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  bdkbZ 4 

xq.klw= 

bdkbZ dh :ijs[kk   

4-1  çLrkouk  

visf{kr v/;;u ifj.kke 

4-2  xq.klw=h ukedj.k 

v/kZxq.klw= 

xq.klw=fcanq 

var[kaM@vaR;ka'k 

vuq"kaxh  

f}rh;d ladh.kZu 

dsfUædh; laxBu 

4-3  esVkQst xq.klw=  

xq.klw= iêu çfr:i  

xq.klw=hjpuk 

4-4  ;wØkseSfVu vkSj gsVjksØksesfVu 

4-5  lajpukRed fo'ks"krk,a 

 fo"kk.kqt xq.klw= 

 thokf.od xq.klw= 

 lqdsUnzdh xq.klw= 

4-6  lkjka'k 

4-7  ikBkar ç'u 

4-8  mÙkj  

 

4-1  çLrkouk  

bl [kaM dh fiNyh bdkbZ;ksa esa vkius thu vkSj lathdh; laxBu ds fo’k; esa 

lh[kkA bl bdkbZ esa ge vius Mh-,u-, dh lajpuk mlds fuekZ.k [k.M] /;ku 

xq.klw= ij dsfUnzr djsaxs tks fd i`Fkd bdkb;ksa ds :Ik esa thu dk ogu ¼carry½ 

djrh gSA vis{kk‟r lhfer ek=k esa ,d lagr æO;eku lHkh dksf'kdkvksa esa tufud 

inkFkZ ¼genetic material½ cukrk gSA dksf'kdk ds Hkhrj ,d dsaædkHk ¼nucleoid½ 

thok.kq esa tufud inkFkZ gSA dsUæd ds Hkhrj ØksesfVu dk æO;eku lqdsUnzdh 

dksf'kdkvksa esa tufud inkFkZ cukrk gSA ldsfUæd dksf'kdk pØ ds nkSjku ØkseSfVu 

dk laos"Bu ¼packaging½ cny tkrk gSA xq.klw=] lw=hfoHkktu ¼mitosis½ ds nkSjku 

ØksesfVu ds vf/kd laos"Bu ds dkj.k i`Fkd rÙoksa ¼discrete entities½ ds :i esa 

fn[kkbZ nsrs gSaA ,d xq.klw= dks dbZ thuksa dks ys ogu djus lathu ¼genome½ 

ds ,d i`Fkd bdkbZ ds :i esa ifjHkkf"kr fd;k tkrk gSA çR;sd xq.klw= f}xqf.kr 

DNA ds ,d cgqr yacs v.kq vkSj çksVhu ds yxHkx leku æO;eku ls curk gSA 
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visf{kr v/;;u ifj.kke  

bl vH;kl dks iwjk djus ds ckn] vki %   

 'xq.klw=' dh lajpuk vkSj vO;; dk vkjs[k ,oa fPkUgu dj ldsaxs(  

 xq.klw= dh HkkSfrd fo'ks"krkvksa dks igpku ldsaxss vkSj ukedj.k dj ik;saxs;  

 xq.klw=h; çfrfp=.k vkSj iêu çfr:iks ¼banding patterns½ dh O;k[;k dj 

ik;saxs;  

 fo"kk.kqt ¼viral½] thokf.od ¼bacterial½ vkSj lqdsUnzdh ¼eukaryotic½ xq.klw= 

ds chp varj dj ldsaxs vkSj; 

 xq.klw=hjpuk ds vuqç;ksx dks lwphc) dj ik;saxsA 
 

4-2  xq.klw=h ukedj.k 

xq.klw= 'kCn dh mRifÙk xzhd 'kCn Økseksl ¼chromos½ ls gqbZ gS] ftldk vFkZ gS jax] 

vkSj lksek ¼soma½] ftldk vFkZ gS dk;A 1875 esa LVªklcxZj ¼Strausberger½ us 

xq.klw= dh [kkst dh vkSj "Øksekslkse" 'kCn teZu 'kjhjfon~ ¼aanatomist½ gsufjd 

foYgse x�VÝhM o�u okYMs;j&gkVZ~t ¼Heinrich Wilhelm Gottfried von Waldeyer-

Hartz½ }kjk 1888 esa fn;k x;kA xq.klw= jSf[kd izdkj esa thu /kkj.k djrs gSa vkSj 

DNA]  RNA vkSj çksVhu ls cus gksrs gSA ikS/kksa vkSj tkuojksa dh fofHkUu çtkfr;ksa esa 

xq.klw=ksa ds eki] vkdkj vkSj la[;k esa fHkUurk gksrh gSA xq.klw=ksa esa Lo&f}xq.ku 

(self-duplication) vkSj mRifjorZu (mutation) ds xq.k gksrs gSA xq.klw=ksa vkSj xq.klw=h 

foiFkuksa ¼chromosomal aberrations½ ds v/;;u dks dksf'kdktufudh 

¼cytogenetics½ ds uke esa tkuk tkrk gSA xq.klw=hjpuk ¼Karyotyping½ xq.klw=ksa 

dh lajpuk vkSj xq.kksa] lw=hfoHkktu ¼aamitosis½ vkSj v/kZlw=hfoHkktu ¼ameiosis½ ds 

nkSjku xq.klw=h O;ogkj] cká :i ¼phenotype½ ij xq.klw=h çHkko vkSj dkjd tks 

xq.klw=h ifjorZu dk dkj.k curs gSa dk v/;;u gSA 

lajpukRed :i ls xq.klw= dbZ Hkkxksa ls cus gksrs gSa tSls fd lw=dsUnz@xq.klw=fcanq 

¼Centromere½ ;k dkbusVksdksj ;k çkFkfed ladh.kZu ¼Primary Constriction½] 

v/kZlw=@v/kZxq.klw= ¼Chromatid½] ØkseSfVu] f}rh;d ladh.kZu ¼secondary 

constriction½] vaR;k'k var[kaM ¼Telomere½] o.kZdf.kdk ¼chromomere½]  o.kZlw= 

¼chromonemaa½ vkSj eSfVªDl ¼fp= 4-1½A ge çR;sd ds ckjs esa foLrkj ls tkusaxsA 

xq.klw= ds fofHkUu Hkkxksa dk ,d foLr`r vkys[kh; fu:i.k fp= 4-2 esa fn[kk;k x;k 

gSA 

4-2-1  v/kZxq.klw=  

;g nks fof'k"V y¡cor mi&bdkbZ;ksa ;k xq.klw= ds çR;sd jTtqd ¼strand½ gksrs gSaA 

v/kZxq.klw= dksf'kdk foHkktu ds nkSjku curs gSa pkgs og lw=hfoHkktu ¼mitosis½ 

gks ;k v/kZlw=hfoHkktu ¼meiosis½ gksA v/kZxq.klw= nks çdkj ds gksrs gSa:  lg ¼sister½ 
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v/kZ&xq.klw= vkSj xSj&lg ¼non-sister½ v/kZxq.klw=A v/kZxq.klw= tks xq.klw=fcanq 

ij ,d lkFk tqM+s gksrs gSa mUgsa lg v/kZxq.klw= dgk tkrk gSA lg v/kZxq.klw= 

dksf'kdk foHkktu ds ,ukQst ¼anaphase½ ds nkSjku vyx gks tkrs gSa vkSj çR;sd 

dks vyx gksus ds ckn vuqtkr ¼daughter½ xq.klw= dgk tkrk gSA vr% ,ukQst 

xq.klw= esa flQZ v/kZxq.klw= gksrk gS tcfd esVksQsl xq.klw= esa nks v/kZxq.klw= gksrs gSaA 

