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12th Botany  
 

jhtutpay; 
 

 myF 2. ghuk;gupa kugpay; 
 

 kugpay; vdg;gLtJ capupdq;fspy; nghJthd gz;Gf;$Wfs; vt;thW 
%jhijau; jiyKiwfspypUe;J ngwg;gLfpwJ vd;gijg; gw;wp 
gbg;gjhFk;.  fle;j 50 Mz;Lfspy; kugpaiyg; Nghd;W Ntnwe;j 
mwptpay; gpupTk; cyif khw;wp mikj;jjpy;iy.  kugpay;> mwptpay; 
kw;Wk; njhopy;El;g Nkk;ghLfspdhy; Ntshz;ik> kUj;Jtk;> jlatpay; 
Nghd;w Jiwfspy; ngUk; khw;wj;ij Vw;gLj;jpAs;sJ. 

 
 kugpay; (Genetics) – ghuk;gupaj;jpd; mwptpay; - ghuk;gupag; gz;Gfs; 

vt;tpjk; ngw;Nwhu;fsplkpUe;J re;jjpfSf;Ff; flj;JfpwJ vDk; 
nray;Kiwia vLj;Jiuf;Fk; capuwptpaypd; xU gpupthf kugpay; 
jpfo;fpwJ.  W. Ngl;rd; 1906k; Mz;L kugpay; (Genetics) vDk; gjj;ij 
mwpKfg;gLj;jpdhu;.  kugpaypd; ehd;F Kf;fpaj; Jizg; gpupTfs; 
gpd;tUkhW: 

 
1. CLflj;jy; kugpay; (Transmission Genetics) / ghuk;gupa kugpay; 

(Classical Genetics) – kugZf;fs; vt;thW ngw;Nwhu;fsplkpUe;J 
re;jjpfSf;Ff; flj;jg;gLfpd;wd vd;gij tpsf;Fk; xU gpupthFk;.  
ghuk;gupa kugpaypd; mbg;gil fpun`u; nkz;ly; jd; Ma;tpy; 
gad;gLj;jpa VO kugZg; gz;GfshFk;.. 

 
2. %yf;$W kugpay; (Molecular Genetics) – kugZf;fs; Gw mikg;G 

kw;Wk; capu;r; nray;fis vt;thW %yf;$W epiyapy; Nkw;nfhs;fpwJ 
vd;gij tpsf;Fk; gpupthFk;. 
 

3. capupj;njhif kugpay; (Population Genetics) – jdp capupfspd; 
njhFg;gpy; jdpg;gl;l gz;Gf;$W vt;thW Fwpg;gpl;l kugZf;fshy; 
jPu;khdpf;fg;gLfpwJ vd;gij tpsf;Fk; gpupT. 
 

4. vz;zpf;ifrhu; kugpay; (Quantitative Genetics) – xU njhFg;gpYs;s 
jdp capupfspd; gz;Gf;$Wfs; gy kugZf;fshy; xNu rkaj;jpy; 
jPu;khdpf;fg;gLk; Kiwia tpsf;Fk; gpupT. 
 
Njhw;wj;jpy; fhzg;gLk; xw;Wikfs;> Ntw;Wikfs; kw;Wk; jiyKiwapy; 
gz;Gfs; tpLgLjYf;fhd (skipping) fhuzk; vd;d? 
 
    kugpay; vd;gJ kugZ> kughu;e;j NtWghLfs; kw;Wk; capupdq;fspy; 
eilngWk; kuGrhu;e;j gz;Gf;flj;jy; Mfpatw;iwg; gw;wpa gbg;ghFk;.  
n[dpbf;]; (Genetics) vd;gijj; jkpopy; kugpay; my;yJ kugZtpay; 
vd;W vt;tpjkhff; Fwpg;gpLtJ rupahf ,Uf;Fk;. 
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 kugZf;fs; (Genes) – ghuk;gupaj;jpd; nray;gLk; myFfs;:  
ngw;Nwhu;fsplkpUe;J re;jjpfSf;f;f capu;> Ntjpapa> cs;sikg;gpa 
kw;Wk; elj;ij gz;Gfisf; flj;Jk; ghuk;gupaj;jpd; mbg;gil myFfs; 
(capupay; jfty;) 

 
ghuk;gupaKk; NtWghLfSk; 
 
 kugpay; vd;gJ ghuk;gupak; kw;Wk; NtWghLfs; gw;wp mwpAk; Xu; 

mwptpay; vd;W tiuaWf;fg;gLfpwJ. 
 
 ghuk;gupak; (Heredity): ngw;Nwhu;fsplkpUe;J re;jjpfSf;Fg; gz;Gfs; 

flj;jg;gLtJ ghuk;gupak; vdg;gLfpwJ. 
 
 NtWghL (Variation): ,ay;ghd xj;j ,dj;njhifapYs;s 

capupdq;fspd; my;yJ mtw;wpd; rpw;wpdq;fspd; gz;GfSf;fpilNa 
fhzg;gLk; tpj;jpahrNk NtWghL vdg;gLfpwJ.  ,t;NtWghL 
,Utifg;gLk;.  mitahtd (i) njhlu;r;rpaw;w NtWghLfs; (ii) 
njhlu;r;rpahd NtWghLfs;. 

 
1. njhlu;r;rpaw;w NtWghLfs; (Discontinuous Variation):  
 

 Xu; capupdj;njhifapy; rpy gz;Gfspy; Fwpg;gpl;l msT NtWghLfs; 
fhzg;gLfpd;wd.  vLj;Jf;fhl;Lfs;: gpiuKyh jhtuj;jpd; #yfj; 
jz;bd; ePsk;.  Njhl;lg; gl;lhzpr; nrbapd; cauk; (nel;il my;yJ 
Fl;il).  ,e;jj; njhlu;r;rpaw;w NtWghl;by; gz;Gfs; xd;W my;yJ 
,uz;L Kf;fpakhd kugZf;fshy; fl;Lg;gLj;jg;gLfpwJ.  ,k;kugZf;fs; 
,uz;L my;yJ mjw;F Nkw;gl;l my;yPy;fis (,iz kugZ 
tbtq;fs;) nfhz;bUf;Fk;.  ,t;NtWghLfs; kugpaypy; flj;Jk; 
fhuzpfs; %yk; jPu;khdpf;fg;gLfpwJ.  ,t;NtWghLfisg; ngw;w jdp 
capupfs; ,ilepiy Njhw;wg;gz;Gfsw;w #o;epiyf; fhuzpfshy; 
ghjpf;fg;gLtjpy;iy.  ,J gz;Grhu; ghuk;gupakhjy; (qualitative 
inheritance) vd;Wk; miof;fg;gLfpwJ. 

 
2. njhlu;r;rpahd NtWghLfs; (Continuous Variation): 
 

 ,t;NtWghLfs; #o;epiy kw;Wk; kuGf; fhuzpfspd; $l;L tpisTfshy; 
jPu;khdpf;fg;gLgitfshf ,Uf;fyhk;.  Xu; capupdj;njhifapy; 
ngUk;ghyhd gz;Gfs; KOtJkhfj; juk; gpupf;fg;gl;L xU 
epiyapypUe;J kw;nwhU epiy tiu vt;tpjj; jilAkpd;wp 
ntspg;gLj;jg;gLfpwJ.  Gwj;Njhw;wg; gz;Gfspd; ghuk;gupak; gy 
kugZf;fs; kw;Wk; #o;epiyf; fhuzpfspd; $l;Lr;nray; tpidTfshy; 
jPu;khdpf;fg;gLfpwJ.  ,J vz;zpf;ifrhu; ghuk;gupakhjy; (quantitative 
inheritance) vd;W mwpag;gLfpwJ.  vLj;Jf;fhl;L: kdpjdpd; cauk; 
kw;Wk; Njhy; epwk;. 
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NtWghLfspd; Kf;fpaj;Jtk; 
 
 rpy capupfspy; fhzg;gLk; NtWghLfs; Nghuhb> tho;jypy; rpwe;j 

capupahf khWtjd; mbg;gilapy; mikfpd;wd.   
 

 khWk; #o;epiyfSf;Nfw;gj; jk;ikj; jftikj;Jf; nfhs;s cjTfpwJ. 
 

 ,J ,aw;ifj; Nju;Tf;fhd kugpay; gz;Gfis toq;Ftjhf cs;sJ. 
 

 Nkk;gLj;jg;gl;l cw;gj;jp> tpiuthd tsu;r;rp> mjpf Neha; 
vjpu;g;Gj;jd;ik kw;Wk; Fiwthd KjyPL nfhz;l jhtuq;fis> gapu; 
ngUf;f cw;gj;jpahsu;fs; cUthf;Ftjw;F NtWghLfs; Jiz 
Gupfpd;wJ. 
 

 gupzhkj;jpd; %yq;fshf NtWghLfs; mikfpd;wd. 
 
nkz;lypak; (Mendelism) 
 

 kugpaYf;F nkz;ly; Mw;wpa gq;F nkz;lypak; vdg;gLfpwJ.  
gl;lhzpj; jhtuj;jpy; mtu; nra;j fyg;GWj;j Ma;Tfs; kw;Wk; jhtuf; 
fyg;Gapup Kiwfs; cs;slf;fpa fUj;Jfs; midj;Jk; etPd 
kugpaYf;F mbg;gilahf mike;Js;sJ.  vdNt nkz;ly; kugpaypd; 
je;ij vd;wiof;fg;gLfpwhu;. 

 
kugpaypd; je;ij – fpun`u; N[h`d; nkz;ly; (1822 - 1884) 
 
 Kjy; kugpayhsuhd fpun`u; N[h`d; nkz;ly;> ghuk;gupaj;jpd; 

mjpraq;fslq;fpa ghijapy; Kjypy; gazpj;jtu; Mthu;.  ,tu; [{iy 
22> 1822-Mk; Mz;L M];jpupahtpd; n`a;rz;lhu;/g; vd;w Cupy;> 
rpyprpad; vDk; fpuhkj;jpy; (jw;NghJ i`d;rp];> nrf;Nfh];Nyhthfpah) 
gpwe;jhu;.  gs;spg; gbg;gpw;Fg; gpwF> jhtutpay;> ,aw;gpay; kw;Wk; 
fzpjj;ij tpad;dh gy;fiyf;fofj;jpy; gapd;whu;.  mjd;gpwF 
M];jpupah (Austria) ehl;bd; GUd; (Brunn) vd;w ,lj;jpYs;s Gdpjj; 
jhk]; klhyaj;jpy; jdf;F tpUg;gkhd gl;lhzp jhtuf; fyg;GWjy; 
Nrhjidfis Nkw;nfhz;lhu;.  1849-k; Mz;L jw;fhypfkhf Mrpupag; 
gzpapid Nkw;nfhz;L> Xa;T Neuj;jpy;> jd;Dila Njhl;lj;jpy; 
gl;lhzpj; jhtuj;jpy; fyg;GWjy; Nrhjidfisj; njhlu;e;J 
Nkw;nfhz;lhu;.  1856-Mk; Mz;L tuyhw;W rpwg;G tha;e;j gl;lhzpj; 
jhtu Ma;Tfisj; njhlq;fpdhu;.  1856 Kjy; 1863 tiu gl;lhzpj; 
jhtuj;jpy; fyg;GWjy; Nrhjidfis ,tu; Nkw;nfhz;lhu;.  mtu; jdJ 
Njhl;lj;jpYs;s gl;lhzpj; jhtuj;jpy; Nkw;nfhz;l VO N[hb NtWgl;l 
gz;Gf;$Wfisf; nfhz;L ghuk;gupaf; nfhs;iffisf; fz;lwpe;jhu;.  
nkz;ly; 24>034 jhtuq;fspd; gy re;jjpfspy; ,df;fyg;G nra;J> 
KbTfis ml;ltizg;gLj;jpdhu;.  1866-Mk; Mz;L “vf;];ngupkz;l;]; 
Md; gpshz;l; i`gpupl;];” (Experiments on Plant Hybrids) vd;w 
jiyg;gpy; “jp GurPbq;]; M/g; g;&d; nrhirl;b M/g; ehr;Ruy; `p];lup”-
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y; jdJ Ma;Tf; fl;Liuia ntspapl;lhu;.  etPd kugpaypd; epWtduhf 
,d;Wk; fpu`u; nkz;ly; tpsq;Ffpwhu;.  NkYk; ,tu; Kjy; Kiwg;ghL 
kugpa Muha;r;rpahsuhfTk; fUjg;gLfpwhu;. 

 
nkz;lypd; ntw;wpf;fhd fhuzq;fs;: 
 

 capupaypy; fzpjk; kw;Wk; Gs;spapay; KiwfisAk;> epfo;tpiuT 
KiwfisAk; jdJ fyg;Gapup Nrhjidfspy; ifahz;bUg;gJ>  
 

 ifahz;l mwptpay; Kiwfspd; Jy;ypakhd> tpupthd gjpTfspd; 
vz;zpf;ifrhu; tptuq;fisAk; Gs;spapay; Kiwapy; gjptpl;bUg;gJ> 
 

 Nrhjidfs; midj;Jk; kpfTk; ftdkhfTk; jpl;lkplg;gl;L> mtw;wpy;  
mjpf khjpupfs; gad;gLj;jg;gl;bUg;gJ. 
 

 vLj;Jf;nfhz;l vjpupilg; gz;Gfs; jdpg;gl;l FNuhNkhNrhk;fspy; 
cs;s fhuzpfshy; (kugZf;fshy;) fl;Lg;gLj;jg;gl;bUg;gJ. 
 

 nkz;lyhy; Nju;e;njLf;fg;gl;l ngw;Nwhu; jhtuq;fs; J}afhy; top 
ngw;Nwhu;fshf ,Ue;jJ.  Ngw;Nwhu;fspd; J}a;ikahdJ gy 
jiyKiwfspy; jw;fyg;G nra;J gupNrhjpf;fg;gl;ljhf ,Ue;jJ. 

 
nkz;lypd; gl;lhzpj; jhtu Ma;Tfs; 
 
 nkz;lypd; ghuk;gupaf; Nfhl;ghL> Jfs; Nfhl;ghL vdTk; 

miof;fg;gLfpwJ.  ,jw;fhd Ez;Jfs;fs; my;yJ ghuk;gupa myFfs; 
my;yJ fhuzpfs; (hereditary units or factors) jw;NghJ kugZf;fs; 
(Genes) vd miof;fg;gLfpwd.  gy J}afhy;top gl;lhzpj; 
jhtuq;fisf; nfhz;L nraw;if kfue;jr; Nru;f;if / may; kfue;jr; 
Nru;f;if Ma;Tfis ,tu; Nkw;nfhz;lhu;.   
 

gl;lhzpapd; VO gz;Gfs; 
 

gz;G kugZ Xq;F gz;Gf;$W xLq;F gz;Gf;$W 
jhtu cauk; 
 
tpij tbtk; 

Le 
 

R 

 nel;il 
 
cUz;il 

Fl;il 
 
RUq;fpa 

tpijAiw epwk;  
 
kyu; epwk; 
 
fdp epwk; 

I 
 

A 
 

GP 

kQ;rs; 
 
Cjh 
 
gr;ir 

gr;ir 
 
nts;is 
 
kQ;rs; 

fdp V tPq;fpa / cg;gpa ,Wf;fpa 

kyu; miktplk; Fa Nfhzk; Edpapyike;j 

 
gl;lhzpj; jhtuj;jpy; nkz;lypd; VO gz;GfSila> VO FNuhNkhNrhk;fs; 
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 J}afhy;top vd;gJ> ngw;Nwhu; Kjy; re;jjpfs; tiu njhlu;e;J 
jd;kfue;jr;Nru;f;if eilngw;W> epiyahd ghuk;gupag; gz;Gfisf; 
nfhz;l jhtuq;fs; Mfk;.  J}afhy;top jhtuq;fSf;Fs; eilngWk; 
fyg;GWjy;> ghuk;gupaj;jpy; epiyahd> gy jiyKiwfspy; gpujpgypf;ff; 
$ba Fwpg;gpl;l ngw;Nwhu; gz;Gfisf; nfhz;l re;jjpfis 
cUthf;FfpwJ.  J}afhy;top vd;gJ xj;jgz;gpizT (Homozygosity) 
jd;ikia kl;Lk; Fwpg;gpLfpwJ.  xU jdpj; jhtuj;jpdhy; 
cUthf;fg;gLk; Mz;> ngz; ,dr; nry;fs; (NfkPl;fs;) ,izit> 
jw;fUTWjiy (xNu jhtuj;jpypUe;J cUthf;fg;gl;l kfue;jk; kw;Wk; 
mz;lr; nry; ,izjiy) ,J Fwpf;fpwJ.  nkz;lypd; gl;lhzpj; 
jhtuj;jpy; jd;kfue;jr;Nru;f;if eilngWfpwJ.  Muha;r;rpahsu; xU 
gl;lhzpj; jhtuj;jpYs;s kfue;jg;igfis fUTWjYf;F Kd; ePf;fp 
(Mz;kylhf;fp) NtnwhU ufg; gl;lhzpj; jhtuj;jpYs;s kfue;jq;fis> 
kfue;jg;ig ePf;fg;gl;l kyu;fspd; #yf Kbf;F khw;Wtnjd;gJ may;-
fUTWjy; vd;gjhFk;.  ,jd; %yk; NtWgl;l gz;Gf;$Wfisf; nfhz;l 
fyg;gpdq;fs; cUthfpwJ.  nkz;lypd; Muha;r;rpfspd; mbg;gilapy; 
mikf;fg;gl;l tpjpKiwfs; midj;Jk; jw;NghJ nkz;lypa kugpay; 
(Mendelian Genetics) vdg;gLfpwJ. 

 
 nry;ypy; fhzg;gLk; ghuk;gupa El;gq;fshd FNuhNkhNrhk;> DNA, 

kugZf;fs; gw;wpa nra;jpfs; mwpag;gLtjw;F Kd;Ng> ghuk;gupak; gw;wpa 
,e;j tpjpfspd; rupahd El;gq;fis nkz;ly; tFj;jhu;.  nkz;lypd; 
,e;jg; ghuk;gup El;gk; gw;wpa cd;dpg;ghd Ez;zwpT Nkk;gLj;jg;gl;lg; 
gapu; ufq;fs; cUthf;FtjpYk;> gapu; fyg;Gapu;jy; KiwapYk; xU 
Gul;rpia Vw;gLj;Jtjpy; Kf;fpag; gq;F tfpf;fpwJ. 

 
 1884-Mk; Mz;by; nkz;ly; kiwe;j gpd;du;> 1900-Mk; Mz;L nkz;lypd; 

Ma;Tfs; %d;W capupay; ty;Ydu;fshfpa> `hye;jpd; `pA+Nfh B 
tpup];> n[u;kdpapd; fhu;y; fhnud;]; kw;Wk; M];jpupahtpd; vup thd; 
n~u;khf; MfpNahuhy; kPz;Lk; fz;lwpag;gl;lJ. 

 
nkz;lypaj;Jld; njhlu;Gila fiyr;nrhw;fs; 
 
 nkz;ly; ,U vjpupilg; gz;Gf;$Wfspd; (traits) ntspg;ghLfis kl;LNk 

xNu rkaj;jpy; ftdj;jpy; nfhz;lhu;.  vLj;Jf;fhl;L:  nel;il kw;Wk; 
Fl;il NtWgl;l gz;Gf;$Wfs; ntspg;ghliltjw;fhd fhuzk; xNu 
gz;Gf;$Wf;fhd  kugZ ,U NtWgl;l tbtq;fis ngw;wpUg;gJ MFk;.  
,it my;yPy;fs; vd;W miof;fg;gLfpd;wd. 

 
nkz;lypd; nts;is kyu;fSf;fhd kugpay; GjpUf;Fj; jw;NghJ tpil 
fhzg;gl;Ls;sJ.  nkz;lypd; gl;lhzpj; jhtu nts;is epw kyu;fis 
xOq;FgLj;jf;$ba kugZit cq;fshy; ,dq;fhz KbAkh? 
 
    kugZtpd; gzpfisg; Gupe;J nfhs;s %yf;$W mstpyhd jPu;it 
mwpNthk;.  2010-Mk; Mz;L gl;lhzpj; jhtu kyu;fspd; epwj;jpw;Ff; 
fhuzkhd kugZ mfpy cyf Muha;r;rpahsu;fs; FOtpduhy; 
fz;lwpag;gl;lJ.  gl;lhzpapy; ,J kugZ A vd;wiof;fg;gl;lJ.  
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Xq;FepiyapYs;s ,k;kugZ> gbnaLj;jy; fhuzpahfr; nray;gl;L xU 
Gujj;ij cw;gj;jp nra;J mJ Me;Njhradpd; epwkp cUthf;fj;jpw;Ff; 
fhuzkhfpwJ.  vdNtjhd; gl;lhzpj;jhtu kyu;fs; Cjh epwj;ijg; 
ngWfpd;wd.  nts;is kyu;fisf; nfhz;l gl;lhzpj; jhtuq;fs; 
Me;Njhradpd; cw;gj;jpapy; <LgLk; kugZit xLq;Fepiyapy; 
ngw;wpUg;gjhy;> mit Me;Njhradpd; epwkpia cUthf;f Kbtjpy;iy. 
 
    Xq;FepiyapYs;s kugZ A-apd; gpujpfis nts;is kyu;fspd; 
my;yp ,jo;fspd; nry;fSf;Fs; kugZ Jg;ghf;fp Kiwapy; (gene gun 
method) Muha;r;rpahsu;fs; nrYj;jpdu;.  ,e;j kugZ A-itg; ngw;w 
Fiwe;j mstpyhd rjtPjj;jpYs;s nts;is kyu;fspd; G+tpjo; gFjpfspy; 
Me;Njhradpd; epwkpfs; Ftpf;fg;gl;L mg;gFjpfs; Cjh epwj;ijg; 
ngWfpwJ. 
 
       nts;is kyu;fspy; xLq;FepiyapYs;s kugZ A-apd; epA+f;spNahilL 
tupirapy; khw;wk; Vw;gl;Lg; gbnaLj;jy; fhuzp nrayw;Wg; NghfpwJ.  ,J 
jpBu; khw;wk; ngw;w kugZ A-thff; fUjg;gLfpwJ.  ,k;kugZ 
Me;Njhradpid cw;gj;jp nra;ahjjhy; nts;is kyu;fs; Njhd;WfpwJ. 
 
kugZ A nfhz;l gl;lhzpapd; Cjh kyu; kw;Wk; gl;lhzpapd; nts;is 
kyu; 

 
 

 xU capupapy; fhzg;gLk; kugZ mjw;fhd  xj;j my;yPy;fis 
nfhz;bUe;jhy; mJ xj;jgz;gpizT (homozygous-TT) vdg;gLfpwJ.  
xU capupapy; fhzg;gLk; kugZ mjw;fhd ,UNtWgl;l my;yPy;fisf; 
nfhz;bUe;jhy;> mJ khWgl;lgz;gpizT (heterozygous – Tt) 
vd;wiof;fg;gLfpwJ.  nkz;lypd; fyg;GWjy; Nrhjidf;Fg; gpd; 
cUthFk;  jhtuq;fs; NtWgl;l gz;gpizTfisg; ngw;wpUg;gjhy; 
mit fyg;Gapupfs; (hybrids) vdg;gLfpd;wd. 

 
 Xq;Fgz;gpw;fhd kugZtpd; ,U my;yPy;fs; (dominant allele) ngupa 

vOj;jpYk; (capital letter), xLq;Fgz;gpw;fhd kugZtpd; ,U my;yPy;fs; 
(recessive allele) rpwpa vOj;jpYk; (Small letter) rpwpa  vOj;jpYk; 
Fwpg;gplg;gLfpwJ.  xU capupapy; ,uz;L xLq;F my;yPy;fs; 
fhzg;gl;lhy; mJ xj;jgz;gpizitg; ngw;w xLq;F my;yPy;fs; 
(homozygous recessive) (tt) Fl;ilg;  gl;lhzpj; jhtuq;fs; 
vdg;gLfpd;wd.  xU capupapy; ,uz;L xLq;F my;yPy;fs; fhzg;gl;lhy; 
mJ xj;j gz;gpizitg; ngw;w xLq;Fepiy (homozygous recessive) 
(tt) Fl;ilg; gl;lhzpj; jhtuq;fs; vdg;gLfpd;wd.  xU capupapy; ,uz;L 
Xq;F my;yPy;fs; fhzg;gl;lhy; mJ xj;jgz;gpizitg; ngw;w 
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Xq;Fepiy (hymozygous dominant) (TT) nel;ilg; gl;lhzpj; jhtuq;fs; 
vdg;gLfpd;wd.  ,e;j ,uz;L my;yPy;fspy; xd;W Xq;F kugZthfTk;> 
kw;nwhd;W xLq;F kugZthfTk; ,Ug;gpd; mJ fyg;Gw;w nel;il 
(heterozygous tall) (Tt)  gl;lhzpj; jhtuq;fisf; Fwpf;fpd;wd. 

 
nkz;lypa ghuk;gupaj;jpy; nkz;lypa tpjpfs; 
 
 nkz;lypd; xU gz;Gf; fyg;gpidf; $u;e;J Muha;e;jjpd; tpisthf ,U 

Kf;fpa tpjpfs; cUthf;fg;gl;ld.  (1) Xq;Fjd;ik tpjp (The law of 
Dominance) (2) jdpj;Jg; gpupjy; tpjp (The law of Sugregation).   ,e;j 
mwptpay; tpjpfs; gupzhkr; rupj;jpuj;jpy; Kf;fpag; gq;fhw;WfpwJ. 

 
 Xq;Fj;jd;ik tpjp – gz;Gfs;> fhuzpfs; vd;wiof;fg;gLk; 

jdpj;jpaq;Fk; myFfshy; fl;Lg;gLj;jg;gLfpwJ.  vjpupilg; 
gz;GfSf;fhd ,izf; fhuzpfspy; xd;W Xq;Fjd;ikAlDk; 
kw;nwhd;W xLq;F jd;ikAlDk; fhzg;gLk;.  ,t;tpjp> xU gz;Gf; 
fyg;gpid tpsf;FfpwJ.  (m) Kjy; kfTr;re;jjpapy; (F1) xNu xU 
ngw;Nwhu; gz;G ntspg;gLfpwJ.  (M) ,uz;lhk; kfTr;re;jjpapy; (F2) ,U 
ngw;Nwhu; gz;GfSk; ntspg;gLfpd;wd. ,uz;lhk;  kfTr;re;jjpapy; (F2) 
gz;Gfs; 3:1 tpfpjhr;rhuj;jpy; cUthfpd;wd. 

 
 jdpj;Jg;gpupjy; tpjp (Nfkpl;fspd; J}aj;jd;ik tpjp) – Kjy; 

kfTr;re;jjpapy; ,U gz;Gfspy; xd;W kl;LNk fhzg;gl;l NghjpYk;> 
,uz;lhk; kfTr;re;jjpapy; ,U gz;GfSk; ntspg;gLfpd;wd.  vdNt xU 
kugZtpy; fhzg;gLk; ,uz;L my;yPy;fSk; xd;Nwhnlhd;W 
fyg;gjpy;iy.   NfkPl; cUthf;fj;jpd;NghJ ,e;j ,iz my;yPy;fs; 
xt;nthU NfkPl;bYk; xd;W vd;w tpjj;jpy; jdpj;Jg; gpupfpd;wd.  vdNt 
J}afhy;topj; jhtuk; xNu khjpupahd NfkPl;Lfis cUthf;FfpwJ.  
Mdhy; xU fyg;Gapupj; jhtuk; ,uz;L tpjkhd NfkPl;Lfis 
cUthf;Ffpd;wd.  ,J xt;nthU NfkPl;bYk; xU my;yPiy ngw;Wr; 
rkkhd tpfpjhr;rhuj;jpy; cUthfpd;wd.  vdNt> NfkPl;Lfs; vg;nghOJk; 
fyg;Gapu;fshf ,Ug;gjpy;iy. 

 
xU gz;Gf; fyg;G (Monohybrid cross) 
 

 xU gz;Gf; fyg;G vd;gJ> xw;iwg; gz;gpd; ghuk;gupakhFk;> mjhtJ 
jhtuj;jpd; cauk; ghuk;gupakiljy;> ,J> xU kugZtpd; ,uz;L 
my;yPy;fis cs;slf;fpaJ.  xU gz;Gf; fyg;G ,uz;L J}afhy;top 
ngw;Nwhu; jhtuq;fSf;fpilNa eilngWtjhFk;.  xt;nthU ngw;NwhUk; 
,U vjpupilg; gz;Gfis ntspg;gLj;Jfpd;wd.  Kjyhk; kfTr; 
re;jjpfSf;Fs; jw;fyg;G nra;ag;gLtjd; %yk;> cUthFk; ,uz;lhk; 
kfTr;re;jjpapYs;s 1064 jhtuq;fspy; 787 jhtuq;fs; nel;ilahfTk;> 
277 jhtuq;fs; Fl;ilahfTk; ,Ue;jij nkz;ly; fz;lwpe;jhu;.  ,J 3:1 
vd;w tpfpjj;jpy; ,Ug;gJ Fwpg;gplj;jf;fJ.  Kjyhk; kfTr;re;jjpapy; 
kiwe;j Fl;ilg; gz;G ,uz;lhk; kfTr;re;jjpapy; kPz;Lk; Njhd;WtJ 
Fwpg;gplj;jf;fJ.  xU gz;G fyg;gpd; Kjy; kfTr;re;jjpfspd; 
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kugZthf;fk; kugZtifiak; (genotype) vdTk;> xU capupapy; 
ntspg;glf;$ba gz;Gfs; Gwj;Njhw;wtifak; (phenotype) vdTk; 
mwpag;gLfpwJ.  xU kugZf; fyg;gpy; Nfkpl;Lfspd; fUTWjypd;NghJ 
re;jjpfspy; Njhd;Wk; kugZtifaj;ijAk; Gwj;Njhw;w tifaj;ijAk;> 
gpupl;b~; kugpayhsu; nu[pdhy;L C. Gd;ndl; mtu;fspd; ngauhy; 
cUthd rJuj;jpd; (Punnett‟s square) cjtpahy; vspjhf mwpe;J 
nfhs;s KbAk;.  xU Gd;ndl; rJuk; vd;gJ kugpay; fyg;gpy; Njhd;Wk; 
re;jjpfspd; rhj;jpaKs;s kugZ tiffisf; fzf;fpl cjTk; tiugl 
tpsf;fkhFk;.  Xq;Fg;gz;G tpjp kw;Wk; jdpj;Jg;gpupjy; tpjp nkz;lypd; 
xUgz;Gf; fyg;ig rupahf tpsf;FfpwJ. 

 
 
 gupkhw;wf; fyg;G (Reciprocal cross) – xU gupNrhjidapy; J}afhy;top 

Fl;ilj; jhtuq;fis Mz; jhtuq;fshfTk;> nel;il gl;lhzpj; 
jhtuq;fisg; ngz; jhtuq;fshfTk; nfhz;L fyg;G nra;Ak;NghJ 
fpilf;ff;$ba midj;Jj; jhtuq;fSk; nel;ilj; jhtuq;fshfNt 
,Ue;jd.  ,Nj jhtuq;fis khw;wpf; fyg;G nra;Ak;NghJ> mjhtJ 
nel;ilj; jhtuq;fspd; kfue;jj;ijg; gad;gLj;jpf; Fl;ilj; 
jhtuq;fSld; fyg;Gwr; nra;Ak;NghJ fpilf;Fk; re;jjpfsidj;Jk; 

kPz;Lk; nel;ilj; jhtuq;fshfNt ,Ue;jd. nel;il

 vdr; nra;af;$ba 
fyg;G gupkhw;wf; fyg;G vdg;gLfpwJ.  gupkhw;wf;  fyg;gpd; KbthdJ 
xNu khjpupahf ,Ue;jJ.  ,jd; %yk; gz;Gf;$Wfs; ghy;jd;ikia 
rhu;e;jjy;y vd;gJ KbthfpwJ. 

 
 jhtu cauj;jpw;Ff; fhuzkhd kugZ ,U my;yPy;fisf; nfhz;lJ: 

nel;il (T) x Fl;il (t).  Gwj;Njhw;w kw;Wk; kugZthf;fg; 
gFg;gha;Tfisr; nrf;fu; Nghu;L Kiw (Checkerboard method) my;yJ 
fitf;NfhL Kiw (Forkline method) %yk; fz;lwpayhk;. 

 
nkz;lypd; gFg;gha;T kw;Wk; mDgt mZFKiw 
 
 nkz;ly; xt;nthU gz;gpw;Fk; ,uz;L NtWgl;l gz;Gf; $Wfisj; 

Nju;e;njLj;jhu;.  Mjyhy; xU gz;gpw;F ,U NtWgl;l fhuzpfs; 
,Ug;gJ njspthfpwJ.  Kjy; kfTr;re;jjpapy; (F1) xLq;fpa gz;gpw;fhd 
fhuzp kiwf;fg;gLfpwJ.  ,uz;lhk; kfTr;re;jjpapd; xU fhy;gFjpahf 
(¼) kPz;Lk; mJ Njhd;WfpwJ.  Kjyhk; kfTr;re;jjpapd; NtWgl;l 
fyg;gpdj;jpy; cs;s nel;il kw;Wk; Fl;il gz;gpw;Fupa my;yPy;fs; 
Njhuhakhff; NfkPl;fSf;Fs; gpupe;J nry;fpwJ vd nkz;ly; KbT 
nra;jhu;.  vdNtjhd; 3:1 vd;w tpfpjj;jpy; Xq;F kw;Wk; xLq;F 
gz;Gf;$Wfis ,uz;lhk; kfTr;re;jjpapy; mtu; ngw Kbe;jJ.  
,t;thW xU capupay; Ma;tpy; msTrhu; gFg;gha;itg; gad;gLj;jpa 
Kjyhk; mwptpaywpQu; nkz;lNy Mthu;. 
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 nkz;lypd; gFg;gha;T mZFKiw cz;ikapy; xU Kjd;ikahd 
mwptpay; rhjidahf ,Ue;jJ.  nkz;lypd; $u;ikahd kw;Wk; 
Jy;ypakhd fyg;gpdr; Nrhjidfs; %yk;> ghuk;gupaj;jpd; jdpj;jpaq;Fk; 
JfsyFfs; xU re;jjpapypue;J mLj;j re;jjpfSf;Ff; flj;jg;gLfpwJ 
vd;gij Kd;nkhope;jhu;.  ,e;j JfsyFfs; jw;NghJ kugZf;fs; vd 
miof;fg;gLfpd;wd.  vdNt ghuk;gupak; gz;GfSf;fhd cwit 
epu;zapf;f nkz;lypd; jpl;lkplg;gl;l Nrhjidfs; cjTtjhf cs;sd.  
,e;jg; gFj;jwpjpwd;> mDgt mZFKiw  vd;wiof;fg;gLfpwJ.  
,jd;%yk; ngwg;gLk; tpjpfs; mDgt tpjpfs; (Empirical laws) 
vdg;gLfpd;wd. 

 
Nrhjidf; fyg;G (Test cross)  
 
 xU capupdj;jpd; njupahj kugZtifaj;ij xLq;F 

xj;jgz;gpizTld; fyg;G nra;jYf;Fr; Nrhjidf; fyg;G vd;W ngau;. 
 
 nkz;lypd; xU gz;Gf; fyg;gpy; Kjyhk; kfTr;re;jjpapy; (F1) Njhd;Wk; 

jhtuq;fs; midj;Jk; nel;ilg; gz;Gilait.  ,uz;lhk; 
kfTr;re;jjpapy; (F2) nel;il kw;Wk; Fl;ilg; gz;Gfs; KiwNa 3:1 vd;w 
tpfpjj;jpy; cs;sd.  ,uz;lhk; kfTr;re;jjpapy; Njhd;wpa Fl;ilj; 
jhtuq;fisj; jd;kfue;jr;Nru;f;iff;F cl;gLj;jg;gLk; NghJ %d;whk; 
(F3), ehd;fhk; (F4) kfTr;re;jjpfspy; midj;Jj; jhtuq;fSk; Fl;ilj; 
jhtuq;fshfNt fhzg;gl;ld.  ,jd;%yk; Fl;ilj; jhtuj;jpd; 
kugZthf;fk; xj;jj;jd;ik (tt) nfhz;lJ vd;w Kbtpw;F te;jhu;. 

 
nkz;lypd; gl;lhzpj; jhtuq;fs; Vd; nel;il kw;Wk; Fl;ilj; 
jhtuq;fshff; fhzg;gLfpd;wd? ,jw;fhd %yf;$W tpsf;fj;ijf; fz;lwp. 
 
nkz;lypd; nel;ilj; jhtu kugZf;Fupa %yf;$W ,ay;gha;T 
 
     jhtuj;jpd; cauk; ,uz;L my;yPy;fisf; nfhz;l xU kugZthy; 
fl;Lg;gLj;jg;gLfpwJ.  jhtuj;jpd; cauj;jpy; fhzg;gLk; ,t;NtWghL 
gz;GfSf;fhd cz;ikfs; gpd;tUkhW.  (1) gl;lhzp jhtur;nry;fs; 
[pg;uypdpd; nray;gLk; epiy (GA1)I cUthf;f ty;y jpwDila 
Kd;Ndhb %yf;$whFk;.  (ii) nel;il gl;lhzpj; jhtuq;fspy; xU my;yPy; 
(Le) [pg;uypd; cUthf;fj;jpy;  gq;Fnfhs;Sk; Gujk; (nray;jpwd; nfhz;l 
nehjp).  ,e;j my;yPy; Le Le my;yJ Le le  vd;w kugZthf;fj;jpy; 
cs;sNghJ gl;lhzpj; jhtuq;fs; nray;gLk;  [pg;uypid (GA1) cw;gj;jp 
nra;J nel;ilj; jhtuq;fshf cs;sd.  ,uz;L xLq;F my;yPy;fs; (le le) 
nfhz;l jhtuq;fs; nrayw;w Gujj;ij cw;gj;jp nra;tjhy; mit Fl;ilj; 
jhtuq;fshf cs;sd.  
 
