ,d&

¼v½ nh?kZ v.kq dk NksVk ewyd gSA

¼c½ y?kq v.kq dk NksVk ewyd gSA

¼l½ nh?kZ v.kq dk cM+k ewyd gSA

¼n½ y?kq v.kq dk cM+k ewyd gSA

6- vkuqoaf'kd jksxksa dks fdruh Jsf.k;ksa esa foHkkftr fd;k tkrk gS&

¼v½ 1 ¼c½ 4

¼l½ 5 ¼n½ 3

7- g¡fl;kdkj dksf'kdk vjärk dh vfHkO;fä gksrh gS&

¼v½ cgq:ih ¼c½ f}:ih

¼l½ prq"d:ih ¼n½ "k"B:ih

8- fn[kk;h nsus okys cká y{k.kksa dks dgrs gSa&

¼v½ thuksVkbi ¼c½ le;qXeth]

¼l½ QhuksVkbi ¼n½ fo"ke;qXeth

9- VuZj fl.Mªkse esa xq.klw=ksa dh la[;k&

¼v½ 44 ¼c½ 45

¼l½ 46 ¼n½ 47

10- ekuo tkfr esa ØksekslksEl dh la[;k&

¼v½ 48 ¼c½ 46

¼l½ 40 ¼n½ 50

11- eaxksfy;u ;k Mkmu fl.Mªkse esas ØksekslksEl dh la[;k&

¼v½ 45 ¼c½ 46

¼l½ 44 ¼n½ 47
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12- Mkmu fl.Mªkse fdl çdkj dh chekjh gS\

¼v½ vkWVkslksey ¼c½ lSDl fyaDM

¼l½ okbjy ¼n½ cSDVhfj;y

13- O;fä ftlesa 21 osa vkWVkslksey dk tksM+k Vªkblksfed gksrk gSA og
fdl fl.Mªkse ds vUrxZr vkrk gS\

¼v½ Mkmu fl.Mªkse ¼c½ DyhusQYVj fl.Mªkse

¼l½ VuZj fl.Mªkse ¼n½ mi;ZqDr esa ls dksbZ ugha

18-7 viuh izxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼v½ 6- ¼n½ 11- ¼n½

2- ¼l½ 7- ¼v½ 12- ¼v½

3- ¼c½ 8-- ¼l½ 13- ¼v½

4- ¼v½ 9-- ¼c½

5- ¼l½ 10- ¼c½

18-8 lkjka'k (Summary)

mijksä o.kZu ls Li"V gS fd fldylsy ,uhfe;k] ,YchfuTe] FkSyhlhfe;k vkfn
vkuqoaf'kd chekfj;k gSA

18-9 eq[; 'kCnkoyh (Key Terminology)

 vkuqoaf'kd fcekjh Genetic Disease& ,slh fcekfj;k¡ tks ih<+h nj ih<+h
pyrh gSaA

 ,fjFkzksCykLVksfll dh VSfyl (Erythro Blastosis Foetalis)& ;g Rh-
Factor ls lacaf/kr jksx gS tks dsoy f'k'kqvksa esssa] tUe ls igys gh
xHkkZoLFkk esa gksrk gSA

 Blood Transfusion& jä dk vknku-çnku djuk ;k jä p<+kus dh
fØ;kA

 fldylsy& g¡afl;kdkj dksf'kdkA

 RBCs = Red blood corpuscles.

 WBcs = White blood corpuscles.
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 ,uhfe;k& [kwu dh dehA

 gheksQhfy;k& vkuqoaf'kd fcekjh ftlessa jä lzko gksrk jgrk gSA vFkkZr~
jä dh FkDdk nsjh ls curk gSA

18-10 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

Yk?kq mÙkjh; Á'u (Short Answer Type Question)

1- euq"; esa ik;h tkus okyh vkWVkslksey vlekurkvksa dk o.kZu dhft,A

2- fuEufyf[kr ij laf{kIr fVIi.kh dhft,&

(i) DykbusQsYVlZ fl.Mªkse]

(ii) Mkmu fl.Mªkse]

(iii) VuZj fl.Mªkse]

(iv) ,sYdSIVksU;wfj;k]

(v) fQukbydhVksU;wfj;k]

(vi) flfdy-lSy ,suhfe;k]

(vii) ,fiyksb;k]

(viii) ekuo esa fyax xq.klw=h; vfu;ferrk,¡]

(ix) vkijkf/kd fl.Mªkse]

(x) dSV ØkbZ fl.Mªkse]

(xi) ,fjFkzksCykLVksfll QhVSfyl]

(xii) gheksQhfy;k]

(xiii) FkSyslsfe;k]

(xiv) ekQZUl fl.Mªkse]

(xv) o.kkZU/krk ,oa gheksQhfy;k]

(xvi) euq"; esa vlqxqf.krk]

3- ,dy thu folaxfr;ksa dk o.kZu dhft;sA

4- vkuqoaf'kd jksxksa dk laf{kIr esa o.kZu dhft;sA

5- vYdkIVksuwfj;k jksx dk o.kZu dhft;sA

6- g¡fl;kdkj vjärk jksx dk o.kZu dhft;sA

7- laf{kIr fVIif.k;k¡ fyf[k;s

¼v½ ,dy thu folaxfr;k¡
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¼c½ xq.klw=h; folaxfr;k¡

¼d½ ikfythfud cgqdkjdh; folaxfr;k¡

8- fuEufyf[kr esa ls fdUgh nks ij fVIif.k;k¡ fyf[k;s&

¼v½ g¡fl;kdkj vjärk

¼c½ ,fYcfuTe

¼d½ vYdkIVksuwfj;k

nh?kZ mÙkjh; Á'u (Long Answer Type Questions)

1- vkuqoaf'kd jksx ls D;k le>rs gks\ g¡fl;kdkj vjärk dk o.kZu
dhft;sA

2- vkuqoaf'kd jksxksa dks fdrus çdkj esa oxhZÑr fd;k x;k gS\
vYdkIVksuwfj;k ,oa ,fYcfuTe jksxksa ds uSnkfud y{k.k ,oa mipkj dk
o.kZu dhft;sA

3- euq"; esa g¡fl;kdkj vjärk] ,fYcfuTe jksxksa dk o.kZu dhft;sA

4- g¡fl;kdkj vjärk dk foLrkj ls o.kZu dhft;sA

5- vYdkIVksuwfj;k dk foLrkj ls o.kZu dhft;sA

6- ,dy thu folaxfr;ksa ls D;k le>rs gks\ ,fYcfuTe dk o.kZu dhft;sA

7- vkuqoaf'kd jksxksa ds ckjsa esa fucU/k fyf[k;sA

8- euq"; esa dqN vkuqoaf'kd vk/kkjh; jksxksa dk foLrkj ls o.kZu dhft;sA

9- euq"; esa ik;s tkus okys lkekU; thu lEcfU/kr jksxksa ij fucU/k fyf[k,A

10- Rh-QSDVj ls vki D;k le>rs gSa\ bldh oa'kkxfr dSls gksrh gS\

11- Øksekslkse lajpuk esa ifjorZu ds dkj.k gksus okys euq"; ds vkuqoaf'kd
jksxksa dk o.kZu dhft,A

12- vkuqoaf'kd jksxksa dk laf{kIr esa o.kZu dhft,A

13- vkuqoaf'kd jksx D;k gS\ euq"; esa lkekU; vkuqoaf'kd jksxksa dk o.kZu
dhft,A

14- ,sfYcfuTe] ,sYdSIVksU;wfj;k ,oa flfdy-lSu ,suhfe;k D;k gS\ mudh
vkuqoaf'kdrk dk laf{kIr o.kZu dhft,A

15- euq"; esa gksus okys lkekU; vkuqoaf'kd jksxksa dk foLrkj ls o.kZu dhft,A

16- euq"; esa fdUgha pkj jksxksa ds vkuqoaf'kd vk/kkj dk o.kZu dhft,A

17- ekuo esa vkuqoaf'kd jksxksa ij ,d ys[k fyf[k,A
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18-11 lgk;d ikB~; lkexzh (Suggested Readings)

1. Gardner, Lewin and Maloy, Genetics.

2. Bruece Alberts, J. Lewis and J.D. Watson, Cell Biology and
Molecular Biology.

3. J. Darnell, H. Lodish and D. Baltimore, Molecular Cell Biology.

4. A.M. Winchester, Genetics.

5. Edgar Alterberg, Genetics.
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bdkbZ 5

v/;k; 19 fjdkWfEcusUV Mh,u, rduhd rFkk thu
Dyksfuax (Recombinant DNA
Technology and Gene Cloning)

Lakjpuk (Structure)

19-0 ifjp;
19-1 mÌs';
19-2 iqu;ksZth@fjdkWfEcus.V Mh,u,

19-2-1 Mh,u, dk iqu%la;kstu ;k fuekZ.k
19-2-2 iqu;ksZxt Mh,u, dk fuekZ.k
19-2-3 thu Dyksfuax
19-2-4 dkYifud@dkbesfjd Mh,u, dh lajpuk
19-2-5 IykfTeM okgd esa Mh,u, [k.M dh Dyksfuax
19-2-6 Dyksfur vkuqoa'kd@thUl vfHkO;fDr
19-2-7 thu Dyksfuax ds vuqç;ksx

19-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
19-4 lkjka'k
19-5 eq[; 'kCnkoyh
19-6 Lo-ewY;kadu iz'u ,oa vH;kl
19-7 lgk;d ikB~; lkexzh

19-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction / Definition)

;g vkuqoaf'kd vfHk;kaf=dh dh ,d egRoiw.kZ rduhd gSA blds }kjk fdlh ,d
tho ds ,fPNd DNA [k.M dks ysdj nwljs tho ds DNA ds lkFk 'kjhj ds
ckgj vFkok ij[kuyh esa ,d-nwljs ds lkFk tksMk tkrk gSA ,sls DNA dks
iqu;ksZxu DNA vFkok fjdkWfEcusUV DNA (Recombinant DNA) dgrs gSaA bl
DNA dks fdlh nwljs bfPNr tho esa ig¡qpk;k tkrk gSA

bl rjg ls New ¼u;s½ organism esa u;s çdkj ds bfPNr xq.k fodflr
gksrs gSaA :ikUrfjr dksf'kdkvksa esa gksus okys yxkrkj foHkktu ds QyLo:i cuus
okyh gj ,d u;h dksf'kdkvksa esa ;g LFkkukUrfjr thu ig¡qprk gSA bl çdkj
thu dh la[;k esa yxkrkj of̀/n gksrh jgrh gSA ;g fØ;k thu Dyksfuax (Gene
cloning) dgykrh gSA

DNA iqu;ksZtu rduhd esa ftl tho ds DNA dk mi;ksx ckgjh thu
(Foreign Gene) ds :i esa fd;k tkrk gS] mls Donor organism ¼nkrk tho½
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dgrs gSaA blls çkIr DNA vFkok thu dks nwljs DNA ¼okgd DNA½ ds lkFk
tksM+us ij iqu;kZsftr DNA çkIr gksrk gSA lkekU;r% bl rduhd esa thok.kqvksa
esa ik;s tkus okys Plasmids vFkok fo"kk.kq DNA dk mi;ksx okgd ds :i esa
fd;k tkrk gSA

19-1 mÌs'; (Objective)

bl bdkbZ dks i<+us ds ckn vki&

 DNA dks iqu;ksZxu DNA vFkok fjdkWfEcusV

 thu Dyksfuax

 dkbesfjd Mh,u, dh lajpuk

 Dyksfur vkuqoa'kd@thUl vfHkO;fDr

 thu Dyksfuax ds vuqç;ksx

vkfn fo"k;ksa ds ckjs esa v/;;u izkIr dj ldsaxsA

19-2 iqu;ksZth@fjdkWfEcus.V Mh,u,
(Recombinant DNA)

dqN thoksa dks NksM+dj yxHkx lHkh lthoksa dk vkuqoaf'kd inkFkZ Mh,u, (DNA)
gksrk gSA o"kZ 1971-73 esa oSKkfudksa us Mh,u, (DNA) dh ewyHkwr lajpuk ,oa
O;kogkfjd vuqç;ksx ds fy, bldh jklk;fudh ,oa tSfodh (Chemistry and
Biology) dks tkuus dh bPNk gqbZ] blh bPNk us ,d ubZ rduhd-vkuqoaf'kd
vfHk;kfU=dh (Genetic Engineering) fodflr fd;kA iqu;ksZth@fjdkWfEcus.V
Mh,u, rduhd (Recombinant DNA Technique) dh [kkst loZçFke LVsuy
(Stainley), dksgus (Kohney), gcVZ ck;j (Hobert Bayer) o muds lg;ksfx;ksa
us dh] ftUgksus 1973 esa lkYeksuSyk (Salmonella) ,oa bZ- dksykb (E.coli)
thok.kq esa ;g iqu;ksZtu (Recombination) djds fn[kk;kA

og rduhd ftlls ,d çtkfr ds thu dks nwljh çtkrh ds Mh,u,
(DNA) essa ços'k djkdj iqu;ksZth Mh,u, (Recombinant DNA) çkIr fd;k
tkrk gS] vkuqoaf'kd vfHk;kfU=dh (Genetic Engineering) ;k iqu;ksZth Mh,u,
rduhd (Recombinant DNA technique) dgykrh gSA bl rduhd ds }kjk
thu@vkuqoa'kd dks çFkd fd;k tkrk gS rFkk fjdkWfEcus.V Mh,u, rduhdh
(Recombinant DNA technique) fof/k fodflr gksus ds dkj.k vc DNA dks
vklkuh ls la'ysf"kr dj ldrs gSaA

fLeFk ,oa ukFkUl (Smith and Nathans, 1970) us ,d u, oxZ
dh ,Utkbe dh [kkst dh] ftls jsfLVªD'ku ,.MksU;wfDy,st (Restriction
endonuclease) dgrs gSaA ;g ,d jklk;fud dSaph ds :i esa dk;Z djrk gS
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rFkk Mh,u, (DNA) dks NksVs-NksVs VqdM+ksa esa dkV nsrk gSA nks o"kZ i'pkr~ 1972
esa cxZ (Berg) ,oa lg;ksxh oSKkfudksa dks nks fHké-fHké çdkj ds fo"kk.kqvksa ds
Mh,u, (DNA) ds NksVs-NksVs VqdM+ks dks tksM+us esa lQyrk çkIr gqbZA bl çdkj
ls cus u, la;ksx ds Mh,u, dks fjdkWfEcus.V Mh,u, (Recombinant DNA)
dgrs gSaA r-DNA ¼fjdkWfEcus.V Mh,u,½ esa okgd Mh,u, (Vector DNA) [k.M
ik;k tkrk gS ftlls fons'kh Mh,u, lgyXu gksrk gSA

fLeFk ,oa foydkWDl (Smith and Wilcox, 1968) us n'kkZ;k fd
cSDVhfj;ksQst (Bacteriophage) P22 dk Mh,u, gheksfQyl bU¶yq,Uth
(Haemophilus influenzae) esa ços'k djus ds i'pkr~ lekIr gks tkrk gSA bu
oSKkfudksa us 1969 esa blls lEcfU/kr ,.MksU;wfDy,st (Endonuclease) dks
'kq/n :i esa çkIr fd;kA 1971 esa ukFkUl (Nathans) us n'kkZ;k fd gheksfQyl
(Haemophilus) dk ;g ,Utkbe cSDVhfj;ksQst SV 40 (Bacteriophage SV 40)
ds Mh,u, dks fof'k"V LFkkuksa ij fo?kVu djus esa leFkZ gksrs gSaA

iqu;ksZth Mh,u, (Recombinant DNA) ds fuekZ.k esa okgd (Vector) dh
vko';drk gksrh gSA bl okgd (Vector) ls iF̀kDdj.k (Isolation) ds i'pkr~
vlaxr Mh,u, (Foreign DNA) dks blls tksM+us ds i'pkr~ iks"kd dksf'kdkvksa
esa LFkkukUrfjr fd;k tk ldrk gSA bl dk;Z ds gsrq IykfTeM~l (Plasmids) ,oa
ysEMk cSDVhfj;ksQstsl (Bacteriophages) dk mi;ksx okgd (Vector) ds :i esa
fd;k tk ldrk gSA ;s okgd (Vector) vlaxr DNA (foreign DNA) ds
fuos'ku ds i'pkr~ Hkh lkekU; fof/k ls gh tuu djrs gSaA bl vlaxr DNA
(foreign DNA), iSrd̀ Mh,u, (Parent DNA) ds lkFk gh iqujkoR̀r (Replicate)
gksrk jgrk gSA ftlls fjdkfEcusUV Mh,u, dh vusd vuqÑfr;k¡ iquZla;kstu
(Recombinant) Mh,u, ds fuekZ.k gsrq okgd (Vector) esa dqN fuEufyf[kr
çdkj dh fo'ks"krk,¡ gksuh pkfg,&

1- okgd (Vector) esa vlaxr ;k vokafNr DNA dks vLohdkj ugha djus
dh {kerk ikbZ tkuh pkfg,A

2- okgd ds DNA esa vlaxr DNA dks xzg.k djus dh {kerk pkfg,A

3- okgd ds DNA esa fdlh çfrcfU/kr ,.MksU;wfDy;st
(Endonuclease) }kjk dqN fo'ks"k LFkku ij fo?kfVr gksus dh {kerk ikbZ
tkuh pkfg, ftlls vko';drk gksus ls bldks foHkDr fd;k tk ldsA

4- okgd dk vkdkj ,oa ifjek.k leqfpr gksuk pkfg, rkfd vlaxr DNA
ls tqM+us ds i'pkr~ mls lqxerkiwoZd iks"kd dksf'kdk esa LFkkukUrfjr
fd;k tk ldsA
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19-2-1 Mh,u, dk iqu%la;kstu ;k fuekZ.k
(Recombination of DNA)

orZeku [kkstksa ds vuqlkj vkf.od vkuqoaf'kdh (Molecular genetics) esa DNA
ds v.kq esa u;s vkuqoaf'kdh la;ksx dk cuuk gh DNA dk iqu%fuekZ.k
(Recombinant DNA) dgykrk gSA

ekstSd jksx dh fofHké dksf'kdkvksa ls DNA ds VqdM+kas dks ysdj
ç;ksx'kkyk esa la'ysf"kr fd;kA bu thok.kq dksf'kdk esa eq[; DNA ds v.kqvksa ds
vfrfjDr DNA ds dqN v.kq xksykdkj Fks ftUgsa IykfTeM~l (Plasmids) dgrs
gSaA IykfTeM~l esa thUl ,d fof'k"V çdkj ls Øec/n gksrs gSa tks nwljh thok.kq
dksf'kdkvksa esa vklkuh ls ços'k dj tkrs gSaA 1962 esa thok.kq dksf'kdk esa ,d
fof'k"V çdkj ds vojks/kd ,Utkbe (Restriction enzyme) dk irk pyk tks
dksf'kdk esa mifLFkr vfrfjDr vFkok ckgj ls ços'k çkIr DNA v.kq dks fof'k"V
çdkj ds VqdM+ks esa fo[kf.Mr djus ds fy, l{ke gksrk gSA tc fdlh ,d
gkfudkjd thok.kq ls çkIr fo[kf.Mr IykfTeM DNA dks nwljs fo[kf.Mr DNA
ds lkFk feyk;k tkrk gS ¼mnkgj.k ds rkSj ij dSalj fo"kk.kq ds fo[kf.Mr DNA
dks yhxst (Ligase) uked ,Utkbe dh mifLFkfr esa tksM+k tk ldrk gS½
rc ,d u;k ladj DNA (Hybrid DNA) çkIr gksrk gS ftlesa nksuksa ekr` DNA
ds y{k.k fo|eku gksrs gSaA blh dks DNA dk iqu%la;kstu (Recombination of
DNA) dgrs gSaA :ikUrfjr dksf'kdk Lo;a dh çfrfyfi rks cukrh gh gS lkFk gh
LFkkfir vlaxr vkuqoa'kd@thu dh Hkh of̀/n djrh gSA iqu;ksZth Mh,u,
(Recombinant DNA) thok.kq çksVhUl ds mRiknu ds lkFk-lkFk LFkkfir
vkuqoa'kd@thu (Gene) ds fo'ks"khÑr çksVhu dks Hkh mRikfnr djrk gSA

Plasmid Chromosome

Bacterium

A-Plasmid

Viral-DNA

DNA spit by enzyme

Virus

Plasmid Chromosome

Recombinant
DNA A bacterium with

recombinant DNA

fp= Ø- 19-1% Showing the Formation of Recombinant DNA in E. coli
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19-2-2 iqu;ksZxt Mh,u, dk fuekZ.k
(Construction of Recombinant DNA)

iqu;ksZxt DNA rduhd] jsfLVªD'ku ,.MksU;wfDy,tst ,Utkbe (Restriction
endonucleases enzyme) ds mi;ksx ij vk/kkfjr gSA ;s os ,UtkbEl gksrs gSa tks
DNA ij ,d fo'ks"k U;wfDy;ksVkbM Øe dks igpkurs gSa vkSj DNA dks bl
fo'ks"k LFkku ls dkV nsrs gSaA bu ,UtkbEl dks jsfLVªD'ku ,UtkbEl
(Restriction enzymes) dgrs gSa] D;ksafd bu ,UtkbEl dh fØ;k vf/kd fof'k"V
Øe rd gh lhfer gksrh gSA ukFkUl vkSj fLeFk] rFkk jkWcVZl] (Nathans and
Smith, 1974 and Roberts, 1976) ds vuqlkj
jsfLVªD'ku ,.MksU;wfDy,tst ,Utkbe dks nks oxksZa esa oxhZÑr fd;k tk ldrk gS
%oxZ I (Class I)& ;s os ,Utkbe gksrs gSa tks DNA ij ,d fo'ks"k vuqØe dks
igpkurs gSa fdUrq mls vfof'k"V LFkyksa (No specific sites) ij dkVrs gSa]
vr% ;s vkuqoaf'kd vfHk;kfU=dh ds fy, vuqi;ksxh gksrs gSaA ;k bl oxZ
ds ,UtkbEl iqu;ksZth Mh,u, (Recombinant DNA) ds fuekZ.k esa Hkkx ugha ysrs
gSaA

oxZ II (Classs II)& ;s os ,Utkbe gksrs gSa tks vkf.od Nwjh (Molecular
scalpel) dh Hkk¡fr dk;Z djrs gSa vFkkZr~ DNA dks ,d fo'ks"k p;fur LFky
(Specific recognition site) ij dkVrs gSaA ;s ,Utkbe gh vkuqoaf'kd
vfHk;kfU=dh esa mi;ksxh fl/n gksrs gSa ;k bl oxZ ds ,UtkbEl iquZ;ksth@
fjdkfEcusUV Mh,u, (DNA) ds fuekZ.k esa lgk;rk djrs gSaA

fHké-fHké çdkj ds ,.MksU;wfDy,tst ,Utkbe fofHké lw{ethfo;ksa ls çkIr
fd, x, gSa rFkk mudk ukedj.k mUgha lw{ethfo;ksa ds uke ds vk/kkj ij fd;k
x;k gS ftuls mUgsa iF̀kd~ fd;k x;k gS] mnkgj.kkFkZ& ECO RI ,Utkbe dks bZ-
dksykb ls çkIr fd;k x;k gS] bl bZ- dksykb esa Mªx çfrjks/kh IykfTeM ¼R
dkjd½ gksrk gSA ¼lkj.kh 1½A jsfLVªD'ku ,Utkbe lkekU;r% 4 ls 6
U;wfDyvksVkbM vuqØe dks igpkurs gSaA bu p;fur vuqØeksa dk ,d fo'ks"k
xq.k ;g gksrk gS fd ;s lefer gksrs gSaA mnkgj.kkFkZ] fuEufyf[kr vuqØe esa
nksuksa lw=ksa ij 5 ' 3' fn'kk esa U;wfDyvksVkbM dk vuqØe leku gSA

5' G A A T T C 3'

3' C T T A A G 5'

bu vuqØeksa dks ftuds nksuksa fljs ,d-nwljs ds iwjd gksrs gSa isfy.Mªksfed
vuqØe (Palindromic sequence) Hkh dgk tkrk gSA

dqN jsfLVªD'ku ,UtkbEl p;fur vuqØeksa dks fcYdqy chp esa ls dkVrs gSa
ftlls Cy.V fljs (Blunt ended) okys [k.M curs gSaA lkj.kh esa Hae III }kjk
mRikfnr Cy.V fljs okys [k.M n'kkZ, x, gSaA fdUrq vU; ,Utkbe DNA dks
bl çdkj dkVrs gSa fd muesa ,dlw=h fljs (Single stranded ends) cu tkrs
gSaA bUgsa fLVdh ;k fpifpis fljs (Sticky ends) dgk tkrk gSA ;s vius
iwjd ,dlw=h fljs ;qfXer gksdj tqM+ tkrs gSaA
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Lkkj.kh Ø-19-1% Recognition sequences of some restriction endonucleases

Name Recognition Sequence Ends after

Cleavage

Source

Eco RI – G A A T T C –
– C T T* AA G –

– G :

– C T T AA:

A A T T C –

G –

E. coli containing
drug-resistance
plasmid RI

Hind III – A A G C T T –

– T TC* G A A –

– A :

– TTCG A :

A GC TT –

A –

Haemophilus inf-

Luenzae serotype
D

Bam I – G G A T C C –

– C CT* A G G –

– G :

– CCTAG :

G A T C C –

G –

Bacillus amyloli-

Quefaciens

Hae III – G G C C –

– C C* G G –

– G G :

– C C :

:

C C –

G G –

Haemophilus

aegyptius

* Note that some sequences produce “sticky” ends.

fp= Ø- 19-2% Cuts produced by restriction endonucleases enzymes in
double stranded DNA.

DNA ds os [k.M tks bu fo'ks"k ,.MksU;wfDy,tst }kjk mRié fd, x, gSa]
mUgsa mlh fo'ks"k ,Utkbe }kjk dkVs ;k fonfyr fd, x, cSDVhfj;ksQst vFkok
IykfTeM ds DNA esa fuosf'kr dj fn;k tkrk gSA cSDVhfj;ksQst ;k IykfTeM ds
DNA ds lkFk ;g DNA tqM+ tkrk gS D;ksafd cSDVhfj;ksQst rFkk IykfTeM dks
Hkh mlh fo'ks"k ,.MksU;wfDy,tst ,Utkbe }kjk fonfyr fd;k x;k gS] vr% muesa
ogh iwjd U;wfDY;vksVkbM vuqØe gksaxs tks igys DNA esa FksA

,Utkbe }kjk iF̀kd~ fd, x, DNA ds [k.M vFkkZr~ ckgjh DNA rFkk
osDVj DNA dks tksM+us esa ,Utkbe ykbxst (Ligase) lgk;d gksrs gSaA bl
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çdkj tks DNA curk gS mls iqu;ksZxt DNA vFkok dkbesfjd DNA
(Recombinant DNA or chimeric DNA) dgrs gSaA

mi;qZDr rduhd }kjk cus iqu;ksZxt IykfTeM dks VªkUlQkWesZ'ku
(Transformation) }kjk bZ- dksykb dksf'kdkvksa esa ig¡qpk fn;k tkrk gS tgk¡
mudk Dyksfuax gksrk gSA çk;% iqu;ksZxt DNA ds VªkUlQkWesZ'ku ds fy, bZ-
dksykb dh dksf'kdkvksa dk çfriks"kh (Host) ds :i esa mi;ksx fd;k tkrk gSA
lcls igys iqu;ksZxt DNA rduhd dk fodkl bZ- dksykb ds K 12 foHksn esa
fd;k x;kA dkWgsu rFkk mlds lkfFk;ksa (Cohen and his colleagues) us ik;k
fd ;fn bZ- dksykb K12 foHksn dh dksf'kdkvksa dks dSfYl;e DyksjkbM (Calcium
chloride, CaCl2) ls mipkfjr fd;k tk, rks dksf'kdk IykfTeM DNA ds fy,
ços'k ;ksX; (Permeable) gks tkrh gSA vr% IykfTeM vFkok Qst DNA ds
iqu;ksZxt DNA v.kqvksa dks bl fof/k }kjk bZ- dksykb ds vfrfjDr cSflyl
lcfVfyl (Bacillus subtilis) dk vkuqoaf'kd rU= (Genetic system) Hkh
iqu;ksZxt DNA ds ços'k o mldh Dyksfuax ds fy, mi;qDr gksrk gSA

Cy.V fljs (Blunt eneded) okys DNA dks Hkh Tu DNA ykbxst (Tu
DNA ligase) dh lgk;rk ls tksM+k tk ldrk gSA fdUrq bl rduhd esa ;g
deh gS fd blesa dksbZ Hkh VwVs gq, nks fljs] ;gk¡ rd fd ,d gh DNA ds VwVs
gq, nks fljs vkil esa tqM+ ldrs gSaA blls fHké-fHké çdkj ds mRikn curs gSa
vkSj muesa ls okafNr mRikn dk p;u djuk iM+rk gSA

Plasmid
Cleavage site

Foreign DNA

Cleavage
site Cleavage by

1 2 3

Annealing and

Endocuclease
AATTAATT

TTAATTAA

Cleavage by
endonuclease

DNA ligase

Recombinant plasmid

Transformation

Chromosome

Transformed cell

Replication

Daughter cells

Plasmid

fp= Ø- 19-3% Production of a Recombinant DNA molecule by genetic
engineering.
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19-2-3 thu Dyksfuax (Gene Cloning)

fdlh ,d tho ds DNA ls thUl dks iF̀kd~ djds iw.kZr% vlEcfU/kr
(Unrelated) tho esa fuosf'kr dj nsuk gh vkuqoaf'kd vfHk;kfU=dh dk vk/kkjHkwr
fopkj gSA bl çdkj fdlh Hkh tho dks vkuqoaf'kdh esa bPNkuqlkj ifjorZu
(Genetic manipulation) fd;k tk ldrk gSA bu ifjorZuksa dks ykus ds fy,
fofHké rduhdksa dk ç;ksx fd;k tkrk gS] ftuesa ls ,d çeq[k gS iqu;ksZxt
DNA rduhdA bl rduhd esa ,d DNA v.kq dks caf/kr LFkkuksa ls rksM+dj
mlls ,d fo'ks"k [k.M vyx fd;k tkrk gS vkSj mls ,d vU; DNA esa caf/kr
LFkku ij tksM+ fn;k tkrk gSA bl çdkj ,d DNA ds [k.M dks nwljs DNA
ls tksM+ nsus ij tks DNA curk gS mls iqu;ksZxt DNA (Recombinant DNA)
dgrs gSa rFkk ;g rduhd vkuqoaf'kd vfHk;kfU=dh (Genetic Engineering)
dgykrh gSA thuksa ds iF̀kDdj.k ds ckn mUgsa IykfTeM vkSj cSDVhfj;ksQst }kjk
mudk Dyksu fd;k tk ldrk gS] ftlls bu thuksa dh vla[; vuqÑfr;k
(Identical copies) cu tkrh gSaA bl çfØ;k dks thu Dyksfuax (Gene cloning)
dgrs gSaA D;ksafd cSDVhfj;k] IykfTeM rFkk cSDVhfj;ksQst (Bacteriophage) ij
ckgjh DNA dh mifLFkfr dk dksbZ çHkko ugha iM+rk vkSj os ckgjh DNA ds
lkFk gh lkekU; :i ls iqujkof̀Rr djrs jgrs gSa] blhfy, iqu;ksZxt DNA dh
dbZ vuqÑfr;k¡ çkIr gks tkrh gSaA thu Dyksfuax dks] thu LIykbflax (Gene
splicing) Hkh dgrs gSaA

thu Dyksfuax ds fy, lkekU;r;k IykfTeM~l rFkk cSDVhfj;kssQst dk
mi;ksx fd;k tkrk gSA lk/kkj.kr% mu IykfTeM dk osDVj ds :i esa mi;ksx
fd;k tkrk gS ftuessa foJkarh iqujkof̀Rr fu;U=.k (Relaxed replication control)
gksrk gS ftl dkj.k ;s çfriks"kh dh ,d gh dksf'kdk esa cgqr vf/kd la[;k
esa ,d= gks tkrs gSaA budh vf/kd mit ds dkj.k gh budk mi;ksx oSDVj
ds :i esa fd;k tkrk gSA ;g vko';d ugha gS fd lHkh IykfTeM
LokHkkfod :i ls Dyksfuax ds fy, mi;qDr (Suitable) gksaA blhfy, mUgsa
Qsjcny }kjk Dyksfuax ds fy, mi;qDr Hkh cuk;k tk ldrk gSA cSDVhfj;ksQst
dk Hkh Dyksfuax oSDVjksa ds :i esa mi;ksx fd;k tkrk gSA ,d cSDVhfj;ksQst esa
DNA v.kq lkekU;r;k jSf[kd (Linear) :i esa ik;k tkrk gS ftldks ,d LFkku
ij rksM+us ls nks [k.M cu tkrs gSa] bu nksuksa [k.Mksa ds chp ckgjh DNA dks
fuosf'kr (Insert) dj ,d dkbesfjd (Chimeric DNA) çkIr gks tkrk gSA

thu Dyksfuax (Gene cloning) ,d fof/k gksrh gS] ftlesa thu@vkuqoa'kd
(Gene) dh iF̀kDdh; ,dy çfrfyih Dyks.M gksrh gS ftlls vfu;fer leku
çfrfyfi;ksa dks çkIr fd;k tkrk gSA thu Dyksfuax esa ,d okgd] ftlesa ,sfPNd
vkuqoa'kd@thu (Gene) gksrk gS] dks iks"kd dksf'kdk esa fuos'k fd;k tkrk gSA
Dyksfuax fuf/k dks thok.kq iks"kd (Bacterial host) bZ- dksykbZ (E. coli)
esa ;k ;wdsfj;ksV~l (Eukaryotes) esa ;hLV (Yeast) esa dh tkrh gSA thu Dyksfuax
pkj pj.kksa esa gksrh gS %
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(a) ,d ;k vf/kd jsfLVªD'ku ,Utkbe ds }kjk okgd Mh,u, dks fo?kfVr
fd;k tkrk gSA