 

fp= 4-1: xq.klw= vkSj v/kZxq.klw= dh ,d ljyh‟r lajpukA 

4-2-2  o.kZlw= Økseksfuek  

,d xq.klw= esa çkjafHkd çksQst ds nkSjku o.kZlw= ¼cgqopu&ØkseksfuesVk½ ds :i esa 

lfiZy :i ls dqaMfyr] iryh ;k rarqe;@rkarqd ¼filamentous½ yach lrr lajpuk 

ls ;qä çrhr gksrk gSA ;g eSfVªDl esa ekStwn gksrk gSA ØkseksfuesVk ,d dqaMfyr rarq 

gS ftlesa thu fLFkr gksrs gSa vkSj xq.klw= dh iwjh yackbZ ds lkFk foLrkfjr gksrs 

gSaA ;g la?kuu ¼condensation½ ds izkjafHkd pj.kksa esa v/kZxq.klw= dk izfrfu/kRo 

djrk gSA blfy,] v/kZxq.klw= ¼chromatid½ vkSj o.kZlw= ¼chromonema½ ,d gh 

lajpuk ds nks uke gSa tks fd lacaf/kr izksVhu ds lkFk ,dy Mh ,u , v.kq gSA 

4-2-3  xq.klw=fcanq   

;g xq.klw= dk ,d xSj&vfHkjaftr ¼non-stained½ LFkkuh;‟r {ks= gS ftlds lkFk 

rdqZ rarq ¼spindle fibers½ layXu gksrs gSa bls çkFkfed ladh.kZu ¼primary 

construction½ ;k xq.klw=fcanq ;k dkbusVksdksj ¼kinetochare½ ds :i esa Hkh tkuk 

tkrk gSA xq.klw= esa xq.klw=fcanq dh fLFkfr fLFkj gksrh gSA xq.klw=fcanq vukQst ds 

nkSjku xq.klw= ds xfr ds fy, vko';d gS D;ksafd rdqZ rarq dsoy xq.klw=fcanq ls 

tqM+rs gSaA çkFkfed ladh.kZu ;k xq.klw=fcanq gq, ldkjkRed ¶;wytsu vfHkfØ;k nsrk 

gS tks DNA dh mifLFkfr dks bafxr djrk gSA  

xq.klw= fcUnq ds bZn&fxnZ okys bu fgLLkksa esa vR;f/kd nksgjko ¼repetitive½ okyk 

Mh ,u , gksrk gS tks gsVsjksØkseSfVu dh mifLFkfr dk ladsr nsus okys {kkjd jatd 

¼basic dyes½ ds lkFk rhozrk ls vfHkjaftr ¼stain½ gksrk gSA 

 
 

Wilhelm Waldeyer 
 

xq.klw= dks DNA vkSj 

dksf'kdkvksa esa ik, tkus 

okys çksVhu dh ,dh‟r 

lajpuk ds :i esa 

ifjHkkf"kr fd;k x;k 

gSA ;g dqaMfyr DNA 

dk ,d VqdM+k gS ftlesa 

dbZ thu] fofu;ked 

¼regulatory½ vkSj vU; 

U;wfDy;ksVkbM vuqØe 

¼Sequence½ gksrs gSaA 

xq.klw= esa DNA&;qä 

çksVhu Hkh gksrk gS tks 

DNA dks laiqf"V 

¼package½ djus vkSj 

blds dk;ksaZ dks fu;af=r 

djus dk dke djrk gSA 
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xq.klw= ,d fMLd ¼disc½ ds vkdkj dh lajpuk gksrh gS tks bysDVªkWu lw{en'khZ essa 

=h&IkVyh; ¼trilaminar½ laxBu dks n'kkZrk gSA ckgjh vkSj Hkhrjh ijr ?kuh gksrh gS 

tcfd e/; ijr de ?kuRo dh gksrh gSA xq.klw= dk dk;Z lw{eufydkvksa 

¼microtubules½ ds fy,s tqM+us dk ,d fcUnq ¼centre of assembly½ iznku djuk 

gSA ;g ik;k x;k gS fd 4 ls 40 lw{e ufydk,a xq.klw= fcUnq@dkbusVksdksj ls 

tqM+rh gS vkSj v/kZ&xq.klw= dks foijhr /kzqoksa rd [khaprh gSaA vkerkSj ij vf/kdka'k 

xq.klw=ksa esa ,d xq.klw= fcUnq ¼monocentric chromosome½ gksrk gSA ;fn fdlh 

dkj.k ls xq.klw=h; vlkekU;rk mRiUUk gksrh gS ftlls vdsfUnzd@acentric xq.klw= 

fcUnq ds fcuk½ ;k f}&dsfnzd@dicentric ¼nks xq.klw= fcUnq ds lkFk½ xq.klw= mRiUUk 

gksrs gSa] rks ;g nksuksa vfLFkj gksrs gSaA D;k vki lksp ldrs gSa D;ksa\ 

cks/k iz”u 1 

vdsafUnzd ;k f}dsfUnzd xq.klw= thfor jgus esa D;ksa foQy gksrs gSa\ 

 

4-2-4  f}rh;d ladh.kZu  

bls ÞdsfUædh; la?kBu {ks= ¼Nucleolar Organizing Region½ß ds :i esa Hkh tkuk 

tkrk gS D;ksafd ;g ml LFkku dks fpfUgr djrk gS ftl ij dsfUædk ¼nucleoli½  

ladfyr gksrh gSaA ;g dksf'kdk foHkktu ds var esa dsafæd ds iqu:la?kVu esa 'kkfey 

gSA rRNA la'ys"k.k ds fy, thu Hkh gksrs gSaA tks 18S vkSj 28S jkbZckstkseh 

vkj ,u , ¼RNA½ dks dksfMr djrs gSaA f}rh;d ladh.kZu dh mifLFkfr ds dkj.k 

xq.klw= ds var esa vuq"kaxh ¼satellite½ uked xkaB tSlh lajpuk dk fuekZ.k gksrk gSA  

pwafd rRNA thu dk vuqys[ku cgqr rhoz gksrk gS ;g xq.klw=h; la?kuu ds lkFk 

gLr{ksi ¼interfere½ djrk gS ftlds dkj.k f}rh;d ladh.kZu mRiUUk gksrk gSA ekuoksa 

esa dsfUnzdh; laxBd ¼nucleolar organiser½ xq.klw= la[;k 13] 14] 15] 21 vkSj 22 

ds f}rh;d ladh.kZu ij vofLFkr gksrk gSA ;g lHkh vxzdsfUnz ¼acrocentric½ gksrs gSa 

vkSj muesa vuq’kaxh ¼satellite½ gksrs gSaA  

4-2-5  var[kaM   

;g xq.klw= dk vafre@ vkf[kjh fgLlk gksrk gSA vf/kdka'k lqdsUædh thoksa esa] bl 

{ks= esa iqujkorhZ U;wfDy;ksVkbM vuqØe gksrs gSa tks xq.klw= ds Nksjks dh j{kk djrs 

gSaA ;g Nksjks dks Hkh fLFkj djrk gS vkSj fo'ks"k fØ;kfof/k }kjk foLrkfjr fd;k tkrk 

gS tks jSf[kd DNA ds Nksjks dh Áfrdfr̀;u dh dfBukb;ksa ls fHkUu miekxZ 

fudkyrk gSA bldk uke xzhd 'kCn Vsyksl ¼telos½ ls fy;k x;k gS ftldk vFkZ gS 

"Nksj" vkSj esjksl ¼meros½ dk vFkZ gS] "Hkkx ;k [kaM"A vf/kdka'k çkDdsaædh esa 

o`Rrkdkj xq.klw= dh mifLFkfr ds dkj.k var[kaM ugha gksrs gSA 

4-2-6  o.kZdf.kdk  

,d o.kZdf.kdk dks bfMvksfe;j ¼idiomere½ ds :i esa Hkh tkuk tkrk gS ;s NksVh 

eudk tSlh lajpuk,a gSa tks ØksesfVu rarqvksa  ds dq.Myhdj.k ¼coiling½ }kjk curh 
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gSaA o.kZdf.kdk dsaæd çksVhu dh vf/kd ek=k dks la'ysf"kr djus esa l{ke gksrh 

gS] ;gh dkj.k gS fd ;g o.kZlw= ¼chromonemaa½ ds layXu fgLlksa dh rqyuk esa 

fo'kky vkdkj dh gksrh gSA tc xq.klw= vR;f/kd la?kfur gksrs gSa] rks o.kZdf.kdk 

ns[ks tkrs gSaA  

4-2-7  vuq"kaxh  

,d xq.klw= dk vafre Hkkx tks ,d f}rh;d ladh.kZu }kjk xq.klw= ds eq[; Hkkx ls 

vyx gksrk gS] vuq"kaxh xq.klw= ds :i esa tkuk tkrk gSA ;s oks xq.klw= gksrs gSa ftuesa 

f}rh;d ladh.kZu gksrs gSa tks igpkuus okys fpàdks ds :i esa dk;Z djrs gSaA euq";ksa 

esa] xq.klw= la[;k 13] 14] 15] 21 vkSj 22 vuq"kaxh xq.klw=ksa ¼SAT chromosome½ ds 

mnkgj.k gSaA ;s vxzdsUædh ¼Acrocentric½  xq.klw= gSa] ftlesa ,d [kaM f}rh;d 

ladh.kZu }kjk xq.klw= ds eq[; Hkkx ls vyx gksrk gSA f}rh;d ladh.kZuks dks bu 

fo'ks"k xq.klw=ksa dh igpku djus ds fy, fpàdks ¼markers½ ds :i esa mi;ksx fd;k 

tk ldrk gS D;ksafd os ges'kk vius txg ij fLFkj jgrs gSaA 

4-2-8  eSfVªDl   

,d  xq.klw= ds ckgjh f>Yyh dks isfydy ¼pellicle½ dgk tkrk gS] tks o.kZghu 

¼achromatic½ inkFkZ ls curk gSA ;g f>Yyh tsyh tSls inkFkksaZ dks ?ksjrh gS] ftls 

vkerkSj ij eSfVªDl dgk tkrk gSA ØkseksfuesVk eSfVªDl esa ekStwn gksrs gSaA 

 