 Kjyhk; kw;Wk; ,uz;lhk; kfTr;re;jjpfspy; Njhd;wpa nel;ilj; 

jhtuq;fspy; vit TT my;yJ Tt  vd;w kugZthf;fj;ij ngw;wit 
vdf; fzpf;fKbatpy;iy.  vdNt ehk; nel;ilj; jhtuq;fspy; vit 
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xj;jgz;gpizT ngw;wit> vit khw;Wg;gz;gpizT ngw;wit vd;W $w 
,ayhJ.  nel;ilj; jhtuq;fspd; kugZthf;fj;ijf; fz;lwpa Kjy; 
kfTr;re;jjpapy; Njhd;wpa nel;ilj; jhtuq;fis xj;jgz;gpizit 
ngw;w xLq;F ngw;NwhNuhL fyg;G nra;jhu;.  ,jidr; Nrhjidf;fyg;G 
(test cross) vd;W mioj;jhu;.  xU capupdj;jpd; Nrhjidf; fyg;gpy; 
(gl;lhzpj; jhtuq;fs;) Xq;F Gwj;Njhw;wtifaj;ij (vjDila 
kugZtifak; jPu;khdpf;fg;gl;lNjh) jw;fyg;gpw;F gjpyhf xLq;F 
ngw;NwhUld; fyg;G nra;jyhFk;.  Nrhjidf;fyg;gpd; %yk; Njhd;Wk; 
re;jjpfisf; nfhz;L Nrhjid capupapd; kugZthf;fj;ij vspjpy; 
fzpf;fyhk;.  xU jdpAupapd; Xq;F gz;gpd; xj;jgz;gpizT kw;Wk; 
khWgl;l gz;gpizitf; fz;lwpar; Nrhjidf; fyg;G gad;gLfpwJ. 

 
gpw;fyg;G (Back cross)  
 

 gpw;fyg;G vd;gJ Kjy; kfTr;re;jjpia (fyg;Gapup) VNjDk; xU 
kugZthf;fk; ngw;w ngw;NwhUld; fyg;G nra;tjhFk;.  ,J ,U 
tifg;gLk;.  mit Xq;Fj;jd;ik gpw;fyg;G (dominant back cross) 
kw;Wk; xLq;Fj;jd;ik gpw;fyg;G (recessive back cross) vdg;gLfpd;wd. 
 

 Kjy; kfTr;re;jjpia (fyg;Gapup) Xq;Fj;jd;ik nfhz;l ngw;NwhUld; 
fyg;G nra;Ak;NghJ ,uz;lhk; kfTr;re;jjpapy; Njhd;Wk; jhtuq;fs; 
midj;Jk; Xq;F gz;G nfhz;ljhf cs;sd.  xLq;Fj;jd;ik ngw;w 
jhtuq;fs; ,jpy; Njhd;Wtjpy;iy.  
 

 khwhf Kjy; kfTr;re;jjpia xLq;Fj;jd;ik nfhz;l ngw;NwhUld; 
fyg;G nra;Ak;NghJ ,uz;L Gwj;Njhw;wg; gz;GfSk; rktPjj;jpy; (1:1) 
Njhd;WfpwJ.  ,jw;Fr; Nrhjidf; fyg;G vd;W ngau;. 
 

 xLq;Fj;jd;ik gpw;fyg;G> fyg;Gapupapd; khWgl;lgz;gpizT jd;ikia 
(heterocygosity) mwpa cjTfpwJ. 

 
,Ugz;Gf; fyg;G (Dihybrid cross) 
  

 ,Ugz;Gf;fyg;G vd;gJ ,U vjpupilg; gz;Gfisg; ngw;w 
jhtuq;fSf;fpilNa eilngWk; xU kugpay; fyg;ghFk;.  ,U 
gz;Gf;fyg;G  ghuk;gupankd;gJ ,U NtWgl;l my;yPy;fisf; nfhz;l 
kugZf;fspilNa epfOk; ghuk;gupak; MFk;. 

 
 rhu;gpd;wp xJq;Fjy; tpjp (law of Independent Assortment) - ,U gz;Gf; 

fyg;ig mbg;gilahff; nfhz;L cUthf;fg;gLk; tpjp ,JthFk;.  
,uz;L ,izg;gz;Gfs; nfhz;l jhtuq;fSf;fpilNa epfOk; xU 
fyg;gpy;> xU ,izg; gz;Gf;fhd fhuzpfs; jdpj;Jg; gpuptJ kw;nwhU 
,izg;gz;Gf;fhd fhuzpfs; jdpj;Jg; gpuptijr; rhu;e;jpUg;gjpy;iy.  
,jw;Fr; rhu;gpd;wp xJq;Fjy; vd;W ngau;.  ntt;NtW 
FNuhNkhNrhk;fspy; mike;Js;s kugZf;fs; Fd;wy; gFg;gpd;NghJ 
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rhu;gpd;wpg; gpupfpwJ.  ,U gz;Gf; fyg;gpd;NghJ NfkPl;Lfspy; gy 
rhj;jpakhd fhuzpfspd; Nru;f;;if epfoyhk;. 

 
,Ugz;Gf; fyg;G – NfkPl;fs; jdpj;Jg;gpupjy; 

 
 rhu;gpd;wp xJq;Fjypd; %yk; kugpay; NtWghL epfo;fpwJ.  rhu;gpd;wp 

xJq;Fjypd; tpisthy; xU capup> kuGrhu;jd;ikapy; NtWgl;l 
NfkPl;Lfis cUthf;FfpwJ.  rhu;gpd;wp xJq;Fjypd; NghJ jha;> je;ij 
capupfspy; fhzg;gLk; kugZf;fs;> NfkPl;Lfspy; 
gfpupe;jspf;fg;gLfpd;wd.  ,jd; %yk; gy rhj;jpakhd 
FNuhNkhNrhk;fspd; $l;likT cUthf;fg;gl;L> kugpay; NtWghLfs; 
Njhd;Wfpd;wd.  ,k;kugpay; NtWghLfs; gupzhkj;jpy; Kf;fpag; 
gq;fhw;Wfpd;wd.  

  
Njhl;lg;ghzpapy; ,Ugz;Gf; fyg;G 
 
 jdpj;Jg;gpupjy; tpjp xU kugZtpd; my;yPy;fNshL njhlu;GilaJ.  

Mdhy; rhu;gpd;wp xJq;Fjy; tpjp kugZf;fSf;fpilNa cs;s 
njhlu;gpid tpsf;FfpwJ.  ,U jhtuq;fSf;fpilNa epfOk; ,U ,iz 
NtWgl;l gz;Gf;$Wfspd; fyg;gpw;F ,Ugz;Gf;fyg;G vd;W ngau;. 

 
 ,Ugz;Gf; fyg;gpy; ,uz;L gz;Gfs; xNu Neuj;jpy; fUj;jpy; 

nfhs;sg;gLfpwJ.  nkz;ly;; gl;lhzp jhtuq;fspy; tpijapd; tbtk; 
(cUz;il> RUq;fpaJ)> tpijapiyapd; epwk;  (kQ;rs;> gr;ir) Mfpa 
,uz;L gz;Gfisf; fUj;jpy; nfhz;lhu;.  cUz;il tbt tpij (R) 
RUq;fpa tbtk; nfhz;l tpijf;F (r) Xq;F gz;ghfTk;> kQ;rs; epw 
tpijapiy (Y) gr;ir epw tpijapiyf;F (y) Xq;F gz;ghfTk; cs;sd.  
vdNt kQ;rs; epw> cUz;il tpij nfhz;l J}a ngw;Nwhu; RRYY – 
vd;w kugZthf;fj;jhy; Fwpg;gplg;gLfpwJ.  Kjy; kfTr;re;jjpapd; 
fyg;gpdj;jpy; (RrYy)  NfkPl; cUthf;fj;jpd;NghJ xU gz;gpw;fhd 
kugZ ,iz (Rr) kw;nwhU gz;gpw;fhd kugZ ,iz (Yy) jdpj;Jg; 
gpuptjpy; rhu;e;jpUg;gjpy;iy.  ,jd; tpisthf xt;nthU ngw;NwhUk; 
kugpay; NtWghL nfhz;l ehd;Ftpjkhd NfkPl;fis cUthf;f 
KbfpwJ.  mit 

 
 1) kQ;rs; cUz;il (YR) - 9/16 
 2) kQ;rs; RUq;fpaJ (Yr) - 3/16 
 3) gr;ir cUz;il (yR)  - 3/16 
 4) gr;ir RUq;fpaJ (yr) - 1/16 
 
 fUTWjy; epfo;tpd;NghJ ,e;j ehd;F tif NfkPl;fSk; Njhuhakhf 

xd;Wld; xd;W ,ize;J ,uz;lhk; kfTr;re;jjpapy; gjpdhW tifahd 
capupfis 9:3:3:1 vd;w tpfpjj;jpy; cUthfpd;wd.  ,Ugz;Gf;fyg;gpy; 
nkz;ly; nkz;ly; ngw;w 9:3:3:1 vd;w tpfpjk; jdpj;Jg; gpupjy;> rhu;gpd;wp 
xJq;Fjy; kw;Wk; fUTWjypd; mbg;gilapy; ngw;w rPuhd tpfpjkhFk;.  
,jidg; glj;jpy; fhzyhk;.  nkz;lypd; ,e;j fz;Lgpbg;Gfs; 
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ghuk;gupak; gw;wpa Gupjy; kw;Wk; capupay; Gul;rpf;F xU mbj;jskhf 
mike;jJ.  ,Ugz;Gf; fyg;gpy; nkz;ly; ,uz;lhtjhf Kd;nkhope;j 
Ma;T KbTfis ehk; ,g;nghOJ rhu;gpd;wp xJq;Fjy; tpjp vd;W 
miof;fpNwhk;. 

 
RUq;fpa tpijf;fhd kugZ vt;thW nkz;ly; gad;gLj;jpa gl;lhzp 
tpijapy; nray;gLfpwJ?  %yf;$W mbg;gilapyhd  tpsf;fj;ijf; 
fz;lwpNthk;. 
,aw;ifahd Xq;Fj;jd;ik nfhz;l my;yPy; (RR) jurfpisj;jy; nehjpia 
(starch branching enzyme – I – SBEI) cw;gj;jp nra;af;$baJ.  tpij 
Kjpu;r;rpAWk; NghJ ,e;nehjp mjpff; fpisAld; $ba jur %yf;$Wfs; 
cw;gj;jpahtijj; J}z;LfpwJ.  Xq;Fj;jd;ikAila kugZ (RR) ngw;w 
jhtuj;jpy; 0.8 kb –cila DNA Jz;lk; rLjp khw;wj;jpd; tpisthy; 
cs;Ns nrWfg;gl;ljpdhy; xLq;F kugZthf(rr) khw;wg;gLfpwJ.  ,jdhy; 
,k;kugZ SBEI –nehjpia cw;gj;jp nra;a Kbtjpy;iy.  ,jd; tpisthf 
tpijfs; fpisj;j %yf;$WfSf;Fg; gjpyhfr; Rf;Nuh]; %yf;$Wfisr; 
Nrfupj;J kw;Wk; mjpf ePiuAk; Nrfupj;J itj;Jf;nfhs;fpwJ.  ,jd; 
fhuzkhfr; rt;T+L guty; mOj;jk; tpijfspy; mjpfupj;J mjpfkhd ePiu 
cwpQ;rp ,sk;gUtj;jpy; ePiu ,oe;J RUq;Ffpd;wd.  NtWgl;l 
kugZthf;fk; nfhz;l (Rr) tpijfspy; xt;nthU ,iz my;yPy;fspYk; 
xU Xq;F my;yPy; cs;sjhy; mJ tpijfspy; jurj;ij (mikNyhngf;bd; 
- fiuAk;jd;ikaw;w fhu;Nghi`l;Nul;) rt;T+L rkepiyAld; Fiwthd 
ePupog;ghy; cw;gj;jp nra;J cUz;il tbt (RUf;fkw;w tpijfisg; 
ngWfpwJ. 
 

cUz;il kw;Wk; RUq;fpa gl;lhzp tpijfSf;fhd 
%yf;$W mbg;gilapyhd tpsf;fk; 

,Ugz;G Nrhjidf;fyg;G (Dihybrid test cross) 

Kg;gz;G fyg;G (Trihybrid cross) 
 

 nkz;lypd; Kg;gz;Gf; fyg;G> gy gz;Gf; $Wfspd; ghuk;gupaj;ij 
tpsf;Ftjhf cs;sJ.  nkz;lypd; jdpj;Jg; gpupjy; tpjpAk;> rhu;gpd;wp 
xJq;Fjy; tpjpAk; %d;W ,iz vjpupilg; gz;Gf;$Wfisf; nfhz;l 
Kg;gz;G fyg;gpw;Fk; nghUe;Jk;.  %d;W vjpupil gz;GfSf;fhd kugZ 
,izfisf; nfhz;l J}a Ngw;Nwhu;fSf;fpilNa eilngWk; fyg;G> 
Kg;gz;G fyg;G> mjhtJ Kg;gz;G fyg;Gapupfs; cUthjy; vd;W 
miof;fg;gLk;. 

 
 ,f;fyg;gpd; Kjy; kfTr;re;jjpj; jhtuk; jw;fyg;G milAk;NghJ> vl;L 

tpjkhd NfkPl;LfisAk;> 64 tpjkhd fUr;nry;fisAk; cUthf;FfpwJ.  
,e;jf; fyg;gpy; %d;W vjpupilg; gz;GfSf;fhd kugZf;fs; xd;whf 
,ize;J nray;gLfpd;wd.  Kg;gz;Gf; fyg;gpy; cs;s %d;W NtWgl;l 
gz;Gfshtd. 
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nkz;lypa kugpaypd; tpupthf;fk; 
 
 nkz;lypd; nfhs;iffspy; xU gz;G> ,U gz;G kw;Wk; Kg;gz;G 

fyg;Gfs; jtpur; rpy tpjptpyf;Ffs; cs;sd.  mjhtJ> NtWgl;l 
Gwj;Njhw;w tpfpjq;fs; Njhd;Wk;.  rpf;fyhd ghuk;gupa Kiwfs;> 
nkz;lypa kugpaypd; tpupthf;fkhff; fUjg;gLfpwJ.  
kugZf;fSf;fpilNaahd ,ilr; nray;fspd; tpisthf capupfspy; 
,e;j NtWgl;l Gwj;Njhw;wg; gz;Gfs; Njhd;Wfpd;wd.  

 
 kugZ ,ilr;nray;fs; (Gene interactions) – xU Gwj;Njhw;wg; gz;G 

xd;W my;yJ mjw;F Nkw;gl;l kugZf;fshy; xt;nthd;Wk; ,uz;L 
my;yJ mjw;F Nkw;gl;l my;yPy;fisf; nfhz;Ls;s kugZj; 
njhFg;Gfshy; fl;Lg;gLj;jg;gLfpwJ.  ,e;epfo;T kugZ ,ilr;nray; 
vd;wiof;fg;gLfpwJ.  xU capupdj;jpd; mikg;G kw;Wk; Ntjpa gz;Gfs; 
cl;glg; gy gz;Gfs;> ,uz;L my;yJ mjw;F mjpfkhd kugZf;fspd; 
,ilr;nray; tpisthf cUthfpd;wd. 

 
 nkz;lypd; Nrhjidfs;> xU gz;ig xU kugZ fl;Lg;gLj;jg;gLfpwJ 

vd;w fUj;ij ep&gpg;gjhf cs;sJ.  Mdhy; nkz;lYf;F gpd;G 
kugZf;fSf;fpilNa gy;NtW tifahd ,ilr; nray;fspd; tpisthy; 
epfOk; gy;NtW tpjptpyf;Ffs; mwpag;gl;lJ.  kugZf;fspd; 
,ilr;nray; gw;wpa fUj;ij mwpKfg;gLj;jp  tptupj;jtu; W. Ngl;rd; 
Mthu;.  ,f;fUj;J fhuzp fUJNfhy; (factor hypothesis) my;yJ 
Ngl;rdpd; fhuzp fUJNfhy; (Bateson‟s factor hypothesis) vd;W 
miof;fg;gLfpwJ.  Ngl;rdpd; fhuzpf; fUJNfhs; $w;Wg;gb kugZ 
,ilr;nray;fs; fPo;f;fz;l ,U tiffshf tifg;gLj;jg;gLfpwJ. 

 
 kugZf;Fs;shf epfOk; my;yJ my;yPy;fSf;Fs;Ns epfOk; 

,ilr;nray;fs; (Intraallelic or allelic interactions) 
 

 kugZf;fSf;fpilNa epfOk; my;yJ my;yPy;fSf;fpilNa epfOk; 
kw;Wk; my;yJ my;yPy;fsy;yhj kugZf;fSf;fpilNa epfOk; 
,ilr;nray;fs; (interallelic or non-allelic interactions) 

 



 

161 | P a g e  APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 
 

kugZ ,ilr;nray;fs; 
 
 

       
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
kugZf;Fs;Ns epfOk; ,ilr;nray;fs; (Intragenic gene interactions) 
  

 xNu kugZtpYs;s ,U my;yPy;fSf;fpilNa ,ilr;nray; 
eilngWfpwJ.  mjhtJ xNu ,lj;jpy; mike;j my;yPy;fSf;fpilNa 
epfo;fpwJ. 

 
,J fPo;f;fz;ltw;iw cs;slf;fpaJ. 
 

kugZ ,ilr;nray;fs; 
,il,ilr;nray;fs; 

miktplj;jpw;Fs; epfOk; 
,ilr;nray;fs;  

(my;yPy;fSf;fpilNa 
epfOk; ,ilr;nray;fs;) 

miktplq;fSf;fpilNa 
epfOk; ,ilr;nray;fs; 
(my;yPy;fs; my;yhj 
kugZf;fSf;fpilNa 
epfOk; ,ilr;nray;fs; 

kiwj;jy;/ 

kiwj;jypy;yh 
,ilr;nray;fs;  

$l;L/ gy;kugZ 
,ilr;nray;fs; 

1. Xq;Fj;jd;ik njhlu;Gila ,ilr;nray;fs; 
m) KO Xq;Fj;jd;ik (Complete dominance) 
vLj;Jf;fhl;L: nel;il kw;Wk; Fl;il gl;lhzpj; jhtuq;fs; 
M) KOikaw;w Xq;Fj;jd;ik 
,) ,iz Xq;Fj;jd;ik  <) Nky; Xq;Fj;jd;ik 
 
II. nfhy;yp kugZf;fs; 
m) Xq;Fj;jd;ik nfhy;ypfs; 
M) xLq;Fj;jd;ik nfhy;ypfs; 
,) epge;jidf; nfhy;ypfs; 
<)ghy;rhu;e;j nfhy;ypfs; c) rkr;rPu; nfhy;ypfs; 
 
III. gy;$l;L my;yPy;fs; 
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 (1) KOikaw;w Xq;Fj;jd;ik (2) ,iz Xq;Fj;jd;ik (3) gy;$l;L 
my;yPy;fs; (4) gy gz;Gfis ntspg;gLj;Jk; kugZf;fs; Mfpad 
kugZf;fs; epfOk; ,ilr;nray;fSf;fhd nghJthd vLj;Jf;fhl;LfshFk;. 
 
KOikaw;w Xq;Fj;jd;ik – fyg;Gwh kugZf;fs; (Incomplete dominance 
– Non blending of genes) Ma;T 
 
 xj;jgz;gpizT ngw;w J}a jhtukhf cs;s (R1R1) rptg;G 

kyu;fisAila me;jp ke;jhiu (kpuhgpyp]; [yhgh) – 4 kzpj;jhtuk; 
xd;iw kw;nwhU xj;jgz;gpizg; ngw;w (R2R2) nts;is 
kyu;fisAila J}a jhtuj;Jld; fyg;G nra;j NghJ Kjy; 
kfTr;re;jjpapy; ,sQ;rptg;G kyu;fs; ngw;w fyg;Gapup jhtuk; 
cUthdJ.  ,jpy; fyg;Gapup kyu;fspd; gz;gpy; ,U 
ngw;Nwhu;fsplkpUe;J NtWgl;bUg;gJ Fwpg;gplj;jf;fJ. ,f;fyg;G 
Xq;Fj;jd;ik ngw;Nwhupd; Gwj;Njhw;wj;ij ntspg;gLj;jhky; ,ilg;gl;l 
epwkhd ,sQ;rptg;G epwj;ij ntspg;gLj;JfpwJ.  vdNt ahnjhU Xq;F 
my;yPiy fl;Lg;gLj;jg;gltpy;iy.  ,Utif my;yPy;fSk; $l;lhfr; 
nray;gl;L ,ilg;gl;l epwkhd ,sQ;rptg;G epwk; Njhd;wpAs;sJ.  
,t;tif my;yPy;fSf;fpilNaahd ,ilaPl;L nraYf;F KOikaw;w 
Xq;Fj;jd;ik vd;W ngau;.  Kjy; kfTr;re;jjp F1 jhtuq;fis cl;fyg;G 
nra;jhy; ,uz;lhk; kfTr;re;jjpapy; F2  Gwj;Njhw;w kw;Wk; kugZthf;f 
tpfpjq;fs; ,uz;LNk 1:2:1 vd ,Ug;gJ Fwpg;gplj;jf;fJ. (Gwj;Njhw;wg; 
gz;G tpfpjKk; kugZthf;f tpfpjKk; KiwNa xNu khjpupahf 1 R1R1 : 
2 R1R2  : 3 R2R2 vd;Wk; cs;sd)  my;yPy;fs; vt;tpj khw;wKkpd;wpj;; 
jdpj;jpaq;Fk; jd;ikiaAk; njhlu;r;rpaw;w jd;ikiaAk; nfhz;Ls;sd 
vd;gij ,jpypUe;J ehk; mwpe;J nfhs;syhk;.  Mdhy; ,jpy; 
nkz;lypd; jdpj;Jg; gpupjy; tpjp ep&gzkhfpwJ.  ,uz;lhk; 
kfTr;re;jjpapy; R1 kw;Wk; R2 kugZf;fs; jdpj;Jg; gpupe;J kw;Wk; 
kWNru;f;iff;F cl;gl;Lr; rptg;G> ,sQ;rptg;G> nts;is epwj;jpy; 1:2:1 
vd;w tpfpjj;jpy;  gz;Gfs; Njhd;Wfpd;wd.  R1 my;yPy; rptg;G 
epwj;jpw;Ff; fhuzkhd nehjpia cw;gj;jp nra;fpwJ.  R2 my;yPy; 
nts;is epwj;jpw;Ff; fhuzkhf cs;sJ.  R1 kw;Wk; R2  kugZthf;fk; 
rptg;G epwf; FiwTila nehjpf;Ff; fhuzkhfp> ,sQ;rptg;G epw kyiuj; 
Njhw;Wtpf;fpwJ.  vdNt R1 R2  ,t;tpU kugZf;fs; Nru;e;jpUf;Fk;NghJ 
nkz;lypd; Jfs; ghuk;gupaf; nfhs;if cWjp nra;ag;gl;L kPz;Lk; J}a 
epwq;fs; Njhd;whky;> ,uz;lhk; kfTr;re;jjpapy; ,sQ;rptg;G epw 
kyu;fisj; Njhw;Wtpf;fpd;wd. 

 
Xq;Fj;jd;ikapd;wp ,ilg;gl;l khw;Wf; fUTila Gwj;Njhw;w tifak; 
cUthtij vt;tpjk; tpsf;Ftha;? 
 
     kugZ ntspg;ghl;il msTrhu; epiyapy; tpsf;fyhk;.  ,ay;G 
epiyapYs;s nray;gLk; my;yPy;fs;> ,U gpujpfshf cs;s epiyapy; (R1  

R1) rptg;G epwj;jpw;fhd nray;gLk; nehjpiar; Ruf;fpwJ.  FiwghLila 
my;yPy;fspd; ,U efy;fs; (R2  R2) rLjp khw;wj;jpw;Fl;gl;l my;yPy;fshfj; 
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jpfo;e;J rptg;G epwj;jpw;F mtrpakhd nehjpia cz;lhf;Ftjpy;iy.  
vdNt nts;is epw kyu;fs; Njhd;Wfpd;wd.  ,ilg;gl;l Gwj;Njhw;wg; 
gz;ghd ,sQ;rptg;G ngw;w Kjy; kfTr;re;jjp fyg;Gapupapy; (R1  R2) 50 
rjtPjj; jhtuq;fs; nray;gLk; Gujj;ij cw;gj;jp nra;J ,sQ;rptg;G 
epwj;ijj; Njhw;Wtpf;fpwJ.  ,g;Gujk; rptg;G epwj;ijj; Njhw;Wtpf;f 
(Gwj;Njhw;wj;ij) NghJkhdjhf ,y;iy.  ,U Xq;F my;yPy;fisg; ngw;w 
epiyapy; rptg;G epwj;ijj; Njhw;Wtpf;f 100% nray;gLk; Gujk; 
Njitg;gLfpwJ. 
 
,iz Xq;Fj;jd;ik (Codominance) (1 : 2 : 1) 
 

 khw;Wg;gz;gpizT nfhz;l jhtuj;jpy; ,U my;yPy;fSk; xNu rkaj;jpy; 
gz;ig ntspg;gLj;Jk; Kiw – xU capupapy; khw;Wg; gz;Gila ,U 
my;yPy;fSk; xNu rkaj;jpy; gz;Gfis ntspg;gLj;Jk; epfo;tpw;F ,iz 
Xq;Fj;jd;ik vd;W ngau;.  vLj;Jf;fhl;L: fkPypahtpy; rptg;G kw;Wk; 
nts;is kyu;fs;> fjpu; mupths; tbt P̀NkhFNshgpd;> kdpju;fspd; 
ABO ,uj;j tif kdpju;fspy;   IA kw;Wk; IB my;yPy;fs; I kugZtpd; 
,iz Xq;Fj;jd;ik nkz;lypd; jdpj;Jg; gpupjy; tpjpiag; gpd;gw;WfpwJ.  
,iz Xq;Fj;jd;ik jhtuq;fspy;  kpd;dhw;gpupg;G (electrophoresis) 
my;yJ epwg;gpupif tiuglj;jpy; (Chromatography) Gujk; my;yJ  
g;NsNthdha;l; nghUl;fisg; gpupj;jwptjd; %yk; ,ij tpistpf;fyhk;.  
vLj;Jf;fhl;L: fh]pg;gpak; ];lu;bahdk;> ,tw;wpd; %yk; kfTr;re;jjp 
fyg;Gapupapd; ,ilg;gl;l kbak; (amphiploid) ,U ngw;Nwhu;fspd; 
tpijg; Gujq;fis kpd;dhw;gpupg;gpd; %yk; gpupf;Fk;NghJ ,U 
ngw;Nwhu;fSk;> NtWgl;l gl;il mikg;gpid (banding pattern) 
ntspg;gLj;Jfpd;wd.  fyg;Gapupapy; xUq;fpize;j gl;il mikg;G 
ntspg;gLfpwJ.  mitfspd; fyg;Gapupfspy; ngw;Nwhu;fisg; Nghd;Nw 
,t;tpjg; Gujq;fSk; fhzg;gLfpd;wd. 

 
 ngw;Nwhu;fspd; xj;j gz;gpiztpYs;s gz;Gfisg; ngw;wpUg;gJld;> 

khw;Wg; gz;gpiztpyhd Gjpa gz;G Njhd;WtJ Fwpg;gplj;jf;fJ.  
Kjy; kfTr;re;jjp fyg;Gapup ,uz;lhk; kfTr;re;jjpapy; Gwj;Njhw;w 
kw;Wk; kugZ tpfpjkhf 1:2:1 ngw;wpUg;gJk; Fwpg;gplj;jf;fJ.  

 
nfhy;yp kugZf;fs; (Lethal genes) 
 

 “capupdj;ijf; nfhy;Yk; jpwDila my;yPy;fSf;F nfhy;Yk; 
kugZf;fs; vd;W ngau;.” 1907-Mk; Mz;L> E. ghu; vd;gtu; nfhy;yp 
kugZit ];dhg;buhfd; (snapdragon) vd;w Md;biudk; rpw;wpdj;jpy; 
fz;lwpe;jhu;.  ,J xU xLq;F nfhy;yp kugZtpw;F vLj;Jf;fhl;lhFk;. 
Md;biudj;jpy; %d;Wtif jhtuq;fs; cs;sd.  

 
1. gr;ir epwk; nfhz;l gRk; jhtuq;fs;. (CC) 
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2. kQ;rs; epwj;Jld; $ba gRk;jhtuq;fs; fNuhbdha;Lfisf; 
nfhz;bUg;gjhy; ntspwpa gr;ir my;yJ jq;f epwk; ngw;w Mupah 
jhtuq;fs; vdg;gLfpd;wd. (Cc) 

3. gr;ira epwkpaw;w nts;is epwj; jhtuq;fs; (cc) 
 

 xj;jgz;gpizT ngw;w gRk; jhtuq;fspy; kugZtifak; CC vdTk;> 
xj;jgz;gpizT ngw;w nts;isj; jhtuq;fspd; kugZtifak; cc vdTk; 
cs;sJ. 

 
 Mupah jhtuq;fspd; kugZthf;fk; Cc MFk;.  ,it gr;ir kw;Wk; 

nts;is epwk; nfhz;l jhtuq;fshf cs;sd.  ,U Mupah jhtuq;fs; 
cz;lhf;Fk; ,uz;lhk; kfTr;re;jjpfspy; Gwj;Njhw;wtifa kw;Wk; 
kugZtifa tpfpjq;fshf 1:2:1 Mf (KiwNa 1 gr;ir (CC) : 2 Mupah 
(Cc) : 1 nts;is (cc) cs;sJ.  Mdhy; nts;is jhtuq;fs; gr;ir 
epwkpaw;wpUg;gjhy;> mitfshy; tho ,ayhky; NghfpwJ.  vdNt 
,uz;lhk; kfTr;re;jjpapd; tpfpjk; khw;wKw;W 1:2 vDk; tpfpjj;jpy; 
cs;sJ.  ,t;tifapy; xj;j xLq;F kugZthf;fk; nfhz;l (cc) 
nfhy;yg;gLfpwJ.   

 
 KOtJk; Xq;F my;yJ KOtJk; xLq;F nfhy;yp my;yPy;fis ngw;w 

capupdj;jpd; my;yPy;fs; nfhy;yp kugZf;fshf ,Ug;gpd; mit 
cz;lhf;Fk; ,uz;lhk; kfTr;re;jjpapd; kugZthf;f tpfpjkhdJ 
KiwNa 2:1 my;yJ 1:2 Mff; fhzg;gLfpd;wd. 

 
gy;gz;Gf;$W (Pleiotropy) – xU jdp kugZ> gy gz;Gf;$Wfisf; 
flj;Jk; epfo;T ,JthFk;. 
 
 gygz;Gf;$W jd;ikapy;> jdpnahU kugZthdJ gygz;Gfis xNu 

Neuj;jpy; fl;Lg;gLj;jp capupdj;jpd; Gwj;Njhw;wg; gz;Gfisj; 
jPu;khdpf;fpwJ.  ,t;tif kugZ gygz;Gf;$Wj;jd;ikf; nfhz;l kugZ 
vd;wiof;fg;gLfpwJ.  nkz;ly; gygz;Gf;$wpd; Kf;fpaj;Jtj;ijj; jdJ 
gl;lhzpj; jhtu (igrk; rl;iltk;) Nrhjidfspy; fz;lwpe;jhu;.  
gl;lhzpapy; Cjh kyu;fs;> gOg;G tpijfs; kw;Wk; ,iy mr;Rfspy; 
mlu; Gs;spfs; nfhz;l gz;GfisAila jhtuj;ij nts;is kyu;fs;> 
ntspwpa epwKila tpijfs;> Gs;spfsw;w ,iy mr;R Mfpatw;iwf; 
nfhz;l gy gl;lhzpj; jhtuq;fNshL fyg;Gwr; nra;jNghJ> ,e;j %d;W 
gz;GfSk; xw;iw kugZtpdhy; ghuk;gupakhtijf; fz;lwpe;jhu;.  %d;W 
gz;Gf;$WfSk; xNu xU kugZtpd; Xq;F kw;Wk; xLq;F my;yPy;fs; 
%yk; fl;Lg;gLj;jg;gl;Lg; ghuk;gupakhtJ njupa te;jJ.  vLj;Jf;fhl;L: 
fjpu; mupths; Nrhif. 
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kugZf;fSf;fpilNa epfOk; ,ilr;nray;fs; (Intergenic gene 
interactions) 
 

 Xq;Fj;jd;ik kiwj;jy; ghuk;gupak; (Dominanct Epistasis – Xu; 
,yf;fpYs;s xU kugZtpd; ,U my;yPy;fs; NtnwhU ,yf;fpYs;s 
kugZtpd; my;yPy;fSld; ,ilr;nray; Gupe;J> gz;G ntspg;ghL 
jLf;fg;gLtjw;F my;yJ kiwf;fg;gLtjw;F kiwj;jy; ghuk;gupak; vd;W 
ngau;.  ,t;thW kiwf;Fk; kugZ Xq;Fj;jd;ik kiwj;jy; ghuk;gupak; 
vdg;gLfpwJ.  gz;G ntspg;ghLfis jLf;Fk; kugZ xLf;Fk; kugZ 
(epistatic) vd;Wk;> xLf;fg;gLk; gz;gpw;Fupa kugZ kiwf;fg;gl;l kugZ 
(hypostatic) vd;wk; miof;fg;gLfpd;wd.  ,e;j ,U kugZf;fspy; 
my;yPy;fs; Nru;e;jpUf;Fk; epiyapy; kiwf;Fk; kugZtpd; gz;Ng 
ntspg;gLfpwJ. 