(b) ftl Mh,u, dks Dyks.M fd;k tkrk gS] yf{kr (Target) okgd ls
feyrk gS vkSj ,d iqu;ksZftr fjdkWfEcus.V v.kq dks mRié djrk gSA

(c) iqu;ksZftr@fjdkWfEcus.V Mh,u, v.kq dks iks"kd thok.kq dksf'kdk esa ços'k
fd;k tkrk gSA bl çdkj okgd v.kq ds ços'k ds }kjk iks"kd
dksf'kdk :ikUrfjr gks tkrh gSA

(d) :ikUrfjr dkWyksuh dk p;u dj of̀/n dh tkrh gSA

thu Dyksfuax vkuqoaf'kdrk dh ,d ,slh O;kogkfjd fof/k gS ftlds }kjk
vkfFkZd egRo ds ikS/kksa dks pquk tkrk gS] tks ySfxax çfØ;k ds }kjk mRié fd,
x, gSaA muesa ml tkfr ds y{k.kksa dk iw.kZ lekos'k jgrk gSA vc bu ikS/kksa ls
vkxs vySafxd fof/k (Asexual method) ds }kjk ikS/ks rS;kj djrs gSaA bl çdkj
bu ikS/kksa esa viuh iwoZt tkfr;ksa ds y{k.k iw.kZ :i ls fo|eku jgrs gSa vkSj ;s
tkfr;k¡ ladj (Hybrid) ugha gksrh gSA bl çdkj thu Dyksfuax }kjk fcuk
ladj.k ds mPp uLyh iwoZ tkfr;ksa ls vusd ihf<+;ksa rd LoLFk ,oa 'kq/n uLyh]
mPp y{k.k okyh tkfr;k¡ çfrdwy okrkoj.k esa Hkh rS;kj dh tk ldrh gSaA
orZeku esa dksf'kdk foKku esa thu Dyksfuax ,d vR;Ur egRoiw.kZ mi;ksxh fof/k
gS D;ksafd blds }kjk fdlh fof'k"V vkuqoa'kd dh jklk;fud lajpuk] thu
mRifjorZu ,oa vkuqoaf'kd çHkkoksa dk v/;;u djuk lEHko gksrk gSA

DNA to be insertedPlasmid vector

Cut with ecor ri

Staggered
cleavage

Anneal vector and
foreign DNA

Gap

Gap
Gap

Single stranded regions due
to staggered cleavage help
in base pairing

Seal gaps in chimeric plasmid
with ligase

Gap sealed
Gap

sealed

Gap
sealed

fp= Ø- 19-4% Cloning of a DNA segment in a plasmid vector.
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mnkgj.k& bZ'psjhf'k;k dksykb (Escherichia coli) dh LFkkukUrfjr
dksf'kdk,¡] ftuesa r-DNA ik;k tkrk gS] ds ;wdsfj;ksfVd (Eukaryotic) Mh,u,
(DNA) ds Hkkx dh çfrfyfi;k¡ vlhfer la[;k esa mRié gks ldrh gSa]
D;ksafd ;g lc dh lc çfrfyfi;k¡ fuf'pr ,d gh iSrd̀ Mh,u, (Parent
DNA) v.kq ls çkIr gksrh gSaA bZ- dksykb (E. coli), thok.kq (Bacteria) dks
Dyksfuax çk.kh ds :i esa vf/kd mi;ksxh le>k tkrk gSA thu Dyksfuax (Gene
cloning) ,d mi;ksxh fof/k gksrh gS] ftlds }kjk vkuqoaf'kd@thu (Gene) dh
jklk;fud lajpuk vkuqoa'kd esa mRifjorZu (Mutation in gene) djuk rFkk
mlds tSfod çHkkoksa dk v/;;u djuk lEHko gks x;k gSA bl fof/k ds }kjk
MªkslksfQyk (Drosophila) ,oa pwgs (Rats) ds Hkzw.kksa ds Dyksfur vkuqoa'kd
(Cloned gene) dks LFkkukUrfjr fd;k tk ldrk gS rFkk ;g tUrqvksa dh ubZ
çdkj dh çtkfr;ksa dks mRié djus esa vf/kd mi;ksxh gSA bl çdkj dh uohu
çtkfr;ksa esa vusd u;s y{k.k çnf'kZr vkSj oa'kkxr gksrs gSaA blds vfrfjDr thu
Dyks.M (Gene cloned) thok.kq dksf'kdkvksa dk mi;ksx euq"; dss 'kjhj dh vusd
çdkj dh çksVhUl ds mRiknu ds fy, fd;k tkrk gSA ;g rduhd
fpfdRlk'kkL= ds {ks= esa ,d egRoiw.kZ rduhd le>h tkrh gSA

IykfTeM ,d okgd (Plasmid as Vector)

IykfTeM~l (Plasmids) ,d Lok;Rr rRo gS ftldk thukse (Genome) ,d
dksf'kdk esa cká xq.klw=h; bdkbZ (Extra chromosomal unit) ds :i esa ik;k
tkrk gSA ;g Lor% çfrÑrh; (Self replicating) xksykdkj nksgjk Mh,u, v.kq
(DNA molecule) gksrk gS tks fd ,d thok.kq dksf'kdk esa ,d fuf'pr
vfHkyf{kr la[;k esa çfrfyiksa dks cuk, j[krk gSA ;s IykfTeM~l ,dy çfrfyfi
IykfTeM~l gksrs gSa vkSj ,d IykfTeM~l Mh,u, çfr iks"kd xq.klw= ;k
cgqçfrfyfi IykfTeM~l ds :i esa cus jgrs gSa tksfd 10-20 thukse çfr dksf'kdk
ds cus jgrs gSaA ;g og IykfTeM~l gksrs gSa tks fd f'kfFky çfrÑfr fu;U=.k
(Relaxed replication control) ds vUrxZr jgrs gSaA

Infact bacteria and
isolate progeny particles

Inserted
foreign DNA

Chimeric
phage

Join ends to foreign DNA

Break releases two
fragments

Phage vector

fp= Ø- 19-5% Cloning of a DNA segment in a nonessential region of a
phage vector.
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oR̀rkdkj@xksykdkj IykfTeM Mh,u, ,d LFky ij ,Utkbe dh lgk;rk
ls fo?kfVr gks tkrk gS vkSj js[kh; Mh,u, v.kq dks nsrk gSA vc vlaxr Mh,u,
(Foreign DNA) dks VwVs gq, oR̀rkdkj Mh,u, ds fljksa ls vlaxr Mh,u, fljksa
dks tksM+dj fuosf'kr fd;k tkrk gSA bl çdkj ,d cM+k oR̀rkdkj Mh,u, v.kq
dks iqutZfur djrs gSa] tks fd ,d tsy fo|qr d.k lapyu (Gel
electrophoresis) ds }kjk vkdkj ds vuqlkj iF̀kd~ fd;k tkrk gSA çfrjks/kh
vkuqoa'kd (Resistance gene) ds }kjk dkbesfjd Mh,u, (Chimeric DNA) dk
p;u lEHko gks tkrk gS] ftldks IykfTeM~l dqN çfrtSfodksa (Antibodies) ds
fo#/n ys tkrk gSA ;fn IykfTeM esa ,sls nks vkuqoa'kd gksrs gSa tks nks
çfrtSfodksa ds fo#/n çfrjks/k dks n'kkZrs gSa vkSj ;fn vlaxr thu dk fuosf'kr
va'k nksuksa thUl ds chp esa fLFkr gksrk gS] rc dkbesfjd okgd ,d çfrtSfod
ds fo#/n] ftlds vlaxr Mh,u, (Foreign DNA) fuosf'kr gksrk gS] ds fo#/n
çfrjks/k [kks nsrk gSA bl n'kk esa thok.kq dksf'kdk esa iSrd̀ okgd] nks çfrtSfodksa
ds fo#/n çfrjks/k ds }kjk p;fur gksrk gSA

fo"kk.kq ,d okgd (Viruses as Vector)

fo"kk.kq (Viruses) eq[; :i ls cSDVhfj;ksQstsl (Bacteriophages) Dyksfuax
okgd ds fy, ,d lzksr gksrk gSA ,d Hk{kd@uk'kd (Phage) ,d js[kh;
Mh,u, v.kq gksrk gS] ,dy fo?kVu ls nks [k.M@va'k (Fragments) curs gSa tks
fd vlaxr Mh,u, ds lkFk tksM+s tk, ftlls ,d dkbesfjd Hk{kd v.kq
(Chimeric phage particle) cu ldsA blls thok.kq (Bacteria) laØfer dj
vkSj y;fud pØ ds i'pkr~ lUrfr v.kqvksa dks ,df=r dj dkbesfjd
Hk{kd@uk'kd (Phage) dks iF̀kd~ fd;k tk ldrk gSA Hk{kd@uk'kd v.kq
dk ,d okgd ds :i esa mi;ksx vlaxr Mh,u, ds vkdkj ij çHkkoksRiknd
lhek dks vkjksfir djrk gS tks fd Dyks.M gksrk gS] D;ksafd Hk{kd@uk'kd
(Phage) dks 'kh"kZ dh {kerk dsoy lhfer gksrh gS vkSj ;fn vlaxr Mh,u,
(Foreign DNA) vf/kd yEck gksrk gS rc Hk{kd v.kq dk vkdkj Hk{kd 'kh"kZ esa
lek;ksftr ugha gks ik;sxkA leL;k dks gy djus ds fy, Hk{kd Mh,u, (Phage
DNA) ds og [k.M] ftlesa dksbZ Hkh vko';d thUl ugha ik, tkrs gSa] dks gVk
fn;k tkrk gSA bl çdkj dh rduhd dk mi;ksx Hk{kd ySEcMk (Phage
lambda  ) ftlls NksVs okgd thukse dks cuk;k tk lds ftlesa Eco
RI ,Utkbe ds fy, ,dy jsfLVªD'ku LFky gks tcfd NksVk vkdkj mi;qDr :i
ls Hk{kd 'kh"kZ esa Bhd :i ls vkjksfir ugha gks ldk gSA ;g Lor% gh p;fur
fof/k mRié djrk gS ftlesa dsoy dkbesfjd v.kq gh Hk{kd larfr esa çkIr gksxk
rFkk okgd ftlesa Dyks.M [k.M vuqifLFkr gksrk gS og NksVs vkdkj ds dkj.k
ckgj fudy tk,xkA
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19-2-4 dkYifud@dkbesfjd Mh,u, dh lajpuk
(Construction of Chimeric DNA)

dkYifud@dkbesfjd Mh,u, v.kq dks ,d okgd (Vector) ds Mh,u, v.kq
esa ,d vlaxr Mh,u, (Foreign DNA) [k.M dks fuosf'kr dj çkIr fd;k tk
ldrk gSA ;g dkYifud@dkbesfjd v.kq Dyksfuax vkuqoa'kd thUl (Cloning
genes) ds lk/ku gksrs gSa ;k vU; NksVs Mh,u, (DNA) Øeksa ds lk/ku gksrs gSa]
dkbesfjd@dkYifud Mh,u, dk fuekZ.k ,d okgd ds nksuksa fljksa dks Øeksa
(Sequence) ds nksuksa fljksa ls] ftudksa Dyksu djuk gS] dks tksM+dj çkIr fd;k
tkrk gSA

dkbesfjd@dkYifud Mh,u, ds fuekZ.k ds fy, rhu fof/k;k¡ miyC/k gSa%

foyksein ,oa lkUrj@forfjr dkV (Palindromes and staggered
cuts)& ;g ,d lkekU; fof/k gksrh gS] ftlesa foyksein Øe gksus ds dkj.k]
jsfLVªD'ku ,Utkbe (Restriction enzyme) forfjr dkV dks mRié djrk gS
ftlls NksVs laiwjd ,dy J̀a[kyh; (Single stranded) fpifpis fljs (Sticky
ends) curs gSaA bldks ,Utkbe Eco RI ds }kjk çnf'kZr fd;k tkrk gS tks fd
fuEufyf[kr nksgjs Mh,u, (Duplex DNA) dks rhj ds fu'kku ls fpfàr LFkkuksa
ij Øe dks dkVrk gSA

tc nwljk Mh,u, v.kq leku mlh ,Utkbe ds }kjk dVrk@fo?kfVr
gksrk gS rc blh çdkj ds fpifpis fljs ,dy J̀a[kyh; fljksa ij leku Øe esa
mRié gksaxs ftlls fd tc iwoZ v.kq ds lkFk feyrk gS rc nksuksa rkikuq'khry
(Anneal) gksdj ,d dkYifud@dkbesfjd Mh,u, (Chimeric DNA) ;k
dkbesfjd IykfTeM (Chimeric plasmid) dks mRié djsaxs ;fn IykfTeM Mh,u,
vkfyIr gksrk gSA ,Utkbe ykbtsl nksuksa v.kqvksa ds fo?kfVr fljksa ij ck.M dks
tksM+us esa lgk;rk djrk gSA

bl rduhd dk ;g ykHk gksrk gS fd nks jsfLVªD'ku LFkyksa (Eco RI LFky½
dks dkbesfjd Mh,u, (Chimeric DNA) esa iqutZuu djrs gSa ftlls fd vlaxr
Mh,u, [k.M dks dkbesfjd Mh,u, dh Dyks.M çfrfyfi;ksa dks leku ,Utkbe
ds }kjk fo?kfVr dj vklkuh ls çkIr fd;k tk ldrk gSA bl rduhd ls gkfu
Hkh gksrh gS& (i) okgd (Vector) ds nksuksa fo?kfVr fljs ;k vlaxr Mh,u, ds
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nksuksa fo?kfVr fljs tks ,Utkbe ds }kjk fufeZr gksrs gSa og dkbesfjd Mh,u, dks
fufeZr djus ds iwoZ iqu% rkikuq'khyu (Reanneal) gksdj fuosf'kr gksus ds iwoZ
fljksa ls vkil esa tqM+ tkrs gSA (ii) ekU;rk LFky] ftl Øe esa Dyks.M gksrk gS]
lqfo/kk dh fLFkfr esa fLFkj ugha gksrk gSA

19-2-5 IykfTeM okgd esa Mh,u, [k.M dh Dyksfuax
(Cloning of DNA Segment in a Plasmid Vector)

bl fof/k ds vUrxZr Mh,u, (DNA) dks ,sfPNd LFkku ij okgd vkSj Dyksu
(Clone) nksuksa esa fcuk forfjr fljksa dks cuk, fo?kfVr fd;k tk ldrk gSA bl
dk;Z ds fy, iwoZorhZ@iwoZxkeh dk mi;ksx dj dATP ikfy dA dks xzkgd ds
nksuksa fo?kfVr fljksa ij vUrLFk@VfeZuy VªkUlQsjst ,Utkbe dh lgk;rk ls
feyk;kA blh çdkj iwoZorhZ@iwoZxkeh dk mi;ksx dj ftl Mh,u, (DNA) ds
Øeksa dks Dyksu djuk gS mlds 3' nksuksa fo?kfVr fljksa ij dTTP ikfy dT dks
tksM+kA ikfy dA, ikfy dT i¡wN (Tails) ds rkikuq'khyu (Annealing) ds }kjk
okgd (Vector) ,oa Dyksu tqM+ ldrs gSa vkSj fQj Mh,u, ykbtsl (DNA
ligase) dks mi;ksx dj mudks vuqcfU/kr djrs gSaA

fp= Ø- 19-6% Cloning of DNA segment in a plasmid vector
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bl rduhd esa leku Mh,u, ds nksuksa fo?kfVr fljksa ds chp iqu%
rkikuq'khyu (Reannealing) gksus dh lEHkkouk ugha gSA ;k leku Mh,u, ds
nks ;k vf/kd fo?kfVr fljksa ds chp rkikuq'khyu dh lEHkkouk ugha gS ftlls
fd çFke fof/k dh gkfu dks bl fo"k; esa nwj fd;k tk ldrk gSA vr% bl
rduhd esa Dyks.M Mh,u, (cloned DNA) dks vklkuh ls iqu% çkIr ugha fd;k
tk ldrk gS] D;ksafd ,Utkbe dk ekU;rk LFky] ikfy dA ,oa ikfy dT ds
dkj.k lekIr gks ldrk gSA buds LFkku ij ikfy dG ,oa ikfy dC dk mi;ksx
dj Dyks.M Øe dks iqu% çkIr fd;k tk ldrk gS D;ksafd ikfy dG, ikfy
dC ,Utkbe Pst I dh ekU;rk LFky dks iqutZfur djrk gSA

fuogh ladj.k (Colony Hybridization)

bl rduhd esa thok.kq dh dkWyksfu;k¡] ftlesa dkbesfjd okgd (Chimeric
vector) gksrk gSA ukbVªkslSY;wykst fQYVlZ ij vi{k; (Lysis) gksrk gSA buds
DNA dk xq.kuk'ku (Denatured) gksrk gS] vkSj fQYVj ij fLFkr gksrk gS] tksfd
Dyks.M ds }kjk ;k jsfM;ks/kfeZr yscYM vuos"kh 'ykdk ls ladfjr gksrk gSA
dkyksuht ftlesa ;g Øe gksrk gS og xgjs /kCcksa ds }kjk vkVksjsfM;ksxzkQh
(Autoradiography) fof/k ds }kjk iqu% çkIr fd;s tk ldrs gSa vkSj vkxs ç;ksx
esa mi;ksx fd;s tk ldrs gSaA ;wdsfj;ksV~l (Eukaryotes) esa Mh,u, Dyksfuax
(DNA cloning) dks ;hLV (Yeast), pwgksa (Mouse) ,oa dqN ikS/kksa dh tkfr;ksa esa
dh tkrh gSA ;hLV esa ,d IykfTeM 2  DNA ik;k tkrk gS tksfd ,d

mi;qDr Dyksfuax dk lk/ku (Cloning vehicles) gSA çkf.k;ksa dh dksf'kdkvksa-pwgksa
dh dksf'kdkvksa esa fo'ks"k çdkj ds çk.kh fo"kk.kqvksa dks Dyksfuax ds lk/ku ds :i
esa mi;ksx fd;k tkrk gSA flfe;u fo"kk.kq 40 SV 40 (Simian virus 40, SV
40) ,d ,slk fo"kk.kq gksrk gS] ftlesa β Xyksfcu vkuqoa'kd (Gene) dk lek;kstu
gksrk gSA ;g vkuqoa'kd tks fd SV 40 esa lek;ksftr gksrk gS] dks pwgs dh oD̀d
dksf'kdkvksa esa çfrysf[kr (Transcribed) ,oa vuqokfnr (Translated) fd;k
tkrk gSA ikS/kksa ds vUrxZr CMV dkfy¶yksoj ekstkbd fo"kk.kq (Cauliflower
mosaic virus), DNA ,oa T-DNA ¼,sxzkscSDVhfj;e V~;wesQsfl,Ul T2 IykfTeM~l
ls LFkkukUrfjr Mh,u, ;k ,xzkscSDVhfj;e jkbtksthUl ds R1 IykfTeM~l ds
LFkkukUrfjr Mh,u,½ çeq[k okgd gksrs gSaA

Mh,u, ftldks Dyks.M fd;k tkrk gS % nkrk ,oa cDNA (DNA to be
Cloned : Donor and cDNA)

fjdkWfEcus.V@iqu;ksZftr Mh,u, v.kq] okgd (Vector) Mh,u, ds }kjk
cuk, tkrs gSa vkSj Mh,u, (DNA) dks Dyks.M fd;k tkrk gSA cDNA dqy dk
va'k@[k.M gksrk gS ;k nkrk Mh,u, (Donor DNA) ds fo'ks"k lhfer {ks= gksrk
gSA ;k mRNA dk cDNA vuqokn (Version) gksrk gS ;k RNA thukse
(Genome) ;k Hk{kd (Phage) fo"kk.kq (Virus) dk (cDNA) vuqokn gksrk gSA

nkrk Mh,u, (Donor DNA) ,d ;k nks fofHké fof'k"V
jsfLVªD'ku ,Utkbe ds }kjk fo?kfVr@foHkkftr gksrk gS ftlls fd og okgd esa
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Dyksfuax LFky (Cloning site) ij fLFkr gks ldsA ,d nkrk Mh,u, va'k@ [k.M]
Dyksfuax LFky ij vfHkfoU;kl (Orientation) ds }kjk Mh,u, J̀a[kyk esa
lek;ksftr gksrk gSA fuosf'kr Mh,u, fdlh Hkh ,d vfHkfoU;kl ds }kjk
fØ;kRed gksrk gSA Bhd çdkj ls dk;kZRed fuosf'kr Mh,u, DyksUl dk ckn esa
p;u fd;k tkrk gSA fof'k"V vfHkfoU;kl esa fuos'ku dks fuf'pr dj ysuk
pkfg,A bl n'kk esa okgd (Vector) ,oa nkrk Mh,u, (Donor DNA) nks fofHké
jsfLVªD'ku ,Utkbe (Restriction enzyme) ds }kjk foHkkftr gksrs gSaA

tc cDNA, nkrk v.kq dks fpf=r ;k çfrfuf/kRo djrk gS] okgd
(Vector) ,oa cDNA ds fljksa dks fufeZr fd;k tkrk gS tksfd ,d-nwljs ds
lEiwjd gksaA bldks ikfy (Poly) (d) T iqPN (Tail) dks vuqjsf[kr okgd
(Linearised vector) ds fljksa ls feyk;k tkrk gS ,oa ikfy (Poly) (d)/A iqPN
dks ds cDNA ls la;ksftr fd;k tkrk gSA blds foifjr cDNA lh/ks okgd
(Vector) Mh,u, (DNA) ds ,d fljs ls lh/ks la'ysf"kr gks ldrk gSA (Fig. 19.5)
vf/kdka'k ;wdsfj;ksfVd mRNAs esa ,d ikfy (Poly) (d) A iqPN (Tail) ik;k
tkrk gSA ;g iqPN {ks= vuqjsf[kr okgd (Linearized vector) ds ,d LorU=
fljs ij ikfy (Poly) (d) T iqPN esa ladfjr gksrk gSA mRØfer VªkUlfØIVst
(Reverse transcriptase) ds tksM+us ls sscDNA çfrfyfi mRié gksrh gS tks
mRNA ds fy, lEiwjd gksrh gSA ,d ikfy (Poly) (d) G fyadj@la;kstd
okgd ds 'ks"k cps eqDr fljs ls fLFkr jgrk gS] G ,oa C iqPN (Tails) ds chp esa
ladj.k v.kqvksa dks laokfgr djrk gSA gekjs ikl ,d ladj oR̀rkdkj Mh- ,u ,
(DNA) cprk gS ftlesa ,d J̀a[kyk vkj,u, (RNA) dh gksrh gSA ijorhZ
(Latter) RNase H ds lkFk fuEuhdj.k ds }kjk gV tkrk gS vkSj ,d ubZ
Mh,u, J̀a[kyk Mh,u, iksy (Pol) I dh vfHkfØ;k feJ.k ds feykus ds i'pkr
mldk LFkku ys ysrh gSA

Mh,u, Dyksfuax esa fuEufyf[kr pj.k lfEefyr gksrs gSa&

(i) fcYdqy 'kq/n :i esa nkrk Mh,u, (DNA) ,oa okgd Mh,u, (Vector
DNA) dks iF̀kd~ djukA

(ii) fdlh ,d jsfLVªD'ku ,Utkbe (Restriction enzyme) ds }kjk okgd ,oa
nkrk Mh,u, (DNA) dks foHkkftr djukA ,Utkbe tks fpfUgr thu
(Marker gene) ds ckgj vkSj vUnj ls okgd (Vector) dks foHkkftr
djrk gS] Kkr gksrk gSA bu ,Utkbe dks loZçFke nkrk Mh,u, (Donor
DNA) ij ;g fuf'pr djus ds fy, ç;kl fd;k tkrk gS fd buds
fy, ftl DNA dks Dyks.M djuk gS] mldh lEiw.kZ yEckbZ esa dksbZ
foHkktu LFky (Cleavage site) rks ugha gSA tks çn'kZu@fujh{k.k
(Muster) esa mRrh.kZ gksrk gS] mldk mi;ksx fd;k tkrk gSA

(iii) tSlk pkfg, mlh ds vuqlkj okgd ,oa nkrk va'k@[k.M dk :ikUrj.k
lekIr gks tkrk gSA
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(iv) okgd ,oa nkrk va'kksa@[k.Mksa dks ykbtsl (Ligase) ds lkFk okgd ,oa
nkrk Mh,u, (Vector and donor DNA) dks ck¡/kus ds fy, fefJr
djukA

(v) cU/ku feJ.k (Ligation mixture) esa ladj (Hybrid) ,oa vlafØr (Non-
hybrid) Mh,u, ik, tkrs gSa] budks Dyksfuax dksf'kdk (Cloning cell) esa
vusd esa ls fdlh ,d vkuqoa'kd LFkkukUrj.k rduhd ds }kjk
LFkkukUrfjr fd;k tkrk gSA

(vi) tcfd nkrk Mh,u, (Donor DNA) esa fofHké jsfLVªD'ku va'k@[k.M
(Restriction fragments) ik, tkrs gSaA blesa ftrus çdkj ds
va'k@[k.M gksaxs mrus gh çdkj ds rDNA gksaxsA rDNA esa og DNA
gksrk gS ftldks Dyks.M djrs gSaA bldk p;u :ikUrfjr dksf'kdk dh
fo"kekaxh@fotkrh; (Heterogenous) tula[;k esa ls fd;k tkrk gSA

tc pBR322 okgd gS AMPR ,oa TETR fpfUgr thu dk
mi;ksx :ikUrfjr dksf'kdk ds p;u ds fy, fd;k tkrk gSA bl pj.k ds
i'pkr~ vf/kd fof'k"V p;u pj.k ds }kjk ,sfPNd rDNA ftlesa Dyksu gksrk gS]
dks igpkuk tkrk gSA

(vii) igpkus gq, Dyksu dk foLrkj gksrk gSA

(viii) p;fur Dyksu dk mi;ksx Dyks.M Mh,u, ij thu dks
çnf'kZr@vfHkO;Dr djus ds fy, fd;k tkrk gSA

19-2-6 Dyksfur vkuqoa'kd@thUl dh vfHkO;fDr
(Expression of Cloned Genes)

thokf.od vkuqoa'kd thUl (Bacterial genes) dh vfHkO;fDr] ;wdsfj;ksV
(Eukaryote) dh vis{kk vf/kd gksrh gSA thok.kq ds vkuqoa'kd (Genes)
dsoy ,d çdkj ds RNA ikWfyesjst (Ploymerase) ds }kjk vfHkO;Dr fd,
tkrs gSa] tcfd ;wdsfj;ksV~l ds thUl (Genes) rhu oxksZa I, II, III ds gksrs gSa
vkSj Øe'k% le:ih RNA ikWyhesjst I, II, III ds }kjk çfrysf[kr gksrs gSaA
çksdsfj;ksV~l (Prokaryotes) ds çfrys[ku esa ml çdkj dh fof/k;ksa dh
vko';drk ugha gksrh gS tksfd fofHké ;wdsfj;ksV (Eukaryote) esa oxksZa ds
vkuqoa'kd@thUl (Genes) ds fy, vkns'kkRed@vfuok;Z gksrh gSaA çksdsfj;ksV~l
esa thu vfHkO;fDr dk fu;U=.k ;wdsfj;ksV~l dh vis{kk de ls de ;|fi lw{e
fof/k;ksa ls çkIr fd;k tkrk gSA

vkuqoa'kd@thu vfHkO;fDr nks eq[; mixeuksa ds }kjk gksrh gSA thu dh
vfHkO;fDr ;k rks vUrthZo (Invivo) esa ;k fQj vr%ik= (Invitro) rU=ksa esa gksrh
gSA çksdsfj;ksfVd (Prokaryotic) ,oa fo"kk.kq (Viruses) thu esa bZ'psfjf'k;k dksykb
(Escherichia coli) dksf'kdk ;k fQj dksf'kdk eqDr lkj (Cell free extracts) esa
vfHkO;fDr lfEefyr gksrh gSA nksuksa fof/k;ksa esa vUrjHkwr ykHk (Intrinsic
advantage) gksrs gSaA vUrthZo (Invivo) esa vfHkO;fDr çkÑfrd foU;kl@ifjos'k
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esa mRikn ds v/;;u dks Lohdkjrh gSA dksf'kdk eqDr rU= gLrlk/; dkjdksa ,oa
laxBuksa ds fy, vPNs gksrs gSa ftlls ;g Kkr fd;k tkrk gS fd fdl çdkj
fof/k dk;Z djrh gSA nksuksa fof/k;ksa ds vkaWdM+ksa@rF;ksa dks iwy fd;k tkrk gS]
ftlls ;g Kkr fd;k tkrk gS fd okLrfod thu dh fLFkfr esa D;k gksrk gSA

;wdsfj;ksV dh thu vfHkO;fDr dk v/;;u thok.kq dh dksf'kdkvksa]
dksf'kdk eqDr lkj (Extracts), iF̀kDdh; dsUæd esa ;k ;wdsfj;ksV dh Dyksfuax
dksf'kdk esa fd;k tkrk gSA thok.kqvksa esa mi;qDr vfHkO;Dr okgdksa esa j[ks tkrs
gSa ftuesa flXuYl gksrs gSa mudk mi;ksx thok.kq dksf'kdk esa gksrk gSA dksf'kdk
eqDr lkj dk mi;ksx gLr dkS'ky vH;klksa esa mi;ksx gks ldrk gS tSls fd
çksdsfj;ksV~l esa çfrys[ku (Transciription) ,oa vuqokn (Translation) thok.kqvksa
esa lUyXu (Coupled) gksrs gSaA ysfdu ;wdsfj;ksV~l (Eukaryotes) esa iF̀kd~ d{kksa
esa jks/ku gksrk gSA dqN çk.kh dksf'kdk,¡ ;wdsfj;ksVd cfgtZuh; thUl
(Exogenous genes) dh vfHkO;fDr ds v/;;u esa ykHknk;d gksrh gSaA blds
vUrxZr vkrs gSa& vÝhdu VksM ds v.Ms-thuksil yhfol (Xenopus laevis),
Lruh çkf.k;ksa ds fu"ksfpr v.Ms] eq[; :i ls jksMs.V~l (Rodents) loaf/kZr
dksf'kdk js[kk (Cultured cell line) thu vfHkO;fDr ds fo'ks"k v/;;u ds fy,
mi;qDr gksrs gSaA ¼pk;uht gSELVj v.Mk'k;& Chinese Hamester Ovary =
CHO½

