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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 