 
 G+rzp fdp epwkhdJ Xq;F my;yPy; „W‟ nts;is epwf; fdpf;Fk;> xLq;F 

my;yPy; „w‟ epwKila fdpf;Fk; fhuzkhfpwJ.  „W‟ my;yPypd; nts;is 
epw Xq;fpAk; „w‟ my;yPypd; fdp epwj;ij xLf;fpAk; cs;sJ.  kw;nwhU 
kiwf;fg;gl;l my;yPy; „G‟ kQ;rs; fdpf;Fk;> mjd; kiwf;fg;gl;l my;yPy; 
„G‟ kQ;rs; fdpf;Fk;> mjd; xLq;F my;yPy; „g‟ gr;irf; fdpf;Fk; 
fhuzkhFk;. Kjy; miktplj;jpy; nts;is epwk; xLq;fpAk;> ,uz;lhk; 
miktplj;jpy; kQ;rs; epwk; gr;irf;F Xq;fpAk; cs;sJ.  nts;is 
epwf;fdpapd; kughf;fk; WWgg-ia kQ;rs; epwf;fdpapd; kughf;fk; 
wwGG cld; fyg;Gwr; nra;jhy; Kjy; kfTr;re;jjp  (F1) jhtuq;fspy; 
nts;is epwf; fdp NtWgl;l fyg;Gapup (WwGg)-Ak; Njhd;WfpwJ.  F1  
NtWgl;l fyg;G jhtuq;fspy; fyg;Gwr; nra;Ak;NghJ F2  ,Wjpapy; 12 
nts;is: 3 kQ;rs;: 1 gr;ir vd;w Gwj;Njhw;w tpfpjKila fdpfshfj; 
Njhd;WfpwJ. 
 

 kiwf;Fk; my;yPy;fshfTs;s W-thdJ „G‟ kw;Wk; „g‟, nts;isf;F 
Xq;fpAk;> kQ;rs; my;yJ gr;irf;F kiwj;Jk; fhzg;gLk;.  xj;j 
fUTila xLq;Fk; ww kugZthf;fq;fs; (4/16) vd;w 
vz;zpf;ifapyhd epwq;fis toq;Fk;.  ,ul;il xLq;F wwgg gr;ir 
fdpia (1/16) toq;Fk;.  jhtuq;fspy; „G‟ vDk; kughf;fk; nfhz;l 
(wwGg my;yJ wwGG) kQ;rs; fdpia (3/16) toq;Fk;. 

 
kugZtpw;fhf my;yJ my;yPy;fSf;fpilNa epfOk; ,ilr;nray;fs; 
 

t. 
vz; 

kugZ ,ilr;nray; vLj;Jf;fhl;L 
F2  tpfpjk; 
Gwj;Njhw;w 
tpfpjk; 

1 KOikngwh 
Xq;Fj;jd;ik 

kpuhgpyp]; [yhgh tpd; 
(me;jpke;jhiu) kyupd; epwk; 
];dhg;l;uhfd; kyupd; epwk; 
(Md;biudk; rpw;wpdk;) 

1:2:1 
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2 ,iz Xq;Fj;jd;ik kdpju;fspy; ABO ,uj;jtif  1:2:1 

 
kugZf;fSf;F ,ilNa my;yJ my;yPy;fs; my;yhjtw;wpw;F ,ilNa 
epfOk; ,ilr;nray; 
 
t. 
vz; 

kiwj;jy; ,ilr;nray; vLj;Jf;fhl;L  F2  tpfpjk; 
Gwj;Njhw;w 
tpfpjk; 

1 Xq;F kiwj;jy; (Dominant 
epistasis) 

Nfhil G+rzpapd; fdp 
epwk; 

12:3:1 

2 xLq;F kiwj;jy; (Recessive 
epistasis) 

Md;biudk; rpw;wpd 
kyupd; epwk; 

9:3:4 

3 ,ul;bg;G kugZf;fSld; 
$l;L tpisT (Guplicate 
genes with cumulative 
effect) 

G+rdpapd; fdp tbtk;  9:6:1 

4 epug;G kugZf;fs; 
(complementary genes) 

,dpg;Gg; gl;lhzp 
kyupd; epwk; 

9:7 

5 Jiz kugZf;fs; 
(Supplementary genes) 

kf;fhr; Nrhs 
tpijapd; epwk;  

9:3:4 
 
 

6 jil nra;Ak; kugZf;fs; 
(inhibitor genes) 

ney; jhtu ,iyapd; 
epwk; 

13:3 

7 ,ul;bg;G kugZf;fs; tpijAiw tbtk; 
(fdpapd; tbtk;) 
n~g;gu;L gu;]; 
Nfg;rpy;yh- gu;rh 
gh];Nlhup]; 

15:1 

 
gy;fhuzpag; ghuk;gupak; - NfhJikapy; gy;kugZ ghuk;gupak; (tpijAiw 
epwk;) – Polygenic inheritance in Wheat (Kernel colour) 
 

 gy;kugZ ghuk;gupak; - gy;NtW kugZf;fs;  $l;lhfr; Nru;e;J xU 
gz;igf; fl;Lg;gLj;Jjy;. 

 
 xU capupdj;jpd; gy kugZf;fs; xd;W Nru;e;J xU gz;igj; 

jPu;khdpf;Fk; Kiwf;Fg; gy;kugZ ghuk;gupak; vd;W ngau;.  ,q;Fj; 
njhlu; gz;Gfspd; ghuk;gupa tpsf;fq;fs; nkz;lypd; tpjpfSld; 
xg;gpl;L tpsf;fg;gLfpwJ. 

 
 ];tPld; ehl;Lj; jhtutpaywpQu; H. epy;rd; - P̀y; (1909) NfhJik 

tpijAiwfspy; Ma;it epfo;j;jp ,g;ghuk;gupaj;ij tpsf;fpdhu;.  tpij 
epwk; ,U kugZf;fspd; ,U my;yPy;fshy; fl;Lg;gLj;jg;gLfpd;wd.  
rptg;G tpijAiw epwk; nts;is epwj;jpw;F Xq;Fj;jd;ik nfhz;lJ. 
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 ,tu; J}a rptg;G kw;Wk; nts;is epwq;fisg; ngw;w ,U jhtuq;fisf; 
fyg;Gwr; nra;jhu;.  mlu; rptg;G tpijAiwf;fhd kugZthf;fk; R1 R1 R2 
R2 vdTk;> nts;isepw tpijAiwf;fhd kugZthf;fk;  r1 r1 r2 r2 vdTk; 
,Ue;jd.  Kjy; kfTr;re;jjpapy; (F1) kpjkhd rptg;G epw tpijAiw R1 
r1 R2 r2  vd;w kugZthf;fj;jpy; ngwg;gl;lJ.  Kjy; kfTr;re;jjpapd; (F1) 
NfhJikj; jhtuq;fs; R1 R2,  R1 r2, r1 R2, r1 r2  vd;w ehd;F tif 
NfkPl;Lfis Njhw;Wtpj;jd.  ,uz;lhk; kfTr;re;jjpapd;  (F2) 
jhtuq;fspy; cs;s R kugZf;fs; vz;zpf;ifapd; mbg;gilapy; rptg;G 
epwj;jpd; jPtpuk; jPu;khzpf;fg;gLfpwJ. 
 

 ehd;F R kugZf;fs; xU mlu; rptg;G tpijAiw epwj;ijAk;> %d;W R 
kugZf;fs; kpjkhd – mlu; rptg;G tpijAiw epwj;ijAk;> ,uz;L R 
kugZf;fs; kpjkhd rptg;G tpijAiw epwj;ijAk;> xU R kugZ 
,Nyrhd rptg;G tpijAiw epwj;ijAk; Njhw;Wtpf;fpd;wd. R kugZ 
,y;yhik nts;is tpijAiwahf cs;sJ.  

 
 R kugZ njhFg;G Kiwapy; rptg;G tpijAiw epwk; Njhd;w cjTfpwJ.  

xt;nthU tif Gwj;Njhw;wj;ijAk;> rptg;G epwj;jpd; nrwpTfs; 
njhlu;GgLj;jpf; fpilf;Fk; tiuglk; kzp tbtj;jpy; mike;jpUf;Fk;.  
Gwj;Njhw;wg; gz;Gfspd; guty; Kiwia tpsf;Fk; glkhf ,J cs;sJ.  
gy;kugZ ghuk;gupaj;jpw;F vLj;Jf;fhl;Lfshf kdpjdpd; cauk;> Njhy; 
epwk; Mfpatw;wpd; ghuk;gupaj;ijf; Fwpg;gplyhk;.  ,g;gz;Gfs; %d;W 
ntt;NtW tif kugZf;fspd; my;yPy;fshy; jPu;khdpf;fg;gLfpd;wd. 

 
KbT 
 
 epy;rd; - ~Py; Ma;T nra;j kugZf;fs; gpizg;Gw;wpUf;ftpy;iy.  mit 

rhu;gpd;W xJf;fkilfpd;wd. 
 
 NfhJik tpijAiw epwj;ij %d;whtJ kugZTk; epu;zapf;fpwJ 

vd;gij gpd;du; Muha;r;rpahsu;fs; fz;lwpe;jdu;.  %d;W jdpj;j ,iz 
my;yPy;fs; ,e;j tpijAiw epwj;jpy; gq;F nfhs;fpd;wd.  epy;rd;-~Py; 
F2 re;jjpapy; Gwj;Njhw;w tifak; 63 rptg;G : 1 nts;is vdTk;> 
kugZthf;f tifak; 1: 6 : 15 : 20 : 15 : 6 : 1 vdTk; cs;sJ vd;W 
fz;lwpe;jdu;.   

 
 Nkw;Fwpg;gpl;l KbTfspypUe;J epy;rd;- P̀y; Fwpg;gpl;Ls;s fyg;G 

ghuk;gupak; NfhJik tpijAiwapy; (fu;dypy;) njd;gltpy;iy. 
 
 ,uz;lhk; kfTr;re;jjpapy; (F2) mjpf mstpy; epwNtWghLfs; tpijAiw 

epwj;jpy; fhzg;gl;lJ.  ,jw;Ff; fhuzk; kugZf;fspd; 
jdpj;njhJq;Fjy; kw;Wk; kWNru;f;if eilngWtNjahFk;.  kw;nwhU 
rhl;rpahff; fyj;jy; ghuk;gupaj;jpy; ngw;NwhUila Gwj;Njhw;wq;fshf 
mlu; rptg;G kw;Wk; nts;is epwk; kPz;Lk; ,uz;lhk; kfTr;re;jjpapy; 
,y;yhky; NghdJ.  Mjyhy; kugZf;fspy; vt;tpjf; fyg;Gk; Vw;glhky; 
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Gwj;Njhw;wj;jpy; kl;LNk njd;gl;lJ.  gy kugZ ,izfspd; 
xl;Lnkhj;j tpisthy; NfhJik tpijAiw epwj;jpy; gy;NtW 
epwr;rhay;fs; Njhd;WfpwJ.  mtu; fUJNfhspd;gb ,U miktplq;fSk; 
$l;lhf ,ize;J Nfhjik tpijAiw epwj;ijj; Njhw;Wtpf;fpd;wd. 

 
FNuhNkhNrhk; jtpu;j;j ghuk;;gupak; (Extra Chromosomal Inheritance) 
my;yJ cl;fU jtpu;j;j ghuk;gupak; (Extra Nuclear inheritance) 
(irl;Nlhgpshrk; rhu;e;j ghuk;gupak; - Cytoplasmic Inheritance) 
 

 DNA vd;gJ cyfshtpa kugpay; %yf;$whFk;.  cl;fUtpYs;s 
FNuhNkhNrhk;fspy; mike;Js;s kugZf;fs; nkz;lypa ghuk;gupaj;ijg; 
gpd;gw;Wfpd;wd.  Mdhy; rpy gz;Gfs; gRq;fzpfk; my;yJ 
ikl;Nlhfhz;l;upahtpy; cs;s kugZf;fshy; epu;tfpf;fg;gLfpwJ.  
,e;epfo;T  kuG rhuhj ghuk;gupak; my;yJ cl;fU jtpu;j;j ghuk;gupak; 
(Extra Nuclear Inheritance) vdg;gLfpwJ.  ,J nkz;lypa jj;Jtj;jpw;F 
mg;ghw;gl;l xU ghuk;gupa tifahFk;.  ,jpy; irl;Nlhgpshr 
cWg;Gfshd gRq;fzpfq;fs; kw;Wk; ikl;Nlhfhz;upaq;fs; 
ghuk;gupaj;jpd; jhq;fpf;flj;jpfshf (inheritance vectors) nray;gLfpd;wd.  
vdNt ,J irl;Nlhgpshrk; rhu;e;j ghuk;gupak; (Cytoplasmic 
inheritance) vd;Wk; miof;fg;gLfpwJ.  ,e;jr; irl;Nlhgpshr Ez; 
cWg;GfspYs;s gpsh];Nkh[Pd;fNs (Plasmogenes) ,g;ghuk;gupak; epfof; 
fhuzkhf cs;d. 

 
gRq;fzpf ghuk;gupak; (Chloroplast inheritance) 
 

 4 kzpj; jhtuk; vd;w me;jp ke;jhiu jhtuj;jpy; ,Utif NtWgl;l 
epwKila ,iyfs; fhzg;gLfpd;wd.  mit mlu;gr;ir ,iyAila 
jhtuq;fs;> kw;Wk; ntspwpa gr;ir ,iyAila jhtuq;fs;.  mlu; gr;ir 
,iy nfhz;l (Mz;) jhtuj;jpd; kfue;jq;fis ntspwpa gr;ir epw 
,iyAila (ngz;) jhtuj;jpd; #yf Kbapy; fyg;Gwr; nra;Ak; NghJk;> 
ntspu;gr;ir  ,iynfhz;l (Mz;) jhtuj;jpd; kfue;jq;fis mlu; 
gr;ir epw ,iyAila (ngz;) jhtuj;jpd; #yf Kbapy; fyg;Gwr; 
nra;Ak; NghJk;> Kjy; kfTr;re;jjpj; jhtuk;> nkz;lypa kugpay; 
jj;Jtj;jpd;gb xNu tif gz;ig ntspg;gLj;j Ntz;Lk;.   

 
 Mdhy; ,f;fyg;gpy; Kjy; kfTr;re;jjp NtWgl;l gz;Gfis 

ntspg;gLj;jpd.  cl;fU kugZ rhuhJ ngz; jhtuj;jpd; gRq;fzpf 
kugZ rhu;e;J ,g;ghuk;gupak; epfo;tNj ,t;NtWghl;bw;Ff; fhuzkhf 
cs;sJ.  vdNt jhd; ,Utif fyg;gpYk; ngz; jhtuj;jpd; gz;Ng 
ntspg;gLfpd;wd. 

 

 ,g;ghuk;gupak; cl;fUtpop kugZ rhu;e;jjy;y.  ngz; jhtuj;jpd; 
gRq;fzpf kugZ ,jw;Ff; fhuzkhf cs;sJ.  Vnddpy; ngz; jhtuk; 
fUTWjypd; NghJ irl;Nlhgpshrj;ijAk;> Mz; jhtuq;fspy; 
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cl;fUitAk; toq;FfpwJ. ikl;Nlhfhz;bupah ghuk;gupak; 
(Mitochondrial inheritance) 

 

 Kj;Jr;Nrhsj;jpd; (nrhu;fk; ty;fu;) Mz; kyl;Lj;jd;ik 
ikl;Nlhfhz;bupah ghuk;gupaj;jpw;F xU rpwe;j vLj;Jf;fhl;lhFk;.  
jhapd; topg; gz;ghf ,e;j Mz; kyl;Lj;jd;ik ghuk;gupakilfpwJ.  
,jw;Ff; fhuzkhd kugZ ikl;Nlhfhz;l;upaq;fspd; DNA-tpy; 
fhzg;gLfpd;wd. 

 
 ,j;jhtuj;jpy; ,Utiffs; cs;sd.  xd;W ,ay;ghd irl;Nlhgpshrk; 

ngw;w (N) tskhd Mz; jhtuk;> kw;nwhd;W ,ay;gw;w irl;Nlhgpshrk; 
ngw;w (S)  kyl;L Mz; jhtuk;;.  me;jpke;jhiu jhtuj;ijg; Nghd;Nw 
Nkw;Fwpg;gpl;l ghuk;gupaj;jpYk; gupkhw;wf; fyg;G khWghl;il 
ntspg;gLj;JfpwJ. 

 
kpuhgyp]; [yhghtpy; gy;epwKila ,iyapd; Gwj;Njhw;w tifaj;jpw;fhd 

%yf;$W mbg;gilapyhd tpsf;fk; 
 

 jw;fhyj;jpy; Mz;kyl;Lj;jd;ikf;fhd irl;Nlhgpshr kuGtopg; gy 
jhtuq;fspy; ,Ug;gjhff; fz;lwpag;gl;Ls;sJ.  ,tw;wpy; Mz; 
kyl;Lj;jd;ik> cl;fU kw;Wk; irl;Nlhgpshr kugZf;fspd; 
nray;ghl;lhy; jPu;khdpf;fg;gLfpwJ.  nghJthf ,uz;L tif 
irl;Nlhgpshrq;fs; N(,ay;G) kw;Wk; S (kyl;L) fhzg;gLfpd;wd.  
,tw;wpd; kugZf;fs; ikl;Nlhfhz;bupaq;fspy; fhzg;gLfpd;wd.  
,tw;Wld; tsj;jd;ikia kPl;nlLf;Fk; (Rf) kugZf;fSk; cl;fUtpy; 
fhzg;gLfpd;wd.  cl;fU mike;j kugZthf ,J cs;sNghjpYk; 
jdf;nfdj; jdpahf mike;j gz;G vijAk; ntspg;gLj;Jtjpy;iy.  
vdNt Rf kugZf;fs; tsj;jd;ikia kl;LNk kPl;nlLf;Fk; jd;ik 
nfhz;lit.  Mdhy; kyl;Lr; irl;Nlhgpshrk; (S) vg;NghJk; Mz; 
kyl;Lj;jd;ikf;Ff; fhuzkhf cs;sJ. 

 
 Mjyhy; ,ay;G (N) kw;Wk; kyl;L (S) irl;Nlhgpshr tifia> KiwNa 

rfrf kw;Wk; RfRf vd;w kugZ Mf;fj;ij cl;fUtpy; ngw;w jhtuq;fs; 
tskhd kfue;jq;fis cw;gj;jp nra;jNghjpYk;> kyl;L (S) 
irl;Nlhgpshr tiyia> rfrf vd;w kugZ Mf;fj;Jld; ngw;w jhtuk; 
Mz; kyl;Lj; jhtuq;fshfNt cs;sd. 

 
irl;Nlhgpshr kuGtop Mz;kyl;Lj;jd;ik 
 

 KJkuGkPl;rp vd;gJ capupfspd; Gw mikg;gpy; Vw;gLk; khw;wkhFk;.  xU 
capupapy; gy gupzhk khw;wq;fSf;Fg; gpd;du;> ,of;fg;gl;l gz;G xd;W> 
kPz;Lk; mt;Tapupapy; Njhd;Wk; epfo;tpw;F KJkuG kPl;rp vd;W ngau;.  
Gwj;Njhw;wg; gz;G Xu; capupay; gupzhk epfo;tpdhy; kiwe;j NghjpYk;> 
mjd; DNA-tpy; mJ kiwahJ> kiwf;fg;gl;l kugZf;fshf ,Ug;gNj 
,jw;Ff; fhuzkhFk;.  DNA-tpy; ,e;j kugZ tupir nray;glhj 
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epiyapy; cs;sJ.  ,e;epiyapNyNa GY re;jjpfspd; kugZ 
njhifaj;jpy; ,it njhlu;e;J vLj;Jr; nry;yg;gLfpd;wd.  VjhtJ xU 
jiyKiw capupapy; ,J nray;gLk; kugZthf khWk;NghJ kiwe;j 
gz;G kPz;Lk; ntspg;gLfpwJ.  vdNt jhd; ,J KJkuG kPl;rp vd 
miof;fg;gLfpwJ.  jhtuq;fspy; epfOk; KJkuG kPl;rpf;F `pNu~pak; 
igNyh nry;yhtpy; ghypdg; ngUf;fkilAk; gz;G jpUk;gj; Njhd;Wjy; 
xU rpwe;j vLj;Jf;fhl;lhFk;. 
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12 Mk; tFg;G – jhtutpay; 
myF – 3 

FNuhNkhNrhk; mbg;gilapyhd ghuk;gupak; 
 
ghuk;gupaj;jpw;fhd FNuhNkhNrhk; Nfhl;ghL 
 
 G.J nkz;ly; (1865) gl;lhzp jhtuj;jpy; ed;F tiuaWf;fg;gl;l 

gz;Gfspd; ghuk;gupak; Fwpj;Jj; jPtpu Ma;T nra;jhu;. Mdhy;; gy;NtW 
fhuzq;fspdhy; 1900-k; Mz;L tiu mtupd; Kaw;rpfs; 
mq;fPfupf;fg;gltpy;iy. %d;W mwptpaywpQu;fs; (b ntup];> fhud;]; 
kw;Wk; n~u;khf;) jdpj;jdpahf> ghuk;gupag; gz;Gfs; Fwpj;j nkz;lypd; 
KbTfis kWMa;T nra;jdu;. Ez;Nzhf;Fjypy; Vw;gl;l Kd;Ndw;wk; 
fhuzkhfg; gy;NtW nry;ypay; ty;Yeu;fshy; nry; gFg;G Muhag;gl;lJ. 
,jd; tpisthf cl;fUtpDs; (nucleus) cs;s mikg;Gfs; 
fz;lwpag;gl;lJ. nka;Al;fU (eukaryotic) nry;fspy; nry; gFg;gpd; 
NghJ Njhd;Wk; GO tbt mikg;Gfs; FNuhNkhNrhk;fs; (chromosomes) 
(rhak; Vw;Wtjdhy; cw;WNehf;f ,aYk; tz;z clyq;fs;) vd;W 
miof;fg;gLk;. KOikahd ,U mbg;gilj; njhFjp FNuhNkhNrhk;fis 
nfhz;Ls;s capupdj;jpw;F ,Ukba capup (diploid) vd;W ngau;. ePz;l> 
njhlu;r;rpahd RUs; Nghd;w DNA it nfhz;l xU FNuhNkhNrhkpy; 
kugZf;fs; rPuhd Neu;Nfhl;by; mLf;fp itj;jhw;Nghy; mike;Js;sd. 
xt;nthU kugZTk; FNuhNkhNrhkpy; jdf;nfd;W Xu; miktplj;ijg; 
(locus) ngw;Ws;sJ. ,e;j kugZf;fs; kuGtopg; gupkhw;w myFfshFk;. 
nkz;lypa fhuzpfs; (kugZf;fs;) FNuhNkhNrhkpy; xU Fwpg;gpl;l 
,lj;ijg; ngw;wpUg;gNjhL xU jiyKiwapypUe;J kw;nwhU 
jiyKiwf;Fg; gz;Gfs; flj;jg;gLfpwJ vd;gijf; FNuhNkhNrhk; 
mbg;gilapyhd ghuk;gupaf; Nfhl;ghL $WfpwJ. 

 
FNuhNkhNrhk; Nfhl;ghL tsu;r;rpapd; tuyhW 
 
 ghuk;gupaj;jpw;fhd FNuhNkhNrhk; Nfhl;ghl;bw;Fj; njhlu;Gila Kf;fpa 

nry;ypay; fz;Lgpbg;Gfs; fPNo nfhLf;fg;gl;Ls;sd. 
 

 tpy;n`y;k; uhf;]; (1886) vd;gtu; xU nry;ypy; fhzg;gLk; 
FNuhNkhNrhk;fNs ghuk;gupag; gz;Gfisf; flj;Jtjw;Ff; fhuzk; 
vd;gij ntspapl;lhu;. 
 

 Nkhd;l;Nfhnkup (1901) vd;gtu; FNuhNkhNrhk;fshdJ jdpj;j 
,izfshf mike;Js;sJ vd;gij Kjd;Kiwahff; fUjpdhu;> 
NkYk; jhaplkpUe;J ngwg;gl;l FNuhNkhNrhk;fSk;> je;ijaplkpUe;J 
ngwg;gl;l FNuhNkhNrhk;fSk; Fd;wy; gFg;gpd; NghJ kl;Lk; ,iz 
Nru;fpd;wd vdTk; KbT nra;jhu;. 
 

 T. NghNtup (1902) FNuhNkhNrhk;fs; kuGg;gz;Gfis cs;slf;fpa 
kugpaj; jPu;khdpfis jd;dfj;Nj nfhz;Ls;sJ vd;w $w;iw 
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Mjupj;jhu;. NkYk; ghuk;gupaj;jpw;fhd FNuhNkhNrhk; Nfhl;ghL 
cUthff; fhuzkhfj; jpfo;e;jhu;. 
 

 W.S. rl;ld; (1902) vd;w ,sk; mnkupf;f khztu; NfkPl;Lfspd; 
cUthf;fj;jpd; NghJ epfOk; FNuhNkhNrhk;fspd; nray;ghLfSf;Fk;> 
nkz;lypa fhuzpfSf;Fk; ,ilNa xw;Wik fhzg;gLtijj; jdpNa 
vLj;Jf; $wpdhu;. 

 
 rl;ld; kw;Wk; NghNtup (1903) ghuk;gupaj;jpw;fhd FNuhNkhNrhk; 

Nfhl;ghl;bidj; jdpj;jdpahf Kd;itj;jdu;. rl;ld; vd;gtu; 
FNuhNkhNrhk;fspd; jdpj;Jg; gpupjypd; fUj;Jf;fis nkz;lypa 
nfhs;iffNshL ,izj;jhu;. ,J ghuk;gupaj;jpw;fhd FNuhNkhNrhk; 
Nfhl;ghL vd;W miof;fg;gl;lJ. 
 
ghuk;gupaj;jpw;fhd FNuhNkhNrhk; Nfhl;ghl;bd; rpwg;gpay;Gfs; 
 

 njhlu;r;rpahd nry; gFg;gpd; (ikl;lhrp];) %yk; xU capupdj;jpd; 
clyr; nry;fshdJ> fUKl;il (zygote) nry;ypypUe;J cUthfpwJ. 
,itfs; ,uz;L xj;j FNuhNkhNrhk; njhFjpfisf; nfhz;Ls;sJ. 
,jpy; xU njhFjp Mz; ngw;NwhuplkpUe;Jk; (je;ij top)> kw;nwhd;W 
ngz; ngw;NwhuplkpUe;Jk; (jha; top) ngwg;gl;lit. ,e;j ,uz;L 
FNuhNkhNrhk;fSk; Nru;e;J xj;jpirT FNuhNkhNrhk;fis (Homologous 
pair) cUthf;FfpwJ. 
 

 Xu; capupdj;jpd; tho;f;ifr; Row;rp KOtJk; FNuhNkhNrhk;fs; 
mitfspd; jdpj;jd;ikiaj; jf;f itj;Jf; nfhs;fpd;wd. 

 

 xt;nthU FNuhNkhNrhKk; Fwpg;gpl;l kugpaj; jPu;khdpfs; my;yJ 
nkz;lypa fhuzpfis vLj;Jr; nry;fpd;wJ. ,f;fhuzpfs; jw;NghJ 
kugZf;fs; (genes) vdf; Fwpg;gplg;gLfpd;wd. 

 

 NfkPl;Lfspd; cUthf;fj;jpd; NghJ (kpahrp];) FNuhNkhNrhk;fspd; 
nray;ghLfs; FNuhNkhNrhk;fspd; kPJ kugZf;fs; my;yJ fhuzpfs; 
fhzg;gLfpwJ vd;w cz;ikia cWjpg;gLj;JfpwJ.  

 
ghuk;gupaj;jpw;fhd FNuhNkhNrhk; Nfhl;ghl;bd; MjuT 
 
 cynfq;fpYk; cs;s mwptpaywpQu;fshy; ,f;Nfhl;ghl;bw;fhd 

vjpu;kiwahd fUj;Jf;fs; tpthjpf;fg;gl;lJ. ,Ug;gpDk; ,e;j 
tpthjkhdJ jhk]; `z;l; Nkhu;fd; (1910) vd;gtuhy; LNuhNrh/gpyh 
nkyNdhfh];lu; (2n8) vd;w gog;G+r;rpapy; Nkw;nfhs;sg;gl;l Ma;tpd; 
%yk; ,Wjpahfj; njspT ngw;wJ. ,e;jg; gog;G+r;rpapd; tho;f;if Row;rp 
,uz;L thuq;fSf;Fs; KbtilfpwJ. ,jpy; rptg;G my;yJ nts;is 
epwf; fz;fSf;fhd my;yPy;fs; X-FNuhNkhNrhkpy; mike;Js;sJ. 
Mdhy; mjw;F ,izahd kugZ Y-FNuhNkhNrhkpy; fhzg;gLtjpy;iy 
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vd;Wk; njuptpj;jhu;. vdNt ngz; gog;G+r;rpapy; fz;fspd; epwj;jpw;fhd 
kugZtpw;F ,U my;yPy;fs; fhzg;gLfpd;wd. mNj rkak; Mz; gog; 
G+r;rpapy; xU my;yPy; kl;LNk ngw;Ws;sJ. ,e;j kugpa KbTfs; 
KOtJk; Fd;wy; gFg;G nray;ghl;bd; NghJ X kw;Wk; Y 
FNuhNkhNrhk;fspd; nray;ghLfs; mbg;gilapNyNa mike;Js;sd. mNj 
Nghy; kQ;rs; epw cly; kw;Wk; tsu;r;rp Fd;wpa rpwFfSf;fhd 
kugZf;fs; X-FNuhNkhNrhk;fs; topahfNt flj;jg;gLfpd;wd. ,e;j 
Ma;Tfspd; KbTfs; kugZf;fs; FNuhNkhNrhk;fspy; jhd; 
mike;Js;sd vd;w fUj;ij tYthf Mjupf;fpwJ. ghy; 
FNuhNkhNrhk;fSld; ,ize;J gpizg;Gw;w kugZf;fs; ghy; gpizg;G 
(sex linkage) vd;W miof;fg;gLfpd;wd. 

 
kugZf;fs; kw;Wk; FNuhNkhNrhk;fspd; nray;ghLfSf;fpilNa xg;gPL 
 
 nghJthf xU rpw;wpdj;jpd; midj;Jr; nry;fspYk; cs;s 

FNuhNkhNrhk;fspd; nkhj;j vz;zpf;if epiyahdJ vd;W ,Ugjhk; 
E}w;whz;by; nry;ypay; ty;Yeu;fshy; cWjp nra;ag;gl;lJ. xU ,Ukba 
(diploid) nka;Al;fU nry; ,uz;L xUkbaj; njhFjp (haploid sets) 
FNuhNkhNrhk;fisf; nfhz;Ls;sJ. ,jpy; cs;s xU njhFjp xt;nthU 
ngw;NwhuplkpUe;J ngwg;gLfpwJ. Xu; capupapd; midj;J clyr; 
nry;fSk; xNu tifahd kugZ epug;gpfisf; (genetic complement) 
nfhz;Ls;sd. Fd;wy; gFg;gpd; NghJ> FNuhNkhNrhk;fspd; nray;ghLfs; 
nkz;lypd; nfhs;iffis ep&gpg;gNjhL kl;Lky;yhky; ghuk;gupak; gw;wpa 
GJikahd kw;Wk; khWgl;l fUj;jfisg; ngw cjTfpwJ. 

 
 

 nkz;lypa fhuzpfs; FNuhNkhNrhk;fspd; nray;ghLfs; 
1 xU fhuzpapd; my;yPy;fs; 

,izahfNt ,Uf;Fk;. 
FNuhNkhNrhk;fSk; ,izahfNt 
,Uf;Fk;. 

2 NfkPl;Lfs; cw;gj;jpapd; 
NghJ xj;j kw;Wk; 
NtWgl;l 
my;yPy;fisAila 
fhuzpfs; gpupfpd;wd. 

Fd;wy; gFg;gpd; NghJ xj;jpirT 
FNuhNkhNrhk;fs; gpupfpd;wd. 

3 nkz;lypa fhuzpfs; 
Rakhfj; jdpj;Jg; gpupa 
KbAk;. 

Fd;wy; gFg;gpd;NghJ xj;jpirT 
FNuhNkhrNrhk;fs; Rakhfg; gpupa 
KbAk;. Mdhy; xNu 
FNuhNkhNrhkpy; cs;s gpizg;Gw;w 
kugZf;fs; tof;fkhfj; jdpj;Jg; 
gpuptjpy;iy 

 
FNuhNkhNrhk; kw;Wk; kugZ nray;ghL – Xu; xg;gPL 
 
 nry; gFg;gpd; (Fd;wy; gFg;G) NghJ epfOk; FNuhNkhNrhk;fspd; 

nray;ghLfs; gw;wp Kf;fpaf; $Wfs; gpd;tUkhW. 
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 xj;jpirT FNuhNkhNrhk;fspy; my;yPy;fspd; kugZtifak; 
(genotype) mjw;nfd xU Fwpg;gpl;l miktplj;jpNyNa cs;sJ 
(A/a) 
 

 Fd;wy; gFg;gpd; ,ilepiyapy; tUk; „S‟ epiyapy; xt;nthU 
FNuhNkhNrhKk; ,ul;bg;gilAk; NghJ xt;nthU my;yPy;fSk; ,U 
efy;fshf (AA / aa) khWfpd;wd. xt;nthU my;yPYk; xU 
FNuhNkbl;y; (chromatid) fhzg;gLk;. 
 

 mdh/Ng]; 1-y; xj;jpirT FNuhNkhNrhk;fs; gpuptjd; %yk; ,U 
NtWgl;l my;yPy;fshf (AA) kw;Wk; (aa) gpupjyilfpd;wd. 
 

 Fd;wy; gFg;gpd; mdh/Ng]; II-y; xj;jpirT FNuhNkhNrhk;fspd; 
rNfhjup FNuhkhbl;fs; gpupfpd;wd. vdNt xt;nthU Nra;nry;Yk; 
(NfkPl;) xU gz;gpw;fhd xU my;yPiy (kugZ) vLj;Jr; nry;fpwJ 
(A)> (A)> (a) kw;Wk; (a). 

 
capupdq;fs; FNuhNkhNrhk;fspd; 

vz;zpf;if (2n) 
Mlu; ehf;F nguzp 
(x/gpNahFNshrk;) 1262 

Fjpiuthy; nguzp 
(<f;tprpl;lk;) 

216 

kpfg;ngupa nrnfhah 22 
muhgplhg;rp]; 10 
fUk;G 80 
Mg;gps; 34 
muprp 24 
cUisf; fpoq;F 48 
kf;fhr;Nrhsk; 20 
ntq;fhak; 16 
N`g;Nyhghg;g]; 
fpNu]pyp]; 4 

 
 jhk]; `z;l; khu;fd; (Thomas Hunt Morgan - 1933) vd;gtu; 

ghuk;gupaj;jpy; FNuhNkhNrhk;fspd; gq;F gw;wpa fz;Lgpbg;GfSf;fhf 
kUj;Jtk; rhu;e;j Jiwf;fhd Nehgy; gupirg; ngw;whu;. 

 
gpizg;G (Linkage) 
 
 Xu; capupdj;jpd; jdpg;gl;l gz;Gfisj; jPu;khdpf;Fk; kugZf;fs; mLj;j 

jiyKiwf;Ff; FNuhNkhNrhk;fshy; vLj;Jr; nry;yg;gLfpd;wd. gy 
tifahd gz;GfSf;Ff; fhuzkhd kugZf;fs; xNu FNuhNkhNrhkpNyh 
my;yJ NtWgl;l FNuhNkhNrhk;fspNyh mike;jpUf;fyhk;. NtWgl;l 
FNuhNkhNrhk;fspy; mike;jpUf;Fk; kugZthdJ nkz;lypd; jdpj;Jg; 
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gpupjy; tpjpg;gb jhkhfNt jdpj;Jg; gpupAk; jd;ikAilait. nkz;lypd; 
,e;j Ma;tpw;Fg; gpwF gy capupayhsu;fs; NtW rpy jhtuq;fspy;> 
Rakhfg; gpupahj gz;GisAila epfo;Tfisg; gw;wpa Ma;it 
Nkw;nfhz;ldu;. ,t;thW fz;lwpag;gl;litfspy; Kf;fpakhdJ ,dpg;G 
gl;lhzp (yj;iju]; XNlhNul];) jhtuj;jpy; tpy;ypak; Ngl;rd; kw;Wk; 
nu[pdhy;l; rp. Gd;ndl; MfpNahu;fshy; 1906-y; nra;ag;gl;l Ma;thFk;. 
,tu;fs; Cjh epw kyu;fs; kw;Wk; ePz;l kfue;jq;fs; ngw;w 
xj;jgz;gpizAila (Homozygous) ,dpg;G gl;lhzpj; jhtuj;ijr; 
rptg;G epw kyu;fs; kw;Wk; tl;l tbt kfue;jq;fs; ngw;w 
xj;jgz;gpizAila kw;nwhU jhtuj;Jld; fyg;G nra;jdu;. ,f;fyg;gpd; 
Kjy; kfTr;re;jjpapy; (F1) midj;Jj; jhtuq;fSk; Cjh epw kyu;fs; 
kw;Wk; ePz;l kfue;jq;fisg; ngw;w jhtuq;fNs cUthfpd. vdNt Cjh 
epwKila kyu;fs; kw;Wk; ePz;l kfue;jq;fs; ngw;w jhtuq;fs; 
Xq;Fj;jd;ik ngw;witahfTk; (PL / PL)> rptg;G kyu;fs; kw;Wk; tl;l 
tbt kfue;jq;fs; cila jhtuq;fs; xLq;Fj;jd;ik ngw;witahfTk; 
mwpag;gl;ld (pl / pl). ,it kPz;Lk; F1 re;jjpNahL ,ul;il xLq;F 
jd;ik ngw;NwhUld; fyg;G (Nrhjid fyg;G) nra;ag;gLk;NghJ F2 
re;jjpapy;> nkz;lypd; jdpj;Jg; gpupjy; tpjpapd; gb> 1:1:1:1 vd;w 
vjpu;ghu;f;fg;gl;l tpfpjj;jpy; jhtuq;fs; cUthftpy;iy. khwhf F2 
re;jjpapy;> Cjh kyu;fs;> ePz;l kfue;jq;fs; my;yJ rptg;G kyu;fs;> 
tl;l kfue;jq;fs; mjpf vz;zpf;ifapy; fpilj;jd. vdNt ,e;j ,U 
gz;GfSf;fhd kugZf;fs; mUfike;J xNu ,iz xj;jpirT 
FNuhNkhNrhk;fspy; mike;Js;sd. ,e;j kugZf;fs; jq;fSf;Fs;Ns 
gpupAk; jd;ikaw;wjhy; jdpj;Jg; gpupa Kbtjpy;iy. FNuhNkhNrhk;fs; 
gpupjypd; NghJ kugZf;fspd; ,e;j xUq;fike;j jd;ik gpizg;G vd;W 
miof;fg;gLk;. 