;hLV vkuqoaf'kd@thUl vPNs çdkj ls ;hLV dksf'kdk esa vfHkO;Dr gksrs
gSa] ;|fi mi;qDr thok.kq;h thu flXuYl ds }kjk ;g Bhd çdkj ls
bZ'psfjf'k;k dksykb (Escherichia coli) esa vfHkO;Dr gksrs gSa] D;ksafd ;hLV
O;kikfjd nf̀"V ls vf/kd ewY;oku gksrk gSA ;g vf/kd vPNk gksxk fd
ge ;hLV thu vfHkO;fDr ds fy, ;hLV Dyksfuax rU= (Yeast cloning system)
dks fodflr djus ds fy, vf/kd /;ku dsfUær djssaA

thu Dyksfuax (Gene cloning) dk eq[; mís'; viuh vfHkO;fDr ds fy,
mRikn dks ijh{k.k ds fy, rFkk 'kks/k ;k vuqç;ksx nksuksa esa mi;ksx ds fy,
fd;k tkrk gSA dqN v/;;u dk mís'; b.VjehfM;sV RNA çfrys[k dks çkIr
djuk tcfd nwljs v/;;u ds }kjk çksVhu v.kqvksa dks çkIr djuk gksrk gSA

fdlh Hkh Dyksfuax ç;ksx (Cloning experiments) ds fy, ,d Mh,u,
va'k@[k.M (DNA fragment) tksfd Dyksfuax ds fy, mi;qDr gks loZçFke
miyC/k fofHké fof/k;ksa esa ls fdlh ,d ds }kjk çkIr fd;k tkrk gSA

¼v½ dqN n'kkvksa esa] Mh,u, va'k@[k.M dks loZçFke fo'ks"k xq.k;qDr okys dks
igpkuk tkrk gS ftlls fd Dyksfuax fof/k ljy gks ldsA

¼c½ dHkh-dHkh Mh,u, esa dk;Z gksrk gS tksfd tSfodh ijh{k.k ds }kjk Mh,u,
va'k dk p;u djrk gSA

¼d½ fof'k"V n'kk esa dsoy çksVhu miyC/k gksrk gS] ftlls fd vehuks vEy
Øe ,oa vkuqoaf'kd dwV 'kCnkoyh (Genetic code dictionary) ds }kjk
thu dk U;wfDy;ksVkbM Øe dk dwV okpu (Deciphered) gksrk gS
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ftlls fd thUl (Genes) dk jklk;fud :i ls la'ys"k.k gksrk gS rFkk
fQj bldk mi;ksx Dyksfuax (Cloning) ds fy, gksrk gSA

¼M½ fo'ks"k n'kk esa mRNA miyC/k gksrk gS ftlls fd DNA dh
çfrfyfi ;k lEiwjd Mh,u, (Complementary DNA = cDNA) dks
loZçFke çkIr fd;k tk ldsA mlds i'pkr~ mldks Dyksu fd;k tk
ldsA

mRNA ftldh cDNA esa çfrfyih gksuk gS] dks Kkr djuk

thu ftldks Dyksfur (Cloned) djuk gS] dksf'kdk esa vf/kd :i ls
vfHkO;Dr gksrk gSA blds mRNA dks iF̀kd~ djuk vklku gS vkSj bldk
mi;ksx cDNA ds la'ys"k.k ds fy, VsEiysV ds :i esa gksrk gSA ;g fcYdqy
fuf'pr@xkj.Vh ugha gS fd çR;sd cDNA tks fd lkj mRNA ls la'ysf"kr
gksrk gS og thu tks fd fpfUgr gks mldh çfrfyfi gksA

;fn mRNA dksf'kdk esa fc[kjh gqbZ voLFkk esa gksrk gS] rc vU; fof/k;ksa
dk mi;ksx fd;k tkrk gS ftlls fd bldks Kkr ,oa iF̀kd~ fd;k tk lds vkSj
fQj bldk mi;ksx VsEiysV ds :i esa cDNA ds la'ys"k.k ds fy, fd;k tk
ldsA lcls vPNh fof/k gksrh gS fd dksf'kdk ds dqy mRNA dks vkdkj ds
vuqlkj ¼tSy fo|qr~ d.k lapyu½ foHkkftr fd;k tk,A foHkktu ds iwoZ
mRNA dk fuEuhdj.k (Denaturation) djuk pkfg,A Kkr mRNA dh ifÍdk
dks 'kq/n dj cDNA dh lUrfr ds fy, mi;ksx fd;k tkrk gSA

nwljh fof/k ds vUrxZr nks dksf'kdkvksa dk dqy mRNA tks dqN mRNA
esa fHkfér gksrs gSa] dks cDNA dh çfrfyfi;ksa esa ifjofrZr djks vkSj ckn okys dks
nksuksa dksf'kdkvksa ds dqy mRNA ls ladfjr djksA vleku dks ckgj dj nks]
og ,d vfrfjDr ifÍdk ds :i esa Kkr gksrk gSaA vleku cDNA, mRNA dks
tks fHké gksrk gS] dks çnf'kZr djrk gSA

vU; fof/k ftlds }kjk thu esa ls Øe dks vçkÑfrd :i ls thu
mRiknu ds vehuks vEy dk mi;ksx dj la'ysf"kr fd;k tkrk gS] vkuqoaf'kd
dwV ls fuEu gksrk gSA la'ysf"kr vksfyxksU;qfDy;ksVkbM dks çksc ds :i esa
mi;ksx fd;k tkrk gS ftlls fd mRNA dks igpkuk ;k thu ds cDNA dks
Dyksfur (Cloned) fd;k tkrk gSA vU; fof/k ds }kjk vko';d mRNA dks
ikfyesjst ls eksuksDyksuy çfrj{kh (Monoclonal antibodies) dk mi;ksx dj
iF̀kd~ fd;k tkrk gSA eksuksDyksuy çfrj{kh ikWfyisIVkbM ls feyrh gS tks fd
mRNA ls vuqokfnr gksrk gSA ekuo MHC thu mRiknu dh ikWfyisIVkbM
J̀a[kyk dks dksjeku ,oa vU; (Korman et. al, 1982) ds }kjk vafdr fd;k vkSj
ikWfylkse ikWfyisIVkbM çfrj{kh feJ.k ls mRNA dks iF̀kd~ fd;kA 'kq/n mRNA
tks çkIr fd;k dscDNA dk la'ys"k.k djrk gSA
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19-2-7 thu Dyksfuax ds vuqç;ksx
(Applications of Gene Cloning)

mi;qZDr fcUnqvksa dks fofHké n'kkvksa esa mi;ksx fd;k x;kA dqN dk laf{kIr esa
o.kZu fuEufyf[kr gS %

1- gSisVkbfVl– B fo"kk.kq thukse dk Dyksfuax (Cloning of Hepatitis-B
Virus genome)& gSisVkbfVl B fo"kk.kq (Virus HBV) ds }kjk
vR;f/kd ?kkrd jksx mRié fd, tkrs gSa( tSls fd& (i) LQwftZr nh?kZdkfyd
gSisVkbfVl (Fuminant chronic hepatitis), fljgksfll (Cirrhosis) ,oa
çk;ejh ;Ñr dSalj (Primary liver cancer) vkfnA orZeku esa ;g lEHko gks
ldk gS fd HBV ds Dyksu cuk lds&HBV ls laØfer jksxh ls Mh,u,
(DNA) dks çkIr fd;k tkrk gSA Dyksfuax (Cloning) ds fy, Qst@Hk{kd
(Phage) O;qRié ,oa IykfTeM okgd (Plasmid vector) dk mi;ksx fd;k tkrk
gSA

buesa ls dqN esa HBV dks fuos'k djus ij Dyksu çkIr fd;k tkrk gS&
Mh,u, esa PBR 32 ,oa bZ'psjhf'k;k dksykb (Escherichia coli) esa of̀/n fd;k
tkrk gSA çfrtu (Antigen) dks mRié fd;k tkrk gS tksfd gSisVkbVl B ØksM
çfrj{kh (Hepatitis B core antibody, HBcAb) ls vfHkfØ;k djrk gSA ;g Hkh
n'kkZ;k tkrk gS fd ØksM çfrtu lfØ;rk ikWfyisIVkbM (Polypeptide) esa ik;k
tkrk gS] tksfd 183 vo'ks"kh yEck gksrk gSA Dyks.M HBV dk U;qfDy;ksVkbM
Øe (Nucleotide sequence) DNA ls Hkh çkIr fd;k tk ldrk gS tcfd
Dyks.M DNA ls çfrtu dks vf/kd ls vf/kd ek=k esa mRié fd;k tkrk
gSA ;g lEHko gks ldk gS fd gSisVkbfVl B oSDlhu (Hepatitis B vaccine) dks
mRié fd;k tk ldrk gSA bl oSDlhu dks lu~ 1986 ls lHkh ns'kksa esa
Vhdkdj.k (Vaccination) ds fy, mi;qDr ekuk x;k gSA

2- ekuo eysfj;k thudk Dyksfyax (Cloning of Human Malarial
gene)& eysfj;k ijthoh ds dkj.k ekuo LOkkLFk j{kk dks ladV ,oa Hk; gSA
IykTeksfM;e QsYlhisje (Plasmodium falciparum) ds fy, dksbZ Hkh eysfj;k
çfrjks/kh oSDlhu fodflr ugha gqbZ gSA vk/kqfud le; esa IykTeksfM;e QsYlhisje
(Plasmodium falciparum) LiksjksTokbV (Sporozoite) ds lrgh çksVhu ds fy,
vkuqoa'kd@thu dwV ds Dyksfuax ds dkj.k oSDlhu ds fodkl dh vk'kk gSA
ekuo iks"kd esa eysfj;k ijthoh vusd çfr vkuqoaf'kd voLFkkvksa ls xqtjrk
gS( tSlk fd&

(i) LiksjkstksbV (Sporozoite)& og :i ftlesa ePNj ds dkVus ij 'kjhj esa
ços'k djrk gS&LiksjkstksbV ;Ñr esa ços'k djus ds i'pkr~ xq.ku dj
ehjksTokbV esa fodflr gksrh gSA

(ii) ehjksTokbV (Merozoite)& blds mijkUr yky jDrk.kqvksa esa ços'k dj
xq.ku djrk gSA NksVs va'kksa esa ehjksTokV~l (Merozoite) yky jDrk.kqvksa
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(Red blood corpuscles) esa curs gSa vkSj ckn esa xSehVkslk;V
(Gametocyte) dks cukrs gSaA

(iii) xSehVkslk;V (Gametocyte)& budks ePNj ds }kjk çkIr dj nwljk pØ
çkjEHk fd;k tkrk gSA vr% oSDlhu (Vaccines) fodflr gks ldrh gS
vkSj bu voLFkkvksa esa ls fdlh ,d dks fu;fU=r dj ldrh gS vkSj ml
voLFkk ds vuqlkj çfrLiksjksTokbV@,.VhLiksjksTokbV (Antisporozoite)
oSDlhu dgykrh gS vkSj VhdkÑr O;fDr esa eysfj;k dks jksdrh gS vkSj
QSyus ls j{kk djrh gSA çfrehjksTokbV@,.VhehjksTokbV
(Antimerozoite) oSDlhu tks jksxh dks Bhd dj ldrh gS ysfdu
eysfj;k dks QSyus ls ugha jksd ldrh gSA
çfrxSehVkslkbM@ ,.VhxSehVkslk;V (Antigametocyte) oSDlhu ;g jksxh
dks fcuk lgk;rk fd, eysfj;k dks QSyus ls jksdrk gSA

bu oSDlhu esa ls çfrLiksjksTokbV@,.VhLiksjksTokbV (Antisporozoite)
oSDlhu voyksdu esa gS D;ksafd thu dk Dyksfuax (Cloning of gene) dk
vk'k; ldZeLiksjksTokbV çksVhu] Cs (Circumsporozoite protein, Cs) ls
gksrk gSA ;g lh/ks yky jDrk.kq@bfjFkzkslkbV (Erythrocyte) :i ds
ijthoh dks Mh,u, ls çkIr fd;k tkrk gS] bldh vis{kk mRNAls
cDNA dh vis{kk çkIr gksrk gSA le; ds vuqlkj ;g oSDlhu ds
la'ys"k.k esa Cs çksVhu ds la'ys"k.k ds }kjk lgk;rk djrh gSA

3- ;wjksdkbusl thu dk Dyksfuax (Cloning of urokinase
gene)& ;wjksdkbusl (Urokinase) ,d ,Utkbe gksrk gS tks fd jDr ds FkDds
dks ?kksyus esa lgk;rk djrk gSA thok.kq oa'kksa ls fodflr fd;k x;k gS
ftlesa ;g {kerk gksrh gS fd bl ,Utkbe dks vR;f/kd ek=k esa la'ysf"kr dj
ldsA ltho dksf'kdkvksa esa ls ;wjksdkbust dks iF̀kd~ djus dk ewY; vf/kd gksrk
gS D;ksafd ekuo dksf'kdkvksa dks ftudk mi;ksx iF̀kDdj.k ds fy, gksrk gS
mlds lao/kZu dk ewY; vR;f/kd gksrk gSA

4- ekuo Y;wdkslkbV b.VjQsjkWu thu dk Dyksfuax (Cloning of Human
Leucocyte interferon gene)& b.VjQsjkWu (Interferon) ,d çfrfo"kk.kq
(Antiviral) dkjd gS tks dksf'kdk esa çfrjks/kh n'kk dks mRçsfjr djrk gS vkSj
bl çdkj euq";ksa esa fo"kk.kq e/;LFk foÑfr;ksa dks fu;U=.k djus esa lgk;rk
djrk gSA euq"; esa nks eq[; çdkj ds b.VjQsjkWu ds oxZ& Y;wdkslkbV
b.VjQsjkWu (Leucocyte interferon) ,oa QkbczksCykLV b.VjQsjkWu (Fibroblast
interferon) Kkr gSA orZeku esas ekuo Y;qdkslkbV (Leucocytes) tks b.VjQsjkWu
ds mRiknu esa lfEefyr gksrk gS] b.VjQsjkWu ds fy, mRNA dks iF̀kd~ fd;k
tkrk gS vkSj cDNA ds mRiknu ds fy, mi;ksx gksrk gSA Mh,u, dh
çfrfyih ;k laiwjd Mh,u, (Complementary DNA) ;g cDNA IykfTeM
okgd p BR 332 esa Dyks.M fd;k tkrk gS vkSj blesa ls ,d Dyksu
dq'kyrkiwoZd tSfodh; lfØ; b.VjQsjkWu dk mRiknu 10]000 b.VjQsjkWu dh
bdkbZ dh lfØ;rk dksf'kdk ds çfr xzke dh nj ls djrk gSA bu Dyksu dh
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miyC/krk ds iwoZ 50 gm b.VjQsjkWu dk ewY; 16 fefy;u la;qDr jkT;
vesfjdk MkWyj ds leku FkkA

5- isfuflyhu G ,lkbyst thu dk Dyksfuax (Cloning of penicillin
Gacylase gene)& isfuflyhu G ,lkbyst (Acylase) thu isfuflyhu G dks
6-APA ¼vehuks isfuflysfud ,flM ¾ Amino-penicillanic acid) esa ifjofrZr
djrk gS] tksfd uohu la'ysf"kr isfuflyhu (Novel synthetic penicilline) ds
mRiknu ds fy, ,d mi;ksxh v/k%Lrj (Substrate) ij gksrk gSA vr% 6-
APA ,oa blds QyLo:i isfuflyhu ,lkbyst ,Utkbe dk çfrtSfod m|ksx
(Antibiotic industry) esa egRo gksrk gSA ;g vkuqoa'kd@thu (Gene)
bZ'psjhf'k;k dksykb (Escherichia coli) oa'k (Strain) ATCC 11105 esa ik;k
tkrk gS vkSj ;fn cgqfof/k IykfTeM okgd (Plasmid vector) esa LFkkukUrfjr
gksrk gS rc ,Utkbe dh fØ;k'khyrk esa of̀/n gks tk,xhA thu@vkuqoa'kd
(Gene), bZ'psjhf'k;k dksykb (Escherichia coli) eas ik, tkus okys IykfTeM
pBR 322 ls Dyks.M gksrk gS tksfd 50 çfrfyfi çfr dksf'kdk dh nj ls of̀/n
djrk gS] tcfd ,Utkbe mRiknu esa 6 xquk of̀/n gksrh gSA ;g rU= vf/kd
fLFkj gksrk gS vkSj /kukRed (Positive) çksRlkfgr djus okys ifj.kke çkIr gksrs
gSaA

6- ukbVªkstu fLFkjhdj.k (Nif) {ks= dk Dyksfuax (Cloning of nitrogen
fixation (nif) region)& Qlyksa ds [ksrksa esa ukbVªkstu dk vR;f/kd ek=k
esa ,d moZjd (Fertilizer) ds :i esa mi;ksx fd;k tkrk gSA ;g ukbVªkstu
(Nitrogen) ok;qe.My ls çkIr gksrh gS] p¡w fd ukbVªkstu vk;ru ds :i esa
70% ek=k esa ik;h tkrh gSA dqN lw{etho (Microbes) gksrs gSa ftuesa bl
ok;qe.My dh ukbVªkstu ds fLFkjhdkjd djus dh {kerk gksrh gS tks fd Ñf"k
dh Hkwfe ds fy, çnk; gksrh gSA blesa ls dqN ukbVªkstu fLFkjhdj.k LorU=
thoh gksrs gS( tSls&Dyscfl,yk U;weksuh (Klebsiella pnemonae) tcfd nwljs
lgthoh (Symbiotic) gksrs gSa] tSls &jkbtksfc;e (Rhizobium)A

nif vkuqoa'kd (Gene) dk Dyksfuax mi;qZDr fdlh esa ls çkIr fd;k tk
ldrk gSA Dyscfl,yk (Klebsiella) esa nif {ks= esa ,d Mh,u, (DNA) [k.M
gksrk gS] ftlesa 7 vksisjksUl (Operons) de ls de 15 vkuqoa'kd (Genes)
vkil esa >q.M cukdj jgrs gSaA bl nif {ks= dk Dyksfuax (Cloning) IykfTeM
ds :i esa ftldks pWK 120 dgrs gSa] çkIr gksrk gSA ;g bZ'psjhf'k;k dksykb
(Escherichia coli) esa ukbVªkstu fLFkjhdj.k dh {kerk dks n'kkZrk gSA
jkbtksfc;e ysX;we@Qyh lgthfork (Symbiosis) ,d nwljk rU= gS vkSj bZ-
dksykb (E. coli) esa jkbtksfc;e nif {ks= dks Dyks.M fd;k tk ldrk gSA
lEHkkouk ;g Hkh dh tk jgh gS fd vuktksa (Cereals) ds vkuqoaf'kd rU=
(Genetic system) dks ifjofrZr fd;k tk ldsa] ftlls mlesa nif thUl ik,
tk;s vkSj ok;qe.Myh; ukbVªkstu dks fLFkj dj ldsaA blds fy, vusd ikni
fo"kk.kqvksa dk okgd (Vector) ds :i esa mi;ksx djus dk ç;kl fd;k x;kA ;g
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Hkh ç;kl fd;k x;k fd lQyrkiwoZd nif thUl (Genes) dks ;hLV dksf'kdkvksa
esa LFkkukUrfjr fd;k tk ldsA

fofHké nif {ks=ksa dk Dyksfuax (Cloning) ,d iwoZ n'kk gksrh gS ftlls
tSfodh ukbVªkstu fLFkjhdj.k dk O;ogkfjd dk;Z ds fy, ykHk mBk;k] mi;ksx
fd;k tk ldsA mnkgj.k& vkuqoaf'kdh rduhd ds }kjk dksbZ Hkh ukbVªkstu
fLFkjhdj.k ds oa'k dh lajpuk dj lds tks fd veksfu;k dks mRlftZr djsA
blds foifjr thu rduhdh (Gene technology) dk Hkh mi;ksx dj vf/kd
dq'ky jkbtksfc;e ysX;we lgthfork (Legume symbiosis) dks çkIr fd;k tk
ldsA bl çdkj tSfodh ukbVªkstu fLFkjhdj.k {ks= esa vkuqoaf'kd rduhd 'kks/k
(Genetic engineering research) ,d vPNk mnkgj.k gS fd fdl çdkj orZeku
le; esa fodflr thu rduhd (Gene technology) ds }kjk Ñf"k ,oa m|ksxksa esa
ykHk ds fy, lw{etho (Microbes) dh lajpuk dh tk lds dk ç;ksx py jgk
gSA

7- ekuo isIVkbM gkWeksZUl ds thu dk Dyksfuax ¼bUlqfyu ,oa ekuo of̀/n
gkWeksZu½ (Cloning of genes of Human peptide hormones-Insulin and
human growth hormone)& bUlqfyu (Insulin) e/kqesg (Diabetes) ds mipkj
ds fy, vko';d gksrh gS D;ksafd ;g 'kdj dk fo?kVu djrh gS ,oa ekuo of̀/n
gkWeksZu thu bZ- dksykb (E. coli) esa vfHkO;Dr ugha gksrs gSa] buds Dyksfuax
(Cloning) ds fy, fo'ks"k çdkj dh ;kstuk,¡ fodflr dh xbZ FkhA çk.kh
bUlqfyu ekuo bUlqfyu ls fHké gksrh gS] vr% ekuo ds mi;ksx@miHkksx
(Consumption) ds fy, vkn'kZ ugha gSA ekuo bUlqfyu esa nks ikWfyisIVkbM
J̀a[kyk,¡ (Polypeptide chains) gksrh gSa] ftuds vehuks vEy (Amino acids)
Øe Kkr FksA bl lwpuk ds vk/kkj ij bUlqfyu thu dh lajpuk ij dk;Z fd;k
x;k vkSj jklk;fud :i ls la'ysf"kr fd;k x;kA Mh,u, (DNA) va'k@[k.M
tks bUlqfyu thu dks çnf'kZr djrk gS] bZ- dksykb (E. coli) ds xSyksdkslkbMst
thu ls lek;ksftr fd;k vkSj IykfTeM (Plasmid) pBR 232 esa Dyks.M
(Cloned) fd;k x;kA thu vfHkysf[kr (Transcribed) vuqokfnr (Translated)
dj ,d fLFkj çksVhu dks fufeZr fd;k ftldk mi;ksx ekuo bUlqfyu dks çkIr
djus esa fd;k x;kA ;g vuqeku yxk;k fd Dyksu (Clone) tks fodflr gqvk gS
mlls 1]00]000 bUlqfyu ds v.kqvksa dks fodflr fd;k tk ldrk gSA MkW- lju
ukjax (Dr. Saran Narang) ekuo bUlqfyu thu (Human Insulin gene) ds
la'ys"k.k ij dk;Z dj jgs gSaA

ekuo of̀/n gkWeksZu (Human growth hormone, HGH) thu Hkh bZ- dksykb
(E. coli) ls la'ysf"kr ,oa Dyks.M gks ldrk gS tgkaW ls lac çksRlkgu (Promoter)
ds fu;U=.k ds vUrxZr vfHkO;Dr gksrk gSA ;g çFke mnkgj.k gS tgk¡ ekuo
ikWfyisIVkbM (Human polypeptide) lh/ks :i ls bZ- dksykb (E. coli) esa ,d v-
iwoZorhZ@ukWu-iwoZorhZ (Non-precursor) ds :i esa vfHkO;Dr gksrk gSA ekuo
dksf'kdk esa ;g çksVhu fo?kfVr thu ds çHkko esa rhu b.VªksUl (Introns) ds
lkFk iwoZorhZ :i esa la'ysf"kr gksrk gSA cká fu;fU=r Øe ,oa b.VªksUl (Introns)
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dh mifLFkfr esa méfr ;k lQyrk dks vo#/n djrk gS] ;fn la'ysf"kr thu
miyC/k gksrk gSA

ekuo bUlqfyu ,oa ekuo of̀/n gkWeksZu mnkgj.k gS tks vkuqoa'kd
çkS|ksfxdh (Gene technology) ;k vkuqoa'kd rduhdh vR;f/kd fpfdRlh;
egRo ds inkFkksZa ds la'ys"k.k ds egRo dks çnf'kZr djrh gSA

ekuo esa iqUtu dk mi;ksx gSisVkbfVl B fo"kk.kq-Mh,u, (HBV-DNA) ls
çkIr fd;k tk ldrk gSA ekuo esa ;wjksdkbust vkuqoa'kd dk iqUtu]
gheksQhfy;k ;k FkDdk teus dk VIII dkjd dk iqUtu] ekuo eysfj;k
vkuqoa'kd dk iqUtu] ekuo gkWeksZu ds vkuqoa'kd iqUtu dk fuekZ.k fd;k tk jgk
gSA bl iqUtu ds fuekZ.k ds QyLo:i vusd vkS"kf/k fuekZ.k djus okys m|ksx
fodflr gq, gSaA bl çdkj vkuqoa'kd@thu (Gene) dk Ñf=e la'yss"k.k dj
mudks jksxxzLr O;fDr;ksa dh dksf'kdkvksa esa ig¡qpkdj mudh vkuqoaf'kdrk dks
lq/kkjk tk ldrk gSA

viuh izxfr tk¡fp, (Check Your Progress)

1- fuEu esa ls fdl Js.kh ds ,s.MksU;wfDy;st iqu%la;ksth Mh,u, ds
fuekZ.k esa mi;ksx gksrs gSS%

¼v½ dsoy çFke Js.kh ds ,s.MksU;wfDy;st

¼c½ çFke ,oa f}rh; Js.kh ds ,s.MksU;wfDy;st

¼l½ f}rh; ,oa rr̀h; Js.kh ds ,s.MksU;wfDy;st

¼n½ dsoy f}rh; Js.kh ds ,s.MksU;wfDy;st

2- jsfLVªD'ku ,s.MksU;wfDy;st%

¼v½ DNA dks NksVs-NksVs VqdM+ks esa foHkkftr dj nsrs gSa

¼c½ m-RNA dks NksVs-NksVs VqdM+ks esa foHkkftr dj nsrs gSa

¼l½ DNA ds NksVs-NksVs VqdM+kas dks vkil esa tksM+ nsrs gSa

¼n½ t-RNA dks NksVs-NksVs VqdM+ks esa foHkkftr dj nsrs gSa

3- iqu%la;ksth DNA fuekZ.k esa %

¼v½ okgd dh vko';drk gksrh gS

¼c½ okgd dks mi;ksx ugha fd;k tkrk gS

¼l½ okgd dks jklk;fud vfHkØedksa ls feykdj mi;ksx fd;k tkrk gS&

¼n½ okgd dks vfUre pj.k esa mi;ksx djrs gSaA
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4- jsfLVªD'ku ,.MksU;wfDy,st ,Utkbe dh fdlus loZçFke [kkst dh Fkh

¼v½ fLeFk ,oa ukFkUl ¼c½ esDle ,oa fxYcVZ

¼l½ gcZVZ cs;j ¼n½ LVsUys dksgus

5- thu Dyksfuax fdrus pj.kksa esa iw.kZ gksrh gS%

¼v½ 2 ¼c½ 4

¼l½ 6 ¼n½ 10

6- fo"kk.kq eq[; :i ls ---------- okgd ds fy, ,d lzksr gksrk gSA

¼v½ cSDVhfj;ksQstsl Dyksfuax ¼c½ ekuo Dyksfuax

¼l½ IykfTeM ¼n½ lcds fy,A

7- Mh,u, dk Mh,u, ls ladj.k djk;k tkrk gS%

¼v½ lnuZ CykfVax esa ¼c½ osLVuZ MkV CykfVax esa

¼l½ uknZuZ MkV CykfVax esa ¼n½ mi;ZqDr esa ls fdlh esa ughaA

8- Mh,u, Dyksfuax fdrus pj.kksa esa iw.kZ gksrh gSA

¼v½ 8 ¼c½ 10

¼l½ 6 ¼n½ 12

9- thuksfed DNA dk ladyu gksrk gS&

¼v½ c-DNA ykbczsjh esa] ¼c½ thuksfed ykbczsjh esa]

¼l½ nksuksa esa] ¼n½ fdlh es ughaA

10- çksc (probe) fduds cus gksrs gSa\

¼v½ DNA v.kq ds]

¼c½ RNA v.kq ds]

¼l½ U;wfDyvksVkbMksa (Nucleotides) ds

¼n½ çksVhu ds ¼,d yM+h okys½A

11- LVSxMZ dkV (staggered cut) esa DNA ds Nksj&

¼v½ dksgsflo (cohesive) gksrs gSa]

¼c½ CyaV (blunt) gksrs gSa]

¼l½ Iysu (plain) gksrs gSa]

¼n½ mi;qZDr eas ls dksbZ ughaaA
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12- fuEufyf[kr rduhdh vkj,u, ds iF̀kDdj.k esa ç;qDr gksrh gS&

¼v½ lnZu] ¼c½ ukWnZuZ]

¼l½ oSLVuZ] ¼n½ bZLVuZA

13- osLVuZ CykWfVax rduhd }kjk fdldk iF̀kDdj.k fd;k tkrk gS&

¼v½ DNA, ¼c½ RNA,

¼l½ çksVhu] ¼n½ lHkhA

14- DNA dk DNA ls ladj.k djk;k tkrk gS&

¼v½ osLVuZ CykWfVax ls] ¼c½ ukWnZuZ CykWfVax ls]

¼l½ lnuZ CykWfVax ls] ¼n½ bZLVuZ CykWfVax lsA

15- jsfLVªD'ku ,.MksU;wfDy;st mi;ksx gksrk gS&

¼v½ fVL;w dYpj] ¼c½ tsusfVd bathfu;fjax

¼l½ fVL;w jhtujs'ku] ¼n½ dksbZ ughaA

16- dkSu-lk ,Utkbe ckbyksftdy dSaph dh rjg dke djrk gS\
¼tsusfVd bathfu;fjax esa½&

¼v½ ykbxstst]

¼c½ U;wfDy,tst]

¼l½ ikWfyejstst]

¼n½ jsfLVªD'ku ,.Mks U;wfDy,tstA

17- tsusfVd bathfu;fjax ds }kjk rS;kj igyk gkWeksZu gS&

¼v½ vkWDlhVksflu] ¼c½ lksesVksVªkWihu]

¼l½ ,Mªhusyhu] ¼n½ bUlqfyuA

19-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼v½ 7- ¼v½ 13- ¼d½

2- ¼v½ 8- ¼v½ 14- ¼d½

3- ¼v½ 9- ¼c½ 15- ¼c½

4- ¼c½ 10- ¼l½ 16- ¼n½

5- ¼c½ 11- ¼v½ 17- ¼n½

6- ¼v½ 12- ¼c½
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19-4 lkjka'k (Summary)

mijksDr o.kZu ls Li"V gS fd Recombinant DNA Technology ¼rduhd½ ,oa
Gene cloning vkuqoaf'kdrk] ,oa tSorduhdh (Biotechnology) ,d egRoiw.kZ
fof/k;k¡ ftldh lgk;rk ls thofoKku vkf.od] tSorduhd] dks Hkyh-Hkk¡fr
le>k tk ldrk gSA ;s euq"; ,oa vU; thoksa ds fy, egRoiw.kZ fof/k;k¡ gSA

19-5 eq[; 'kCnkoyh (Key Terminology)

 Recombinant DNA& fdlh ,d tho ds ,sfPNd DNA [k.M dks
ysdj nwljs tho ds DNA ds lkFk tksMk tkrk gS ftlls ,d u;k DNA
çkIr gksrk gS ftls iqu;ksZxt DNA (Recombinant DNA) dgrs gSaA

 HGH& Human Growth Hormone

 Insulin& ,d çdkj dk gkekZsu

 DNA& De-oxyribose Nucleic Acid

 RNA& Ribose Nucleic Acid

 Rhizobium& ,d çdkj dk thok.kq tks Nitrogen fixation dk dk;Z
djrk gSA

 Gene cloning& fdlh thu dh gw-cgw-çfrfyfiA

 Restriction Enzyme& fo'ks"k çdkj dk ,Utkbe tks çfrcfU/kr lkbV
ij gh DNA strand dks dV djrk gS

