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CHAPTER : 6 
 
 

BACTERIAL GENETICS  
 

 
 
 

TRANSFORMATION 
Transformation esa ,d recipient }kjk fn;s x;s, free naked DNA dks donor vius vUnj xzg.k dj ysrk gSA ;s bacteria esa genetic 
exchange dk igyk example FkkA igyh ckj 1928 esa Griffith us bls izk;ksfxd :i ls fl) fd;k FkkA mUgksaus ik;k fd ftu Pneumococci 
bacteria esa capsule gksrh gS oks smooth (S) appearance strain ds gksrs gSa vkSj ftu pneumococci esa capsules ugha gksrs oks rough (R) 
strain ekus tkrs gSaA  

 
ii. Type I/Smooth capsuled pneumonia, virulent ;k tkuysok ik;s x;s vkSj muds infection ls mouse dh èR;q gks tkrh gS, ijUrq rough 

strain pneumococci (type II) gkfujfgr ik;s x;sA  
iii. Griffith us ;g Hkh ik;k fd tc mouse esa live non-capsulated (R, type II)  strains vkSj heat killed capsulated (S, type I) strains 

dk mixture inject fd;k tkrk gS rks Hkh mouse dh death gks tkrh gSA  

iv. vxj bu nksuksa bacterias dks vdsys inject fd;k tkrk gS rks mouse dh death ugha gksrh ijUrq budk mixture ?kkrd gksrk gSA Capsule ds 

lkFk dqN live S strains dks isolate fd;k x;k, animal ds blood esa ls ftlls irk yxk fd dead S cells ds dqN factors R strain dks S 
type esa convert dj nsrs gSaA Factor ftldh otg ls ;s transformation gqvk oks DNA gS, ;s Avery, McLeod vkSj McCarty us 1944 esa 
crk;kA 

Transformation ,d izdkj dk gene transfer gS tks fd donor cell }kjk fn;s x;s DNA dk recepient cells }kjk uptake djus dh otg ls 
gksrk gSA dqN bacteria (tSls: Bacillus, Haemophilus, Neisseria, Pneumococcus) environment esa ls DNA ys ldrs gSa vkSj fy;k x;k 
DNA recipient ds chromosome esa incorporate gks tkrk gSA  
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Åij fn;s gq, Transformation esa fuEu steps fufgr gksrh gSa:  
1.  tc Donor bacterium ej tkrk gS vkSj degrade gksus yxrk gSA  
2.  Dead donor bacterium dk ,d DNA fragment (T;knkrj 20 genes long gksrs gSa) DNA binding proteins ls bind gks tkrk gS tks 

component living cell dh cell wall ij mifLFkr gksrs gSaA  
3.  fQj nuclease enzymes bound DNA dks fragments esa dkV nsrk gSA   
4.  ,d strand u"V dj nh tkrh gS vkSj nwljh recipient bacterium esa izos’k gks tkrh gSA  
5.  Rec A protein, donor DNA ds fragment vkSj recipient's DNA ds chp esa genetic exchange (recombination) c<kok nsrk gSA dqN 
bacteria, naturally gh DNA ys ysrs gSa] ijUrq ;s bacteria viuh growth cycle (log phase)  ds particular time ij gh DNA ys ldrs gSa tc 
oks ,d specific protein competence factor mRiUUk djrs gSaA Gram positive vkSj gram negative }kjk DNA dk uptake different gksrk gSA  
Gram positive bacteria esa DNA ,d single stranded molecule dh rjg fy;k tkrk gS vkSj complementary strand, recipient esa gh 
cukbZ tkrh gS, ijUrq Gram negative bacteria esa double stranded DNA gh fy;k tkrk gSA 

 
Mapping by Transformation: Transformation mapping dh tkudkjh ls ge known genotype ds bacterial strain ds DNA dks 

nwljs known genotype ds strain esa tksMrs gSa, ijUrq ;s buds 2 ;k T;knk loci ij different allele gksaxsA ge fQj ns[ksxsa fd donor allele dk 
recipient strain ds bacteria esa lekos’k (incorporation) gks ldrk gS D;k? ftruk T;knk]] 2 loci ds alleles host esa lkFk&lkFk lekos’k 
(incorporate) gksrs gSa] mrus gh T;knk ;s loci ,d nwljs ds ikl gksrs gSaA blhfy, ge index of co-occurrence tks fd map distance ds lkFk 

foijhr laca/k esa gS, dk mi;ksx dj ldrs gSaA ftruh T;knk co-occurrence gksxh, mlus gh T;knk 2 loci ikl gksaxsA 

1. lcls igys, gesa DNA ysuk gksxk – ge ;s fdlh vPNs ls bacteria isolate djds dj ldrs gSaA Transformation }kjk mapping mu fLFkfr;ks 
esa dh tkrh gS tcfd conjugation ;k transduction }kjk ;g laHko ugh gksrkA 

i. Donor DNA dks fudky dj purify djds fragments esa rksMk tkrk gS tks recepients ds lkFk incubate djus ij mlesa pyk tkrk 
gSA blls donor vkSj recipient esa igpkus tkus ;ksX; phenotypic (genotypic Hkh ) vUrj fn[kus yxrs gSA 

ii. vxj DNA fragment vUnj tkdj recipient chromosome ds lkFk homologous recombination djrk gS rks recipient ,d 
u, phenotype dks fn[kk,xk ftls vyx vyx testing }kjk irk yxk;k tk ldrk gSA 

2. dqy cells ftUgs ,d u, DNA ls expose fd;k tkrk gS mudk cgqr de izfr’kr gh complete transformation dj ikrk gSA 
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3. Transformation experiments ;g lqfuf’pr djus ds fy, fd, tkrs gS fd  

 genes linked rks ugh gS 
A. Transformation NksVs DNA fragments ftuesa dqN gh genes gksrs gS ds lkFk lcls vPNk dke djrk gSA 
B. Co-transformation nks genes ds ,d nwljs ds ikl gksus dk indicateon gS bls xf.krh; :i ls analyse fd;k tk ldrk 

gSA 
A. izk;ksfxd :i ls nks genes vxj cgqr ikl gS rks co-transformation dh laHkkouk,Wa gekjh vk’kkvks ls Hkh T;knk gksxhA 
B. ;fn co-transformation dk rate genes ds vyx&vyx transformation rate ds cjkcj gS rks bldk eryc gS fd os 

genes linked gSA 
 Genetic map ij genes dk order fudkyuk 

1. ekuk fd nks genes (p+q) co-transform gksrs gS vkSj linked gS buesa ls ,d (ekuk q) gene o ds lkFk co-transformation 
show djrk gS rks muds chp dk distance mudh co-transformation frequency ds vuqlkj analyze fd;k tkrk gS tSls fd 

gene p vkSj o rarely co-transform gksrs gS rks gene order gksxk p-q-o 
2. vxj p vkSj o frequency co-transform gksrs gS rks gene order gksxk p-o-q 

 Genes ds chp dk map distance recombination frequencies }kjk fudkyk tkrk gSA 

 
CONJUGATION: 

Bacterial conjugation, DNA dk ,d living donor bacterium ls living recipient bacterium esa transfer dks dgrs gSaA  
Leiderburg and Tatum us E-coli ds nks auxotrophic mutant dk iz;ksx djrs gq, conjugation dh [kkst dhA 

a) Strain A’s genotype  met bio thr+ leu+ thi+ FkkA. ;g methionine vkSj biotin }kjk supplement fd;s gq, minimal media ij 
grow djrk FkkA 

b) Strain B’s genotype   met+ bio+ thr leu thi FkkA;g thrionine, lucine vkSj thymine }kjk supplement fd;s gq, minimal media 
ij grow djrk FkkA 
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c) strain a vkSj b dks mix fd;k x;k vkSj minimal media ij plating djus ls 1/106 cells met+, bio+, thr+, leu+, thi+ phenotype 
okyh izkIr gqbZA 

d) uk rks strain a vkSj uk gh strain b minimal media ij grow dj ldrk FkkA blls fl) gqvk fd ;g u;k phenotype recombination 
dh otg ls iSnk gqvk FkkA 

a) Davis us ;g tkWap dh fd cell to cell contact dh vko’;drk gS ;k ughA 
A. blds fy, mUgksus strain a dks filter ds ,d rjQ vkSj strain b dks nwljh rjQ j[kkA bl filter ds vkj ikj molecules rks xqtj ldrs Fks 

ysfdu cells ughA 
B. tc cells dks minimal media ij plate fd;k x;k rks fdlh rjg dh prototrophic colonies izkIr ugh gqbZA 

 
b) Plasmids double-stranded circular DNA dk ,d small autonomously replicating circular piece gksrk gSA 

Conjugation esa plasmid dk ,d donor bacterium ls recipient bacterium esa transfer gksrk gSA Gram-negative 
bacteria esa plasmid dk transfer bacteria ds same strain ;k closely related strains es gh gksrk gSA dqN plasmids 
dks F factor (F plasmid, fertility factor ;k sex factor) dgk tkrk gS D;ksafd buesa ,sls genes gksrs gSa tks [kqn ds transfer 
esa enn djrs gSaA  
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c) ,d cell esa F factor Lora= :i ls replicate djrk gSA ;s genes sex pilus vkSj t:jh enzymes ds fy, code djrs gSaA 

ftu cells esa F plasmids, F+  gksrk gS oks male gksrs gSa vkSj donors dh rjg dk;Z djrs gSaA ftu cells esa ;s plasmid 
vuqifLFkr gksrk gS oks F- (female) gksrs gSa vkSj recipient dh rjg dk;Z djrs gSaA os lHkh plasmids, ftudh otg ls mudh 
host cell, conjugation ds nkSjku donor dh rjg dk;Z djrh gS, oks transfer factor dgykrs gSaA gj F+ Gram negative 
bacterium esa 1 ls 3 sex pili gksrs gSa] tks fd recipient bacteria ij mifLFkr fo’ks"k outer membrane protein ls tqM+rs gSa 

vkSj mating dh 'kq:vkr djrs gSaA fQj sex pilus, okil [khap fy;k tkrk gS ftlls nksuksa bacteria laidZ esa vk tkrs gSa vkSj 

nksuks, cells esa lh/ks envelop to envelop laidZ gks tkrk gSA  
d) Gram-positive bacteria esa dqN fpifpis surface molecules L=kfor gksrs gSa, tks fd nks bacteria dks ikl (contact) esa 

ykrs gSaA Gram-positive donor bacteria, adhesins produce djrk gS tks fd mUgsa bdÎk  djokrk gS vkSj bl nkSjku sex 
pilli 'kkfey ugha gksrsA fQj DNA, donor ls recipient esa LFkkukarfjr gks tkrk gSA  

e) Plasmid-mediated conjugation, Bacillus subtilis, Streptococcus lactis vkSj Enterococcus faecalis esa ik;k tkrk 

gS vkSj Gram-positive bacteria esa Gram-negative bacteria dh rqyuk esa de ik;k tkrk gSA 
   
F+ conjugation: 
bldh otg ls ,d F+ plasmid (tks flQZ sex pilus ds fy, coding djrk gS) dk donor bacterium ls female recipient bacterium esa 
LFkkukarfjr gksrk gS ysfdu chromosomal DNA dk ughaA Plasmid dh nksuksa strands separate gks tkrh gSa vkSj ,d strand recipient 

bacterium esa izos’k gks tkrk gS vkSj 5’ ls 3’ direction esa c<rk tkrk gS ysfdu ,d strand donor esa gh jgrh gSA nksuksa donor vkSj 
recipient cells nksuks esa complimentary strand la'ysf"kr gks tkrs gSaA fQj recipient Hkh ,d F+ male cu tkrk gS vkSj sex pilus cuk ldrk 

gSA Conjugation ds nkSjku flQZ DNA gh donor ls recipient esa pass gksrk gS, uk fd cytoplasm ;k dksbZ cell material.  

Mating pairs dks force }kjk gh vyx fd;k tk ldrk gS ftlls conjugation :d tkrk gS vFkkZr~ mating pairs cgqr FkksMs le; ds fy, gh tqM+s 

jgrs gSaA Conjugation ds ckn, cells vyx gks tkrh gSA vxj successful conjugation gksrk gS rks recipient F+ cu tkrk gS vkSj donor F+ cuk 
jgrk gSA 

Hfr (high frequency recombinant) conjugation: 
a) tc fdlh recombination event ds }kjk Plasmids, bacterial chromosome ds lkFk integrate gks ldrk gS,  
b) ;g integration nksuksa DNA ds chp dh homology ij fuHkZj djrk gSA Integration ds ckn nksuksa plasmid vkSj chromosome, ,d single 

unit dh rjg replicate djrs gSaA ,d plasmid tks fdlh chromosome esa integrate(tqMus) djus esa l{ke gksrk gS mls episome dgrs gSaA 

vxj F-plasmid chromosome esa integrate(tqM tkrk gS) gksrk gS rks mls Hfr cell dgrs gSaA Integration ds ckn, nksuksa chromosome vkSj 
plasmid dks recipient cell esa conjugally transfer fd;k tk ldrk gSA bUgs Hfr cell blhfy, dgykrs gSa D;ksafd os chromosomal genes 
dks high frequency ls recipient cells esa conjugally transfer dj ldrs gSaA  
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c) DNA dks origin of transfer ij dkVk fd;k tkrk gS vkSj fQj DNA replicate gksrk gSA ,d DNA strand, F– cell esa cytoplasmic bridge 
ds }kjk pass gksrh gS, tgka complementary strand dk la'ysf"kr gksrk gSA Integrated plasmid ds lkFk gh, chromosome Hkh F– cell esa 
tkrk gSA iwjk gh chromosome ds transfer gksus ls igys gh bacterial connection VwV tkrk gSA blfy, F+ plasmid dk cpk gqvk dHkh 

dHkh gh recipient esa izos'k gks ikrk gSA T;knkrj Hfr chromosome ds lkFk lkFk plasmid dk flQZ ,d NksVk fgLlk gh, conjugation ds 

nkSjku recipient cell esa transfer gksrk gSA blfy, recipient cell iwjk F factor receive ugha dj ikrsA 
d) Conjugation ds ckn Hfr cell, Hfr gh jgrh gS vkSj F– negative cell Hkh F+ ugha curk vkSj F– gh cuk jgrk gS, ijUrq transferred 

chromosome dk fragment, F– cell ds chromosome ls recombine gks tkrk gS ftldh otg ls recipient cell esa dqN ubZ 
properties transfer gks tkrh gSA 

  tc chromosomal material recipient cell esa gksrk gS, rks recombination gks tkrk gS: 

► Recombination, double stranded gksrk gSA 
► Donor genes, recipient cell esa recombine gksrs gSaA 
► Recipient cell ds corresponding genes, chromosome ds ckgj recombine gksrs gSa vkSj fQj cell esa reabsorb gks tkrs gSaA  

 
Interrupted Mating Mapping 
1  Conjugation start gksus ds lkFk gh tks genes origin of replication site (replication dh fn’kk esa) ds ikl gksrs gSa oks pili esa ls lcls 

igys move gksrs gSaA  
2.  ,d set time ds ckn, conjugation  vo:) gks tkrk gS, tks genes origin of replication ds close ls, flQZ ogh conjugate djsaxsA ftruk 

yEck le;, mruh gh T;knk mudh conjugate djus dh ability gksxhA 
3.  Notice djks fd dkSu ls genes recombine gq,, vkSj tks genes recombine gq, oks origin of replication ls X distance (conjugation 

time-distance) dh nwjh ij fLFkr gksaxsA  

 
F-plasmids ds different strains vkSj interrupted mating technique, mi;ksx djds ge chromosome ij genes dk Øe fu/kkZfjr dj ldrs 
gSaA 
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Eukaryotes esa primase DNA polymerase α dk ,d vfHkUUk vax gS, ;g 10 nucleotides dk RNA primer la'ysf"kr 

djrk gS vkSj fQj eq[;replicative enzyme ls igys bls extend djus ds fy, 30 nucleotides dk DNA tksM+ nsrk gSA 
*  Event at the bacterial replication fork:- Helicase (Dna B) ds origin ls bound gksdj prepriming 
complex cuk ysus ds ckn, primase fu;qDr (or tqM+dj) gksdj primosome cuk ysrk gS, tks leading strand ds 
replication dks initiate djrk gSA  
  
[Helicase double strand DNA dh ctk; single strand ls bind gksrk gS vkSj helicase dh specifity ds vuqlkj, 

polynucleotide ds lkFk lkFk  3’  5’ or 5’  3’ fn'kk esa vkxs  c<rk gSA 

 2 separated ssDNA (;fn xqatkbZ'k gks rks) rqjUr okil cu ldrs gSA  
 Leading strand ds 1000-2000 Nucleotides replicate gksus ds ckn, lagging strand ij discontinuous 

strand la'ys"k.k dk igyk pj.k 'kq: gks ldrk gSA  
 dqN DNA pol III complex, tks leading strand la'ysf"kr djrs gS, lagging strand dks Hkh extend djrs gSA   
  Actually β subunit nksuska strands ij f[kldrh gS, vkSj 2 α subunits, γ subunit ls bound gksrh gS, tks fQj β 

subunit ls bound gksrh gSA  
 ;gk¡ γ-complex dk izeq[k dk;Z β-subunit ls fØ;k djuk gS vkSj bl izdkj template ls enzyme ds tqMus vkSj 

gVus dks fu;af=r djrk gSA ;g function eq[;r% lagging strand replication ds le; vko';d gksrk gS, tc 
enzyme repeatedly Okazaki fragment ds 'kq: vkSj vUr esa tqMrs vkSj gVrs gSA  

 DNA pol III vkSj primosome ds ;ksx ¼laxBu½ dks replisome dgrs gSA ;g parent DNA ds lkFk lkFk vkxs c<rk 

gS vkSj vf/kdrj replicative dk;Z  iwjs djrk gSA  

 blds xqtjus ds ckn, gj Okazaki fragments dks tksM+dj replication izfØ;k dks iwjk djuk vko';d gksrk gSA ysfdu 

izR;sd Okazaki fragment dk RNA primer ml txg ij tqM+k gksrk gS, tgka ligation gksuk pkfg,] vkSj bls DNA pol 
III }kjk gVk;k ugha tk ldrk (D;ksafd ;g 5’→3’ exonuclease xfrfof/k ugha j[krk)A blhfy, DNA polymerase III 
lagging strand dks NksM+ nsrk gS vkSj bldh txg Pol I ys ysrk gS, tks primer dks gVk adjacent fragments dks 
template ds [kqys fgLls esa c<krk gSA  

 2 Okazaki fragment (u, la'ysf"kr) dks DNA ligase }kjk phosphodiester bond ls tksM+ fn;k tkrk gS vkSj bl 

izdkj lagging strand ds bl Hkkx region dk replication iw.kZ gks tkrk gSA 
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The Eukaryotic replication fork:- 
 ;g vHkh rd LFkkfir ugha gks ik;k gS fd dkSu lk helicase DNA dh unwinding ds fy, ftEesnkj gSA   

 RPA (replication protein A) vyx gks pqds Polynucleotides dks fQj ls tqMus ls jksdrk gSA  

 DNA polymerase α RNA primer dks la'ysf"kr Hkh dj ldrk gS vkSj bls 30 nucleotides ls extend Hkh dj 

ldrk gSA ysfdu blesa sliding clamp dk LFkkf;Ro iznku djus okyk izHkko ugha gksrk (Pol III ds β vkSj Pol δ ds 
PCNA ds leku)A blfy, bls eq[; replicating enzyme DNA polymerase δ ls cnyuk t:jh gSA  

 E.coli polymerase ds γ- complex dk dk;Z multisubunit lgk;d protein (replication factor tks 
Eukaryotes esa dgykrk gSa) }kjk iw.kZ fd;k tkrk gSA   

 
Removal of RNA Primers from okazaki:- 
fdlh Hkh eukaryotic DNA polymerase esa 5’→3’ exonuclease xfrfof/k ugha gksrh gSA bl dke esa FEN1 (flap 
endonucleases) eq[; Hkwfedk fuHkkrk gSA ;g adjacent fragment ds 5’ end ls primer dks degrade djus ds fy, 
DNA pol δ complex ds lkFk tqM+k gksrk gSA  
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FEN1 primer ds extreme 5’ fljs ij ribonucleotides dks ugha gVk ldrk D;ksafd bl ribonucleotide ds lkFk 5’-
triphosphate group gksrk gS tks FEN1 dh xfrfof/k dks vo:) dj nsrk gSA  
Mode 1 Helicase → Pol δ Primer dks /kdsyrk gS → FEN activity RNA-DNA tksM+ ij Phosphodiester dks 
dkV nsrh gSA  
Mode 2 RNase → FEN1 → FEN activity RNA-DNA joint ij Phosphodiester dks dkVrh gSA 

 Eukaryotes esa dksbZ replisome ugha gksrk gS, cfYd replication esa 'kkfey enzymes vkSj proteins nucleus ds 

vUnj dkQh cM+h lajpuk cukrs gS, izR;sd esa 100 ls 1000 vyx&vyx ¼fof'k"V½ replication complexes gksrs gSA  

 Nuclear matrix ds lkFk tqMs gksus dh otg ls ;s lajpuk,¡ vpy gksrh gS, blfy, DNA molecules tSls&tSls 
replicate gksrs gS, oSls&oSls complexes ds chp esa ls xqtjrs gSA bu lajpukvksa dks replication factories dgk tkrk 
gSA  

Termination of Replication:- Bacterial genomes dsoy ,d LFkku ls nksuksa fn'kkvksa esa replicate gksrs gSA 
Termination sequences “Ter” (7 dh la[;k esa) dh otg ls vyx&vyx xfr ls pyus okyh 2 replication forks 
fcYdqy diagonal LFkku ij feyrh gSA Ter sequences, sequence specific DNA binding protein “Tus” ds fy, 
recognition site dh rjg dke djrh gSA Ter ls bound gksdj “Tus” protein replication fork dks dsoy ,d fn'kk esa 
xqtjus nsrk gS vkSj foijhr fn'kk esa vkxs c<+us ls jksdrk gSA  
Double helix ij Tus protein dh orientation ds vk/kkj ij mldh directionality r; gksrh gSA  
Eukaryotes esa termination ds ckjs esa cgqr de tkudkjh miyC/k gSA ;g  possible gS fd replication forks random 
positions ij meet djrh gSA   
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Telomeres 
Telomerase protein vkSj RNA ls cuk gksrk gSA ;g RNA 5’ end ij human telometric repeat (5’ 
TTAGGG3’) ls complementarity j[krk gSA ;g RNA izR;sd extension step ds fy, template dh rjg mi;ksx 
gksrk gSA DNA synthesis enzyme ds protein component }kjk fd;k tkrk gS, tks reverse transcriptase gSA  

 
 Telomere dh yEckbZ  telomere binding proteins (TBPs) }kjk fu;af=r  gksrh gSA tSls human esa TRF1. 