fp= 4-2: xq.klw= ds fofHkUu Hkkxksa dk foLr`r lqLi"V fp=.kA 

;wØkseSfVu de „<+rk ls dqaMfyr gksrk gS vkSj blesa lfØ; ;k l'kä :i ls lfØ; 

thu gksrs gSaA ;g gsVjksØkseSfVu dks NksM+dj varjkoLFkk dsUæd esa lHkh lathu 

¼genome½ dh jpuk djrk gSA ;g ØkseSfVu dk ,d lgt ladqfyr :i gS tks thu 

esa le`) gksrk gS] vkSj vDlj lfØ; vuqys[ku ¼transcription½ ds rgr gksrk 

gSA ;wØkseSfVu esa dksf'kdk dsUæd ds Hkhrj lathu dk lcls lfØ; Hkkx 'kkfey gksrk 

gSA ekuo lathu dk 92% fgLlk lathu dk lcls lfØ; Hkkx ;kfu ;wØkseSfVu gksrk 

gSA  ;wØkseSfVu DNA ds lfØ; vuqys[ku ¼transcription½ esa Hkkx ysrk gSA 

SAT dk vFkZ gS 

lSVsykbM vFkkZr~ 

vuq’kaxhA 

ckjcjk eSDd 

fdyaVkWd us 

iz;ksxkRed :Ik ls 

iznf'kZr fd;k fd 

VwVs gq, xq.klw=ksa ds 

u, fljs fpifpis 

gksrs gSa vkSj ,d 

nwljs ds lkFk tqM+u 

dh izo`fÙk j[krs gSa] 

tcfd ;g ns[kk x;k 

gS fd lkekU; 

¼v[k.M½ xq.klw= ds 

Nksj fLFkj gksrs gSa 

vkSj vU; fljksa 

¼ewy ;k VwVs gq,½ ds 

lkFk tqM+us dh dksbZ 

izo`fÙk ugha n'kkZrs gSaA  
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cks/k iz”u 2 

mi;qä 'kCn ds lkFk fjä LFkku Hkjsa: 

d½   ,d xq.klw= --------------------------- ds nkSjku lcls eksVk gksrk gSA 

[k½   ----------------------------------- rarq tSls inkFkZ dk o.kZu djrk gSA 

x½   xq.klw= ds çR;sd le:i i{k dks --------------------------- dgk tkrk gSA 

?k½   }rh;d ladh.kZu rRNA la'ys’k.k ds fy, thu j[krk gS tks --------------------

jkbckst+kseh RNA dks dksfMr djrs gSaA  

M+½   vuq’kaXkh xq.klw= -------------------------- dsUnzdh xq.klw= gS ftuesa eq[; Hkkx ls 

vyx ,d fgLlk gksrk gS tks -----------------------ladh.kZu ds dkj.k vyx gksrk gSA 

4-3  esVkQst xq.klw=  

lw=hfoHkktu ;k v/kZlw=hfoHkktu ds nkSjku esVkQst dksf'kdk foHkktu dk ,d pj.k 

gSA vkerkSj ij] vdsys xq.klw= dks dksf'kdk dsUæd esa ugha ns[kk tk ldrk gSA 

igpkuus ;ksX; esVkQst pj.k ds nkSjku xq.klw= la?kfur gks tkrs gSa vkSj tc os 

foHkkftr gks jgh dksf'kdk ds dsaæ esa lajsf[kr ¼align½ gks jgs gksrs gSaA blhfy, 

esVkQst xq.klw=ksa dk vuqla/kku esa cgqr egRo gS vkSj mudk mi;ksx xq.klw= iz:i.k 

¼karyotyping½ }kjk xq.klw= laca/kh vlkekU;rkvksa dks ij[kus esa ns[kus ds fy, fd;k 

tkrk gSA 

1884 esa LVªklcxZj us  "esVkQst"  ¼xzhd esa: esVk½ 'kCn dks dksf'kdk foHkktu ds ml 

voLFkk dks yf{kr djus ds fy, çLrkfor fd;k Fkk tc mUgksaus xyrh ls lkspk Fkk 

fd xq.klw= dsoy v/kZxq.klw= esa foHkkftr gksrs gSaA ,d esVkQst xq.klw= esa nks lg 

v/kZxq.klw= ¼sister chromatid½ gksrs gSa] çR;sd dk O;kl ¼diameter½ yxHkx 700 nm 

gksrk gS ¼fp= 4-3½A ;gk¡ vkidks ;g /;ku nsuk pkfg, fd esVkQst+ xq.klw= lefer      

¼symmetrical½ gksrs gSa vFkkZr~ nksuksa lg&v/kZxq.klw= ,d nwljs ds niZ.k 

Nfo@izfrfcEc ¼mirror image½ gksrs gSaA bl leferh dk dkj.k nksuksa lg v/kZ 

xq.klw= esa leku DNA dk ik;k tkuk gS vkSj ge lc ;g tkurs gSa fd 

gekjh :ikRed fo'ks’krk,¡ ¼morphological features½ ekStwn vuqØe }kjk fu/kkZfjr 

gksrh gSa vkSj ;gh xq.klw= ds lkFk Hkh gksrk gSA bysDVª�u lw{en'khZ; v/;;uksa ls irk 

pyk gS fd] çR;sd v/kZxq.klw= esa ,d dsaæh; xSj&fgLVksu varHkkZx ¼core½ gksrk gS 

ftls LdSQksYM ;k dsUædh; eSfVªDl dgk tkrk gS] ftlesa ls 30 nm  ØksesfVu ywi 

ewy :i ls ckgj fudyrk gSA çR;sd ik'oZ ¼lateral½ ywi yxHkx 300nm yack gksrk 

gS vkSj blesa 100 Kb rd dk DNA gksrk gSA vkb;s xq.klw= iëu izfr:Ik 

¼chromosome bending pattern½ vkSj bldh xq.klw=h lajpuk esa mi;ksfxrk dk 

vxys vuqHkkx esa i<+rs gSaA 
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fp= 4-3: ,d esVkQst xq.klw= dh lajpukA 

4-3-1  xq.klw= iêu çfr:i  

dksf'kdk tufudh;sa }kjk xq.klw=ksa dk vadu (numbering) vkSj Øekadu (ordering) 

ekud 'kCnkoyh }kjk fd;k tkrk gS tks xq.klw= ds iêh ds lanHkZ esa mi;ksx fd;k 

tkrk gS] vkSj fdlh Hkh xq.klw= vlkekU;rkvksa dk o.kZu djrk gSA euq";ksa 23 tksM+s 

xq.klw= gksrs gSa ¼fyax&xq.klw= ¼sex-chromosome½;kuh X vkSj Y xq.klw= vkSj 

vfyaxh&xq.klw= ¼autosomes½ ;kuh nwljs 22 tksM+s½A vfyaxh&xq.klw= dk Øe ls 

LFkkiu yEckbZ] xq.klw=fcanq dh fLFkfr vkSj iêu çfr:iks ¼banding patterns½ ij 

vk/kkfjr gksrk gSA 

,d xq.klw= ij ,d fo'ks"k thu dk LFkku [kkdk@uD'kk ¼MAP½ ds mi;ksx }kjk 

of.kZr gksrk gSA dksf'kdktufudh LFkku ¼cytogenetic location½ dk mi;ksx djds 

thu dh fLFkfr dk o.kZu fd;k tkrk gSA tc xq.klw= dks dqN jlk;uksa ds lkFk 

vfHkjaftr ¼stained½ fd;k tkrk gS] rks ;g iêh;ksa dk ,d fof'k"V çfr:i cukrk gS] 

ftldk mi;ksx dksf'kdktufudh LFkku dh igpku djus ds fy, fd;k tkrk gSA 

vf/kdka'kr% lcls jatd ftElk ¼Giemsa½ dk mi;ksx vf/kd xq.klw=ksa dks vfHkjatu 

djus ds fy, fd;k tkrk gS] tks iëh;ksa dh ,d J̀a[kyk mRiUu djrs gSaA ftUgsa 

th&iëVh ¼G-bands½ dgrs gSaA xq.klw= th&iêu çfr:i mRiUu djus ds fy, 

xq.klw= dks fVªfIlu ¼trypsin½ tSls çksVhuy;h ¼proteolylic½ ,atkbe ds lkFk igys 

mipkfjr ¼preated½ djrs gSaA çR;sd xq.klw= dh igpku mlds th&iêu 

çfr:i }kjk dh tk ldrh gS ¼fp= 4-4½A ;g çfr:i ewy f}xqf.kr lsV                

(diploid set) ds lkFk rqyuk djds LFkkukarfjr (translocated) xq.klw=ksa dh igpku 

dh vuqefr nsrk gSA 
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G-iV~Vu ;k ftElk&iV~Vu dksf'kdk tufudh esa iz;qDr ,d rduhd gS ftlls 