 Ligase& ,slk ,Utkbe tks DNA strand dh Cutting site dks tksM+rk
gSA

19-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; ç'u (Short Answer Type Question)

1- iqu%la;ksth DNA rduhd ls DNA çksc dks rS;kj djus dh fof/k dk
o.kZu dhft,A

2- iqu%la;ksth DNA ij laf{kIr fVIi.kh fyf[k,A

3- iqu%la;kssth DNA rduhd dks laf{kIr esa le>kb,A

4- iqu;ksZxt DNA ds fuekZ.k dh fof/k dk o.kZu dhft,A

5- thu Dyksfuax dk laf{kIr esa o.kZu dhft,A
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6- laf{kIr fVIif.k;k¡ fyf[k,%

(i) iSfyMªkse vuqØe (ii) thu Dyksfuax

(iii) thu e'khu (iv) IykfTeM ,d okgd

7- thu Dyksfuax dk laf{kIr esa o.kZu dhft,A

8- IykfTeM okgd esa Mh,u, [k.M dh Dyksfuax dk laf{kIr o.kZu dhft,A

9- fuEufyf[kr ij laf{kIr fVIif.k;k¡ fyf[k,%

(i) fuogh ladj.k

(ii) Dyksfuax thu dh vfHkO;fDr

10 laf{kIr fVIif.k;k¡ fyf[k,

(i) ekuo eysfj;k thu dh Dyksfuax

(ii) ;wjksdkbust thu dk Dyksfuax

(iii) Dyksfuax thu dh vfHkO;fDr

11- thu Dyksfuax ds egRo dk laf{kIr esa o.kZu djksA

12- laf{kIr o.kZu dhft,%

(i) ekuo isIVkbM gkeksZu ds thu dk Dyksfuax

(ii) ekuo vk;ksfut tho

13- fuEufyf[kr esa ls fdUgha nks ij laf{kIr fVIif.k;k¡ fyf[k,&

(i) nif Dyksfuax ekuo

(ii) ekuo Y;wdkslkbV bUVjQsjkWu thu dk Dyksfuax

(iii) Mh,u, Dyksfuax ds fofHké pj.kksa dk o.kZuA

14- laf{kIr esa le>kb,

(i) iqu;ksZxt DNA fuekZ.k dh fof/k (ii) bysDVªksQksjsfll fof/k

nh?kZ mÙkjh; ç'u (Long Answer Type Questions)

1- iqu%la;ksth DNA ls vki D;k le>rs gks\ iqu% la;ksth DNA ds fuekZ.k
ds fofHké pj.kksa dk mYys[k dhft,A

2- iqu%la;ksth DNA rduhd ij ,d fucU/k fyf[k,A

3- iqu%la;ksth DNA rduhd ls D;k le>rs gks\ DNA iqu%la;kstu dh
lnuZ CykfVax rduhd@fof/k dk o.kZu dhft,A

4- iqu%la;ksth DNA rduhd ij ,d ys[k fyf[k,A

5- iqu%la;ksth DNA rduhd ls vkidk D;k vk'k; gS\ iqu% la;ksth
rduhd dh fof/k;ksa esa ,d vPNh fof/k dk o.kZu dhft,A
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6- Mh,u, çksc dk mRiknu ,oa bysDVªksQksjsfll ,oa MkV ,oa LykV fcUnq
fof/k dk o.kZu dhft,A

7- iuq;ksZxt DNA ds fuekZ.k ds lkFk lnuZ CykfVax fof/k dks laf{kIr esa
le>kb,A

8- DNA vuqØe.k fof/k;ksa dk o.kZu dhft,A

9- thu Dyksfuax ij foLrr̀ ys[k fyf[k, rFkk de ls de pkj mnkgj.k
nhft,A

10- thu Dyksfuax ls D;k vfHkçk; gS\ thu Dyksfuax fof/k dk bZ- dksykb esa
o.kZu dhft,A

11 thu Dyksfuax dh ifjHkk"kk nhft,\ IykfTeM okgd esa Mh,u, [k.M dh
Dyksfuax dk o.kZu dhft,A

12- ikWfyejst J̀a[kyk vfHkfØ;k D;k gS\ bl vfHkfØ;k dh lgk;rk ls
mRNA ls 'kq/n cDNA çfrfyih çkIr djus dh fof/k dk lfp= o.kZu
dhft,A

13- Dyksfuax thUl dh vfHkO;fDr dk o.kZu dhft,A

14- thu Dyksfuax ds vuqç;ksxksa dk o.kZu dhft,A

19-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology–Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology–By–J. Darnell H. Lodish and D. Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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bdkbZ 5

v/;k; 20 ikWfyejst Jà[kyk vfHkfØ;k
(Polymerase Chain Reaction (PCR))

Lakjpuk (Structure)

20-0 ifjp;
20-1 mÌs';
20-2 ikWfyejst Jà[kyk vfHkfØ;k

20-2-1 ikWfyejst J̀a[kyk vfHkfØ;k dh fof/k
20-2-2 PCR dh fofHkUu ;kstuk
20-2-3 ikWfyejst J̀a[kyk vfHkfØ;k ds vuqç;ksx
20-2-4 ikWfyejst J̀a[kyk vfHkfØ;k ,oa thu Dyksfuax

20-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
20-4 lkjka'k
20-5 eq[; 'kCnkoyh
20-6 Lo-ewY;kadu iz'u ,oa vH;kl
20-7 lgk;d ikB~; lkexzh

20-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction / Definition)

;g og rduhd gS ftlus DNA fo'ys"k.k (Analysis) fof/k dks nksukas 'kks/k ,oa
uSnkfud ç;ksx'kkykvksa (Research and clinical Laboratories) esa Økafr çnku
dh gSA ;g vR;f/kd 'kfDr'kkyh ,oa ubZ fof/k gS] ftlus ikWyhejst J̀a[kyk
vfHkfØ;k e'khu dk mi;ksx dj Dyksfuax çfØ;k ds }kjk] thfor dksf'kdkvksa ds
mi;ksx fcuk gh thukse (Genome) ds p;fur DNA vuqØe dh ,d çfr ls
ek= dqN gh ?k.Vksa esa ekbØksxzke (Microgram- 1 g ) ek=k esa vjcksa çfr;k¡

(Billion copies) çkIr dh tk ldrh gSaA lu~ 1989 ds nh?kZ oSKkfud fodkl
dks (Science Journal) lkbal if=dk us Polymerase chain Reaction
¼ikyhejst J̀a[kyk vfHkfØ;k½ uke fn;k dSjh eqfyl us 1989 esa Polymerase
chain Reaction Technique dk vkfo"dkj fd;k FkkA ;g iw.kZr;k Lopkfyr gS]
vkSj O;kikfjd nf̀"V ls l?ku rkih; pØ (Compact Thermal) ds :i esa çkIr
gSA bl fof/k dks rHkh ç;ksx esa yk;k tkrk gS tc DNA vuqØe (Sequences)
ds fljksa ds (Nucleotides) U;wfDy;ksVkbM ds vuqØe Kkr gksaA

bhandup8
Rectangle
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20-1 mÌs'; (Objective)

bl bdkbZ dks i<+us ds ckn vki&

 ikWfyejst J̀a[kyk vfHkfØ;k

 vfHkfØ;k ds vuqç;ksx

 ikWfyejst dh fofHkUu ;kstuk

vkfn fo"k;ksa ds ckjs esa v/;;u izkIr dj ldsaxsA

20-2 ikWfyejst Jà[kyk vfHkfØ;k
(Polymerase Chain Reaction)

ikWfyejst J̀a[kyk vfHkfØ;k (Polymerase chain reaction) ik= esa (invictro) dh
tkrh gS] blds fy, fuEufyf[kr dh vko';drk gksrh gS&

 okafNr DNA [k.M@va'k dk feJ.k ftlesa DNA [k.M@va'k dk
vko/kZu djuk gSA

 yxHkx 20 U;wfDy;ksVkbM yEcs-yEcs fHkUu çkbej (Primer) tks fd
vkof/kZr fd, tkus okys [k.M@va'k ds nksuksa LVªSUM~l ds 3'- fljksa ds
iwjd gksA ,d çkbej (Primer) ,d 3' fljs dk iwjd rFkk nwljk nwljs
3'- fljs dk iwjd

 pkj MhvkWDlhU;wfDy;kslkbM VªkbQkWLQsV (deoxy-nucleoside
triphosphate) vFkkZr~

(i) dTTP& FkkbfeMhu VªkbQkWLQsV (Thymidinee triphosphate)

(ii) dCTP& Mh-vkWDlhflVhMhu VªkbQkWLQsV (deoxy-cyctidine
triphosphate)

(iii) dATP& Mh-vkWDlh,fMuksflu VªkbQkWLQsV (deoxy-adenosine
triphosphate)

(iv) dGTP& Mh-vkWDlhxq,sukslhu VªkbQkWLQsV (deoxy-guanosine
triphosphate)

 ,d rki fLFkj DNA ikWfyejst (heat stable DNA polymerase) tSlsfd
Taq FkeZl ,sDosfVDl (Thermus acquaticus) thok.kq ls çkIr Pfu
¼ik;jksdksdl ¶;wjksfl;l (Pyrococus furiosus) ls çkIr½] ,oa Vent
¼FkeksZdksdl fyVksjsfyl (Thermococus litoralis) ls çkIr½] Pfu ,oa
Vent ikWfyejst Taq ikWfyejst dh rqyuk esa vf/kd çHkkoh gksrs gSaA

20-2-1 ikWfyejst Jà[kyk vfHkfØ;k dh fof/k
(Procedure of Polymerase Chain Reaction)

ikWfyejst J̀a[kyk vfHkfØ;k (Polymerase chian reaction) ds vkjaHk esa DNA
ftlesa ls ,d [k.M@va'k dks vkof/kZr djuk gS] nks çkbej v.kqvksa (Primer
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molecules) dh vf/kdrk( pkjksa MhvkWDlhfjckslkbM VªkbQkWLQsV (deoxyboside
triphosphate); ,oa Mh,u, ikWfyesjt (Polymerase) dks vfHkfØ;k feJ.k esa
lcdks vkil esa feyk;k tkrk gSA ikWfyejst J̀a[kyk vfHkfØ;k fof/k dks Øeokj
fuEufyf[kr pj.kksa esa iw.kZ djrs gSa&

pj.k& I (Step-I)& vfHkfØ;k feJ.k dks 90-98ºC rd xeZ djrs gSa]
ftlls fd DNA ds nksuksa yfM+;kas dks iF̀kd~ fd;k tk ldsA bldks foÑfrdj.k
pj.k (Denaturation step) dgrs gSaA

pj.k– II(Step-II)& blds i'pkr~ feJ.k dks 40 ls 60º rkiØe ij B.Mk
fd;k tkrk gS] ftlls nksuksa çkbej (Primer) vius-vius LVªS.M~l (Strands) ds
fljksa ij -3' fljksa ij vius iwjd Øeksa (Complimentary sequence) ds
lkFk ;qfXer gksrs gSaA bl pj.k dks ,uhyu (annealing) dgrs gSaA

pj.k& III (Step-III)& rkiØe dk bl çdkj lek;kstu fd;k tkrk gS
fd DNA dk la'ys"k.k vf/kdre xfr ls gks ldsA DNA ikWfyejst (Polymerase)
çkbejksa (Primers) ds 3'-OH dk mi;ksx djds DNA [k.M@va'k ds iwjd
J̀a[kykvkssa (Complementary strands) dk la'ys"k.k djrk gSA nksuksa çkbelZ
(Primers) ,d-nwljs dh vksj of̀/n djrs gSa] ftlls fd nks çkbelZ (Primers) ds
chp fLFkr DNA va'k@[k.M dh çfrfyih curh gSA 3'-fljs ds [k.M ;k va'k dks
iwjd çkbelZ (Primers) dks çnk; dj vkof/kZr fd;k tkrk gSA

fp= Ø- 20-1% Only three cycles of PCR are show in each cycle primers
are shown by solid dark boxes
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Taq ikWfyejst dh n'kk esa la'ys"k.k ds fy, vuqdwyre rkiØe 70º ,oa
75º ds chp gksrk gSA vfHkfØ;k feJ.k ds fy, blds leku lek;ksftr fd;k
tkrk gSA blds fuEufyf[kr ykHk gksrs gSa%

 70ºC ls 75ºC ds chp 20 {kkj (Base) yEcs çkbelZ (Primers) ,oa Mh,u,
ds {kkj ;qXeu (base pairing) bZ- dksykb (E. coli) Mh,u, ikWfyejst ds
vuqdwyre rkiØe 37ºC dh vis{kk vf/kd fof'k"V gksrk gSA

 pj.k–III (Step-III) ds iw.kZ gksus ij vko/kZu@ikWfyejst J̀a[kyk
vfHkfØ;k (Polymerase chain reaction) dk çFke pØ iwjk gksrk gSA
çR;sd pØ (cycle) dks iw.kZ gksus ds fy, 1 ls 3 feuV dk le; yxrk
gSA

 pj.k–IV (Step-IV)& bl pj.k es nwljs pØ dk vko/kZu
(Complification) çkjaHk gksrk gSA ;g pj.k çFke pj.k (Step-I) dh
foÑfrdj.k (denaturation) çfØ;k ds leku gksrk gSA bl çfØ;k esa
uohu la'ysf"kr DNA LVSª.M~l (Strands) dks iwoZ DNA LVªS.M~l
(Strands) ls iF̀kd~ fd;k tkrk gSA

 pj.k V (Step-V)& bl pj.k dh çfØ;k Hkh II pj.k step-II) ds leku
gh gksrh gSA bl pj.k esa nksuksa u;s ,oa iqjkus LVªS.M~l (strands) ls
{kkj ;qXeu ds çkbelZ (Primers) dk ,uhyu (annealing) djk;k tkrk gS]
ftlls vkof/kZr gksus okys LVªS.M~l (strands) dh la[;k iwoZ pØ ls
nksxquh gksrh gSA

 pj.k–VI (Step-VI)& blesa u;s LVªS.M~l (strands) dk la'ys"k.k gksrk gS]
ftlls okafNr DNA dk [k.M tks pj.k I ds vUr esa ik;k tkrk gS]
mldh çfrfyfi;k¡ (Copies) nks xquh gks tkrh gSaA blds i'pkr~ nwljk
pØ (cycle) iw.kZ gks tkrk gSA

çR;sd pØ ds i'pkr~] nksuksa u;s ,oa iqjkus LVSª.M~l (Strands) dks çkbelZ
(Primers) dk ,uhyu (annealing) gksrk gS rFkk DNA la'ys"k.k ds fy,
VsEiysV (templete) ds :i esa dk;Z djrk gSA blds ifj.kkeLo:i çR;sd pØ
ds vUr esa okafNr [k.Mksa dh çfrfyfi;ksa (Copies) dh la[;k nksxquh gks tkrh
gSA vr% n pØ (n cycles) ds vUr esa DNA [k.Mksa dh 2n çfrfyfi;ksa dh
la[;k gks tkrh gSA pØ (cycles) dks 60 ckj nksgjk;k tkrk gS] ysfdu
lkekU;r;k 20 ls 30 pØ gh iw.kZ gksrs gSaA Lopkfyr ikWfyejst J̀a[kyk
vfHkfØ;k (Polymerase chain reaction) dh e'khu ftldks FkEkZy
lk;DylZ@rkih; pØd (Thermal cyclers) dgrs gSaA bl e'khu esa iw.kZ
vfHkfØ;k feJ.k dks Å"ek;u ds fy, j[kus ds i'pkr~ e'khu Lor% lqpk# :i
ls dk;Z djrh gSA ikWfyejst J̀a[kyk vfHkfØ;k (Polymerase chain reaction)
pØ ds i'pkr~ Mh,u, [k.M dks tSy bysDVªksQksjsfll (gel electrophoresis) ls
'kq/n djus ds i'pkr~ okafNr dk;Z ds fy, mi;ksx fd;k tkrk gSA
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20-2-2 PCR dh fofHkUu ;kstuk (Different Scheme of PCR)

ikWfyejst J̀a[kyk vfHkfØ;k (Polymerase chain reaction) ,d vR;f/kd :i ls
vfLFkj (Versalite) rduhd gksrh gSA ;g fofHkUu :i ls :ikUrfjr gksrh gS]
ftlls fd ;g fof'k"V fLFkfr;ksa ,oa vuqç;ksxksa (applications) esa mi;qDr gksA
ikWfyejst J̀a[kyk vfHkfØ;k (Polymerase chain reaction) dh dqN egRoiw.kZ
fofHkUurk,¡ fuEufyf[kr gSa%

fp= Ø- 20-2% Inverse PCR (a) amplification of genes using flanking
vector sequences as primers; (b) amplification of sequences flanking

the gene, using sequences at the two ends of the gene primers

1- O;qŸkØfer ikWfyejst Jà[kyk vfHkfØ;k (Inverse Polymerase Chain
reaction)& bl ikWfyejst J̀a[kyk vfHkfØ;k dk mi;ksx fdlh Kkr DNA
[k.M@va'k ds nksuksa vksj ckgj dh vksj fLFkr Øeksa (Sequence) ds vko/kZu
(amplification) ds fy, fd;k tkrk gS] ftlds nksuksa lhekUr Øe Kkr gksrs gSaA
bl çfØ;k dks tc fd;k tkrk gS tc DNA [k.M@va'k ds nksuksa 5' fljksa ds
iwjd çkbej vksfyxksU;wfDy;ksVkbM (Oligonucleotide) Kkr gksA blls çkbejksa
(Primers) dk 3'-OH lewg Kkr [k.M@va'k ds ckgj dh vksj vksfj,.V (Orient)
gks tkrk gS] blds ifj.kkeLo:i Kkr [k.M@va'k ds nksuksa fljksa ls ckgj dh
vksj ubZ la'ysf"kr J̀a[kyk vko/kZu djrh gSA bl çdkj dh fof/k dks O;qRrØfer
ikWfyejst J̀a[kyk vfHkfØ;k (Inverse Polymerase chain reaction) dgrs gSaA

2- layXuh ikWfyejst Jà[kyk vfHkfØ;k (Anchored polymerase chain
reaction)& tc okafNr [k.M@va'k (Segment) vFkok thu (gene) ds
dsoy ,d fljs ds Øe Kkr gksrs gSa] rc 3'-fljs ;k LVªS.M (Strand) ds iwjd
Øe dk çkbej ds :i esa mi;ksx dj thu ds ,d LVªS.M (Strand) dh vusd

Restriction
sites

Primer

Primer

(b) Cloning of flanking
sepuences

Cloned
insert

Primer

Primer

Amplified products
(a) Cloning of
foregin DNA
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çfrfyfi;ksa (copies) dks çkIr dj fy;k tkrk gSA vc ikWfy-G (Poly-G) ;k
dksbZ vU; lecgqyd (Homopolymer) dh iw¡N dks 3'-fljs ls tksM+rs gSa] ftl
ij çkbej miyC/k ugha gksrk gS rFkk bl iw¡N ds iwjd okyh çkbej (Poly
primer) dk mi;ksx dj bl DNA LVSª.M dh iwjd yM+h dk la'ys"k.k djrs gSaA
bl ikWfyejst J̀a[kyk vfHkfØ;k ds }kjk DNA dh ,dy yM+h dh çfrfyfi;ksa
dks çkIr djrs gSaA ;g çfØ;k iwjd lecgqyd (homopolymer) ds mi;ksx
djus esa lgk;rk djrh gSA

;g u;k la'ysf"kr ikWfy-G (Poly-G) ;qDr LVSª.M dh iaWwN dks 3'-fljk
lUrfr LVSª.M (daughter strand) la'ys"k.k ds fy, VsEIysV (Templete) gks tkrk
gS vkSj ,d layXuh; (anchored) çkbej ;qDr ikfy-C Øe (Poly-C sequence)
dk mi;ksx djrk gSA ikfy-C Øe (Poly-C sequence) VsEIysV ds ikfy-G ;qDr
iwjd ls layXu gks tkrk gSA nwljs pØ esa] nksuksa ewy çkbej ,oa layXuh; çkbej
(anchored primer) dks thu vko/kZu ds fy, mi;ksx fd;k tkrk gSA bl
vuqfØ;k dks layXuh; ikWfyejst J̀a[kyk vfHkfØ;k (anchored polymerase
chain reaction) dgrs gSaA

3- mi;qZDr fofHkUurkvksa dks DNA MqIysDlsl (duplexes) esa RNA Øe ds
vko/kZu ds fy, mi;ksx fd;k tkrk gSA loZçFke ,UtkbEl foijhr VªkUlfØIVst
(enzyme reverse transcriptase) dk mi;ksx dj RNA dh cDNA çfrfyfi dks
çkIr fd;k tkrk gSA bl cDNA dk mi;ksx vko/kZu ds fy, fd;k tkrk gSA
mRNA ds fy, ,d NksVk ikWfy-T Øe ,d çkbej ds :i esa ikWfyejst J̀a[kyk
vfHkfØ;k ds fy, dk;Z djrk gS] lkFk gh lkFk foijhr VªkUlfØIVst pj.k
(Transcriptase step) ds fy, Hkh fd;k tkrk gSA

nwljs çkbej ds fy, LFky dks fuEu çdkj ls rS;kj fd;k tkrk gSA ikWfy
-T (Poly-T) dks çkbej tksfd mRNA LVªS.M (Strand) dh 3'-ikWfy-A i¡wN ls
la;qXeu gksrh gS dk mi;ksx dj mRNA dh cDNA LVªS.M ds :i esa çfrfyfi
dks rS;kj fd;k tkrk gSA

LVªS.M ds 3'- fljs ls ikWfy-G dh iw¡N dks vUrLFk U;wfDy;ksVkbM
VªkUlQjst (Terminal nucleotide transferase) ,Utkbe ds }kjk tksM+k tkrk gSA
vc cDNA dh ,dy yM+h ds fljs -5' ij ikWfy-T Øe gksrk gS vkSj 3'- fljs
ij ikWfy-G Øe gksrk gSA vksfyxks-C (Oligo-C) dks çkbej ds :i esa mi;ksx
dj cDNA dh ,dy yM+h ls cDNA MqIysDl dh çfrfyih dks çkIr fd;k
tkrk gSA vksfyxk-T ,oa vksfyxk-C dks çkbej ds :i esa mi;ksx dj vko/kZu
fd;k tkrk gSA
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fp= Ø- 20-3% Anchored PCr, using a single primer in the first cycle

mi;qZDr çfØ;k dk mi;ksx cDNA ds feJ.k ls okafNr cDNA v.kq ds
p;fur vko/kZu ds fy, fd;k tkrk gSA bldks çkIr djus ds fy, okafNr
mRNA ds 3'-fljs dk {kkj Øe Kkr gksuk vko';d gSA ikWfyejst J̀a[kyk
vfHkfØ;k esa vksfyxksU;wfDy;ksVkbM (Oligonucleotide) dks ftlesa mi;qZDr Øe
gksrk gSA çkbej ds :i esa mi;ksx fd;k tkrk gSA mi;qZDr fof/k@fofHkUurk 3
ds vuqlkj cDNA MqIysDl dks çkIr djus ds fy, iw.kZ mRNA dk mi;ksx djrs
gSaA vxys pj.k esa cDNA ds feJ.k esa ls okafNr cDNA ds ikWfyejst J̀a[kyk
vfHkfØ;k vko/kZu ds fy, okafNr mRNA ds 3'-fljs Øe ,oa vksfyxks -C dk
mi;ksx çkbej ds :i esa fd;k tkrk gSA bl çfØ;k ds }kjk okafNr cDNA dh
'kq/n çfrfyih çkIr gksrh gSA

4- LFky fufnZ"V mRifjorZtuu ds fy, ikWfyejst Jà[kyk vfHkfØ;k
(Polymerase for site directed mutagenesis)& thu ds fof'k"V LFky ij
okafNr mRifjorZu dks mRçsfjr djus ds fy, ikWfyejst J̀a[kyk vfHkfØ;k dk
mi;ksx fd;k tkrk gSA

DNA synthesis

Add polyG

Poly C attached to a primer and
sythesizes DNA

Add both primer

CCCC

CCCC

GGGG

CCCC

3GGG

GGGG

GGGG
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fp= Ø- 20-4% PCR for the induction of mutation at an internal site,
using over lap extension

blds fy, og LFky ftl ij mRifjorZu djuk gksrk gS mldk Øe Kkr
gksuk vko';d gksrk gSA bl Øe dk mi;ksx ikWfyejst J̀a[kyk vfHkfØ;k ds
mi;ksx ds fy, çkbej dks fufeZr fd;k tkrk gSA buds {kkj Øe (Base
sequence) esa okafNr ifjorZuksa ls çkbelZ dks fufeZr dj mRifjorZuksa dks
mRçsfjr fd;k tkrk gSA okafNr thu ds ikWfyejst J̀a[kyk vfHkfØ;k vko/kZu ds
fy, :ikUrfjr J̀a[kyk vfHkfØ;k vko/kZu ds fy, :ikUrfjr {kkj Øe ;qDr
çkbej dk mi;ksx fd;k tkrk gSA bl fof/k esa ikWfyejst J̀a[kyk vfHkfØ;k dh
nks fHkUu fØ;k,¡ gksrh gSa%

(i) ,d vfHkfØ;k (reaction) esa ,d 3'-fljs ds iwjd çkbej
(Complementary primer) ,oa nwljh yM+h ds mRifjorZu LFky
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(Mutation site) ds iwjd çkbej dk mi;ksx ikWfyejst J̀a[kyk vfHkfØ;k
ds fy, mi;ksx djrs gSaA

(ii) nwljh vfHkfØ;k (reaction) esa nwljs 3'-fljs ds iwjd çkbej
(Complementary primer) ds lkFk iwjd yM+h ds mRifjorZu LFky ds
çkbej dks ikWfyejst J̀a[kyk vfHkfØ;k ds fy, mi;ksx djrs gSaA bl
çdkj çR;sd fØ;k esa lEcfU/kr thu ds ,d yM+h ds fljs rFkk nwljh
yM+h ds mRifjorZu LFky (Mutatation site) ds iwjd çkbejksa
(complementary primers) dk mi;ksx djrs gSaA

mi;qZDr nksuksa vfHkfØ;kvksas ls çR;sd esa ,d yM+h (Strands) dh iw.kZ ,oa
mldh iwjd yM+h (Complementary strands) dh viw.kZ çfrfyih (copies)
çkIr gksrh gSaA nksuksa vfHkfØ;kvksa dh viw.kZ yfM+;ksa (incomplete strands) esa
iwjd {ks= gksrs gSa tksfd vkUrfjd çkbelZ ds }kjk çnf'kZr gksrs gSaA nksuksa
vfHkfØ;kvksa dh viw.kZ yfM+;k (Incomplete strands) bysDVªksQksjsfll
(electrophoresis) ds }kjk iF̀kd~ gksrh gSa vkSj MqIysDl (Duplex) ds :i esa
fuEu çdkj ls fufeZr gksrh gS

(i) nksuksa vfHkfØ;kvksa ls viw.kZ yfM+;ksa dks iF̀kd~ djds mudks ,d lkFk
fefJr djrs gSaA

fp= Ø- 20-5% Asymmetric PCR for DNA sequencing

(ii) nksuksa viw.kZ yfM+;k¡a (Incomplete strands) iwjd {ks= esa ,uhyu
(annealing) djrh gSaA

(iii) ikWfyejst J̀a[kyk vfHkdj.k (Polymerase chain reaction) ds la'ys"k.k
pj.k esa viw.kZ yfM+;ksa (Incomplete strands) ds 3'-fljksa dk foLrkj gksrk
gS rFkk lEcfU/kr thu dh f}yM+h; çfrfyfi;k¡ (duplex copies) DNA
dh çkIr gksrh gSA okafNr vkUrfjd LFky ij fof'k"V mRifjorZu
mifLFkr gksrk gSA
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5- vlefer ikWfyejst Jà[kyk vfHkfØ;k (Asymmetrical polymerase
chain reaction)& ikWfyejst J̀a[kyk vfHkfØ;k (Polymerase chain reaction)
ds }kjk fdlh Hkh DNA [k.M@va'k (segment) dh ,d yM+h; çfrfyfi;kaW
(single stranded copies) çkIr dh tk ldrh gSa] ftldks çR;{k :i ls DNA
lhDosfUlax (Sequencing) ds fy, mi;ksx fd;k tk ldrk gSA bl çfØ;k ds
fy, lEcfU/kr [k.M@va'k (Segment) ds nksuksa 3'-fljksa ds iwjd çkbejksa
(Primers) dks 100 : 1 ds vuqikr esa feJ.k esa feykrs gSaA blls ,d çkbej
(Primer) nwljs çkbej ls yxHkx 10 pØ ;k blls iwoZ gh lekIr gks tkrk gS]
blls iwoZ fd ikWfyejst J̀a[kyk vfHkfØ;k lekIr gksA vfUre 10 pØksa esa
dsoy ,d yM+h dh gh çfrfyfi çkIr gksrh gSA bl çdkj dh fofHkUurk dks
vefer ikWfyejst J̀a[kyk vfHkfØ;k (asymmetrical polymerase chain
reaction) dgrs gSaA

20-2-3 ikWfyejst Jà[kyk vfHkfØ;k ds vuqç;ksx
(Applications of Polymerase Chain Reaction)

fiNys dqN o"kksZa esa ikWfyejst J̀a[kyk vfHkfØ;k (Polymerase chain reaction) esa
vf/kd :i ls fodkl ;k ifjo/kZu gksus ,oa Lopkfyr rkih; (automated
thermal) ikWfyejst J̀a[kyk vfHkfØ;k la;a=ksa (appliances) dh miyC/krk ds
dkj.k ikWfyejst J̀a[kyk vfHkfØ;k dh mi;ksfxrk esa vf/kd of̀/n gqbZ gSA dqN
vuqç;ksxksa dk o.kZu laf{kIr :i ls fuEufyf[kr çdkj fd;k x;k gS&

1- thu mipkj (Gene therapy)& ikWfyejst J̀a[kyk vfHkfØ;k dk
mi;ksx jksxh ds 'kjhj esa lw{e ek=k esa mifLFkr fofHkUu thUl dh mifLFkfr dks
Kkr fd;k tk ldrk gSA thu mipkj ç;ksxksa esa fpUgd thUl (Marker genes)
dh mifLFkfr ,oa LFkkukUrj.k dks jksxh ds Ård] vaxksa esa Kkr fd;k tk ldrk
gS] mnkgj.k&

(i) jksxh ds jDr esa fu;ksek;flu çfrjks/kdrk (Neomycin resistance-Neo R)
ds fy, fpUgd thu (Marker gene) dh mifLFkfr ,oa LFkkukUrj.k dks
Kkr fd;k tkrk gSA 60 fnu ds i'pkr~ fpUgd fyEQkslk;Vªl
(lymphocytes) /khjs-/khjs ?kVrs tkrs gSa ftlds dkj.k fpUgd dksf'kdkvksa
dks iqu% ;k nksckjk la/kkfur fd;k tkrk gSA

(ii) ,fMuksflu Mh,ehust foÑfr (adenosine deaminase deficiency) thu]
mipkj ds fy, LFkkukUrfjr fd;k tkrk gS rFkk ikWfyejst J̀a[kyk
vfHkfØ;k dk mi;ksx thu dh mifLFkfr dks Kkr djus ds fy, fd;k
tkrk gSA

2- fQUxj fçfUVax (Finger printing)& Mh,u, fQUxj fçfUVax dk
mi;ksx vijkf/k;ksa (Criminals) rFkk voS/k lUrkuksa dh iSrd̀rk dks Kkr djus ds
fy, fd;k tkrk gSA bl çfØ;k ds fy, lEcfU/kr euq"; ds oh;Z (semen), jDr
(blood) ds /kCcksa ,oa ckyksa (hairs) esa mifLFkr DNA [k.Mksa@va'kksa (segments)
dk vko/kZu ikWfyejst J̀a[kyk vfHkfØ;k ds }kjk djk;k tkrk blds i'pkr~
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fof'k"V çkbejksa (Specific primers) dh lgk;rk ls vijkf/kdksa dh voS/k lUrkuksa
dh iSrd̀rk dks Kkr fd;k tkrk gSA