 
FNuhNkhNrhkpy; gpizg;Gw;w my;yJ gpizg;Gwhj kugZf;fs; mike;Js;s 

tpjk; 
 xNu FNuhNkhNrhkpy; fhzg;gLk; mUfike;j kugZf;fs; xd;whfNt 

ghuk;gupakhtJ gpizg;Gw;w kugZf;fs; (linked genes) vdg;gLfpwJ. 
Mdhy;> xNu FNuhNkhNrhkpy; fhzg;gLk; ,U kugZf;fs; Fwpg;gplj;jf;f 
njhiytpy; mike;jpUe;jhy; mit gpizg;Gwhj kugZf;fs; (unlinked 
genes) my;yJ rpd;nldpf; kugZf;fs; vd miof;fg;gLfpd;wd. ,e;j 
epiyf;Fr; rpd;nldp (synteny) vd;W ngau;. ,it epiyf;Fr; rpd;nldpf; 
kugZf;fs; vd miof;fg;gLfpd;wd. ,e;j epiyf;Fr; rpd;nldp 
(synteny) vd;W ngau;. ,it ,uz;ilAk; kW$l;bizT epfo;tpiuT 
(Recombination frequency) kjpg;gpd; mbg;gilapy; NtWgLj;jyhk;. 
kW$l;bizT epfo;tpiuT kjpg;G 50% -f;Fk; Nky; fhzg;gl;lhy;> 
,tw;iwg; gpizg;Gwhj kugZf;fs; vd;Wk;> 50%-f;Fk; Fiwthf 
,Ug;gpd; gpizg;Gw;w kugZf;fs; vd;Wk; tifg;gLj;jyhk;. mUfUNf 
mike;J kugZf;fs; tYthd gpizg;igAk;> njhiytpy; mike;j 
kugZf;fs; jsu;e;j gpizg;igAk; ntspg;gLj;JfpwJ. 

 
,izg;G kw;Wk; tpyfy; Nfhl;ghL (Coupling and Repulsion theory) 
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 xNu xj;jpirT FNuhNkhNrhk;fspy; fhzg;gLk; ,U Xq;Fj;jd;ik 

my;yPy;fs; xNu NfkPl; %yk; xd;whfNt kuGtop mile;jhy; ,izg;G 
my;yJ rp]; tif mikT (cis configuration) vd;W miof;fg;gLfpwJ. 

 
tpyfy; my;yJ l;uhd;]; tif mikT my;yPy;fs; 
 
 xj;jpirT FNuhNkhNrhk;fspy; Xq;F kw;Wk; xLq;Fj;jd;ik nfhz;l 

my;yPy;fs; ntt;NtW FNuhNkhNrhk;fspy; mike;J NtWgl;l NfkPl;Lfs; 
%yk; jdpahfNt kuGtop mile;jhy; mjw;F tpyfy; my;yJ buhd;]; 
tif mikT (trans configuration) vd;W miof;fg;gLfpwJ. 

 
gpizg;gpd; tiffs; (Kinds of Linkage) 
 
 T.H. khu;fd; ,Utifahd gpizg;Gfisf; fz;lwpe;jhu;. gpizg;Gw;w 

kugZf;fspy; Gjpa kugZr;Nru;f;if ,y;yhjpUj;jy; my;yJ ,Uj;jypd; 
mbg;gilapy; mit KOikahd gpizg;G kw;Wk; KOikaw;w gpizg;G 
vd;gdthFk;. 

 
KOikahd gpizg;G (Complete linkage) 
 
 gpizg;Gw;w ,U kugZf;fsf;fpilNa gpupe;J nry;Yk; tha;g;G kpff; 

Fiwthf ,Uf;Fk; gl;rj;jpy; mit xU Nru kuGtop miltjhy; 
ngw;Nwhu;fspd; Nru;f;if kl;LNk fhzg;gLfpwJ.  Vnddpy; xNu 
FNuhNkhNrhkpy; fhzg;gLk; gpizg;Gw;w kugZf;fspd; ,Ug;gplk; kpf 
mUfUNf mike;Js;sjhy; FWf;Nfw;wk; epfo tha;g;gpy;iy.  ,e;epfo;T 
KOikahd gpizg;G vd;W miof;fg;gLfpwJ.  ,it mupjhf 
eilngw;whYk; Mz; LNUhNrh/gpyhtpy; (glk;) fz;lwpag;gl;Ls;sJ C.B. 
gpupl;[]; (1919) Mz; LNuhNrh/gpyhtpd; rpy rpw;wpdq;fspy; FWf;Nfw;wk; 
Kw;wpYkhf eilngWtjpy;iy vdf; fz;lwpe;jhu;. 

.   
KOikaw;w gpizg;G (Incomplete linkage) 
 
 gpizg;Gw;w ,U kugZf;fs; kpf tpyfp mike;jpUg;gjhy; FWf;Nfw;wk; 

epfo mjpf tha;g;Gs;sJ.  ,jd; tpisthfg; ngw;Nwhu; my;yhj 
Nru;f;iffs;  mwpag;gl;lJ.  ,e;jg; gpizg;Gw;w kugZf;fs; 
FWf;Nfw;wj;ij ntspg;gLj;JfpwJ.  ,J KOikaw;w gpizg;G vd;W 
miof;fg;gLfpwJ.  ,e;j epfo;it `l;rpd;rd; kf;fhr;Nrhsj;jpy; Kjypy; 
fz;lwpe;jhu; (glk;). 
 

gpizg;Gj; njhFjpfs; (Linkage Groups) 
 
 xU FNuhNkhNrhkpy; ePs; tupirapy; mike;Js;s gpizg;Gw;w 

kugZf;fspd; njhFg;gpw;Fg; gpizg;Gj; njhFjpfs; vd;W 
miof;fg;gLfpwJ.  ve;j xU rpw;wpdj;jpYk; mjpy; fhzg;gLk; gpizg;Gj; 
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njhFjpfspd; vz;zpf;if xUkbaj; njhFjp FNuhNkhNrhk;fspd; 
vz;zpf;iff;F epfuhff; fhzg;gLk;. 

 
rpy capupdq;fspd; gpizg;Gj; njhFjpfs; 

vLj;Jf;fhl;L : 
 

capupdj;jpd; ngau;fs; gpizg;Gj; njhFjpfs; 
kpA+fhu; 2 
LNuhNrh/gpyh 4 
,dpg;G gl;lhzp 7 
epA+ Nuh];Nghuh 7 
kf;fhr;Nrhsk; 10 

 
 gpizg;G kw;Wk; FWf;Nfw;wk; Mfpa ,U nray;fSk; vjpnujpu; 

tpisTfisf; nfhz;lJ.  gpizg;G vd;gJ Fwpg;gpl;l kugZf;fis 
xd;whf itj;jpUf;Fk;.  Mdhy; FWf;Nfw;wk; mtw;iwf; fyg;gpw;F 
cl;gLj;Jk;.n  ,tw;wpd; NtWghLfs;fPNo nfhLf;fg;gl;Ls;sJ. 

 
 gpizg;G FWf;Nfw;wk; 
1 FNuhNkhNrhk;fspy; cs;s 

kugZf;fs; mUfike;J 
fhzg;gLk; 

,it gpizg;Gw;w kugZf;fisg; 
gpupf;fpwJ. 

2 ,jpy; xj;jpirT 
FNuhNkhNrhk;fspy; cs;s xU 
FNuhNkhNrhk; kl;LNk gq;F 
ngWk;. 

,jpy; xj;jpirT FNuhNkhNrhk;fspd; 
rNfhjup my;yhj FNuhNkhbl;fSf;F 
,ilNa cs;s Jz;Lfspd; 
gupkhw;wk; epfOk; 

3 Gjpa kugZr; Nru;f;iffis ,J 
Fiwf;fpwJ. 

Gjpa kugZr; Nru;f;iffs; 
Njhd;Wtjd; %yk; NtWghLfis 
mjpfupf;fpwJ.  Gjpa capupdk; 
Njhd;w toptFf;fpwJ. 

 
FWf;Nfw;wk; (Crossing over) 
 

 xj;jpirT FNuhNkhNrhk; ,izfspd; rNfhjup my;yhj 
FNuhNkhl;bl;fSf;fpilNa ,izahd Jz;lq;fs; gupkhw;wg;gl;Lg; Gjpa 
kugZr; Nru;f;if Njhd;Wk; capupa epfo;tpw;Ff; FWf;Nfw;wk; vd;W 
ngau;.  „FWf;Nfw;wk;‟ vd;w nrhy; khu;fd; (1912) vd;gtuhy; 
Kd;nkhopag;gl;lJ.  ,J Fd;wy; gFg;gpd; GNuhNg]; 1y; ghf;fpBd; 
(Pachytene) epiyapy; eilngWfpwJ.  tof;fkhff; NfkPl;Lfs; 
cUthf;fj;jpd;NghJ FWf;Nfw;wk; ,dr;nry;fspy; eilngWfpwJ.  ,J 
Fd;wy; gFg;G FWf;Nfw;wk; my;yJ ,dnry; FWf;Nfw;wk; vd;W 
miof;fg;gLk;.  ,J nghJthff; fhzg;gLk; kpfTk; Kf;fpaj;Jtk; ngw;w 
epfo;thFk;.  mupjhf ikl;lhrp]; epiyapd;NghJ FWf;Nfw;wk; clyr; 
nry;fspy; epfo;fpwJ.  ,J clyr;nry; FWf;Nfw;wk; my;yJ ikl;lhbf; 
FWf;Nfw;wk; vd;W miof;fg;gLfpwJ. 
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FWf;Nfw;wj;jpd; nray;Kiw (Mechanism of Crossing over) 
 

 FWf;Nfw;wk; vd;w xU Fwpg;gpl;l nray;Kiw ,iz Nru;jy;> ehd;fik 
(Tetard) cUthjy;> FWf;Nfw;wk; kw;Wk; KbTWjy; vdg; gy epiyfis 
cs;slf;fpaJ. 

 
(i) ,iz Nru;jy; (synapsis) 
 

 Fd;wy; gFg;G  I GNuhNg]; I y; irNfhl;bd; epiyapy; ,uz;L xj;jpirT 
FNuhNkhNrhk;fSf;F ,ilNa neUq;fpa ,iz cUthfj; 
njhlq;FfpwJ.  xj;jpirT FNuhNkhNrhk;fs; xd;Wf;nfhd;W 
mUfiktjhy; Njhd;Wk; xU ,iz xj;jpirT FNuhNkhNrhk;fs;  
,ul;il ,iz my;yJ igthyz;l; (bivalents) miof;fg;gLfpwJ.  ,e;j 
,izg;G epfo;tpw;F ,iz Nru;jy; my;yJ rpd;nlrp]; (synapsis or 
syndesis) vd;W ngau;.  ,ij %d;W tiffshfg; gpupf;fyhk;. 

 
1. ikak; njhlq;fp ,iz Nru;jy; (Procentric synapsis) - ,izjy;   

FNuhNkhNrhkpd; ikag;gFjpapy; ,Ue;J njhlq;FfpwJ.  
 
2. Edp njhlq;fp ,iz Nru;jy; (Procentric synapsis) - ,izjy;  

FNuhNkhNrhkpd; ikag;gFjpapy; ,Ue;J njhlq;FfpwJ. 
 
3. ,iagpyh ,iz Nru;jy; (Random synapsis)- ,izjy;  

FNuhNkhNrhk;fspd; ve;jg; gFjpapypUe;Jk; njhlq;fyhk;.   
 
(ii) ehd;fik cUthjy; (Tetrad formation) 
 

 ,ul;il ,izapy; (bivalent) cs;s xt;nthU xj;jpirT 
FNuhNkhNrhKk; ,uz;L xj;j mikg;Gila rNfhjup FNuhNkhbl;fis 
cUthfj; njhlq;FfpwJ.  ,J xU nrd;l;Nuhkpauhy; ,izf;fg;gl;L 
,Uf;Fk;.  ,e;j epiyapy; xt;nthU ,ul;il ,izfSk; ehd;F 
FNuhNkhbl;fis ngw;wpUf;fpwJ.  ,J ehd;fik epiy (tetrad stage) 
vd;W miof;fg;gLfpwJ. 

 
(iii) FWf;Nfw;wk;  
 
 ehd;fik epiy cUthd gpd;du;> ghf;fpBd; epiyapy; FWf;Nfw;wk; 

epfo;fpwJ.  xj;jpirT FNuhNkhNrhk;fspd; rNfhjup my;yhj 
FNuhNkhbl;fs; xd;W my;yJ mjw;F Nkw;gl;l Gs;spfspy; ,izfpwJ.  
,e;j xj;jpirT FNuhNkhNrhk;fspd; rNfhjup my;yhj FNuhkhbl;fSf;F 
,ilNaahd ,izTg; Gs;spfs; fah];khf;fs; (xUik-fah];kh) vd;W 
miof;fg;gLfpwJ.  fah];kh gFjpapy; rpYit mikg;G my;yJ „X‟ 
tbt mikg;G cUthtNjhL> mg;Gs;spapy; ,uz;L FNuhNkhbl;fs; 
ciljy; kw;Wk; kW,izT eilngWk;.  ,jd; tpisthfr; rNfhjup 
my;yhj FNuhkhbl;fSf;fpilNa rkkhd Jz;Lfs; gu];gug; gupkhw;wk; 
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nra;ag;gLfpwJ.  mz;ikf;fhy Ma;tpd;gb>  Nkk;gLj;jg;gl;l ,io 
mikg;G nfhz;l ,izgpizg;Gf; $l;likg;G (synaptonemal complex) 
(glk;) ,iz Nru;jy; kw;Wk; fah];kh Njhd;WjYf;F toptFf;fpwJ.  
,e;j ,iz gpizg;Gf; $l;likg;G xU rpy Mz; LNuhNrh/gpyh tpy; 
cUthfhjjhy; FWf;Nfw;wk; eilngWtjpy;iy. 

 
(iv) KbTWjy; (Terminalization) 
  

 FWf;Nfw;wk; eilngw;w gpd; fah];khthdJ FNuhNkhbl;fspd; 
Edpg;gFjpia Nehf;fp efu;fpwJ.  ,e;epfo;Nt KbTWjy; vdg;gLfpwJ.  
,jd; tpisthf xj;jpirT FNuhNkhNrhk;fs; KOikahfg; gpupf;fpwJ 
(glk;). 

 
FWf;Nfw;wj;jpd; tiffs; (Types of Crossing over) 
 

 FWf;Nfw;wj;jpd; NghJ cUthFk; fah];khf;fspd; vz;zpf;ifapd; 
mbg;gilapy; ,J %d;W tiffshfg; gpupf;fg;gLfpwJ. (glk;). 

 
1. xw;iwf; FWf;Nfw;wk; : ehd;fpy; ,U FNuhNkhbl;fs; kl;LNk gq;Nfw;W 

xU fah];khit cUthf;FfpwJ. 
 

2. ,ul;ilf; FWf;Nfw;wk;: ,uz;L my;yJ %d;W my;yJ midj;J ehd;F 
FNuhNkhbl;fSk; gq;Nfw;W  ,uz;L fah];khf;fis cUthf;FfpwJ.  
 

3. gy; FWf;Nfw;wk; : ,uz;bw;F Nkw;gl;l fah];khf;fs; cUthtjhy;> 
FWf;Nfw;w epfo;tpiuT Fiwthf ,Uf;Fk;. 
 

FWf;Nfw;wj;jpd; Kf;fpaj;Jtk; 

 ghf;Bupaq;fs;> <];l;> G+Q;ir> cau; jhtuq;fs; kw;Wk; tpyq;Ffs; Mfpa 
midj;J capupdq;fspYk; FWf;Nfw;wk; eilngWk;. ,jd; 
Kf;fpaj;Jtq;fshtd> 

 
FWf;Nfw;wj;jpd; Kf;fpaj;Jtk; 
 
 ghf;Bupaq;fs;> <];l;> G+Q;ir> cau; jhtuq;fs; kw;Wk; tpyq;Ffs; Mfpa 

midj;J capupdq;fspYk; FWf;Nfw;wk; eilngWk; ,jd; 
Kf;fpaj;Jtq;fshtd> 

 
FWf;Nfw;wj;jpd; tiffs; kw;Wk; ,jd; kW$l;bizT epfo;tiuT (RF) 
 

1. FNuhNkhbl; Jz;Lfspd; gupkhw;wk;> Gjpa kugZf;fspd; Nru;f;iff;F 
topNfhYtjhy; ,e;epfo;T gupzhkj;jpy; Kf;fpag; gq;fhw;WfpwJ.  
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2. FWf;Nfw;wk; gw;wpa Ma;tpd; %yk; FNuhNkhNrhk;fspy; kugZf;fs; 
Neu;f;Nfhl;by; mike;jpUg;gijf; njupe;J nfhs;s KbfpwJ. 

 
3. FWf;Nfw;w epfo;tpiutpd; mbg;gilapNyNa kuG tiuglk; 

cUthf;fg;gLfpwJ. 
 

4. kugZtpd; jd;ik kw;Wk; nray;ghLfis mwpe;J nfhs;sf; FWf;Nfw;wk; 
cjTfpwJ. 

 
5. xU Gjpa ed;ik gaf;Fk; Nru;f;if Njhd;Wtjhy; jhtug; 

gapu;g;ngUf;fj;jpy; ,J gad;gLj;jg;gLfpwJ. 
 
kW$l;bizT (Recombination) 
 

 FWf;Nfw;wj;jpd; tpisthf cUthFk; Gjpa gz;Gfisg; ngw;w 
capupdq;fNs kW$l;biztpfs; vd;W miof;fg;gLfpwJ.  ,e;epfo;tpy; 
DNAtpd; Jz;lq;fs; cile;J kW$l;bizT nfhz;l Gjpa my;yPy;fs; 
Nru;f;if cUthfpd;wd.  ,e;jr; nray;Kiw kW$l;bizT vd;w 
miof;fg;gLfpwJ (glk;). 

 

 midtuhYk; Vw;Wf;nfhs;sg;gl;l FWf;Nfw;wj;jpd; NghJ cUthFk; 
DNA kW$l;bizT khjpup `hypNl tpd; fyg;G DNA khjpupahFk;.  
Kjd; Kjyhf 1964y; uhgpd; `hypNl (Robin Holiday) vd;gtuhy; 
Kd;nkhopag;gl;lJ.  ,it gy gbepiyfisg; ngw;Ws;sJ (glk;). 

 
1. xj;jpirT DNA %yf;$Wfs; mjd; ,ul;bg;gile;j DNA gpujpfSld; 

mUfike;J ,iz Nru;fpwJ. 
 

2. vz;NlhepA+f;spNa]; nehjpapd; %yk; DNA tpd; ,uz;L ,iofspy; xU 
,io kl;Lk; xU ,lj;jpy; Jz;bf;fg;gLfpwJ.   
 

3. Jz;lhd ,iofs; FWf;fike;J xj;jpire;j ,ioAld; ,ize;J 
`hypNl mikg;G my;yJ `hypNl re;jpg;G (Holiday junction) xd;W 
cUthfpwJ. 
 

4. ,e;j `hypNl re;jpg;G Njhd;wpa ,lj;jpypUe;J ,lk; ngau;fpwJ.  
,jw;Ff; fpis ,lg;ngau;T (branch migration) vd;W miof;fg;gLfpwJ.  
,jd; fhuzkhf Ntw;wike;j <upiog; (Heteroduplex) gFjp xd;W 
cUthfpwJ. 
 

5. DNA ,iofs; nrq;Fj;jhfNth (V topahf) my;yJ fpilkl;lkhfNth 
(H topahf) Jz;bf;fg;glyhk;. 
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6. nrq;Fj;jhd Jz;bg;G epfo;e;jhy;> kW$l;bizTld; $ba Ntw;wike;j 
<upio cUthFk;. 
 

7. fpilkl;lj;jpy; Jz;bg;G epfo;e;jhy; kW$l;bizT mw;w Ntw;wike;j 
<upio cUthFk;. 
 

kW$l;bizT epfo;tpiuTf;  (RF) fzf;fPL: 
 
 xU fyg;gpd;NghJ Njhd;Wk; kW$l;bizT topj;Njhd;wy;fspd; 

tpOf;fhL kW$l;bizT epfo;tpiuT vdg;gLfpwJ.  kW$l;bizT 
epfo;tiuT (RF) (FWf;Nfw;w epfo;tpiuT) fPo;fhZk; #j;jpuj;jpdhy; 
fzf;fplg;gLfpwJ.  ,izg;G tif mikT ngw;w my;yPy;fspypUe;J 
ngwg;gl;l jutpidg; gad;gLj;jp (glk;) kW$l;bizT epfo;tpiuT 
fzf;fPL nfhLf;fg;gl;Ls;sJ. 

 

100RF  
nkhj;j kW$l;biztpfspd; vz;zpf;if

nkhj;j topj; Njhd; wy; fspd; vz;zpf;if
 

 

 
6 6

100
44 6 6 44


 

  
 

 

   
12

100
100

RF    

 
  = 12% 
 
kugZ tiuglk; (Gene mapping) 
 
 FNuhNkhNrhk;;fspy; kugZf;fs; xNu rPuhd Neu;f;Nfhl;by; mike;Js;sd.  

,itfs; mike;Js;s xU Fwpg;gpl;l ,lj;jpw;F miktplk; (locus,pl: 
loci) vd;W miof;fg;gLfpwJ.  kugZf;fspd; miktplj;ijAk;> 
mUfUNf cs;s kugZf;fSf;F ,ilNaAs;s njhiyT Mfpatw;iw 
Fwpf;Fk; jpl;l tiuglNk kugZ tiuglk; vdg;gLfpwJ.  
kugZf;fSf;fpilNa cs;s njhiyT kW$l;bizT epfo;tpiutpw;F 
Neu;tpfpjj;jpy; cs;sd.  ,J gpizg;G tiuglk; (linkage map) vdTk; 
miof;fg;gLfpwJ.  kugZ tiuglk; vd;w fUj;jhf;fj;ij Kjd;Kjypy; 
T.H. khu;fdpd; khztuhfpa My;/gpul; H. ];lu;Btz;l; 1913y; 
cUthf;fpdhu;.  ,J kugZf;fs; FNuhNkhNrhkpy; mike;Js;sd vd;w 
Fwpg;gpidj; jUfpwJ. 
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tiuglj; njhiyT (Map distance) 
 

 kugZ tiuglj;jpd; njhiyitf; Fwpf;Fk; myF tiugl myF 
(mapunit) (m.u) vd;W miof;fg;gLfpwJ.  xU tiugl myF vd;gJ 
FWf;Nfw;wj;jpd; xU tpOf;fhl;bw;Fr; rkkhFk;.  xU tiugl myif 
xU nrd;bkhu;fs; (Centimorgan) (cM) vdTk; $wyhk;.  ,J T.H. 
khu;fd; mtu;fisg; ngUikg;gLj;Jk; tpjkhf cs;sJ.  100 
nrd;bkhu;fd; 1 khu;fDf;F (M) rkkhFk;.  vLj;Jf;fhl;lhf A kw;Wk; B 
kugZf;fSf;F ,ilNaAs;s njhiyT 3.5 tiugl myFfs; vdj; 
Njhuhakhff; nfhz;lhy;> ,J 3.5 nrd;bkhu;fs; my;yJ 3.5% my;yJ 
0.035 kWNru;f;if epfo;tpiuT vd;gjw;F ,izahFk;. 

 

 
 njhlu;r;rpahd Nrhjidf; fyg;GfspypUe;J ,U kugZf;fspd; 

,izfSf;fhd kugZ tiuglq;fs; fl;likf;fg;gLtJ ,UGs;sp 
fyg;Gfs; (two-point crosses) vd miof;fg;gLfpwJ.  ,tw;wpy; ,ul;ilf; 
FWf;Nfw;wk; jtWtjhy; Jy;ypakhdit my;y. 

 
Kg;Gs;sp Nrhjidf; fyg;G (Three-point test cross) 
 

 Kg;Gs;sp Nrhjid fyg;G KbTfspd; mbg;gilapy; kpfj; Jy;ypakhd 
tiugl El;gk; cUthf;fg;gLfpwJ.  ,J %d;W xLq;F khw;Wg;gz;G 
fUKl;ilAld; (heterozygote) %d;W xLq;F xj;jgz;G fUKl;ilapid 
(homozygote) Nrhjid fyg;G nra;tjhy; %d;W my;yPy;fspd; ghuk;gupa 
tiffisg; gFg;gha;T nra;tijf; Fwpf;fpwJ.  ,J %d;W 
my;yPy;fSf;F ,ilNaahd njhiyT kw;Wk; FNuhNkhNrhkpy; ve;j 
tupirapy; mike;Js;sJ vd;gijj; jPu;khdpf;fg; gad;gLj;jg;gLfpwJ.  
,ul;ilf; FWf;Nfw;wk; fz;lwpag;gLtjhy; ,it kpfj; Jy;ypakhd 
tiuglj; njhiyitj; jUfpwJ. 

 
gpd;tUk; vLj;Jf;fhl;bidf; fUj;jpy; nfhz;L Kg;Gs;sp Nrhjidf; 
fyg;gpidr; rpwg;ghf mwpe;J nfhs;s KbAk;. 
  
kf;fhr;Nrhsj;jpy; (corn)., cs;s %d;W xLq;Fj;jd;ik nfhz;l my;yPy;fs; 
 
1. I vd;gJ ke;j tsu;r;rp (lazy) my;yJ epyk; glu;e;j tsupay;G 
 
2. g vd;gJ gsgsg;ghd (glossy) ,iy 
 
3. s vd;gJ ru;f;fiu rj;Js;s (sugary) fUT+z; jpR 
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,e;j %d;W xLq;F my;yPy;fSld; (I g s) ,ay;ghd Xq;Fj;jd;ikAila 
my;yPy;fis (L G S) fyg;G nra;Ak; NghJ 
 
ngw;nwhu;fs; LGS/LGS × lgs/lgs 
NfkPl;Lfs; LGS lgs 
F1 Kf;fyg;Gapup LGS/lgs 
Nrhjidf;fyg;G 
(khw;Wg;gz;gpizT F1 %d;W 
xLq;Fj;jd;ik nfhz;l my;yPy;fNshL fyg;G) LGS/lgs  × lgs/lgs 
 
 
 ,e;j Kg;Gs;sp Nrhjidf; fyg;G 8 NtWgl;l (23 = 8) NfkPl;Lfspd; 

tiffis cUthf;FfpwJ.  ,jpy; 740 topj;Njhd;wy;fs; 
mwpag;gLfpd;wd.  gpd;tUk; ml;ltizapy; kf;fhr;Nrhsj;jpy; %d;W 
gpize;j kugZf;fSf;fhd xU Nrhjidf; fyg;gpypUe;J KbTfs; 
jug;gl;Ls;sd. 

 
Kg;Gs;sp fyg;gpw;fhd gFg;gha;T 
 
t.vz; Nrhjidf; fyg;G topj; 

Njhd;wypd; Gwj;Njhw;w 
tifak; 

NfkPl; tiffs;  Topj;Njhd;wy;fspd; 
vz;zpf;if 

1 ,ay;ghdit (Wild type) LGS 286 

2 ke;jkhd lGS 33 

3 Gsgsg;ghd LgS 59 

4 ru;f;fiu rj;Js;s LGs 4 

5 ke;jkhd> gsgsg;ghd  lgS 2 

6 ke;jkhd> ru;f;fiu rj;Js;s lGs 44 

7 gsgsg;ghd> ru;f;fiu 
rj;Js;s 

Lgs 40 

8 ke;jkhd> gsgsg;ghd> 
ru;f;fiu rj;Js;s 

lgs 272 

 nkhj;jk;  740 

 
 Nkw;fz;l KbTfspy; ehk; Kf;fpakhfg; ngw;Nwhu; (P) kw;Wk; 

kW$l;bizT tifapid (R) cw;WNehf;f Ntz;Lk;.  Kjypy; 
ngw;Nwhu;fspd; %d;W xj;j fUTila kugZtifaq;fshd 

 
t. 
vz; 

Nrhjidf; 
fyg;G 

topj;Njhd;wypd; 
Gwj;Njhw;w 
tifak; 

NfkPl; 
tiffs; 

topj; 
Njhd;wy;fspd; 
vz;zpf;if 

miktplq;fSf;fhd kW$l;bizT 
tif 

L kw;Wk; G L kw;Wk; S G kw;Wk; S 

1 ,ay;ghdit 
(,aw;if 

LGS 286    
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tif) 
2 ke;jkhd lGS 33 R R  
3 Gsgsg;ghd LgS 59 R  R 
4 ru;f;fiu 

rj;Js;s 
LGs 4  R R 

5 ke;jkhd> 
gsgsg;ghd  

lgS 2  R R 

6 ke;jkhd> 
ru;f;fiu 
rj;Js;s 

lGs 44 R  R 

7 gsgsg;ghd> 
ru;f;fiu 
rj;Js;s 

Lgs 40 R R  

8 ke;jkhd> 
gsgsg;ghd> 
ru;f;fiu 
rj;Js;s 

lgs 272    

 nkhj;jk;  740 176 79 109 

 

 LGS kw;Wk; lgs iaAk;> gpd;du; ,uz;L kW$l;bizT tif 
miktplq;fis xNu rkaj;jpy; LG/lg,LS/ls,GS/gs vd tupirahff; 
Fwpj;Jf; nfhs;s Ntz;Lk;.  ,e;j ,U Nru;f;iffisj; jtpu kw;w ve;jr; 
Nru;f;ifiaAk; kW$l;bizT tif (R) vdf; fUj;jpy; nfhs;s 
Ntz;Lk;. 

 
 ,dp L kw;Wk; G vd;w ,U my;yPy;fspd; miktplj;ij fzf;fpl Kjypy; 

njhlq;fyhk;.  LG kw;Wk; lg vd;gd ngw;Nwhu;fspd; 
kugZtifaq;fshFk;.  ,tw;wpd; kW$l;bizT tiffs; Lg kw;Wk; lG 
MFk;.  ,e;j ,U my;yPy;fSf;fhd kW$l;bizT epfo;tpiuit (RF) 
gpd;tUkhW fzf;fplyhk;. 

 

 

100RF  
nkhj;j kW$l;biztpfspd; vz;zpf;if

nkhj;j topj; Njhd; wy; fspd; vz;zpf;if
 

 

 RF
33 59 44 40

100
740

  
   

 

 
176

100
740

RF    

 
 RF = 23.7% 
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 L kw;Wk; S vd;w ,U my;yPy;fspd; miktplj;jpw;fhd kW$l;bizT 
tiffs; l S MFk;.  ,e;j ,U my;yPy;fSf;fhd kW$l;bizT 
epfo;tpiuit (RF) gpd;tUkhW fzf;fplyhk;. 

 

  RF 
33 4 2 40

100
740

  
   

 

   
79

100
740

RF    

 
   RF = 10.7% 

 

 G kw;Wk; S vd;w ,U my;yPy;fspd; miktplj;jpw;fhd kW$l;bizT 
tiffs; g S MFk;.  ,e;j ,U my;yPy;fSf;fhd kW$l;bizT 
epfo;tpiuit (RF) gpd;tUkhW fzf;fplyhk;. 

 

 RF 
59 4 2 44

100
740

  
   

 

 
109

100
740

RF    

 
 RF = 14.7% 
 

 midj;J miktplq;fspYk; gpizg;Gw;wit Vnddpy; midj;J 
kW$l;bizT kjpg;GfSk; 50% f;Fk; Fiwthdit.  ,jpy; LG 
miktplq;fs; mjpf RF kjpg;gpidg; ngw;Ws;sjhy; mjpfj; njhiytpy; 
jhd; mika KbAk; Mifahy; S miktplk; ,it ,uz;bw;Fk; 
,ilapy; kl;Lk; jhd; ,Uf;f KbAk;.  MfNt kugZf;fspd; 
tupirahdJ l s g MFk;.  vdNt kugZ tiuglkhdJ gpd;tUkhW 
tiuglkhdJ gpd;tUkhW tiuayhk; (glk;). 

 
kugZ tiuglk; 
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 ,Wjpahff; fUj;jpy; nfhs;s Ntz;baJ> rpwpa ,U tiuglj; 
njhiyTfshd 10.7 m.u kw;Wk; 14.7 m.u ,jidf; $l;bdhy; 25.4 m.u 
MFk;.  Mdhy; ,J l kw;Wk; g apd; fzf;fplg;gl;l njhiyT 23.7 m.u 
it tpl mjpfkhf cs;sJ.  MfNt L kw;Wk; G kW$l;bizT 
tifAld; njhlu;Gila ,uz;L Fiwe;j vz;zpf;if nfhz;l 
topj;Njhd;wy;fis (nkhj;jk; 8 y;) fz;lwpa Ntz;Lk;.  ,e;j ,uz;L 
Fiwe;j vz;zpf;if nfhz;l topj;Njhd;wy;fs; ,ul;ilf; 
FWf;Nfw;wj;jpypUe;J ngwg;gl;l ,ul;il kW$l;bizT tiffshFk;.  
,uz;L Fiwe;j vz;zpf;if nfhz;l topj;Njhd;wy;fis xU Kiw 
kl;LNk fzf;fplg;glhky; xt;nthd;iwAk; ,UKiw fzf;fpl Ntz;Lk;.  
Vnddpy; ,it xt;nthd;Wk; ,ul;il kW$l;bizT topj;Njhd;wiyf; 
Fwpf;fpwJ.  MfNt ,jd; kjpg;gpidr; rup nra;a 
33+59+44+40+4+4+2+2 = 188 ,t;thW $l;l Ntz;Lk;.  nkhj;j 
vz;zpf;if 740 y; ,jd; kjpg;G Jy;ypakhf 25.4%, ,J ,U$W 
kjpg;Gfspd; $LjYf;F xj;jpUf;fpwJ. 

 
 Kg;Gs;sp Nrhjidf; fyg;G ngw;Nwhu; Nru;f;ifiag; gpd;tUkhW khw;wp 

vOj Ntz;Lk;. 
 
  LSG/lsg  ×  lsg/lsg 
 
 ,ay;ghd      FWf;Nfw;wj;jpw;F 
 FNuhNkhNrhk;fs;    gpd; FNuhNkhNrhk;fs; 
 

,ul;il kW$l;biztpy; cs;s kugZ tupir 
 

 
kugZ tiuglj;jpd; gad;fs;  
 
 kugZf;fspd; tupiriaj; jPu;khdpf;fTk;> xU kugZtpd; miktplj;ij 

milahsk; fhzTk;> kugZf;fSf;F ,ilNaahd njhiyitf; 
fzf;fplTk; ,J cjTfpwJ.   
 

 ,it ,U gz;G fyg;G kw;Wk; Kg;gz;G fyg;Gfspd; KbTfisf; 
fzpf;fg; gad;gLfpd;wd.   
 

 Fwpg;gpl;l capupdj;jpd; rpf;fyhd kugZj; jd;ikia kugpayhsu;fs; 
Gupe;J nfhs;sTk; ,J cjTfpwJ. 
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gy;$l;L my;yPy;fs; (Multi alleles) 
 

 xU capupdj;jpy; nfhLf;fg;gl;ls;s Gwj;Njhw;wtifa gz;Gf;$W  
(phenotypic trait) mjpYs;s jdp ,iz kugZf;fisr; rhu;e;Js;sJ. 
,e;j xt;nthd;Wk; xj;jpirT FNuhNkhNrhk;fspy; xU Fwpg;gpl;l ,lj;jpy; 
mike;Js;sjw;F miktplk; (locus) vd;W miof;fg;gLfpwJ.  xU 
,iz xj;jpirT FNuhNkhNrhk;fspy; xU kugZtpd; %d;W my;yJ 
mjw;F Nkw;gl;l my;yPy; tiffs; xNu miktplj;jpy; mike;jpUg;gJ 
gy;$l;L my;yPy;fs; vd miof;fg;gLfpwJ. 

 
gy;$l;L my;yPy;fspd; gz;Gfs; 
 
 xj;jpirT FNuhNkhNrhk;fspy; cs;s gy;$l;L my;yPy;fspd; tupir 

vg;NghJNk xNu miktplj;jpy; mike;Js;sJ.  vdNt ,e;j 
my;yPy;fspd; tupirfSf;Fs; FWf;Nfw;wk; eilngWtjpy;iy.  
 

 gy;$l;L my;yPy;fs; xNu gz;gpw;F kl;Lk; fhuzkhFk;. 
 