 Mutation tks TBPs dh DNA ls binding dks jksdrh gS, telomere dks lkekU;  ls yEck dj nsrh gSA ;fn mutation 
T;knk mRiknu djrh gS rks telomere shortening gksrh gSA  
 
Telomere Replication: -  
 Eukaryotic chromosome esa linear DNA dk replication ,d leL;k iSnk djrh gSA tks bacterial circular 

DNA molecule ds replication esa ugha gksrh gSA DNA synthesis dh lkekU; izfØ;k esa lagging strand ds 3’ end 
dk replication ugha gksrk gSA ;g chromosome ds var ij ,d fjDr LFkku mRiUu djrk gS vkSj bl izdkj double-
stranded replicated portion dh NksVk djrk gSA  

 bldk vlj ;g gksxk fd chromosomal DNA izR;sd replication ds ckn NksVk gksrk tk,xk, bl leL;k dks gy djus 

ds fy, dbZ izfØ;k,¡ fodflr gq, gSA dbZ thoksa esa chromosome ends (telomeres) dks replicate djus ds fy, 
telomerase enzyme mi;ksx fd;k tkrk gSA 

 izR;sd telomere G-rich hexanucleotide repeat dh dbZ izfr;k¡ j[krk gS, (vkSj Tetrahymena esa ;g GGGTTG 
gSA)  Telomerase viuh lajpuk ds vfHkUUk vax dh rjg ,d NksVk RNA molecule j[krk gS tks bl G-rich 
sequence ds ,d fgLls dk complementary gSA   
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 Telomerase dk RNA molecule, telomere end ls H-bond gksrk gSA RNA dks template dh rjg mi;ksx 
djds, telomerase RNA template dks izfrfyfi cukrk gS, (bl izdkj ;g ,d reverse transcriptase enzyme 
gS) vkSj telomere DNA ds fljs ij 6 deoxy nucleotides tksMrk gSA fQj Telomerase DNA ls vyx gksdj, u;s 
telomere end ij bind djrk gS vkSj extension izfØ;k¡ dh iqujkof̀Ùk djrk gSA  

 vafre :i ls vyx gksus ls igys Telomerase bl izdkj lSdMksa ckj rd ;g izfØ;k dj ldrk gSA u;k cuk DNA 
strand lkekU; DNA replication ds fy, template dh rjg dk;Z djds double-stranded chromosomal 
DNA cuk ldrk gSA lkekU; replication }kjk DNA ds fljksa dh shortening vkSj telomerase ds mi;ksx ls 
lengthening, nksuksa izfØ;k,¡ eksVs rkSj ij larqfyr gksrh gS, bl izdkj izR;sd chromosome dh yEckbZ yxHkx cjkcj 
jgrh gSA 
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Fig:- Replication of telomeric DNA. Telomerase has a bound RNA molecule that is used as 
template to direct DNA synthesis and hence extension of the ends of chromosomal DNA.  
 
Theta replication: -  
;g circular DNA, ds replication dk ,d lkekU; izdkj gS tSls fd E. coli vkSj vU; bacteria esa ik;k tkrk gSA blesa 
double-stranded DNA, nucleotide strand curk gS, tks template dh rjg dke djrk gS vkSj ftl ij u;k DNA 
synthesis gksrk gSA Doble helix dh uncoiling ,d loop cukrk gS tks replication bubble dgykrk gSA  

 Unwinding bubble ds ,d ;k nksuksa fljksa ij 'kq: gksdj mls yxkrkj cM+k cukrh tkrh gSA nksuksa template 
strands ij DNA replication, unwinding ds lkFk&lkFk pyrk gSA  

 Unwinding dk og LFkku tgk¡ ls single strands, double stranded DNA helix ls vyx gksrs gS mls 
replication fork dgrs gSA  

 vyx replication bubble ds nksuksa fljksa ij replication fork gks] rks os ckgj dh rjQ nksuksa fn'kkvksa esa vkxs c<+rs gS 

vkSj blhfy, ;g bidirectional replication dgykrk gSA nksuksa fork ,d lkFk unwinding DNA replication 
djrs gq, vkxs c<+rs gS vkSj var esa ,d nwljs esa fey tkrs gSA 

 vxj flQZ ,d gh replication fork gS rks] og iwjs circle ds pkjksa vksj fn'kk esa vkxs c<+rs gq, nks iw.kZ :i ls circular 
DNA molecules cukrk gS ftuesa ls gj ,d es ,d iqjkuk vkSj ,d u;k nucleotide strand gksrk gSA  

 Theta replication dk lcls igyk izek.k 1963 esa John Cairns us radioactive nucleotides ds lkFk bacteria 
dks grow djds fn[kk;k FkkA 

 
 Rolling-circle replication dqN viruses vkSj E.coli ds F factor esa gksrk gSA ;g replication fdlh ,d 
nucleotide strand esa break }kjk 'kq: fd;k tkrk gS tks ,d 3’-OH group vkSj ,d 5’-phosphate group cukrk gSA 
Broken strand ds 3’ fljs ij u, nucleotides tksMs tkrs gSa tks template strand dh enn ls fd;k tkrk gSA tSls&tSls 

3’ fljs ij u, nucleotides tksMss tkrs gSa] template ls VwVs gq, strand dk 5’ fljk  vyx dj fn;k tkrk gSA ,slk yxrk 

gS tSls ,d /kkxs dh jhy  esa ls /kkxk ckgj fudyrk jgrk gS, blls circle ds pkjks vksj 3’ fljk òf) djrk gS blhfy, bls 
rolling-circle model dgrs gSaA 

 
Replication fork ,d circle ds pkjks vksj cgqr ckj yxkrkj dke dj ldrk gS, tks ,d tSlh cgqr lkjh sequences dh 

vkil es tqMh gq;h izfr;k¡ cukrk gSA Circle ds pkjks vksj gj revolution ds lkFk c<+rk gqvk 3’ fljk izR;sd igys okys 
revolution esa cuus okys nucleotide strand dks gVkrk gSA var esa circle ls linear DNA molecule dks gVk;k tkrk gS 

ftlls ,d double stranded circular DNA vkSj ,d single stranded linear DNA molecule curk gSA ;g linear 
DNA molecule ;k rks vius complementary strand dks cukus esa  template ds :i esa dke vkus ds ckn ;k igys fQj 

ls circle esa rcnhy gks tkrk gSA 
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      Loop Mode Replication 
 

Chloroplasts vkSj mitochondria (eukaryotic cells esa) esa [kqn dk circular DNA molecule gksrk gS, tks FkksMh lh 

vyx izfØ;k ds }kjk replicate gksrk gSA nksuksa parental template strand ij vyx vyx fcUnqvks ij  origin of 
replication gksrs gSaA ,d strand ij replication 'kq: gksrk gS tks displacement loop ;k D-loop lajpuk cukrs gq,s 

nwljs strand dks gVkrk gSaA Replication rc rd pyrk gS tc rd fd ;g izfØ;k nwljs strand ds origin of 
replication u xqtj tk,A Replication nwljs strand ij foijhr fn’kk esa 'kq: gksrk gSA Mitochondrial DNA esa dqN 
growth conditions esa normal Y-junction replication Hkh gksrk gSA  
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CHAPTER : 4 
DNA REPAIR  
 

 thfor dksf'kdkvksa esa DNA dks dbZ jklk;fud ifjorZuksa dk lkeuk djuk iM+rk gSA (vDlj lw[ks ;k frozen uewuksa ls 

DNA sequencing djus esa l{ke gksus dh mRlqDrk esa bl rF; dks Hkwyk fn;k tkrk gSA  

 ;fn  DNA esa encode dh xbZ genetic information Hkz"V gksus ls cpkuk gS] rks fdlh Hkh jklk;fud ifjorZu dks 
Bhd fd;k tkuk pkfg;sA  

 DNA repairing esa dksbZ Hkh xyrh mutations dks iSnk djrh gSA  

Agents that Damage DNA 
►dqN wavelengths okyh radiation  

 ionizing radiation tSls fd gamma rays vkSj x-rays  
 ultraviolet rays, [kkldj UV-C rays (~260 nm) ;g DNA }kjk strongly absorb dh tkrh gS vkSj 

longer-wavelength UV-B Hkh tks ozone shield dks penetrate djrh gSA  
►Highly-reactive oxygen radicals tks normal cellular respiration ;gka rd fd vU; biochemical 
pathways ds le; curs gSA  
► okrkoj.k esa mifLFkr jklk;u %&  

cgqr ls hydrocarbons, cigarette smoke esa ik;s tkus okyksa lfgr ! dqN plant vkSj microbial mRikn, tSls 

fd aflatoxins tks moldy peanuts esa curk gSA  
► [kklrkSj ij Cancers dh chemotherapy esa mi;ksx fd;s tkus okys jklk;uA  

Types of DNA Damage 
1. DNA esa mifLFkr lHkh 4 izdkj ds bases (A, T, C, G) dks vyx&vyx LFkkuksa ij covalently modify fd;s 

tk ldrs gSaA   
o T;knkrj Deamination (,d amino group dk gVuk) gksrk gSA tSls: C nucleotide U esa cny tkukA 

2. DNA replication ds nkSjku proofreading ds vlQy gks tkus ds dkj.k xyr base pairs dk cuukA  
o lk/kkj.k example: T dh ctk; U pyrimidine (;g lkekU;r% flQZ RNA esa feyrk gSA) dk bLrsekyA 

3. Backbone esa Break gks tk;s:  
o ,slk flQZ ,d strand esa gks (,d single-stranded break, SSB) ;k  
o nksuksa strands (,d double-stranded break (DSB) esa gks  
o Ionizing radiation-bldk eq[; dkj.k gksrh gS] dqN jklk;u Hkh break cuk nsrs gSaA  

4. Bases ds chp covalent linkage ds dkj.k Cross linking gks tkrh gSA  
o ,d gh DNA strand ("intrastrand") ij ;k  
o nks foijhr strands ("interstrand") ijA 

Cancers dh chemotherapy esa mi;ksx fd;s tkus okys jklk;u DNA crosslinking dk eq[; dkj.k gksrs gSaA  

Repairing Damaged Bases 
Damaged ;k vuqfpr bases vusd izfØ;kvksa ds }kjk repair fd;k tk ldrk gS:  
A. Direct chemical reversal of the damage  
B. Excision Repair, blesa damaged bases dks igys gVk;k tkrk gS vkSj fQj lgh bases ls DNA la'ys"k.k }kjk cny 

fn;k tkrk gSA ;gka 3 rjg ds excision repair gksrs gSa:  
1. Base Excision Repair (BER)  
2. Nucleotide Excision Repair (NER)  
3. Mismatch Repair (MMR) 
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A. Direct Reversal of Base Damage 
Humans esa point mutations dk eq[; dkj.k LokHkkfod :i ls Cytosines esa (CH3-) methyl group dk tqMuk (an 
example of alkylation) vkSj mlds ckn deamination dk gksuk gSA blds dkj.k C, T esa cny tkrk gSA T;knkrj bl 

rjg dk ifjorZu glycosylases enzyme }kjk Bhd dj fn;k tkrk gS tks mismatched T dks gVk djds lgh C dks nqckjk 

cuk nsrk gSA ,slk fcuk DNA backbone dks break djs gks tkrk gSA Cancer chemotherapy esa mi;ksx dh tkus okyh 
drugs Hkh alkylation }kjk DNA dks {kfr igq¡pk ldrh gSA dqN methyl groups ,d protein (MGMT }kjk encoded) 
}kjk gVk fn, tkrs gSA ;g protein flQZ ,d ckj dke dj ldrk gS blhfy, gj methyl group dks gkVkus ds fy, ,d 

vyx protein molecule dh t:jr gksrh gSA ;g DNA dk direct reversal mechanism }kjk repair process dh 
lcls cMh nqfo/kk gSA  
 
 Bases dks Bhd djus ds fy; lHkh izdkj ds jklk;fud la'kks/kuksa dks vius vkidh dk;Zfof/k dh t:jr gksrh gSA ysfdu 

dksf'kdk dks T;knk lkekU; rjg dh dk;Zfof/k dh vko';drk gksrh gS tks lhfer lalk/kuksa ls gh lc izdkj dh jklk;fud 

gkfu dks Bhd djus dh {kerk j[krs gSA bl vko';drk gks excision repair dh izfØ;k iwjh djrk gSA  
 

B1. Base Excision Repair (BER) 
Steps dqN bl izdkj gSa:  

1. DNA glycosylase enzyme damaged base dks gVkrk gS ¼,slk vuqeku gS fd ;g izfØ;k gekjs 'kjhj dh gj 

dksf'kdk esa ,d fnu esa yxHkx 20,000 ckj gksrh gS½A balkuksa esa de ls de 8 genes gksrs gSa tks vyx&vyx 

DNA glycosylases dks encode djrs gS vkSj gj enzyme ,d fof'k"V izdkj ds base damage dks igpkuus 
vkSj mls gVkus ds fy, ftEesnkj gksrk gSA  

2. Backbone esa ls deoxyribose phosphate dks gVkus ls ,d fjDr LFkku curk gSA  

3. lgh nucleotide ds }kjk bldh txg Hkjh tkrh gSA ;g DNA polymerase  ij fuHkZj djrk gSA  
4. Strand esa break dks tksM+ fn;k tkrk gSA nksuksa enzymes vko’;d ÅtkZ ds fy, ATP ij fuHkZj djrs gSaA  
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Thyroid Gland disease Irregularities

1.  Thyroid Hypothyroidism Hypo-secretion

genetic disorder or food iodine or urine iodine excretion  

, hypothyroidism Cretinism cause cretin thick lips, protruding 
tongue, swollen belly, ill developed sex organs dwarf ugly BMR  
heat beat rate body temperature sterile mentally ill 

hypothyroidism myxoedema cause loose swollen skin, adipose fact 
mucous deposition skin body obese blood pressure patient cold 

Mental, slowing, bradychordia, weight gain , adults
myxoedema symptoms 

Simple goiter: food iodine deficiency , colloid goiter Swelling 
thyroid gland , genetic disorder Neck 

sea food extra iodine diet 

Sporadic Goiter: disease genetic disorder 
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Hashimoto's disease: thyroxine antigen 
medicines, disease thyroxin hormone , poison 

body, antibodies , thyroid gland disease 
suicide of thyroid Autoimmune thyroiditis

2. Thyroid Hyper-secretion Hyperthyroidism

microbe infections genetic disorders gland enlargement show enlarged gland 
thyroxine , BMR, Heart beat rate, blood pressure, intestine glucose 
oxygen Mitochondria energy , ATP 

, body heat released patient growth , 
Excess heat/calorie/energy formation patients 

disorders body hyperthyroidism :

Exophthalmic Goiter Grave's disease   Thyrotoxicosis: disease eyeball 
mucous deposition , eyes (bulging) eye socket 

patient   gland neck region 

Plummer's disease: disease thyroid gland blessa thyroid 
buds , toxic adenoma Hypersecretion thyroid gland,
(swelling) 

Antithyroid Drugs

Anions chlorate, pertectneatate, periodate, bi-iodate, nitrate perchlorate Thiocyanate 
monovalent anion, iodide transport , gland concentrate Perchlorate

activity thiocyanate 10 

Thiocarbomides, compounds , thiourea coupling reaction 
monoiodotyrosine (iodide organic binding) iodination 

Normal individuals iodides large doses thyroid hormone
Wolff Chaikoff iodide transport Wolff Chaikoff 

effect , patients thyrotoxicosis , normal 
iodide   

Naturally Occuring Goitrogens

Thiocyanates goitrogens 
Brassiceae family vegetables rutabagas, cabbage turnips progoitrin 

substance compounds goitrin , active antithyroid agent  
Vegetables progotrin activator heat labile , intestine (presumably of bacterial origin) 
activators vegetables cooked , goitrin 

Para follicular cells or C-cells:
cells thyroid gland stroma cells endocrine nature embryo fifth brachial pouches 

ultimobranchial bodies , : para follicular cells, endodermal origin

monovalent anion, iodide 
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cells, thyrocalcitonin hormone , iodine protein Thyrocalcitonin, 
bones (destruction) urine Ca++ excretion extra cellular 
fluid  Ca++ bones Ca++ deposition , bones solid strong 

hormone, collip hormone parathormone (antagonistic) 

glands thyroid gland dorsal surface , pairs thyroid lobe 
Raynard Sandrom 

gland weight 0.05 gm 0.3 gm size 4-6 mm 
Embryo third fourth branchial pouches slits epithelium glands , : 
endodermal origin

glands hormone-parathormone , Collip's hormone PTH 
Collip , hormones, proteinous nature   
Parathormone blood PO4 Ca++ number body internal 
atmosphere maintain 

blood Ca++ PO4
-

Parathormone PTH nephrons intestine Ca++ , urine pass 
Ca++ loss Urine PO4

- excretion 
Vitamin D parathormone cofactors Vitamin D Ca++ bone teeth 

hormones osteoclast cells bones asymmetrical bone 
symmetrical bone 
cells (osteoclast) bone remodeling , Ca++ amount normal 
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conditions blood 
100 ml blood 12 mg Ca++

Ca++ muscle contraction, impulses conduction, heart beat, blood clotting, formation bones 
modelling ovum fertilization 
Adult man 1 kg calcium Body minerals , Ca++

Parathormone muscles activity maintain , thyrocalcitonin hormone 
vitamin D parathormone 
urine Ca++ excretion bone Thyrocalcitonin blood Ca++

1. Hyposecretion: PTH parathormone hyposecretion ECF ( hypocalcemia ) Ca++ 

PO4 

Blood Ca++ , muscles nerves unnecessarily irritated cramping 
shivering voluntary muscles disease tetany  

tetany diaphragm intercostal muscles , Asphyxia animal   

Parathyroid gland fatal state/lethal condition 

2. Hypersecretion: PTH hypersecretion , osteoclast cells bones 
bones weak brittle Osteoporosis Osteititis fibrosacystia 

Ca++ quantity ECF PO4
- level , condition hypercalcimea 

condition Rickelling henson's disorder

Ca++ kidneys gall bladder excess deposition stones 

Control of secretion of parathyroid: Parathormone, blood Ca++

, vice-versa direct feed back control   

Calcium Metabolism Hormonal Control Bone Physiology

Calcium metabolism 3 hormones, 

1. kidneys liver successive hydroxylations 1,25-Dihydroxy-cholecalciferol steroid hormone , 
vitamin D , calcium intestine 