la?kfur xq.klw=ksa dks vfHkjaftr djds xq.klw= iz:Ik ¼Karyotype½ ds fy, n`';eku 

iV~Vh;k¡ cukbZ tkrh gSaA 

 

fp= 4-4: th&iêu çfr:iA 

vkj&iêu ¼fp= 4-5½ ds fy, dksf'kdkvksa dks xeZ yo.k ds ?kksy ls igys mipkfjr 

fd;k tkrk gS] tks ,Msuhu vkSj Fkk;ehu ls le`) DNA dk fod`fr;u ¼denatures½ 

djrk gS tks th&iêu iSVuZ ds foijhr gksrk gSA vkj&iêu ;wØkseSfVu {ks= dk 

vfHkjatu ¼stain½ dj ldrk gSA xq.klw=ksa dks fQj  ftElk  ds lkFk vfHkjaftr fd;k 

tkrk gSA 

C&iêu  xq.klw=fcanq ds djhc jpd gsVjksØkseSfVu [kaMks ds „<+rk ls ladqfyr {ks=ksa 

dk vfHkjatu djrs gSa vkSj ftUgsa ftElk vfHkjatu  }kjk igpkuk tkrk gSA 

jkbckslksehy RNA ds thu dk vfHkjatu djus okyh flYoj vfHkjatu fof/k       

¼silver stairing method½ dks NOR-vfHkjatu ds :i esa tkuk tkrk gS tks "dsfUædh; 

lajpuk {ks=" dks lanfHkZr djrk gSA  

 

fp= 4-5: lkekU; iq#"k xq.klw=ç:i ¼46] XY½; vkj&iêu ¼nk,a½ th&iêu ¼ck,a½ dk mYVk 

çfr:i gS th&/kukRed iêh vkj&iêu fof/k }kjk gYdh gksrh gS vkSj blds foijhr R-

/kukRed iêh G-iêh fof/k }kjk gYds jax dh fn[krh gSA  
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baVjus'kuy flLVe Q�j áweu lkbVkstsusfVd uksesaDyspj ¼IUCN½ ds vuqlkj] ,d 

fo'ks"k iêh fuEufyf[kr vuqØe esa ukekafdr ¼designated½ fd;k x;k gS: 

• xq.klw= la[;k ¼Chromosome number½ 

• Hkqtk dk çrhd ¼Arm symbol½ 

• {ks= la[;k ¼Region number½ 

• iêh la[;k ¼Band number½ 

fp= 4-6 xq.klw= 18 ds iêu çfr:i ds fy, ,d vkjs[kh;  fp= çnku djrk gSA p 

Hkqtk 'kh"kZ ij NksVh Hkqtk gS vkSj yach Hkqtk q Hkqtk gSA iêh dh la[;k xq.klw=fcanq ls 

'kq: gksrh gS vkSj Hkqtk ds Nksj rd c<+rh gSA  vfHkjatu dk çdkj vkSj dksf'kdk 

foHkktu dk fo'ks"k pj.k ftl ij dksf'kdkvksa dks lao/kZu ¼culture½ esa #) 

¼arrested½ fd;k tkrk gS og çfr:i vkSj iêh dh la[;k dks ifjHkkf"kr djrk gSA 

tc xq.klw= vf/kd yEck gksrk gS] rks dksf'kdkvksa ls mPp&fo'ys"k.k iêh ¼high 

resolution bands½ çkIr gksrs gSa] tks fp= 4-6 ds nkfgus gkFk ds xq.klw= esa fn[kk, 

x;s gSaA tSls&tSls dksf'kdk foHkktu dh çfØ;k vkxs c<+rh gS] xq.klw= vf/kd 

la?kfur ladqfpr vkSj ?kus gks tkrs gSa] ftlls fp= 4-6 esa ck,a gkFk ds fn[kk, x, 

xq.klw= ij iêu çfr:i cu tkrk gSA 

 

fp= 4-6: xq.klw= iêh vkSj mldk ukedj.k ¼ekuo xq.klw= 18½A 

ifê;ka  cM+h lajpuk,a gksrh gSa] çR;sd esa ≈10
7
 {kkjd ;qXe dk DNA gksrk gS] ftlesa 

dbZ lSdM+ksa thu 'kkfey gks ldrs gSaA fp= 4-7 ekuo X xq.klw= ds ifê;ksa dks 

n'kkZrk gS vkSj vyx&vyx xq.klw=ksa ij vkuqoaf'kd fLFkfr;ksa dh igpku djus ds fy, 

mi;ksx fd;s tkus okys ukedj.k Hkh fn[kkrk gSA fdlh fn, x, vofLFkfr dks yach 

¼q½ Hkqtk ;k NksVh ¼p½ Hkqtk ij vkSj fQj Hkqtk ds [kaM] iêh  vkSj mi&iêh ¼vksa½ }kjk 

mldh fLFkfr ls fufnZ"V fd;k tkrk gSA 
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fp= 4-7: ekuo X xq.klw= dks mlds iêu çfr:i }kjk vyx&vyx Hkkxks esa 

mi&foHkkftr fd;k tk ldrk gSA ;g uD'kk ,d de&fo;kstu ¼low-resolution½ dks 

lajpuk fn[kkrk gSA mPp fo;kstu ij] dqN ifê;ksa dks vkxs vkSj vf/kd ifê;ksa  vkSj 

varj&ifê;ksa ¼interbands½ esa mi&foHkkftr fd;k tkrk gS; mnkgj.k ds fy, p21 dks 

vkxs p21-1] p21-2 vkSj p21-3 esa foHkkftr fd;k tk ldrk gSA 

lkekU; rkSj ij] ifê;ksa esa varj&ifê;ksa dh rqyuk esa G+C dh ek=k de gksrh gS 

tgka thu vofLFkr gksrs gSaA ;g ekuo lathu vuqØe esa ns[kk x;k gS tks G+C dh 

ek=k esa lqLi"V mrkj&p<+ko fn[kkrk gS tc lathu dks NksVs [kaMks ¼tranches½ esa 

foHkkftr fd;k tkrk gSA ekuo lathu esa vkSlr G+C ek=k 100 [k.M esa 41% ds 

vkSlr ds lkFk  35% ls 60% rd gksrh gSA tc yEcs [kaMks dk ijh{k.k fd;k tkrk  

gS] rks fHkUurk de gksrh gSA 43% ls vf/kd G+C okys [kaMks dh vkSlr yackbZ 

200&250 kb gSA blls ;g Li"V gksrk gS fd iêh / varj iêh lajpuk ,d leku 

[kaMks  dk o.kZu ugha djrh gS tks fd G+C dh ek=k esa oSdfYid gksrs gSa] gkykafd 

iêh esa de G+C [kaMksa dh ,d mPp ek=k gksrh gSA thu mPp G+C [kaMksa ds [kaMks 

esa ladsafær gksrs gSaA 

4-3-2  xq.klw= ç:i.k 

fdlh tho ds lHkh xq.klw=ksa dh Øekadu ¼arrangement½] ;qXeu vkSj Øe&LFkkiu 

¼ordering½] çfØ;k dks xq.klw=ç:i ¼karyotype½ vkSj fp=kRed çLrqfr dks xq.klw= 

iz:i.k ¼karyotyping½ ds :i esa tkuk tkrk gSA fp= 4-8 ¼d vkSj [k½ Øe'k% uj 

vkSj eknk xq.klw=ç:i ds vkjs[kh; fp=.k dks n'kkZrk gSA ;g ekudh‟r vfHkjatu 

çfØ;kvksa dk mi;ksx djds çR;sd xq.klw= ds fy, fo'ks"k lajpukRed fo'ks"krk,a 

çnku djrk gSA xq.klw= iz:i.k ds fpfdRldh; mi;ksfxrk gS tSls fd cPps ds 

xq.klw=ksa dh tkap ds fy, xq.klw=ç:i ijh{k.k fd, tkrs gSa fd os lkekU; gSa ;k 

ughaA f'k'kqvksa esa dHkh&dHkh ,d vfrfjä] vuqifLFkr ;k vlkekU; xq.klw= gks ldrk 

gSA xq.klw=ç:i ijh{k.k f=lw=rk 18 ¼trisomy 18½] Mkmu flaMªkse] f=lw=rk 13 ;k 

vU; vkuqoaf'kd leL;kvksa tSlh fdlh Hkh rjg dh fo"kerk dk funku ¼diagnose½ 

djus esa enn djrs gSaA ijh{k.k tjk;q&vadqfjdk uewuhdj.k ¼chorionic villi 
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sampling½ vkSj mRoos/ku ¼Amniocentesis/  xHkZorh efgyk ds xHkkZ'k; dh 

tk¡p½  }kjk fd, tkrs gSa ftlesa M�DVjksa }kjk vijk ¼placenta½ ds Hkhrj 

tjk;q&vadqfjdk ls xHkZLFk f”k”kq ¼foetus½ dksf'kdkvksa dk ,d NksVk lk uewuk 

fudkyus ds fy, ,d yach lqbZ Mkyh tkrh gSA 

         