 ,ay;ghd tif (wild type) my;yPy;fs; nfhz;l tupir Xq;Fg;gz;gpid 
ntspg;gLj;Jk; khwhfr; rLjpkhw;wKw;w jhtuq;fspd; my;yPy;fs; Xq;F 
my;yJ eLj;ju tif jd;ikAila Gwj;Njhw;w tpisTfis 
ntspg;gLj;Jfpd;wd. 
 

 ,Utifahd rLjpkhw;wKw;w gy;$l;L my;yPy;fisf; fyg;G 
nra;ag;gLk;NghJ mjd; Gwj;Njhw;wtifak; vg;nghOJNk rLjp 
khw;wKw;w tifia xj;Nj mike;jpUf;Fk;> ,ay;ghd tifia (wild 
type) xj;jpUf;fhJ. 

 
ep;Nfhbahdh jhtuj;jpy; jd;kylhjy; (self sterility in Nicotiana) 
 

 jhtuq;fspy;> jd; kylhjy; my;yJ Rag;nghUe;jhj;jd;ikf;F (self 
incompatability) gy;$l;L my;yPy;fs; fhuzkhf cs;sd  vd 
mwpag;gl;Ls;sJ.  jd;kylhjy; vd;gJ xU jhtuj;jpypUe;J ngwg;gLk; 
mjd; kfue;jj;Jfs; mNj jhtuj;jpd; #yf Kbapy; Kisf;f ,ayhj 
jd;ikapdhy; Kl;ilfSf;Fs; fUTWjy; epfo;itr; nra;a ,ayhj 
epiyahFk;.  <];l; (East – 1925) vd;gtu; epNfhl;bahdh jhtuj;jpy; 
Rag;nghUe;jhj;jd;ik my;yJ jd; kylhjy; jd;ikf;Ff; fhuzkhd 
gy;$l;L my;yPy;fisf; fz;lwpe;jhu;.  Rag;nghUe;jhj;jd;ik (Self-
incompatibility) gz;igf; Fwpf;Fk; kugZit „S‟ vdf; nfhz;lhy;> 
mtw;wpd; my;yPy;fspd; tupir S1, S2, S3, S4, S5 MFk;. (glk;) 

 
 may; fUTWjy; %yk; cUthFk; Gifapiy jhtuq;fs; vg;NghJk; S1S1 

my;yJ S2S2 Nghd;w xj;jgz;gpizT nfhz;litahf ,Ug;gjpy;iy 
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Mdhy; midj;Jj; jhtuq;fSk; S1S2, S3S4, S5S6  Nghd;w 
khw;Wg;gz;gpizT nfhz;litahf cs;sd.  NtWgl;l S1S2 

jhtuq;fSf;fpilNa fyg;G nra;ag;gl;lhy;> kfue;jf;Foha; ,ay;ghf 
tsu;tjpy;iy.  Mdhy; ,jDld; S1S2, it jtpu vLj;Jf;fhl;lhf S3S4, 
jhtuq;fisf; fyg;G nra;jhy; mtw;wpy; kfue;jf;Foha; ed;F 
tsu;tijf; fhzKbfpwJ. 

 
Rag;nghUe;jhj;jd;ik topj;Njhd;wy;fspd; NtWgl;l Nru;f;iffs; 

  
ngz; ngw;Nwhu; 
(#yfKb gFjp) 

Mz; ngw;Nwhu; (kfue;j %yk;) 
S1S2 S2S3 S3S4 

S1S2 
S1 S2 

jd; kyL 

S3 S2 

S3 S1 

 

S3 S1 

S3 S2 

S4 S1 

S4 S2 

S2S3 
S1 S2 

S1 S3 
jd; kyL 

S4 S2 

S4 S3 

S3S4 

S1 S3 

S1 S4 

S2 S3 

S2 S4 

S2 S3 

S2 S4 
jd; kyL 

 

 S1 S2 nfhz;l ngz; ngw;NwhUld; S2 S3 nfhz;l Mz; ngw;Nwhiuf; 
fyg;gpdk; nra;Ak;NghJ ,U tif kfue;jf;Foha;fs; 
NtWgLj;jg;gLfpwJ. S2 S3 nfhz;l Mz; ngw;Nwhiuf; fyg;gpdk; nra;Ak; 
NghJ ,U tif kfue;jf;Foha;fs; NtWgLj;jg;gLfpwJ.  S2 it 
nfhz;bUe;j kfue;jj;Jfs; jpwd; kpf;fitay;y Mdhy; S3 iaf; 
nfhz;l kfue;jj;Jfs; fUTWjYf;F Vw;Gilajhf ,Ue;jJ.  ,t;thwhf 
S1 S2 × S3 S4 fyg;gpy; midj;J kfue;jj;Jfs;fSk; jpwd; ngw;wjhf 
mikfpwJ kw;Wk; ehd;F tifahd topj;Njhd;wy;fshd S1 S3, S1 S4, S2 S3 
kw;Wk; S2 S4  vdg; ngwg;gLfpwJ.  NkYk; rpy Gjpa Nru;f;iffs; 
ml;ltizapy; jug;gl;Ls;sJ. 

 
jhtuq;fspy; ghy; epu;zak; (Sex determination in Plants) 
 

 Vwf;Fiwa 94% G+f;Fk; jhtuq;fspy; xNu tpjkhd kyu;fisf; nfhz;l 
jhtuq;fshf mjhtJ Mz; cWg;Gfs; (kfue;jj;jhs;fs;) kw;Wk; ngz; 
cWg;Gfis (#yf ,iyfs;) nfhz;l kyu;fshf kl;LNk cs;sd.  
ghy; jd;ik uPjpahf ,it NkhNdhkhu;/gpf; (monomorphic) jhtuq;fs; 
vd miof;fg;gLfpd;wd.  Mdhy; 6% G+f;Fk; jhtuq;fspy; Mz; ngz; 
ghypd cWg;Gfs; jdpj;jdpahf mike;Js;sd.  ,tw;iw ilkhu;gpf; 
(dimorphic) jhtuq;fs; vdf; fUjg;gLfpwJ.  Mz; jhtu kyu;fspy; 
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kfue;jj;jhs;fisAk;> ngz; jhtu kyu;fspy; #yf ,iyfisAk; 
kl;LNk cUthf;Ffpd;wd.  Muha;r;rpahsu;fs; jhtuq;fspy; ghy; epu;za 
Kiw gw;wp gbj;jwpa Mu;tk; nrYj;jpdu;.  jhtuq;fspy; ghy; epu;za 
Kiwia C.E. Allen) (1917) vd;gtu; Kjypy; fz;lwpe;jhu;.  jhtuq;fspy; 
ghy; epu;zak; vd;gJ xU rpf;fyhd KiwahFk;> ,it kugZf;fs;> 
Rw;Wr;#oy; kw;Wk; `hu;Nkhd;fshy; jPu;khdpf;fg;gLfpwJ.   

 
 irypd; Nyl;bNghypah (nkyhz;l;upak; My;gk;) jhtuj;jpy; ghy; epu;zak; 

ghy; FNuhNkhNrhk;fspy; %d;W jdpg;gl;l gFjpfspdhy; 
fl;Lg;gLj;jg;gLfpwJ.  mit> 

 
1. Y FNuhNkhNrhk; Mz; ghypdj;ijj; jPu;khdpj;jy; 
2. X FNuhNkhNrhk; ngz; ghypdj;ijf; Fwpg;gpLjy; 
3. X kw;Wk; Y FNuhNkhNrhk;fspy; cs;s NtWgl;l Jz;Lfs; (I, II, III, IV, 

V) 
 
jhtuq;fspy; Rw;Wr;#oYk;; ghy; epu;zaj;jpy; Kf;fpag; gq;F tfpf;fpwjh? 
 
Mk;.  Fjpiuthy; nguzp (<f;tprpl;lk;) vd;w jhtuk; ey;y #oypy; ,Ue;jy; 
ngz; jhtukhfTk; ,Wf;fr; #oypy; ,Ue;jhy; Mz; jhtukhfTk; 
tsu;fpwJ. 
 
gg;ghsp jhtuj;jpy; ghy; epu;zak; 
  
 rkPgj;jpy; `tha; (Hawaii) ehl;L Muha;r;rpahsu;fs; gg;ghsp jhtuj;jpy; 

(fhupfh) gg;ghah> 2n = 36) ghypdf; FNuhNkhNrhk;fis fz;lwpe;jdu;.  
gg;ghspahdJ 17 ,izfs;  clyf; FNuhNkhNrhk;fisAk; 1 ,iz 
ghy; FNuhNkhNrhk;fisAk; ngw;Ws;sJ.  ,jpy; Mz; gg;ghspj; jhtuk; 
XY kw;Wk; ngz; gg;ghspj; jhtuk; XX FNuhNkhNrhk;fisf; nfhz;Ls;sJ.  
kdpjdpd; ghy; FNuhNkhNrhk;fs; Nghy; my;yhky;> gg;ghspapd; ghy; 
FNuhNkhNrhk;fs; clyf; FNuhNkhNrhk;fs; Nghd;Nw fhzg;gLfpd;wd.  
kw;Wk; ,jd; ghy; FNuhNkhNrhk;fs; clyf; FNuhNkhNrhk;fspypUe;J 
Njhd;wpait.  nray;jd;ikapy; ghy; FNuhNkhNrhk;fs; jdpj;Jf; 
fhzg;gLfpd;wd Vnddpy; Y FNuhNkhNrhk;fs; Mz; ,dg;ngUf;f cWg;G 
tsu;r;rpf;fhd kugZf;fisAk;> X FNuhNkhNrhk;fs; ngz; ,dg;ngUf;f 
cWg;G tsu;r;rpf;fhd kugZf;fisAk; ngw;Ws;sJ. 

 
 

 gg;ghspapy; ghy; epu;zak; %d;W my;yPy;fshy; fl;Lg;gLj;jg;gLfpwJ.  
mit m, M1 kw;Wk; M2. 

 
gg;ghspapy; ghy; epu;zak; 

 

kugZ tifak; Xq;F/xLq;Fj; 
jd;ik 

khWghL ghypdk; 
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mm 
xj;j gz;gpizT 
ngw;w xLq;Fj; 

jd;ik 

Mz; jd;ikia 
xLf;Fjy; 

ngz; jhtuk; 

M1m khw;Wg; gz;gpizT Mz; jd;ikia 
Cf;Ftpj;jy; Mz; jhtuk; 

M2m khw;Wg;gz;gpizT 
Mz; ngz; 
jd;ikia 
Cf;Ftpj;jy; 

,Ughy; jhtuk; 
(mupjhf) 

M1 M1 

my;yJ 
M2 M2 

my;yJ 
M1 M2 

xj;j 
gz;gpizT/khw;Wg; 
gz;gpizT Xq;Fj; 

jd;ik 

epiyAwh 
jhtuq;fs; kyl;Lj; jhtuk; 

 
];gPNuhfhu;g;g]py; ghy; epu;zak; 
 
 ghy; epu;zak; Kjd; Kjypy; ];gPNuhfhu;g]; nlhd;Ndyp (Spaerocarpos 

donnellii) vd;w gpiuNah/igl;lh jhtuj;jpy; Kjd;Kiwahf 
tpsf;fg;gl;lJ.  ,J khw;WGwmikg;G FNuhNkhNrhikf; 
(heteromorphic) nfhz;lJ.  NfkPl;lf jhtukhdJ (gametophyte) 
xUkba kw;Wk; khw;Wg;Gw mikg;GilaJ.  Mz; NfkPl;lhf jhtuKk; 
ngz; NfkPl;lf jhtuKk; 8 FNuhNkhNrhk;fis (n=8) nfhz;l Xu; 
xUkba capup MFk;.  ,Ukba tpj;jfj; jhtuk; (sporophyte) 
vg;nghOJNk khw;WNfkPl;lf jd;ik (heterogametic) nfhz;lJ.  Mz; 
kw;Wk; ngz; NfkPl;lfj; jhtuq;fspy; VO cly FNuhNkhNrhk;fs; xNu 
khjpupahdit.  Mdhy; ngz; jhtuj;jpy; cs;s vl;lhtJ FNuhNkhNrhk; 
X MFk;> ,J VO clyf; FNuhNkhNrhk;fis tplg; ngupajhFk;.  Mz; 
jhtuj;jpy; cs;s vl;lhtJ FNuhNkhNrhk; Y MFk;> ,J VO clyf; 
FNuhNkhNrhk;fis tplr; rpwpajhFk;.  XY epiy ngw;wpUf;Fk; tpj;jfj; 
jhtuk; ,Utifahd Fd;wy;tpj;Jfis (meisospores) cUthf;FfpwJ.  
,J rpy X FNuhNkhNrhk;fisAk; kw;w Y FNuhNkhNrhk;fisAk; 
nfhz;Ls;sJ.  X FNuhNkhNrhk;fis ngw;Ws;s tpj;Jfs; ngz; 
NfkPl;lf jhtuj;ijAk; Y FNuhNkhNrhk;fis ngw;Ws;s tpj;Jfs; Mz; 
NfkPl;lf jhtuj;ijAk; cUthf;FfpwJ. 

 
kf;fhr;Nrhsj;jpy; ghy; epu;zak; 
 
 rpah nka;]; (kf;fhr;Nrhsk;) xUghy; kyu; jhtuj;jpw;fhd (monoecious) 

vLj;Jf;fhl;lhFk;> mjhtJ Mz; kw;Wk; ngz; kyu;fs; xNu jhtuj;jpy; 
fhzg;gLfpd;wd.  ,J ,uz;L tifahd kQ;rupfisf; nfhz;Ls;sJ.  
jz;L Edp Mf;Fj;jpRtpypUe;J cUthFk;  Edp kQ;rup 
kfue;jj;jhs;fis kl;Lk; ngw;w rpW kyu;fs; lhry; (tassel) my;yJ fjpu; 
FQ;rk; vd miof;fg;gLfpwJ.  Nfhz nkhl;bypUe;J cUthFk; 
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gf;fthl;L kQ;rup #yfk; kl;Lk; ngw;w rpW kyu;fs; fjpu; (ear or cob) 
vd miof;fg;gLfpwJ. 

 
 kf;fhr;Nrhsj;jpd; xUghy;jd;ik fjpu; rpW kyu;fspd; kfue;jj;jhs;fs; 

kw;Wk; lhrypy; mike;j #yfq;fspd; Nju;e;njLf;fg;gl;l rpijtpd; 
fhuzkhf cUthf;fg;gLfpwJ.  ,uz;L jdpj;jdpahd ,iz 
kugZf;fSf;Fg; gjpyhf> „ba‟ vd;w kugZ fUTwhj; jhtuj;jpw;Fk; 
(Barren plant) „ts‟ vd;w kugZ lhry; tpijf;Fk; (Tassel seed) 
Fwpg;gplg;gLk;.  ,J xUghy; jd;ik kw;Wk; ,Ughy; jd;ikapd; 
(mupjhf) NtWghl;bw;Ff; fhuzkhf cs;sJ.  xj;jgz;gpizT nfhz;l 
fUTwhj; jhtuj;jpd; my;yPy; (ba) gl;biofs; kw;Wk; fjpu; kQ;rupia 
ePf;FtJld; Mz; kyu;fs; nfhz;l jd;ikahf khw;wp tpLfpwJ.  lhry; 
tpijf;fhd my;yPy; (ts) lhriy kfue;jk; mw;w ngz; kyuhf khw;wp 
tpLfpwJ.  mJ kfue;jj;ij cw;gj;jp nra;tjpy;iy.  ml;ltizapy; 
,e;j my;yPy;fspd; Nru;f;ifapd; mbg;gilapy; ghy;jd;ik ntspg;ghL 
KbT nfhLf;fg;gl;Ls;sJ.  ,e;jg; ngUk;ghd;ikahd rLjpkhw;wq;fs; 
[pg;uypd; cw;gj;jpf; Fiwghl;bdhy; Vw;gLfpd;wd.  fjpu;fspy; fhzg;gLk; 
rpWkyu;fspd; kfue;jj;jhs; xLf;fj;jpw;F [pg;uypd;fs; Kf;fpag; gq;F 
tfpf;fpwJ. 

 
kf;fhr; Nrhsj;jpy; ghy; epu;zak; (cau; mik FwpaPL (+)Xq;F gz;gpizf; 
Fwpf;fpwJ) 
 
kugZ  
tifak; Xq;F/ xLq;Fj;jd;ik khWghL ghypdk; 

ba/ba 
ts/ts 

,ul;il xLq;Fj; jd;ik gl;bio mw;W 
fhzg;gLk; 
Mdhy; lhry; 
#yfkhf 
khw;wg;gLfpwJ 

tsu;r;rpAwh 
ngz; jhtuk; 

ba/ba 
ts+/ts+ 

xLq;F kw;Wk; Xq;Fj; 
jd;ik 

gl;bio 
,Ug;gjpy;iy 
Mdhy; lhry; 
fhzg;gLjy; 

Mz; jhtuk; 

ba+/ba+ 
ts+/ts+ 

,ul;il Xq;Fj; jd;ik fjpu; kw;Wk; lhry; 
Mfpa ,uz;Lk; 
nfhz;lit 

xUghy; 
kyu;fisg; ngw;w 
jhtuk; 

ba+/ba+ 
ts/ts 

Xq;F kw;Wk; xLq;Fj; 
jd;ik 

fjpu;nfhz;lit 
Mdhy; lhry; 
mw;wit 

,ay;ghd ngz; 
jhtuk; 

 
rLjpkhw;wk; (Mutation) 
 

 capupdq;fSf;Fs; Vw;gLk; kugZ NtWghLfs; gupzhk khw;wj;jpw;F %y 
Mjhukhf tpsq;FfpwJ.  rLjp khw;wk; kw;Wk; kW$l;bizT Mfpa 
,uz;Lk; kugZ NtWghLfSf;fhd Kf;fpa nray;KiwfshFk;.  xU 
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capupdj;jpd; kuGg; nghUspy; jpBnud Vw;gLk; khw;wk; rLjp khw;wk; vd 
miof;fg;gLfpwJ.  rLjp khw;wk; vd;w nrhy; `pANfh Bt;up]; (1901) 
vd;gtuhy; mwpKfg;gLj;jg;gl;lJ.  ,tu; me;jp g;upk;Nuh]; (<NdhjPuh 
yhkhu;f;fpahdh) vd;w jhtuj;jpy; nra;j Ma;tpd; mbg;gilapy; „rLjp 
khw;wf;Nfhl;ghl;il‟ ntspapl;lhu;.  kuGg;nghUspy; ,U ngUk; tifahd 
khw;wq;fs; Vw;gLfpd;wd.  mit Gs;sp rLjpkhw;wk; kw;Wk; FNuhNkhNrhk; 
rLjpkhw;wk; MFk;.  jdpj;j kugZTf;Fs; Vw;gLk; rLjpkhw;w epfo;T 
kugZ rLjpkhw;wk; (Gene mutation) my;yJ Gs;sp rLjpkhw;wk; vd 
miof;fg;gLk;.  mNj Nghy;> FNuhNkhNrhk;fspd; mikg;G kw;Wk; 
vz;zpf;ifapy; khw;wk; Vw;gbd; mit FNuhNkhNrhk; rLjpkhw;wk; 
(Chromosomal mutation) vdg;gLk;.  rLjpkhw;wj;jpw;F fhuzkhd 
Cf;fpfisr; rLjpkhw;wpfs; (Mutagens) vd miof;fg;gLfpwJ.  ,J 
rLjpkhw;wj;jpw;F fhuzkhd Cf;fpfisr; rLjpkhw;wpfs; (Mutagens) vd 
miof;fg;gLfpwJ> ,J rLjpkhw;wj;jpd; tPjj;ij mjpfupf;fpwJ.  
rLjpkhw;wkhdJ jhdhfNth my;yJ J}z;lg;gLtjhNyh eilngWk;.  
,j;jifa rLjpkhw;w capupdq;fisr; rLjpkhw;wpfs; nfhz;L cUthf;fk; 
nra;jy; rLjpkhw;w cUthf;fk; (mutagenesis) kw;Wk; me;j 
capupdj;jpw;Fr; rLjpkhw;wKw;w capupdk; (mutagenized) vdTk; 
miof;fyhk;. 

 
rLjpkhw;wj;jpd; tiffs; (Types of mutation) 
 
kugZ rLjpkhw;wj;jpd; nghJthd ,U tFg;Gfisf; fhz;Nghk;. 
 
 DNA tpy; cs;s xU fhuk; (base) my;yJ xU ,iz fhuk; 

ghjpf;fg;gLk; rLjpkhw;wk; Gs;sp rLjpkhw;wk; vd;W miof;fg;gLfpwJ. 
 

 xU kugZTf;Fs; fhzg;gLk; xU rpwpa epA+f;spNahilL tupir 
gpujpfspd; vz;zpf;ifia khw;wp mikf;Fk; rLjpkhw;wq;fs; 

 
rLjpkhw;wj;jpd; Kf;fpa tiffs; 

 
t. 
vz; 

tifg;ghl;bd; 
mbg;gil 

rLjpkhw;wj;jpd; Kf;fpa 
tiffs; 

Kf;fpa gz;Gfs; 

1 Njhw;wk; 
jd;dpr;irahd njupahj rLjpkhw;wpfshy; epfo;tJ 
J}z;lg;gl;l  njupe;j rLjpkhw;wpfshy; epfo;tJ 

2 nry; tif 
cly top ,dg;ngUf;fky;yhj nry;fspy; 

epfo;tJ 
,d top  ,dg;ngUf;fr; nry;fspy; epfo;tJ 

3 gzpfspd; kPJ 
ghjpg;G 

nray; ,og;G 
(ntspNaw;Wjy; 
(knockout), ,d;ik (null) 

,ay;ghd nray;ghl;bid ePf;FtJ 

Fiw mikg;G epiy 
(hypomorphic) (yPf;fp) 

,ay;ghd nray;ghl;bid 
Fiwg;gJ 

kpif mikg;G epiy 
(hypermorphic) 

,ay;ghd nray;ghl;bid 
mjpfupg;gJ 

nray; Vw;G (,lkwpah jtwhd Neuj;jpy; my;yJ 
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ntspg;ghL) nghUj;jkw;w nry;fspy; 
ntspg;gLtJ 

4 
%yf;$W 
mstpy; 
khw;wk; 

epAf;spNahilL gjpyPL DNA <upioapy; cs;s xU fhu 
,izf;Fg; gjpyhf kw;nwhU fhu 
,iz ,Ug;gJ 

 xj;j gjpyPL 
(transition) 

gpA+upDf;F gjpyhfg; gpA+upd; (A 
G) my;yJ igupkpbDf;F gjpyhfg; 

igupkpbd; (T C) 

 NtWgl;l gjpyPL 
(transversion) 

gpA+upDf;F gjpyhfg; igupkpbd; 
(AT) my;yJ igupkpbDf;Fg; 

gjpyhf gpA+upd; (C G) 

 ,ilnrUfy; 
(insertion)  

xd;W my;yJ mjw;F Nkw;gl;l 
epAf;spNahilLfs; $Ljyhf 
,Ug;gJ 

 ePf;fk; (deletion) xd;W my;yJ mjw;F Nkw;gl;l 
epAf;spNahilLfs; ,y;yhky; 
,Ug;gJ 

5 
kuGr;nra;jp 
ngau;tpid 
ghjpg;gJ 

  mikjpahd (silent) 
(xj;j) (synonymous) 

mkpNdh mkpy tupirapy; khw;wk; 
,y;iy 

 jtWjyhfg; 
nghUs;gLk; 
(missense) (xj;jpy;yh) 
(non synonymous) 

mkpNdh mkpy tupirapy; khw;wk; 
,Ug;gJ 

 nghUSzu;j;jhj 
(nonsense) (KbT) 

kuGr;nra;jpngau;tpdhy; KbT epiy 
kuGf;Fwpaid (UAA, UAG my;yJ 
UGA) Njhw;Wtpg;gJ 

 fl;l efu;T (frame 
shift) 

rupahd fl;lj;jpy; cs;s %d;W 
kuGf;Fwpapid (codon) efu;j;JtJ. 

 

Gs;sp rLjpkhw;wk; (Point mutation) 
 

 DNA tpy; cs;s xU fhu ,iz my;yJ kpf mUfpy; cs;s fhu 
,izfspy; khw;wk; eilngWtij ,J Fwpf;fpwJ. 

 

Gs;sp rLjp khw;wj;jpd; tiffs; (Types of Point mutation) 
 

 DNA tpy; eilngWk; Gs;sp rLjpkhw;wk; ,uz;L Kf;fpa tiffshf 
tifg;gLj;jg;gl;Ls;sd.  fhu ,iz gjpNtLfs; kw;Wk; fhu ,iz 
,ilr;nrUfy; my;yJ ePf;Fjy; MfpaitahFk;.  fhu ,iz gjpyPL 
rLjpkhw;wk; vd;gJ DNA tpd; xU fhu ,iz kw;nwhU fhu ,izahy; 
gjpyPL nra;tjhFk; (glk;).  ,it ,U Jiz tiffshfg; 
gpupf;fg;gl;Ls;sJ.  xj;j gjpyPL(Transition), NtWgl;l gjpyPL 
(transversion) Nru;j;jy; my;yJ ePf;Fjy; rLjpkhw;wk; vd;gJ 
epA+f;spNahilL ,izfspd; Nru;j;jy; my;yJ ePf;Fjy; kw;Wk; fhu 
,iz Nru;j;jy; my;yJ ePf;Fjy; vdTk; miof;fg;gLfpwJ.  $l;lhf> 
,e;j epfo;Tfs; midj;Jk; ,d;nly; rLjpkhw;wk; (indel mutation) 
(Insertion-deletion) vdf; Fwpg;gplg;gLfpwJ. 
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 gjpyPL rLjpkhw;wk; my;yJ ,d;nly; rLjpkhw;wq;fs; kugZf;fspd; 

kuGr;nra;jp ngau;Tfisg; ghjpf;fpd;wd.  ,jd; mbg;gilapy; gy;NtW 
tifahd rLjp khw;wq;fs; fPNo nfhLf;fg;gl;Ls;sd. 

 
 xU mkpNdh mkpyj;jpw;fhd xU kuGf;Fwpapid (codon) mNj mkpNdh 

mkpyj;jpw;fhd NtnwhU kuGf;Fwpadhf khw;wpaikf;fg;gLk; rLjpkhw;wk; 
xj;j my;yJ mikjpahd rLjpkhw;wk; (synonymous or Silent) vd;W 
miof;fg;gLfpwJ.  xU mkpNdh mkpyj;jpw;fhd xU kuGf;Fwpapid 
NtnwhU mkpNdh mkpyj;jpw;fhd kuGf;Fwpadhf khw;wpaikf;fg;gLk; 
rLjpkhw;wk; jtWjyhfg; nghUs;gLk; my;yJ xj;jpyhr; rLjpkhw;wk; 
(Missense or non-synonymous mutation) vd;w miof;fg;gLfpwJ.  xU 
mkpNdh mkpyj;jpw;fhd kuGf;Fwpad; KbT my;yJ epWj;Jf; Fwpadhf 
khw;wkilAk; rLjpkhw;wk; nghUSzu;j;jhj rLjpkhw;wk; (Nonsense 
mutation) vd;W miof;fg;gLfpwJ. 

 
Gs;sp rLjpkhw;wj;jpd; tiffs; 
 

xU DNA tpy; xU fhu ,iz Nru;j;jy; my;yJ ePf;Fjyhy; 
kuGr;nra;jpg;ngau;T fl;likg;Gfis khw;wg;gLtjd; tpisthy; ,ay;ghd 
Gujj;jpd; mikg;g kw;Wk; nray;ghL ,of;fg;gLtJ fl;l efu;T 
rLjpkhw;wk; (Frame shift mutation) vd;W miof;fg;gLfpwJ. 
 
rLjpkhw;wf; fhuzpfs; (mutagenic agents) 
 

 kugZ rLjpkhw;wj;ij cz;lhf;Fk; fhuzpfs; rLjpkhw;wf; fhuzpfs; 
my;yJ rLjpkhw;wpfs; (Mutagens) vd;w miof;fg;gLfpwJ.  ,it 
,uz;L tifg;gLk;> ,aw;gpa rLjpkhw;wpfs; kw;Wk; Ntjpa 
rLjpkhw;wpfs;.  Ky;yu; (1927) vd;gtuhy; LNuhNrh/gpyhtpy; Kjd; 
Kjyhf ,aw;gpa rLjpkhw;wpia fz;lwpe;jhu;. 

 
,aw;gpa rLjpkhw;wpfs; (physical mutagents) 
 

 mwptpaywpQu;fs; gy;NtW jhtuq;fs; kw;Wk; tpyq;Ffspy; 
rLjpkhw;wq;fis Vw;gLj;j ntg;gepiy kw;Wk; fjpu;tPr;Rfshd X-
fjpu;fs;> fhkh fjpu;fs;> My;/gh fjpu;fs;> gPl;lh fjpu;fs;> ePA+l;uhd;fs;> 
fh];kpf; fjpu;fs;> fjpupaf;f khw;wpaq;fs; GwCjhf;fjpu;fs; 
Mfpatw;iwg; gad;gLj;Jfpd;wdu;. 

 
 ntg;gepiy: ntg;gepiy mjpfupf;Fk; nghOJ rLjpkhw;wj;jpd; tPjKk; 

mjpfupf;fpd;wJ.  ntg;gepiy mjpfupf;Fk; nghOJ ,uz;L DNA 
epAf;spNahilLfSf;F ,ilNa cs;s i`l;u[d; gpizg;Gfs; 
cilf;fg;gl;L ,ul;bj;jy; (replication) gbahf;fk; epfo;Tfisg; 
ghjpf;fpd;wd. 
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 fjpu;tPr;Rfs;: fz;ZW epwkhiyia tpl kpd;fhe;j epwkhiyahdJ 
FWfpa kw;Wk; ePskhd miyePsq;fisf; nfhz;l fjpu;fisf; 
nfhz;Ls;sJ.  ,it madpahf;Fk; kw;Wk; madpahf;fhj 
fjpu;tPr;Rfshf tifg;gLj;jg;gLfpd;wd.  madpahf;Fk; kw;Wk; 
madpahf;fhj fjpu;tPr;Rfshf tifg;gLj;jg;gLfpd;wd.  madpahf;Fk; 
fjpu;tPr;Rfspd; FWfpa miy ePsk; kw;Wk; mZtpYs;s vyf;l;uhd;fis 
madpahf;fg; NghJkhd mjpf Mw;wiyf; nfhz;Ls;sJ.  X-fjpu;fs;> 
fhkh fjpu;fs;> My;/gh fjpu;fs;> gPl;lh fjpu;fs; kw;Wk; fh];kpf; 
fjpu;fs; Nghd;w fjpu;tPr;RfSf;F cl;gLj;jg;gl;l nry;fspYs;s 
FNuhNkhNrhk;fisAk; FNuhNkhbl;;fisAk; cilf;fpwJ.  
(FNuhNkhNrhk; rLjpkhw;wk;)> madpahf;fhj fjpu;tPr;rhd UV fjpu;fs; 
ePz;l miyePsq;fisAk;> Fiwthd Mw;wiyAk; nfhz;litahFk;.  
mit madpahf;Fk; fjpu;tPr;Rfis tplf; Fiwe;j CLUtf; $ba 
jpwd; nfhz;lit.  Nkw;Gwr; rt;TfSf;F mUfhikapy; cl;fU 
nfhz;l xU nry; Ez;Zapupfs;> tpj;Jfs;> kfue;jj;Jfs;fis 
fjpupaf;fj;jpw;F cl;gLj;jg; gad;gLfpwJ. 

 
rhu;gjp nrhNdhuh (Sharbati Sonara) 
 

 nkf;rpfd; tifapypUe;J (nrhNdhuh-64) fhkh fjpu;tPr;rpd; %yk; 
cUthf;fg;gl;l rLjpkhw;w NfhJik tif rhu;gjp nrhNdhuh MFk;.  
,J Kidtu; M.S.  Rthkpehjd; kw;Wk; mtuJ FOtpduhy; 
cUthf;fg;gl;lJ.  ,tu; ,e;jpag; gRikg; Gul;rpapd; je;ij (Father of 
Indian green revolution) vd miof;fg;gLfpwhu;. 

 
Mkzf;F mUzh (Castor Aruna) 
 

 Mkzf;F jhtuj;jpd; rLjpkhw;w tifNa Mkzf;F mUzh MFk;.  
,it Mkzf;F tpijfspy; ntg;g epA+l;uhd;fisr; nrYj;jp  Kd; 
Kjpu;;r;rpailaj; J}z;lg;gLfpd;wd.  (270 ehl;fspy; Kjpu;r;rpahFk; 
rhjhuz Mkzf;F> ,jd; %yk; 120 ehl;fspy; Kjpu;fpd;wd). 

 
Ntjpa rLjpkhw;wpfs; (Chemical Mutagens) 
 

 Ntjp nghUl;fspd; %yk; Jz;lg;gLk; rLjpkhw;wq;fs; Ntjpa 
rLjpkhw;wpfs; vd;W miof;fg;gLfpwJ.  mitahtd> fLF thA 
(mustard gas), iel;u]; mkpyk;> vj;jpy; kw;Wk; nkj;jpy; kPj;Njd; 
ry;NghNdl; (EMS kw;Wk; MMS), vj;ijy; A+upj;Njd;> khf;d]; cg;G> 
/ghu;khy;bi`L> ,Nahrpd; kw;Wk; ve;j;Nuhrpd; vLj;Jf;fhl;L: iel;u]; 
Mf;i]L DNA tpd; iel;u[d; fhu ,izfspy; ,ul;bj;jy; kw;Wk; 
gbnaLj;jypy; khw;w ,ilA+W Vw;gLj;Jfpd;wd.  ,jdhy; kuGr; 
nra;jpngau;tpd; NghJ KOikaw;w> FiwAila ghypngg;ilLfs; 
cUthf;fg;gLfpd;wd. 
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,iz rLjpkhw;wpfs; (Co-mutagens) 
 

 rpy Ntjpay; Nru;kq;fs; mjw;Fwpa rLjpkhw;wp gz;Gfisg; 
ngw;wpUf;fhky; kw;w rLjpkhw;wpfNshL Nru;e;J mjd; jpwid 
mjpfupj;jhy; mit ,iz rLjpkhw;wpfs; vd;W miof;fg;gLfpwJ.   
vLj;Jf;fhl;L: m];fhu;gpf; mkpyk;> i`l;u[d; nguhf;i]L %yk; Vw;gLk; 
ghjpg;ig mjpfg;gLj;JfpwJ.   

 
 ,JNghy; fh/gPd;> kPNjhl;nuf;N~l;bd; er;Rj;jd;ikia mjpfkhf;FfpwJ. 
 

 Kjy; cyfg;Nghupy; ,urhad MAjkhff; fLF thA (Mustard gas) 
(ilFNshNuh vj;jpy; ry;igL) gad;gLj;jg;gl;lJ. 
 

 X-fjpu;fisf; nfhz;L> gog;G+r;rpapy; H J Ky;yu; (H J Muller – 1928) 
vd;gtu; Kjd; Kjyhfr; rLjpkhw;wj;jpid J}z;bdhu;. 

 
 

 X-fjpu;fs; kw;Wk; fhkh fjpu;fs; %yk; L J ];Nll;yu; (L.j. Stadler) 
vd;gtu; jhtuq;fspy; Vw;gLk; J}z;lg;gLk; rLjpkhw;wj;ij mwptpj;jhu;. 
 

 Ntjpa rLjp khw;wf; nray;Kiwia C. mAu;Ngf; (C. Auerback – 1944) 
vd;gtu; Kjd; Kjypy; ntspapl;lhu;. 