3- ekuo vkuqoaf'kdh esa mi;ksx (Use in human genetics)& ikWfyejst
J̀a[kyk vfHkfØ;k (Polymerase chain reaction) dk mi;ksx ekuo vkuqoaf'kdh
esa vR;f/kd :i ls fd;k tkrk gSA dqN vuqç;ksxksa (applications) dk o.kZu
fuEu çdkj ls gS&

(i) ikWfyejst Jà[kyk vfHkfØ;k (Polymerase chain reaction) ds }kjk
iqulZa;kstu vkof̀Rr dk vkadyu& ikWfyejst J̀a[kyk vfHkfØ;k ds
mi;ksx ls fof'k"V thuksa (Specific genes) dks fdlh tho ds
fofHkUu ;qXedksa 'kqØk.kqvksa esa vkof/kZr dj ldrs gSaA buds chp
iqu%la;kstu vko`fRr (recombination frequency) dk vkadyu dj ldrs
gSaA buds }kjk ekuo esa Hkh vkuqoaf'kd ekufp= (genetic map) dks
vklkuh ls cuk ldrs gSa tksfd oa'kkxfr fo'ys"k.k (Pedigree analysis)
ls laHko ugha gSA

(ii) blh çdkj iqu% la;kstu vkof̀Ÿk dk mi;ksx lgyXurk ekufp=
(linkage maps) dks ekuo esa vklkuh ls cuk ldrs gSa tksfd ekuo
tkfr essa laHko ugha FkkA

(iii) ikWfyejst J̀a[kyk vfHkfØ;k (Polymerase chain reaction) }kjk lw{e
foPNsfnr (Microdissected) xq.klw=ksa ds [k.Mksa tSlsfd MªkslksfQyk ds
ykj xzfUFk xq.klw= dks vkof/kZr djds fdlh thu dh lEcfU/kr xq.klw=
esa fLFkrh dks Kkr dj ldrs gSaA

(iv) Hkzw.k ds fyax dk fu/kkZj.k (Determination of sex of embryos)&
ikWfyejst J̀a[kyk vfHkfØ;k dk mi;ksx dj DNA lhDohUlsl
(Sequences) dk ,dy dksf'kdk esa v/;;u fd;k tk ldrk
gS( ekuo ;k pkSik;ksa ds Hkzw.k dk fyax] çfrjksi.k (implantation) ds iwoZ
fu/kkZj.k fd;k tk ldrk gSA bl dk;Z ds fy, fu"ksfpr çkbelZ
(Primers) ,oa çksCl (Probes) tksfd fyax xq.klw= ds fy, fof'k"V gksrs
gSa dks mi;ksx djrs gSa] tSlsfd ZFY ;k ZFX lhDohUlsl (Sequences)A
ekuo esa Y fof'k"V çkbelZ ,oa çksCl bl dk;Z ds fy, miyC/k gSA bl
rduhd ds mi;ksx ds }kjk fyax lgyXu folaxfr;ksa dks fu"ksfpr Hkzw.kksa
esa Kkr dj ldrs gSaA

(v) ikWfyejst J̀a[kyk vfHkfØ;k dk mi;ksx çhusVy (Prenatal) funku ds
fy, fd;k tkrk gSA ekuo vkuqoaf'kdh ds varxZr çFke ikWfyejst J̀a[kyk
vfHkfØ;k vuqç;ksx ds :i esa g¡fl;kdkj dksf'kdk jDr {kh.krk (Sickle
cell anaemia) dk çhusVy (Prenatal) uSnkfud y{k.k dks ns[kk x;kA
ikWfyejst J̀a[kyk vfHkfØ;k ds }kjk ,d fnu ls de le; esa bldks
Kkr fd;k tk ldrk gSA lnuZ CykLV rduhd dk mi;ksx dj
fQuk;y dhVksuwfj;k (Phenyl ketonuria), β&FkSyslhfe;k
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(Thalassemia), gheksQhfy;k (Haemophilia) vkfn ds uSnkfud y{k.kksa
dks Kkr fd;k tk ldrk gSA bu lHkh jksxksa esa ikWfyejst J̀a[kyk
vfHkfØ;k mRikn tks mRiUu gksrk gS dk ijh{k.k fpfUgr çksc ds :i esa
mi;ksx dj fd;k tkrk gS fd mRifjorZuh; Øe ftlds dkj.k jksx gksrk
gS ik;k tkrk gS ;k ughaA

4- Mh,u, dh cgq:irk dk v/;;u (Study of DNA polymorphism)&
bl v/;;u ds fy, fdlh Hkh {kkjd Øe (Base sequence) ds laf'y"V
vksfyxks-U;wfDy;ksVkbM~l (Oligo-nucleotides) dk mi;ksx vkdfLed (random)
çkbej ds :i esa dj ldrs gSaA DNA [k.Mksa@va'kks (segments) dk vko/kZu
gksrk gS] ftuds Øe (sequence) vksfyxks-U;wfDy;ksVkbM~l (Oligo-nucleotides)
ds iwjd gksrs gSaA tSy bysDVªksQksjsfll (gel-electrophoresis) dk mi;ksx dj
bu vkof/kZr [k.Mksa dks igpkuk tkrk gS vkSj budks vkdfLed vkof/kZr cgq:ih
Mh,u, (random amplified polymorphic DNA) dgrs gSaA fofHkUu tkfr;ksa ds
vkdfLed vkof/kZr cgq:ih Mh,u, (random amplified polymorphic DNA-
RAPD) ifÍdkvksa dh rqyuk dj ldrs gSa] vkSj mlesa fHkUurk dks thuksa
ds ;qXefodfYi;ksa (alleles) ds leku vkuqoaf'kd v/;;uksa ,oa xq.klw= eku
fp=.k (Chromosome mapping) ds fy, mi;ksx dj ldrs gSaA eDdk]
lks;kchu] ekuo ,oa pwgs vkfn ds ekufp=.k dks rS;kj fd;k x;kA

5- VªkUlthu dh mifLFkfr dk fu/kkZj.k (Confirming the presence of
transferred gene)& ikWfyejst J̀a[kyk vfHkfØ;k (Polymerase chain reaction)
dk mi;ksx dj fdlh Hkh tho (organism) esa fdlh vU; tho ls LFkkukUrfjr
fd;s x;s VªkUlthu (Transgene) dh mifLFkfr dks Kkr fd;k tk ldrk gSA
blds fy, VªkUlthu ds nksuksa 3'-fljksa ds iwjd çkbelZ dk mi;ksx fd;k tkrk
gSA ikWfyejst J̀a[kyk vfHkfØ;k (Polymerase chain reaction-PCR) }kjk
vko/kZu dsoy mlh ifjfLFkfr esa gksxk tcfd lEcfU/kr VªkUlthu (Transgene)
ml thu esa mifLFkr gksA vkof/kZr thu tSy bysDVªksQksjsfll (gel
electrophoresis) ij ifÍdk (Band) ds :i esa igpkuk tkrk gSA

bl çdkj dh igpku dks fuog] MkV CykV] lnuZ ,oa uknuZ o.kZladj.k
(Colony, dot blot, southern, northern hybridization) dk mi;ksx dj fd;k
tkrk gSA buds mi;ksx ls vf/kd le; yxrk gS tcfd ikWfyejst J̀a[kyk
vfHkfØ;k ds }kjk dsoy ,d fnu esa igpkuk tk ldrk gS rFkk blesa
jsfM;ks/kfeZrk (radioactivity) dk mi;ksx ugha fd;k tkrk gSA blesa dsoy
bFkhfM;e czksekbM (Ethedium bromide) dk mi;ksx vko/kZu ds }kjk fufeZr
DNA ifÍdk dks igpkuk tkrk gSA

20-2-4 ikWfyejst Jà[kyk vfHkfØ;k ,oa thu Dyksfuax
(Polymerase Chain Reaction and Gene Cloning)

ikWfyejst J̀a[kyk vfHkfØ;k (Polymerase chain reaction) ds }kjk thu
Dyksfuax rduhd dks cny fn;k x;k gSA PCR rduhd vf/kd vklku gS vkSj
blds fy, DNA dh (wing) de ek=k dh vko';drk gksrh gS tcfd Dyksfuax
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(Cloning) ds fy, ekbØksxzke (Microgram-μg) esa DNA dh vko';drk gksrh
gSA ikWfyejst J̀a[kyk vfHkfØ;k ,oa thu Dyksfuax dh rqyuk rkfydk 20-1 esa
dh xbZ gSA

lkj.kh Ø-20-1% ikWfyejst Jà[kyk vfHkfØ;k ,oa thu Dyksfuax dh rqyuk
(Comparison between Polymerase Chain Reaction and Gene Cloning)

iSjkehVlZ@ekin.M
(Parameter)

ikWfyejst Jà[kyk
vfHkfØ;k
(Polymerase Chain
Reaction)

thu Dyksfuax
(Gene Cloning)

vafre ifj.kke

eSfuiqys'ku

dkEIysDl DNA ds
fof'k"V [k.M dh p;furk
vkjaHk inkFkZ dh lkUærk
tSfodh vfHkjatuksa dh
vko';drk

Lopkyu
=qVh laHkkouk
vuqç;ksx
ewY;
çk:ih ç;ksx dk le;
mi;ksx djus okys dh {kerk

fof'k"V Øe dk p;fur
vko/kZu

vr% ik= esa (invitro)
(invitro and invivo)

çFke pj.k
usuksxzke (ng)
DNA
Okkgd] thok.kq dksf'kdk
gk¡
de
vf/kd
de
4 ?kUVs
vko';d ugha

fof'k"V Øe dk p;fur
vko/kZu
vr% ik= ,oa vUrthZo

vafre pj.k
ekbØksxzke (μg)

jsfLVªD'ku ,Utkbe] ykbtsl]

ugha
vf/kd
de
vf/kd
2-4 fnu
vko';d

lkj.kh Ø-20-2% PCR ,oa thu Dyksfuax esa rqyuk
(Comparison Between PCR and Gene Cloning)

PCR thu Dyksfuax (Gene Cloning)

1- ;g iw.kZ Lopkfyr fof/k gSA 1- ;g Lopkfyr fof/k gSA

2- blds fy, çfrcU/k ,Utkbt
ykbxsl (ligase) rFkk osDVj
DNA dh vko';drk ugha iM+rh
gSA

2- blesa bu lcdh t:jr gksrh gSA

3- ;g vis{kkÑr lLrh fof/k gSA 3- ;g eg¡xh fof/k gSA
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4- vis{kkÑr de le; ¼4-5 ?k.Vs½]
Je ,oa n{krk dh vko';drk
iM+rh gSaA

4- vf/kd le; ¼2-4 fnu½] Je ,oa
n{krk t:jh gksrh gSA

5- cgqr de DNA thu dh ,d
çfr Hkh i;kZIr gksrh gSA

5- vis{kkÑr vf/kd DNA dh
vko';drk gksrh gSA

6- blds cgqr ls vuqç;ksx gSa vkSj
vkxs Hkh lEHkkouk,¡ vPNh gSaA

6- blds lhfer vuqç;ksx gSaA

viuh Áxfr tk¡fp, (Check Your Progress)

1- Taq ikWyhejst dk;Z djrk gS&

¼v½ 40ºC, ¼c½ 25ºC,

¼l½ 90ºC, ¼n½ 75ºCA

2- PCR esa fuEu dh vko';drk gksrh gS&

¼v½ çkbej (Primer), ¼c½ Taq ikWfyejst]

¼l½ okafNr DNA, ¼n½ lHkh dhA

3- DNA dk DNA ls ladj.k djk;k tkrk gS&

¼v½ ukWnZuZ CykWfVax esa] ¼c½ lnZu CykWfVax esa]

¼l½ osLVuZ CykWfVax esa] ¼n½ lHkh esaA

4- ih- lh- vkj- fdlls lEcfU/kr gS\

¼v½ Mh,u, ,EIyhfQds'ku] ¼c½ Mh,u, fjis;fjax]

¼l½ Mh,u, çqQ jhfMax] ¼n½ Mh,u, jsIyhds'kuA

5- Taq ikWfyejst dk;Z djrk gS

¼v½ 25ºC ¼c½ 55ºC

¼l½ 75ºC ¼n½ 95ºC

6- ikWfyejst J̀a[kyk vfHkfØ;k esa fuEu dh vko';drk gksrh gS%

¼v½ okafNr Mh,u, ¼c½ çkbej

¼l½ Taq ikWfyejst ¼n½ mi;ZqDr lHkh

7- pBR 322 D;k gS\

¼v½ ,d çk.kh ¼c½ ,d okgd

¼l½ ,d ikni ¼n½ ,d fo"kk.kq
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8- ikWfyejst J̀a[kyk vfHkfØ;k dh [kkst fdlus dh Fkh%

¼v½ gSULVj us ¼c½ dSjh E;wfyu us

¼l½ fxCl us ¼n½ ch- ysfou us

9- ikWfyejst J̀a[kyk vfHkfØ;k uke fdl o"kZ esa fn;k x;k Fkk%

¼v½ 1979 ¼c½ 1959

¼l½ 1989 ¼n½ 1999

20-3 viuh Áxfr tk¡fp, Á'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼n½

2- ¼n½

3- ¼c½

4- ¼v½

5- ¼l½

6- ¼n½

7- ¼c½

8- ¼v½

9- ¼c½

20-4 lkjka'k (Summary)

mijksä o.kZu ls Li"V gS fd Polymerase Chain Reaction ,d egRoiw.kZ fof/k
gSA lkFk gh thu Dyksfuax dh rqyuk esa ;g lLrh ,oa Lopkfyr fof/k gSA

20-5 eq[; 'kCnkoyh (Key Terminology)

 PCR& Polymerase Chain Reaction

 dTTP& Thymidin Triphosphate

 Taq& Thermus acquatius

 Finger Printing& DNA dh Testing ds fy,A
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20-6 Lo-ewY;kadu Á'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; ç'u (Short Answer Type Questions)

1- PCR o thu Dyksfuax esa rqyuk dhft,A

2- fuEufyf[kr ij fVIi.kh fyf[k,&

(i) buolZ PCR (Inverse PCR)

(ii) ,UdMZ PCR (Anchored PCR)

(iii) FkeZy pØd (Thermal cycler)

(iv) PCR ds vuqç;ksx

(v) PCR

(vi) Vkd ikWyhejstA

3- PCR ds egRo dks le>kb,A

4- fuEufyf[kr ij laf{kIr fVIif.k;k¡ fyf[k,

(i) ikWfyejst J̀a[kyk vfHkfØ;k

5- ikWfyejst J̀a[kyk vfHkfØ;k dk laf{kIr esa o.kZu dhft,A

6- laf{kIr fVIif.k;k¡ fyf[k,%

(i) layXuh; PCR

(ii) bUolZ PCR

(iii) ekuo eysfj;k thu dh Dyksfuax

7- fuEufyf[kr laf{kIr fVIif.k;k¡ fyf[k,&

(i) ekuo vkuqoaf'kdh esa PCR dk mi;ksx

(ii) ikWfyejst J̀a[kyk vfHkfØ;k dh fof/k

(iii) PCR dh fofHkUu ;kstuk

8- ikWfyejst J̀a[kyk vfHkfØ;k ds vuqç;ksxksa dk laf{kIr esa o.kZu dhft,A

nh?kZ mÙkjh; ç'u (Long Answer Type Questions)

1- ikWfyejst J̀a[kyk vfHkfØ;k ls D;k le>rs gks\ ikWfyejst J̀a[kyk
vfHkfØ;k fof/k ds fy, fdl dh vko';drk gksrh gS] o.kZu dhft,\

2- PCR D;k gS\ bldh fof/k dk lfp= o.kZu dhft,A

3- PCR ds fofHkUu pj.kksa dk laf{kIr o.kZu dhft, rFkk blds :ikUrj.k
crkb,A

4- ^ikWyhejst J̀a[kykc/n* fØ;k dk o.kZu dhft,A



ikWfyejst Jà[kyk
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5- PCR dh fØ;kfof/k ,oa blds mi;ksx dk o.kZu dhft,A

6- ikWfyejst J̀a[kyk vfHkfØ;k fof/k dk o.kZu dhft,A

7- ikWfyejst J̀a[kyk vfHkfØ;k D;k gS\ bl vfHkfØ;k dh lgk;rk ls
mRNA ls 'kq/n cDNA çfrfyfi çkIr djus dh fof/k dk lfp= o.kZu
dhft,A

8- ikWfyejst J̀a[kyk vfHkfØ;k ds fofHkUu pj.kksa dk o.kZu djrs gq,
blds :ikUrj.kksa dk o.kZu dhft,A

9- ikWfyejst J̀a[kyk vfHkfØ;k ds vuqç;ksxksa dk o.kZu dhft,A

10 okafNr Mh,u, [k.M ;qDr Dyksuksa ds p;u dh fofHkUu fof/k;ksa dk o.kZu
dhft,A

11- ikWfyejst J̀a[kyk vfHkfØ;k dk laf{kIr esa o.kZu dhft,A

12- laf{kIr fVIif.k;k¡ fyf[k,%

(i) layXuh; PCR

(ii) bUolZ PCR

(iii) ekuo eysfj;k thu dh Dyksfuax

13- fuEufyf[kr esa ls laf{kIr fVIif.k;k¡ fyf[k,&

(i) ekuo vkuqoaf'kdh esa PCR dk mi;ksx

(ii) ikWfyejst J̀a[kyk vfHkfØ;k dh fof/k

(iii) PCR dh fofHkUu ;kstuk

14- ikWfyejst J̀a[kyk vfHkfØ;k ds vuqç;ksxksa dk laf{kIr esa o.kZu dhft,A

20-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology– By– J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics



CykfVax& lnuZ] ukWnZuZ
,oa osLVuZ

fVIi.kh

452
Lo-vf/kxe
ikB~; lkexzh

bdkbZ 5

v/;k; 21 CykfVax& lnuZ] ukWnZuZ ,oa osLVuZ
(Blotting– Southern, Northern
and Western)

Lakjpuk (Structure)

21-0 ifjp;
21-1 mÌs';
21-2 Mh,u, vuqØe.k fof/k;k¡

21-2-1 osLVuZ CykWfVax
21-2-2 ukWnZuZ CykWfVax

21-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
21-4 lkjka'k
21-5 eq[; 'kCnkoyh
21-6 Lo-ewY;kadu iz'u ,oa vH;kl
21-7 lgk;d ikB~; lkexzh

21-0 ifjp; (Introduction)

lnuZ Vsduhd }kjk DNA dk DNA ls ladj.k djk;k tkrk gSA rFkk
ukWnZuZ }kjk DNA Øe ds iwjd RNA dh igpku dh tkrh gSA blh çdkj
osLVuZ CykfVax fof/k }kjk çksVhu dk iF̀kDdj.k fd;k tkrk gSA

bl rduhd dk uke bldks fodflr djus okys oSKkfud bZ- ,e- lnuZ
(E.M. Southern) ds uke ij gSA bl fof/k ds }kjk DNA ds fdlh Hkh [k.M
ij mifLFkr Øe (Sequence) dks Kkr fd;k tkrk gSA fdlh ,sfPNd DNA
Hkkx ds vuqØe (Sequence) dks Kkr djus vFkok thukse (Genome) ls ,sfPNd
DNA Hkkx dks iF̀kd~ djus ds fy, DNA dks jsfLVªD'ku ,Utkbe (Restriction
enzyme) }kjk ikfpr (Digest) djkdj vusd Hkkxksa esa foHkkftr fd;k tkrk gSA
bu DNA Hkkxksa dks tSy bysDVªksQksjsfll (Gel electrophoresis) esa ls fudkyk
tkrk gS] ftlesa DNA Hkkxksa dks muds ekiu (Measurement) ds vk/kkj ij
iF̀kd~ fd;k tkrk gSA bysDVªksQksjsfll (Electrophoresis) dh bl vfHkfØ;k
dks ,sxjkst (Agarose) ;k ikfy,ØkbysekbM (Polyacrylamide) tSy ij iw.kZ
fd;k tkrk gSA bl ,sxjkst (Agarose) tSy dk mi;ksx 20 kb vkdkj (Size)
ds Hkkxksa ds fy, rFkk ikfy,ØkbysekbM (Polyacrylamide) tSy dk mi;ksx
NksVs vkdkj ds DNA Hkkxksa dks iF̀kd~ djus ds fy, mi;ksx djrs gSaA tSy
(Gel) dks {kkj (Base orlkali) ds }kjk vfHkfØ;k djkrs gSa] ftlls DNA Hkkx
foxqf.kr (Denatured) gks tkrs gSaA bu DNA Hkkxksa dks tSy (Gel) ls

bhandup8
Rectangle
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ukbVªkslSY;wykst fQYVj isij (Nitrocellulose filter paper) ij LFkkukUrfjr
djrs gSaA bl dk;Z ds fy, lEcfU/kr tSy dks ml cQj ;qä ;k ml cQj
larÌr fQYVj isij ij j[krs gSa tksfd ukbVªkslSY;wyksftd fQYVj isij
(Nitrocellulosic filter paper) ls <¡dk jgrk gSA bl ukbVªkslSY;wyksftd fQYVj
isij ds Åij lw[ks fQYVj isij (Filter paper) Lrjksa esa ,d ds Åij ,d j[ks
tkrs gSaA

Cleavage with one of
more restriction enzymes

Nitrocellulose filter with DNA tragments
positioned identically to that in the gel

Transfer to
Nitrocellulose filter

Nitrocellulose
sheet

DNA tragment
complementry to probe

Electrophoresis

Paper towels

Gel

Filter paper
wick

Transfer buffer (high Na+)

Hybridize nitrocellulose sheet with
isotopically labeled probe and perform

autoradiography

fp= Ø- 21-1% Southern blotting method

vfrlw{e ufydk ;k dsfiyjh (Capillary) vfHkfØ;k ds dkj.k cQj
(Buffer) uhps ds fQYVj isij (Filter paper) ls tSy (Gel) vkSj
ukbVªkslSY;wyksftd fQYVj isij (Nitrocellulosic filter paper) ls gksrk gqvk
Åij ds lw[ks fQYVj isij (Filter paper) esa vk tkrk gSA tSls-tSls cQj
(Buffer) Åij dh vksj tkrk gS] DNA ds Hkkx Hkh cQj ds lkFk Åij dh vksj
tkrs gSaA ;g DNA Hkkx ukbVªkslSY;wyksftd fQYVj ds lkFk yxs gksrs gSaA bl
lEiw.kZ vfHkfØ;k dks CyksfVax (Blotting) dgrs gSaA ukbVªkslSY;wykst
(Nitrocellulose) fQYVj isij 80ºC rkiØe ij df.kdkvksa dks okil djrs gSa]
bl dkj.k DNA Hkkx fQYVj isij LFkk;h :i ls fpid tkrs gSaA
ukbVªkslSY;wykst fQYVj isij dks Kkr {kkjd (Base) Øe okys jsfM;ks/kfeZr
(Radioactive) DNA/RNA çksc foy;u (Probe solution) esa j[kk tkrk gSA
blds dkj.k vKkr DNA dk iwjd (Supplement) DNA çksc ds lkFk ladj.k
(Hybridization) gks tkrk gS vkSj ,d rkikuq'khfyr (Annealed) çksc çkIr gks
tkrk gSA fQYVj isij (Filter paper) dks ,d mi;qä ?kksy ls ckj-ckj /kksdj
vlEcf/nr@vladfjr (Nonhybridized) çksc dks fudky fn;k tkrk gSA
fQYVj isij dks Lofofdj.kh fp=.k (Autoradiographed) djrs gSa] vr%
Lofofdj.kh fp=.k ds i'pkr~ tek gqbZ df.kdkvksa dk eku fp=.k rS;kj gksrk gSA
eku fp=.k dh ;FkkFkZrk df.kdkvksa ds vkdkj ij vk/kkfjr gksrh gSA bl çdkj
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çksc ds iwjd DNA (DNA Supplement of probe) tSy esa ik, tkrs gSA bl
mi;qZä fof/k dks Lofofdj.kh (Autoradiography) fof/k dgrs gSA

bl fof/k dk mi;ksx Mh,u, fQUxj fçfUVax (Finger printing),
VªkUltsfud çkf.k;ksa (Transgenic animals) dks rFkk RFLP eku fp=.k
(Mapping) ds v/;;u eas fd;k tkrk gSA

Nitrocellulose filter

Sample DNA applied as
dots : dots represents
sample DNA

Hybridization with
radioactive probe

Onlydark & shaded
dots are visible
represent the
probe

Mapping

Autoradiogrophy

Wash off unhybridized
probe

fp= Ø- 21-2% Dot and Slot method

ukWnZuZ CyksfVax rduhd (Northern Blotting Technique)& ;g fof/k Hkh
lnuZ CyksfVax rduhd ds leku gSA bl fof/k ds }kjk RNA ds [k.Mksa
(Segments) dks tSy bysDVªksQksjsfll (Gel electrophoresis) }kjk vkdkj ds
vk/kkj ij iF̀kd~ djrs gSA

bl fof/k ds mi;ksx ls DNA Øe (Sequence) iwjd RNA dh igpku
dh tkrh gSA RNA v.kqvksa (Molecules) dk fo?kVu RNases ds fy, vf/kd
laosnh gksrk gSA bl dkj.k vuqla/kkudrkZ ;k ç;ksxdrkZ dks gj le; nLrkus
(Gloves) dks igus jguk pkfg, ftlls fd mldh vaxqfy;ksa ds }kjk RNases
dk lanw"k.k u gks tkosA blds vfrfjä dk¡p ds midj.kksa (Apparatuses) ,oa
jklk;fud vfHkdeZdksa (Chemical reagent) dks iwjh jkf= rd idkuk@xeZ
djuk (Baked) pkfg,] ftlls fd RNase dks fuf"Ø; fd;k tk ldsA ;g Hkh
fuf'pr dj ysuk pkfg, fd lHkh jklk;fud vfHkdeZd RNase ls eqä gSA
RNase ,d fLFkj ,Utkbe gksrk gSA vf/kdka'k RNA v.kqvksa (Molecules) esa
nksgjh lajpuk ik;h tkrh gS] bl dkj.k bysDVªksQksjsfll (Electrophoresis)
fof/k ds }kjk budks vkdkj ds vuqlkj foxq.ku (Denaturation) }kjk iF̀kd~ fd;k
tkrk gSA foxq.ku (Denaturation) dks QkesZYMhgkbM (Formaldehyde) ;k vU;

Nitrocellulose filter

Sample DNA applied as
dots : dots represents
sample DNA

Hybridization with
radioactive probe

Onlydark & shaded
dots are visible
represent the
probe
Mapping

Autoradiogrophy

Wash off unhybridized
probe
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fdlh jklk;fud vfHkØed (Chemical reagent) ls fd;k tkrk gSA RNA v.kq
dks fdlh mi;qä esEczsu ij LFkkUrfjr djus ds mijkUr jsfM;ksfofdj.kh
RNA/DNA çksc ds lkFk ladfjr (Hybridized) djokdj] lnuZ CyksfVax fof/k
ds vuqlkj Lofofdj.kh fof/k (Autoradiography) ds }kjk fp=.k fd;k tkrk gSA
bl fof/k dk mi;ksx thu vfHkO;fä (Gene expression) dks Kkr djus ds fy,
vf/kd fd;k tkrk gSA bl fof/k ds }kjk VªkUltsfud (Transgenic) tUrq dk
irk yxk;k tkrk gSA

MkV~ CykV ,oa LykV CykV rduhd (Dot Blot and Slot Blot
Technique)& ;g fof/k Hkh lnuZ ;k uknuZ CyksfVax fof/k ds leku gSA bl fof/k
ds }kjk vusd Årdksa (Tissues) esa DNA Hkkx (Segment) ;k mRNA dh
mifLFkfr dks Kkr fd;k tkrk gSA bl fof/k esa lcls igys fdlh Ård
(Tissue) ds iF̀kd~ fd, x, lkjh; DNA (Extracted DNA) dks iF̀kd~-iF̀kd~
MkV@fcUnq ds :i esa ukbVªkslSY;wyksftd fQYVj isij ij ,d-nwljs ds ikl
yxkrs gSa] rFkk bldks 80ºC ij idkrs (Bake) ;k csd djrs gSaA ftlls ,dy
J̀a[kyh; (Single stranded) DNA fQYVj isij ls LFkk;h :i ls fpid tkrs
gSaA bl fQYVj isij (Filter paper) dks iwoZ ls mipkfjr (Pre treated) djus ds
i'pkr~ jsfM;ksfpfUgr ,dy J̀a[kyk (Single stranded) okys DNA çksc (Probe)
ds ?kksy esa Mkyrs gSaA çksc dsoy mUgha MkVksa@fcUnqvksa (Dots) ls ladj.k djrk
gS] ftlesa iwjd DNA Øe mifLFkr gksrs gSaA bu fcUnqvksa@MkV~l (Dots) dks
Lofofdj.kh (Autoradiography) }kjk fp=.k dj igpkuk tkrk gSA
fcUnqvksa@MkV~l (Dot) ds jax dh rhozrk mu MkV@fcUnqvksa esa çksc ds iwjd Øe
(Supplementary sequence) dh lkUærk ds vuqØekuqikrh gksrh gSA bl fof/k
ds }kjk fofHké tkfr;ksa esa çksc ds iwjd Øeksa dh vf/kdrk dks Kkr fd;k tk
ldrk gSA dHkh-dHkh bl fof/k esa ,d midj.k dk mi;ksx dj esEczsu ij
MkV@fcUnqvksa dks yxk;k tkrk gSA tks fcUnq yxk, tkrs gSa og xksykdkj fcUnq
dh vis{kk v.Mkdkj :i esa gksrs gSa bl fof/k ls VªkUltsfud (Transgenic)
Årdksa esa VªkUlthu (Transgene) dh vfHkO;fä dks Kkr fd;k tkrk gSA

21-1 mÌs'; (Objective)

bl bdkbZ dks i<+us ds ckn vki&

 Mh,u, vuqØe.k fof/k;k

 ukWnZuZ CyksfVax rduhd

 osLVuZ CykWfVax

vkfn fo"k;ksa ds ckjs esa v/;;u izkIr dj ldsaxsA
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21-2 Mh,u, vuqØe.k fof/k;k¡
(DNA Sequencing Methods)

fdlh Hkh DNA Hkkx ds {kkjd Øe (Base Sequence) dks Kkr djus dh fof/k
dks DNA vuqØe.k (Sequencing) fof/k dgrs gSaA DNA vuqØe.k dh
fuEufyf[kr fof/k;k¡ gksrh gS&

1- eSDle ,oa fxYcVZ fof/k (Maxum and Gilbert method)