2. Parathyroid glands, parathyroid hormone calcium bone mobilize 
urinary phosphate excertion 

3. Calcitonin, calcium low hormone , mammals thyroid gland cells 
bone resorption 

CALCIUM & PHOSPHORUS METABOLISM

Calcium

Adults 1100 gm (27.5 mol) calcium (body weight ) 99% calcium skeleton 

Myoneural junction transmission extracellular Ca2+ nerve 

excess deposition 



6. cAMP Regulation of PKA 
Protein kinase A िविभɄ Ůकार के ऊतको ंऔर सेल Ůकारो ंमŐ cAMP का 
एक Ůाथिमक लƙ है। इसकी िनİʻय अव̾था मŐ दो regulatory subunits 
एक िनİʻय अव̾था मŐ दो सɵटŌ ेट बाइंिडंग (उȌेरक) सबयूिनट रखते हœ। 
regulatory subunits मŐ एक pseudosubstrate डोमेन उȌेरक सबयूिनट 
के उȌेरक डोमेन को बांधता है। Regulatory subunits के िलए cAMP के 
बाइंिडंग से pseudosubstrate डोमेन की रचना मŐ पįरवतŊन होता है िजसके 
पįरणामˢŝप अब सिŢय PKA उȌेरक सबयूिनट्स का disassociation 
होता है। सिŢय PKA अब लƙ Ůोटीन फा˛ोराइलेट कर सकता है। Glucose mobilization मŐ उस फ़ंƕन के ऊपर 
उİʟİखत दो लƙो ंके अलावा, phosphorylase kinase, और glycogen synthase,  PKA मŐ कई अɊ सɵटŌ ेट Ůोटीन हœ जो 
िक फॉ˛ोराइलेट कर सकते हœ। इनमŐ protein phosphatase-1 (regulation of glucose metabolism), heart muscle 
troponin (contraction), myosin light chain kinase (muscle contraction), phosphofructokinase (anaerobic 
metabolism), and CREB (transcription factor) है।

 

2. Gi : G inhibitory 
;g adenylyl cyclase dks inhibit (i = "inhibitory") djrk gS, cell esa cAMP dk level low gksrk gSA Gi somatostatin ds 
receptor ls activated gksrk gSA 



 
 

 Cholera toxin, Gs ds covalent modification dks catalyze djrk gSA ADP-ribose dks NAD+ ls Gs dh GTPase 
active site ij arginine residue ij LFkkukUrfjr fd;k tkrk gS, ADP-ribosylation Gs }kjk GTP hydrolysis jksdrk gSA 
Stimulatory G-protein permanently activated gksrk gSA ifj.kkeLo:i cAMP dk yxkrkj high levels intestinal 
epithelium ds cells ls salts dk vR;f/kd uqdlku djrs gSaA vR;f/kd ek=k esa water osmosis ds lkFk ckgj fudyrk gSa, ftldh otg 
ls diarrhoea gks tkrk gSa, tks fatal gks ldrk gS, vxj salts vkSj water tYnh replace uk fd;s tk;sa rksA 
 Pertussis toxin (whooping cough disease) ADP-ribosylation dks Gi ds cysteine residue ij catalyze djrk gS; 
ftlls inhibitory G GDP to GTP ls exchange djus esa vleFkZ gks tkrk gS vkSj Inhibitory pathway :d tkrk gSA ADP-
ribosylation ,d lkekU; izfØ;k gS, ftlls cgqr ls proteins dh activity fu;fer gksrh gS, eukaryotes (including mammals) 
vkSj ;gka rd fd prokaryotes esa HkhA  

3. Gq 
;g phospholipase C (PLC) dks activate djrk gS, tks second messengers dks iSnk djrk gS:  

 inositol trisphosphate (IP3)  
 diacylglycerol (DAG)  

Gαq, G proteins esa ik;k tkrk gS, coupled to receptors for:  
 vasopressin 
 thyroid-stimulating hormone (TSH) vkSj 
 angiotensin 



 

Phosphatidylinositol signal cascades:  
1. phosphatidylinositol-4, 5-bisphosphate (PIP2) izkIr djus ds fy, Kinases Pi dks ATP ls inositol ring ds 5 & 4 position 

ds hydroxyl group ij sequential transfer dks catalyze djrs gSa, A  
2. PIP2 Phospholipase C ls cleaved gksrk gSA  
   Phospholipase C dh vyx vyx  isoforms esa fofHkUUk regulatory domains gksrs gSa vkSj bl rjg vyx vyx signals ds 

fy, respond djrs gSaA 
a. ,d G-protein, called Gq Phospholipase C dh ,d :i dks lfØ; djrk gSA tc ,d particular GPCR (receptor) 

activate gksrk gS, GTP, GDP ds fy, vknku&iznku gks tkrk gSA fQj Gq-GTP Phospholipase C dks lfØ; djrk gSA  
   Ca2+, tks Phospholipase C dh activity ds fy, pkfg, gksrk gS, negatively charged residues vkSj phosphorylated 

inositol ds phosphate moieties dks active site ds lkFk ijLij fØ;k djrk gSA  
3. PIP2 dk Phospholipase C }kjk cleavage ls 2 secondary messengers izkIr gksrs gS: inositol-1,4,5-trisphosphate (IP3),  

vkSj diacylglycerol (DG)  
4. Diacylglycerol, Ca2+ ds lkFk Protein Kinase C dks lfØ; djrk gS, tks dbZ cellular proteins ds phosphorylation dks 

catalyze djds, mudh lfØ;rk cny nsrs gSA 
5. IP3 (inositol-1,4,5-trisphosphate), endoplasmic reticulum (ER) membranes esa Ca2+ release channels lfØ; djrk 

gSA ER esa stored  Ca2+ cytosol esa eqDr gksrk gSA tgk¡ ;s calmodulin ls tqM ldrk gS ;k Protein Kinase C dks lfØ; dj ldrk 
gSA 

Protein Kinase C (PKC) 
They have following features: - 
• ;s Ser/Thr Kinases  gksrs gSA tks fd Ca2+, phospholipids and diacylglycerol (DAG) }kjk lfØ; gksrs gSA 
 • lkekU;r% ;s cytosol esa jgrs gS ysfdu lfØ; gksus ij ;s cell membrane ij igqWpdj dbZ substrates dks Phosphorylate djrs 
gS tSls (e.g., Myristoylated Argninie Rich C Kinase Substrate, MARCKS) 
lkFk gh ;s dbZ lkjs vko';d izfØ;kvksa esa tSls learning & memory, cell division & cancer esa Hkh lfEefyr gksrs gSA  
 
Signal turn-off OH, Ca2+-ATPase pumps vkSj IP3 degradation ls cytosol esa ls Ca2+ dk removal 'kkfey djrk gS: IP3 
(inositol-1,4,5-trisphosphate) ds enzyme-catalysed hydrolysis }kjk sequential dephosphorylation ls inositol izkIr 
gksrk gS, tks fd phosphatidylinositol ds la'ys"k.k dk ,d substrate gksrk gSA 
a. Kinases, tks PI (phosphatidylinositol) dks PIP2 (PI-4,5-bisphosphate,) esa cnyrs gSa, inositol ring dh ATP ls hydroxyls 

dh positions 4 & 5 ls phosphate dks transfer djrh gSA   
b. Phosphatidylinositol-3-Kinases tcfd catalyze phosphatidylinositol dk inositol ring dh 3 positions ij 

phosphorylation catalyze djrk gSA For example: phosphatidylinositol-3-phosphate (PI-3-P) .  PI-3-P, PI-3,4-P2, 
PI-3,4,5-P3, vkSj PI-4,5-P2 ds signaling roles gksrs gSaA  

 

Activated Protein Kinase B (also called Akt) cgqr ls proteins ds serine threonine residues dk phosphorylation 
catalyze djrk gSA blds metabolism, cell growth vkSj apoptosis ij dbZ izHkko ns[ks tkrs gSaA Protein Kinase B activity dk 
downstream metabolic effect glycogen synthesis,  glycolysis dks mŸksftr djuk, vkSj gluconeogenesis dks jksduk Hkh 
lfEefyr gSA  



Ca++ Signals 
Modulation of Cytosolic [Ca++] 
  Cytosolic [Ca2+] lkekU;r% one micromolar ls de gksrk gS, fdlh vkSj endoplasmic reticulum (ER) membrane esa ekStwn 

Ca2+- ATPase pumps bl low concentration dks cuk;s j[krs gSa, Ca2+ dks cytosol ls nwj cell ds ckgj ;k ER esa transport 
djdsA  

  Extracellular Ca2+ level mammalian organisms esa millimolar range esa gksrk gSA Plasma membrane Ca2+ channels 
dh opening Ca2+ signal dks 'kq: ;k cuk;s j[k ldrh gSA  

  Ca2+ ER esa Hkh rqyukRed :i ls T;knk gksrk gS, tks ,d major internal reservoir dh rjg dk;Z djrk gS, ftlesa ls Ca2+ signaling 
ds nkSjku cytosol esa Ca2+ release gksrk gSA  

  Mitochondria vkSj lysosomes Hkh dqN ifjfLFkfr;ksa esa Ca2+ release djrs gSa vkSj Ca2+ reservoir dh rjg dk;Z djrs gSaA  

  
  ER lumen esa Ca2+-binding domains free Ca2+  concenteration dks buffer djrs gSa vkSj Ca2+ storage ds fy, {kerk c<k nsrs 

gSaA ER Ca2+-binding proteins esa per molecule 20-50 low affinity Ca2+-binding sites gksrh gSa, acidic residues consist 
djrh gSaA Examples: 

  Calsequestrin SR ds lumen esa gksrk gS, [muscle dk specialized ER: 
sarcoplasmic reticulum (SR)].  

  Calreticulin  non-muscle cells ds lumen esa gksrk gS, protein 
folding esa Hkh Hkwfedk fuHkkrk gSA    
Cytosol ;k other cell compartments esa Ca2+ concentration 
indicator dyes ;k mu proteins ls monitor fd;k tkrk gS, tks ;k rks 
luminescent gSa ;k fQj Ca2+ ls tqM ds viuh fluorescence change dj 

ysrs gSaA Fluorescent indicators confocal fluorescence microscopy 
esa use gksus okys, high-resolution imaging vkSj cells esa Ca2+ 

fluctuations dk quantitation provide djrs gSaA  
 

Ca2+ (cytosolic) esa transient increase one ;k Ca2+-release ;k Ca2+-
entry channels dh vicinity esa localized fd;k tk ldrk gSA ,slk localized Ca2+ "puff" ;k "spark" mu effectors dks activate 
djrk gS, tks additional Ca2+ release induce djrs gSa, ftuls cytosolic Ca2+ esa more widespread increase gksrk gSA Higher 
cytosolic Ca2+ dh ,d “wave” neighboring cells esa Hkh QSy ldrh gSA  
 



Ryanodine Receptor: 
,d Ca2+ Release Channel 
Sarcoplasmic reticulum (SR) dh membrane esa ,d large Ca2+-release channel, ryanodine receptor(bldh plant 
alkaloid ryanodine ls sensitivity dh otg ls) dgykrk gSA tc SR lumen ls cytosol esa Ca2+ ryanodine receptor ds }kjk 
release gksrk gS Skeletal vkSj cardiac muscle dk ladqpu lfØ; gksrk gS A  
 

T tubules muscle cell plasma membrane ds /klus ls curh gSaA T tubule membrane esa voltage-gated Ca2+ channels 
closely apposed SR membrane esa ryanodine receptors ls ijLij fØ;k djrh gSaA T tubule esa ,d action potential }kjk 
voltage-gated Ca2+ channels dk activation ryanodine-sensitive Ca2+ release channels dks [kksyrk gSA Ca2+ igysa 
ryanodine receptor ds transmembrane fgLls ls ysdj ckn esa ryanodine receptor's dh cytoplasmic domain ls gksrk gqvk SR 
lumen ls cytosol esa tkrk gSA   

   Ryanodine receptor cytosolic Ca2+ ls micromolar concentrations ij vius vki gh lfØ; gksrk gSA vr% cytosol esa 
de ek=k esa Ca2+ dk izos'k, further Ca2+ dks eqDr djrk gSA 

   High (e.g., mM) cytosolic Ca2+ ryanodine receptor channel dks fuf"Ø; djrk gS, ftlls signal cUn gks tkrs gSA 
  

IP3 receptor Ca++ Release Channel  
cgqr lh mammalian cells esa, IP3 (inositol-1,4,5-
trisphosphate), endoplasmic reticulum ls Ca2+ release 
trigger djrk gSA "Second messenger" IP3 mRiUUk djrk gS, tSls: 
in response to hormonal signals, from the membrane lipid 
phosphatidylinositol.  

 IP3 receptor ,d ligand-gated Ca2+-release channel gS, tks 
endoplasmic reticulum membranes esa embedded gksrk gSA 
;g ryanodine receptor channel ls distinct gksrk gS, ijUrq partly 
homologous Hkh gksrk gSA 

 IP3 receptor dh cytosolic domain ij tqM+rk gS, channel 
opening dks c<krk gSA IP3 ,d regulatory phospho-protein 
IRBIT dks fu;fer djrk gS, tks fd same site ij bind djrk gSA 

 Ca2+, IP3 receptor ds ligand-binding domain ij tqM+rk gS vkSj 
channel opening dks c<+krk gSA However, high cytosolic Ca2+, 
tks fd channel opening ds ckn fodflr gksrh gS, channel closure 
dks c<+krh gSA 

vr% IP3-activated vkSj ryanodine-sensitive channels nksuksa low cytosolic Ca++ ls lfØ; gksrs gS vkSj high cytosolic Ca2+ ls 
fuf"Ø; gksrs gSaA  

High cytosolic Ca2+ }kjk Ca2+ dk feedback inhibition, Ca2+-ATPase pumps dh activity ds lkFk, signal turn-off esa 
contribute djrs gSa vkSj Ca2+ concentration esa observed oscillations laHko cukrs gSaA  

Some Cellular Responses Mediated by G-Protein-linked Receptors Coupled to the Inositol-Phospholipid 
Signaling Pathway 
 

Target Tissue Signaling Molecule Major Response 
Liver vasopressin glycogen breakdown 
Pancreas acetylcholine amylase secretion 
Smooth muscle acetylcholine contraction 
Mast cells antigen histamine secretion 
Blood platelets thrombin aggregation 
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 (Competence) 

                  

 induction          

1.   inducer            ? 

2.                         

     ? 

                        

                  

                      '  

       

                       

  

      (C.H. Waddington, 1905-1975)  1932   (Competence)    

                           

            ' '        (Competence is the 

ability of a part of the embryo to be induced)   

               (determinative stimulus or 

induction)             

Machemer     :-                 

DORSAL LIP                 (Primary 

Organizer)    

        DORSAL LIP           

                      (   

         )   -  (Late gastrula)       

  

  DORSAL LIP                 (   

-           )  

 

DORSAL LIP 
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DORSAL LIP 

1.      DORSAL LIP     (blastula)       

                        

     

                   (Lovtrup, 1974)   

          

(i)    (Precompetence stage of cell)  

(ii)   (Competence stage)  

(iii)   (Post competence stage)  

           

1.                    

                     

           (Neural Competence)   

  

1.             DORSAL LIP     

                   

    (           )   

2.      (     )       

  (Eye Vesicle)      (Lens),       (Ear Vesicle) 

        (Nasal Pit)   (Epidermis)     

1.                        

    (             )   

1.  DORSAL LIP         (Ectoderm)      

 (Mesoderm)  :  (Endoderm)        

  

   

          

         

         

            

        

        

   

        

'           
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1.               ( )        

                       

                      

       (           )   

2.         -   (   )         

      -         

3.                   

4.       (Epidermal Cells)   (      )  

   ,           

5.        (Nonspecific)      (Specificity)  

                      

                   

        '   

       - 

(a)    (Cell -Specific Competence) -            

           - 

(b)    (Stage-Specific Competence) -           

      -     

(c) -   (Species-Specific Competence) -            

   -      
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   (EMBRYOLOGY OF FROG  ) 

  (Rana tigrina)                 

             (copulatory pads)            

          (copulatory organs)            

(pseudocopulation or Amplexus)   

             

        (ejaculation)    (oviposition)    

                (Spawn)         3000-4000 

            -    -     1000  10,000    

                   

           

      -   

      -    

    -   

    -  

2.  (Fertilization)  

    (oviparous)       (external fertilization)    

          ,       ,        

      

             

    (Animal pole)      

         -     ,        

          (equator line)               

(Gray crescent)          (blastopore)    (dorsal lip)       

        

 

         

(i)          (Lifting of vitelline membrane and rotation of egg) 
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(ii)     (formation of fertilization membrane) 

(iii)      (completition of maturation division) 

(iv)  (amphimixis) 

(v)     (Bilateral symmetrization) 

3.  (Cleavage) 

       (holoblastic unequal division)     

   I  II               

      2½      

 

 

 IV  V    (double)    

 III           (micromeres)        (megamere)   

    

 V             
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M =  L =  V =   

4.  (Blastula) 

     (morula)     

                 (blasto coel)         

   

      (amphiblastula)   

5.    (Gastrulation)  

        

(i)                     

(ii)  (archenteron)      

(iii)         

(iv)           : 

 

(i)  (Epiboly) 

     (micromeres)                   

 (epiboly)    
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(ii)  (Invagination) 

                

   (archenteron)             -         

        

               

(iii)  (Involution)  

     -         ( )     

(rolling)                        

(rolling)    

 
       -  (convergence)  (divergence) 

               (convergence)    

                 (convergence)   

      (dorosal lip)              

 (archenteron)     

                      



  

पादप हामŖन (Plant Hormones) 

इɎŐ वृİȠ हामŖन (growth hormone), वृİȠ िनयंũक (growth regulators) एवं वृİȠ पदाथŊ (growth substances) 
के नाम से भी जाना जाता है।  

इस शɨ का उपयोग सवŊŮथम ːािलōग (Starling, 1904) ने िकया था िजसका अथŊ है उȞीɑ करना। 

िपंकस एवं थीमेन (Pincus and Thimann, 1948) के अनुसार पादप हामŖन (phytohormones) पादप Ȫारा अित सूƘ 
माũा मŐ संʶेिषत काबŊिनक पदाथŊ हœ जो अपने संʶेषण ̾थल से दूर वृİȠ एवं अɊ काियŊकी ŮिŢयाओ ंको िनयंिũत व 
Ůभािवत करते हœ।  

पादप हामŖन के मुƥ लƗण (Characteristics of phytohormones) 

1.  ये अिधकांशतः  मूल शीषŊ, Ůरोह शीषŊ अथवा पणŊ शीषŊ पर संʶेिषत होते हœ। 

2.  ये सदैव काबŊिनक पदाथŊ होते हœ।  

3.  इनकी अȑंत सूƘ माũा ही पयाŊɑ होती है।  

4.  ये अȑंत सूƘ परȶु िनिʮत सांūता मŐ ही वृİȠ अथवा अɊ कायŘ को Ůेįरत व Ůभािवत करते हœ।  

5.  ये सदैव ˢयं के संʶेषण ̾थल से दूर अपना Ůभाव डालते हœ | 

Ůकृित मŐ पाये जाने पादप हामŖनो ंके मुƥ ŝप से पांच समूह हœ-  

ऑİƛन (auxins), िजबरैिलन (gibberellins), सायटोकाइिनन (cytokinins), इथाइलीन (ethylene) एवं ऐबिसिसक अʅ 
(abscisic acid) |  

इन पादप हामŖनो ंको दो समूहो ंमŐ बांटा जा सकता है 

1. वृİȠ ŮवधŊक हामŖन (Growth promoting hormones)- ये पादप व उनके िविभɄ अंगो ंमŐ वृİȠ Ůेįरत करते हœ  जैसे 
ऑİƛन, िजबरैिलन, सायटोकाइिनन आिद।  

2. वृİȠ संदमक हामŖन (Growth inhibitory hormones)- ये हामŖन पादप अथवा उनके अंगो ंमŐ वृİȠ को रोकते अथवा 
संदिमत करते हœ उदाहरण- एबिसिसक अʅ ABA 

I. ऑİƛन (Auxins) 

 वे वृİȠ िनयंũक काबŊिनक पदाथŊ जो मूल एवं ˑʁ के शीषŊ पर उपापचयन के फलˢŝप उȋɄ होते हœ तथा िजनका 
कोिशका दीधŎकरण के िलए ̾थानांतरण दीधŎकरण Ɨेũ मŐ होता है ऑİƛन (auxin) कहलाते हœ।  

ऑİƛन नाम कोल (Kogl) Ȫारा िदया गया था। इस की उȋिȅ Ťीक शɨ Auxin से Šई है िजसका अथŊ है वृİȠ करना 
(to grow)।  

ऑİƛन की खोज (Discovery of auxins) 

िविभɄ पादप हामŖनो ंमŐ से सवŊŮथम ऑİƛंन की खोज की गयी थी। इन की खोज का ŵेय ŮिसȠ जीव िवǒानी चाʤŊ डािवŊन 
(Charles Darwin. 1880) को जाता है िजɎोनें कैनेरी घास फैलेįरस कैनाįरएİɌस (Phalaris canariensis) के 
Ůांकुर चोल (coleoptile) पर कुछ Ůयोग िकये थे।  