(a)                                                        (b) 

fp= 4-8: d) uj ds xq.klw=ç:i dk vkjs[kh; fp=.k [k) eknk ds xq.klw=ç:i dk vkjs[kh; 

fp=.kA 

4-4  ;wØkseSfVu vkSj gsVjksØksesfVu 

varjkoLFkk ¼interphase½ ds nkSjku nks çdkj ds ØkseSfVu dks foHksfnr fd;k tk 

ldrk gSA ØkseSsfVu ds ?kuRo esa xq.klw= dh yackbZ ds lkFk ifjorZu'khyrk gksrh gS 

tks çR;sd xq.klw= dks cukrk gS ¼vFkkZr] ;g dSls „<+rk ls ladqfyr ¼packed½ fd;k 

tkrk gS½ xq.klw= dh yackbZ ds lkFk fHkUu gksrk gSA ?kus {ks=ksa dks gsVjksØkseSfVu 

¼heterochromatin½ dgk tkrk gS vkSj de ?kus {ks=ksa dks ;wØkseSfVu ¼euctromatin½ 

dgk tkrk gSA 

gsVjksØkseSfVu lathu ds mu Hkkxks dk o.kZu djrk gS tks xgjs vfHkjatu ¼dark 

staining½ okys Hkkx gSa] tks DNA ds vR;f/kd la?kfur vkSj „<+rk ls ladqfyr :i 

gSa] ;s ,atkbeksa vFkok vuqys[ku dkjdksa }kjk de vfHkxE;rk ¼accessibility½ ds dkj.k 

vuqysf[kr ugha gksrs gSa vkSj nsj ls izfrdr̀ ¼replicate½ f}xqf.kr gksrs gSaA 

gsVjksØkseSfVu thu fofu;eu ¼gene regulation½ vkSj xq.klw= iw.kZrk ¼chromosome 

integrity½ ds laj{k.k esa Hkkx ysrk gSA 

gsVsjksØkseSfVu dks nks çdkjksa esa foHkkftr fd;k tkrk gS] ftUgsa jpd ¼constitutive½ 

vkSj  oSdfYid ¼facultative½ dgk tkrk gSA 

jpd gsVsjksØkseSfVu ges'kk fuf"Ø; vkSj la?kfur gksrk gS vkSj xq.klw=fcanq esa ekStwn 

gksrk gSA mnkgj.k ds fy,] iqujkòÙkh; DNA, xq.klw=fcanq DNAA ;g vius 

vkl&ikl ds {ks=ksa dks çHkkfor dj ldrk gSA 
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oSdfYid gsVsjksØkseSfVu vLFkk;h :i ls fuf"Ø; dk;kZRed :i esa ekStwn gks ldrk 

gSA mnkgj.k ds fy,] Lru/kkfj;ksa esa eknk ,Dl ¼X½ xq.klw=A ;g  RNA gLr{ksi 

¼interference½ ds ek/;e ls ds ifj.kke ds dkj.k curk gSA 

cks/k iz”u 3 

mi;qä 'kCn ds lkFk fjä LFkku Hkjsa: 

d½  rdqZ rarq esVkQst ds nkSjku ------------------------ ij layXu gksrs gSaA  

[k½   ------------------------  vfHkjatd xq.klw= dks „';eku cukus ds fy, mi;ksx fd;k 

tkrk gSA 

x½  ,d xq.klw= iêu çfr:i esa  --------  vkSj R-iêh 'kkfey gksrk gS 

?k½  C iêu ------------------------ ds {ks=ksa dk vfHkjatu djrk  gSA 

M+½  jpd gsVsjksØkseSfVu ------------------------ esa ik;k tkrk gSA 

4-5  lajpukRed fo'ks"krk,a  

çR;sd çtkfr esa xq.klw=ksa dh fof'k"V la[;k ekStwn gksrh gSA Qy ef{kdk (Fruit flies) 

esa dsoy 4 tksM+s xq.klw= gksrs gSa] tcfd ‟fe] ;hLV] pwgksa vkSj dqÙkksa esa Øe'k% 6] 16] 

20 vkSj 39 gksrs gSaA vf/kdka'k ldsUæd f}xqf.kr ¼2n½ gksrs gSa tcfd çkDdsaædh 

çtkfr;ksa esa vkerkSj ij çR;sd çeq[k xq.klw= dh ,d vuq‟fr ¼copy½ gksrh gS] 

gkyk¡fd vf/kdka'k dksf'kdk,a vklkuh ls dbZ vuq‟fr;ksa ds lkFk thfor jg ldrh gSaA 

euq"; dh ,d fof'k"V 'kjhj dksf'kdk ¼dkf;d dksf'kdk (somatic cell)½ esa 46 

xq.klw= gksrs gSa] tcfd dqÙkksa esa 78 gksrs gSaA ,d ekuo dksf'kdk ds 46 xq.klw=ksa dks 

23 tksM+s esa O;ofLFkr fd;k x;k gS] vkSj çR;sd tksM+h ds nks lnL;ksa dks ds lkFk ,d 

nwljs ds letkr ¼homologous½ dgk tkrk gS ftlesa ,d tksM+k fyax xq.klw= 

¼XX ;k XY½A euq";ksa esa 44 xSj&fyax xq.klw=ks dks vfyaxh xq.klw= ¼autosomes½ 

dgk tkrk gSA ekuo 'kqØk.kq vkSj vaMs] ftudh çR;sd tksM+h esa ls dsoy ,d letkr 

xq.klw= gksrk gS] dks vxqf.kr ¼haploid½ ¼1n½ dgk tkrk gSA tc nks çtuu dksf'kdk,a 

tqM+rh gSa] rks os ,d ,dy dksf'kdk cu tkrh gSa] ftlesa çR;sd xq.klw= dh nks vuq‟

fr;ka gksrh gSaA ;g dksf'kdk rc foHkkftr gksrh gS vkSj blds vkuqØfed ¼successor½ 

dbZ ckj foHkkftr gksrs gSa] tks varr% ,d çkS< O;fä dk fuekZ.k djrs gSa] ftlesa 

yxHkx lHkh dksf'kdkvksa esa ;qfXer xq.klw=ksa dk ,d iwjk leqPp; gksrk gSA 

vc vkus okys vuqHkkx esa ge fo’kk.kqt] thok.koh; rFkk lqdsUnzdh xq.klw=ksa dh 

lajpuk dks foLRkkj ls le>asxsA 

4-5-1  fo"kk.kqt xq.klw= 

fo"kk.kqt xq.klw=ksa esa DNA ;k RNA mudh vkuqoaf”kd inkFkZ ds :i esa 'kkfey gks 

ldrk gSA vkuqoaf”kd inkFkZ ;k rks ,dy ;k f}&jTtqd gks ldrs gSaA lathu dk eki 

3 kb ls 100 kb rd fHkUu gks ldrk gS] tcfd cM+s fo"kk.kq ds thukse esa yxHkx 300 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/drosophila
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kb gks ldrs gSaA fo"kk.kqt xq.klw=ks esa ekStwn DNA ;k rks jSf[kd vkdkj ¼tSls] T2, 

T3, T4, T5, thok.kqHkksth½ ;k o`rkdkj vkdkj ¼tSls] vf/kdka'k i'kq ok;jl vkSj dqN 

thok.kqHkksth½ dk gks ldrk gSA vf/kdka'k ikni fo"kk.kqvksa ds xq.klw=] ¼tSls] Vkscsdks 

ekstsd ok;jl] TMV½ vkSj dqN thok.kqHkksth vkSj dqN tarq fo"kk.kq ¼tSls] 

iksfy;ksekbfyfVl fo"kk.kq] ba¶yq,atk ok;jl] vkfn½ ,d js[kh;] ,dy jTtqd RNA 

v.kq ls cus gksrs gSaA fo"kk.kqt xq.klw= fofjvksu ¼viron½ ds dSfIlM ¼capsid½ ds vanj 