2- lsaxj dh /kukRed&_.kkRed fof/k (Senger’s Plus-minus method)

fp= Ø- 21-3% Maxum and Gilbert method

1- eSDle ,oa fxYcVZ fof/k (Maxum and Gilbert method)& bl fof/k
dks jklk;fud fo?kVu (Chemical dissociation) Hkh dgrs gSa] blds }kjk DNA
dh vusd çfr;ksa (Copies) dks çkIr fd;k tkrk gSA bl fof/k ds vUrxZr
loZçFke DNA dh nksuksa J̀a[kykvksa (Strands) ;k dfM+;ksa ds 5' fljs ij
ikfyU;qfDy;ksVkbM dkbust ,Utkbe (Polynucleotide kinase enzymes)
ds }kjk rFkk 3' fljs MhvkDlhU;qfDy;ksVkbM VªkUlQsjst ,Utkbe
(Deoxynucleotide transferase enzyme) dh lgk;rk ls jsfM;ks/kfeZr
(Radioactive) 32-P-ATP ,fMuksfluVªkb&QkLQsV (32P adenosine
triphosphate) dks la;ksftr djrs gSa ;k tksM+rs gSaA bl DNA Hkkx dks nksuksa
dfM+;ksa ;k J̀a[kykvksa (Strands) dks foxqf.kr (Denatured) djus ds }kjk ,d
J̀a[kyh;@,d dM+h; (One stranded) DNA dks çkIr djrs gSaA bl ,d
J̀a[kyh;@,d dM+h; DNA dks jsfLVªD'ku ,.MksU;qfDy;st ,Utkbe
(Restriction endonuclease) dh lgk;rk ls pkj Hkkxksa esa foHkkftr dj pkj
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ij[kufy;ksa (Test tubes) esa dj ysrs gSaA çR;sd ij[kuyh ds feJ.k dks ,sls
jklk;fud vfHkdeZdksa (Chemical reagent) ls vfHkfØ;k djrs gSa tks fd DNA
Hkkx esa Øe'k% G, A, T ,oa C ij fonyu (Cleavage) djrs gSA bl çdkj
çR;sd ij[kuyh ds feJ.k ls fofHké vkdkj ds DNA Hkkx çkIr gksrs gSaA bu
pkjksa vfHkfØ;k feJ.kksa (Reaction mixture) dh bysDVªksQksjsfll
(Electrophoresis) ,d gh tSy (Gel) dh iF̀kd~ ykbuksa (Lines) esa djrs gSaA
blds i'pkr~ Lofofdj.kh (Autoradiography) fof/k ds }kjk tSy cSUM (Gel
bands) dk fp=.k çkIr fd;k tkrk gSA blds i'pkr~ pkjksa ykbu ds cSUM~l
(Bands) dh rqyuk djds DNA Hkkx dk {kkj Øe (Base sequence) dks çkIr
djrs gSaA

fp= Ø- 21-4% Senger plus-minus method

2- lsaxj dh /kukRed&_.kkRed fof/k (Senger’s Plus-minus
method)& bl fof/k ds }kjk Hkh DNA Hkkx {kkjd vuqØe (Base Sequence)
dks Kkr fd;k tkrk gSA loZçFke f}J̀a[kyh; (Double stranded) DNA ds
3' ;k 5' fljs jsfM;ks foÑr@jsfM;ks/kehZ (Radioactive) djokus ds i'pkr~
f}J̀a[kyh; (Double stranded) DNA dk foxq.ku (Denature) djkdj ,d
J̀a[kyh; (Single stranded) DNA feJ.k dks çkIr fd;k tkrk gSA ,d J̀a[kyh;
(Single stranded) DNA dks pkj iF̀kd~&iF̀kd~ ij[kufy;ksa (Test tubes) esa pkj
Hkkxksa esa foHkkftr dj fy;k tkrk gSA

çR;sd ij[kuyh (Test tubes) esa DNA J̀a[kyk ds 3' fljs ij ,d çkbej
(Primer) ftldk 3' lewg LorU= gksrk gS bl fljs ij çfrnhfIr fpà
(Fluroscent) o fHké&fHké Mkb&Mh&vkWDlhU;wfDy;ksVkbM (Di-de-
oxynucleotide) feyk;s tkrs gSa ;k bu pkjksa ij[kufy;ksa esa Øe'k% ddGTP,
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ddATP, ddTTP ,oa ddCTP Mkb&Mh&vkWDlhU;qfDy;ksVkbM
(Dideoxynucleotide) feyk;s tkrs gSaA Mkb&Mh&vkWDlhU;wfDy;ksVkbM dh
lkUærk dk lkekU; Mkb&Mh vkWDlhU;wfDy;ksVkbM dh lkUærk vuqikr% 1@100
gksrh gSA fHké&fHké Mkb&Mh&vkWDlhU;qfDy;ksVkbM (Dideoxynucleotide) ds
fof'k"V LFkkuksa ij ubZ J̀a[kykvksa (Strands) dk la'ys"k.k cUn gks tkrk gS ;k
#d tkrk gS D;ksafd bu U;qfDy;ksVkbM (Nucleotide) ds 3' LFkku@fljs ij
OH lewg mifLFkr ugha gksrk gS D;kasfd ;g OH lewg la'ys"k.k ds fy,
vko';d gksrk gSA vr% pkjksa ij[kuyh ds feJ.kksa esa ls çR;sd esa ls ,d esa A
ds lHkh LFkkuksa ij] nwljs esa C, rhljs esa T ,oa pkSFks esa G ds lHkh LFkkuksa ij ubZ
J̀a[kykvksa (Strands) dk la'ys"k.k cUn gks tk;sxkA

mi;qZä pkjksa ij[kufy;ksa (Test tubes) ds vfHkfØ;k (Reaction) ds
feJ.kksa dh bysDVªksQksjsfll (Electrophoresis) ,d gh tSy (Gel) dh
vyx&vyx js[kkvksa&ykbUl (Lines) esa djrs gSaA blds i'pkr~ tSy dh
Lofofdj.kh (Autoradiography) dj tSy (Gel) esa mifLFkr cSUMl (Bands)
dk çfrfcEc@fp=.k çkIr djrs gSaA blds i'pkr~ çR;sd DNA Hkkx ds fy,
cuk, x, pkj vfHkfØ;k feJ.kksa (Reaction mixtures) ds cSUM (Band) dh
rqyuk dj DNA Hkkx dk {kkjd Øe (Base Sequence) dks Kkr djrs gSaA

,dy DNA J̀a[kyh; Øe ds fo'ys"k.k ds fy, mi;qä QekZ@VsEIysV
(Template) dks ,d thok.kq okbjl (Bacterial virus) ds thukse esa nksgjh
J̀a[kyh; DNA QekZ@VsEIysV (Template) dks fuosf'kr dj rS;kj fd;k tkrk
gSA blds vfrfjä nwljh fof/k ds }kjk nksgjh J̀a[kyh; DNA QekZ@VsEIysV dks
{kkj (Alkalie) ds }kjk foxqf.kr (Denatured) fd;k tkrk gSA rkiuq'khy"k
(Annealing) gksus ds iwoZ vR;f/kd ek=k esa çkbej (Primer) dks feykrs gSaA ;g
fof/k fo"kk.kq okgd (Viral vector) esa DNA dks fuosf'kr djus dh vis{kk mi;qä
gksrh gSA

J̀a[kyh; fljksa (Chain terminators) dk mi;ksx DNA Øe ds fo'ys"k.k
esa ,dy J̀a[kyh; VsEIysV dk mi;ksx dj vPNs çdkj ls fd;k tk ldrk gSA
VsEIysV (Template) ds fy, çkbej (Primer) vklkuh ls miyC/k gksrk gSA tSy
bysDVªksQksjsfll (Gel Electrophoresis)&

bysDVªksQksjsfll (Electrophoresis) og fof/k gksrh gS ftlds }kjk
jsfLVªD'ku&,.MksU;qfDy,st (Restriction endo-nuclease) ,Utkbe }kjk
fo[kf.Mr@foHkkftr DNA ;k RNA ds fofHké vkdkj ds Hkkxksa esa iF̀kd~ fd;k
tkrk gSA tSy bysDVªksQksjsfll (Gel Electrophoresis) ds }kjk DNA ds Hkkxksa
(Segments) dks muds vkdkj (Size) ,oa Hkkj (Weight) ds vuqlkj iF̀kd~ fd;k
tk ldrk gSA DNA ij _.kkRed vkos'k gksrk (Negative charge) gSA mnklhu
pH (Neutral pH) ij fo|qr {ks= (Electric field) yxkus ij ;s /kukRed
(Positive) fljs dh vksj çokl djrs gSaA
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fp= Ø- 21-5% Agarose gel Electrophoresis

tSy bysDVªksQksjsfll (Gel Electrophoresis) dh lgk;rk ls DNA Hkkxksa
(Segments) dks ,xjkst (Agrose) ;k ikfy,ØkbysekbM (Polyacrylamide)
ds }kjk iF̀kd~ fd;k tkrk gSA DNA Hkkxksa (Segments) dks iF̀kd~ djus ds fy,
bysDVªksQksjsfll (Electrophoresis) esa nks foijhr fn'kkvksa esa LifUnr fo|qr {ks=
(Electric field) çnk; djrs gSa vFkkZr~ /kukRed (+) ,oa _.kkRed (-) vkos'k
çnk; djrs gSaA ,sxjksl (Agrose) tSy dk mi;ksx 20 kb vkdkj ds Hkkxksa dks
iF̀kd~ djus ds fy, mi;ksx fd;k tkrk gS] rFkk ikfy,ØkbysekbM
(Polyacrylamide) dk mi;ksx dqN de vkdkj ds DNA Hkkxksa (Segments) dks
iF̀kd~ djus ds fy, mi;ksx fd;k tkrk gSA DNA ds Hkkxksa dks iF̀kd~ djus ds
iwoZ tSy esa ,d [kk¡p ;k xrZ cuk;k tkrk gSa] fQj mlesa DNA Hkkxks a
(Segments) ds feJ.k dks Hkjrs gSaA tSls gh fo|qr çokfgr dh tkrh gS] NksVs
vkdkj ds Hkkx] cM+s vkdkj ds Hkkxksa dh vis{kk vf/kd rhoz xfr ls çokl djrs
gSaA bl dkj.k NksVs vkdkj ds DNA Hkkx tSy esa vf/kd nwjh rd çokl djrs
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gSa] ftlds ifj.kkeLo:i fofHké vkdkj ds DNA Hkkx iF̀kd~ gks tkrs gSaA leku
vkdkj ds DNA Hkkx (Segment) iF̀kd~ cS.M (Band) dks cukrs gSaA

21-2-1 osLVuZ CykWfVax (Western Blotting)

bl fof/k ds mi;ksx ls çksVhuksa ds feJ.k esa fdlh çksVhu fo'ks"k dh mifLFkfr
dks lqLi"V :i ls Kkr djrs gSaA

(a) ELECTROTRANSFER

INCUBATE WITH ENZYME-LINKED
Ab2(Y) AND THEN WASH EXCESS
Ab2 AND THEN ACTIVATE COLOUR
REACTION

(b) ANTIBODY DETECTION
INCUBATE WITH Ab1(Y) AND
THEN WASH EXCESS Ab1

ELECTRIC
CURRENT

SDS-POLYACRYLAMIDE
GEL

POROUS
MEMBRANE

SHEET

ADD
SUB-
STRATE

(c) DEVELOPMENT

fp=-Ø- 21-6% Western blotting: (a) A protein mixture is electrophoresed
through an SDS gel, and then from the gel onto a membrane, (b) The
membrane is flooded with a solution of antibody (Ab1) specific for the

desired protein, (c) In the development step, the membrane first is
incubated with a second antibody, (Ab2) that binds to the Ab1-coated

protein forming a sandwich of antibody molecules

blesa ikWfy,fØykekbM tSy bysDVªksQksjsfll (polyacrylamide gel
electrophoresis) dk ç;ksx fd;k tkrk gSA blesa çksVhuksa ds cS.M dh igpku
fdlh fof'k"V çfrj{kh (antibody) ;k ysfDVu (lectin) dh lgk;rk ls djrs gSaA

;g fof/k vR;Ur n{k (efficient) ,oa laosnu'khy (sensitive) gSA bldk
mi;ksx DNA fQaxj fçf.Vax (DNA finger printing), RFLP fp=.k (mapping)
vkfn esa fd;k tkrk gSA

21-2-2 ukWnZuZ CykWfVax (Northern Blotting)

;g fof/k lnuZ CykWfVax dk foLrkj gS vkSj bldk uke Hkh mlh vk/kkj ij j[kk
x;k gS ¼lnuZ ds foijhr fn'kk] ukWnZuZ½A blds mi;ksx ls DNA Øe ds iwjd
RNA dh igpku dh tkrh gS rFkk mls vyx fd;k tkrk gSA
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viuh Áxfr tk¡fp, (Check Your Progress)

1- DNA dk DNA ls ladj.k djk;k tkrk gS%

¼v½ osLVuZ CykfVax fof/k ls ¼c½ ukWnZuZ CykfVax fof/k ls

¼l½ lnuZ CykfVax fof/k ls ¼n½ rkiuk"kqÑr dj

2- MRNA ds v.kq dh igpku fn;s x;s lSaiy esa fdl rduhdh ls gksrh
gS

¼v½ osLVuZ CykfVax ¼c½ lnuZ CykfVax

¼l½ ukWnZuZZ CykfVax ¼n½ bLVuZ CykfVax

3- ck;ksekyhD;wYl dks iF̀kd djus esa fdl rduhdh esa bysDVªksQksjsfll
dh çfØ;k dk mi;ksx ugh gksrk

¼v½ MkWV CykfVax ¼c½ lnuZ CykfVax

¼l½ ukWnZuZ CykfVax ¼n½ osLVuZ CykfVax

4- vehukscsatk bykWDlhfeFkkby fQYVj isij dk mi;ksx VªkalQj djus esa
fdl rduhdh esa vkrk gS

¼v½ osLVuZ CykfVax ¼c½ lnuZ CykfVax

¼l½ ukWnZuZ CykfVax ¼n½ MkWV CykfVax

5- Protein dk ijh{k.k ,oa iF̀kDdj.k (Separation of Protein) djus ds
fy, fdl Techniques dk iz;ksx fd;k tkrk gS\

¼v½ Western blotting ¼c½ Southern blotting

¼l½ Northern blotting ¼n½ All above these

21-3 viuh Áxrh tk¡fp, Á'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼l½

2- ¼l½

3- ¼v½

4- ¼l½

5- ¼v½
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21-4 lkjka'k (Summary)

mijksä o.kZu ls Li"V gS vkf.od tho ds {ks= esa] Research, U.G./P.G. ds Q
Students ds fy, ç;ksx'kkykvksa ç;ksfxd dk;ksZa esa vR;f/kd ykHknk;d fl)
gksrh gSA

21-5 eq[; 'kCnkoyh (Key Terminology)

 Blotting& DNA, RNA ,oa çksVhu dk VªkUlQj djus dh rduhd

 bysDVªksQksjsfll& fo|qr /kkjk dh mifLFkfr esa Hkkj ,oa vkos'k ds vk/kkj
iF̀kDd fd;k tkrk gSA ‘+’, ,oa ‘-’ ds vk/kkj ij

 lnuZ rduhd& DNA ds Separation ds fy,A

 ukWnZuZ rduhd& RNA ds Separation ds fy,A

 osLVuZ rduhd& çksVhu ds Separation ds fy,A

21-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; ç'u (Short Answer Type Questions)

1- fuEufyf[kr ij laf{kIr fVIi.kh fyf[k,&

(i) Southern Technique

(ii) Western Technique

(iii) Northern Technique

(iv) Probe

2- 'kkWVuxu ç;ksx dk o.kZu dhft,A

3- fuogh ladj.k fof/k dk o.kZu dhft,A

4- laf{kIr ij fVIi.kh fy[kks&

(i) eSDle ,oa fxycVZ fof/k

(ii) lsasxj dh /kukRed ,oa _.kkRed fof/k

(iii) MkWV ,oa LykV fof/k

(iv) Re-Combinant DNA – Technology.

nh?kZ mÙkjh; ç'u (Long Answer Type Questions)

1- thu lhDosflax dh fofHké fof/k;ksa dk laf{kIr esa o.kZu dhft,A

2- çksc D;k gS\ budks dSls rS;kj fd;k tkrk gS] o.kZu dhft,A
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3- lnuZ] ukWnZuZ rFkk osLVuZ CykfVax rduhdksa dk o.kZu dhft, buds
vuqç;ksxksa dh foospuk dhft,A

21-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology–By–J. Darnell H. Lodish and D. Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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bdkbZ 5

v/;k; 22 Mh,u, fQaxj fçafVax
(DNA Finger Printing)

Lakjpuk (Structure)

22-0 ifjp;
22-1 mÌs';
22-2 Mh,u, fQaxj fçafVax

22-2-1 Mh,u, fQaxj fçafVax ds fofHkUu vfHkxe
22-2-2 Mh,u, fQaxj fçafVax dh fof/k
22-2-3 Mh,u, çksCl
22-2-4 Mh,u, fdl çdkj vijk/kh dks xzfUFkr djrk gS
22-2-5 Mh,u, fQaxj fçafVax ds mi;ksx
22-2-6 ikWfyejst J̀a[kyk vfHkfØ;k ,oa Mh,u, fQaxj fçafVax

22-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
22-4 lkjka'k
22-5 eq[; 'kCnkoyh
22-6 Lo-ewY;kadu iz'u ,oa vH;kl
22-7 lgk;d ikB~; lkexzh

22-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction and Definition)

ekuo esa feyus okys {kkj vuqØe yxHkx 99.9% lekurk çnf'kZr djrs gSaA ,slk
ekurs gq, fd ekuo thukse (Human Genome) esa 3 x 109 {kkjd ;qXe gS rks
dqy fdrus {kkjd ;qXe vyx&vyx çdkj ds gSa\ DNA ds vuqØe esa ik;s
tkus okys vUrj O;fä fo'ks"k ds ley{k.kh; (Homophenotypic) :i dks
fu/kkZfjr djrs gSaA ;fn fdlh ftKklw dk mís'; nks O;fä;ksa ;k vkcknh ds
O;fä;ksa ds chp vkuqoaf'kd fHkUurk (Genetic differences) Kkr djuk gSA rks
lnSo lcls igys DNA vuqØe (Sequences) Kkr djuk gksxk tks ,d
dfBu ,oa [kphZyk dk;Z gSA DNA Finger Printing ,d fof/k gksrh gS] tksfd
gekjs ;k euq"; ds DNA esa ewyHkwr vkuqoaf'kd inkFkZ (Basis of Genetic
Material) esa fofHkUurk dks n'kkZrh gSA

çfrca/k [k.M yEckbZ cgq:irk (Restriction Fragment Length
Polymorphism, (RFLP) }kjk fdlh O;fä ;k foHksn (Individual or strain) ds
DNA dk eSi (Map) cukuk DNA Finger Printing (DNA v¡xqyh Nkiu)
dgykrk gSA RFLP ds fy, vR;Ur cgqi;ksxh çksc dh vko';drk gksrh gSA çk;%
GATA Øe dk çksc mi;ksx esa yk;k tkrk gS] ftls /kkjhnkj djSr lk¡i ls çkIr

bhandup8
Rectangle
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fd;k x;k FkkA bl fof/k esa lw{e lSVsykbV (Satellite) DNA tSls vR;f/kd
cgq:irk okys DNA Øeksa dk Hkh çksc ds :i esa mi;ksx djrs gSaA

DNA Finger Printing dk fodkl lcls igys ,ysd tsÝh (Alec
Jeffreys) us 1985 esa fd;k FkkA DNA v¡xqyh Nkiu dh enn ls foHksnksa] O;fä;ksa]
vijkf/k;ksa] firk&iq= laca/kksa vkfn dh lqfuf'pr ,oa fu%lansg igpku dh tk
ldrh gSA vr% Li"V gS fd DNA Finger Printing eMZj] jsi (Rape)/ cykRdkj
tSls xEHkhj vijk/kksa esa tc dksbZ Bksl lcwr dk irk ugha pyrk gS] ;k lansgh
dh igpku eqf'dy gksrh gS rc ,slh fof/k dh vko';drk eglwl dh xbZ tks
fd vijk/kh dks igpkuus esa vpwd ,oa fo'oluh; gksA

22-1 mÌs'; (Objective)

bl bdkbZ dks i<+us ds ckn vki&

 Mh,u, fQaxj fizfVax

 fQaxj fçfUVax dh fof/k

 Mh,u, çksCl

 ikWfyejst J̀a[kyk vfHkfØ;k ,oa Mh,u, fQaxj fçfUVax

vkfn fo"k;ksa ds ckjs esa v/;;u izkIr dj ldsaxsA

22-2 Mh,u, fQaxj fçafVax (DNA Finger Printing)

fiNys dqN o"kksZa esa tSo çkS|ksfxdh (Biotechnology) dh fofHkUu rduhdksa ds
fodkl ds dkj.k foKku ds fofHkUu {ks=ksa esa ØkfUr vk;h gqbZ gSA fofHkUu m|ksxksa
ds tSo&çkS|ksfxdh dk mi;ksx fd;k tk jgk gSA ekuo ds thu mipkj ds fy,
vusd ç;kl fd;s tk jgs gSaA ekuo jksxksa dh Rofjr igpku rFkk igys ls gh
mudh jksdFkke ds fy, thu LFkkukUrj fof/k;ksa tSls& iqu;ksZtu Mh,u, rduhd
(Recombinant DNA Technology) ,oa thu Dyksfuax (Gene cloning) ds }kjk
vusd thUl ds Dyksu (clone) rS;kj fd;s tk pqds gSaA blh çdkj tSo
çkS|kSfxdh (Biotechnology) ds ;U=& mnkgj.kkFkZ& ,d Dyksuy çfrjf{k;ksa
(Monoclonal antibodies), Vhds (Vaccines), laf'y"V isIVkbM~l (Synthesized
peptides), Mh,u, çksCl (DNA probe) vkfn dk mi;ksx fofHkUu mís';ksa dh
iwfrZ ds fy, fd;k tkrk gSA ,d Dyksuy çfrjf{k;ksa (Monoclonal
antibodies) ,oa Mh,u, çksCl (DNA probes) }kjk jksxksa dks igpkuus esa cgqr
de le; yxrk gSA :f<+oknh fof/k;ksa (Conventional methods) }kjk jksxksa dks
igpkuus esa tgk¡ vusd lIrkg yx tkrs Fks] ogha DNA çksCl ,oa ,d Dyksuy
çfrj{kh (Monoclonal antibodies) rFkk laosnu'khy ;U=ksa }kjk jksxksa dks Øe'k%
dqN feuV ,oa dqN ?k.Vkss a esa igpkuk tkrk gSA
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,ysd tsÝht (Alec Jeffreys) us 1984 esa DNA fQaxj fçfUVax (Finger
printing) ds vkfo"dkj esa loZçFke ,d thu (gene) ij dk;Z fd;k tksfd
ekuo ek;ksXyksfcu (Myoglobin) dk la'ys"k.k djrk gSA ek;ksXyksfcu
(Myoglobin) ,d çksVhu gS tksfd isf'k;ksa (Muscles) esa ik;k tkrk gS] ;g
gheksXyksfcu ls vkWDlhtu dks çkIr dj isf'k;ksa esa xgjkbZ rd ys tk;k tkrk gS]
eq[; :i ls ml LFkku ij tgk¡ bldh [kir gksrh gSA

Mh,u, fQaxj fçafVax (D.N.A. Finger printing) fof/k dk fodkl 1985]
1986 esa ,sysd tsÝht (Alec Jeffreys) rFkk mlds lg;ksfx;ksa us baXyS.M
(England) esa fd;k gSA bl fof/k us fof/k foKku (Forensic Science) esa Økafr
yk nh gSA Hkkjr ds gSnjkckn fLFkr dksf'kdk ,oa vkf.od tSfodh dsUæ (Centre
for Cell and Molecular Biology) esa Mh,u, fQaxj fçfUVax (DNA Finger
printing) dh ,d vkSj mRre fof/k dks fodflr fd;k x;k gSA bl fof/k
ds }kjk jä ;k oh; Z (Blood or Semen) ds /kCcksa (spots), ckyksa ds ewy (hair
roots) vkfn ds DNA ls vijk/kh dh igpku dh tk ldrh gS] D;ksafd lHkh
euq";ksa ds DNA vyx-vyx gksrs gSaA ;g fof/k cykRdkfj;ksa (rapists), dkfry
(Murderer) ;k gR;kjs vkfn dks igpkuus esa egRoiw.kZ fl) gksrh gSA

euq"; ds 'kjhj dh dksf'kdk esa ,d tfVy jlk;u ik;k tkrk gS] tksfd
lwpukvksa dk laogu djrk gS] tksfd ,d ih<+h ls nwljh ih<+h esa oa'kkxr gksrh
gSA Mh,u, ,d f}J̀a[kyh; lajpuk gksrh gSA çR;sd dq.My esa 10 {kkj ;qXe
(Base pairs) gksrs gSa ftlesa ls vkB fn[kkbZ nsrs gSa ,oa nks /kzqoksa (Poles) ij
fNæksa ds :i esa gksrs gSaA e/; js[kk (Central line) ,d dkYifud v{k
(imaginary axis) gksrk gS] ftlds pkjks vksj DNA v.kq oyu ;k ,saBu (Twist)
djrk gSA /kzqo (Poles) ,dkUrj :i esa 'kdZjk (Suger) ,oa QkWLQsV (Phosphate)
v.kqvksa ls cuk gksrk gSA J̀a[kyk dh NM+ (rung) nks {kkjksa-{kkj ;qXeksa (base pair)
dh cuh gksrh gS] çR;sd {kkj] ,d /kzqo ls fudyrk gSA {kkj (Bares) 'kdZjkvksa
(Sugars) ls /kzqo (Pole) ij tqM+s jgrs gSa] blds chp ;g gkbMªkstu cU/kksa
(hydrogen bonds) ls tqM+s gksrs gSaA ,fMuhu (adenine), Fkk;ehu (Thymine) ls
tqM+rs gSa rFkk lk;Vkslhu (Cytosine) ges'kk Xokuhu (guanine) ls tqM+rk gSA
çR;sd v.kq nks nm (nonometer) pkSM+k gksrk gSA ,d iw.kZ ,saBu (twist) 3.4 nm
yEch gksrh gSA 1 nm = ,d ehVj dk vjcksa dk Hkkx (billianth part) gSA

Mh,u, (DNA) ds ,d LVSªUM esa vusd thUl ik;s tkrs gSa] ysfdu ,d
fljs ls nwljs fljs rd ugha gksrs gSaA buds chp esa dqN LFkku gksrs gSa] ftuds
dk;Z Kkr ugha gSaA ;g thu ds dk;ksZa dk fu;U=.k djrs gSaA ,d thu esa
{kkj ;qXe fHkUu ugha gksrs gSa] ;fn og fHkUu gksrs gSa rc thu nks"kh gksrk gS vkSj
=qfViw.kZ çksVhu dks la'ysf"kr djrk gSA thUl ds chp ds {ks= fellsVsykbV
(Missatellite) vf/kd fHkUu gksrs gSaA
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fp= Ø- 22-1% The Structure of part of a DNA molecule.

fp= esa ekuo ek;ksXyksfcu (Myoglobin) thu dks n'kkZ;k x;k gSA blds
chp esa vusd fofHkUu fellsVsykbV (Missatellite) gksrs gSaA ;fn bl çdkj ds
DNA LVªSUM dks nks fofHkUu euq";ksa esa ls fy;k tkrk gS ftlesa ek;ksXyksfcu thu
gksrk gSA ;g lHkh O;fä;ksa esa leku gksrk gS] ysfdu lEcfU/kr {ks= lHkh O;fä;ksa
esa fHkUu gksrs gSaA bu fHkUurkvksa ds dkj.k] jsfLVªD'ku ,Utkbe bldks vusd
LFkkuksa ij dkV nsrk gS vkSj va'kksa dks fofHkUu :ikas ,oa vkdkj esa fofHkUu euq";ksa
esa dkVrk gSA ;gh DNA fQaxj fçfUVax dk vk/kkj gSA

DNA u dsoy euq"; ds thou uhyh Nki@uhyk ekufp=@:ijs[kk
(Blue print) dks laokfgr djrk gS] ysfdu ,d O;fä ls nwljs O;fä esa çeq[krk
ls fHkUurk dks n'kkZrk gSA Mh,u, fQaxj fçfUVax (DNA finger printing) D;k
djrh gS] ;g DNA ds vUnj rFkk DNA ds {ks=ksa esa ns[kk tkrk gS] tksfd ,d
euq"; esa nwljs euq"; ls fHkUurk dks n'kkZrk gSA Mh,u, dk ;g {ks= gekjs ;k
euq"; ds vkuqoaf'kd inkFkZ ds NksVs va'k ;k vuqikr dh O;k[;k djrk gS] ysfdu
fofHkUurk,¡ (Variations) ,slh gksrh gSa fd ge bu {ks=ksa dks çksCl (Probes) dh
lgk;rk ls n'kkZ ldrs gSa ;k Kkr dj ldrs gSa ,oa igpku ldrs gSaA ge buds
çfr:i ;k çfreku (Pattern) dks ifÍdkvksa dh Jsf.k;ksa (Series of bands) ;k
js[kkvksa (Stripes) dks {k-fdj.kksa (X-rays) dh fQYe ij çkIr dj ldrs gSaA tks
ewy Mh,u, fQaxj fçafVax rU= dks fodflr djrk gS og çfreku ;k çfr:i
(Pattern) dks Hkh fodflr djrk gSA ;g çfreku (Pattern) ,d euq"; esa gh
fof'k"V gksrk gS] blds viokn dsoy le:ih ;qXeut (Identical twins) gksrs gSa
ftuesa Mh,u, (DNA) leku gksrs gSaA
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orZeku le; esa Mh,u, fQaxj fçafaVax fof/k ds fodkl esa tks mUufr gqbZ
gS] og rduhd (Technique) ftlesa çksCl dk mi;ksx dj Mh,u, (DNA) ij
vusd fofHkUu {ks=ksa dks ,d ds ckn ,d igpku ldrs gSa] vkSj DNA fQUxj
fçUV~l dks çkIr dj ldrs gSa] rRi'pkr~ fof'k"V çkbejksa (Primers) dh lgk;rk
ls vijkf/k;ksa dk fu/kkZj.k fd;k tk ldrk gSA bl fof/k dks Mh,u, :ijs[kk
(DNA profile) dgrs gSaA ;g fof/k foKku (Forensic Science) ds fy, ,d
vPNk çek.k gksrk gSA tSls fd jä ;k oh;Z (Blood or Semen) ds /kCcs
vkfnA ;g rduhd lalkj esa ,d ekud (Standard) ds :i esa ekuh tkrh
gSA ;g vusd fof/k ç;ksx'kkykvksa (Forensic laboratories) esa mi;ksx dh tkrh
gSA

DNA :ijs[kk (Profiling) dh çeq[k lhek,¡¡ gksrh gSa fd vijk/k LFkku
(Crime site) ls çkIr 40% çkn'kZ@uewuk (Sample) tksfd DNA Vadu ;k
Vkbfiax (DNA Typing) ds fy, fn;k tkrk gS ;k fy;k tkrk gS] esa DNA dh
mi;qDr ek=k ugha gksrh gS ftlls DNA :ijs[kk (DNA profile) dks çkIr fd;k
tk ldsA fiNys dqN 10-12 o"kks± ls euq";@oSKkfud DNA Vadu ;k DNA
fQaxj fçafVax (DNA Typing or finger printing) dh ubZ rduhd [kkst jgs gSaA
orZeku esa ikWfyejst Jà[kyk vfHkfØ;k (Polymerase chain reaction-PCR) esa
vR;f/kd fodkl gksus] Lopkfyr rkih; ikWfyejst J̀a[kyh; vfHkfØ;k la;=ksa dh
miyC/krk ls DNA dh cgq:irk (Polymorphism) dk v/;;u fd;k tkrk
gSA ;g fof/k DNA Vadu ;k fQaxj fçafVax (DNA typing or finger printing)
esa QksVksçfrfyfi;ksa (Photocopies) ds leku gksrh gSA orZeku esa DNA fQaxj
fçafVax esa vusd vfHkxeksa (approaches) dk fodkl gks jgk gSA

22-2-1 Mh,u, fQaxj fçafVax ds fofHkUu vfHkxe
(Different Approaches of DNA Finger Printing)

DNA fQaxj fçfUVax ds fofHkUu vfHkxe rhu çdkj ds gksrs gSa%

1- blessa ls ,d vfHkxe og gksrk gS tks Mh,u, ds {ks=ksa dks ns[krk gS
tksfd euq";ksa ds chp esa de fHkfUur gksrs gSaA ;g ,d çkÑfrd {kkj esa ifjorZu
ds dkj.k gksrk gS] og bdkbZ tks DNA dks cukrk gSA vr% gesa DNA ds {ks=ksa
ij vko/kZu djuk gS tks fofHkUurk n'kkZrs gSa] fQj mldk fçfUVax djuk gSA bl
ra= ;k fof/k esa de 'kfDr gksrh gS tks euq";ksa dks fHkUu dj ldsaA gedks ntZuksa
çksCl (Probes) dk mi;ksx djuk gSA