उɎोनŐ पाया िक Ůांकुर चोल को एक तरफा Ůकाश देने पर वे Ůकाश की िदशा की ओर मुड़ जाते हœ। Ůांकुर चोल शीषŊ को 
ढक देने पर अथवा काट देने पर इस Ůकार का Ůकाश की ओर वŢण िदखाई नही ंदेता अथाŊत् Ůांकुर चोल का शीषŊ 
Ůकाश को Ťहण करके Ůकािशत व अŮकािशत भाग मŐ असमान वृİȠ को Ůेįरत करता है। 



 

बोयसन जैनसन (Boysen-Jensen 1910-13) ने Ůांकुर चोल के शीषŊ को काट कर बीच मŐ िजलेिटन का एक ɰाक रखा 
िफर एक तरफा Ůकाश देने पर पाया िक वे Ůकाश की ओर मुड़ जाते हœ।  

दूसरे Ůयोग मŐ उɎोनें देखा िक यिद एक तरफा Ůकाश से Ůदीɑ घास के नवोİȥद के छाया वाले आधे भाग पर Ůांकुर चोल 
के शीषŊ के नीचे अűक की ɘेट (mica plate) रख दी जाये तो Ůांकुर चोल Ůकाश की ओर नही ंमुड़ता है। परȶु इस के 
िवतरीत आधे Ůदीɑ भाग की ओर अűक ɘेट को रखा जाये तो Ůांकुर चोल ŮकाशानुवतŎ वŢता (phototropic curvature) 
ŮदिशŊत करता है।  

इस से िसȠ होता है िक ŮकाशानुवतŎ वŢता के िलए उȞीपन अथवा उȞीपक पदाथŊ शीषŊ से छायामय भाग से ही नीचे 
̾थानांतįरत होता है। 

पाल (Paal, 1914-1919) ने अपने Ůयोग मŐ बताया िक िजलेिटन के ̾थान पर कोको बटर, अűक अथवा ɘेिटनम 
की ɘेट का Ůयोग करने पर उȞीपन का ̾थानाȶरण नही ंहोता अथाŊत संभवतः  यह उȞीपक पदाथŊ जल मŐ िवलेय 
होता है। उɎोनें अंधकार मŐ नवोİȥद के शीषŊ को आधे भाग पर िटकाते Šए इसे पुनः  रखा तब भी ŮकाशानुवतŎ वŢता के 
समान वŢता िदखाई दी। 

 

वŐट (Went, 1926, 1928) ने जई के Ůांकुर चोल से शीषŊ को हटा कर अगार के एक खंड पर कुछ देर के िलए रखा। 
िफर इस ɰाक के टुकड़े कर के शीषŊ िवहीन Ůांकुर पर असमिमत ŝप से (asymmetrically) रखा तो उसमŐ अंधकार मŐ 
भी वŢता पाई। 

 उɎोनें शीषŊ को लɾवत बराबर भागो ंमŐ काट कर दोनो ंके नीचे अलग-अलग अगार के टुकडे रखे व एकतरफा 
Ůकाश िदया तथा असमान िवतरण को ŮदिशŊत िकया Ůकाश की ओर 27% तथा अंधकार की ओर 57% ऑİƛन 
Ůाɑ Šआ।  

 चारो ंओर से Ůकािशत शीषŊ मŐ अगार खंडो ंमŐ समान माũा मŐ आİƛन पाया गया।  

Ůाİɑ ̾थल एवं ̾थानांतरण (Occurrence and transport) 

सामाɊतः  पादपो ंके सभी अंगो ंमŐ ऑƛीन की उपİ̾थित हो सकती है िकȶु ऑİƛन की सांūता सबसे Ǜादा शीषŊ िब̢दुओ ं
जैसे Ůरोह शीषŊ, किलका, Ůांकुर चोल, पणŊ शीषŊ, वृİȠकारी फल, űूण एवं बीज इȑािद मŐ पाई जाती है। यहाँ से शीť ही इन 
का ̾थानांतरण अɊ भागो ंकी ओर हो जाता है।  



FW WENT (1928) ने ऑİƛन के Ŭुवीय ̾थानांतरण का ŮदशŊन िकया। ऑİƛन का ̾थानांतरण हमेशा शीषŊ से 
आधार की तरफ ही होता है। Ůरोह मŐ यह ̾थानाȶरण शीषŊ से नीचे की ओर अथाŊत तलािभसारी (basipetal)तथा 
मूल शीषŊ से ऊपर की ओर अथाŊत् अŤािभसारी(acropetal) होता है। इस Ůकार का ̾ थानाȶरण Ŭुवीय ̾ थानाȶरण 
(polar transport) कहलाता है। यह ŮिŢया साȾता Ůवणता (concentration gradient) के िवपरीत िदशा मŐ भी 
हो सकती है।  

जैकब (Jacobs, 1962) के अनुसार पįरपƓ व िवभेिदत ऊतको ंमŐ ऑİƛन की गित Ŭुवीय (polar) एवं अŬुवीय (non 
polar) दोनो ंŮकार की होती है।  

सामाȶयः  आİƛन का ̾थानाȶरण पोषवाह मृदूतक अथवा संवहन पूलो ंके पįरधीय मृदूतकी कोिशकाओ ंके माȯम से 
होता है। इस संदभŊ मŐ कुछ तȚ ऑİƛन के सिŢय ̾थानाȶरण का पुʼीकरण करते हœ। 

1. ऑİƛन ̾थानाȶरण की गित िवसरण Ȫारा संभािवत गित से लगभग 10 गुना से भी अिधक होती है।  

2. सांūता Ůवणता (concentration gradient) के िवपरीत ऑİƛन ̾थानांतरण सिŢय िविध Ȫारा ही सʁव हो 
सकता है।  

3. ऑİƛन ̾थानाȶरण की ऑƛीकरण उपापचय पर िनभŊरता एवं ATP के िनमाŊण के संदमको ंकी उपİ̾थित मŐ 
ऑİƛन ̾थानाȶरण मŐ कमी भी इनके सिŢय ̾थानाȶरण का संकेत देते हœ।  

लुǷ (Lund, 1947) के अनुसार ऑİƛन का अिभगमन वैद्युत िवभव (electric potential) के अȶर Ȫारा िनयंिũत होता 
है। जई के Ůांकुर चोल का आधार, एकतरफा Ůकाश से Ůदीɑ शीषŊ मŐ छाया वाले Ɨेũ तथा Ɨैितज िदशा मŐ रखे गए Ůांकुर 
चोल मŐ िनचली सतह अपेƗाकृत अिधक धनाȏक होते हœ तथा ऑİƛन इन की ओर गित करते हœ। 

 
गोʒİ˝थ (Goldsmith, 1977) ने ऑİƛन के ̾थानाȶरण के िलये रसायन-परासरणी पįरकʙना (Chemi-osmotic 
hypothesis) Ůˑुत की। ऑİƛन के Ŭुवीय ̾थानाȶरण मŐ ATP की आवʴकता होती है। कोिशका िझʟी अनावेिशत 
IAA के Vacuoleिलये अिधक पारगʄ होती है अतः  IAA कोिशका िझʟी से परासरण (िनİʻय िŢया) Ȫारा कोिशका ūʩ 
मŐ Ůिवʼ होता है। साथ ही ATP के जलापघटन से Ůाɑ ऊजाŊ का उपयोग करते Šये H+ आयन जीवūʩ से कोिशका िभिȅ 
मŐ ̾ थानाȶįरत होते हœ। इसके फलˢŝप कोिशका ūʩ का pH मान बढ़ जाता है। (cytoso pH = 7.0) एवं कोिशका िभिȅ 
मŐ pH घट (5.5) जाता है। कोिशकाūʩ मŐ उǄ pH पर IAA H+ एवं IAA– आयन मŐ बंट जाता है तथा कोिशका के िनचले 
छोर पर आवेश युƅ IAA(IAA –) वाहक के माȯम से कोिशका से बाहर ̾थानांतįरत हो जाते हœ। इसके साथ ही 2H+ आयन 



भी जीवūʩ से कोिशकािभिȅ मŐ ̾थानांतįरत हो जाते हœ। कोिशकािभिȅ Ɨेũ मŐ िनɻ pH (5.5) पर IAA– तथा H+ िमल कर 
अनावेिशत IAA अणु बनाते हœ जो िफर से िनचली कोिशका मŐ Ůवेश करते हœ। इस Ůकार ऑİƛन का Ŭुवीय ̾थानांतरण 
होता है। 

इन का ̾थानांतरण तापमान, O2, गुŝȕाकषŊण, एवं आयु िचũ-5: ऑİƛन का Ŭुवीय ̾थानाȶरण इȑािद से Ůभािवत होता 
है।  

Ůाकृितक ऑİƛन (Natural auxins) 

ये पादपो ंमŐ Ůाकृितक ŝप से पाये जाते हœ।  

 इȵोल - 3 एिसिटक अʅ (Indole-3-acetic acid) सवाŊिधक पाया जाता है।  
 इȵोल-3 एिसटाİʒहाइड (Indole-3-acetaldehyde) एवं इȵोल-3-इथेनोल (Indole-3-ethanol), 

Indole-3 pyruvic Acid, Indole - 3 acetonitrile   भी पाये जाते हœ। इसके अितįरƅ पादपो ंमŐ 
उसी के समान Ůभाव डालने वाले यौिगक 4-Ƒोरो इȵोल एिसिटक अʅ (4-chloroindole acetic acid) तथा 
िफनाइल एिसिटक अʅ (Phenyle acetic acid PAA) है। 

 पादपो ंमŐ आİƛन मुƅ अव̾था मŐ (free state) अथवा आबȠ अथवा संयुİƵत (bound or conjugated) अव̾था 
मŐ पाये जाते हœ।  

 संयुİƵत ऑİƛन अɊ यौिगको ंसे सहसंयोजी बंध Ȫारा जुड़े रहते हœ |  
 IAA Ƹूकोसाइड (IAA glucoside). [AA इनोिसटोल (IAA inositol) आिद आबȠ ऑİƛन के कुछ उदाहरण 

हœ। आबȠ आİƛन के जल अपघटन से आİƛन मुƅ हो जाते हœ। 
 कोिशका मŐ दोनो ंही अव̾थाएं साʄाव̾था मŐ होती हœ एवं आवʴकता होने पर जलापघटन Ȫारा आİƛन मुƅ हो 

सकते हœ।  

संʶेिषत ऑİƛन (Synthetic auxins)  

ऑİƛन के समान काियŊकी Ůभाव वाले अनेक रासायिनक यौिगक बनाये गये हœ इɎŐ संʶेिषत ऑİƛन कहते हœ।  

इनके कुछ उदाहरण हœ-   

(i)  NAA = Naphthalene Acetic Acid :- Its common name is "Horotomone" 

(ii) IBA - Indole Butyric Acid :- Its common name is "Rootone" 

(iii) 2-4D = 2-4-dichlorophenoxy Acetic Acid 

(iv) 2, 4, 5-T (2, 4, 6-Trichlorophenoxy acetic acid.) 

(v) Picloram = 2, 3, 5-trichloro- 4-amino picolinic Acid. (Tordon) 

(vi) Delapon = 2, 2-dichloro Propionic Acid. 
ऑİƛन का िवनाश (Destruction of auxins) 

वŐट (Went. 1928) Ȫारा िकये गये Ůयोग मŐ अगार ɰाक मŐ कुल ऑİƛन 84% ही होता है इससे लगता है िक कुछ ऑİƛन 
नʼ हो जाता है अथवा िनİʻय हो जाता है। ऑİƛन दो Ůकार से नʼ हो सकते हœ 

1. ए̢जाइम से आƛीकरण Ȫारा   2. Ůकाशीय ऑƛीकरण Ȫारा 

IAA का ए̢जाइमी ऑƛीकरण IAA ऑƛीडेज (1AA oxidase) के कारण होता है। िविभɄ पादपो ंमŐ 1AA ऑƛीडेज 
के आइसोमर पाये जाते हœ। यह परॉƛीडेज (peroxidase) की तरह कायŊ करता हœ तथा 1AA का आƛीकरण कर एक 
CO, अणु मुƅ करता है इस Ůकार 1AA सिŢय नही ंरहता। आबȠ आİƛन IAA ऑƛीडेज के Ůित Ůितरोध गी होते हœ 
अतः  इस ए̢जाइम से उɎŐ नʼ नही ंिकया जा सकता।  

IAA का पराबœगनी Ůकाश (UV light) तथा आयनीकारी िविकरण (ionising radiation) के कारण आƛीकरण 
होता है तथा वह िनİʻय हो जाता है। यह ŮिŢया Ůकाशीय ऑƛीकरण कहलाती है।  

ऑİƛन का जैव आमापन (Biossay of Auxins) 

पादप वृİȠ हामŖनो ंकी उपİ̾थित ŮदिशŊत करने के िलये िकये जाने वाले संवेदी जैिवक परीƗण (biological tests) जैव 
आमापन (bio-assay) कहलाते हœ।  



ऑİƛन के जैव आमापन के िलये Ůांकुर चोल वŢता परीƗण (Avena coleoptile curvature test) िकया जाता 
है िजसका उपयोग सवŊŮथम वŐट (F.W. went, 1926) ने िकया था। 

   इसके अितįरƅ मूल वृİȠ संदमन िविध Ȫारा भी आİƛम का जैव आमापन िकया जाता है। 

िŢयािविध (Mechanism of action) 

  ऑİƛन तीन ˑरो ंपर कायŊ कर सकते हœ। 

1. जीन अिभʩİƅ (Gene expression)- कुछ वैǒािनको ं के अनुसार ऑİƛन संबंिधत जीन के अनुलेखन 
(transcription) को Ůेįरत करते हœ। ऑİƛन सीधे ही अथवा उपयुƅ िनİʻय अनुलेखन कारको ं(transcription factors) 
के साथ जुड़ कर उɎŐ सिŢय कारक (active form) मŐ पįरवितŊत कर देते हœ जो अनुलेखन (transcription) को Ůेįरत करते 
हœ | MAA की उपİ̾थित मŐ कैलस मŐ वृİȠ के साथ mRNA की माũा मŐ वृİȠ तथा Ůित ऑİƛन (anti auxins) की उपİ̾थित 
मŐ mRNA मŐ कमी इस तȚ को इंिगत करते हœ। 

2. िवकरो ंकी सिŢयता मŐ वृİȠ (Enhanced enzyme activity)- ऑİƛन िवकरो ंकी सिŢयता मŐ वृİȠ करते हœ। संभवतः  
वे िवकर के िनİʻय ˢŝप को पįरवितŊत कर उसे सिŢय करते हœ।  

ˋूग एवं सािथयो ं(Skoog et al. 1942) ने सुझाया िक संभवतः  ऑİƛन सहए̢जाइम के ŝप मŐ कायŊ करते हœ एवं वृİȠ 
को िनयंिũत करने वाले ए̢जाइम को िनयंिũत करते हœ। 

3. कोिशका पारगʄता (Cell Permeability)- ऑİƛन कोिशका िझʟी मŐ उपİ̾थत H+ ATP एज Ůोटॉन पɼ को सिŢय 
कर देते हœ तथा इसकी पारगʄता को बढ़ा देते हœ। इससे कोिशका मŐ परासरण Ȫारा जल अवशोषण मŐ वृİȠ होती है जो 
कोिशका की वृİȠ मŐ सहायक होती है। 

ऑİƛन Ȫारा Ůेįरत िविभɄ ŮिŢयाओ ंमŐ इनमŐ से एक अथवा अिधक ŮिŢयाएं शािमल हो सकती हœ।  

 

ऑİƛन की भूिमका एवं Ůभाव (Role and effects of auxins) 

1.शीषŊ Ůभुता (Apical dominance): मुƥतः  पादपो ंकी पा Ŋ̫ किलकाओ ं(lateral buds) की िŢया शीषŊ̾थ किलका 
Ȫारा संदिमत होती है। इस İ̾थित को शीषŊ Ůभुता अथवा Ůभािवता (apical dominance) कहते है। शीषŊ किलका के हटाने 
पर पा Ŋ̫ किलकाएँ तीŴता से वृİȠ करती हœ। इसकी खोज थीमेन एवं ˋूग (Thimann and Skoog, 1933) ने की थी। पा Ŋ̫ 
किलकाएं IAA के कारण मुƥ तने से संवहन संबंध (vasscular connections) िवकिसत नही ंकर पाती अतः  उɎŐ किलका 
से शाखा पįरवधŊन हेतु वांिछत पोषक पदाथŊ वांिछत माũा मŐ नही ंिमल पाते। इसके अितįरƅ अिधकांश पदाथŘ का चालन 
शीषŊ मŐ केİȾत वृİȠ के कारण शीषŊ की ओर होता है। इसी कारण पावं किलकाओ ंका ŮवधŊन नही ंहो पाता। 

2. कोिशका िवभाजन (Cell division): संहवन एधा (cambium) मŐ कोिशका िवभाजन की दर IAA एवं मौसमी िŢयाओ ं
- (seasonal activity)Ȫारा िनयंिũत होती है। कलम रोपण (grafting) एवं Ɨित के दौरान कैलस िनमाŊण IAA के कारण 
होता है। 

3. कोिशका िववधŊन (Cell enlargement): ऑİƛन का एक Ůबल Ůभाव कोिशकाओ ंका दीधŎकरण एवं िववधŊन (cell 
elongation and expansion) होता है िजसके फलˢŝप ˑ ʁ एवं फल के आयतन मŐ वृİȠ होती है। कोिशका दीधŎकरण 
परासरण साȾता के बढ़ने, िभिȅ दाब कम होने, िभिȅ की जल के Ůित पारगʄता के बढ़ने, कोिशका िभिȅ के अिधक 
िनमाŊण एवं अिधक ɘैİːकता (plasticity) के कारण होता है। 

पादप कोिशका का िववधŊम मुƥतः  तीन कारणो ंसे होता है।  

1. जल िवभव के कारण जल का परासरणी अवशोषण होता है।  

2. कोिशका िभिȅ की ̊ढ़ता (rigidity) के कारण ˛ीित दाब बढ़ जाता है।  

3. कोिशका िभिȅ को रासायिनक ŝप से कमजोर (अणुओ ंके बीच बɀ को कमजोर करने से) करके कोिशका 
को ˛ीित दाब के अनुसार Ůसार करने मŐ मदद िमलती है।  

ऑİƛन इन तीनो ंको Ůभािवत करते हœ। 

ऑİƛन के कुछ Ůभाव जैसे Ůांकुर चोल दीधŎकरण (coleoptile elongation) बŠत कम समय मŐ होते हœ। जबिक कुछ 
ŮिŢयाएं जैसे कोिशका दीधŎकरण को Ůारंभ करने की ŮिŢया के िलए mRNA एवं Ůोटीन संʶेषण की आवʴकता होती 
हœ। 



10. Phosphatidyl serine, an important component of biological membrane, is located in: 
फॉ˛ेिटिडल सेरीन, जैिवक िझʟी का एक महȕपूणŊ घटक, İ̾थत है: 
(a) the outer leaflet but flipflops to inner leaflet under specific conditions. 
बाहरी leaflet लेिकन िविशʼ पįरİ̾थितयो ंमŐ आंतįरक leaflet के िलए İɢपɢॉप। 
(b) both the leaflets. 
 दोनो ंleaflet । 
(c) the middle of the bilayer. 
बाइलेयर के मȯ मŐ। 
(d) the inner leaflet but flipflops to outer leaflet under specific conditions. 
आंतįरक leaflet लेिकन िविशʼ पįरİ̾थितयो ंमŐ बाहरी leaflet के िलए İɢपɢॉप। 
Ans: d 
Exp:  
11. Major disadvantage of using liposome as a targeted drug delivery vehicle is that: 
टारगेटेड डŌ ग िडलीवरी ʬीकल के ŝप मŐ िलपोसोम का उपयोग करने का Ůमुख नुकसान यह है िक: 
(a) it gets internalized by phagocytosis inside lysosomes. 
यह लाइसोसोम के अंदर फेगोसाइटोिसस Ȫारा आंतįरक हो जाता है। 
(b) it is very unstable and has low shelf-life. 
यह बŠत अİ̾थर है और इसकी शेʚ लाइफ कम है। 
(c) it gets intercalated in cell membranes. 
यह कोिशका िझİʟयो ंमŐ आपस मŐ जुड़ जाता है। 
(d) it’s drug entrapment efficiency is very low. 
इसकी डŌ ग एȴŌ ैपमŐट की दƗता बŠत कम है। 
Ans: a 
Exp:  
12. ATP-binding cassette (ABC) transporters: 
ATP-बाइंिडंग कैसेट (ABC) टŌ ांसपोटŊर: 
(a) are all P-glycoproteins. 
सभी P-ƸाइकोŮोटीन हœ। 
(b) are found only in eukaryotes. 
 केवल यूकेįरयोट्स मŐ पाए जाते हœ। 
(c) are both a membrane-spanning domain that recognizes the substrate and an ATP-binding domain. 
दोनो ंएक िझʟी-फैले Šए डोमेन हœ जो सɵटŌ ेट और ATP-बाइंिडंग डोमेन को पहचानते हœ। 
(d) affect translocation by forming channels. 
चैनल बनाकर ̾थानाȶरण को Ůभािवत करते हœ। 
Ans: c 
Exp:  
13. All cytosolic proteins have nuclear export signals that allow them to be removed from the nucleus when 
it reassembles after: 
सभी साइटोसोिलक Ůोटीन मŐ केȾक िनयाŊत संकेत होते हœ जो उɎŐ िफर से इकǧा होने पर केȾक से िनकालने की अनुमित देते 
हœ:  
(a) meiosis िमयोिसस  
(b) mitosis माइटोिसस 
(c) both meiosis and mitosis िमयोिसस और माइटोिसस दोनो ं 
(d) DNA replication..DNA रेİɘकेशन  
Ans: b 