„<+rk ls ladqfyr fd, gks ldrs gSa ;k iks"kd dksf'kdk ds vanj Lora= :i ls ekStwn 

gksrs gSaA jsVªksok;jl esa çfr dSfIlM lathu dh nks vuq‟fr;ka ¼f}xqf.kr½ gksrh gSa] 

tcfd vU; vxqf.kr gksrs gSaA 

{kkj çfrLFkkiu ds dkj.k vyx&vyx {kkj la?kVu okys f}&jTtqd DNA  dbZ 

fo’kk.kq@ok;jl esa ekStwn gksrs gSa]  ftlls DNA ds HkkSfrd xq.kksa esa cnyko gksrk gS] 

tSls fd xyu rki ¼melting temperature½] lhft;e DyksjkbM ¼CsCl½ esa 

mRIykou ?kuRo ¼buoyant density½ vkfnA Vh&bou ¼T-even½ dksykbfoHkksth 

¼coliphage½ esa lkbVkslhu ¼C½ dks 5&gkbMª�DlhesfFky lkbVkslhu ¼HMC½ esa 

la'kksf/kr fd;k tkrk gSA dqN ekeyksa esa] Fkk;ehu  dks 

5&gkbMª�Dlh&esfFky ;wjsfly ;k 5&Mkb&gkbMª�DlhesfFky;wjsfly esa ifjofrZr fd;k 

tkrk gS] mnkgj.kkFkZ&thok.kqHkksth;ksa esaA ,d çksVhuh; fljk ds vanj ladqfyr 

f}&jTtqd DNA v.kq thok.kqHkksth Vh&4 esa ekStwn gksrk gSaA thok.kqHkksth Vh&4 dk 

xq.klw= yxHkx 168]800 {kkjd ;qXe yack gksrk gSA 

dqN thok.kqvksa esa js[kh; DNA Hkh ekStwn gksrk gS] tcfd vU; esa o`Ùkkdkj DNA gksrk 

gSA DNA esa js[kh; vkSj o`Ùkkdkj nksuksa :iksa esa ekStwn gks ldrk gSA tSlk fd 

ySEMkdkj foHkksth ¼λ½ ,d fo’kk.kqt d.k ls i`Fkd gksus ij] λ DNA js[kh; gksrk gS] 

ysfdu tc ;g iks"kd dksf'kdk esa ços'k djrk gS] rks o`Ùkkdkj gks tkrk gSA 

cgqr NksVs thok.kqHkksth;ksa esa ,dy&jTtqd DNA gksrk gSA fofjvksu esa ik, tkus 

okys ,dy&jTtqd DNA dks /kukRed ¼+½ jTtqd ¼positive stand½ dgk tkrk gS 

tks fd Qst+ d.kksa esa lcls T;knk ik;k tkrk gSA gkykafd] nks iwjd jTtqd 

vyx&vyx fofjvksu ¼,fMuks&lac) ok;jl½ esa ekStwn gksrs gSaA mRØeh iqujkorhZ 

vuqØe ¼Inverted repeating sequence½ ,dy&jTtqd DNA esa ekStwn gksrs gSa tks 

gs;j fiu ¼hair pin½ cukrs gSaA js[kh;  jTtqd vkSj f}xq.ku esa  o`Ùkh;u 

¼circularization½ gs;jfiu lajpukvksa ds dkj.k gksrk gSA 

tarqvksa vkSj ikS/kksa ds dbZ foa'kQydh; fo"kk.kqvksa ¼icosahedral viruses½ esa f}&jTtqd 

RNA gksrk gSA ,sls fo’kk.kq@ok;jl ds lathu esa dbZ [kaM 'kkfey gksrs gSaA fofHkUu 

[kaMksa dks {kkjd ;qXeks ds NksVs [kaMksa ls tksM+k tk ldrk gSA çR;sd [kaM vyx&vyx 

vuqys[ku ls xqtjrk gS vkSj blesa 'kkfey fd.od@,atkbe "f}&jTtqd RNA 

VªkalfØIVst" gksrk gSA vuqoknu ¼translation½ ij çR;sd mRNA }kjk ,d vyx 

i�yhisIVkbM J̀a[kyk dk mRiknu fd;k tkrk gSA 

dqN fo"kk.kq ds lathu esa ,dy jTtqd RNA v.kq gksrs  gSa] tcfd dqN vU; fo"kk.kq 

esa dbZ [kaM gksrs gSa] tSls] ba¶yq,atk fo"kk.kq esa 8 [kaM gksrs gSaA fo"kk.kq ds dSiflM 

esa ;k rks /kukRed ¼+½ ;k _.kkred ¼&½ RNA jTtqd gksrs gSaA 
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iks"kd dksf'kdk esa mRNA ds :i esa dk;Z djus okys fo"kk.kq RNA jTtqd dks Iyl 

¼+½ jTtqd ;k /kukRed@i�ftfVo jTtqd dgk tkrk gSA 

oks RNAs] ftlesa dSi ugha gksrh gS] ysfdu muds 5′&Nksj ij U;wfDy;kslkbM 

VªkbQ�LQsV esa lekIr gks tkrs gSa mUgsa _.kkRed@fuxsfVo  ¼&½ jTtqd  dgk tkrk 

gSA ;s jTtqd lh/ks mRNA ds :i esa dk;Z ugha djrs gSaA blds ctk;] ;s mRNA 

dk mRiknu djus ds fy,] fofjvksu esa ekStwn ,atkbe ",dy&jTtqd RNA 

VªkalfØIVst" }kjk vuqysf[kr gksrs gSaA 

4-5-2  thokf.od xq.klw=  

,d ,dy oÙ̀kkdkj] f}&jTtqd DNA v.kq çR;sd çkDdsaæd xq.klw= dk fu#i.k 

djrk gS; ysfdu ldsUæd vf/ktxr tSls DNA v.kq ds pkjksa vksj dksbZ çksVhu vkSj 

RNA ugha gksrk gSA fofHkUu çkDdsaædh çtkfr;ksa esa xq.klw= ds fofHkUu eki gksrs 

gSaA ,d c`gRdk; xq.klw= vkSj dbZ NksVs xq.klw= ftUgsa IykfLeM ¼plasmid½ 

vkSj ,ihlkse ¼episome½ dgk tkrk gS] vf/kdka'k thok.kqvksa  esa lHkh vkuqoaf'kd 

tkudkjh lafpr djrs gSa ¼fp= 4-9½A 

IykfLeM Lok;Ùkrk ls f}xqf.kr gksus okys o`Ùkkdkj DNA v.kq gksrs gSa tks rhu thu ls 

dbZ lkS thuksa rd ogu dj ldrs gSaA dqN thok.kqvksa esa eq[; xq.klw= ds vfrfjä 

11 fofHkUu IykfLeM gksrs gSaA ,filkse IykfTeM ds leku gksrs gSa] ysfdu ,ihlkse ;k 

rks Lok;Ùkrk ls ;k iks"kd thok.kq esa lekdfyr ¼integrated½ eq[; xq.klw= ds Hkkx 

ds :i esa izfrd̀r gks ldrs gSaA 

thok.kq lkekU; foHkktu ¼simple fission½ }kjk vySafxd çtuu djrs gSa ftlesa 

çR;sd vuqtkr dksf'kdk ¼daughter cell½ dks xq.klw= dh ,d vuq‟fr çkIr gksrh gSA 

os ,dxqf.kr ¼monoploid½ ysfdu "cgqdsaædh" gksrs gSa; vFkkZr dksf'kdk esa vkerkSj ij 

xq.klw= dh nks ;k vf/kd leku çfr;ka gksrh gSaA  lqdsUæd vf/ktxr esa ySfxad 

çtuu ¼sexual reproduction½ ds nkSjku gksus okys iqulaZ;kstu ?kVuk,a 

¼recombination events½] Lora= viO;wgu ¼independent assortment½ vkSj v/kZlw=h 

thu fofue; ¼meiotic crossing over½ thok.kqvksa esa lelw=h vkSj v/kZlw=h dksf'kdk 

foHkktu dh vuqifLFkfr ds dkj.k ugha gksrs gSaA 

 

fp= 4-9: thokf.od xq.klw=A 
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4-5-3  lqdsUædh xq.klw=  

ldsafæd xq.klw=ksa dh vkdkfjdh ¼morphology½] jklk;fud lajpuk ¼chemical 

composition½ vkSj vk.kfod lajpuk ¼molecular structure½ çkDdsafæd xq.klw=ksa ls 

fHkUu gksrh gSA lqdsUædh;ksa esa cM+h ek=k esa vkuqokaf”kd inkFkZ gksrs gaSA blfy,  

fo"kk.kqvksa vkSj çkDdsaædks dh rqyuk esa vf/kd vkuqoaf'kd tkudkjh gksrh gSA ldsUædksa 

dh fofHkUu çtkfr;ksa esa xq.klw=ksa dh fLFkj ¼constant½ vkSj fof'k"V la[;k ekStwn gksrh 

gSA lqdsUædksa esa] la?kfur lajpuk ftls ØkseSfVu dgk tkrk gS esa çksVhu }kjk laos"Vu 