2- nwljk vf/kxe esa ge DNA ds vR;f/kd fHkUu {ks=ksa dk mi;ksx djrs
gSa ftudks ekbØkslsVsykbV (Microsatellite) dgrs gSaA DNA fQaxj fçafVax
(Finger printing) ,oa DNA :ijs[kk (DNA-Profiling) ekbØkslsVsykbV
(Microsatellite) ij vk/kkfjr gksrh gS tksfd okXladksph@LVwVjZ (Stutter) {ks=
gksrs gSa ;k fQj Øe dh iqujkof̀Rr Mh,u, ij gksrh gSA ge fdlh Hkh euq"; esa
fofHkUurk (Variation) dks DNA ds fuf'pr {ks= iqujkof̀Rr ;k
LVwVjZ@okXladksph (Stutter) dh la[;k ds }kjk Kkr djrs gSa ysfdu iqujkof̀Rr



Mh,u,
fQaxj fçafVax

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh 469

Øe ;k LVwVjZ@okXladksph (Stuter) dh yEckbZ vf/kd de gksrh gSA ;s vf/kd
NksVs ,oa DNA ds fHkUu {ks= gksrs gSa vkSj budk fçafVax ;k Vadu (Typing),
vko/kZu (amplification) ,oa mRiUu gq, DNA ds va'kksa ;k Hkkxksa (Fragments) ds
vkdkj ds }kjk gksrk gSA DNA ds va'k ;k Hkkxksa (Fragments) LVwVjZl
(Stutters) ;k iqujkof̀Rr Øe dh la[;k dks çnf'kZr djrs gSaA buesa ls dksbZ Hkh
rU= esa O;fä;ksa ds chp esa foyxu ;k fHkUurk djus dh fLFkfr de gksrh gSA
oSKkfud 8 ;k 12 ra=ksa ;k 8 ;k 12 iF̀kd~ çksCl (Probes) dks fodflr dj ,d
ds ckn ,d dks mi;ksx djus ij fopkj dj jgs gSaA

3- rhljk vf/kxe vf/kd O;kid (Subtle) gksrk gSA ;g ekbØkslsVsykbV
(Microsatellites) dks mi;ksx djus ds lkFk-lkFk DNA ds fuf'pr {ks= ij
okX;ladksp@LVwVjZl (Stutters) ds chp vUrj dks Hkh mi;ksx djrs gSaA ;fn
ge fdlh eksrh dh ekyk esa jaxhu eksfr;ksa (Coloured pearls) dks ,dkUrj :i
esa ns[ksa rks gedks vf/kd fofHkUurk fn[kkbZ nsrh gSA ;gh ge fMftVy DNA
fQaxj fçafVax (Digital DNA finger printing or typing) ;k Vadu esa djrs gSaA
ge ekbØkslsVsykbV esa fofHkUu çdkj ds iqujkof̀Rr Øe ds çfreku dk voyksdu
djrs gSaA

22-2-2 Mh,u, fQaxj fçafVax dh fof/k
(Method of DNA Finger Printing)

DNA fQaxj fçafVax ;k Vadu (Finger printing of typing) dks djus ds fy,
gedks fuEu vko';drk gksrh gS%

vko';drk,¡&

(i) jDr ;k oh;Z (Blood or semen) ;k Ård dk FkksM+k lk Hkkx ftldk
vko/kZu (amplification) djuk gSA

(ii) O;fä ;k euq"; ds 'kjhj ds Ård ds dsUæd ls iF̀kd~ fd;s x;s Mh,u, dk
iwjd ;k yxHkx 20 U;wfDy;ksVkbM (Nucleotides) yEcs-yEcs fHkUu çkbej
(Primer) tks vkof/kZr fd, tkus okys DNA va'k ;k Hkkx dh nksuksa
yfM+;ksa ds 3'-fljs dk iwjd gks ¼,d çkbej (Primer ,d 3'-fljs dk
iwjd rFkk nwljk 3'-fljs dk iwjd (Complement)A

(iii) pkjksa Mh&vkWDlhU;wfDy;kslkbZMkas (Deoxynucleosides) ds VªkbQkWLQsV
dTTP/Fkkbehu VªkbQkWLQsV (Thymine triphosphate);
dATP/Mh&vkWDlh,sfMukslhu VªkbQkWLQsV (deoxyadinosine
triphosphate); dCTP/Mh&vkWDlhflfVMhu VªkbQkWLQsV (deoxycytidine
triphosphate) ,oa dGTP/ Mh&vkWDlh xq,ukslhu VªkbQkWLQsV
(deoxyguanosine triphosphate)

(iv) ,d mPp rki fLFkj (Heat stable), DNA ikWfyejst (Polymerase)
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fp= Ø- 22-2% Cleared DNA

fof/k (Procedure)& ijh{k.k djus okys DNA dks bysDVªksQksjsfll
(electrophoresis) fof/k ls jsfLVªD'ku ,.MksU;wfDy,t (Restriction
endonuclease) Hinff1 ,oa Sau 3A ds }kjk fo[kf.Mr DNA ds fofHkUu eki ds
VqdM+ksa dks iF̀kd fd;kA ijh{k.k fd;s tkus okys Mh,u, dks ,d fuf'pr pH ,oa
rkiØe ij 24 ?k.Vs ds fy, Å"ek;u (Incubate) ij j[kkA bl fLFkfr
esa ,UtkbEl (enzymes) DNA v.kqvksa ij fof'k"V Øeksa dks <w¡<+rs gS vkSj
fQj ,d fuf'pr LFky ij fonfyr (Cleave) djrs gSaA

DNA va'kksa ;k [k.Mksa dks 0.6% ,sxsjkst tSy (agarose gel) ij 20 cm
yEch IysV ij QSyk fn;k tkrk gSA

IysV (Plate) ds nksuksa fljksa ij 24 ?k.Vs rd 30 V okYVst vkos'k dks çnk;
fd;k x;kA

D;ksafd DNA [k.M ;k va'k ij fo|qr vkos'k gksrk gS] os ,ssxsjksl tSy ij
xfr djrs gSaA bl rduhd ;k fof/k dks bysDVªksQksjsfll (electrophoresis) dgrs
gSaA DNA [k.M ;k va'k /kukRed vkos'k (Positive charge) dh vksj gh xfr
djrs gSaA DNA [k.Mksa ;k va'kksa dh xfr dh nj vusd dkjdksa (factors) ij
fuHkZj djrh gS&

(i) v.kqvksa dk vkdkj] cM+s vkdkj ds [k.M ;k va'k /kheh ;k de xfr djrs
gSaA

(ii) v.kqvksa dk :i (shape) rFkk

(iii) v.kqvksa ij dqy vkos'k ¼;fn vkos'k vf/kd gksrk gS rc xfr rhoz gksrh
gS½A
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fp= Ø- 22-3% Single stranded DNA molecules, the probe is
mixed with bands.

tc fo|qr {ks= esa ;g leku fLFkfr esa j[ks gksrs gSa rc ;g va'k ;k [k.M
ifÍdkvksa (Bands) ds :i esa gks tkrs gSaA D;ksadh ;g DNA ds va'k ;k Hkkx
ek/;e esa fofHkUu nj ls fofHkUu fLFkfr;ksa esa çokl djrs gSaA çR;sd euq"; ds
fy,- jsfLVªD'ku ,Utkbe (restriction enzyme) fofHkUu vkdkj ,oa :iksa ds
DNA ds va'kksa ,oa [k.Mksa dks mRiUu djrs gSaA ,d O;fä ;k euq"; ds DNA
va'k dk [k.M (Fragments) leku gksrs gSa pkgs og jDr dksf'kdkvksa (Blood
cells),'kqØk.kqvksa (Sperms) ;k ;Ñr dksf'kdkvk sa (Liver cells) ls çkIr gksA

bysDVªksQksjsfll fof/k ds }kjk tks fHkUu ifÍ;k¡ fufeZr gksrh gSa og ,d
euq";@O;fä DNA dk çeq[k y{k.k gksrk gSA

ifÍ;k¡ (Bands) us=ksa (eyes) ds }kjk ns[kus ij fn[kkbZ ugha nsrh gSaA
vr% ,sxjkst tSy (agarose gel) dks foÑr (denature) fd;k tkrk gS& {kh.k
{kkjh; ?kksy eas fHkxks;k tkrk gS ftlls fd f}J̀a[kyh; DNA [k.M ;k
va'k] ,dy J̀a[kyh; [k.M ds :i esa iF̀kd~ gks tk;sA vfHkfØ;k feJ.k dks 90-
98ºC rd xeZ fd;k tkrk gSA

lnuZ CykWV rduhd (Southern blot technique) dk mi;ksx dj DNA
[k.Mksa dks tSy ls ,d ukbVªkslsY;wyksftd fQYVj isij (Nitrocellulosic filter
paper) ij LFkkukUrfjr djrs gSaA blds fy, tSy (gel) dks mi;qä cQj larÌr
fQYVj isij ij j[krs gSa] tksfd ukbVªkslsY;wyksftd fQYVj isij ls <¡dk jgrk
gSA ukbVªkslsY;wyksftd fQYVj isij ds Åij lw[ks isij j[ks tkrs gSaA

cQj ds lkFk DNA [k.M Åij dh vksj xfr djrs gSaA DNA [k.M
ukbVªkslsY;wyksftd fQYVj isij ls layXu gks tkrs gSaA
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ifÍdk,¡ (Bands) vHkh ekuo us=ksa ds }kjk ugha fn[kkbZ nsrh gSaA vc
DNA çksc (Probe) dks bu ifÍdkvksa (bands) dk 'ykdk ijh{k.k (Probe) fd;k
tkrk gSA

22-2-3 Mh,u, çksCl (DNA Probes)

;fn ge nks laiwjd@iwjd (Complementary) ,dy J̀a[kyh; (Single stranded)
va'k dks ysdj mudks vkil esa bUdwcsVj (incubator) esa feyk nsa] rc ;g vkil
esa rkiuq'khru (anneal) ;k o.kZladj (hybridize) gksaxsA ekuk fd ,d DNA
LVSªUM (Strand) esa AGTGACCA U;wfDy;ksVkbM (Nucleotides) gksrs gSa rFkk
nwljs esa TCACTGGT U;wfDy;ksVkbM gksrs gSa] budks vkil esa feykus ij ;s
DNA v.kq esa o.kZladj (hybridize) gksr gSa vFkkZr~

fp= Ø- 22-4% Single Stranded DNA probe.
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fp= Ø- 22-5% Sheet of nitrocellulose after mixing with probe. Probe has
attached to Bond 6 making it radioactive.

;g o.kZladj.k tc Hkh gksrk gS tc nks esa ls ,d iwjd LVªSUM
ukbVªkslsY;wykst 'khV (Nitrocellulose sheet) ij xfrghu gks tkrk gSA bl
rduhd dks DNA fQaxj fçfUVax esa mi;ksx fd;k tkrk gSA
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lHkh U;wfDy;ksVkbMl (Nucleotides) esa 3 v/kk±'k (Moieties),-1 'kdZjk
(Sugar), 1QkWLQsV (Phosphate) ,oa ,d dkcZfud {kkj (Organic base) gksrk
gSA ;fn ge DNA ds ,dy LVªSUM (Strand) dks jsfM;ks/kehZ (Radioactive),
QkWLQksjl&32 (Phosphorus-32) ls la'ysf"kr djrs gSa rc gedks DNA dk
jsfM;ks/kehZ LVªSUM (radioactive strand) çkIr gksrk gS tks çksc (Probe) ds :i esa
dk;Z djrk gSA

tc ;g ukbVªkslSY;wykst (Nitrocellulose) ij ifÍdkvksa (Bands) ij
feyrk gS ;g mifLFkr ,dy LVSUMsM DNA ls tqM+rk gSA vc gedks f}J̀a[kyh;
DNA (double stranded DNA) çkIr gksrk gS ftldks {k-fdj.kksa dh IysV (X-
ray plate) ij Nk;kadu (photographed) djrs gSaA

orZeku esa vusd çksc (Probe) Kkr gSaA mudk uke la[;kvksa esa mi;ksx
gksrk gS] bl ckr ij vk/kkfjr gksrk gS] fd mlesa fdrus {kkj gksrs gSa vkSj fdrus
lsVsykbV (Satellite) dks og çksc cukrs gSaA ,ysd tSÝht us ftu çksc dk
mi;ksx fd;k gS mudks 33-5] 33-6 ,oa 33-15 dgrs gSaA

vf/kd ek=k esa çksc ukbVªkslSY;wykst IysV ls gV tkrs gSaA ukbVªkslSY;wykst
'khV (Nitrocellulose sheet) dks {k-fdj.k (X-ray) IysV ij 24 ?k.Vs rd nck;k
tkrk gSA ifÍdk,¡ (Bands) {k-fdj.k IysV (X-ray plate) ij iqu% xgjh
js[kkvksa@/kkfj;ksa (dark lines) ds :i esa vk tkrh gSaA ;g xgjh js[kk,¡@/kkfj;k¡
(dark lines) ;k ifÍdk,¡ (bands) çR;sd euq"; ds fy, fof'k"V y{k.k okyh
gksrh gSaA budks DNA fQaxj fçUV~l (finger prints) dgrs gSaA

fof'k"V vkuqoaf'kd ckj dksM (genetic bar code) tksfd çR;sd euq"; dk
gksrk gS og gekjs thUl ds fHkfUur {ks=ksa esa fefulsVsykbV (Minisatellite)
dgykrk gSA

fp= Ø- 22-6% The Sheet (nitrocellulose and the X ray plate seen from
the side. The plate is pressed for 24 hours. During this time radiation

from band 6 would chemically affect the X ray plate for example
changing silver bromide to metallic silver)
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22-2-4 Mh,u, fdl çdkj vijk/kh dks xzfUFkr djrk gS
(How DNA Entwines the Criminal)

DNA fdl izdkj vijk/kh (Criminal) dks xzfUFkr djrk gS] ;g fuEufyf[kr
fp=ksa dh lgk;rk ls Li"V fd;k x;k gSA

fp= Ø- 22-7% Agarose gel electrophoresis

mijksä fp= 22-9 a esa DNA cSUM~l (Bands) ds jsfM;ksxzkQ dks n'kkZrk gS
tks QkWLQksjl-32 (Phosphorus-32) ds lkFk tqM+k gksrk gS] bldks ukekafdr
(labelled) Mh,u, çksc (DNA probe) dgrs gSaA tgk¡&tgk¡ jsfM;ks/kfeZrk gksrh
gS ogk¡&ogk¡ xgjh dkyh js[kk,¡@/kkfj;k¡ (lines) fn[kkbZ nsrh gSaA DNA
[k.M@va'k (Fragments) ,xsjkslksy tSy (Agrosole gel) ij vius vkdkj ds
foijhr ;k O;qRØe (inversely) vuqikr esa xfr djrk gSA vkdkj (Size) dks
fdykscsl ;qXe (Kilobase pairs) ds }kjk n'kkZ;k tkrk gSA ,d {kkj ;qXe (Base
pair) nks {kkjksa dk leqPp; (Set) gksrk gSA çR;sd {kkj (base) DNA lh<+h dh
foijhr NM (rung) ls vkrk gSA vr% A-T ,d {kkj ;qXe dks cukrk gSA ,d
DNA va'k ;k [k.M (Fragments) ftlesa gtkjksa {kkj ;qXe (base pair) gksrs gSa
vkdkj esa ,d fdykscsl ;qXe (Kilobase pair-kbp) dgrs gSaA

çR;sd ds }kjk ;g vk'kk dh tk ldrh gS fd 2kbp bap {kkj dk va'k ;k
[k.M (Fragment) 1kbp {kkj ds va'k dh vis{kk nksxquh xfr ls /khek pysxk
ysfdu ,slk ugha gksrk gSA DNA va'kksa ;k [k.Mksa (Fragments) dh
bysDVªksQksjsfVd xfr'khyrk muds vkf.od Hkkj ds yksxsjsfFke (logarithm) dk
js[kh; dk;Z gksrk gSA vr% 10 kbp dk ,d va'k ;k [k.M (Fragment) mruh gh
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nksxquh /kheh xfr ls pysxk tSlkfd 1 kbp, rFkk 100 kbp [k.M ;k va'k frxquh
/kheh xfr ls pyu djsxkA nwljs 'kCnksa esa] ;fn 1 kbp DNA dk va'k@[k.M
(Fragments) ,sxsjksl tSy (Agarose gel) ds }kjk 3 cm pyrk gS] rc 10 kbp
DNA va'k 1.5 cm rd pysxk ,oa 100 kbp 1 cm rd pysxkA bl çdkj
DNA va'k yksxsjsfFke ds vuqlkj fofHkUu ifÍdkvksa (Bands) esa foHksfnr gksxkA

fp= Ø- 22-8% Agarose Gel Electrophoresis.

;fn fdlh vijk/kh (Criminal) us fdlh L=h ds lkFk cykRdkj (Rape)
fd;k gSA cykRdkjh dk Mh,u, fQaxj fçUV (DNA finger print) dks vkgr
O;fä (Victcim) ls çkIr oh;Z (available) ls rS;kj fd;k tk;sxkA blh ds lkFk
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lHkh vijkf/k;ksa ds Hkh DNA fQaxj fçUV~l (DNA finger prints) dks Hkh rS;kj
fd;k tkrk gSA {k-fdj.k IysV (X-ray plates) dh fQj rqyuk dh tkrh gSA ;fn
lEHkkfor vijk/kh X2 dh lHkh ifÍdk,¡ (bands) çkn'kZ ‘A’ ds leku gksrh gSa ;k
feyrh gSa] rc fcuk fdlh 'kd ds X2 vijk/kh gSA fp= 22-9 (b) feyku dks
n'kkZrk gSA

22-2-5 Mh,u, fQaxj fçafVax ds mi;ksx
(Use of DNA Finger Printing)

Mh,u, fQaxj fçfUVax dk mi;ksx vxzfyf[kr dk;ksZa ds fy, fd;k tkrk gS&

1- Mh,u, fQaxj fçafVax dk mi;ksx firR̀o (Patternity) ds ijh{k.k ds fy,
fd;k tkrk gSA D;ksafd firk vius vk/ks DNA viuh lUrfr dks nsrk gS mldh
dqN ifÍ;k¡ (bands) f'k'kq ;k lUrfr ls vko';d :i ls feyrh gSA ;g cgqr
vf/kd Nyh ijh{k.k feyku dk gksrk gS D;ksafd dqN gh ifÍdkvksa (bands) dks
igpkuuk gksrk gSA bl ijh{k.k ds fy, cgqr gh vf/kd çf'kf{kr vkuqoaf'kdh
(Trained geneticist) dh vko';drk gksrh gS tksfd bl ijh{k.k dk lapkyu
djsA

fp= Ø- 22-9% (a) DNA finger print of a single individual,
(b) DNA finger print ‘A’ of the criminal matched with

three suspects X1, X2 and X3, X2 is criminals.

2- iqfyl cykRdkjh dks 'kh?kz vfr'kh?kz DNA fQaxj fçafVax dh lgk;rk ls
idM+ ldrh gSA

3- DNA fQaxj fçafVax dh lgk;rk ls dkfry@gR;kjs (Murderer) dks
idM+k tkrk gSA ;fn dkfry@gR;kjs ds jDr çkn'kZ (Blood samples) vkgr

X1 X2 X3A
100

10

5
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O;fä ds ikl çkIr gksrs gSa ;k cky (hairs) çkIr gksrs gSa] ;k cky ;k jDr (Hair
or blood) ds çkn'kZ vkgr O;fä ds ikl ds LFkku ls çkIr gksrs gSa] rc vcks/k
lUnsg;qDr@lfUnX/k (Suspense) O;fä dks cpk;k tk ldrk gSA

4- vkuqoaf'kd jksx (Genetic disease) tSlsfd gheksQhfy;k
(Haemophilia), FkSyslhfe;k (Thalessemia) g¡fl;kdkj dksf'kdk jDr{kh.krk
(Sickle cell anaemia) dks igpkuk ,oa funku fd;k tk ldrk gSA

;g jksx nks"kh thu ds dkj.k gksrs gSa] tksfd xyr çksVhUl dks la'ysf"kr
djrs gSaA jksx dh 'kh?kz igpku gks tkus ls mipkj ,oa fpfdRlh; funku 'kh?kz
fd;k tk ldrk gSA

5- fof/k (Forensic science) dh ç;ksx'kkykvksa esa bldk mi;ksx fd;k
tkrk gSA

6- DNA ijh{k.k ;k DNA fQaxj fçafVax dk mi;ksx lekt dh HkykbZ ds
fy, Hkh fd;k tk ldrk gSA

7- ;g rduhd fpfM+;k?kj (Zoo) esa çtuu dk;ZØe esa Hkh mi;ksx fd;k
tkrk gS ftlls fd yqIr gksus okyh çkf.k;ksa dh tkfr;ksa dks cpk;k tk ldrk
gSA T;wfjp (Zurich) ds fpfM+;k?kj (Zoo) esa yqIr gksus okys çkf.k;ksa dh iw.kZ
oa'kkoyh (Pedigree) dh iqu% lajpuk dh xbZ gSA

8- bl rduhd ds }kjk euq";ksa ds dfi;ksa (Apes) ls lEc/kksa dh [kkst
dh tk jgh gSA

22-2-6 ikWfyejst Jà[kyk vfHkfØ;k ,oa Mh,u, fQaxj fçafVax
(Polymerase Chain Reaction and DNA Finger Printing)

fiNys dqN o"kksZa esa ikWfyejst J̀a[kyk vfHkfØ;k (Polymerase chain reaction)
dk vuqç;ksx DNA dh cgq:irk (Polymorphism), thu mipkj (gene therapy)
ds lkFk-lkFk DNA Finger fQUxj fçfUVax esa fd;k tk jgk gSA
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fp= Ø- 22-10% PCR to amplify DNA molecules in vitro.

bl fof/k ds }kjk vijk/kh O;fä ds cky] [kwu ;k oh;Z esa mifLFkr DNA
[k.Mksa dk vko/kZu djk;k tkrk gS] rRi'pkr~ fof'k"V çkbejksa (Primers) dh
lgk;rk ls vijkf/k;ksa dk fu/kkZj.k fd;k tkrk gSA

ikWfyejst J̀a[kyk vfHkfØ;k ds }kjk DNA dh gtkjksa çfr;ksa (copies) dk
fuekZ.k fd;k tkrk gSA
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(i) DNA dh nksuksa LVSªUM~l (Strands) dks iF̀kd~ djus ds fy, vfHkfØ;k
feJ.k dks 90-98o rd xeZ djrs gSaA bl fØ;k dks DNA dk
fodf̀rdj.k (Denaturation) dgrs gSaA

(ii) ,d J̀a[kyh; DNA lfgr feJ.k dks 40-60o ij B.Mk djus ds fy,
j[kk tkrk gS] ftlls nksuksa çkbej DNA fojpu esa mifLFkr DNA [k.M
ds 3^ fljksa ij vius iwjd (Complimentary) Øeksa ls ;qfXer gksrs gSaA

(iii) vc DNA dk la'ys"k.k fd;k tkrk gSA rkieku dks bl Lrj ij j[krs
gSa ftlls vuqdwfyr nj ij DNA dk la'ys"k.k gks ldsA DNA
ikWfyejst çkbejksa (Primeres) ds 3'-OH dk mi;ksx djds DNA [k.M
dh iwjd LVSª.M~l dk la'ys"k.k djrs gSaA

ikWfyejst J̀a[kyk vfHkfØ;k dk çFke pj.k gksrk gSA bl pØ ds iw.kZ gksus
esa 1-3 feuV le; dh vko';drk gksrh gSA blds i'pkr~ mi;ZqDr çfØ;k dks
iqu% nksgjk;k tkrk gSA bl nwljs pj.k esa çFke pj.k ds leku (i) DNA dk
foÑfrdj.k (denaturation), (ii) ,uhyu pj.k ,oa (iii) DNA dk la'ys"k.k
fd;k tkrk gSA blesa DNA ikWfyejst çkbejksa (Primers) ds 3'-OH dk mi;ksx
dj DNA va'k ;k [k.M (Fragment) dh iwjd J̀a[kykvksa dk la'ys"k.k fd;k
tkrk gSA blds i'pkr~ ikWfyejst J̀a[kyk vfHkfØ;k dk nwljk pØ iw.kZ gksrk gSA
bl f}rh; pj.k dh lekfIr ij DNA dh çfr;ksa (Copies) dh la[;k çFke
pj.k dh la[;k dh rqyuk esa nksxquh gks tkrh gSA

ikWfyejst J̀a[kyk vfHkfØ;k dks 60 pØksa rd fd;k tkrk gSA çR;sd pØ
dh lekfIr ij mifLFkr çfr;ksa dh la[;k dh rqyuk esa nksxquh gks tkrh gSA
DNA [k.M eas okafNr Øe (desired sequence) dks fu.kkZ;d :i ls Kkr djus
ds fy, lnuZ CykV rduhd (outhern blot technique) dk ç;ksx djrs gSaA
blds i'pkr~ DNA va'k dks QkWLQksjl &32 ls la;ksftr djrs gSaA blds i'pkr~
DNA va'k;qDr ukbVªkslsY;wykst Nitrocellulose sheet) dks {k-fdj.k IysV (X-
ray plate) ls 24 ?k.Vs rd nck dj j[krs gSaA IysV ij xgjh js[kk,¡ çkIr gksrh
gSaA budks DNA fQaxj fçUV~l (finger prints) dgrs gSaA

viuh Áxfr tk¡fp, (Check Your Progress)

1- DNA v¡xqyh Nkiu esa DNA dh fdruh ek=k dh vko';drk gksrh gS\

¼v½ 1 xzke] ¼c½ 1 feyhxzke]

¼l½ 1 uSuksxzke] ¼n½ 1 ekbØksxzkeA

2- gR;kjksa dks fuEufyf[kr esa ls fdlds }kjk igpkuk tk ldrk gS\

¼v½ DNA fQaxj fçafVax ls]

¼c½ DNA iqu% la;kstu rduhd ls

¼l½ thu Dyksfuax ls]

¼n½ thu fpfdRlk lsA
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3- firR̀o ds fookfnr dsl bl rduhd ds ç;ksx ls gy fd;s tkrs gSa&

¼v½ Mh,u, fQaxj fçafVax]

¼c½ thu fpfdRlk]

¼l½ thu Dyksfuax]

¼n½ iqu% la;kstu Mh,u, rduhdA

4- DNA fQaxj fçafVax dks igyh ckj fodflr fd;k&

¼v½ vysd tsÝh] ¼c½ dsjh eqfyl]

¼l½ es.My] ¼n½ lh- bZ- QksMZA

5- Mh,u, fQaxj fçfaaVax fdlls ugha cu ldrk\

¼v½ vkj- ch- lh-] ¼c½ MCY;w- ch- lh-]

¼l½ LieZ ¼n½ xky ds Hkhrjh Lrj lsA

6- Mh,u, fQaxj fçaV fof/k ds }kjk D;k n'kkZ;k tkrk gS%

¼v½ thu fofue; ¼c½ vkuqoaf'kd inkFkZ esa fofHkUurk

¼l½ thu fpfdRlk ¼n½ fyax lgyXurk

7- Mh,u, fQaxj fçafVax dk mi;ksx fdl dk;Z ds fy, fd;k tkrk gS%

¼v½ fir̀Ro ds ijh{k.k ds fy, ¼c½ cykRdkjh dks idMuk

¼l½ vkuqoaf'kdh dks igpkuuk ¼n½ mi;Zqä lHkh

8- fQaxj fçafVax fof/k dk fodkl fdl o"kZ esa gqvk Fkk%

¼v½ 1985 ¼c½ 1986

¼l½ a + b ¼n½ 1976

9- fQaxj fçafVax fof/k dk mi;ksx loZçFke fdl oSKkfud us fd;k Fkk%

¼v½ ,ysd tsÝht ¼c½ ,ysd okVlu

¼l½ T;kstZ usfod ¼n½ cxZ ,oa fdaXl

22-3 viuh Áxfr tk¡fp, Á'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼l½

2- ¼v½

3- ¼v½

4- ¼v½
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5- ¼v½

6- ¼c½

7- ¼n½

8- ¼l½

9- ¼v½

22-4 lkjka'k (Summary)

mijksä o.kZu ls Li"V gS fd DNA Finger Printing vk/kqfud ;qx esa egRoiw.kZ
rduhd ,oa mi;ksxh fof/k gS ftldh lgk;rk ls jsi] eMZj] lafnX/k vijkf/k;ksa
dh vklkuh ls igpku dh tk ldrh gSA

22-5 eq[; 'kCnkoyh (Key Terminology)

 DNA& De – Oxyribose Nucleic Acid

 RNA& Ribose Nucleic Acid

 Denaturation& foÑfrdj.k@;k ewy xq.k ds foijhr xq.k gksukA

 DNA Synthesis& DNA dk fuekZ.k gksukA

 DNA Finger Printing& bldk mi;ksx vijkf/k;ksa] eMZj djus okys ,oa
lafnX/k] nEifr vkfn ds fujkdj.k djus esaA

22-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; ç'u (Short Answer Type Questions)

1- DNA fQaxj fçafVax dh fof/k dk o.kZu dhft,A

2- laf{kIr fVIif.k;k¡ fyf[k,%

(i) Mh,u, fQaxj fçafVax ds vfHkxe

(ii) DNA fQaxj fçafVax ds mi;ksx

(iii) DNA fQaxj fçafVax ,oa PCR

3- DNA fdl çdkj vijk/kh dks xzfUFkr djrk gS] o.kZu dhft,A

4- laf{kIr fVIif.k;k¡ fyf[k,%

(i) DNA çksc

(ii) ekbØkslsVsykbV

(iii) PCR dk DNA fQaxj fçafVax esa mi;ksx
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5- fuEufyf[kr ij laf{kIr fVIi.kh fyf[k,&

(i) DNA v¡xqyh Nkiu]

(ii) DNA v¡xqyh Nkiu ds mi;ksx]

(iii) DNA v¡xqyh Nkiu dh fØ;kfof/k ;k egRo]

(iv) vkblksys'ku vkWQ Mh,u,

(v) DNA v¡xqyh Nkiu dh fØ;kfof/k ,oa egRo]

(vi) Mh,u, v¡xqyh Nkiu rduhdA

6- DNA v¡xqyh Nkiu dk lfp= o.kZu dhft,A

7- dsoy js[kkfp= }kjk DNA v¡xqyh Nkiu dks le>kb,A

8- Mh,u, fQaxj fçafVax ds nks mi;ksx crkb,A

nh?kZ mÙkjh; ç'u (Long Answer Type Questions)

1- DNA v¡xqyh Nkiu ij fucU/k fyf[k,A

2- cykRdkj ds ,d dsl esa lafnX/k O;fä ds ckjs esa fu"i{krk ls tk¡p djus
ds fy, DNA v¡xqyh Nkiu fdl çdkj mi;ksxh gS\

3- Mh,u, v¡xqyh Nkiu D;k gS\ fpfdRlk fof/k esa blds }kjk fooknkLin
ekeys dSls lqy>k;s tkrs gSa\

4- Mh,u, fQaxj fçaf.Vax dh rduhd ,oa mlds mi;ksx dk o.kZu dhft,A

5- Mh,u, fQaxj fçafVax dh fof/k dk o.kZu fdft,A

6- thu fpfdRlk dh O;k[;k djrs gq;s DNA fQaxj fçafVax fof/k dk o.kZu
dhft,A

7- DNA fQaxj fçafVax dk fdlus vfo"dkj fd;k Fkk DNA fQaxj fçfUVax
ds fofHkUu vfHkxe dk o.kZu dhft,A

8- DNA fQaxj fçafVax ij foLrkj ls ,d ys[k fy[kksA

9- DNA fQaxj fçafVax fof/k dk o.kZu fdft,A

10- DNA fQaxj fçafVax ls D;k le>rs gks\

11- DNA fQaxj fçafVax fof/k dk o.kZu dhft, ,oa DNA fdl çdkj
vijk/kh dks xzfUFkr djrk gS] o.kZu dhft,A

12- DNA fQaxj fçafVax fof/k dks le>krs gq, DNA fQaxj fçfUVax ds
mi;ksxksa dk o.kZu dhft,A