Exp:  
14. Which of the following statements is INCORRECT in relation to treatment of pre-B cells with phorbol 
esters? 
फोबŖल एːर के साथ pre-B cell के उपचार के संबंध मŐ िनɻिलİखत मŐ से कौन सा कथन गलत है? 
(a) phorbol esters activate NF-B for translocation into the nucleus. 
फोबŖल एːर केȾक मŐ ̾थानाȶरण के िलए NF-B को सिŢय करते हœ। 
(b) phorbol esters activate protein kinase C. 
फोबŖल एːर Ůोटीन काइनेज C को सिŢय करते हœ। 
(c) phorbol esters lead to phosphorylation of NF-B. 
 फोबŖल एːर NF-B के फॉ˛ोराइलेशन की ओर ले जाते हœ। 
(d) phorbol esters remove the inhibitor from inactive NF-B complex in the cytoplasm. 
फोबŖल एːर साइटोɘाǚ मŐ िनİʻय NF-B कॉ̱ɘेƛ से अवरोधक को हटाते हœ। 
Ans: c 
Exp:  
16. Which one of the following matches of oncogene-protein product is NOT correct? 
िनɻिलİखत मŐ से कौन-सा ओकंोजीन-Ůोटीन उȋाद का मेल सही नही ंहै? 
(a) erbA – thyroid hormone receptor. 
erbA - थायराइड हामŖन įरसेɐर। 
(b) erbB – epidermal growth factor receptor. 
erbB - एिपडमŊल Ťोथ फैƃर įरसेɐर। 
(c) ras – guanine nucleotide binding protein with GTPase activity. 
 GTPase गितिविध के साथ ras - गुआिनन ɊूİƑयोटाइड बाइंिडंग Ůोटीन। 
(d) fos – platelet-derived growth factor receptor. 
fos - ɘेटलेट-ʩुȋɄ वृİȠ कारक įरसेɐर। 
Ans: d 
Exp:  
17. KCl (100 mM) was entrapped inside large unilamellar vesicles. A diffusion potential across the bilayer 
can be generated by diluting with buffer containing: 
KCl (100 mM) बड़े एक लेिमला वाली पुिटकाओं के अंदर फंस गया था। बाईलेयर के आर पार से बफर को dailute करके 
diffusion potential पैदा कर सकते हœ  
(a) 100 mM KCl and a protonophore 
(b) 100 mM NaCl and a protonophore 
(c) 100 mM KCl and a K+-specific ionophore 
(d) 100 mM NaCl and a K+-specific ionophore 
Ans: d 
Exp:  
21. Out of the following matches of oncogenes with the proteins that each specifies, which one is 
incorrect? 
िनɻिलİखत मŐ से Ůȑेक Ȫारा िनिदŊʼ Ůोटीन के साथ ओकंोजीन का मेल है, इनमे से कौन सा गलत है? 
(a) erbA – thyroid hormone receptor 
erbA - थायराइड हामŖन įरसेɐर 
(b) erbB – epidermal growth receptor 
 erbB - एिपडमŊल Ťोथ įरसेɐर 
(c) ras – guanine-nucleotide binding protein with GTPase activity 
GTPase गितिविध के साथ ras - गुआिनन-ɊूİƑयोटाइड बाȯकारी Ůोटीन 



(d) fos – platelet-derived growth factor 
fos - ɘेटलेट-ʩुȋɄ वृİȠ कारक 
Ans: d 
Exp:  
24. Which of the following pairs of subcellular compartments is likely to have same pH and electrolyte 
composition? 
िनɻ मŐ से िकस उप-कोिशका कƗ मŐ समान pH और िवद्युत अपघǨ संघटन होने की संभावना है? 
(a) Cytosol and lysosomes. 
साइटोसोल और लाइसोसोम। 
(b) Cytosol and mitochondrial inter membrane space. 
साइटोसोल और माइटोकॉİȵŌ यल इंटर मेʀेन ˙ेस। 
(c) Cytosol and endosome. 
साइटोसोल और एंडोसोम। 
(d) Mitochondrial matrix and inter membrane space. 
माइटोकॉİȵŌ यल मैिटŌ ƛ और इंटर मेʀेन ˙ेस। 
Ans: b 
Exp:  

29. The cylindrical channels in gap junctions are made of 
गैप जंƕनो ंमŐ बेलनाकार चैनल िकससे बने होते हœ?  
(a) connexin.  
(b) collagen. 
(c) fibronectin.  
(d) N-CAM. 
Ans: a 
Exp:  
30. A tumour suppressor protein 
एक Ǩूमर सेŮेसर Ůोटीन 
(a) is one whose function brings about regression of a tumour 
वह है िजसका कायŊ Ǩूमर के Ůितगमन के बारे मŐ लाता है 
(b) one where mutations are shown to cause or are associated with tumours. 
एक जहां उȋįरवतŊन Ǩूमर के कारण या जुड़े Šए हœ। 
(c) is inactivated by oncogenes. 
 ओकंोजीन Ȫारा िनİʻय है। 
(d) inhibits the progression of the cell cycle by phosphorylating cyclins. 
फॉ˛ोराइलेिटंग साइİƑन Ȫारा कोिशका चŢ की Ůगित को रोकता है। 
Ans: b 
Exp:  
32. One population of large unillamellar vesicles (LUV), labeled with a flurophore attached to phosphatidyl 
ethanolamine is mixed with a population of unlabeled LUV in the ratio of 1:5. A protein is added to these 
lipid vesicles. Considerable enhancement in fluorescence is observed. This is due to 
फॉ˛ेिटिडल एथेनॉलमाइन से जुड़े ɢोरोफोर के साथ लेबल िकए गए बड़े युिनलेिमलर वेिसकʤ (LUV) की एक आबादी को 
1: 5 के अनुपात मŐ िबना लेबल वाले LUV की आबादी के साथ िमलाया जाता है। इन िलिपड वेिसकʤ मŐ एक Ůोटीन िमलाया 
जाता है। Ůितदीİɑ मŐ उʟेखनीय वृİȠ देखी गई है। इसका कारण है 
(a) redistribution of the flurophore between the vesicles as a result of membrane fusion. 
िझʟी संलयन के पįरणामˢŝप वेिसकʤ के बीच ɢोरोफोर का पुनिवŊतरण। 



(b) translocation of a population of flurophore to the unlabeled vesicles due to vesicle aggregation. 
वेिसकʤ एकũीकरण के कारण िबना लेबल वाले वेिसकʤ मŐ ɢोरोफोर की आबादी का टŌ ांसलोकेशन । 
(c) extrusion of the flurophore from the vesicles into buffer. 
ɢुरोफोर को वेिसकʤ से बफर मŐ बाहर िनकालना। 
(d) formation of micelles from the vesicles. 
वेिसकʤ से िमसेल का िनमाŊण। 
Ans: a 
Exp:  
33. Mitochondrial proteins are first fully synthesized as mitochondrial precursor proteins in the cytosol 
and then translocated into mitochondria through signal sequences.  
माइटोकॉİȵŌ यल Ůोटीन को पहले साइटोसोल मŐ माइटोकॉİȵŌ यल precursor proteins के ŝप मŐ पूरी तरह से संʶेिषत िकया 
जाता है और िफर िसưल सीƓŐ स के माȯम से माइटोकॉİȵŌ या मŐ टŌ ांसलोकेटेड िकया जाता है। 
Which one of the following is true for mitochondrial precursor proteins? 
माइटोकॉİȵŌ यल precursor proteins के िलए िनɻिलİखत मŐ से कौन सा सही है? 
(a) They remain unfolded in the cytosol. 
वे साइटोसोल मŐ सामने आते हœ। 
(b) They form a folded structure. 
वे एक मुड़ी Šई संरचना बनाते हœ। 
(c) They do not form amphiphilic α-helix 
वे ए̱फीिफिलक α-हेिलƛ नही ंबनाते हœ 
(d) They form β–pleated sheets. 
वे β-ɘीटेड शीट बनाते हœ। 
Ans: a 
Exp:  
35. Which of the following is most likely to be activated in the non-canonical Wnt pathway? 
िनɻिलİखत मŐ से कौन non-canonical Wnt pathway मŐ सिŢय होने की सबसे अिधक संभावना है?  
(a) Disheveled and GSK-3 
(b) RhoA and PLC. 
(c) GSK-3 and RhoA. 
(d) Dishaveled and APC. 
Ans: b 
Exp:  
41. Which of the following statements regarding membrane transport is FALSE? 
 मेʀेन टŌ ांसपोटŊ के संबंध मŐ िनɻिलİखत मŐ से कौन सा कथन गलत है? 
(a) Polar and charged solutes will not cross cell membranes effectively without specific protein carriers. 
Ŭुवीय और आवेिशत िवलेय िविशʼ Ůोटीन वाहको ंके िबना कोिशका िझʟी को Ůभावी ŝप से पार नही ंकरŐ गे। 
(b) Each protein carrier will only bind and transport one (or a few very similar) type of solute. 
Ůȑेक Ůोटीन वाहक केवल एक (या कुछ बŠत समान) Ůकार के िवलेय से जुड़ेगा और टŌ ांसपोटŊ करेगा। 
(c) Sugars such as glucose are always transported by active transport rather than by facilitated diffusion 
carriers. 
Ƹूकोज जैसे शकŊ रा का टŌ ांसपोटŊ हमेशा सिŢय टŌ ांसपोटŊ Ȫारा िकया जाता है न िक सुगम Ůसार कैįरयर Ȫारा। 
(d) Ions are typically transported by special proteins that form membrane channels. 
आयनो ंको आमतौर पर िवशेष Ůोटीन Ȫारा ले जाया जाता है जो िझʟी चैनलो ंसे बनाते हœ। 
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1. Restriction endonucleases: ,d endonuclease ,d enzyme gS tks nucleic acid ds phosphodiester bonds dks 

,d internal site (,d exonuclease ls ugha dkVk tkrk, tks  dsoy nksuksa fljksa esa ls ,d fljk ds nucleotides dks dkVrk gS) 
dqN endonucleases DNAs vkSj RNAs ds internal bond (vUr% cU/kksa) dks randomly (;knf̀PNd) dkVrk gSA gkykafd, 
restriction endonucleases specific (fof’k"V) restriction sites ij dsDNA ds nksuksa strands dks dkVrs gSaA Restriction 
endonucleases dbZ izdkj ds gSa vkSj izR;sd restriction endonucleases ,d restriction site ds fy, vR;f/kd fof'k"V gSa, 
tks T;knkrj 4, 6 ;k 8 base pairs ds gksrs gSaA dqN viokn gSa tks ckn esa discuss fd;s tk;saxsA 

Three types of restriction endonucleases 

Type I 

 Type I enzymes dks lcls igys [kkstk x;k FkkA budh recognition site vyx gksrh gS vkSj budh cleage site ls 
dkQh nwj gksrh gSA  

 bu restriction enzymes dks dk;Z djus ds fy, Magnesium, ATP (adenosine triphosphate) vkSj AdoMet 
(S-adenosyl methionine) dh vko’;drk gksrh gSA  

 Type I restriction enzymes esa 3 subunits gksrh gSaA 
Type II 

 3000 ls Hkh T;knk vyx&vyx izdkj ds type II restriction endonuclease enzymes gSaA  
 Type II restriction enzymes dh recognition sites 4 ls 8 base pairs yEch gksrh gS vkSj Mg2+ dh mifLFkfr 

esa lfØ; gksrh gSA  
 budks dk;Z djus ds fy, ATP ;k AdoMet dh vko’;drk ugha gksrh gSA  
 ;s restriction endonuclease T;knkrj mlh site ij cut djrs gSa, tgka os DNA dks igpkurs gSa vkSj ;s ,d subunit 

ds cus gksrs gSaA   
Type III 

 Type III restriction endonucleases recognition site ls approximately 25 base pairs ij cut djrs gSaA 
 Type I vkSj Type II ls vyx, Type III restriction endonucleases nks vyx&vyx nucleotide sequences 

dks recognition sites dh rjg igpkudj dk;Z djrk gSA  
 ;s nks nucleotide sequences Type I vkSj Type II }kjk igpkus x;s sequences ls vyx gksrs gSa, D;ksafd nks 

sequences non-palindromic vkSj budh base pairing esa ,d nwljs ds foijhr gksrs gSaA  
 Type III restriction endonucleases dks DNA restriction vkSj methylation dks iw.kZ djus ds fy, AdoMet 

vkSj ATP dh vko’;drk gksrh gSA  
 

Applications 

►Restriction endonucleases dks izkFkfed :i ls DNA replication vkSj protein expression experiments esa genes 
dks plasmid vectors esa insert djkus esa mi;ksx fd;k tkrk gSA  

 lkekU; :i ls mi;ksx esa yk;k tkus okyk restriction endonuclease type II restriction endonucleases gSA  
 Vector esa ,d gene dks insert djkus ds fy, same restriction enzyme dks plasmid DNA vkSj gene insert ij 

use djrs gSaA Restriction endonuclease ls dkVs tkus ds ckn, bUgsa DNA ligase ds }kjk tksM+ fn;k tkrk gSA  
 budks single nucleotide polymorphism dks igpkuus esa Hkh mi;ksx fd;k tkrk gS, tks gene alleles ls vUrj irk 

djus esa dke vkrh gSA  
 ;s ,d DNA dh genotyping fcuk sequencing dh cost ds allow dj ldrk gSA Restriction enzymes dks M+kyus 

ds ckn fQj gel electrophoresis djkus ij, gel esa mifLFkr bands dh la[;k samples ds genotype dks crkrk gSA  
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 Restriction endonucleases, DNA fragmentation ds fy, Hkh mi;ksxh gSA ;g technique DNA dks specific 
sites ij dVus ds fy, allow djrh gS, tks ,d fuf’pr sequence dk fragment esa gksuk lqfuf'pr djrh gS vkSj lHkh 
VwdMs+a leku vkdkj ds gksrs gSaA Fragmented gksus ds ckn, DNA dbZ izdkj dh analytic techniques ds fy, T;knk 

mi;qDr gks tkrk gSA ;g genetic fingerprinting tSls izfØ;kvksa esa Hkh mi;ksx fd;k tkrk gSA  

Restriction sites: lHkh restriction sites  palindromes gSa (buesa same double-stranded DNA base sequence 
nksuksa fn'kkvksa esa gksrs gSa). mnkgj.k ds fy, vf/kdrj dke esa fy;k tkus okyk Eco RI enzyme GAATT (5' ls 3') sequence dks 

igpkurk gSA tc 5'- ls 3'- i<+ tkrk gS rks, complementary strand dk sequence Hkh GAATTC gksrk gSA  

Bacteria restriction endonucleases dks defense mechanisms ¼j{kk ra=½ (tSls% viral invasion ds fo:)) dh rjg 
mi;ksx djrk gSA izR;sd izdkj ds bacterium esa vius Lo;a ds restriction enzymes vkSj specific recognition sites gksrh 
gSaA Foreign DNA dks izHkkoh :i ls recognition sites ij cut yxkdj u"V dj fn;k tkrk gSA  

Bacteria vius genome dks, vius DNA dh restriction sites esa base-modification ls (lkekU;r% methylation ls) cpkrk 
gSA  vr% izR;sd strain ds ikl ,d restriction endonuclease vkSj DNA methylase, leku target fof'k"Vrkvksa ds lkFk 

gksrk gS,  

“Restriction” endonuclease uke bu vR;f/kd fof'k"V nucleases dks blfy, fn;k Fkk D;ksafd ;s foreign DNAs ls 
invasion dks tSls fd bacterial viruses, dks jksdrk gSA  

Frequency of cutting: Restriction site specificity ds dkj.k, restriction endonucleases DNA dks fragments esa 
cut djrk gS, ftudh vkSlr yEckbZ dk irk restriction site esa mifLFkr base pairs dh la[;k ls (and to a lesser extent by 
the ratio of bases in the DNA) pyrk gSA  

DNA ftlesa pkjksa bases leku ek=k esa gksrh gSa, DNA sense strand ij fdlh LFkku ij izR;sd base dh probabilty ¼gksus dh 
laHkkouk½ (izkf;drk) 1/4 gksrh gSA 4 base pairs dh ,d restriction site ds fy, ml sequence dh random occurrence 
dh izkf;drk (1/4)(1/4)(1/4)(1/4) =1/44=1/256 gSA 6 base pairs ds fy, izkf;drk=1/46 = 1/4096 gS vkSj 8 base pairs 
ds fy, ;g izkf;drk =1/48 = 1/65536 gSA vr% ,d 6 base pairs restriction site okyk restriction endonuclease 4,096 
base pairs vkSlr yEckbZ ds fragments cuk;sxkA ;s fragment ,d iwjs gene dks j[kus ds fy, dkQh cM+s gksrs gSa (vr% blesa 
gene esa bl restriction endonuclease ds fy, dksbZ cut side ugha gS). 

Effect of base composition: DNA ftldk base composition 50% GC 50% AT ls vyx gS (tks pkjksa bases ds 
cjkcj la[;k ds led{k gS), ,d site ds fy, probability calculate djuk vko’;d gS tks blds izR;sd ?kVd dh probabilities 
dk xq.ku gksrk gSA vxj ,d DNA 66.7% GC gS (eryc 2/3 base pairs GC gS) vkSj base pairs dk random orientation 
¼fn'kkReDrk½ gksrh gS rks izR;sd A ,oa T nksuksa dh probabilities 1/6 gksxh vkSj G & C dh probabilities 1/3 gksxhA vr% GAATTC 
dh probability (1/3)(1/6)(1/6)(1/6)(1/6)1/3) = 1/11,664 gk xg, tks 1/4096 ls vyx gS tc pkjksa bases cjkcj ek=k esa 
mifLFkr FksA vr% Eco RI  }kjk cuk;s x;s fragment dh vkSlr yEckbZ DNA ftlesa higher GC content gSa mlesa T;knk gksxhA  

Naming of restriction endonucleases: Restriction endonucleases ds uke bacteria dh species vkSj strains ftuls 

;s derive gq, gSa ij j[kk tkrk gSA 1st letter genus ds fy, gksrk gS vkSj vxys 2 letters(2nd  and 3rd ) species ds fy, 4th 
strain ds fy, vkSj Roman numeral tks strain ds enzyme dks crkrk gSA 1st rhu letters, tks genus vkSj species ds fy, 

gksrs gSa, mUgsa italics esa fy[krs gSaA vr% Eco RI, E. coli strain RY13 ls izkIr igyk restriction endonuclease gSA  

uhps nh gqbZ list esa, dsoy ,d strand ds palindrome dk sequence fn;k tk jgk gS (nwljk bldk reverse complement gS 
vkSj 5' ls 3' i<+s tkus ij identical gksxk).  

Cut site dks vertical line (|) tks fd bases ds chp gksrh gS, ls le>k;k x;k gS   

Sticky ends (uhps l) curs gSa, tc Hkh cut sequence ds exact center ij ugha yxrkA Pu eryc dksbZ purine (A ;k G), Py 
eryc dkbZ pyrimidine (C ;k T). (A/T) eryc A ;k T (an AT base pair in either orientation).  