¼packaging½ ds dkj.k cgqr yacs DNA v.kq dksf'kdk dsaæd esa lekfgr gksrs gSaA 

¼fp= 4-10½ dksf'kdk o`f) vkSj dksf'kdk foHkktu dh lrr çfØ;k ds nkSjku lqdsaædh  

xq.klw=ksa dh lajpuk pj.k nj pj.k ifjorZuh; gksrh gSA 

xq.klw=ksa esa dksf'kdh; foHkktu] izfrdr̀;u vkSj vuqtkr dksf'kdkvksa esa lQyrkiwoZd 

tkus dh {kerk gksrh gS rkfd vkuqoaf'kd fofo/krk ¼genetic diversity½ vkSj muds oa'k 

¼progeny½ ds vfLrRo dks lqfuf'pr fd;k tk ldsA varjkoLFkk ¼interphase½ ds 

nkSjku ¼tc dksf'kdk dk dksbZ foHkktu ugha gksrk gS½ xq.klw= irys] dqaMfyr] ykspnkj 

¼elastic½ vkSj rarq tSlh lajpuk,a gksrs gSa vkSj ;gh dkj.k gS fd de vko/kZu 

(magnification) ds rgr ØkseSfVu rarq ds :i esa tkuk tkrk gSA ;s ØksesfVu rarq,a  

lw=hfoHkktu ds esVkQst pj.k vkSj v/kZlw=h foHkktu ds çksQst pj.k ds nkSjku 

vR;f/kd l?ku vkSj fof'k"V Qhrs ¼ribbon½ ds vkdkj ds xq.klw= cu tkrs gSaA bu 

xq.klw=ksa esa ,d Li"V Hkkx gksrk gS ftls dkbusVksdksj ¼kinetochore½ ;k xq.klw=fcanq 

¼centromere½ dgk tkrk gS ftlds fo’k; esa vkius bl bdkbZ ds “kq:vkr esa i<+k 

gSA  

 

fp= 4-10: lqdsfUæd xq.klw=A 

lqdsUædksa ds dksf'kdk dsaæd esa dbZ cM+s js[kh; xq.klw= ekStwn gksrs gSaA çR;sd xq.klw= 

esa ,d xq.klw=fcanq ekStwn gksrk gS] ftlesa ,d ;k nks Hkqtk,a xq.klw=fcanq  ls  ckgj 

fudyrh gSaA vf/kdka'k lqdsUædksa esa ,d lkekU; o`Ùkkdkj lw=df.kdh;  lathu 

¼mitochondrial genome½ Hkh ekStwn gksrk gS] vkSj dqN lqdsUædksa vf/ktxr esa 

vfrfjä lkekU; oÙ̀kkdkj ;k js[kh;  dksf'kdkæO;h xq.klw= ekStwn gks ldrs gSaA 

xq.klw=fcanq dh la[;k ds vuqlkj lqdsaædh xq.klw= fdlh Hkh xq.klw=fcanq ds fcuk 

¼fodsafær ¼acentric½½] ,d xq.klw=fcanq ¼,ddsaæh ¼monocentric½] nks xq.klw=fcanq 

¼f}dsaæh ¼dicentric½½ vkSj nks ls vf/kd xq.klw=fcanq ¼cgqdsaæh ¼polycentric½ gks ldrs 
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gSaA xq.klw=fcanq xq.klw=ksa dks nks ;k vf/kd cjkcj ;k vleku xq.klw=h Hkqtkvksa  esa 

foHkkftr djrk gSA lkFk gh] lqdsaædh xq.klw= xq.klw=fcanq dh fLFkfr ds vuqlkj 

vardsaæh ¼telocentric½ vkSj vxzdsafnz  ¼Acrocentric½ ¼j�M &vkdkj½] mie/;dsaæh 

¼Submetacentric½ ¼J&vkdkj½ vkSj e/;dsaæh ¼Metacentric½ ¼V&vkdkj½ ds gks 

ldrs gSa ¼fp= 4-11½A dksf'kdk foHkktu ds nkSjku rd ¼spindle½ dh js”kk 

lw{eufydk,a ¼microtubules½ xq.klw=h; xq.klw=fcanq ds lkFk tqM+ tkrh gSa vkSj mUgsa 

dksf'kdk ds foijhr /kqzoksa dh vksj ys tkrh gSaA xq.klw= esa xq.klw=fcanq ds vykok vUr 

ds ,d/kzqoh; [kaMksa dks var[kaM ¼telomere½ dgk tkrk gSA ,d vfrfjä fo'ks"k [kaM 

ftls dsafædk laxBd ¼nucleolus organizer½ dgk tkrk gS] dsafædk ds lkFk tqM+k 

gqvk gSA 

 

fp= 4-11: xq.klw=fcanq dh fLFkfr ds vk/kkj ij xq.klw= dk ukedj.k: ¼d½ vardsaæh; ¼[k½ 

vxzdsafnz ¼x½ mie/;dsaæh; vkSj ¼?k½ e/;dsaæh xq.klw=A 

l?ku rjhds ls la?kfVr ¼organized½ DNA&çksVhu lef"V lqdsaædh  xq.klw= cukrk 

gSA ;g dksf'kdk ds dsaæd esa cM+h ek=k esa DNA ds lap; dh Hkh vuqefr nsrk gSA 

DNA vkSj çksVhu dh lef"V lqdsaædh  dsaæd esa ØkseSfVu cukrh gS] tks xq.klw=ksa dh 

rjg ladqfyr ¼package½ gksrh gSA DNA dh fofHkUUk vko';drkvksa ds dkj.k] 

dksf'kdk pØ ds fofHkUu pj.kksa ds chp ØkseSfVu dh lajpuk esa egRoiw.kZ fHkUurk gksrh 

gSA varjkoLFkk ds nkSjku ØkseSfVu dks ;wØkseSfVu vkSj gsVjksØkseSfVu esa foHkkftr fd;k 

x;k gSA 

ØksesfVu xq.klw= dh mibdkbZ gS vkSj ØksesfVu dh ewy bdkbZ dsafædkHk 

¼nucleosome½ gSA lHkh lqdsaædh  xq.klw=ksa esa ik, tkus okys DNA dh lcls ljy 

laos"Bu lajpuk dsafædkHk gSA 

lokZf/kd çpqj ek=k esa ewy çksVhu tks DNA ls tqM+s gksrs gSa] fgLVksu çksVhu dgykrs 

gSaA dsafædkHk fgLVksu uked NksVs ewy çksVhu ds ,d v"Vr; ¼octamer½ }kjk curk 

gSA bl v"Vr; ds pkjksa vksj 200 {kkjd ;qXe dk DNA fyiVk gqvk gksrk gSA 

dksj@ewy ¼core½ ds pkjksa vksj 146 {kkjd ;qXe ds yisVus ds dkj.k _.kkRed 

vfroy;u ¼Negative supercoiling½ dk fuekZ.k gksrk gS vkSj 'ks"k {kkj vxys 

dsafædkHk ls tksM+us dk dke gSaA ewy fgLVksu esa fgLVksu çksVhu H2A, H2B, H3 vkSj 

H4 dh nks vuq‟fr;ka gksrh gSa] vkSj DNA tks fgLVksu v"Vr; ls tqM+k gksrk gSa] mls 

dksj@ewy DNA ds :i esa tkuk tkrk gSA 
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çtkfr;ksa ds chp DNA dh yackbZ esa fHkUurk gksrh gS] tks dsafædkHk ls tqM+h gqbZ gksrh 

gS ¼fp= 4-12½A gkykafd lHkh lqdsfUnzdksa esa ;g eku vifjorZuh; gS vkSj 146 

{kkjd ;qXe gksrk gSA v"Vr; ds pkjksa vksj DNA nks ywiks dk fuekZ.k djrk gS] ftlds 

dkj.k nks [k.M fudV vkrs gSa tks fd 80 {kkjd ;qXe nwj gksrs gSaA bl çdkj] nks 

vuqØe tks cgqr nwj gksrs gSa] thu vfHkO;fä ¼gene expression½ dks fu;af=r djus 

ds fy, ,d gh fu;ked çksVhu ds lkFk var:fØ;k ¼interact½ dj ldrs gSaA çR;sd 

fgLVksu v"Vr; dks tksM+us okys DNA dks 'k`a[kyd ¼linker½ DNA dgk tkrk gSA 

'k`a[kyd DNA dh yackbZ 8 ls 114 {kkjd ;qXeks  rd fHkUu gks ldrh gSA ;g 

fHkUurk çtkfr fof'k"V gksrh gSA 

 

fp= 4-12: dsafædkHk dh jpukA 

30 nm rarqvksa dh jpuk la?kBu ¼organization½ dk vxyk Lrj gS] tks çfr eksM+ 

yxHkx 6 dsafædkHk ds lkFk ,d ifjukfydk ¼solenoid½ lajpuk fn[kkrk gSA vk/kkj 

¼axis½ ds lkFk çR;sd 1 µm esa 40 µm DNA gksrk gS tks 40 dk ladqyu ¼packing½ 

vuqikr cukrk gSA fgLVksu H1 30nm lajpuk dh fLFkjrk ds fy, vfrvko';d gS 

ftls “kà[kyd ¼linker½ fgLVksu Hkh dgrs gSaA 700 nm laos"Vu ds vafre Lrj dh 

fo'ks"krk gS vkSj fQj esVkQst xq.klw= esa 1400 nm lajpuk laos"Vu ns[kk tkrk gS 

¼fp= 4-13½A ;g xq.klw= esa LdSsQksfYMax vkyacu ¼scaffolding½ lajpuk vkSj DNA ds 

O;kid ywiu ¼looping½ dk ifj.kke çrhr gksrk gSA 

 

fp= 4-13: lqdsaædh  xq.klw= laxBu dk LrjA 



 