13- DNA fQaxj fçafVax ds vfHkxe rFkk fof/k dk ukekafdr fp= lfgr o.kZu
dhft,A
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22-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology– By– J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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bdkbZ 5

v/;k; 23 thu fpfdRlk ,oa vkuqoaf'kd ijke'kZZ
(Gene Therapy and Genetic
Counseling)

Lakjpuk (Structure)

23-0 ifjp;
23-1 mÌs';
23-2 thu fpfdRlk

23-2-1 thu fpfdRlk ds fy, jksxksa dk pquko
23-2-2 thu mipkj@thu fpfdRlk
23-2-3 thu fpfdRlk ds çdkj

23-3 viuh izxfr tk¡fp, iz'uksa ds mÙkj
23-4 lkjka'k
23-5 eq[; 'kCnkoyh
23-6 Lo-ewY;kadu iz'u ,oa vH;kl
23-7 lgk;d ikB~; lkexzh

23-0 ifjp; (Introduction)

ifjp; ,oa ifjHkk"kk (Introduction / Definition)

thu Fksjsih ;k thu fpfdRlk fdlh [kjkc ;k vfu;fU=r thu dks mlds fodYi
thu ls cnyus dh çfØ;k dks thu Fksjsih dgrs gSaA euq"; 5000 ls
vf/kd ,dy thu E;wVs'kuksa (Single gene mutation) ls mRié chekfj;ksa] tSls
flfLVd Qkbczksfel (Cystic, Sickle cell Anaemia, Huntington’s Chored,
Hunters Syndrome, Haemophilila), flfdylsy ,uhfe;k] gfUVaxzu dksfj;k]
gUVlZ flUMªkse] ,oa gheksQhfy;k vkfn ls ihfMr gksrk gSA blds vykok dbZ vU;
folaxfr;kaW] tSls& dSalj] Blood Pressure, ,FksjksLdysjksfll rFkk fnekxh
chekfj;k¡ vkfn Hkh vkuqoaf'kdrk ij vk/kkfjr gks ldrh gSA

23-1 mÌs'; (Objective)

bl bdkbZ dks i<+us ds ckn vki&

 thu Fksjsih ;k thu fpfdRlk

 thu fFkjSih ds çdkj

 thu E;wVs'kuksa (Single gene mutation) ls mRié chekfj;kW

vkfn fo"k;ksa ds ckjs esa v/;;u izkIr dj ldsaxsA

bhandup8
Rectangle
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23-2 thu fpfdRlk (Gene Therapy)

'kjhj eas eSfyXuS.V dksf'kdkvksa dh mRifRr nks çdkj ds thuksa esa E;wVs'ku ds
dkj.k gks ldrh gS&

(i) vksUdksthu (Oncogene)

(ii) V~;wej fujks/kd thu (Tumor suppressor gene)A

thu Fksjsih esa fdlh vkuqoaf'kd jksx vFkok fdlh vftZr fodkj (acquired
disorder) dks Bhd djus ds mís'; ls dksf'kdkvksa esa lEcfU/kr thu ds lkekU;
fØ;k'khy ,yhy (functional allele) dk ços'k djkrs gSaA thu fFkjSih esa
fuEufyf[kr pj.k gksrs gSaA

1- vkuqoaf'kd jksx mRié djus okys thu dh igpkuA

2- bl thu ds mRikn dh jksx esa Hkwfedk Kkr djukA

3- thu dk foyxu ,oa Dyksfuax (isolation and cloning)

4- thu Fksjsih dh mi;qä fof/k dk fodklA

23-2-1 thu fpfdRlk ds fy, jksxksa dk pquko
(Selection of Diseases for Gene Therapy)

thu Fksjsih ds fy, jksxksa dks fuEufyf[kr vk/kkj ij pqurs gSa&

1- jksx çk.k?kkrd gksaA

2- jksx mRié djus okyk thu Dyksu fd;k tk pqdk gksA

3- thu dk fu;eu (regulation) cgqr ifj'kq/n (precise) u gksA

4- thu dks dksf'kdk esa igq¡pkus dh ;qfä fodflr gks pqdh gksA

tSo&çkS|ksfxdh (Biotechnology) cgqfoKku vk/kkfjr ,d vuqç;ksfxd
foKku gSA vusd o"kksZa ls dbZ tSoçkS|ksfxdh çfr"Bkuksa (Biotechnological
institution) dh LFkkiuk gqbZ gSA tSls fd& ck;kstu (Biogen) la;qä jkT;
vesfjdk rFkkk thuuVsd bUd (Genentech Inc.) la;qDr jkT; vesfjdkA bu
laLFkkvksa ls oSKkfud fxycVZ (Gilbert) ,oa Xyslj rFkk ukscy iqjLdkj fotsrk
vkfn tqM+s gq, gSaA vf/kdka'k çfr"Bkuksa esa thu rduhd (Gene technology) ;k
vkuqoaf'kd vfHk;kaf=dh (Genetic engineering) dk mi;ksx fd;k tkrk gSA bl
rduhd esa ,d tho dh thu dks nwljs thu esa Mky fn;k tkrk gSA

tSo&çkS|ksfxdh dk {ks= vf/kd egRoiw.kZ gS D;ksafd bl çkS|ksfxdh dk
mi;ksx ekuo dh vusd jksxksa ds thu mipkj ds fy, ç;kl fd, tk jgs gSaA
blds vfrfjä ekuo jksxksa dh rqjUr igpku rFkk igys ls gh mudh jksdFkke
ds fy, DNA çksCl (Probes), oSDlhu (Vaccine) vkfn ds fy, rduhdsa
fodflr dh xbZ gSaA orZeku esa gekjh çkFkfedrk,¡ tSo çks|ksfxdh ds mu {ks=ksa
dk p;u djuk gS ftuls çkIr ifj.kke ekuo thou dks ykHk igq¡pk ldssaA
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fpfdRlk ds {ks= esa gekjs ns'k esas gksus okys jksxksa ds çfr mi;qä jksxksa ds mipkj
dh fof/k;k¡] mi;qä oSDlhu çkS|ksfxdh ,oa tUe&nj dks jksdus ds fy, mi;qä
mRikn dh çkFkfedrk gSA vkS"kf/k;ksa ds vfrfjä thu mipkj@thu Fksjsih
(Gene therapy) }kjk Hkh jksx dk mipkj fd;k tk ldrk gSA

23-2-2 thu mipkj@thu fpfdRlk (Gene Therapy)

lkekU;] dk;kZRed] LoLFk thu (Gene) dks ml dksf'kdk esa ços'k djkus dh
fof/k ftlesa lEcfU/kr thuds nks"kh ;qXefodYih (allele) gksrs gSa ftlls fd
vkuqoaf'kd folaxfr dks Bhd fd;k tk lds ;k mikftZr folaxfr dk lq/kkj
fd;k tk lds] thu Fksjsih@thu mipkj (Gene therapy) dgykrh gSA

;k og fof/k ftlds }kjk nks"kh thu dk çfrLFkkiu ,d lkekU;]
LoLFk ,oa dk;kZRed thu (Gene) }kjk fd;k tkrk gS] thu mipkj ;k thu
FkSjsih (Gene therapy) dgykrh gSA

thu mipkj ds fy, fuEufyf[kr n'kk,¡ vko';d gksrh gSa%

1- og thu (Gene) tks fd vkuqoaf'kd folaxfr;k¡¡ (Genetic disorder)
mRié djrs gSa] ml mRikn ds fy, vko';d gks tks fd fuekZ.k dh
vUrLFk voLFkk esa dk;kZRed gksA

2- jksx dk jksx funku (Etiology) foKku dsoy ,d Ård (tissue) rd
gh lhfer gks ftlls fd mldks vklkuh ls cnyk tk ldsA

3- jksx ds uSnkfud y{k.kksa (Clinical symptoms) ds ifj.kke ,oa vçHkkoh
thu (Recessive gene) ;qXe ds }kjk çnf'kZr gks tSls fd g¡fl;kdkj
dksf'kdk jDr{kh.krk (Sickle cell anaemia) bl n'kk esa og y{;
dksf'kdk (Target cell) dsoy ;qXefodYih dks vko';d :i eas cny
ldsA

4- vkuqoaf'kd jksx bl çdkj ds gksus pkfg, ftlls fd y{; dksf'kdk
(Target cell) ds DNA dks cnydj jksx dk funku ;k lq/kkj
(Amelioration) vkf.od Lrj (Molecular level) ij fd;k tk ldsA

5- lkekU; ;qXefodYih (Allele) ,oa vlkekU; ;qXefodYih (Abnormal
allele) ds chp vUrj de ls de gksuk pkfg, vFkkZr~ vlkekU; {kkj Øe
(base sequence) ftldks lkekU; {kkj Øe ls cnyus dh vko';drk gS]
NksVs ls NksVk gksuk pkfg,A tSls fd g¡fl;kdkj dksf'kdk jDr{kh.krk
(Sickle cell aneamia) thu esa dsoy ,d {kkj ;qXe (Base pair) dks gh
cnyk tk ldrk gS ftlls fd og lkekU; gks tk;sA

thu mipkj@thu Fksjsih (Gene therapy) ds ç;ksx (Application) ds
vUrxZr vkuqoaf'kdh (Genetics), vkf.od tSfodh (Molecular Biology) ,oa
tSoçkS|ksfxdh (Biotechnology) ds fuEufyf[kr ewyHkwr ifjo/kZu@fodkl
lEcfU/kr gksrs gSa%&
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(i) ml thu dh igpku tksfd vkuqoaf'kd folaxfr ds fodkl@ifjo/kZu esa
eq[; Hkwfedk vnk djrk gSA

(ii) LokLF; ,oa jksxksa esa ml mRikn dh Hkwfedk esa fu/kkZj.kA

(iii) thu dk iF̀kDdj.k@foyxu (Isolation) ,oa Dyksu cuuk (Cloning)

(iv) thu mipkj (Gene therapy) dh lehirk ds fy, fodklA

23-2-3 thu fpfdRlk ds çdkj (Types of Gene Therapy)

thu Fksjsih nks çdkj dh gksrh gS&

1- tuu ykbu thu Fksjsih (Germ line gene therapy),

2- lkseSfVd dks'kk thu Fksjsih (Somatic cell gene therapy)

1- tuu ykbu thu Fksjsih (Germ line gene therapy)& blesa lkekU;
thu dks tuu dksf'kdkvksa ¼'kqØk.kq ;k v.Ms½ ;k tk;xksV (zygote) esa çfo"V
djkrs gSaA ;g thu bu dksf'kdkvksa ds thu esa lekdfyr gks tkrk gSA vr%
fFkjSih ds dkj.k mRié ifjorZu oa'kkxr (heritable) gksrk gSA ;g Fksjsih cgqr gh
ykHkdkjh gksrh gSA fdUrq orZeku le; esa] dbZ rduhdh ds vHkko o uSfrd
dkj.kksa ls bl rduhd dk ç;ksx ekuo essa ugha fd;k tkrk gSA çk;ksfxd rkSj
ij bldk ç;ksx ç;ksx'kkyk tUrqvksa( tSls&pwgk] [kjxks'k vkfn ij fd;k tkrk
gSA ;g Fksjsih fuEufyf[kr pj.kksa esa lEié gksrh gS&

(i) v.Ms dk bu-foVªks (In-vitro) fu"kspuA

(ii) lkekU; thu dk tk;xksV ds ckn dh fdlh voLFkk esa] okbjl ;k
ekbØksbatsD'ku (microinjection) }kjk dksf'kdk esa ços'kA

(iii) vUnj ços'k djk;h x;h thu dk gksLV dksf'kdk ds thukse esa lekdyuA

thukse ds lekdyu ds ckn ;g t:jh ugha gS fd u;k thu viuk dk;Z
djus ;ksX; voLFkk esa vk tk;sxkA dsoy dqN tUrqvksa esa gh ;g dk;Z dj
ldrk gSA

2- lkseSfVd dks'kk thu Fksjsih (Somatic cell gene therapy)& bl Fksjsih
esa thu dks jksxh dh lkseSfVd dksf'kdkvksa (somatic cells), fo'ks"k :i ls ftu
Årdksa esa lEcfU/kr thu dh vfHkO;fä LokLF; ds fy, vfuok;Z gks] esa ços'k
djkrs gSaA bl fof/k ls jksxh esa jksx ds y{k.k de gks tkrs gSa ;k jksxh ,dne
Bhd gks ldrk gS] ijUrq çfo"V djk;k x;k thu vxyh ih<+h esa vius y{k.k
oa'kkxr ugha dj ikrk gsA bl Fksjsih esa eq[;r% rhu pj.k ç;qä gksrs gSa&

(i) jksxh dh jksxxzLr Ård dh dqN dksf'kdkvksa dks vyx djukA

(ii) lkekU; thu dh çfr;ksa] ftlls lEcfU/kr chekjh gks] dks dksf'kdk esa
çfo"V djkukA

(iii) u;h Vªkalthu dksf'kdkvksa (transgenic cells) dks jksxh ds 'kjhj esa
igq¡pkuk (reintroduce djuk½A
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bl fof/k ds nks eq[; çdkj gksrs gSa&

¼v½ lao/kZu thu mipkj (Augmentation gene therapy)& bl çdkj
dh Fksjsih esa lkekU; fØ;k'khy thu dks jksxxzLr dks'kk esa ços'k djkrs gSa]
ftlds ifj.kkeLo:i dksf'kdk esa [kjkc thuds lkFk-lkFk lkekU; thu Hkh igq¡p
tkrk gSA bl mipkj dh nks eq[; fof/k;k¡¡ gSa&

1- lEcfU/kr thu dh lkekU; fØ;k'khy ,yhy (functional allele) dks
jksxh ls çkIr LrEHk dksf'kdkvksa (stem cells) esa çfo"V djkrs gSa( tSls&
fyEQkslkbVksa] cksu eSjks dksf'kdkvksa vkfn esaA vc bu dksf'kdkvksa dks jksxh esa
çfrjksfir djrs gSaA ;g fof/k lcls igys SCID ¼rhoz la;qDr çfrj{kk àkl
fl.Mªkse (Severe Combined Immune Deficiency Syndrome) jksx ds mipkj
ds fy, ç;qä dh x;h FkhA ;g jksx ,Mhuksflu Mh,feusl (ADA,
Adenosinedeaminase) dh deh ds dkj.k gksrk gSA vr% blds mipkj ds fy,
loZçFke&

(i) ADA thu ds lkekU; ,yhy dks vyx djds Dyksu fd;k x;kA

(ii) fQj bldh çfr;ksa dks ,d =qfViw.kZ (defective) fjVªksokbjl ds thukse esa
lekdfyr fd;k x;k% ;gk¡ fjVªksokbjl ds vf/kdka'k thuksa dks ADA
thu ls çfrLFkkfir dj fn;k x;k FkkA

(iii) blds ckn jksxh ds fyEQkslkbV dks çkIr fd;k x;k vkSj

(iv) mudks fjdkWfEcus.V fjVªksokbjlksa (recombinant retrovirus) ls laØafer
fd;k x;kA

(v) vUr esa ADA thuds y{k.kkas dks çnf'kZr djus okyh lQy fyEQkslkbVksa
dks vyx djds mUgsa jksxh ds 'kjhj esa çR;kjksfir fd;k x;kA jksxh ds
'kjhj esa ADA thu dh vfHkO;fDr ds dkj.k jksxh ds çfrj{kk rU= esa
lq/kkj ik;k x;kA

bl fof/k dh dqN viuh leL;k,¡ gSa tks fuEufyf[kr gSa&

(i) çk;% fjVªksokbjl okgd vf/kd lqjf{kr ugha gksrs gSaA bUgsa vf/kd
lqjf{kr cukus ds fy, buls vkRe?kkrh okgd (suicidal vectors)
cuk;s x;s gSa] tks thu LFkkukUrj.k ds ckn f}xq.ku ugha djrs gSaA

(ii) LrEHk dksf'kdkvksa (stem cells) dk de vkÑfr esa VªkalQsD'ku
djukA

(iii) lekdfyr thudk LFkkf;RoA

(iv) thuds y{k.kksa dh vfHkO;fDr dk le;A

(v) thu vfHkO;fDr dk mi;qDr fu;eu u gksukA

bu leL;kvksa ds dkj.k vktdy VªkalQsD'ku ¼thu LFkkukUrj.k½ dh vU;
fof/k;ksa dk ç;ksx fd;k tkrk gSA thu LFkkukUrj.k ds fy, ç;qDr dqN vU;
fof/k;ksa dk o.kZu fuEufyf[kr gS&
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(i) fyiksQsD'ku (Lipofection)& dksf'kdkvksa esa fyikslkseksa }kjk thu
LFkkukUrj.k (DNA ços'k djkus) dks fyiksQsD'ku dgrs gSaA fyikslkse
QkWLQksfyfiMksa dh cuh NksVh-NksVh oslkbdy (vesicles) dks dgrs gSaA
budk fuekZ.k fuEu çdkj ls gks ldrk gS&

(a) ,uvk;fud (anionic) QkWLQksfyfiMksa] tSls QkWLQsfVfMy lhjhu
(Phosphatidyl serine, PS) dk Ca++ vk;uksa ls vfHkfØ;k rFkk
f}dyk rduhd (two phase techniques) DNA [k.Mksa dks
fyikslkseksa esa cUn fd;k tk ldrk gSA

(b) fyikslkseksa dh f>fYy;ksa esa fo'ks"k fyts.M çksVhuksa (special
ligand proteins) dk lekos'k djus ls fyikslkse dsoy fof'k"V
Årdksa@dksf'kdkvksa esa gh DNA lekdfyr djrs gSaA

PLASMIC DNA

NUCLEUS

FOREIGN
GENE

LIPOSOME
DNA COMPLEX

LIPOSOME HUMAN CELL

GENE
PRODUCT

fp= Ø- 23-1% Liposome mediated gene therapy

(ii) bysDVªksiksjs'ku (Electroporation)& bysDVªksiksjs'ku fof/k esa dbZ ckj
DNA rFkk dksf'kdk ds feJ.k dks vR;Ur de le; ¼dqN feyh lsd.M]
milliseconds½ ds fy, vfr mPp oksYVst ls çHkkfor djrs gSaA vfr
mPp oksYVst ds çHkko ls dksf'kdk f>Yyh esa dqN {k.kksa ds fy, fNæ cu
tkrs gSa] ftuds }kjk DNA v.kq dksf'kdk esa ços'k djrs gSaA dksf'kdkvksa
dks dksYlsfeM (colcemid) ls mipkfjr djus ij thu LFkkukUrj.k dh
vkof̀Rr c<+ tkrh gSA

(iii) lw{e-batsD'ku (Micro-injection)& bl fof/k }kjk DNA dks lh/ks
dksf'kdk ds dsUæd esa çfo"V djk ldrs gSaA bl fof/k esa de 'kfDr
(low power) ds LVhfj;ksLdksih foPNsnu ekbØksLdksi (Stereoscopic
dissecting microscope), nks lw{e-eSfuiqysVj (micro-manipulator),
ftlesa ls ,d ls dk¡p ds lw{e-fiisV (micro-pipette) rFkk nwljs ls
dk¡p dh batsD'ku lqbZ dks fu;fU=r djrs gSa] dh vko';drk gksrh gSA
lw{e fiisV dh lgk;rk ls dksf'kdk dks vkaf'kd pw"k.k (partial

PLASMIC DNA

NUCLEUS
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GENE
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DNA COMPLEX
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GENE
PRODUCT
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suction) }kjk fLFkj j[krs gSa vkSj batsD'ku lqbZ ls DNA/ thu dks
dksf'kdk ds dsUæd essa bUtsDV (inject) djrs gSaA

(iv) dSfY'k;e QkWLQsV vo{ksi.k fof/k (Calcium phosphate precipitation
method)& DNA dk dksf'kdk esa ços'k dSfY'k;e QkWLQsV vo{ksi.k }kjk
Hkh fd;k tk ldrk gSA blesa DNA dks igys QkWLQsV cQj esa ?kksyrs
gSaA fQj blesa dSfY'k;e DyksjkbM (CaCl2) ?kksy feykrs gSa ftlls
dSfY'k;e QkWLQsV curk gS tks fd v?kqyu'khy gksrk gSA blds lkFk-lkFk
DNA v.kq Hkh vo{ksfir gks tkrs gSaA bl vo{ksi ds d.kksa dks dksf'kdk,¡
QSxkslkbVksfll (phagocytosis) }kjk xzg.k dj ysrh gSaA

TRANSGENE

LINEARIZED TRANSGENE
CONSTRUCTNUCLEUS

CELL

MICRO MANIPULATER

MICRO-INJECTION

TRANSFECTED CELL
WITH NEW GENE

MICRO-
PIPETTE

fp= Ø- 23-2% Simple diagramme of micro-injection

2- lao/kZu thu mipkj dh f}rh; fof/k esa DNA dks lh/ks lEcfU/kr
Ård ;k Ropk esa bUtsDV (inject) dj nsrs gSaA blesa dHkh-dHkh DNA çksVhu
dkWEIySDl dks Hkh bUtsDV fd;k tkrk gS ¼fof'k"V Årdksa esa jslsIVj ds ek/;e ls
ços'k ds fy,½A DNA ços'k djus ds ckn vçR;kf'kr :i ls vfHkO;Dr gksus
yxrk gSA dqN jksxksa ds mipkj esa bl fof/k }kjk vk'kkrhr lQyrk feyh gSA
bl fof/k esa Hkh VªkUlQsfDVo dksf'kdkvksa (transfective cells) dh la[;k rFkk
thu vfHkO;fDr dh vof/k çeq[k leL;k,W¡a gSaA

thu mipkj i/nfr ls dSalj (Cancer) rFkk AIDS dk mipkj Hkh fd;k
tk ldrk gSA AIDS ds mipkj esa mi;qDr b.VjY;wfdu thuksa (interlukin
genes) dks çfo"V djkdj çfrj{kk rU= dks etcwr djrs gSaA blh çdkj dSalj
mipkj ds fy, VkWfDlu (toxin) dksfMr djus okys thu dks dSalj dksf'kdkvksa esa
çfo"V djkrs gSaA

TRANSGENE
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¼c½ y{;c/n thu LFkkukUrj.k (Targetted gene transfer)& blesa
lEcfU/kr thu ds lkekU; ,yhy dks thukse esa iwoZ fu/kkZfjr LFky ij
lekdfyr djrs gSaA gkseksyksxl fjdkWfEcus'ku (homologous
recombination) }kjk thukse esa igys ls mifLFkr [kjkc ,yhy dks u;s
lkekU; ,yhy ls cny fn;k tkrk gSA blds fy, fuEu çdkj ds osDVjksa
(vectors) dk ç;ksx fd;k tkrk gS&

DNA IN PHOSPHATE
BUFFER

caCl2
SOLUTION

DNA-CALCIUM PHOSPHATE
CO-PRECIPITATE

DNA-CALCIUM PHOSPHATE
PRECIPITATE

PHAGOCYTOSIS

CELL

TRANSGENE CONSTRUCT
INTEGRATED INTO

CELL GENOME

fp= Ø- 23-3% Simple diagramme of DNA transfer by calcium
phosphate precipitation method

1- fuos'ku osDVj (Insertion Vectors)& bu osDVjksa dh yhfu;j
(Linear) voLFkk esa muds nksuksa fljksa ij ml Øe ds Hkkx gksrs gSa tgk¡
lkekU; ,yhy dks lekdfyr djuk gksrk gS] tcfd LFkkukUrfjr fd;k tkus
okyk lkekU; ,yhy bu Øeksa ds chp esa mifLFkr gksrk gSA fljksa okys Øeksa esa
gkseksyksxl fjdkWfEcus'ku gksrk gS] ftlls LFkkukUrfjr fd, tk jgs thu dk
f}xq.ku gksrk gSA çk;% bl osDVj dk fuos'ku (insertion) [kjkc ,yhy dh
txg u gksdj mlds iM+ksl esa gksrk gSA bl çfØ;k dks fuos'kuh fjdkWfEcus'ku
(insertional recombination) dgrs gSaA bUgha osDVjksa dk thu mipkj esa mi;ksx
fd;k tkrk gSA

2- çfrLFkkiu osDVj (Replacement Vectors)& bu osDVjksa dh yhfu;j
(linear) voLFkk esa muds nksuksa fljksa ij LFkkukUrfjr fd, tk jgs thuds flQZ
vk/ks-vk/ks Hkkx mifLFkr gksrs gSaA bUgha Øeksa esa gheksyksxl fjdkWfEcus'ku
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(homologous recombination) gksrk gS] ftlls dksf'kdk ds thukse esa
mifLFkr ,yhy dk ,d Hkkx osDVj eas mifLFkr Hkkx ls çfrLFkkfir (replace) gks
tkrk gS] bls çfrLFkkiu fjdkWfEcus'ku (replacement recombination) dgrs gSaA
bl fof/k esa lEcfU/kr thu fonkfjr (disrupted) gks tkrk gS] vr% thu mipkj
esa bldk mi;ksx çk;% ugha gksrk gSA

FLANKING
SEQUENCES

NORMAL GENE (TRANSGENE) VECTOR DNA

MUTATION

DEFECTIVE GENE
(HOST CHROMOSOME)

TRANSFECTION

RECOMBINATION

NORMAL

DEFECTIVE

X X

fp= Ø- 23-4% Simple diagramme of targeted gene transfer by
homologous recombination

y{;c/n thu LFkkukUrj.k lcls igys 1985 esa fd;k x;k Fkk] ftlesa
ekuo  -Xyksfcu thu dk fonkj.k fd;k x;k FkkA vc rd yxHkx 100 ls
vf/kd Lru/kkjh thuksa dks bl rduhd }kjk :ikUrfjr fd;k x;k gS] ijUrq
vHkh bldk thu mipkj ds fy, mi;ksx çk;ksfxd Lrj ij gh lhfer gSA

fcuk f}xq.ku ;k fonkj.k ds y{;c/n thu LFkkukUrj.k ds fy,
fuEufyf[kr ;qfDr dk fodkl fd;k x;k gS&

(i) lcls igys fuos'ku osDVj dh enn ls LFkkukUrfjr fd;s tkus okys thu
dks dksf'kdk ds thukse (genome) esa lekdfyr djrs gSaA blls bl
thu dk f}xq.ku mRié gksrk gSA

(ii) vc LFkkukUrfjr fd;s x;s rFkk dksf'kdk thukse esa igys ls
mifLFkr ,yhyksa ¼,d gh Øksekslkse esa½ esa fjdkWfEcus'ku ;k flLVj
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ØkseSfVMksa (sister chromatids) esa vleku fofue; (unequal exchange)
ls mRié f}xq.ku-jfgr lkekU; ,yhy okys Øksekslkse dh dksf'kdkvksa dk
lysD'ku (selection) djrs gSaA

bl fof/k ls pwgs dh Hkzw.k LrEHk dksf'kdk ykbuksa (embryonic stem cell
lines) eas HGPRT rFkk vU; dbZ thuksa dk lQy LFkkukUrj.k fd;k x;k gS
(HGPRT-hypoxanthine-guanine phosphoribosyl transferase)A

viuh Áxfr tk¡fp, (Check Your Progress)
1- bysDVªksiksjs'ku esa dks'kk dks vfr mPp oksYVst (Voltage) ls fdrus le;

ds fy, çHkkfor fd;k tkrk gS \

¼v½ 1 Hour ds fy,] ¼c½ 1 Minute ds fy,]

¼l½ dqN second ds fy, ¼n½ dqN feyh lsd.M ds fy,

2- fyikslkse cus gksrs gSa &

¼v½ çksVhuks ds ¼c½ fyfiM ds

¼l½ QkWLQksfyfiM ds ¼n½ dkcksZgkbMªsV dsA

3- ekuo ds fy, dkSu-lh thu Fksjsih dks ekU;rk çkIr gS \

¼v½ tuu ykbu thu Fksjsih ¼c½ lksseSfVd dks'kk thu Fksjsih

¼l½ mijksDr nksuksa ¼n½ dksbZ ughA

4- thu VªkalQj ds fy, fdl fof/k dk mi;ksx djrs gSa&

¼v½ ekbØks çkstsDVkby ¼c½ ykbikslkse

¼l½ ikWyhbFkhyhu Xykbdky ¼n½ mijksä lHkh

¼b½ (i) ,oa (ii) esa

23-3 viuh Áxfr tk¡fp, iz'uksa ds mÙkj
(Answers to Check Your Progress)

1- ¼n½

2- ¼l½

3- ¼c½

4- ¼b½
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23-4 lkjka'k (Summary)

mijksDr o.kZu ls Li"V gS Gene Therapy ,d egRoiw.kZ rduhd gS ftlds }kjk
vokaNuh;] gkfudkjd thUl ;k inkFkZ dks gVkdj fu;af=r thUl ;k ykHknk;d
thUl dks ços'k djk;k tkrk gS mls Gene Therapy dgrs gSaA

23-5 eq[; 'kCnkoyh (Key Terminology)

 mipkj& bykt djukA

 Gene& DNA v.kq dk NksVk HkkxA ¼dkcZfud v.kq½

 Therapy& ¼Fksjsih½ 'kY;fpfdRlk ¾ vFkkZr~ vokaNuh; thu dks gVkdj
okaNuh; thUl dks LFkkfir djukA

 Lipofection ¼fyiksQsD'ku½& dksf'kdkvksa esa fyikslkseksa }kjk thu
LFkkukUrj.k (DNA ços'k djkus½ dks fyiksQsD'ku dgrs gSaA

 Precipitation ¼çslhfiVs'ku½& vo{ksfir djuk@Nkuuk@fØLVyhdj.k
djukA

 Replacement& gVkukA

23-6 Lo-ewY;kadu iz'u ,oa vH;kl
(Self Assessment Questions and Exercise)

y?kq mÙkjh; ç'u (Short Answer Type Questions)

1- fuEufyf[kr ij laf{kIr fVIi.kh fyf[k,&

(i) y{;c/n thu LFkkukUrj.k]

(ii) thu fpfdRlk dk egRo]

(iii) tuu ykbu thu Fksjsih

(iv) jksxksa ds fy, thu fpfdRlk]

(v) dkf;d dksf'kdk thu fpfdRlk]

(vi) ,UVhlsUl DNA FksjsihA

2- y{;c/n thu LFkkukUrj.k dh fofHké fof/k;ksa dk o.kZu dhft,A

3- tuu ykbu thu Fksjsih ds xq.k o nks"k crkb,A

4- lkseSfVd dks'kk thu Fksjsih dk ekuo ds thou esa egRo le>kb,A

5- lao/kZu thu mipkj ij laf{kIr fVIi.kh fyf[k,A

6- thu Fksjsih ij fVIi.kh fyf[k,A
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nh?kZ mÙkjh; ç'u (Long Answer Type Questions)

1- thu fpfdRlk dk foLrkj ls o.kZu dhft,A

2- thu Fksjsih (Gene Therapy) D;k gS\ lksesfVd dks'kk thu Fksjsih dk
o.kZu dhft,A

3- thu mipkj fof/k;ksa dk o.kZu dhft,A

4- vkuqoaf'kd jksxksa esa thu Fksjsih ds egRo ij fuca/k fyf[k,A

5- thu LFkkukarj.k dh fofHké fof/k;ksa ij foLr̀r çdk'k Mkfy,A

6- thu fpfdRlk fdl çdkj fofHké jksxksa ds fpfdRlh; mipkj ds fy,
mi;ksxh gksrh gS] o.kZu dhft,A

7- thu fpfdRlk dh O;k[;k djrs gq, thu mipkj dk mi;ksx esysuksek]
dSalj] vLFkek ds mipkj ds ckjs esa o.kZu dhft,A

8- Lruh ra= (Mammal System) esa fdl çdkj thUl ,d dksf'kdk ls
nwljh dksf'kdk esa LFkkukarfjr gksrk gSA ;g dqN jksxksa esa fdl çdkj
fpfdRlh; mipkj ds fy, mi;ksx dh tkrh gS \

23-7 lgk;d ikB~; lkexzh (Suggested Readings)

1. Genetics by – Gardner, Lewin, Maloy

2. Cell biology & Molecular Biology – Bruece Alberts, J. Lewis, J.D.
Watson

3. Molecular Cell biology – By – J. Darnell H. Lodish and D.
Baltimore.

4. A. M. Winchester Genetics

5. Edgar Alterberg Genetics
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