 
FNuhNkhNrhk;fspd; rLjpkhw;wk; (Chromosomal mutations) 
 

 FNuhNkhNrhk;fspd; mikg;G kw;Wk; vz;zpf;ifapy; cz;lhFk; 
khw;wq;fs;> xU nry;ypd; kugZ njhifaj;jpy; kpfg;ngupa khw;wj;ij 
Vw;gLj;JfpwJ.  ,e;j kpfg; ngupa khw;wq;fNs FNuhNkhNrhk; 
rLjpkhw;wq;fs; my;yJ FNuhNkhNrhk; gpwo;r;rpfs; (Chromosomal 
aberrations) vdf; fUjg;gLfpwJ.  xU kugZtpw;Fs; eilngWk; 
khw;wkhdJ> kugZ rLjpkhw;wk; vdTk; mjpf kugZf;fisf; nfhz;l 
FNuhNkhNrhk; gFjpapy; eilngWk; khw;wkhdJ FNuhNkhNrhk; rLjp 
khw;wk; vdTk; miof;fg;gLfpwJ.  ,it Ez;Nzhf;fp Ma;T> kugZ 
gFg;gha;T my;yJ ,uz;bd; %ykhfNth fz;lwpa KbAk;.  khwhf 
kugZ rLjpkhw;wj;ij Ez;Nzhf;fp Ma;T %yk; fz;lwpa ,ayhJ.  
FNuhNkhNrhk; rLjpkhw;wk; ,U tiffshfg; gpupf;fg;gLfpwJ.  
FNuhNkhNrhk;fspd; vz;zpf;ifapy; Vw;gLk; khw;wq;fs; kw;Wk; 
FNuhNkhNrhk; mikg;gpy; Vw;gLk; khw;wq;fs;. 

 
I. FNuhNkhNrhk; vz;zpf;ifapy; Vw;gLk; khw;wq;fs; 
 

 capupdq;fspd; xt;nthU nry;fspYk; fhzg;gLk; FNuhNkhNrhk;fspd; 
vz;zpf;if epiyahdJ.  Mdhy; rpw;wpdj;jpw;Nfw;g ,it khWgLk;.  
,Ug;gpDk;> rpy jhtu kw;Wk; tpyq;F rpw;wpdq;fspy; xNu 
vz;zpf;ifapyhd FNuhNkhNrhk;fisg; ngw;wpUe;jhYk; $l xNu 
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khjpupahd gz;Gfisf; nfhz;bUf;fhJ.  vdNt FNuhNkhNrhk;fspd; 
vz;zpf;if rpw;wpdj;jpd; gz;gpiz kw;nwhU rpw;wpdj;jpypUe;J 
NtWgLj;Jtjpy;iy Mdhy; FNuhNkhNrhkpy; fhzg;gLk; kuGg;nghUspd; 
(kugZ) jd;ikNa rpw;wpdj;jpd; gz;gpiz epu;zapf;fpwJ. 

 
 ,aw;ifapNyNa rpy rkak; clyr; nry;fspd; FNuhNkhNrhk; 

vz;zpf;ifapy; Nru;j;jy; my;yJ ePf;Fjyhy; jdpj;j my;yJ mbg;gil 
njhFjp FNuhNkhNrhk;fspy; khw;wk; Vw;gLfpwJ.  ,e;j epiyf;Ff; 
FNuhNkhNrhk; vz;zpf;ifapy; gpwl;rpfs; (numerical chromosomal 
aberrations) my;yJ kbak; (ploidy) vd;w ngau;.  kbak; ,U 
tifg;gLk;. 

 
i. ,Ukba njhFjpf;Fs; jdpf; FNuhNkhNrhk;fshy; Vw;gLk; kbak; 

(nka;apyhkbak;). 
 

ii. FNuhNkhNrhk;fspd; nkhj;jj; njhFjpahy; Vw;gLk; kbak; (nka;kbak;) 
(glk;) 
 

iii.  ,Ukba njhFjpapy; xd;W my;yJ mjw;F Nkw;gl;l 
FNuhNkhNrhk;fis Nru;j;jy; my;yJ ePf;Fjy; khw;wj;jpdhy; Vw;gLk; 
epiyahFk;.  nka;apyhkbak; nfhz;bUf;Fk; capupfSf;F 
nka;apyhkba capupfs; my;yJ khw;Wkba capupfs; (Heteroploidy) 
vd;W ngau;.  ,J ,U tifg;gLk;.  kpF kbak; kw;Wk; Fiw kbak;. 
 

kbaj;jpd; tiffs; 

 
 
1. kpF kbak; (Hyperploidy) 
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 ,Ukbaj; njhFjp FNuhNkhNrhk;fspy; xd;W my;yJ Nkw;gl;l 
FNuhNkhNrhk;fs; mjpfupj;Jf; fhzg;gLk; epiyf;F kpFkbak; vdg;gLk;.  
,Ukba njhFjp FNuhNkhNrhk;fSf;F ilNrhkp (Disomy) vdf; 
fUjg;gLfpwJ.  kpFkbak; %d;W tiffshfg; gpupf;fg;gLfpwJ.  mit 
gpd;tUkhW. 

 
m) biuNrhkp (Trisomy) 

 

 ,Ukba FNuhNkhNrhk; njhFjpapy; xU FNuhNkhNrhk; mjpfupj;Jf; 
fhzg;gLk; epiy vspa biuNrhkp (2n+1) vdg;gLk;. gpshf;];yP (1910) 
vd;gtu; lhl;Luh ];l;uhNkhdpak; jhtuj;jpy; ([pk;rd; fis) biuNrhkp 
epiyapidf; fz;lwpe;jhu;.  gpd;du; epf;Nfhl;bahdh> igrk; kw;Wk; 
<NdhjPuh Nghd;w jhtuq;fspy; fz;lwpag;gl;lJ.  rpy rkaq;fspy; ,U 
ntt;NtW FNuhNkhNrhk; ,izfspypUe;J ,U jdpf; FNuhNkhNrhk;fs; 
rhjhuz ,Ukba njhFjp FNuhNkhNrhk;fSld; mjpfupj;Jf; fhzg;gLk; 
epiy ,ul;il biuNrhkp (2n+1+1) vd;W miof;fg;gLfpwJ. 

 
M) nll;uhNrhkp (Tetrasomy) 

 

 xU ,iz my;yJ ,uz;L ,iz FNuhNkhNrhk;fs; ,Ukba 
njhFjpAld; mjpfupj;Jf; fhzg;gLk; epiyfs; KiwNa nll;uhNrhkp 
(2n+2) kw;Wk; ,ul;il nll;uhNrhkp (2n+2+2) vd miof;fg;gLfpwJ.  
NfhJikapy; midj;J tpjkhd nll;uhNrhkpfSk; fhzg;gLfpwJ. 

 
,) ngz;lhNrhkp (Pentasomy) 

 

 ntt;NtW FNuhNkhNrhk; ,izfspypUe;J %d;W jdpj;j 
FNuhNkhNrhk;fs; ,Ukba njhFjpAld; mjpfupj;Jf; fhzg;gLtJ 
ngz;lhNrhkp (2n+3) vd miof;fg;gLfpwJ.  

 
2. Fiwkbak; (Hypoploidy) 
 

 xU nry;ypy; cs;s ,Ukba njhFjpapypUe;J xd;W my;yJ  mjw;F 
Nkw;gl;l FNuhNkhNrhk;fs; ,of;fg;gl;lhy; Fiwkbak;  vdg;gLk;.  ,J 
,U tiffshfg; gpupf;fg;gLfpwJ.  mit 

 
m) khNdhNrhkp (Monosomy) 

 

 ,Ukba njhFjp FNuhNkhNrhk;fspypUe;J xU jdpf; FNuhNkhNrhk; 
,of;fg;gl;lhy; khNdhNrhkp (2n-1) vd miof;fg;gLfpwJ.  NkYk; ,uz;L 
my;yJ %d;W jdpj;j FNuhNkhNrhk;fs; ,of;fg;gl;lhy; KiwNa 
,ul;il khNdhNrhkp (Double monosomy) (2n-1-1) kw;Wk; %d;W 
khNdhNrhkp (Triple monosomy) (2n-1-1-1) vd miof;fg;gLfpwJ.  
,ul;il khNdhNrhkp jhtuq;fs; kf;fhr;Nrhsj;jpy; fz;lwpag;gl;Ls;sJ. 
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M) ey;ypNrhkp (Nullisomy) 

 

 xU ,iz xj;jpirT FNuhNkhNrhk;fs; my;yJ ,U ,iz xj;jpirT 
FNuhNkhNrhk;fs; ,Ukba njhFjpapypUe;J ,of;fg;gl;lhy; KiwNa 
ey;ypNrhkp (2n-2) kw;Wk; ,ul;il ey;ypNrhkp (Double Nullisomy) (2n-2-
2) vd miof;fg;gLfpwJ.  khNdhNrhkpf; jhtuq;fisj; jd; fyg;G 
nra;tjdhy; ey;ypNrhkp jhtuq;fis cUthf;f ,aYk;.  nghJthf 
,it ,we;J tpLfpd;wd. 

 
 (ii) nka;kbak; (Euploidy) 

 

 xU capupdj;jpy; xd;W my;yJ mjw;F Nkw;gl;l mbg;gil njhFjp 
FNuhNkhNrhk;fs; ngw;Ws;s jd;ikf;F nka;kbak; vd;W ngau;.  
nka;kbakhdJ xw;iwkbak;> ,Ukbak; kw;Wk; gd;kbak; vd 
tifg;gLj;jg;gLfpwJ.  xU capupdj;jpy; my;yJ clyr; nry;ypy; ,U 
njhFjp FNuhNkhNrhk;fis ngw;Ws;s jd;ikf;F ,Ukbak; (2n) 
vdg;gLfpwJ.  clyf; FNuhNkhNrhk;fspd; gFjpasT vz;zpf;if NfkPl; 
FNuhNkhNrhk;fspd; vz;zpf;ifiaf; Fwpg;gpLfpwJ.  ,J xUkbak;(n) 
vdg;gLfpwJ.  Fwpg;ghf xw;iwkbak; (monoploidy) (x) 
xUkbaj;jpypUe;J (haploidy) (n) NtWgLfpwJ.  vLj;Jf;fhl;lhfr; 
rhjhuzf; NfhJik jhtukhdJ gd;kbaj;jd;ikAld; (n`f;rhgpsha;b) 
$ba 2n=6x=72 FNuhNkhNrhk;fis nfhz;lJ.  ,jd; xUkba (n) 
FNuhNkhNrhk; vz;zpf;if 36> Mdhy; ,jd; xw;iw kba (x) 
FnuhNkhNrhk; vz;zpf;if 12MFk;.  MfNt xUkba kw;Wk; ,Ukbaj; 
jd;ikAila FNuhNkhNrhk;fis jiyKiw jiyKiwahf xj;j 
vz;zpf;ifapy; njhlu;r;rpahf epiyepWj;JfpwJ.  xU capupdk; 
gd;kbaj; jd;ikapy; cs;s NghJ kl;Lk; jhd; xw;iwkbaj; jd;ik 
NtWgLfpwJ.  xU cz;ikahd ,Ukbaj;jpy;> xw;iwkbak; kw;Wk; 
xUkba FNuhNkhNrhk; Mfpa ,uz;bd; vz;zpf;ifAk; xNu khjpupahff; 
fhzg;gLk;.  Mifahy; xw;iwkbakhdJ xUkbakhf ,Uf;f KbAk; 
Mdhy; xUkbaq;fs; midj;Jk; xw;iwkbakhf ,Uf;f KbahJ. 

 
gd;kbak; (Polyploidy)  
 

 xU capupdj;jpy; ,uz;bw;Fk; Nkw;gl;l mbg;gil njhFjp 
FNuhNkhNrhk;fis ngw;Ws;s jd;ikf;Fg; gd;kbak; vdg;gLfpwJ.  
%d;W> ehd;F> Ie;J my;yJ MW mbg;gil njhFjp FNuhNkhNrhk;fis 
ngw;Ws;sjw;F KiwNa Kk;kbak; (3x), ehd;kbak; (4x), Ik;kbak; (5x) 
kw;Wk; mWkbak; (6x) vd;W miof;fg;gLfpwJ.  nghJthfg; gd;kbak; 
jhtuq;fspy; rhjhuzkhff; fhzg;gLfpwJ.  Mdhy; tpyq;Ffspy; 
mupjhf cs;sj.  Gjpa jhtur; rpw;wpd cUthf;fj;jpw;Ff; FNuhNkhNrhk; 
njhFjpfspd; vz;zpf;if mjpfupg;G Kf;fpaf; fhuzpahFk;.  Mdhy; 
mjPj kbaj;jd;ik ,wg;gpidj; Njhw;Wtpf;Fk;.  gd;kbak; ,U 
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tiffshfg; gpupf;fg;gLfpwJ.  mit jd;gd;kbak; kw;Wk; 
may;gd;kbak;. 

 
1. jd;gd;kbak; (Autopolyploidy) 
 

 xU capupdj;jpy; ,uz;bw;Fk; Nkw;gl;l xUkba njhFjp 
FNuhNkhNrhk;fs; xNu rpw;wpdj;jpw;Fs; ,Ue;J ngwg;gl;lhy; jd;gd;kbak; 
vdg;gLk;.  ,it ,U tiffshfg; gpupf;fg;gLfpwJ.  mit 
jd;Kk;kbaq;fs; kw;Wk; jd; ehd;kbaq;fs;. 

 
 jd;Kk;kbaj; jhtuq;fs; jd;dila %d;W njhFjp 

kugZnjhifaj;jpid ngw;wpUf;fpwJ.  jd; ehd;kbak; kw;Wk; ,Ukba 
rpw;wpdf; fyg;G nra;tjdhy; ,itfisr; nraw;ifahf cUthf;f 
KbAk;.  ,itfs; FiwghLila NfkPl;Lfis cUthf;Ftjhy; mjPj 
kyl;Lj;jd;ik  ngw;Ws;sJ.  vLj;Jf;fhl;L: rhFgb nra;ag;gLk; thio 
nghJthf Kk;kbaq;fs; kw;Wk; ,Ukbaq;fis tpl tpijfsw;w ngupa 
fdpfisAilaJ.  ,Ukbaq;fis tpl Kk;kbg gPl;&l; mjpf msT 
ru;f;fiuiaAk; kw;Wk; Nkhy;LfSf;F (Moulds) vjpuhd jd;ikiaAk; 
ngw;Ws;sJ.  mUfk;Gy; (raNdhlhd; lhf;ilyhd;) xU ,aw;ifahd 
jd;Kk;kbak;> tpijfsw;w ju;G+rzp> Mg;gps;> gPl;&l;> jf;fhsp> thio 
Mfpait kdpjdhy; cUthf;fg;gl;l jd;Kk;kbaq;fshFk;. 

 
 jd;ehd;kbaj; jhtuq;fs; jd;Dila ehd;F njhFjp 

kugZnjhifaj;jpid ngw;wpUf;fpwJ.  ,Ukbaj; jhtuq;fspd; 
FNuhNkhNrhk;fis ,ul;bg;gila nra;tjpd; %yk; ,it 
J}z;lg;gLfpwJ.  vLj;Jf;fhl;L: iu> jpuhl;ir> Fjpiukrhy; (alfalfa), 
epyf;fliy> cUisf;fpoq;F kw;Wk; fh/gp 

 
2. may;gd;kbak; (Allopolyploidy) 
 

 ,U ntt;Ntwhd rpw;wpdq;fspypUe;J ,uz;L my;yJ mjw;F Nkw;gl;l 
mbg;gilj; njhFjp FNuhNkhNrhk;fisg; ngw;w capupdq;fSf;F 
may;gd;kbak; vd;W ngau;.  rpw;wpdj;jpw;fpilNaahd fyg;Gfshy; 
,jid cUthf;f KbAk;.  NkYk; Nfhy;r;rprpidg; gad;gLj;jp 
FNuhNkhNrhk; ,ul;bg;gila nra;tjhy; ,jd; tsj;jd;ik jf;f 
itf;fg;gLfpwJ.  neUq;fpa rpw;wpdq;fSf;fpilNa kl;Lk; 
may;gd;kbaj; jhtuq;fs; cUthf;fg;gLfpwJ. 
 

vLj;Jf;fhl;L:1 uhg;Ndhgpuh]pfh G.D. fhu;Ngnrd;Nfh (1927) u~;a 
kugpayhsu;> Ks;sq;fp (uhg;gd]; rl;ilt];> 2n=18) kw;Wk; Kl;ilNfh]; 
(gpuh]pfh xypNurpah> 2n=18) jhtuq;fisf; fyg;G nra;J Kjyhk; kfTr; 
re;jjpapy; (F1) kyl;Lj; jd;ik nfhz;l fyg;Gapupfis cw;gj;jp nra;jhu;.  
mtu; Kjyhk; kfTr; re;jjp (F1) kyl;Lj; jd;ik nfhz;l fyg;Gapupfis 
cw;gj;jp nra;jhu;.  mtu; Kjyhk; kfTr;re;jjp (F1) fspilNa 
FNuhNkhNrhk; ,ul;bg;G nra;Ak;NghJ mitfs; tskhdjhf  (fertile) 
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khwpd.  Ks;sq;fpj; jhtu NtUk; Kl;ilf;Nfh]; jhtu ,iyfisAk; 
nfhz;l KOj; jhtuKk; cz;zf;$bajhf ,Uf;Fk; vd mtu; 
vjpu;ghu;j;jhu;> Mdhy; mtupd; vjpu;g;ghu;g;gpw;F khwhf ,Ue;jjhy; ngupJk; 
Vkhw;wkile;jhu;.   
 
vLj;Jf;fhl;L:2 bupl;bNfy;> (Triticale) kdpjdhy; cUthf;fg;gl;l 
jhdpakhFk;.  kbaj;jd;ik mbg;gilapy; l;upl;bNfy; %d;W Kf;fpag; 
gpupTfshfg; gpupf;fg;gl;Ls;sJ. 
 
i. ehd;kbak;: ,Ukba NfhJik kw;Wk; iu jhtuq;fSf;F ,ilNaahd 

fyg;G 
 

ii. mWkbak;: ehd;kba NfhJik l;upbfk; bA+uk; (kf;Nuhdp NfhJik) 
kw;Wk; iu jhtuq;fSf;f ,ilNaahd fyg;G. 
 

iii. vz;kbak;: mWkba NfhJik l;upbfk; V];btk; (nuhl;b NfhJik) 
kw;Wk; iu jhtuq;fSf;F ,ilNaahd fyg;G. 

 
mWkba bupl;bNfy; fyg;G jhtukhdJ kf;Nuhdp NfhJik kw;Wk; iu 
jhtug; gz;Gfisf; nfhz;bUf;Fk;.  vLj;Jf;fhl;lhf> NfhJikapd; mjPjg; 
Gujr; rj;J jd;ikAk; iu jhtuj;jpd; mjpf mkpNdh mkpy iyrpidAk; 
xUq;Nf ngw;Ws;sJ.  Mdhy; ,J NfhJikapy; Fiwthf cs;sJ.  ,J 
fPo;f;fhZk; tpsf;fg;glk; %yk; $wg;gl;Ls;sJ (glk;). 

 
Nfhy;r;rpfk; Ml;lk;Ndy; (Colchicum autumnale) jhtu Ntu; kw;Wk; fe;jk; 
(corm) Mfpatw;wpypUe;J gpupj;njLf;fg;gLk; My;fyha;L Nfhy;r;rprpd; MFk;.  
jhtu tsu;Edpfspy; Fiwe;j nrwptpy; gad;gLj;Jk;NghJ gd;kbaj;ij 
J}z;LfpwJ.  Mr;rupa%l;Lk; tpjkhff; Nfhy;r;rpfk;  vDk; %yj; 
jhtuj;jpy; vjpu;Nfhy;r;rprpd; ,Ug;gjhy; vt;tpjg; ghjpg;Gk; Vw;gLtjpy;iy. 

 
kbaj;jpd; Kf;fpaj;Jtk; 
 

 ,Ukbaj; jhtuq;fis tplg; gy gd;kbaj; jhtuq;fs; mjpf 
tPupaj;Jld; mjpf jftikg;GlDk; fhzg;gLk;. 
 

 ngUk;ghyhd myq;fhuj; jhtuq;fs; jd;ehd;kbaj; jhtuq;fs; MFk;.  
,it ,Ukbaj; jhtuq;fis tpl ngupa kyu; kw;Wk; ePz;l kyUk; 
fhyj;ijf; nfhz;bUf;Fk;. 
 

 mjpfg;gbahd ePu; rj;jpidf; nfhz;bUg;gjdhy; jd;gd;kbaj; 
jhtuq;fs; mjpf capu; vilia (fresh weight) ngw;Ws;sJ.  
 

 nka;apyh kbaj; jhtuq;fs; NtWgl;l FNuhNkhNrhk;fspy; ,og;G 
kw;Wk; Nru;g;gpd; Gwj;Njhw;w tpisTfisj; jPu;khdpf;f gad;gLfpd;wd. 
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 gy MQ;[pNah];ngu;k; jhtuq;fs; may; gd;kbak; nfhz;lit.  
mitfs; gupzhkj;jpy; Kf;fpag; gq;fhw;WfpwJ. 

 
II. FNuhNkhNrhk; mikg;gpy; khw;wq;fs; (FNuhNkhNrhk; mikg;gpy; gpwo;r;rp) 
 
 mikg;G khWghLfs; fhuzkhff; FNuhNkhNrhk; gFjp Nru;j;jy; 

my;yJ ePf;Fjyhy; kugZf;fspd; kW xOq;F miktpw;Ff; 
FNuhNkhNrhk; mikg;G gpwo;r;rp vd;W miof;fg;gLfpwJ.  ,J 
madpahf;Fk; fjpu;tPr;R my;yJ Ntjp $l;Lg; nghUs;fshy; 
Vw;gLfpwJ.  FNuhNkhNrhkpy; Vw;gLk; gpsT kw;Wk; kW,izT 
mbg;gilapy; gpwo;r;rpfspd; ehd;F tiffisf; fPo;f;fhZk; ,U 
gpupTfshf tifg;gLj;jg;gl;Ls;sJ. 

 
m) kugZ miktpl vz;zpf;ifapy; khw;wq;fs; 
  
 1. ePf;fk; my;yJ FiwghL 
 2. ,ul;bg;ghjy; my;yJ kPSUthjy; 
 
M) kugZ miktpl tupirapy; Vw;gLk; khw;wq;fs; 
 
 3. jiyfPo;j; jpUg;gk; 
 4. ,lk;ngau;jy; 
 
1. ePf;fk; my;yJ FiwghL (Deletion of Deficiency) 
 

 FNuhNkhNrhkpd; xU gFjp ,og;G Vw;gbd; mJ ePf;fk; vdg;gLk;.  
FNuhNkhNrhk; gFjpapy; gpsT Vw;gLk; gFjpiag; nghWj;J Edp epf;fk; 
kw;Wk; ,ilg;gl;l ePf;fk; vdg;gLk;.  Ntjpg;nghUs;fs;> kUe;Jfs; 
kw;Wk; fjpu;tPr;Rfshy; ,J epfo;fpwJ.   LNuhNrh/gpyh kw;Wk;  
kf;fhr;Nrhsj;jpy; ,J fhzg;gLfpwJ (glk;).  ePf;fk; ,U tifg;gLk;. 

 
i. Edp ePf;fk;: xU FNuhNkhNrhkpd; VNjDk; Kidapy; xU gpstpdhy; 

Vw;gLtJ. 
 

ii. ,ilg;gl;l ePf;fk;: ,ilg;gFjpapy; ,U ,lq;fspy; gpsT Vw;gl;L 
,ilg;gFjpia ,oe;J Edp gFjpfspd; kW ,izT Vw;gLfpwJ. 

 
 ghypBd; FNuhNkhNrhk; kw;Wk; Fd;wy; gFg;gpd; ghf;fpBd; epiyapd; 

NghJ ,t;tpU ePf;fq;fSk; fhzg;gLfpwJ.  FNuhNkhNrhk;fs; 
,izNru;jypd; NghJ ,ay;ghd FNuhNkhNrhkpd; ,izah 
tisaj;jhy; cUthfpwJ. 

 
 ,t;tif tisTfSf;Ff; FiwghLfSila tisTfs; (deficiency 

loops) kw;Wk; ,tw;iwf; Fd;wy; gFg;gpd; GNuhNg]; epiyapd;NghJ 
fhzyhk;.  mjpfg;gbahd ePf;fq;fs; ,wg;G tpistpw;F toptFf;Fk;. 
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2. ,ul;bg;ghjy; my;yJ kPSWthjy; (Duplication or Repeat) 
 

 xNu tupirapyhd kugZf;fs; xU FNuhNkhNrhkpy; xd;Wf;Fk; Nkw;gl;l 
,lj;jpy; ,lk; ngWtjw;F ,ul;bg;ghjy; vdg;gLk;.  ,ul;bg;ghjypdhy; 
rpy kugZf;fs; ,uz;bw;Fk; Nkw;gl;l efy;fshf cs;sd.  ,J 
Kjypy; gpupl;[]; (1919) vd;gtuhy; LNuhNrh/gpyh tpy; Kjd;Kjypy; 
fz;lwpag;gl;lJ.  NkYk; vLj;Jf;fhl;Lfshf kf;fhr;Nrhsk; kw;Wk; 
gl;lhzp.  ,J %d;W tiffshf cs;sd. 

 
I. njhlu;e;jpize;j ,ul;bg;ghjy; (Tandem duplication)  

 FNuhNkhNrhk;fspd; ,ul;bg;gile;j gFjp cldbahf mjd; ,ay;ghd 
gFjpf;Fg; gpd; mNj tupirapy; miktjhFk;. 

 
II. jiyfPo; njhlu;e;jpize;j ,ul;bg;ghjy; (Reverse tandem duplication) 

 FNuhNkhNrhk;fspd; ,ul;bg;gile;j gFjp cldbahf mjd; ,ay;ghd 
gFjpf;Fg; gpd; kugZ njhlu; tupir jiyfPohf miktjhFk;. 

 
III. ,lk; khwpa ,ul;bg;ghjy; (Displaced duplication) 

 FNuhNkhNrhk;fspd; ,ul;bg;gile;j gFjp mjd; ,ay;ghd gFjpf;Fr; 
rw;Wj; njhiytpy; mNj tupirapy; miktjhFk;. 

 
jiyfPo;j; jpUg;gk; (inversion) 
 

 xU FNuhNkhNrhkpy; cs;s kugZf;fs; 180° Nfhzj;jpy; jiyfPohf 
khw;wg;gLfpwJ.  ,jpy; ,uz;L ,lq;fspy; gpsTgl;L kW ,izT 
eilngWfpwj.  ,e;epiyapd; NghJ vt;tpj MjhaKk; ,og;Gk; 
Vw;gLtjpy;iy.  Mdhy; kugZ tupirapy; kW xOq;fikT 
eilngWfpwJ.  jiyfPo;j; jpUg;gj;ij Kjd; Kjypy; ];lu;tz;l;(1926) 
vd;gtuhy; LNuhNrh/gpyhtpy; fz;lwpag;gl;lJ.  jiyfPo;j; jpUg;gk; ,U 
tifg;gLk;.  mit ghuhnrd;l;upf; jiyfPo;j; jpUg;gk;> ngupnrd;l;upf; 
jiyfPo;j; jPUg;gk; (glk;). 

 
i. ghuhnrd;l;upf; jiyfPo;j; jpUg;gk; (paracentric inversion): 

nrd;l;Nuhkpau; my;yhj gFjpapy; jiyfPo;j; jpUg;gk; eilngWjy; 
 

ii. ngupnrd;l;upf; jiyfPo;j; jpUg;gk; (pericentric inversion) 
nrd;l;Nuhkpau; cs;s gFjpapy; jiyfPo;j; jpUg;gk; eilngWfpwJ. 
 

jiyfPo;j; jpUg;gk; gupzhkj;jpy; Gjpa rpw;wpdq;fs; Njhd;w toptFf;fpwJ.   
 
4. ,lk;ngau;jy; (Translocation) 
 

 xj;jpirT my;yhj FNuhNkhNrhk;fSf;fpilNa FNuhNkhNrhk; Jz;Lfs; 
gupkhw;wk; eilngWtjhy; ,lk;ngau;jy; vd;W miof;fg;gLk;.  
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,lk;ngau;jiyf; FWf;Nfw;wj;Jld; Fog;gj;ij Vw;gLj;jpf; nfhs;sf; 
$lhJ.  Vnddpy; FWf;Nfw;wj;jpy; xj;jpirT FNuhNkhNrhk;fSf;F 
,ilNa kuGg; nghUs; gupkhw;wk; nra;ag;gLfpwJ.  ,lk;ngau;jypy; 
xj;jpirT my;yhj FNuhNkhNrhk;fSf;F ,ilNa FNuhNkhNrhk; 
Jz;Lfs; gupkhw;wk; nra;ag;gLfpwJ.  ,it %d;W tifg;gLk;. 

 
i. vspa ,lk;ngau;jy; (Simple translocation) 
 

 xU FNuhNkhNrhkpy; kl;Lk; xU gpsT Vw;gLfpwJ.  gpsTgl;l Jz;L 
xj;jpirT my;yhj FNuhNkhNrhkpd; xU Kidapy; ,izfpwJ.  ,J 
kpf mupjhf eilngWk;. 

 
ii.  efu;T ,lk;ngau;jy; (Shift translocation) 
 

 xU FNuhNkhNrhkpd; gpsTgl;l Jz;L xj;jpirT my;yhj 
FNuhNkhNrhkpd; ,ilr;nrUfyhf ,izfpwJ. 

 
iii.  gupkhw;w ,lk;ngau;jy; (Reciprocal translocation) 
 

 ,J ,U xj;jpirT my;yhj FNuhNkhNrhk;fSf;F ,ilNa 
FNuhNkhNrhk; Jz;Lfs; gu];gug; gupkhw;wkiltjhFk;.  ,J Kiwaw;w 
FWf;Nfw;wk; (illegitimate crossing over)  vdTk; miof;fg;gLk;.  ,J 
kPz;Lk; ,U tiffshfg; gpupf;fg;gl;Ls;sd (glk;). 

 
m) xj;jgz;gpizT ,lk;ngau;jy; (Homozygous translocation) 
 

 ,lk;ngau;jypy; ,uz;L ,izfspd; ,uz;L FNuhNkhNrhk;fSk; gq;F 
nfhs;fpwJ.  ,uz;L xj;jpirT FNuhNkhNrhk;fspd; ,lk;ngau;e;j gFjp 
xNu khjpupahf ,Uf;Fk;. 

 
M) khw;Wg;gz;gpizT ,lk;ngau;jy; (Heterozygous translocation) 
 
 xt;nthU ,iz xj;jpirT FNuhNkhNrhk;fspd; xNu xU FNuhNkhNrk;  

kl;Lk; ,lk; ngau;jypy; gq;F nfhs;fpwJ.  kw;w xU FNuhNkhNrhk; 
,ay;ghd epiyapy; cs;sJ. 

 
rpw;wpd cUthf;fj;jpy; ,lk;ngau;jy; Kf;fpag; gq;fhw;WfpwJ. 

 
jhtuq;fspy; DNA tsu;rpij khw;wk; (Metabolism in plants) 
 

 capupdq;fspd; ngU%yf;$Wfspy; kuGrhu; nra;jpfspd; fsQ;rpakhfj; 
jpfOk; DNA jdpj;Jtkhd kw;Wk; ikag;nghUshf mike;Js;sJ.  
kuGrhu; nra;jpfisr; Nrkpj;Jitf;f> xU mjpraj;jf;f mikg;ghf 
DNA jpfo;tjhy;> mjd; ,ul;bg;G> gOJghu;f;fg;gLjy;> 
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kWNru;f;ifailjy; Nghd;w epfo;Tfs; mwpe;J nfhs;Sjy; kpf 
mtrpakhFk;. 

 
 ,it midj;Jk; xUq;Nf DNA tsu;rpijkhw;wk; vd 

miof;fg;gLfpwJ.  ,ijg;gw;wpr; RUf;fkhf ,dpf; fhz;Nghk;. 
 
 DNA ,ul;bg;G (DNA Replication):  ,e;epiyapd;NghJ DNA-tpd; 

<upio gpuptile;J> xt;nthU jha; ,ioapypUe;Jk;  mjw;F cfe;j 
fpis ,io cUthf;fg;gLfpwJ.  ,e;j ,ul;bg;G ghjp jf;fitj;Jf; 
nfhs;Sk; ,ul;bg;G KiwahFk;.  mjhtJ Nra; DNA –fshfj; 
Njhd;Wk; ,uz;L ,iofspy; xd;W GjpajhfTk;> kw;nwhd;W jha; DNA-
apd; ,ioiaAk; ngw;wpUg;gNj ,jw;Ff; fhuzkhFk;. 

 
 DNA gOJ  ePf;fk; (DNA Repair):  midj;J capupdq;fspYk; 

mtw;wpd; kugZ njhifak; epiyj;jjd;ik ngw;Ws;sJ? 
mt;Tapupdq;fspd; ePbj;j tho;tpw;F DNA vt;thW cjTfpwJ? capu; 
tho;tjw;fhd Njitfs; midj;JapupfspYk; Ngzg;gLfpwJ.  
capupdq;fs; G+kpapy; epiyj;jpUf;fj; Njitfs; vd;ndd;d? NkYk; 
mit epiyg;ngw;wpUf;f mj;jpahtrpaq;fs; ahJ? 

 
 DNA jdpj;Jtk; tha;e;jJ.  Vnddpy; gOJePf;Fjy; Kiwik ,jpy; 

kl;LNk fhzg;gLfpwJ.  CW tpistpf;Fk; rLjpkhw;wq;fs; epfOk;NghJ 
mij mwpe;J jhNd gOJePf;fpf; nfhs;Sk; mjpraf;fj;jf;f  
%yf;$whf DNA jpfo;fpwJ.  Rw;Wr;#oy; fhuzpfs; my;yJ 
,aw;ifapy; capupdq;fspd; cs;shu;e;j epfo;Tfspdhy; Njhd;Wk; 
mghafukhd Nru;kq;fs; Nghd;wtw;why;> DNA –fspy; gOJfs; 
Vw;gLfpd;wd.  rpy Gujq;fs; kw;Wk; nehjpfspd; cjtpahy; ,it 
mt;tg;NghJ ePf;fg;gLtjd; %yk; rupnra;ag;gl;L DNA  
kPl;nlLf;fg;gLfpwJ.  ,e;jg; gOJ ePf;fk; nray;fNs capupfspd; 
kugZ njhifaj;ij epiyahfj; jf;;f itf;f cjTfpd;wd.  
kugZj;njhif er;R mOj;jq;fisg; gOJghu;f;Fk; tpjkhf DNA 
nray;gLfpwJ. 

 
jhtuq;fs; tpyq;fpdq;fisg;Nghy;> ,lu;ghLfspypUe;J cldbahf 
,lk;ngau;e;J xJq;f ,ayhjit.  ,Ug;gpDk; ehs; KOtJk; #upa 
xspapy; epd;W thOk;  mit xspapd; rpy ghjf tpisTfspypUe;J 
vt;thW jg;gpj;Jf; nfhs;fpd;wd? 
 
#upa xspapd; Gw Cjhf; fjpu;fs; DNA-apy; ijkpd; ,ul;il ,iztpfs; 
Njhd;wr; nra;J ghjfkhd tpisTfis Vw;gLj;jyhk;.  Mdhy; 
jhtuq;fspy; cs;s /Nghl;NlhiyNa]; vd;w nehjp ,e;j ,ul;ilf; 
fpisfisj; jfu;j;J ,ay;Gepiyf;F DNA %yf;$Wfs; khw cjTtJ 
Fwpg;gplj;jf;fJ. 
 
kWNru;f;if (Recombination): 
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 xU DNA  %yf;$wpd; cs;shfNth my;yJ DNA 
%yf;$WfSf;fpilapNyh kuGr; nra;jpfs; khw;wpf; nfhs;sg;gLtJ 
kWNru;f;if nray; vd;w nraypdhy; rhj;jpakhfpwJ.  Fd;wy; 
gFg;gpd;NghJ xj;jpirT FNuhNkhNrhk; ,izfSf;fpilNa FWf;Nfw;wk; 
vd;w nray; %yk; ,J epfo;fpwJ.  FWf;Nfw;wj;jpd;NghJ epfOk; ,e;jf; 
FNuhNkhNrhk; gupkhw;wr;nraiy> Kd; gapd;w tFg;Gfspy; 
gbj;jpUg;gPu;fs;.  FNuhNkhNrhk;fis mikf;Fk; DNA-tpd; 
ghypepA+f;spNahill; ,io Jz;bf;fg;gl;L> kW ,izT epfo;tJ 
%yf;$W mstpy; epfOk; kWNru;f;ifr; nrayhFk;. 

 
nka;Al;fU capu;fspy; (A+fhupNahl;Lfspy;) DNA ,ul;bg;G  
 
 DNA-apd; epA+f;spNahill; njhlu; tupirapy; xU Fwpg;gpl;l 

,yf;fpypUe;J mjd; ,ul;bg;G njhlq;FfpwJ.  ,J ,ul;bg;G njhlq;Fk; 
,yf;F vdg;gLfpwJ.  nka;Al;fU capupfspd; DNA-tpy; xd;wpw;F 
Nkw;gl;l ,ul;bg;G ,yf;Ffs; fhzg;gLfpd;wd.  vLj;Jf;fhl;lhf> 
rf;fhNuhiknr]; nru;tPrpNa vd;w <];l; G+Q;irapy; Vwj;jho 400 
njhlf;f ,yf;Ffs; ,Ug;gjhf mwpag;gl;Ls;sJ.  gjpdhd;F ntt;NtW 
tifahd Gujq;fspd; njhFg;G mlq;fpa ,ul;bg;G Kd;Ndhbj; njhFg;G 
(prereplication complex – preRC) xd;W ,ul;bg;G ,yf;fpy; 
njhFf;fg;gl;Lg; gpd;du; ,ul;bg;G epfo;j;jg;gLfpwJ.  ,j;njhFg;gpy; MW 
Gujq;fs; mlq;fpa gFjp nka;Al;fU capupfspd; DNA ,ul;bg;G 
,yf;iff; fz;lwpa cjTk; gFjp (Origin recognition complex – ORC)  
ahf nray;gLfpwJ.  <];l;bd; DNA ,ul;bg;G njhlf;fg;Gs;spfs;> Rakhf 
,ul;bf;Fk; njhlu;tupir nfhz;l ,yf;Ffs; (Autonomously 
Replicating Sequence – ARS Sites) vd miof;fg;gLfpd;wd.  ,ul;bg;G 
,yf;if ,dkwpa cjTk; gFjp ,t;tpyf;Ffspy; kl;LNk gpize;J 
nfhs;fpd;wd. 