 

[kaM 1                                                                                           thu vkSj thukse 

 
 

104 

cks/k iz”u 4 

d½  thokf.od ¼çkDdsafæd½ xq.klw= esa DNA dks ------------------ ds :i esa of.kZr fd;k 

x;k gSA 

[k½  fgLVksu ------------------  gksrs gSa tks vkerkSj ij ------------------  ls tqM+s gksrs gSaA 

x½  ------------------  vius thukse ds :i esa RNA dk mi;ksx dj ldrk gSA 

?k½  T2 Qst dks ------------------  dgk tkrk gSA 

4-6  lkjka'k  

 tarqvksa vkSj ikS/kksa dh dksf'kdkvksa ds dsaæd ds vanj ik, tkus okys rarq tSlh 

lajpuk,a xq.klw= ds :i esa tkuh tkrh gSaA lHkh thfor phtksa esa xq.klw=ksa dh 

vyx&vyx la[;k vkSj vkdkj esa fHkUurk gksrh gSaA 

 çR;sd xq.klw= çksVhu vkSj fMv�DlhjkbcksU;wfDyd vEy ¼DNA½ ds ,dy v.kq 

ls cuk gksrk gS A çR;sd çdkj ds thfor çk.kh fof'k"V {kkjd vuqØe okys 

DNA dh mifLFkfr ds dkj.k vf}rh; gksrs gSaA 

 thok.kqvksa esa ,d ;k nks o`Ùkkdkj xq.klw= ik, tkrs gSa vkSj muesa lqdsaæd 

vf/ktxr tSls DNA v.kq dh rjg pkjks vksj dksbZ çksVhu vkSj RNA ugha gksrk 

gSA 

 dksf'kdk ds dsaæd ds vanj tksM+s esa Øec) gksus okys js[kh;  xq.klw= ikS/kksa] 

tarqvksa vkSj euq";ksa esa ekStwn gksrs gSaA o`Ùkkdkj xq.klw= lw=df.kdk 

¼mitochondria½ esa Hkh ik;k tkrk gSA 

 çtuu dksf'kdkvksa ;k ;qXedksa ¼gametes½ esa xq.klw=ksa ds tksM+s ugha gksrs gSa] 

cfYd çR;sd xq.klw= dh dsoy ,d vuq‟fr gksrh gSA 

 fo"kk.kqt xq.klw=ks esa DNA ;k RNA muds vkuqokaf”kd inkFkZ ds :i esa 'kkfey 

fd;k tk ldrk gSA ;g ,dy ;k f}&jTtqd] o`Ùkkdkj ;k js[kh; vkdkj dk 

gks ldrk gSA 

 lqdsaæd vf/ktxr esa cM+h ek=k esa vkuqokaf”kd inkFkZ gksrk gS blfy, fo"kk.kqvksa 

vkSj çkDdsaædks dh rqyuk esa vf/kd vkuqoaf'kd tkudkjh gksrh gSA lqdsaæd 

vf/ktxr ds fofHkUu çtkfr;ksa esa xq.klw=ksa dh vifjorZu'khy vkSj fof'k"V 

la[;k ekStwn gksrh gSA   

 xq.klw= f}xq.ku] dksf'kdk foHkktu vkSj vuqtkr  dksf'kdkvksa ds fuekZ.k dh 

çfØ;k ds fy, vko';d gksrs gSaA 
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4-7 ikBkar ç”u  

1. xq.klw= D;k gSa\ 

2. xq.klw=fcanq dk o.kZu djsaA 

3. IykfLeM rFkk ,ihlkse dks ifjHkkf’kr djsaA 

4. U;wfDy;kslkse dh lajpuk dk o.kZu djsaA 

5. fo"kk.kqvksa esa DNA ;k RNA dk eki D;k gS\ 

6. lHkh lqdsaædh  xq.klw=ksa  }kjk lk>k dh xbZ vko';d lajpukRed fo'ks"krkvksa 

dks js[kkafdr djsaA  

7. xq.klw= iêh D;k gSa] vkSj os dSls fufeZr gksrs gSa\ 

8. iêu çfr:i dh egRrk D;k gSa\ 

4-8  mÙkj  

cks/k iz”u  

1. xq.klw= fcUnq ds vHkko esa] ,ukQst+ ds nkSjku lw{e ufydk,¡ xq.klw= fcUnq ls 

tqM+us esa foQy gksrh gSa vkSj xq.klw= dks [khap ugha ikrh gSaA vr% os dksf'kdk,sa 

ftuesa vdsfUnzd ;k f}dsfUnzd xq.klw= gksrs gSa thfor jgus esa foQy gksrh gSaA  

2. d½  esVkQst 

 [k½  ,d v/kZxq.klw= 

 x½  dsafædkHk 

 ?k½  MCY;wå  ¶ysfeax  

 M+½  v/kZxq.klw= 

3. d½ dkbusVksdksj 

 [k½  ftElk   

 x½  gYdh] xgjh jaxA  

 ?k½  gsVjksØkseSfVu 

 M+½  xq.klw=fcUnq 
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4. d½  ,d ,dy oÙ̀kkdkj f}&dqaMfyr v.kqA 

 [k½  ewy çksVhu;( DNA 

 x½   fo"kk.kq  

 ?k½   TMV 

ikBkar iz”u 

1. dksf'kdkvksa ds dsaæd esa ik, tkus okys DNA vkSj çksVhu dh la?kfBr lajpuk 

ds :i esa xq.klw= dks ifjHkkf"kr fd;k x;k gSA 

2. ;g xq.klw= dk ,d xSj&vfHkjaftr LFkkuh;‟r {ks= gS ftlds lkFk rdqZ js'kk 

layXu çkFkfed ladh.kZu ;k xq.klw=fcanq ;k xfrfcanq ds :i esa tkuk tkrk gSA 

3. ,d IykfLeM ,d o`Ùkkdkj] NksVk] f}&jTtqd DNA v.kq gS tks ,d dksf'kdk 

ds xq.klw= DNA ls vyx gksrk gSA ;g LokHkkfod :i ls thokf.od 

dksf'kdkvksa esa ekStwn gksrk gS] vkSj dqN lqdsaædh  vf/ktxr esa Hkh ik;k tkrk 

gSA ,ihlkse ,d tufud inkFkZ gS tks  dHkh dHkh Lora= :i ls ekStwn gksrk 

gS] tcfd vU; le; xq.klw= esa  lekdyu djus esa l{ke gksrk gS  mnkgj.k 

Lo:i fuos'ku vuqØesa ¼insertion sequences½ vkSj Vªkalikst�uA 

fo"kk.kq ,ihlkse dk ,d mnkgj.k gSA 

4. vuqHkkx 4-5-3 ns[ksaA 

5. NksVs fo"kk.kqvksa esa 3 kb tcfd cM+s fo"kk.kqvksa esa yxHkx 300 kb dk lathu gks 

ldrk gS A 

6. ,d xq.klw=fcanq] çR;sd Nksj ij ,d var[kaM] vkSj ,d ;k ,d ls vf/kd 

i`frd`fr;u dk vkjaHkuA  

7. dqN vfHkdeZd fof'k"V mipkj ds ckn fof'k"V xq.klw= [kaMks dk vfHkjatu dj 

nsrs gSa ftUgsa iêh ds :i esa tkuk tkrk gS tks nwljksa dh rqyuk esa vf/kd çcy 

gksrs gSaA 

8. ;s iêu çfr:i fo'ks"k xq.klw=ksa ds fy, fof'k"V gksrs gSa vkSj xq.klw= dh yackbZ 

ds lkFk lhek fpà ds :i esa dke djrs gSa rkfd leku eki vkSj vkdkj ds 

xq.klw=ksa dks vyx fd;k tk ldsA 

 