Note: Eco RII vlkekU; gS D;ksafd mlesa recognition sequence ,d ¼fo"ke½ odd number ds bases dk gksrk gSA  
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 Aac65 I   G|GTACC 
 Alu I       AG|CT 
 Bam HI  G|GATCC 
 Bgl II     A|GATCT 
 Cla I      AT|CGAT 
 Eco RI   G|AATTC 
 Eco RII  |CC(A/T)GG 
 Hae III   GG|CC 
 Hin dII   GTPy|PuAC 
 Hin dIII  A|AGCTT 
 Hpa II    C|CGG 
 Kpn I    GGTAC|C 
 Mbo I    |GATC 
 Not I    GC|GGCCGC 
 Nst I    ATGCA|T 
 Pst I     CTGCA|G 
 Pvu I    CGAT|CG 
 Sac I     GAGCT|C 
 Sal I     G|TCGAC 
 Sma I    CCC|GGG 
 Xma I    C|CCGGG 

Isoschizomers: dqN ekeyksa esa, 2 ;k T;knk vyx&vyx enzymes identical sites dh igpku djrs gSaA vyx&vyx source 
(L=ksr) ls izkIr enzymes tks same site dks igpkurs gSa vkSj pkgs os leku ;k vleku rjhds ls dkVrs gksa, mUgsa isoschizomers 
dgrs gSaA Sma I vkSj Xma I tks fd list esa fn;s gSa, ;s ,d isoschizomers dk mnkgj.k gS, tks ,d gh site dks vyx&vyx rjhds 

ls cut djrs gSaA  

Neoschizomer: ,d enzyme tks same sequence dks igpkurk gS ysfdu vyx&vyx rjg ls dkVrk gSA Neoschizomers 
,d fof'k"V izdkj (subset) ds Isoschizomers gSaA mnkgj.k ds fy, Sma I (CCC/GGG) vkSj Xma I (C/CCGGG) ,d nwljs 

ds neoschizomers gSaA 

Isocaudomer: ,d enzyme tks FkksMs vyx sequence dks igpkurk gS, ysfdu  ,d leku fljs cukrk gSA 

 

2.  DNA methyltransferases   

DAM Methyltransferase: E. coli ds dam+ strains esa, 5 ...GATC...3 sequence ds adenine residues ds N6 atom 
ij methyl group tqM+k jgrk gSA   DNA adenine methylase ,d single-subunit nucleotide-independent (type II) 
DNA methyltransferase gS tks recognition sequence 5 GATC 3 esa adenine residues ij S-adenosylmethionine 
ls methyl group dk transfer djrk gSA  

 E. coli esa, efficient DNA mismatch repair ds fy, dam methylation vko’;d gksrk gSA  
 oriC ij lVhd DNA replication ds initiation ds fy, oriC ij mifLFkr chromosomes ds segregation vkSj 

partition ds fy, vkSj gene expression ds modulation esa Hkh vko’;d gSA  
 Methyl group ds adenine ds N6 atom ij transfer ls ,d bulky alkyl residue dks B-form DNA ds major 

groove esa j[k fn;k tkrk gS, ftudh recognition sites esa sequence 5 GATC 3 gksrk gSA  
 blds foijhr dqN restriction enzymes dks GATC-residues ij DNA dks cleave djus ds fy, methylation dh 

vko’;drk gksrh gSA  
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DCM Methyltransferase 

dcm 5 ...CCAGG...3 ;k 5 ...CCTGG...3 sequence esa mifLFkr cytosine ds C5 position ij methyl groups tksM+rk gS 

vkSj bl izdkj EcoRl dh rjg restriction enzymes ls cleavage dks jksdrk gSA  

3. Restriction Mapping: Restriction endonucleases ls DNA ds cM+s pieces dks NksVs VqdM+ksa esa rksM+k tk ldrk gSA ;fn 2 
restriction endonucleases mi;ksx fd;s tkrs gSa, rks izR;sd fragment tks 1st enzyme ls cuk gS mls Hkh nwljs enzyme 
}kjk vkSj Hkh NksVs VqdMksa esa dkV fn;k tkrk gSA Electrophoresis vkSj fragments dh mobilities ds eqdkcys esa (fragments 
with those of “markers” of known size) fragments ds relative size dk irk pyrk gSA ftuesa cut cuk;s gSa, ml Øe dks 
mYVk djus ij, overlapping fragments dks align djds ewy DNA dk ,d iw.kZ restriction map cuk ldrs gSaA   

4.  Vectors: Cloned genes dk replication izkIr djus ds fy, budks self-replicating genomes esa M+kyuk vko’;d gS, ftUgsa 
vectors dgrs gSaA gkykafd bacterial plasmids dks vectors dh rjg mi;ksx fd;k tkrk gS, tSlk fd uhps crk;k x;k gSA blds 

vykok Hkh dbZ izdkj ds vectors gksrs gSaA ,d vector esa fuEu properties gksus pkfg,: 

1. Vector esa ,d origin of replication (ori +) gksuk pkfg, tks DNA dks viusvki replication ds fy, allow djs vkSj DNA 
esa Lora= :i host DNA gksrk gSA  

2. Cloning ds fy, mi;ksxh, circular vector dks fcuk fdlh vector DNA uqdlku ds restriction endonucleases ls 
open djrs gSaA blds fy, fof'k"V restriction site dk gksuk vko’;d gS tks iwjs circule vector DNA esa dsoy 1 gksuh 
pkfg,A Restriction endonuclease tks fd site fof'k"V gS, ls dkVus ij circular DNA linearize gks tkrk gSA Cut fljks 
dks okil tksM+us ij iwjk vector fQj ls cu tkrk gSA ;g cut fljks ds chp foreign DNA seqeuence dks vUnj tkus ds 

fy, allow djds ,d u;k] cM+k circular vector cukrk gS, ftlesa ,d inserted sequence gksrk gS tSls: ,d cloned 
coding sequence ;g /;ku fn;k tkuk vko’;d gS fd dqN izdkj ds vectors dk genome circular ¼xksykdkj½ gksrk 
gSA  

3. T;knkrj vectors dqN selectable marker (tSls fd antibiotic resistance) dks code djrs gSaA vr% host organism 
dks fo'ks"k ifjfLFkfr;ksa esa thfor jgus ds fy, vector dh mifLFkfr vko';d gSA 

4. blesa ,d second marker Hkh gksuk pkfg, tks cloned DNA okys vectors vkSj cloned DNA jfgr vectors ds chp vUrj 
dj ldsA    Positive selection-  Positive selection,मŐ, host strain मŐ कायाŊȏक जीन की कमी मीिडया पर 

नही ंबढ़ती है, लेिकन recombinant clone के साथ पįरवितŊत होː मीिडया मŐ बढ़ने के िलए आवʴक 

जीन उȋाद की आपूितŊ करने मŐ सƗम हो सकता है। 

 Negative selection - Negative selection मŐ, एक रासायिनक यौिगक मीिडया मŐ जोड़ा जाता है जो 
जीन उȋाद की उपİ̾थित मŐ cytotoxic agent मŐ पįरवितŊत हो जाएगा, और पįरणामˢŝप, यह wild 
Ůकार की कोिशकाओ ंके िवकास की अनुमित नही ंदेता है। लेिकन पुनः  संयोजक Ƒोन के साथ 
तɨील host strain एक गैर-कायाŊȏक जीन उȋाद है और मीिडया मŐ यौिगक की उपİ̾थित मŐ बढ़ता 
है। 

 

5.  Plasmids: Bacterial plasmids NksVs circular DNAs gksrs gSa, ftuesa muds Lo;a ds origins of replication gksrs gSa vkSj 
bacterial cells esa autonomous (Lok;Ùk) replication esa leFkZ gksrk gSA Plasmids ftuesa mfpr genes gksrs gSa, os antibiotics 
izfrjks/kh bacteria cukus esa l{ke gksrs gSa, tks mu bacterias dk p;u djus esa laHko gksrs gSa ftUgksaus plasmid fy;k gSA vkdkj 

NksVk gksus ds dkj.k, plasmid esa ,d restriction endonuclease ds fy, dsoy 1 cut site gksrh gS, tks foreign DNA ds 
lekdyu (Integration) ds fy, circle dks open djrk gS vkSj plasmid ds fgLlks dks [kRe gksus ls cpkrk gSA budks dbZ rjhdksa 

ls modify Hkh fd;k tk ldrk gSA dbZ multiple cloning sites(MCS) ds addition ls cnyko dj ldrs gSaA  
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,d vU; trick ftldk mi;ksx izkdf̀rd :i ls mifLFkr cut sites dks gVkus ;k cukus esa djrs gSaA Codon ds 3rd base 
dks cny dj restriction endonuclease dh cut site dks gVkrk gSA Amino acid ds lEcU/k esa ,sls mutations silent gks 
gSa, ysfdu restriction endonucleases ls DNA ds cleavage ds lEcU/k esa ughaA 

 

Subcloning 

Cloning experiment dk lcls ljy rjhdk tks DNA cloning dh dbZ basic i)fr;ksa dks iznf'kZr djrk gS, cloned DNA dk ,d 
vector ls nwljs vector esa transfer gS, mi;ksx ftls subcloning dgk tkrk gSA ;g ,d large cloned fragment ds short region 
dks vf/kd foLrkj esa tk¡p djus ds fy, mi;ksx fd;k tk ldrk gS ;k ,d gene dks ,d ,sls vector esa transfer djus ds fy, tks bls 
particular species esa express djus ds fy, design fd;k x;k gSA mnkgj.k ds fy, E.coli esa plasmid vectors ds ekeys esa, tks 

lcls lkekU; fLFkfr gS, izfØ;k dks fuEu pj.kksa esa ck¡Vk tk ldrk gSA  

 bfPNr cloned sequence j[kus okys plasmid DNA dk isolation.  
 Restriction endonucleases ds lkFk plasmid dk discrete fragment esa digestion (cutting).  
 Agarose gel electrophoresis }kjk fragments dk separation. 
 Desired target fragment dk purification.  
 ,d u;k recombinant molecule cukus ds fy, ,d u, plasmid esa fragment dk ligation (joining).  
 Ligated plasmid dk ,d E. coli strain esa transfer (transformation).  
 Transformed bacteria dk selection.  
 Recombinant plasmids dk analysis. 
 

Plasmids: ,d plasmid, bacterial chromosome ls vyx ,d nwljk DNA molecule gS tks Lora= :i ls replication vkSj 

transmission ds fy, l{ke gSA Plasmids circular gS vkSj ;k rks bacterial chromosome ls vyx ;k bacterial chromosome 
ds lkFk tqM+s gq, gksrs gSA fof'k"V ifjfLFkfr;ksa dks NksMdj os host cell ds fy, vko';d ugha gksrs gSA dbZ rjg ds bacterial plasmids 
gS, ysfdu buesa 3 lcls vf/kd v/;;u fd, x, izdkj gS : -  

(1) F plasmids (conjugation ds fy, mŸkjnk;h gS) 
(2) R plasmids (antibiotics ds izfr resistance ds fy, genes j[krk gS) vkSj  
(3) Col plasmids (colicins ds fy, code djrs gS, os proteins tks sensitive E.coli cells dks kill ¼[kRe½ djrs gS, os particular 

colicin ds izfr immunity iznku djus okys genes Hkh j[krs gS). Plasmids ;k rks conjugative (transmissible) gks ldrs gS 
(conjugation ds }kjk DNA transfer dh e/;Lrrk djrs gS vkSj bl izdkj ,d population ds bacterial cells ds chp rsth 

ls o)̀ djrk gS) e.g., F plasmids, dbZ R plasmids vkSj dqN Col plasmids, ;k nonconjugative (conjugation }kjk DNA 
transfer mediate ugha gksrk gS) e.g., dbZ R plasmids vkSj vf/kdrj Col plasmids. 

 

Stringent and Relaxed Replication: Mainly blds replication control system ds dkj.k bacterial cell esa izR;sd 
plasmid ,d fof'k"V copy number dk;e gksrk gSA 

bl laca/k esa plasmids 2 izdkj ds gksrs gS:- (1) single copy vkSj (2) multicopy plasmids. Single copy plasmids dk replication 
control muds bacterial host cells dh rjg gS, blfy, os bacterial chromosome ds lkFk replicate vkSj segregate gksrs gS, 
bls stringent replication dgk tkrk gSA blds contrast esa, multicopy plasmids dk replication control bacterial host 
genome ls vyx gksrk gS, blfy, host genome ds izR;sd replication ds fy, os ,d ls vf/kd ckj replication djrs gSA bls 
relaxed replication dgk tkrk gSA  
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Stringent Plasmid Relaxed Plasmid 

Low # High # 

Depend on protein synthesis of system 
(Host) 

Independent (self) 

Stop replicating upon using protein 
synthesis inhibitors. 

Get amplify upon using protein synthesis inhibitors. 

Replicates with Genomic DNA Independent of genomic DNA (Only DNA Poly. Required) 

TABLE: Antibiotic resistance genes found in R plasmids, their proteins and mechanism of antibiotic 
resistance 

Antibiotic gene Protein produced by the gene 
conferring resistance 

Mechanism of resistance 

Ampicillin (amp) Penicillmase or β-lactamase Hydrolysis of C-N bond in β-lactam ring 

Kanamycin (kan) Kanamycin acetyltransferase* N-acetylation of the antibiotic 

Neomycin (neo) Aminogycoside phospho transferase O-phosphorylation of the antibiotic 

Streptomycin (str) Streptomycin phospho transferase Phosphorylation of OH on the antibiotic 

Streptomycin adenylate synthetase Adenylation of the OH on the antibiotic 

Some of major reporter genes/ protein used in RDT 

Protein Activity & Measurement 

CAT (chloramphenicol acetyltransferase) 
Transfers radioactive acetyl groups to chloramphenicol; 
detection by thin layer chromatography and 
autoradiography 

GAL (β-galactosidase) 
Hydrolyzes colorless o-nitrophenol-β-galactoside to o-
nitrophenol and galactose (colored products.) 

GUS (β-glucuronidase) 
Hydrolyzes colorless  X-gluc (5-bromo, 4-chloro, 3-indoyl 
ß–glucuronide)  to yield colored products. 

LUC (luciferase)   enzyme from firefly (Photinus pyralis), Oxidizes Luciferin to oxyluciferin emitting photons. 

GFP (green fluorescent protein) from the jelly-fish 
Aequoria Victoria   

Fluoresces on irradiation with UV. 
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There are now several variants of GFP with altered 
fluorescence emission to give different colours – YFP 
(yellow), BFP (blue), CFP (cyan). 

 

VECTORS  
,d vector ,d DNA molecule tks appropriate host cell esa replicate gksus dh ability j[krk gS vkSj ftlesa cloning ds fy, 
clone fd;k tkus okyk DNA fragment (bls DNA insert dgk tkrk gS) integrated gksrk gSA bl izdkj, ,d vector dks ,d origin 
of DNA replication (ftls ori ls denote fd;k tkrk gS) j[kuk pkfg, tks host cell esa function djrk gSA fdlh extra-
chromosomal small genome, e.g., plasmid, phage vkSj virus dks vector dh rjg use fd;k tk ldrk gSA 

 

Properties of A Good Vector 

,d vPNs vector dks fuEu properties j[kuh pkfg,: - 

1. bls autonomously replicate gksus esa l{ke gksuk pkfg,A tc cloning dk mn~ns'; DNA insert dh dbZ copies izkIr djuk gS, 
vector replicon dks relaxed control esa gksuk pkfg,, ftlls ;g single host cell esa viuh multiple copies generate dj 
ldsA 

2. bls isolate vkSj purify djuk vklku gksA 
3. bls host cells esa easily introduce fd;k tk lds, i.e., vector ds lkFk host dk transformation easy gksuk pkfg,A 
4. Vector es suitable marker genes  gksus pkfg, tks transformed host cells ds easy   selection dks allow djrk gSA 
5. tc mn~ns'; gene transfer gS, blesa Lo;a dk DNA insert tks ;g carry djrk gS, dks host cell ds genome esa integrate djus 

dh {kerk gksuh pkfg,A 
6. DNA insert j[kus okys vector molecules ds lkFk transformed cells (recombinant ;k chimaeric vector) flQZ vector 

molecules }kjk transformed cells esa selectable ;k  identifiable gksus pkfg,A 
7. ,d vector dks vf/kd ls vf/kd restriction enzymes ds fy, fof'k"V target sites j[kuh pkfg,, tgka DNA vko';d dk;ksZ dks 

ckf/kr fd;s fcuk tksMk tk ldrk gSA 
8. tc DNA insert ds expression dh vko’;drk gksrh gS, vector dks at least suitable control element j[kus pkfg,, 

promoter, orperator vkSj ribosome binding sites; dbZ nwljs factors Hkh important gks ldrs gSA 
 

Cloning and Expression Vectors 

 ,d suitable host esa DNA inserts ds propagation ds fy, use fd;s x;s lHkh vectors dks cloning vectors dgk tkrk gSA 
ysfdu tc ,d vector DNA insert ds expression ds fy, ;k blds }kjk specified protein ds production ds fy, design 
fd;k tkrk gS, bls expression vector dgk tkrk gSA  

 As a rule, bl izdkj ds expression vector at least lHkh regulatory sequence i.e., promoters, operators, 
ribosomal binding sites etc. j[krs gS, tks pqus x, host esa optimum function j[krh gSA  

 lHkh cloning vectors relaxed replication control j[krs gS, blfy, os per host cell vusd izfr;k¡ mRiUUk djrs gSA 
 tc ,d eukaryotic gene dks ,d prokaryote esa express fd;k tkrk gS, eukaryotic coding sequence dks prokaryotic 

promoter ;k ribosome binding site ds ckn place fd;k tkuk pkfg, D;ksafd eukaryotic regulatory sequences 
prokaryotes esa recognize ugha gksrh gSA  

 lkFk gh, eukaryotic genes, as a rule, muds coding regions esa mifLFkr introns (noncoding regions) j[krs gSA 
Eukaryotic genes ds mfpr expression ds fy, bu introns dks gVk;k tkuk pkfg, D;ksafd prokaryotes esa RNA transcript 
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Covalent chromatography

The substance in mobile phase form covalent bonds with the stationary phase and elution is 
accomplished breakage of these bonds.

( purification disulfide bonds )

- dipyridyl disulfide which under mild conditions, forms mixed 
disulfides with the thiol group of proteins. 

DNA cellulose chromatography

- DBPs (DNA binding proteins) 

DNA-cellulose 

ionic strength ( DBPs DNA adsorbed ) 

pass Column 

eluted , 

Phage T4 E.Coli    DNA-binding protein Bruce Alberts 

Methylated Albumin Kieselgur (MAK) Columns

kieselgur ( ) adsorb single and 

double-stranded DNA and RNA elute 

Uses:

1. M.W., base Native DNA 

2. To separate dsDNA with single-stranded ends from those without such termini. 

3. rRNA t-RNA 

4. - t-RNA 

base composition DNA separation:- affinity 

sieving 

Hydroxylapatite chromatography

Crystalline hydroxylapatite (Ca10(PO4)6(OH)2) adsorbent 

Hydroxylapatite applications 

separation of single-stranded from double-stranded DNA DNA 

single-stranded DNA desorbed 

- , double-stranded DNA release Cot analysis 

To separate dsDNA with single

RNA 

To separate dsDNA with single

) 

elute 

Kieselgur

adsorb 

(MAK)(MAK) Columns

Bruce Alberts 

, 

Bruce Alberts 

) 

affinity affinity 

stranded ends from those without such termini. 
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Double-stranded DNA hydroxylapatite affinity 

RNA proteins 500mM 

elution 

, -

, 

, 

- interact salting out 
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CHAPTER : 6 
ELECTROPHORESIS  
 

    electrically charged              

  solvent             net charge   

         , uncharged residues       

    ,          quantitatively electrophoresis 

                ,  E  ,    

 velocity   , v,   , Eq  viscous drag, fv       

,  f, frictional coefficient ,   Eq = fv  

       velocity       electrical current    

   mobility, u,    ,  u = v / E = q / f  velocity        

  mobility frictional coefficient    ,          f , 

   u             

Types of Electrophoresis 

There are two Types of Electrophoresis     (i) Moving-boundary and (ii) Zone. 