 
 ,ul;bg;G ,yf;fpy; DNA-apd; <upio jsu;e;J ,U ,iofshfg; 

gpupf;fg;gLk; ,yf;F ,ul;bg;G ftl;ilg; gFjp vdg;gLfpwJ.  nka;Al;fU 
capupfspy; gy ,ul;bg;G ,yf;Ffs; ,Ug;gjhy; vz;zw;w ,ul;bg;G 
ftl;ilfs; fhzg;gLtJ Fwpg;gplj;jf;fJ.  DNA-tpd; 
<upiofSf;fpilNa cs;s i`l;u[d; gpizg;Gfis mfw;wp mij ,U 
jdp ,iofshfg; gpupf;f n`ypNf]; vd;w nehjp cjTfpwJ.  
gpupf;fg;gl;l ghypepA+f;spNahill; ,iofs; kPz;Lk; i`l;u[d; 
gpizg;Gfshy; ,ul;il ,iofshfptplhky; jLf;f ,ul;bj;jYf;fhd 
Gujk;-A (RPA) cjTfpwJ. 

 
 KWf;Fj; jsu;tpd; fhuzkhf ,ul;bg;Gf; ftl;ilf;F mg;ghy; Vw;gLk; 

Neu;kiw KWf;Fr; nrwptpd; ,Wf;fj;ij mfw;wpl NlhNgh[NrhkNu]; 
vd;w nehjp cjTfpwJ. 
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 ,ul;bg;gpd; %yk; Njhd;Wk; ,U ,iofspy; xd;W Kd;NdW ,io 
(njhlu; ,io) (leading strand) vd;Wk; kw;nwhd;W gpd;jq;F ,io 
(njhlu;gpyh ,io) (lagging strand) vd;Wk; miof;fg;gLfpd;wd.  DNA 

,ul;bg;G DNA ghypkNu];  vd;w nehjpapdhy; njhlf;fp itf;fg;gLfpwJ.  
,J gpiuNk]; vdTk; miof;fg;gLfpwJ.  ,ul;bg;G njhlq;Ftjw;F 
Kd;G Muk;gj; Jz;lkhf xU rpwpa RNA Jz;lk; cw;gj;jp 
nra;ag;gLjy; Ntz;Lk;.  ,jw;F RNA  gpiuku; vd;W ngau;.  ,ij 
cUthf;fg; gpiuNk]; nehjp cjTfpwJ. 

 
 DNA ghypkNu]; nehjp ,ul;bg;ig epfo;j;Jtjw;F 3‟  Edpapy; 

jdpj;Jtplg;gl;l OH xd;W Njitg;gLfpwJ.  mg;NghJjhd; DNA-apd; 
ghypnkNu]; 5‟ KidapypUe;J ,ul;bg;igj; njhlq;f KbAk;.  ,jid 
RNA-gpiuku; je;J cjTfpwJ. 

 
 epA+f;spahu; (cl;fU) DNA ,ul;bg;gpw;F DNA ghypkNu];  (My;/gh)> 

DNA ghypkNu];  (gPl;lh) kw;Wk; DNA ghypkNu];  (vg;ryhd;) vd 
%d;W tifahd nehjpfs; Njitg;gLfpd;wd. 

 
,tw;Ws; 
DNA Pol  - ghypkNu]; RNA gpiuku; cUthf;fj;jpw;Fk; 

DNA Pol  - ghypkNu]; RNA ,ul;bg;gpw;fhd Kjd;ik nehjpahfr; nry; 
cl;fUtpy; fhzg;gLfpwJ. 
DNA Pol  - ghypkNu]; ,ul;bg;Gf; ftl;il tpuptila cjTk; 
nehjpahfTk; nray;gLfpd;wd. 
 
DNA ghypkNu]; (gPl;lh) DNA ,ul;bg;gpy; ve;jtpjg; gq;ifAk; 
mspg;gjpy;iy.  Mdhy; jtwhd epA+f;spNahill;fs; nghUj;jg;gl;Lg; 
gOJgl;l DNA cUthFk;NghJ mtw;iw ePf;fpr; rupahd 
epA+f;spNahill;fis nghUj;jpg; gOJ ePf;f cjTfpwJ. 
 
 DNA ,ul;bg;G 5‟  3‟ jpirapy; epfo;fpwJ.  cUthFk; (Gjpa ,io ghjp 

njhlu;gpy;yh) DNA ,ioapd; ePl;rp RNA gpiukupd; 3‟ Kidapy; 
mjhtJ OH-I Rje;jpukhfg; ngw;w Kidapy; epfo;fpwJ.  1960-Mk; 
Mz;L nua;[p xfhrhfp vd;gtUk; mtuJ rfhf;fSk;> Gjpjhfj; Njhd;Wk; 
,U ,iofspy; xd;W> rpW Jz;lq;fshf cUthfpwJ vdf; 
fz;lwpe;jdu;.  ,e;jj; njhlu;gw;w Jz;lq;fs; xfhrhfp Jz;lq;fs; 
(Okasaki fragments) vdg;gLfpd;wd.  iyNf]; vd;w nehjp njhlu;gw;w 
Jz;lq;fis xl;Ltjw;Fg; gad;gLfpd;wd.  ,t;thW xfhrhfp Jz;lq;fs; 
gpizAw;W cUthFk; ,io gpd;jq;F ,io vdg;gLfpwJ. 
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 ,J cUthf;fg;gLk; jpir ,ul;bg;Gf; ftl;il Kd;Ndwp efUk; jpirf;F 
vjpuhf mike;js;sJ.  khwhfj; njhlu;r;rpahd ,ioahf cUthFk; 
Kd;NdWk; ,io> cUthf;fg;gLk; jpir> ,ul;bg;Gf; ftl;il Kd;Ndwp 
efUk; jpirf;F xg;ghdjhf cs;sJ.  iyNf]; nehjpahy; ,U xfhrhfp 
Jz;lq;fs; gpizf;fg;gLtJ> xU Jz;lj;jpd; 3‟ Kidapy; cs;s OH 
njhFg;gpw;Fk;> kw;nwhd;wpd; 5‟ njhFg;gpy; cs;s gh];/Ngl; njhFg;gpw;Fk; 
,ilNa gpizg;G Vw;gLtjd; %yk; ,J epfo;fpwJ. 

 
muhgplhg;rp]; BNyhkpau; njhlu;tupir TTTAGGG 
 
jhtuq;fspy; BNyhkpau; Neuk; fhl;b ,y;yhik (Plants lacks Telomere 
Clock) 
 

 jhtu Mf;Fj;jpR nry;fspy; BNyhnkNu]; nehjp cUthfpwJ.  
Mf;Fj;jpR nry;fs; fl;Lg;ghlw;w nry; gFg;gilAk; jpwidg; 
ngw;Ws;sd.  Vw;fdNt 11-Mk; tFg;gpy; mj;jpahak; 6 kw;wk; 8-,y; 
BNyhkpau;fs; gw;wp gapd;wpUg;gPu;fs;.  FNuhNkhNrhk;fspd; Edpapy; khwp 
khwp mike;j xNu tif epA+f;spNahill; njhlu;tupirfs; xd;W 
cUthf;fg;gl;L BNyhkpau; Njhd;WfpwJ.  vLj;Jf;fhl;lhf muhgplhg;rp]; 
jhtuf; FNuhNkhNrhkpd; BNyhkpaupy; TTTAGGG vd mike;j 
epA+f;spNahill; njhlu; tupir BNyhkpaiu mikf;fpwJ.  BNyhnkNu]; 
vd;w nehjp ,jd; cUthf;fjpw;F cjTfpwJ.  KJFehz; tpyq;Ffspy; 
cs;sJ Nghy; ,e;nehjpapd; msT> jhtu clynry;fspy; gbg;gbahff; 
Fiwtjpy;iy.  tpyq;fpdq;fspd; taJ mjpfupf;Fk;NghJ ,jd; msT 
gbg;gbahff; Fiwe;J nry;fs; gFgLk; jpwid ,of;fpd;wd.  vdNt 
%g;giljiyr; Rl;bf; fhl;Lk; Neuk; fhl;bahf cs;sJ.  Mdhy; 
tajhd jhtuq;fspd; nry;fspYk; ,e;nehjpapd; nrwpT 
FiwahjpUg;gjhy; mtw;wpy; BNyhkpau; Neuk; fhl;b ,y;yhjpUg;gJ 
Fwpg;gplj;jf;fJ.  ,iy Nghd;w mjpfg; gFg;gilAk; nry; 
mikg;Gfisf; fhl;bYk; jhtuq;fspd; Ntu;Edpfs; kw;Wk; ehw;Wfspy; 
(GJg;gpj;jy; jpRf;fs;) mjpf msT Mf;Fj;jpR nry;fs; nfhz;Ls;sjhy; 
mtw;wpy; BNyhnkNu]; nehjp mjpfk; fhzg;gLfpwJ. 

 
FNuhNkhNrhk; Kidfspd; ,ul;bg;gpw;fhd jdpg;gl;l ,af;FKiw vJ? 
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 nry;gFg;gpd;NghJ FNuhNkhNrhk; ,ul;bg;gile;jJk; mjd;Kidfspy; 
Jupj ,ul;bg;G epfo;fpwJ.  ,jw;F BNyhnkNu]; (telomerase) vd;w nehjp 
cjTfpwJ.  xU rpwpa RNA %yf;$iw thu;g;ghff; nfhz;L mjhtJ 
gpiukuhff; nfhz;L> xNu tif epA+f;spNahill;fshy; Md 
njhlu;tupirfis ,e;nehjp cUthf;fp BNyhkpau; Njhd;wr; nra;fpwJ 
(DNA epA+f;spNahill; ghypkiuNr~d;)  

 
DNA ,ul;bg;G rhu; Mw;wypay; (The Energetics of DNA Replication) 
 
 DNA cw;gj;jpf;fhd Mw;wiy b Mf;]pupNghepA+f;spNahill;fshd 

bMf;]p mbNdhird; biugh];/Ngl; (dATP), bMf;]p Fthidrd; 
biugh];/Ngl; (dGTP),  bMf;]pirl;Nlhrpd;biugh];/Ngl; (dCTP) kw;Wk; 
bMf;]pijkpbd;biugh];/Ngl; (dTTP) Mfpait nfhLj;J cjTfpd;wd.  
vdNt epA+f;spNahill;fs; DNA Mf;fj; Njitahd jsg;nghUl;fshf 
tpsq;FtJld; mjd; gy myFfis cUthf;Fk; nraYf;Fj; 
Njitahd Mw;wiyAk; je;J cjTfpd;wd. 

 
DNA ,ul;bj;jypy; Ma;Tr; rhd;W nla;yupd; Ma;T (Experimental 
evidence of DNA replication – Taylor’s Experiment) 
 

 J. n`u;gu;l; nla;yu;> gpypg; cl;]; kw;Wk; thyl;u; `PA+[]; MfpNahu; ghjp 
goik NgZk; DNA ngUf;fj;ij tprpah /Nggh jhtu Ntupy; 
tpsf;fpAs;sdu;.  DNAtpd; fjpupaf;f Kd;Ndhbahd 3H ijkpbd; 
nfhz;L DNA itf; Fwpapl;L mjw;Fg; gpd; Ml;NlhNubNahfpuhgp 
Nkw;nfhs;sg;gl;lJ.  fjpupaf;ff; FwpaPl;Lj; ijakpbidf; nfhz;l 
ts&lfj;jpy;  Ntu; Edpfis tsu;j;J mr;nry;fspYs;s DNAtpy; 
fjpupaf;fj;jd;ik ngwr; nra;ag;gl;lJ.  Gifg;glj;jpy; ,f;Fwpaplg;gl;l 
FNuhNkhNrhk;fspd; ntspg;gug;G fUg;Gg; Gs;spfspy; nts;sp Jfs;fs; 
rpjwbf;fg;gl;lijg; Nghd;W fhzg;gl;lJ. 

 

 ,e;jf; Fwpaplg;gl;l FNuhNkhNrhk;fisf; nfhz;l Ntu; Edpfisf; 
Fwpaplg;glhj fhy;rpird; nfhz;l ts&lfj;jpy; tsu;j;J mjd; %yk; 
nry; gFg;gpd; nkl;lhepiyapy; mjd; %yk; nry; gFg;gpd; 
nkl;lhepiyapy; mjd; tsu;r;rpiaf; fl;Lg;gLj;jp Ml;NlhNubNahfpuhgp 
%yk; tsu;r;rpiaf; fl;Lg;gLj;jp Ml;NlhNubNahfpuhgp %yk; ,e;jf; 
FNuhNkhNrhk;fs; Ma;T nra;ag;gl;lJ.  ,e;j Ma;tpd; %yk; 
fz;lwpe;jit> 

 
1. fjpupaf;fj;jpw;F cl;gLj;jg;gl;l Kjy; jiyKiw FNuhNkhNrhk;fspy; 

fjpupaf;fkhdJ ,U FNuhkhbl;fspYk; fhzg;gl;lJ.  Vnddpy; 
ngw;Nwhu; DNA <upioapy; ,f;fjpupaf;fk; Fwpaplg;gl;Ls;sJ.  Mdhy; 
Nra; DNA ,ioapy; fjpupaf;ff; FwpaPLfs; fhzg;gLtjpy;iy. 
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2. ,uz;lhk; jiyKiw FNuhNkhNrhkpd; ,U FNuhkhbl;fspy; xd;wpy; 
kl;Lk; jhd; fjpupaf;ff; FwpaPL fhzg;gl;lJ. 

 
,k;KbTfs; ghjp goikNgZk; Kiwapy; DNA ,ul;bj;jiy ep&gpf;fpwJ. 
 
jhtuq;fspy; Gujr;Nru;f;if (Protein synthesis in Plants) 
 
 Gujr;Nru;f;if nray; kugZ gbnaLj;jy; kw;Wk; jfty;ngau;T 

(translation) vd;w ,Uepiyfspy; eilngWfpwJ.   
 
kugZ gbnaLj;jy; (Transcription) 
 

 ,e;j epfo;tpd;NghJ DNA –tpd; tbtikg;Gr; nraYk; cl;fUtpy; 
epfo;fpd;wd.  Mdhy; mRNAtpy; cs;s nra;jpapd;(fhu tupir) kuGj; 
jfty; ngau;T epfo;r;rp %yk; irl;Nlhgpshrj;jpy; fhzg;gLk; 
upNghNrhk;fspy; epfo;fpwJ.  nka;Al;fU ngw;w capupfspy; (Eukaryotes) 
cUthf;fk; mRNA-f;fs; xw;iwg; Guj cw;gj;jpf;fhd kuGr; 
nra;jpfisg; ngw;W khNdhrp];l;Nuhdpf; (monocistronic) jd;ik 
nfhz;litfshf cs;sd. 

 
 kugZ gbnaLj;jyhdJ> gbnaLf;f Ntz;ba kugZtpd; miktplj;jpy; 

cs;s i`l;u[d; gpizg;Gfs; mfw;wg;gl;L <upio DNA gpupjypy; 
Jtq;FfpwJ.   

 
thu;g;G ,io / FwpaPL nra;ah ,io / ntspg;ghlilah ,io (Template 
Strand / Non coding Strand / Antisense Strand) 
 

 DNA-tpy; 3‟  5‟ jpirapy; mikag;ngw;w> mRNA gbnaLj;jYf;F 
thu;g;ghf  mike;j ,io thu;g;G ,io vdg;gLfpwJ.  ,e;j ,io 
ntspg;ghlilah ,io vdTk; miof;fg;gLfpwJ.  

 
FwpaPL nfhz;l ,io / thu;g;gpy;yhj ,io / ntspg;ghlilAk; ,io 
(Coding Strand / Non-Template Strand / Sense Strand) 
 

 DNA-apd; thu;g;G ,iof;F vjpuhf 5‟  3‟ jpirapyike;j ,io FwpaPL 
cw;w ,io vdg;gLfpwJ. 

 
 gbnaLf;fg;gl;l mRNAapd; fhu tupirf;F ,iae;j fhu tupiria 

(ijkpDf;F gjpyhf Auhrpy; nfhz;L) ngw;wpUg;gNj ,g;ngau; tuf; 
fhuzkhFk;. 

 
 gbnaLj;jy; epfo;tpw;F DNA-apy; mike;j xU Fwpg;gpl;l fhu tupir 

Kd;dpaf;fpahf (promoter) Njitg;gLfpwJ.  ,J TATA vd;W mike;j 
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fhu tupirahFk;.  vdNt ,g;gFjp TATA Ngio vd miof;fg;gLfpwJ.  
,e;j ,yf;fpypUe;J kl;LNk mRNA gbnaLj;jy; epfo KbAk;. 

 
 ,Nj Nghy; DNA-apy; ve;j ,yf;fpy; mRNA ghypkNu]; nehjp 

gbnaLj;jy; epfo;it epWj;jpf; nfhs;s Ntz;Lk; vd;gij czu;j;j 
cjTk; fhu tupir xd;Wk; cs;sJ.  DNA-apd; ,e;j ,yf;F 
KbTepiy njhlu; tupir (Termination sequences) vd 
miof;fg;gLfpwJ. 

 
 nka;Al;fU ngw;w capupfspd; mikg;G kugZ xd;W jdJ 

Ez;zpaf;fpapy; %d;W gFjpfisg; ngw;Ws;sJ. 
 

1. xOq;FgLj;Jk; $Wfs; 
2. TATA Ngio 
3. gbnaLj;jy; njhlf;f ,yf;F 

 
gbnaLj;jy; 

 

 ,tw;Ws; gbnaLj;jy; njhlf;f ,yf;F 25 fhu tupirfis 
,dq;fz;lwpa NkNyhl;lj; njhlu;tupir TATAAT vdg;gLk; TATA 
my;yJ `hf;d]; Ngio (Hogness box) ika Kd;dpaf;fpahf 
fhzg;gLfpwJ.  ,it gbnaLj;jy; epfo;itf; fl;Lg;gLj;Jk; 
Gujq;fshFk;.  ,tw;wpw;Fg; nghJthd gbnaLj;jy; fhuzpfs; (General 
Transcriptional Factor – GTF) vd;W ngau;.  rpy gbnaLj;jy; fhuzpfs; 
Kd;dpaf;fpAld; Neubahfg; gpize;J nfhs;fpd;wd.   

 
 NtW rpy gbnaLj;jy; fhuzpfs; xOq;FgLj;Jk; $WfSld; ,ize;J 

gpd;du;g; gbnaLj;jy; epfo;itj; Jupjg;gLj;JfpwJ.   
 

 gbnaLj;jy; epfo;T njhlq;f xOq;FgLj;Jk; $Wfs; cjtpahy; RNA 
ghypkNu]; ika Kd;dpaf;fpia milahsk; fhZfpwJ.,e;j 
xOq;FgLj;Jk; $Wfs; ,U gFjpfshfr; nray;gLfpd;wd. 

 
1. J}z;Lk; njhlu; tupir (Enhancer sequence)- ,J nraY}f;Fk; 

tupir vdTk; miof;fg;gLfpwJ. gbnaLj;jy; epfo;it 
Cf;fg;gLj;JtNj ,jw;Ff; fhuzkhFk;. 
 

2. mikjpg;gLj;Jk; njhlu; tupir (Silencer sequence) – gbnaLj;jy; 
epfo;it xLf;f my;yJ Fiwf;f cjTk; fhu tupirahFk;. 

 
xUkpj;j njhlu;tupir (Consensus sequence) – xU fhutupir kPz;Lk; 
kPz;Lk; Xu; Vw;fj;jf;f tupirapy; xt;nthU miktplj;jpYk; mbf;fb 
mike;jpUj;jy;. 
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 ,ijj; njhlu;e;J nghJthd gbnaLj;jy; fhuzpfs; (GTF) kw;Wk; RNA 
ghypkNu]; II cld; topelj;jp (mediator) xd;Wk; Njitg;gLfpwJ.  ,J 
J}z;Lk; njhlu; tupir kw;Wk; mikjpg;gLj;Jk; njhlu; tupirfSld; 
RNA ghypkNu]; II-it nghUj;j cjTfpwJ. 
 

 RNA ghypkNu]; DNA-Tld; Neubahfg; gpize;J nfhs;tjpy;iy.  
khwhfg; gbnaLj;jy; fhuzpfis mupa cjTk; Kd;dpaf;fpAld; Kjypy; 
,ize;J gpd;du;g; gbnaLj;jy; nraiy epfo;j;JfpwJ.  ,jpy; 
Kd;dpaf;fpahdJ 

 
 DNA-tpYs;s Gujj;jpw;fhd FwpaPL ,yf;Ffisf; fz;lwpa cjTfpwJ. 
 
 Kd;dpaf;fpAld; ,ize;J RNA ghypkNui] topelj;jg; gbnaLj;jy; 

fhuzp Kf;fpag;; gq;fhw;WfpwJ.  ,jd; gpd;du; mRNA-tpw;fhd 

epA+f;spNahill;fs;   5‟  3‟ jpirapy; tupirg;gLj;jg;gl;L RNA –apd; 
tsu; ,io cUthf;fg;gLfpwJ.   

 
 nka;Al;fU capupfs; %d;W tifahd RNA ghypkNu]; fhzg;gLfpwJ.  

,it KiwNA I, II  kw;Wk; III vdg; ngauplg;gl;Ls;sd. 
 

nehjp cw;gj;jp 
RNA ghypkNu]; I upNghNrhkpd; ngupa tif RNAf;fs; (5S rRNA-

itj; jtpu) 

RNA ghypkNu]; II mRNA – f;fspd; Kd;Ndhbfs; (,it 
hnRNAf;fs; vdg;gLfpd;wd) 

RNA ghypkNu]; III tRNA-f;fs;> upNghNrhkpd; 5S RNA, cl;fUtpd; 
rpwpa tif snRNA-f;fs; (,it snRNA-f;fs; 
(,it snRNAf;fs; vdg;gLfpd;wd. 

 
Kd;Ndhb mRNA nrayhf;fj;jpy; gf;Ftg;gl;l mRNA/RNA cUkhw;wj;jpy; 
%yf;$W nray;Kiw 
 
 nka;Al;fU capupfspYs;s mRNA, tRNA, rRNA Mfpa %d;Wk; 

Kjy;epiyg;gb vdg;gLk; (primary transcript) Kd;Ndhb RNA-tpypUe;J 
cUthf;fg;gLfpd;wd.  ,e;j Kd;Ndhb RNA-it gbnaLf;f RNA 
ghypkNu]; II cjTfpwJ.  khw;Wapup cl;fUrhu; RNA (heterogenous 

nuclear RNA) my;yJ hnRNA vdg;gLk; Kd;Ndhb RNA  
irl;Nlhgpshrj;ij te;J miltjw;F Kd;G cl;fUtpy; 
gjg;gLj;jg;gLfpwJ.  
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Edp %ly; (Capping) 
 

 Kjy;epiy RNA gbapd; (hnRNA) 5‟ Kidapy; nkj;jpy; FSf;Nfhird; 
biugh];/Ngl; nfhz;L nra;ag;gLk; rpy khw;wq;fs; Edp %ly; vd;W 
miof;fg;gLfpwJ. 

 
cs; nkj;jpyhf;fk; 
Edp%liyj; jtpu;j;J mRNAtpy; fhzg;gLk; cs; epA+f;spNahill;fSld; 
nkj;jpy; njhFjp ,izfpwJ.  kuGr;nra;jpg; ngau;T> kuGr;nra;jpg; ngau;T 
my;yhj gFjpfs;> ,z;l;uhd;fs; kw;Wk; vf;rhd;fs; Mfpatw;wpy; cs; 
nkj;jpyhf;f ,yf;Ffs; fhzg;gLfpd;wd. 
 
Edp %lypd; Njit 
 

1. RNA rpijitj; jLf;f cjTjy; 
2. mRNA-apy; Kd; mike;j Kjy; ,z;l;uhd; ePf;f 

3. mRNAit cl;fUtpypUe;J irl;Nlhgpshrj;jpw;F flj;Jtij 
xOq;FgLj;j 

4. upNghNrhKld; mRNA-it gpizf;f 
 
thy; cUthf;fk; (Tamling / polyadenylation) 
 
1. hnRNA gbapidj; jfty;ngau;T nra;tjw;F cjTjy; 
2. ghypngg;ill;fis Njhw;Wtpg;gjw;F cjTjy; 
3. irl;Nlhgpshrj;jpy; mRNA-tpd; epiyj;jd;ikia mjpfupj;jy; 
 
 nka;Al;fU capupfspd; DNA-tpy; cs;s Gujk; xd;iwf; FwpapLk;  

gFjpfs; njhlu;r;rpahf ,Ug;gjpy;iy.  khwhff; jdpj; Jz;lq;fshf 
mike;J kugZf;fshff; fhzg;gLfpd;wd.  ,jid upr;ru;L J. uhngu;l;]; 
kw;Wk; /gpypg; ]hu;/g; vd;w ,U mwpQu;fs; 1977-y; fz;lwpe;J> 
,f;fz;Lgpbg;gpw;fhf 1993-y; Nehgy; gupR ngw;wdu;.  xU kugZtpd; 
,j;Jz;lq;fs; ,z;l;uhd;fs; (Introns) kw;Wk; vf;]hd;fs; (Exons) vd;W 
miof;fg;gLfpd;wd.  ,tw;Ws; vf;]hd;fs; mkpNdh mkpyq;fspy; 
njhlu;tupirf;fhd Fwpad;fisg; ngw;w Jz;lq;fshFk;.  
,tw;wpw;fpilNa mike;Js;s ,z;l;uhd;fs; mkpNdhmkpyq;fspd; 
njhlu;tupirf;fhd Fwpad;fs; vijAk; ngw;wpUg;gjpy;iy.  vdNt ,it 
cUf;nfhLf;Fk; Gujq;fs;> ghypngg;ilLfs;> nehjpfs; Nghd;w 
vtw;iwAk; cUthf;f cjTtjpy;iy.  ,e;j vf;]hd;fSk; 
,z;l;uhd;fSk; jw;NghJ gpsTgl;l kugZf;fs; vd miof;fg;gLfpd;wd. 

 
 jhtuq;fspy; RNA-tpypUe;J Gujj;ij mikf;f cjthj ,z;l;uhd;fs; 

mfw;wg;gl;L> vf;]hd;fs; gpd;dg;gLk; nraYf;F RNA ,iaj;jy; vd;W 
ngau;.  Gujq;fs; gytw;wpd; njhFg;ghyhd Nfhstbt ,iaj;jYWg;Gfs; 
(Spliceosomes) vd;w Jfs;fs; ,jw;F cjTfpd;wd.  Vwj;jho 40 Kjy; 
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60 ehNdh kPl;lu; tpl;lk; nfhz;l Jfs;fshf ,it cs;sd.  ,it> 
gy rpwpa cl;fU RNAfisAk; (sn RNAs), rpwpa cl;fU upNghepA+f;spa 
Gujj; Jfs;fisAk; (snRNPs) ngw;wit.  ,it ,z;l;uhd;fis 
,dkwpaTk; ePf;fTk; cjTfpd;wd. 

  
 upNrhi]k; (Ribozymes)  vd;w nehjpapd; cjtpNahL> ,iaj;jYWg;G> 

,z;l;uhd;fis mfw;WfpwJ.  mjd; gpd;du;g; gf;Ftg;gl;l mRNA 
,iaj;j cWg;igtpl;L ntspte;J> cl;fU Jis topahf cl;fUit 
tpl;Lr; irl;Nlhgpsh]j;ij mile;J mq;Fs;s upNghNrhk;fSld;> 
kuGj;jfty; ngau;tpw;fhf ,ize;J nfhs;fpwJ.  Gujq;fs; RNA-f;fs; 
Mfpa midj;Jk; cl;fUJis topahfr; irl;Nlhgpshrj;jpw;Ff; 
flj;jg;gLtJ Mw;wy; rhu;e;j xU nrayhFk;. 

 
kuGj; jfty; ngau;T (Translation) 
 

 DNA-apy; cs;s kuGj; jfty;fisg; gpujp nra;J vLj;JtUk; mRNA 
upNghNrhkpy; gpize;J ghypngg;ilLfis cUthf;f cjTfpwJ.  
mRNA-tpy; cs;s epA+f;spNahill; njhlu; tupir FwpaPLfs;> Gujj;jpy; 
cs;s mkpNdh mkpyj; njhlu; tupirf;fhd FwpaPLfshf> upNghNrhkpd; 
nrayhf;fj;jhy; khw;wg;gLk; epfo;tpw;F kuGj; jfty; ngau;T vd;W 
ngau;. 

 
Gujr; Nru;f;ifapy; ifahsg;gLk; nrhy;yhf;fq;fs; Fwpad; (Codon):  

 DNA-apy; mLj;jLj;J mike;Js;s %d;W epA+f;spNahill;fs; mkpNdh 
mkpyk; xd;wpw;Fupa FwpaPlhff; fUjg;gLfpwJ.  ,jw;F Kf;FwpaPL 
(Triplet code) vd;W ngau;.  gbnaLj;jYf;Fg;gpd; mRNA-apy; cs;s 

Fwpad;fs; 5‟  3‟ jpirapy; gbj;jwpag;gl;L mkpNdh mkpyj; njhlu; 
tupirahf khw;wg;gLfpwJ.  nkhj;jk; 64 Fwpad;fs; cs;sd.  ,tw;Ws; 
61 Fwpad;fs; mkpNdh mkpyq;fisf; Fwpf;Fk; Fwpad;fshFk;.  UAA, 
UAG kw;Wk; UGA Mfpa Fwpad;fs; ve;j mkpNdh mkpyq;fisf; 
Fwpg;gjpy;iy.  vdNt ,it nghUs; czu;j;jhf; Fwpad;fs; 
vdg;gLfpd;wd. 

 
 njhlf;ff; Fwpad; (Start codon) – AUG nkj;jpNahdpd; vd;w mkpNdh 

mkpyj;ijf; Fwpf;Fk; Fwpad; njhlf;ff; Fwpad; vdg;gLfpwJ. 
 
 epWj;j my;yJ ,Wjp nra;Ak; Fwpad; (Stop or Termination codon):  

Mf;up vdg;gLk; UAA, Mk;ngu; vdg;gLk; UAG, Xgy; vdg;gLk; UGA 
Mfpa Fwpad;fs; ve;jtpj mkpNdhmkpyj;ijAk; Fwpf;fhj> nghUs; 
czu;j;jhf; Fwpad;fshFk;.  ,it epWj;j my;yJ ,Wjp nra;Ak; 
Fwpad;fs; vdg;gLfpd;wd. 

 
 vjpu;Fwpad;fs; (Anticodons):  mkpNdh mkpyq;fisj; jhq;fp tUk; t 

RNA vdg;gLk; khw;W RNA-apy; cs;s mLj;jLj;jike;j %d;W 
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epA+f;spNahill;;fs; vjpu;Fwpad; vdg;gLfpwJ.  ,J mRNA-tpy; cs;s 
xt;nthU FwpaDf;Fk; ,iz xj;jhf cs;sJ.  mRNA-apy; cs;s 

Fwpad;fs; tRNA-tpd; vjpu;f; Fwpad;fshy; tRNA –apd; 3‟  5‟ jpirapy; 
,dkwpag;gLfpd;wd. 

 
kuGj; jfty; ngau;tpd; nrayhf;fk; 
 
,J fPo;f;fz;l Kjd;ikahd gbfspy; epfo;fpwJ. 
 
I. Jtf;fkiljy; (lnitiation) 
 

 J}Jt RNA vdg;gLk; mRNA-apd; AUG vd;w Fwpad; kuGj; jfty; 
ngau;itj; njhlq;fp itf;Fk; Fwpad;fshFk;.  ngU %yf;$Wfs; 
mlq;fpa upNghNrhk; vd;w irl;Nlhgpsh] Ez;cs;SWg;gpy; kuGj;jfty; 
ngau;T epfo;fpwJ.  ngupa Jiz myF rpwpa Jiz myF vd ,U 
$Wfisg; ngw;w ,J rt;T #og;glhj Ez; cs;SWg;ghFk;.  jfty; 
ngau;T rkaj;jpy; kl;LNk ,e;j ,U Jiz myFfSk; ,ize;J> 
mRNA-it gpbj;Jitf;f cjTfpd;wd.  gpd;du; mRNA-tpy; cs;s 
Fwpad;fis gbj;jwptjd; %yk; Gujr;Nru;f;if epfo;T njhlq;FfpwJ.  
mkpNdh mkpyq;fis upNghNrhkpw;Ff; nfhz;L te;J mRNA-tpy; cs;s 
kuGj;jfty;fSf;F Vw;g tupirg;gLj;j cjTk; %yf;$W ,af;fpfshf 
khw;W RNA-fs; vd;w tRNAfs; nray;gLfpd;wd.  upNghNrhk; RNA 
vdg;gLk; rRNA mikg;G kw;Wk; tpidA+f;fp nrayhf;fj;jpy; Kf;fpag; 
gq;fhw;WfpwJ. 

 
 upNghNrhk; xt;nthd;Wk;> mRNA-it gpizj;J itf;f cjTk; ,yf;F 

xd;iwAk;> tRNA-it gpizj;J itf;fj; Njitahd ,U 
,yf;FfisAk; ngw;Ws;sJ.  tRNA-it gpizj;J itf;f cjTk; ,U 
,yf;Ffspy; xd;W P-,yf;F vd;Wk; miof;fg;gLfpd;wd. 

 
i. P-,yf;F-ngg;bily; tRNAit gpizf;Fk; ,yf;F ,JthFk;.  

,t;tpyf;fpy; cs;s tRNA, tsUk; ngg;ilL rq;fpypapd; mbEdpAld; 
,ize;Js;sJ.   
 

ii. A-,yf;F – mkpNdh mi]y; tRNA gpizf;Fk; ,yf;F ,JthFk;.  
,t;tpyf;fpy; cs;s tRNA, cs; nfhz;L tug;gLk; mkpNdh 
mkpyq;fshd mkpNdhm]py; gpizg;gpd; %yk; jhq;fp tUfpwJ.  ,e;j 
,yf;Ffspy; tRNAtpd; vjpu;f;Fwpad;fs; mRNAtpd; Fwpad;fSld; 
,ize;J nfhs;fpwJ. 

 
2. ghypngg;ill; rq;fpyp ePl;rpailjy; (Elongation of polypeptide chain) 
 
 upNghNrhkpd; P kw;Wk; A ,yf;Ffs; mUfUNf cs;sjhy; mq;F mikAk; 

tRNA-fis> mRNAapd; mUfike;j ,iz xj;j Fwpad;fSld; fhu 
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,iz Nru VJthfpwJ.  mRNA-tpd; epA+f;spNahill; njhlu;tupirf;F 
Vw;gf; Fwpad;fSk; vjpu;f;Fwpad;fSk; ,izNru;e;J ghypngg;ill; 
rq;fpyp cUthfpwJ. 

 
 kugZ FwpaPL ngau;g;gpfs; (Translators of the genetic code - tRNA):  

tRNA fs;> kugZf; FwpaPL ngau;g;gpfshf ,Ue;J> kugZf; FwpaPlhd 
epA+f;spf; mkpyj; njhlu;tupiria mkpNdhmkpyj; njhlu; tupirahf 
khw;Wfpd;wd.  mjhtJ kugZtpypUe;J ghypngg;ill;fs; Njhd;w 
cjTfpd;wd. 