(i)  Moving-boundary Electrophoresis: Moving-boundary electrophoresis ,   solution  

       position (  , solvent  solution     )    

                   isoelectric points  

      

(ii) Zone Electrophoresis: Zone electrophoresis           solution apply   , 

   solvent               homogeneous 

medium               ,   , mobility  

  ,         

    zone electrophoresis            

supporting medium        (convection)        

concentrated macromolecular solutions         
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Electron transport inhibitors::- 

Components  order determination electron transport chain  specific electron carriers  several 
inhibitors   

  
Components  order determination electron transport chain  specific electron carriers  
inhibitors 

For example: 

*  Cyanide (CN), azide (N3) and carbon monoxide (CO)  cytochrome oxidase  inhibit 
  

Oxidative phosphorylation 

Oxidative phosphorylation  ATP synthesis (Phosphorylation) NADH  FADH2  oxidation 
electron transport  respiratory chain  Unlike substrate level phosphorylation,  phosphorylated 
chemical intermediates  involve  Rather,  different mechanism  chemiosmotic 
hypothsis 

 1961  Peter Mitchell  propose   mitochondrial inner membrane   electron transport 
 proton gradient   ATP  synthesis   chemical intermediate 

ATP   enzyme ATP synthase  inner mitochondrial membrane    

HINDI MEDIUM [BIOCHEMISTRY] 

 

 

 

184 
  

27, Kisaan Marg, Tonk Road, Jaipur-302015 
in case of any doubt WhatsApp us at 9314503070 

 

, respiratory chain  NADH  oxidation  three H+ pump (NADH dehydrogenase, the cytochrome bc1 and 
cytochrome oxidase) mitochondrial matrix  inner mitochondrial membrane  intermembrane space  
H+ ions  pumped out   [  FADH2  reoxidized ubiquinone  H+ ions  pump out only 
cytochrome bc1 complex  cytochrome oxidase ,  ATP , NADH ]  

Electrically charge ion  pump  free energy change  electrical charge  species  concentration 
 H+ ions  pump  intermembrane space  H+ ions  concentration   inner 

mitochondrial membrane  intermembrane space , positive ,  electrochemical 
proton gradient   

ATP synthase protons   mitochondrial matrix   ATP synthesis   ATP synthase  
 proton-motive force ,  pH gradient and membrane potential    

NADH  per molecule  3 ATP  FADH2  per molecule  2 ATP generation  ,  
NADH and FADH  molecule  2.5 and 1.5 ATP   

    
ATP synthase as a rotatory engine:         
 ATP synthase, inner membrane   mitochondria , 

sub-mitochhondrial vesicles ,  ATP synthase spheres    

 1960  Racker  spheres   spheres ATP  hydrolyze  
 spheres  ATPase activity (called F1 ATPase)   

 Fl ATPase   polypeptide  Stripped sub-mitochondrial vesicles  electrons  transport 
  , but ATP  synthesis ,   F1 ATPase     

  submitochondrial vesicles  ATP synthase   coupling factor O or F0 particle 
 , F0  proton channel ,  inner mitochondrial membrane   , Since ATP synthase   

major part   F0 F1 ATPase  F0 and F1   polypeptides 
  

 Electron transport   complex, energy  , ATP synthesis  , F1 component 
 electron transport coupling  ATP  hydrolyze   
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, ATP synthase F1 portion rotatory engine , ATP hydrolysis  ATP 
synthesis subunit 3 rotate rotatory 
engine 

Coupling and Respiratory Control

Electron transport, ATP synthesis tightly coupled (i.e. electron flow oxygen 
, ADP phosphorylation ATP ) ,  proton gradient ATP synthesis 

oxidative phosphorylation NADH FADH2, oxygen, ADP inorganic phosphate 
Oxidative phospharylation , ADP , ADP mitochondria 
oxygen consumption ADP phosphorylation ATP , oxygen utilization 

respiratory , ATP synthesis electrons , ATP level 
high and ADP level low electron NADH, FADH2 citrate 
glycolysis and citric acid cycle inhibit 

Uncouplers:
1. Some chemicals, such as 2,4-dinitrophenol (DNP), uncoupling agents , ATP synthesis inhibit 

, electron oxygen , DNP and other uncoupling 

agents, lipid-soluble , H+ ions bind transport, membrane (i.e. H
ionophores ). DNP, H+ ions mitochondrian proton gradient formation 

proton gradient ATP , electron transport energy release, 

2. Uncoupling nonshivering thermogenesis

For example: brown adipose tissue uncoupling tissue mitochondria, inner mitochondrial 
membranes protein thermogenin (or uncoupling protein) 

3. Thermogenin H+ ions mitochondria ATP synthase enter , electron 
transport and oxidative phosphorylation uncouple , Brown adipose tissue body 
sensitive area , 

: - animals (including humans) hibernating animals, brown adipose tissue , thermo-
genesis body temperature maintain 

SHUTTLE SYSTEM

Reoxidation of cytosolic NADH:
1. Inner mitochondrial membrane, NADH , glycolysis cytoplasm NADH 

reoxidation membrane shuttle enzyme combination, membrane impermeability 
barrier bypass 

2. Cytosol dihydroxyacetone phosphate reduction glycerol 3-phosphate , NADH reoxidation NAD+

, cytosolic glycerol 3-phosphate dehydrogenase 

3. Glycerol 3-phosphate diffusion inner mitochondrial membrane again dihydroxyacetone 
phosphate mitochondrial transmembrane protein glycerol 3-phosphate dehydrogenase convert 

Dihydroxyacetone phosphate cytosol 

4. NAD+ FAD use enzyme glycerol 3-phosphate dehydrogenase enzyme-linked FADH2

(E.FADH2) reoxidation, same inner mitochondrial membrane ubiquinone electron 

ionophores
roton gradient 

Uncoupling 

). DNP, H
roton gradient 

, H
). DNP, H+ ions 

Some chemicals, such as 2,4 dinitrophenol (DNP), 

+ ions 

dinitrophenol (DNP), dinitrophenol (DNP), 

NADH, FADH

phosphorylation ATP phosphorylation ATP 
, ADP 

ganic phosphate 
, ADP 

ganic phosphate 
mitochondria 

synthesis 

ganic phosphate 

flow oxygen 
synthesis 

(or uncoupling protein) 

ATP synthase 

(or uncoupling protein) (or uncoupling protein) 

ATP synthase 

tissue mitochondria, inner mitochondrial tissue mitochondria, inner mitochondrial 

, electron transport 
proton gradient 

energy 
proton gradient formation 

energy 
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cytoplasmic NADH transfer electron transport chain NADH two 
electron, electron transport chain FADH2

shuttle heart liver , malate-aspartate shuttle Cytoplasmic malate 

dehydrogenase, oxaloacetate malate and NADH reoxidation NAD Malate 
mitochondria malate- -ketoglutarate inner mitochondrial membrane 
Matrix malate reoxidation oxaloacetate NAD+ NADH 

Oxaloacetate inner mitochondrial membrane , aspartate transamination 
, mitrochondria cytosol oxaloacetate transamination convert 

cycle net result electron transfer, cytosol NADH mitochondrial matrix NADH 

MALATE ASPATRTAT SHUTTLE
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इकोटोन तथा एज Ůभाव (Ecotone and Edge Impact) 

इकोटोन वह ̾थान है जहां दो समुदाय आपस मŐ िमलते हœ तथा एक दूसरे से Ůभािवत Ɨेũ होते हœ इस Ɨेũ मŐ दोनो ंसमुदाय के कारक 

उपİ̾थत रहते हœ व इनकी वान˙ित भी दोनो ंसे िभɄ पायी जाती है। जैसे जलाशय व ̾थलीय समुदाय जहां िमलते हœ वहां के पादप 

दोनो ंसे िभɄ पाये जाते हœ इसी Ůकार पहाड़ो ंकी तराई Ɨेũ मŐ भी िविशʼ Ůकार के पादप िमलते हœ। इकोटोन मŐ िमलने वाले पादप 

अनुकूलन की ̊िʼ से अǅी तरह से अनुकूिलत होते हœ। इन Ɨेũो ंमŐ पादपो ंकी संƥा सामाɊतः  अिधक िमलती है िजसे िलयोपोʒ 

(1933) मŐ ने एज़ Ůभाव (Edgeeffect) का नाम िदया। इकोटोन मŐ अिधक संƥा मŐ पादपो ंकी उपİ̾थित इसी एज़ Ůभाव के कारण 

įरपोटŊ की गयी। पेटन (Patton) (1975) के अनुसार इसका Ůभाव दोनो ंसमुदाय के समान (common) Ɨेũ का फैलाव, लɾाई व 

Ůकृित पर िनभŊर करता है। केनोपी कवर (Canopy cover)- यह जमीन पर Ůितशत ŝप मŐ पादप Ȫारा घेरा गया ̾थान केनोपी 
कहलाती है यह लीफ एįरया इनडेƛ (Leaf area index) Ȫारा िनकाला जाता है। 

 

जैव िविवधता सूचकांक (Biodiversity Index)  

समुदाय की जैव िविवधता घनȕ Ȫारा िनɻ िविधयो ंȪारा ǒात की जाती है 

(i)  शेनन िववर सूचकांक (Shannon weaver index) 

 

यहाँ H-एकल जाित की िविवधता सूचकांक है 

H1 = एक जाित की खुद का घनȕ  

n = सभी जाितयो ंका कुल घनȕ  

(ii)  िसɛन सूचकांक (Simpson index) 

D = 1 – S (pi)2 

D सूचकांक संƥा, S जाित के सद˟ो ंकी सƥा p = i जाित के सभी सद˟ो ंका अनुपात यिद िकसी समुदाय मŐ जाित A के 4 सद˟ 

है तथा जाित B के 1 सद˟ है तो 

(iii)  ओडम का सूचकांक (Odum index) 

 

िविवधता का आंकलन (Measurement of diversity) 

िकसी पाįरİ̾थितकी तंũ की िविवधता ǒात करने के िलये सवŊŮथम िकसी सवŊŮथम समुदाय की पादप जाितयो ंकी संƥा को 
ǒात करते हœ तथा घनȕ िनकालते है तȋʮात शेनन 

िविवधता इȵेƛ इस Ůकार िनकाला जा सकता है। 

पाįरİ̾थितक तंũ I II III 

(1) केिशया जाित 30 80 2 

(2) एकेिशया जाित 20 60 120 

(3) टेůोिशया जाित 10 60 60 

(4) एनोजीसस जाित 40   

   बŠलता (Richness) 4 3 3 

   समानता 0.92 0.88 0.99 

   िविवधता (H) 0.56 0.39 0.47 

H= – pi log pi, pi = n1 /n जहां n1 Ůȑेक जाित का घनȕ तथा n सभी जाितयो ंका घनȕ है।  
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ECOLOGICAL SUCCESSION 

ECOLOGICAL SUCCESSION IN A COMMUNITY 

Hult (1885) us tc Southern Sweden dh communities dk v/;;u fd;k rc “Succession” dh term dks igyh ckj 
iz;ksx fd;kA However, succession dh authentic study dks Cowles (1899) vkSj Clements (1907) us America esa 
'kq: fd;kA  

ifjHkk"kk : fdlh {ks= fo'ks"k esa] ,d fuf'pr le; ds fy;s vyx vyx iztkfr;ksa dh ,d Øec) Jà[kyk dks succession dgrs 
gSA  

SERE: ;g plant-succession dk fo'ks"k mnkgj.k gSA 'kCn sere dks plant communities dh Jà[kyk ds v/;;u gsrq o.kZu 
djrs gSA  

As:  In water - Hydroseres;  

      In dry condition Xeroseres;  

      On rock surface Lithoseres.  

Sere 'kCn plant communities dh sequence dk o.kZu djus ds dke vkrk gSA Ecological succession ls lEcfU/kr 
egRoiw.kZ fl)kUr  

Important General Principles Associated with Ecological Succession 

1. ,d fof'k"V LFkku esa dkSu lh iztkfr ekStwn jgsxh] ;g ogk dk physical environment Kkr djrk gSA  

2. Succession community fu;af=r gksrk gS, ;kfu succession vkl ikl ds physical environment ds 
modification ls environment dks cnyrk gS, rkfd environment orZeku community ls ,d vyx community 
ds fy, favorable gks tk;saA   

3. Ecological succession directional gksrk gS - vkSj blfy;s predictable gksrk gS.  

4. Succession ,d LFkkfir iztkfr esa [kRe gksrk gS, ftls ecological climax dgrs gSA ;g {ks= fo'ks"k ds physical 
environment ds lkFk equilibrium esa gksrk gS vkSj [kqn dks fLFkj j[krk gSA  

 lkekU;r% area ds external disturbance, e.g., fire dh otg ls og area igys dh successional stage 
esa pyk tkrk gSA Ecosystem dh ;g stage ,tgk¡ oks equilibrium esa gks] esa jgus dh tendency 
Homeostasis (developing vkSj maintaining stability) dk vPNk mnkgj.k gSA 

5. ftruh T;knk  diversity gksxh mruh T;knk stability gksxh 

Types of Ecological Succession 

1.  Primary Succession: ml {ks= esa 'kq: gksrh gS, tks igys fdlh iztkfr ls Hkjk gqvk ugha gksrk, e.g., newly 
exposed rock. ogk¡ dksbZ e`nk ugha gksrhA eǹk] VwVh gqbZ pV~Vkuksa + organic matter (humus vkSj small living 
organisms) dk feJ.k gSA ogk biological material ds mRiknu lkFk lkFk  primary succession cgqr /khjs /khjs gksrk gS,  

2.  Secondary Succession: ml {ks= ij 'kq: gksrk gS tgk¡ igys ls gh ,d community jgrh Fkh ;g igys ls LFkkfir 
soil ij 'kq: gksrk gSA blesa primary succession dh rqyuk esa biological material dk mRiknu cgqr T;knk gksrk gSA  

Ecological succession esa progressive development dks fuEu izdkj crkrs gS: -  

(a) eǹk esa eq[; :i ls fodkl ds nkSjku] xgjkbZ dk c<+uk] dkcZfud inkFkZ dk c<uk vkSj vyx vyx lrgksa ds foHksnu dk 
c<uk gksrk gSA Plant communities ds strata esa origin, height, massiveness & differentiation lHkh c< tkrs 
gSA 

(b) /kjkry ds ikS/kksa dk ?kuRo c<rk gS rks iztkfr esa microclimate dks ml iztkfr dh fo'ks"krkvksa ls Kkr djrs gSA  
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(c) blesa species dh diversity simple ls complex (in early succession) ;k richer community (of late 
succession ;k mature) gksrh tkrh gSA 

(d) Pioneer stages dh population vkSj density le; ds lkFk space ds gradient ds lkFk lkFk c<rh ?kVrh jgrh 
gSA interspecific vkSj intraspecific competition ds dkj.k ,d nwljs dks replace djrh gSA Succession ds nkSjku 
replacement dh rate /kheh gksrh tkrh gS, bl izdkj smaller & ephemeral (short-lived) pioneer species dk 
replacement larger & longer-lived ls gks tkrk gSA  

(e) blds ifj.kke Lo:i, communities dh relative stability c< tkrh gS vkSj final community ftls ‘climax stage’ 
dgrs gSA  

PATTERNS OF SUCCESSION 

Succession dks habitat ds type & moisture dh vyx vyx ek=k ds vk/kkj ij fuEu izdkj ls ifjHkkf"kr djrs gS: — 

HYDROSERE: ;s pond esa 'kq: gksrs gS, ;g dqN phytoplanktons ds colonization ls 'kq: gksrk gS, ftlesa ferns 
pioneer community gksrh gS vkSj vuUr% ;s forest ;k climax community esa terminate gks tkrs gSA Hydrosere dh 
vyx vyx stages fuEu gS:  

(1) Phytoplankton stage:  ;s pioneer community dks cukrs gS, pond ds primitive medium esa dqN blue green 
algae, green algae, diatoms vkSj bacteria lcls igys colonize djrs gSA Soils dh pH 5 ls vf/kd rd de ugha 
gksrh gSA ;s dqN le; ds fy, multiply & grow djrs gSA 

(2) Rooted submerged stage: Death & decay ds ifj.kke Lo:i phytoplanktons dk composition vkSj vkl 
ikl dh Hkwfe ls vkus okyk rain water vkSj pond water ds wave action ls budh mixing silt ds lkFk gks tkrh gSA 
;s rkykc ds uhps ls soft mud ds :i esa fodflr gksrh gSA ;s ,d u;k vkokl gS tks gYdk mFkyk gS vkSj tgka izdk'k 
vklkuh ls izos'k ugha dj ldrk gSA ;s rooted submerged hydrophyte ds fodkl ds fy, mi;qDr gSA tSls: - 
Myriophyllum, Elodea, Hydrilla, Potamogeton,Vallisnaria vkSj Ultricularia etc. ;s plants vkxs death 
& decay ls substratum cukrs gSA bl habitat esa bu plants dk replacement nwljs izdkj ds plants gks tkrk gS 
tks floating-leaved types ds gksrs gSA  

(3) Rooted floating stage: vc ikuh dh xgjkbZ yxHkx 2-6 feet gSA ;s ikS/ks rhizomes ds }kjk bl habitat esa 
colonise gksrs gSA ;s lHkh rooted hydrophyte gksrs gS, ftudh cMh ifŸk;k¡ ikuh dh lrg ij rSjrh gSA Example: - 
Nelumbo, Nymphaea, Limnathemum, Aponogeton, Monochoria, Trapa etc. dqN free floating 
species tSls Azolla, Lernna, Wolffia, Pistia, Spirodella, Salvinia Hkh rooted plants ds lkFk lEcfU/kr gks tkrs 
gSA vc ikuh dh lrg cgqr de gksus ls rkykc mFkyk gks tkrk gSA bu ikS/kksa dh eR̀;q ls decomposing organic 
matter izkIr gksrs gS, tks fd vkSj vkxs substratum cukrs gSA bl izdkj, bl {ks= ls rSjus okyh iztkfr vHkh ;k ckn esa 
foyqIr gks tkrh gSA 

(4) Reed swamp stage: bls amphibians stage Hkh dgrs gS, pwafd blesa plant community rooted gksrh gS, ij 
budk T;knkrj rus okyk Hkkx (assimilatory organ) gok ls expose gksrk gSA bl fLFkfr esa ikS/ks tSls fd Scirpus, 
Typha, Sagittaria vkSj Phragmites etc. gksrs gSA budk rhizome vPNh rjg fodflr gksrk gS vkSj ;s ,d dense 
vegetation cukrs gSA vc ikuh dk Lrj vkSj T;knk de gksus ds dkj.k ;s vUrr% bu amphibians species ds fodkl 
ds fy;s vuqi;qDr gks tkrk gSA  

(5) Sedge-meadow stage: Substratum ds vkSj vkxs ifjorZu vkSj ikuh dh Lrj ds yxkrkj de gksus ls bl {ks= esa 
Cyperaceae vkSj Gramineae dh species tSls fd Carex, Juncus, Cyperus vkSj Eleocharis etc. fodflr gks 
tkrh gSA ;s rkykc ds chp esa buds branched rhizomatus system ds dkj.k ,d tky tSlh vegetation cukrs gSA 
ifj.kke Lo:i, ok"iksRltZu dh nj T;knk gksus ls ikuh dk T;knk uqdlku gksrk gS vkSj dHkh uk dHkh dhpM ok;q dh vkSj 
expose gks tkrk gSA  
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Hydrosere 

Photoplankton 
stage (Diatoms, 

green flagellates) 
 

Submerged stage (Hydrilla, 
Potamogeton, Najas)  Floating stage(Nelumbo  Nymphaea) 

 

 
Reed swamp   

(Typha,saggittaria,phragmite 

 
Climax forest (Oak, 

Elm, Fir)  
Woodland stage(Cornus, 

Popullus, Alnus)  
Marsh meadow stage (Caltha, Juncus 

Polygnum) 

LITHOSERE 

Lithosere: [kqyh pV~Vkuksa ij gksus okys Biotic succession dks Lithosere dgrs gSA  
1.  [kqyh pV~Vkuksa ij LFkkfir gksus okys igys tho gSA lichens, tks acid fuekZ.k djrs gS, tks pV~Vku dh lrg dk {kj.k djrk 

gSA Organic remains etc. ds le; le; ij tqMus ls substratum dh ljapuk esa chemical vkSj physical ifjorZu 
gksrs gSA Pioneer lichens, crustose lichens (Graphis, Rhizocarphon) gksrs gS A ;s Crustose lichens foliose 
lichen (Parmelia) ls izfrLFkkfir gks tkrs gSa, ftlls pV~Vku dk cgqr T;knk {kj.k gksrk gSA 

2.  Moss stage:  Foliose lichen, hardy mosses (large sized, gregarious plant bodies, ftu ij rhizoids 
ik;s tkrs gSa, rocks esa T;knk xgjkbZ rd izos'k djrs gSa) dks jkLrk nsrs gSa, tks T;knk eǹk vkSj organic matter ,df=r 
djrs gSaA  

 ifj.kke Lo:i] substratum yEcs le; rd ue jgrk gS vkSj vUrr% pV~Vkuksa dk {kj.k 'kq: gksrk gSA ;g LFkku vc 
next invasion ds fy, rS;kj gks tkrk gSA  

3.  Grass stage: o"kkZ _rq ds nkSjku mosses dk tky tks fragmented rock ds mij fufeZr gksrk gS, i;kZIr :i ls ue 
gks tkrk gS, vkSj vc blds ckn ?kkl ds chp vadqfjr (Poa, Heteropogon, Dristida etc.) gks tkrs gSA budh tMs 
feV~Vh esa xgjkbZ rd pyh tkrh gS, ftlls vkSj vkxs fo[kaMu gksrk gSA T;knk ueh vkSj feV~Vh ds c<us ds lkFk next 
succession dh stage LFkkfir dh tkrh gSA 

4.  Shrub stage: Xerophytic shrubs ds chp rhizomes, grasses (Zizyphus, Rhus, Rubus etc.) ls <ds gq, {ks= 
esa izos'k djrs gS ftlls shrub xgjkbZ rd penetrate djrs gSa] ftlls dh cgqr T;knk fo[kaMu gksrk gSA 

 ;s area dks <drs gSa, mldks T;knk vknZz cukrs gSa vksj trees vkSj nwljs organisms dks vkeaf=r djrs gSaA 
5.  Climax stage : dbZ hardy vkSj izdk'k dh ekax djus okys trees, shrubs ls <ds gq, {ks= esa fodkl djrs gSA /khjs 

/khjs okrkoj.k cgqr ue vkSj Nk;knkj gks tkrk gS vkSj climax community {ks= esa QSy tkrh gSA  

PSAMMOSERE 

,d sand sere gS: - Sand substratum dk ,d environment ftl ij ecological succession gksrk gSA Most 
common psammoseres, sand dune systems gksrs gSaA 
►  Sea-coast psammosere ds ,d typical succession esa, organisms tks sea ds lcls ikl gksrs gSa, oks salt tolerant 

species gksrh gSa, tSls: littoral algae vkSj glasswort.   
►  inland dh vksj tkrs gq, succession esa meadow grass, sea purslane, vkSj sea lavender, lfEefyr gksrs gS tks 

,d typical non-maritime terrestrial eco-system esa vuUr% foyhu gks tkrs gSA  
►   Psammoseres rc rd pyrk gS tc rd fd oks ,d climatic climax ij ig¡p tk,, tks fd vuUr% oak trees, 

gksrs gS Bhd oSls gh tSls ;fn  ge high water mark ls nwj pyrs tkrs gSa, rks ,sls dbZ characteristic features gksrs 
gS tks change gksrs tkrs gSa vkSj dunes dk natural succession lqfuf'pr djus esa lgk;rk djrs gSA 
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CHAPTER : 2
ENVIRONMENTAL FACTORS

environmental factor : 

1. Climatic Aerial Factors:

i. Light
ii. Temperature of air (atmospheric temperature).
iii. Rainfall (precipitation)
iv. Humidity of air (Relative humidity)
v. Atmosphere (gases and wind)

2. Topographic Physiographic factors: -

i. Altitude
ii. mountain chains and valleys 
iii. Steepness and exposure of slopes etc.

3. Edaphic factors: physical chemical 

4. Biotic fators: plants, animals, microorganisms etc.

relative humidity of air, temperature, wind pressures and 
evaporation rates 

Light Factor
species vegetation 

Light in relation to Plants: : -  

1. Chlorophyll production: , seedlings of conifers, young fronds of ferns, some mosses 
algae, light , chlorophyll 

2. Heating action:

3. Transpiration rate : transpiration) 

4. Stomatal movement: stomata 

5. Distribution of plants: Pole & earth light condition 

6. Overall vegetative development of plant parts:

a. Heliophytes: 

b. Sciophytes: heliophytes 
facultative sciophytes facultative heliophytes 

Light in relation to Plants

Chlorophyll production:
algae, 

Light in relation to Plants: 

Chlorophyll production:

vegetation vegetation 

relative humidity of air, temperature, wind pressures and relative humidity of air, temperature, wind pressures and 

plants, animals, microorganisms etc.

seedlings of conifers, young fronds of ferns, some mosses seedlings of conifers, young fronds of ferns, some mosses 
chlorophyll 

Light Factor

relative humidity of air, temperature, wind pressures and 
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(Comparision between Heliophytes and 

Sciophytes)

(Heliophytes) (Sciophytes)

1. , , , , , , 

2.

3. , , , , 

4. , , 

6. , , 

(pallisade tissue) 

, 

, 

7. (intercellular space) 

8. (mechanical) (vascular tissue) 

9. (dry weight) 

10.

12. / /

13. (drought) (infection) -

(resistant) - (sun 

flower)

- (Elephantopus), 

(Picea), (Abies) 

( ) (Duration of light or photoperiod)-

(critical photoperiod) 

(Long day plants = LDP)-

(critical photoperiod) , , - , 

, , 

(Short day plants = SDP)- (critical 

photoperiod) ; - , , , 

,

- (Short-long day plants)-

, - , 

- (Long-short day plants)-

; (Bryophyllum)

(Day neutral plants)-- ; 

(drought) 

(resistant) 

(drought) (infection) 

(Duration of light or photoperiod)(Duration of light or photoperiod)(Duration of light or photoperiod)

(sun 

(Duration of light or photoperiod)

/

-
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, , 

Light necessary for 
germination

Light inhibitory to germination No effect of light

Nicotiana tabacum 

Alisma plantago

Capparis spinosa

Colchium autumanale

Lepidium virginicum

Daucus carota

Ocimum americanum

Anogallis arvensis

Taraxacum officinale

Sueda maritime

Nasturtium officinale 

Lactuca sativa

Salvia pratense

Phacelia sp.

Ailanthus glandulosus

Aloe variegaa

Ephedra Helvetica

Lycopersicum esculentum

Primula spectabilis

Tulipa gessenreiana

Nigella damacaena

Cistus radiatus

Hedera helix

Mirabilis jalapa

Ranunculus crenatus

Anemone    mamarosa

Cystisus nigricans

Datura stramonium

Hyacinthus candidans

Linaria cymbalaria

Pelargonium zonale 

Sorghum halapense

Tragopogon paratensis 

Vasiccaria viscose 

Light in Relation to Animals:

1. Metabolism: , Protoplasm ionization tissue animals metabolic  pathway 

2. Reproduction: 

3. Development: Salmon larvae , larvae 
Mytilus larvae 

4. Eyes: Eye Caves animals, : 
Proteus anguinus deep-sea fishes eyes absent rudimentary 

5. Vision: Higher animals (man) light form 

6. Pigmentation: Light energy chemical , pigments 

7. Locomotion: lower animals , Photokinesis
mussel crab larvae 

phototaxis phototactic Animals Euglena, Rantara 
etc. positively phototactic , earthworms, slugs and 
some zooplanktons like copepods negatively phototactic

8. Photoperiodism: light period gonad activities, reproduction, metamorphosis, migration etc. 
Animals daily light response circadian rhythms annual rhythms circannual

rhythms

Proteus anguinus 

Higher animals (man) 

Pigmentation: Light energy 

deep-sea fishes 

Mytilus larvae 

tissue 

eyes absent 

form 

eyes absent eyes absent rudimentary 

form 

rudimentary 

, 
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Temperature Factor:

Effects of Temperature on Plants and Animals:-

1. Effects on metabolism: Temperature metabolic processes 

2. Effects on reproduction: Thermoperiodism flowering 
temperature plants rhythmic fluctuation Animals gonads sex cells maturation 
gametes temperature , species 

3. Effect on growth and development:
cold injuries desiccation, chilling injury freezing injury 

4. Effect on crossing over: Fruit flies Drosophila spp. temperature crossing over gene 
somatic expression 

5. Effect on sex ratio: Marcocyclops albida males 
plague flea Xenopsylla cheopes , males, females 
mean temperature 21-25ºC 

6. Effect on coloration: pigment dark 
, insects, birds mammals, Gloger rule Frog Hyla horned toad

Phrynosoma

7. Effect on morphology:
Birds mammals , but 

cold region poikilotherms mammals tail, snout, ears and legs 
, R

rule
vertebrae number 

-

1. Megatherms: tropical rain forest 

2. Mesotherms: tropical deciduous forest 

3. Microtherms: mixed coniferous forests type 

4. Hekistotherms: alpine 

rule

mammals mammals tail, snout, ears and legs tail, snout, ears and legs 

HylaHyla
pigment dark 
horned toad
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In Pond aquatic system there are generally differentiated three different zones of vegetation:-

1. Epilimnion: .

2. Thermocline Metalimnion:

3. Hypolimnion: temperature gradient . 

Effect of temperature on distribution of animals:

1. Homoiothermic endothermic animals (warm-blooded): mammals 

2. Poikilothermic ectothermic animals (cold-blooded): Reptiles, fishes, amphibians 

temperature gradient 

.

temperature gradient 

In Pond aquatic system there are generally differentiated three different zones of vegetation:In Pond aquatic system there are generally differentiated three different zones of vegetation:In Pond aquatic system there are generally differentiated three different zones of vegetation:

temperature gradient temperature gradient temperature gradient 
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CHAPTER : 1 
 
 

IMPORTANT TERMS TO LEARN  
 
 
 
 
Few Terms to Remember :- 
1) Karyotype: Metaphase Chromosomes dks muds vkdkj ds ?kVrs Øe esa esa O;ofLFkr djuk ftlesa lHkh homologus pair cMs ls NksVs 

ds Øe esa O;ofLFkr gksA 
2) Homologous chromosomes: ;s chromosome same size, same shape vkSj same thu esi (gene map) ds gksrs gS ysfdu 

genetically same gks t:jh ughA 
3) Genome: fdlh organism ds haploid set dh lEiw.kZ genetic lwpuk,¡ 
4) Gene pool: fdlh population dh lEiw.kZ genetic diversity ftlesa lHkh genes vkSj muds allele 'kkfey gksA 
5) Gene: DNA dk og fgLlk tks fdlh particular trai dks code djus ds fy, functional transcript (RNA) cukrk gSA 
6) Allele: ,d gh gene dh vyx 2 izdkj tks gene pool esa ik;h tkrh gS vkSj buesa ls dksbZ Hkh nks (;k ,d gh ds nks) fdlh diploid esa ik;h 

tkrh gSA 
7) Allelic heterogeneity : -,d gh chromosomal locus ij ik;s tkus okys gene esa vyx 2 mutations ftudh otg ls  same 

mutant phenotype vkrk gksA   
locus hetro genity :- vyx 2 locus ij ik;s tkus okys mutations ftuds phenotype same vkrs gksA 

8) Isochromosome: - chromosome ftudh nksuks arms (p and q ) cjkcj yEckbZ dh gks vkSj nksuks ij genetic information Hkh same 
gksA  

9) Non-disjunction: -Meiosis I ;k Meiosis II ds nkSjku chromosome ;k chromatids dk foyxu Bhd <ax ls uk gks rks egg ;k 

sperm chromosome dh copies de ;k T;knk jg tkrh gSA  
10) Uniparental disomy :- tc fdlh chromosom pair ds nksuks chromosome ,d gh parent ls inherit gksrs gks (;g non 

disjunction dh otg ls mRiUu gksrk gSA) 
11) Pedigree: - fdlh ifjokj ds LokLF; dk bfrgkl dk fpf=r izn'kZu  
12) carrier :- Recessive trait ds oks heterozygotes tks characters show ugh djrs gS ysfdu recessive allele dks vxyh generation 

esa inherit dj ldrs gSA 
13) Locus (plural Loci): fdlh gene dk chromosome ij fo'ks"k LFkku (unique position)  
14) Multiple alleles:  tc ,d gene dh nks ls T;knk allealic ¼,yhfyd½ :i fdlh gene pool esa miyC/k gksA 
15) Hemizygous:  Homozygous vkSj heterozygous rks mu condition esa bLrseky gksrk gS tcfd vkeus lkeus ds chromosome leku 

gks ysfdu XY chromosome tSlh voLFkk esa genes dks hemizygous dgk tkrk gSA  
16) Dominant: oks allele tks vius vki dks heterozygous condition esa fn[kkrk gSA 

Recessive: oks allele tks heterozygous condition esa vius vki dks fn[kk ugh ikrk ysfdu flQZ homozygous condition esa gh [kqn 
dks fn[kk ldrk gSA 

17) Incomplete dominance: tc heterozygous intermediate (chp dk dqN u;k) phenotype fn[kk;sA Mirabilis esa pure red vkSj 

pure white ls pink flavor cuukA 
18) Co-dominance:  tc hetrozygouys esa nksuks allele vius vki dks iwjh rjg ls iznf'kZr djsA e.g. ABO Blood groups esa AB 

Blood group  
19) Monohybrid cross: Single character (gene) dks gh /;ku esa j[kk tk;sA  
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20) Dihybrid cross: nks y{k.k (genes) dks /;ku esa j[kk tk;sA 
21) Test cross: vKkr Unknown genotype dks homozygous recessive parent ds lkFk cross djok;k tkukA 
22) Back cross: Offspring vkSj fdlh Hkh ,d rjg ds parent ds chp Økl djok;k tkukA 

Out cross :- vKkr genotypes okys offspring vkSj homozygous dominant parent ds chp cross djok;k tkukA 
23) Epistasis: tc ,d gene nwljs gene ds expression esa :dkoV djus yxsA 
24) Linkage: nks gene tks ,d gh chromosome ij ikl ikl mifLFkr gks vkSj ,d lkFk gh vxyh generation esa tkus dh tendancy j[krs 

gksA 
Crossing over :-  nks gene tks ,d nwljs ls nwjh ij fLFkr gksus dh otg ls exchange djus dh tendency j[krs gSA 

25) Independent Assortment: tks genes linked ugh gks (lkekU;r% vyx 2 chromosoms ij) vkSj normal probability ds rules ds 

vuqlkj combination cukrs gksA  
26) Linkage mapping: nks gene ,d nwljs ls ftrus nwj gksaxs mruk gh T;knk muds chp crossing over ds chance gksaxsA bl izdkj % 

recombination frequency linkage ds map unit dks n'kkZrh gS tks mu genes ds chp dh nwjh dh otg ls gSA tSls 50 % 
recombination = 50 map unit 

27) Autosomal traits ;s trait sex chromosome ds vykok mu chromosomes }kjk ogu fd;s tkrs gS tks male vkSj female esa same 
gksrs gSA 

28) Sex linked traits:  oks trait ftuds genes X ;k Y chromosome ij ik;s tkrs gSA 
29) PLEIOTROPY I single gene dk ,d ls T;knk y{k.k dks izHkkfor djukA 
30) GENETIC SUPPRESSION – tc double mutant dk phenotype,  single mutant ls detksj fn[krk gksA 
31) GENETIC ENHANCEMENT – double mutant dk phenotype nks vyx 2 single mutants ds dqy ;ksx ls Hkh T;knk rkdroj fn[kkbZ 

nsA 
32) SYNTHETIC LETHALITY or unlinked non-complementation – nks mutant vyx 2 locus ij gksus dh otg ls ,d nwljs dks 

complement uk dj ik;sA 
33) INTRAGENIC COMPLEMENTATION, allelic complementation, or interallelic complementation -  nks mutation tks same 

locus ij n’kkZ;s tkrs gSA   
34) TRANSVECTION ;g ,d epigenetic phenomenon gS ftldh otg ls ,d allele nwljs homozygous allele ;k fdlh vU; non 

allele region dks activate ;k repress dj nsA ;s ?kVuk;s homology effects ds vUrxZr vkrh gSA 
35) THE PSEUDOAUTOSOMAL REGIONS, pseudoautosomal regions mudk uke blfy, iMk D;ksafd buds chp esa mifLFkr gene (vc 

rd dsoy 9 genes [kksth xbZ gS) autosomal genes dh rjg gh inherited gksrh gSA Males esa bldh 2 copies gksrh gS: ,d Y 
chromosome ds pseudoautosomal region vkSj nwljh X chromosome ds corresponding portion ij gksrh gS, blfy, male ,d 
gene inherit djrk gS tks fd okLro esa mlds father ds Y chromosome ij rFkk female ,d gene dks inherit djrh gS tks okLrd esa 

mlds father ds X chromosome ij present gSA Pseudoautosomal regions dk dk;Z ;g gS fd ;s X rFkk Y chromosome dk pair 
cukus, rFkk segregate gksus esa (meiosis ds nkSjku) ds fy, allow djrs gSA Pairing (synapsis) X rFkk Y chromosomes dks rFkk 
crossing over (recombination) ds fy, pseudoautosomal regions normal progression ds fy, male meiosis ds nkSjku t:jh gS 
gkykafd, ftu cells esa X-Y recombination ugha gksrk os meiosis complete ugha dj ikrh gSA Structural vkSj/;k genetic dissimilarity 
(hybridization ;k mutation ds nkSjku) X rFkk Y chromosomes ds pseudoautosomal regions ds e/; pairing rFkk recombination 
dks disrupt dj ldrh gS ftlds dkj.k male infertility gks ldrh gSA   

PAR1 vkSj PAR2 X, Y chromosomes ds nucleotides ds homologous sequences gSA SHOX gene (PAR1 dh) dsoy ,d ek= 
gene gS tks human disorder ls associated gSA lHkh pseudoautosomal genes X-inactivation ls escape dj tkrh gS vkSj blfy, sex 
chromosome aneuploidy conditions (45,X, 47,XXX, 47,XXY, 47,XYY etc.) ds gene dosage effect dh candidates gSA 

36) PSEUDOALLELE allele that is functionally but not structurally allelic, that is wild-type recombinants can be 
recovered by intragenic recombination from heterozygotes containing two different pseudoalleles. 

37) Pseudodominance: Hetrozygous esa dominant allele ds fdUgh Hkh otgks ls function uk dj ikus dh otg ls recessive 

phenotype fn[kus yxsA   
38) PSUEDOGENES: DNA ds nks parts tks ;k rks dqN code gh ugh djrs vkSj ;fn djrs gS rks nks functional ugh gksrkA   
39) HETERODOMINANCE tc heterozygotes dk phenotype nksuks rjg ds homozygotes tks T;knk gks rks mls overdominance, 

superdominance ;k hetrodominance dgrs gSA  
40) POLYGENIC INHERITANCE tc dksbZ character ,d lkFk dbZ genes ds product dh otg ls regulate gksrk gSA tSls height, shape, 

weight, color etc. 
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Human polygenic traits include 
1. Height    5. SLE (Lupus)  
2. Weight    6. Eye Color  
3. Intelligence   7. Skin Color  
4. Many forms of behavior 

Many disorders with genetic components are polygenic, including autism, cancer, diabetes and numerous others. Most 
phenotypic characteristics are the result of the interaction of multiple genes. 
Examples of disease processes generally considered to be results of multifactorial etiology: 
Congenital malformation 
· Cleft palate   · Congenital dislocation of the hip 
· Congenital heart defects  · Neural tube defects  
Adult onset diseases 
· Diabetes Mellitus  · Cancer 
· Epilepsy    · Glaucoma  
· hypertension    · Ischaemic heart disease  
· Manic depression   · Schizophrenia  
 
41) PENETRANCE AND EXPRESSIVITY 

a. Penetrance: - fdlh gene ;k mutation dk population ds level ij phenotype n'kkZus dh {kerk (;fn ;g 100% ls de gS rks 

bls reduced ;k incomplete penetrance dgrs gSA  
b. Expressivity: - ,d O;fDr esa dksbZ genetic condition fdl Lrj rd express dj ldrh gSA  
1.  Complete Penetrance 

Most dominant vkSj recessive genes homozygous conditions esa vkSj dbZ dominant gene heterozygous condition esa 
viuk complete phenotypic expression nsrh gSA ,slh genes ges’kk expected phenotype mRiUUk djrh gS vkSj complete penetrance 
show djrh gSA  

 
Examples of Complete Penetrance 
1.  Red flowers ds fy, pea esa alleles (RR) vkSj white flowers esa alleles (rr) homozygous conditions esa complete 

penetrance n’kkZrh gSA 
2.  Drosophila esa homozygous conditions esa vestigial wings dk recessive allele complete penetrance n’kkZrk gSA  
3.  Guinea pigs esa black coat ds fy, dominant allele ‘B’ homozygous vkSj heterozygous nksuksa conditions esa complete 

penetrance n’kkZrk gSA 
 

2.  Incomplete Penetrance 
dqN genes esa homozygous rFkk heterozygous conditions esa viuk complete (cent per cent) phenotypic expression 
provide ugha gksrh gSA ;s genes incomplete penetrance n'kkZrh gSA   
 

Examples of Incomplete Penetrance 
1. Polydactyly human esa izHkkoh gene ‘P’ ds dkj.k gksrh gSA Normal condition esa gj limb esa five digits recessive genotype 

(pp) ds }kjk mRiUUk gksrh gSA dqN heterozygotes (Pp) esa polydactylys ugha ikbZ tkrh gS blfy, D;ksafd bldh penetrance 70% ls 
de gSA  

2. Man esa, diabetes mellitus (,d condition ftlesa blood esa vf/kd sugar present gksrh gS) dbZ genes ds }kjk fu;af=r gksrh gS tcfd 
lHkh diabetes dh gene carry djus okyksa dks diabetes ugha gksrh gS bldk dkj.k Hkh incomplete penetrance gh gSA  

 
42) EXPRESSIVITY 

,d trait penetrant gksrk gS ijUrq mldk phenotypic expression   variable gks ldrk gSA ,d penetrant genotype ds }kjk produce 
dh xbZ degree of effect dks expressivity dgrs gSA 
Example of Expressivity: Man esa polydactylous condition left hand (6 fingers) esa penetrant gks ldrh gS tcfd right (5 
fingers) esa ugha ;k ;g feets esa penetrate gks ldrh gS, hands esa ughaA 

 