 

 tRNATld; mkpNdh mkpyk; xd;W m]py; njhFg;ghy; ,ize;J> 
J}z;lg;gl;l mkpNdh m]py; tRNA Kjypy; cUthfpwJ.  
,e;epfo;r;rpf;Fj; Njitahd Mw;wiy ATP je;J cjTfpwJ.  mRNA-
tpd; njhlf;ff; Fwpadhd AUG kuGj; jfty; ngau;itj; njhlq;fp 
itf;fpwJ.  ,J nkj;jpNahdpd; mkpndh mkpyj;jpw;Fupa FwpadhFk;.  
,jw;F ,iz xj;j vjpu; Fwpaidg; ngw;w tRNA ,e;j mkpNdh 
mkpyj;ijj; jhq;fp te;J upNghnrhkpd; P-,yf;fpy; mku;fpwJ. 

 
 mydpd; mkpNdh mkpyj;jpw;fhd vjpu;f;Fwpaidj; jhq;fpa ,uz;lhtJ 

tRNA %yf;$W> upNghNrhkpd; A-,yf;fpy; gpize;J mq;F mike;Js;s 
mRNA-apd; ,iz xj;j FwpaDld; ,iz NrUk;NghJ nkj;jpNdhdpd; 
kw;Wk; myidd; mUfUNf nfhz;L tug;gLfpd;wd.  gpd;du; 
mtw;wpw;fpilNa ngg;ilL ,izT Njhd;WfpwJ. 

 
 ,j;jUzj;jpy; P-,yf;fpy; cs;s tRNA –tpw;Fk; nkj;jpNahdpd; mkpNdh 

mkpyj;jpw;FkpilNa cs;s m]py; gpizg;G Jz;bf;fg;gl;L Kjy; 
tRNA upNghNrhkpd; p-,yf;iftpl;L tpyFfpwJ.  gpd;du; mRNA 
,ioapd; xUFwpad; J}uk; (%d;W fhu tupir J}uk;) upNghNrhk; 
efu;fpwJ.  ,jdhy; nkj;jpNahdpd; - myidd; jhq;fpa ,uz;lhtJ 
tRNA   P-,yf;fpw;Ff; nfhz;L tug;gLfpwJ.  ,jw;fpilapy; %d;whtJ 
tRNA mjw;Fupa %d;whtJ mkpNdh mkpykhd rPiuDld; A-,yf;fpy; 
te;jilfpwJ.  gpd;du; mydpd; kw;Wk; rPiuDf;FkpilNa ngg;ilL 
,izT Vw;gLfpwJ. 

 
 ,jid mLj;J upNghNrhk;> mRNA apd; %d;W fhu tupir J}uk; efu;e;J> 

A-,yf;fpy; cs;s %d;W mkpNdh mkpyq;fisg; ngg;ill; ,iztpy; 
ngw;w ngg;ilby; tRNA, P-,yf;fpw;Ff; nfhz;L tug;gLfpwJ.  ,jdhy; 
A ,yf;F fhyp nra;ag;gl;L mt;tplj;jpw;F mLj;j mkpNdhm]py; RNA 
nfhz;L tug;gLfpwJ.   

 
 ,t;thW tRNA A-,yf;fpypUe;J> P-,yf;fpw;F efu;tJ upNghNrhky; 

,lg;ngau;T vdg;gLfpwJ.  ,e;j ,lg;ngau;tpw;Fj; Njitg;gLk; Mw;wiy 
GTP-nfhLj;J cjTfpwJ.  
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 ghypngg;ill; cUthf;fj;jpw;fhf mkpNdh mkpyq;fSf;fpilNa ngg;ilL 
gpizg;ig Vw;gLj;Jk; upNghNrhkpy;  cs;s upNghi]k; - ngg;ilby; 
buhd;/ngNu]; vd;w nehjp cjTfpwJ.  upNghNrhk;> mRNA-tpd; 5‟ 3‟ 
jpirapy; %d;W fhutupir J}uk; gbg;gbahf efUk;NghJ mkpNdh 
mkpyq;fs; xd;wd;gpd; xd;whf> mRNAapd; topfhl;lypd;gb> ngg;ill; 
,iztpd; %yk; gpizAw;W ghypngg;illhf ,lg;ngau;tilfpwJ.  kuG 
jfty; ngau;T xU Mw;wy;rhu; Njit nrayhf;fk;.  Jupjkhfg; 
Gujr;Nru;f;if epfOk;NghJ xU mRNA-apy; gy upNghNrhk;fs; 
,izTw;W fzf;fw;w ghypngg;ilLfs; cUthfpd;wd.  ,t;thW gy 
upNghNrhk;fs; xU mRNA-Ald; ,izT ngw;w epiyf;Fg; ghypNrhk;fs; 
my;yJ ghypupNghNrhk;fs; vd;W ngau;. 

 
3. ghypngg;ill; cw;gj;jp Kbtiljy; (Termination of polypeptide 
synthesis) 
 

 KbTWj;jk; Fwpad;fshd UAA, UAG my;yJ UGA ,tw;wpy; VNjDk; 
xd;W upNghNrhkpd; A-,yf;fpw;F te;jilAk;NghJ> irl;Nlhgpsh] 
Gujq;fspy; xd;whd tpLtpf;Fk; fhuzp (release factors) mjid ,dkwpa 
cjTfpwJ.  ,e;j KbTWj;Jk; Fwpad; upNghNrhik mile;jJk; 
Gujr;Nru;f;if KbTf;F tUfpwJ.  MfNt upNghNrhk;fs; nry;ypd; Guj 
cw;gj;jp njhopw;rhiy vdg;gLfpwJ.  mj;Jld; upNghNrhkpd; ,iz 
Jiz myFfSk; gpupe;J> gpizAw;wpUe;j mRNA tpLtpf;fg;gLtJld; 
cUthd ghypngg;ill; mRNA-it tpl;L tpyFfpwJ. 

 
jhtuq;fspy; khw;WKiw RNA ,iaj;jy; (Alternative Splicing in plants) 
 

 jhtuq;fspy; #oy; mOj;jq;fshy; Vw;gLk; tpisTfspypUe;J 
tpLgLjYf;Fr; rPuhf;fp kugZ ntspg;ghL cjTfpwJ. 

 
 gbnaLf;fg;gl;l mRNA xd;wpd;> ,iaj;jy;> fsq;fis> ntt;NtW 

,yf;Ffspy; njupT nra;J ,iaj;jy; nra;ag;gl;l mRNA-fs; 
cz;lhfpd;wd.  ,e;epfo;tpw;F khw;WKiw RNA ,iaj;jy; vd;W ngau;.  
,t;thW cUthd gy;NtWtif mRNAfspypUe;J NtWgl;l 
Guj%yf;$Wfs; Njhd;WjYf;F xj;j cUGujq;fs; vd;W ngau;.  
khw;WKiw RNA ,iaj;jypy; gyKiwfs; fhzg;gLfpd;wd.  xU 
kugZtpypUe;J cUthFk; ,g;gyjug;gl;l  Gujq;fs; xj;j tifapdg; 
Gujq;fshff; fUjg;gLfpd;wd  mjpf vz;zpf;ifapy; ,z;l;uhd;fs; 
cs;s mRNA-tpy; ,iaj;jy; eilngWk;NghJ ,r;nray; epfo;fpwJ.   

 
khw;W Kiw ,iaj;jypd; Kf;fpaj;Jtk; 
 

1. khw;WKiw ,iaj;jypdhy; cUthFk; gytifg;gl;l mRNA fspdhy;> 
gy;NtW tifapy; mkpNdh mkpy tupirfisg; ngw;Wk; NkYk; 
nray;ghl;by; NtWgl;l Gujq;fs; cUthfpd;wd. 
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2. xU kugZtpypUe;J xj;j cU ngw;w gy;NtW Gujq;fs; Njhd;Wfpd;wd. 

 
3. xU kugZtpypUe;J gy mRNA gbfs; Njhd;Wfpd;wd.  kugZ xd;wpd; 

tpisnghUl;fspd; vz;zpf;if mjpfkhfpwJ. 
 

4. #oy; epu;ge;jq;fisr; rkhspj;J mjw;Nfw;w jf mikTfisg; ngw ,J 
cjTfpwJ.  mjhtJ #oYf;Nfw;w gz;igj; Nju;T nra;a ,J 
cjTfpwJ. 

 
RNA – jpUj;jg;gLjy; (RNA Editing) – jhtuq;fspy; gbnaLj;jy; 
epfo;tpw;Fg; gpd; epfOk; RNA nrayhf;fk; (Post Transcriptional RNA 
Processing in Plants) 
 

 Fwpg;gpl;l Gujj;ij cUthf;Ftjw;fhfg; gbnaLf;fg;gl;l mRNA-tpy; 
epA+f;spNahill; xd;iwr; nrUFjy;> ePf;Fjy; my;yJ gjpyPL nra;jy; 
epfo;Tfspd; %yk;> cUthf;fg;gLk; ghypngg;ilbd; mkpNdhmkpy 
njhlu;tupirapy; khw;wq;fis cz;lhf;FtNj ,e;epfo;thFk;.  Kbthf 
cUthFk; RNA-apy; mkpNdh mkpyq;fisf; FwpaPL nra;Ak; 
njhlu;tupir khw;wg;gLtjhy; Njitahd Gujj;ijg; ngwKbfpwJ.  
gRq;fzpfj;jpd; kugZj;njhifaj;jpy; FwpaPL nra;ag;gl;L kuGr;nra;jp> 
mRNA  gbnaLj;jYf;Fg;gpd; khw;wpaikf;fg;gLjy; xU Fwpg;gpl;l 

,yf;fpy; kl;LNk epfo;tJ Fwpg;gplj;jf;fJ.  ,e;j ,yf;F C  U 
,yf;fhFk;.  mjhtJ irl;Nlhrpd; fhuj;jpw;Fg; gjpyhf Auhrpy; fhuk; 
miktjhFk;. 

 
RNA – jpUj;jg;gLjy; - jhtuq;fspy; gbnaLj;jy; epfo;tpw;Fg; gpd; epfOk; 

RNA tupir 
 

 
 

,Nj Nghd;w jpUj;jk; ikl;Nlhfhz;l;upaj;jpy;  epfo;tJk; 
fz;lwpag;gl;Ls;sJ.  ,it ,uz;bYk; epfOk; jpUj;jk; gpupkpbd; ,lkhw;wk; 
vd miof;fg;gLfpwJ.  mjhtJ xU igupkpbDf;Fg; gjpyhf kw;nwhd;W 
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khw;wPL nra;ag;gLjyhFk;.  ,Utifahd RNA  jpUj;jpaikjy; 
mwpag;gl;Ls;sJ.  (1) gjpyPL jpUj;jk;: ikl;Nlhfhz;l;upaq;fs;> 
gRq;fdpfq;fspy; fhzg;gLk; gpupkpbd; ,lkhw;wk; ,jw;F vLj;Jf;fhl;lhFk;.  
(2) nrUfy; my;yJ ePf;fy; jpUj;jk;: ,q;Fg; Gjpajhf xU epA+f;spNahill; 
,ilNa nrUfg;gLfpwJ my;yJ Kd;gpUe;j xU epA+f;spNahill; 
ePf;fg;gLfpwJ. 
 

RNA jpUj;jg;gLjypd; tiffs; 
 

Mz;L Editing 
tif 

jhtur;nry;ypd; 
cs;SWg;G ,yf;F KbT 

1989 C U jhtu 
ikl;Nlhfhz;bupah 

mRNA mkpNdh 
mkpyq;fisg; 
ghJfhj;jy; 
Nfhlhd;fspy; 
Vw;gLk; gy 
NtWghLfs; 

1990 U C jhtu 
ikl;Nlhfhz;bupah 

mRNA Kjy; Nkw;Nfhs; 
editing (U C) 

1991 C U jhtu gRq;fzpfk; mRNA gRq;fzpfj;jpd; 
Kjy; Nkw;Nfhs; 

 
RNA jpUj;jg;gLjypd; Kf;fpaj;Jtk; 
 
1. cau; jhtuq;fspd; gRq;fzpfj;jpy; Ngzg;gl Ntz;ba mkpNdh 

mkpyq;fis kPl;nlLf;f ,r;nray; cjTfpwJ.  njhlf;ff; Fwpad; 
kw;Wk; KbT Fwpad; Mfpait ,jpy; cs;slq;Fk;.   
 

2. nry; Ez;cs;SWg;Grhu; kuGg;gz;G ntspg;ghl;ilj; jhtuq;fspy; 
xOq;FgLj;j cjTfpwJ.   
 

3. gupzhkj; Njhw;w tsu;r;rpapy; Ngzg;gl;l mkpNdh mkpy vr;rq;fSf;Fupa 
kuG Fwpad;fis kPl;nlLf;f ,J cjTfpwJ. 

 
jhTk; kugZf;fs; (Jumping genes) 

 
jhTk; kugZf;fisg; gw;wp Nfs;tpg;gl;bUf;fpwPu;fsh?  
 
 „,lkhw;wkilAk; kugZrhu;$W‟ vdTk; ,J miof;fg;gLfpwJ.  kugZ 

njhifaj;jpy;> Xuplj;jpypUe;J kw;nwhU ,lj;jpw;F ,lk;ngaUk; DNA 
njhlu; tupirfs; ,t;thW miof;fg;gLfpd;wd.  ,jid 1948-Mk; 
Mz;L ghu;guh nkf;spd;lhf; vd;w mnkupf;f kugpayhyu;> kf;fhr;Nrhsj; 
jhtuj;jpy; fz;lwpe;J „,lk;ngaUk; fl;Lg;gLj;jpf; $Wfs;‟ vdg; 
ngaupl;lhu;.  20-Mk; E}w;whz;bd; kugZ cUmikg;gpw;fhd Ma;Tfspy; 
ngupanjhU khw;wj;jpid ,tupd; fz;Lgpbg;G Vw;gLj;jpajhy;> 1983-Mk; 
Mz;bw;fhd Nehgy; gupR ,g;ngz;kzpf;F toq;fg;gl;lJ.  ghu;guh 
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nkf;spd;lhf; Nrhs tpijAiwfspy; jdpj;j my;A+uhd; nry;fis Ma;T 
nra;jNghJ thf;A+yhu; Me;Njhradpd; cw;gj;jpahy; NtWgl;l 
tz;zq;nfhz;l ePyk;> gOg;G kw;Wk; rptg;G Gs;spfSld; epiyaw;w 
ghuk;gupakhjiyf; fz;lwpe;jhu;. 

 
 Nrhsj;jhtuj;jpd; kugZnjhifaj;jpy; Ac/Ds vd;w jhTk; kugZf;fs; 

fhzg;gLfpd;wd.  ,tw;Ws; Ac nraY}f;fpahfTk;> Ds njhlu;gWf;Fk; 
fhuzpahfTk; cs;sd.  ,it ,uz;by; Ac jdpj;JtkhdJ.  clyr; 
nry;fspy; ,J DsTld; Nru;e;Js;s epiyapy;> Nrhs tpijapd; 
tz;zj;jpw;fhd Xq;F kugZ cs;s ,lj;jpw;F ,lkhw;wkile;J> 
mjidr; nray;glhj kugZthf khw;wp tz;zkw;w tpijfs; Njhd;wr; 
nra;fpwJ.  vdNt rPuhd tz;zk; nfhz;l tpijf;Fg; gjpyhfj; 
jpl;Lj;jpl;lhd tz;zk; nfhz;l tpijfs; Njhd;wf; fhuzkhfpwJ.  
,e;j Ac – Ds $Wfis ,lk;ngaUk; fl;Lg;gLj;jpf; $Wfs; vd 
nkf;spd;lhf; vLj;Jiuj;jhYk;> Nrhsk; gw;wpa kugZ Ma;thyuhd 
mnyf;]hz;lu; gpupq; vd;gtu; ,lkhw;wf; $Wfs; (Transposable 
elements) vdg; ngaupl;lhu;.  kugZj;njhifaq;fs; 
epiyj;jd;ikAlait my;y> khwhf nefpo;Tj;jd;ikAilait 
vd;gjw;fhd Mjhukhf tpsq;Fk; Nrhjid nkf;spd;lhf;fpd; NrhjidNa 
MFk;. 

 
,lkhw;wf; $Wfspd; Kf;fpaj;Jtk;: 
 

1. Gyg;glf;$ba rLjp khw;wq;fis> kw;Wk; capupdj;jpd; rLjp khw;w 
tPjj;ijf; fz;lwpa ,it cjTfpd;wd. 
 

2. gupzhkj;jpy; kugZrhu; gd;kq;fs; cz;lhf ,it toptFf;fpd;wd. 
 

3. kugZrhu; Ma;Tfspy; ,it rLjpkhw;wpfshfTk; efyhf;fj;jpd; 
milahsq;fshfTk;> xU khjpup capupdj;jpDs; md;dpa DNA-itg; 
GFj;j cjTk; jhq;fpf; flj;jpfshfTk; rpwe;j Kiwapy; 
ifahsg;gLfpd;wd.  

 
jhtu kugZ njhifak; (Plant genome) – Xu; capupdj;jpy; fhzg;gLk; 
nkhj;j kugZf;fs; kw;Wk; mtw;wpw;fpilNa mike;j gFjpfs; Mfpa 
midj;jpw;Fk; cupa xl;L nkhj;j DNA mt;Tapupapd; kugZj;njhifak; 
vdg;gLfpwJ.  capupdk; xd;wpd; capupay;rhu; nray;fSf;fhd nra;jpfisf; 
Fwpg;gjhf ,J cs;sJ.  jhtu nka;Al;fU capupfs; %d;W jdpg;gl;l 
kugZ njhifaq;fisg; ngw;Ws;sd.  (1) cl;fU kugZ njhifak; (2) 
ikl;Nlhfhz;l;upa kugZj;njhifak; (3) gRq;fzpf kugZ njhifak; 
jhtuq;fspy; kl;Lk; fhzg;gLfpwJ. 
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muhgplhg;rp]; jhypahdh – Rtnuhl;bf; nfhb tif (Thale cress) – vyp 
fhJ jhtuk; 
 

1. kugZtpay; kw;Wk; %yf;$wpd; gbk tsu;r;rpia mwpe;J nfhs;s 
cjTk; xU khjpupj;jhtuk; ,JthFk;. 
 

2. kugZ njhifak; KOtJkhfj; njhlu;tupirg;gLj;jg;gl;l Kjy; G+f;Fk; 
jhtukhfpa ,J fLF FLk;gj;ijr; Nru;e;jJ. 
 

3. upNghNrhk; DNA tpy; fhzg;gLk; cl;fUkzp mikg;ghd;fspd; ,U 
gFjpAk; upNghNrhky; RNA-itf; Fwpf;fpwJ.  ,J 2 kw;Wk; 4-tJ 
FNuhNkhNrhk;fspd; tpspk;gpy; fhzg;gLfpwJ. 
 

4. Fiwe;j msT kugZj;njhifak; ngw;w mjhtJ 10 FNuhNkhNrhk;fis 
,Ukbahfg; ngw;w (2n = 10) jhtuk; ,JthFk;.  Xuhz;by; gy 
re;jjpfis cz;lhf;Fk; jhtukhfpa ,J kugZrhu; gFg;gha;tpw;Fg; 
gad;glf;$bajhf cs;sJ.  ,jd; kugZ njhifaj;jpy; njhlu; DNA 
(Repetitive DNA)- apd; msT FiwthfNt cs;sJ.  60 
tpOf;fhl;bw;Fk; Nkyhd DNA, jhtuj;jpd; Gujq;fSf;Fwpa FwpaPL 
ngw;wjhf ,Ug;gJ Fwpg;gplj;jf;fJ. 
 

5. Ma;tfq;fspy; vspjpy; tsuf;$ba ,j;jhtuk; kpfr; rpwpajhfTk;> jw; 
fUTWk; jhtukhfTk;> Xuhz;L thOk; ePs; ehs; jhtukhfTk;> mjpf 
tpijfis cUthf;Fk; FWfpa tho;f;ifr;#oy; ngw;w jhtukhfTk; 
cs;sJ (MW thuq;fs; kl;Lk;).  J}z;lg;gl;l rLjpkhw;wq;fis 
,j;jhtuj;jpy; vspjpy; Nkw;nfhs;syhk;.  kugZj;njhifa tsk; ,jpy; 
mjpfkpUg;gjhy; kuGj;Njhw;w khw;wq;fis vspjpy; Nkw;nfhs;syhk;. 
 

6. Ez;Gtp <u;g;G cs;s ,lq;fspy; mjhtJ tpz;ntspapy; ,j;jhtuk; 
ntw;wpfukhfj; jdJ tho;f;ifr;#oiy Kbf;fpwJ vd;gij 1982-Mk; 
Mz;by; nra;ag;gl;l NrhjidfNs ep&gpj;Js;sd.  kdpjDld; 
$l;lhspahf ,j;jhtuj;ij mDg;gp tpz;ntsp Ma;T nra;a KbAk; 
vd;gij ,J fhl;LfpwJ. 
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myF – 4  
 

capupnjhopy;El;gtpay; newpKiwfSk; nray;KiwfSk; 
 
 
 capupnjhopy;El;gtpay; vd;gJ gad;ghl;L capupay; nray;Kiw 

mwptpayhFk;. Kdpj ,dj;jpw;Fk; kw;w capupdq;fSf;Fk; gad;glf;$ba 
mwptpay; tsu;r;rp> capupay; nray;Kiwfspd; gad;ghL> mikg;G kw;Wk; 
njhFjp vdf; $wyhk;. 1919 Mk; Mz;L `q;Nfupa nghwpahsuhd fhu;y; 
Vu;fp vd;gtuhy; capupnjhopy; El;gtpay; vd;w nrhy; cUthf;fg;gl;lJ. 
capupnjhopy; El;gtpay; vd;w nrhy; cUthf;fg;gl;lJ. 
capupnjhopy;El;gtpay; vd;gJ capupdq;fs;> jpRf;fs;> nry;fs;> 
Ez;ZWg;Gfs; my;yJ jdpikgLj;jg;gl;l %yf;$Wfshd nehjpfis 
gad;gLj;jp capupay; my;yJ gpw %yf;$Wfis mjpf kjpg;Gila 
nghUl;fshf khw;Wk; nray;ghLfis cs;slf;fpajhFk;. 

 
capu;njhopy;El;gtpaypd; tsu;r;rp 
 
 fle;j E}w;whz;Lfspy; capupnjhopy; El;gtpay; kpf mgupkpjkhd 

tsu;r;rpiag; ngw;Ws;sJ. ,t;tsu;r;rpahdJ tof;fkhd my;yJ 
ghuk;gupa capupnjhopy;El;gtpay; kw;Wk; etPd capupnjhopy;El;gtpay; 
vDk; ,U jiyg;Gfspd; fPo; ed;F Gupe;Jf;nfhs;s ,aYk;. 

 
1. tof;fkhd my;yJ ghuk;gupa capupnjhopy;El;gtpay; 
 
 ek; %jhijau;fshy; cUthf;fg;gl;l rikayiw njhopy;El;gk; jhd; 

,J. ,j;njhopy;El;gj;jpy; ghf;Bupaq;fisAk;> Ez;ZapupfisAk; 
gad;gLj;jp japu;> nea;> ghyhilf;fl;b Nghd;w ghy;rhu; nghUl;fSk;> 
,l;yp> Njhir> ehz;> nuhl;b> gpl;rh Nghd;w czTg; nghUl;fSk; 
jahupf;fg;gLfpd;wd. ghuk;gupa capupnjhopy;El;gk; xapd;> gPu; Nghd;w 
kJghdj; jahupg;gpYk; gad;gLj;jg;gLfpwJ. 

 
 18Mk; E}w;whz;Lfspy; mwptpay; kw;Wk; njhopy;El;g Kd;Ndw;wj;jpd; 

fhuzkhf rikayiwj; njhopy;El;gk; mwptpay; G+u;t kjpg;igg; ngw;wJ.  
 
2. etPd capupnjhopy;El;gtpay; 
 
 etPd capupnjhopy;El;gk; ,U Kf;fpa mk;rq;fisf; nfhz;Ls;sJ. 

,it ghuk;gupaj; njhopy;El;gj;jpypUe;J NtWgl;lit. 
 

(i) kW$l;bizT DNA njhopy;El;gj;jpd; %yk; Fwpg;gpl;l Njitf;fhf 
Gjpaj; jahupg;Gfs; ngWtjw;F kugZ khw;wk; nra;ag;gLjy;. 
 

(ii) Gjpjhf cUthf;fg;gl;l njhopy;El;gj;jpd; cupik kw;Wk; mjd; 
r%fj; jhf;fk;. ,d;iwaf; fhyfl;lj;jpy; capu;njhopy;El;gtpay; 
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%yk; cynfq;Fk; xU gpy;ypad; lhyu; tu;j;jfk; eilngWfpwJ. 
kUe;J epWtdq;fs;> kJghdj; njhopyfq;fs;> Ntshz; 
njhopw;rhiyfs; kw;Wk; gpw capupnjhopy;El;gk; mbg;gilapyhd 
njhopy;fs; mtw;wpd; jahupg;Gfspd; Kd;Ndw;wj;jpw;fhf 
capupnjhopy;El;gf; fUtpfs; gad;gLj;jg;gLfpd;wd. 

 
 etPd capupnjhopy;El;gtpay; kW$l;bizT DNA njhopy;El;gk; %yk; 

Vw;gLk; kugZ khw;wk; kl;Lkpd;wp nry;ypizTj; njhopy;El;gj;jpd; 
midj;J topKiwfisAk; cs;slf;fpaJ. capupnjhopy;El;gtpaypd; 
Kf;fpa mk;rq;fshtd gpd;tUkhW: 

 
 nehjpj;jy; : mkpyq;fs;> nehjpfs;> My;f`hy;fs;> capup 

vjph;g;nghUl;fs;> Ez; Ntjpag;nghUl;fs;> itl;lkpd;fs; kw;Wk; er;Rg; 
nghUl;fspd; cw;gj;jp. 
 

 xw;iw nry; Gujk;> My;f`hy; kw;Wk; capup vjpu;g; nghUs; ngUkstpy; 
cw;gj;jp nra;tjw;fhd capupj;jpus; 
 

 nehjpfs; gjg;gLj;Jk; njhopw;rhiyfspy; capup czu;tpfshf 
nray;gLjy;. 
 

 i`l;u[d;> My;f`hy;> kPj;Njd; Nghd;w capup vupnghUs; cw;gj;jpapy; 
Ez;Zapup cl;Gfl;ly;fs; (Inoculants) capup cuq;fs; kw;Wk; 
epiyepWj;jpfshf 
 

 ,uz;lhk; epiy tsu;r;rpijg; nghUl;fs; kw;Wk; khNdhFNshdy; 
Mz;bghb (Monoclonal Antibody) cw;gj;jpf;F jhtu kw;Wk; tpyq;F 
nry; tsu;g;G. 
 

 Ez;Ntjpag;nghUl;fs;> nehjpfs;> jLg;G+rpfs;> tsu;r;rp `hu;Nkhd;fs;> 
capup vjpu;g;nghUl;fs; kw;Wk; ,z;lu;nguhd;fspd; cw;gj;jpapy; 
kW$l;bizT DNA njhopy;El;gk;. 
 

 nray;Kiw nghwpapay; (Process Engineering) ePu; kW Row;rp kw;Wk; 
fopTg; nghUl;fs; Rj;jpfupg;gpy; gad;gLj; capupnjhopy; El;gtpay; 
fUtpfspd; gad;ghL Jiwapy; gjg;gLj;Jk; nghwpapay;. 

 
,e;j myfpy; etPd njhopy;El;gtpaypd; gy;NtW mk;rq;fs;> mjd; 
cw;gj;jpg; nghUl;fs;> gad;ghL Nghd;wit tptupf;fg;gl;Ls;sd. 
 

capup njhopy;El;gtpaYld; ,ize;j Jiwfs; 
 

 21Mk; E}w;whz;by; capup njhopy;El;gtpay; gyj; Jiwfspy; 
gad;gLj;jg;gLk; kpf Kf;fpa gpupthFk;. ek;Kila tho;tpy; 
gad;gLj;jf;$ba xU ek;gfkhd JiwahFk;. capup njhopy;El;gtpay; 
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NtWgl;l Jiwfshfpa Ntshz;ik> kUj;Jtk;> Rw;Wr; #oy; kw;Wk; 
tzpfk; uPjpahd njhopw;rhiyfspy; tpupthd gad;ghLfisf; 
nfhz;Ls;sJ. 

 

 
 

tuyhw;Wg; ghu;itapy; 
 gyjug;gl;l gad;ghLfs; nfhz;l ,ilj;njhlu;Gila mwptpay; 
Gykhfj; jpfOk; capupnjhopy;El;gtpay; tsu;r;rpapd; Kf;fpa tuyhw;W 
epfo;Tfs; fPNo gl;bayplg;gl;Ls;sd. 
 
nghJthd rfhg;jj;jpw;F Kd;G 
 6000 fp.K (ngh.M.K) – 3000 fpK (ngh.M.K) - <];l;ilg; gad;gLj;jp 
nuhl;bj; jahupj;jy;> gor;rhW kw;Wk; jhtuf; fopTfspy; nehjpj;jy; %yk; 
kJghdq;fs; jahupj;jy; 
 
20Mk; E}w;whz;bw;F Kd;G 
1770 – Mz;Nlha;d; yhNthrpau; Ntjpa mbg;gilapyhd My;f`hy;  
        nehjpj;jiy je;jhu;. 
1798 –  vltu;l; n[d;du; ngupak;ik Neha;f;fhd Kjy; itu]; jLg;G+rpia  
       Foe;ijf;F cl;nrYj;jpdhu;. 
1838 – n[uhu;l]; N[hd;]; Ky;lu; kw;Wk; [hd; N[f;fg; ngu;rpypa];  
       MfpNahuhy; Gujk; fz;Lgpbg;G> ngauply; kw;Wk; gjpT nra;ag;gly;. 
1871 – vu;d];l; N`hg;> nra;yu; Mfpa ,UtUk; nehjp ,d;tu;Nli]  
       fz;Lgpbj;jdu;. mJ jw;NghJk; nraw;if ,dpg;G+l;bahf  
       gad;gLj;jg;gLfpwJ. 
1876 – Y}ap]; gh];lu; nehjpj;jypy; Ez;Zapupfspd; gq;fpidf;  
        fz;lwpe;jhu;. 
 
20Mk; E}w;whz;by; 
1917 – capupnjhopy;El;gtpay; vd;w nrhy; fhu;y; vu;fp vd;gtuhy;  
        cUthf;fg;gl;lJ. 
1928 – mnyf;rhz;lu; gpsk;kpq; vd;gtuhy; ngdprpypd; fz;Lgpbf;fg;gl;lJ. 
1941 – [hu;[; gPby; kw;Wk; vl;tu;L lhl;lk; MfpNahuhy; epANuh];Nghuh           



 

225 | P a g e  APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 
 

        fpuhrhtpy; Nkw;nfhs;sg;gl;l gupNrhjidapd; tpisthf xU             
        kugZ – xU nehjp fUJNfhis (One gene one enzyme  
                hypothesis) Kd;nkhope;jdu;. 
1944 – mNtup> Nkf;ypahl;> nkf;fhu;l;b MfpNahu; DNAit xU kuGg;  
        nghUs; vd fz;lwpe;jdu;. 
1953 – N[k;]; thl;rd;> gpuhd;rp]; fpupf; MfpNahuhy; DNA tpd; ,ul;il  
       ,io mikg;G fz;Lgpbf;fg;gl;lJ. 
1972 – Mu;gu;> ];kpj;> ehu;ju;d;]; MfpNahuhy; jilfl;L (Restriction)  
       nehjpfs; fz;Lgpbf;fg;gl;ld. 
1973 – DNAitj; Jz;bj;jy; - gpsh];kpl; DNA cld; ,izj;jy;> DNA  
             kW$l;lizT njhopy;El;gk; - kuGg; nghwpapay; - ];lhd;yp  
      Nfh`d;> md;dp rhq;f;> ,uhgu;l; P̀ypq; kw;Wk; N`gu;l; Nghau;  
      MfpNahuhy; kugZ khw;wk; nra;ag;gLjy;. 
1975 – Nfh ;̀yu;> kpy;];Bd; MfpNahuhy; khNdhFNshdy; Mz;bghb  
      (Monoclonal antibody) cw;gj;jp nra;ag;gl;lJ. 
1976 – rhq;fu;> fpy;gu;l; MfpNahu; DNA njhlu;tupirahf;fj; njhopy;  
       El;gj;ij cUthf;fpdhu;fs;. 
1978 – <.Nfhiyapy; kdpj ,d;Rypd; cw;gj;jp 
1979 – H.G.Nfhuhdh vd;gtuhy; capUs;s nry;Yf;Fs; nray;glf;$ba  
      nraw;if kugZ cUthf;fk;. 
1982 – If;fpa mnkupf;f ehL kdpj gad;ghl;bw;fhd kW$l;bizT DNA  
            njhopy;El;gtpaypd; Kjy; kUe;jpay;  cw;gj;jpg; nghUshd  
      `pA+Kypid (Humulin) mq;fPfupj;jJ. 
1983 – jhtuq;fspd; kugZ khw;wj;jpw;F Ti - gpsh];kpl; gad;ghL. 
1986 – Nfup Ky;yp]; vd;gtuhy; ghypkNu]; rq;fpypj; njhlu; tpid (PCR)  
      cUthf;fg;gl;lJ. 
1987 – igNahyp];bf; khw;w Kiwapy; kugZ khw;wk;. 
1992 - <];l;bd; Kjy; FNuhNkhNrhk; njhlu;tupirg;gLj;jg;gl;lJ. 
1994 – Kjy; kugZ khw;wg;gl;l czT: gpNstu;Nrtu; jf;fhspia  
      mnkhpf;fh mq;fPfupj;jJ. 
1997 – mad; tpy;ku;l; cl;fU efyhf;fj;jpd; %yk; Kjy; kugZ khw;w  
      tpyq;fhd ghY}l;b tif ML Nlhypia cUthf;fpdhu;. 
2000 – Kjy; jhtu kugZ njhifak; muhgplhg;rp]; jhypahdhtpy; njhlu;  
     tupirgLj;jg;gl;lJ. 
 
21 Mk; E}w;whz;by; 
2001 – kdpj kugZj; njhifa nray; jpl;lk; kdpj kugZj; njhifa  
       njhlu; tupirapd; Kjy; tiuitf; nfhLj;jJ. 
2002 – xiuth rl;ilthtpy; Kjy; gapu; jhtu kugZ njhifak; njhlu;  
       tupirgLj;jg;gl;lJ. 
2003 – kdpj kugZ njhifa nray; jpl;lk; epiwtw;wJ. ,J kdpjdpd;  
       midj;J 46 FNuhNkhNrhk;fspy; cs;s kdpj kugZtpd;  
       njhlu;tupir kw;Wk; ,Ug;gplj;jpd; jfty;fis toq;fpaJ. 
2010 – ru; ,uhgu;l; G.vl;tu;l; Ma;Tf;$l Nrhjid tsu;g;G Kiwapy;  
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    tpyq;F fUTWjiy elj;jpf; fhl;bdhu;. 
2016 – gf;fthj Nehahspfspy; kPz;Lk; elf;f nra;a jz;L nry;fs; (stem  
           cell) cl;nrYj;jg;gl;lJ – jz;L nry; rpfpl;ir. 
2017 - ,uj;j jz;L nry;fs; Ma;tfj;jpy; tsu;g;G. 
2018 – N[k;];myprd;> lhRF N`hd;N[h Mfpa ,UtUk; Neha; jLg;G  
      nry;fspy; Gujk; ,Ug;gij fz;lwpe;jdu;. Gw;W Neha; rpfpr;irapy;  
      ,jw;F Kf;fpa gq;F fhzg;gl;lJ. 
 
ghuk;gupa capupnjhopy;El;gtpay; 
(Traditional Biotechnology) 
  
 Vw;fdNt tptupj;jJ Nghy; ek;Kila %jhijau;fshy; cUthf;fg;gl;l 

,e;j rikayiw njhopy;El;gk; jhd; nehjpf;f itf;Fk; ghf;Bupaq;fis 
gad;gLj;jpaJ. vdNt> ,J capupdq;fspy; ,aw;ifahf mike;j 
jpwd;fis mbg;gilahf nfhz;l nray;ghLfis cs;slf;fpaJ. 

 
nehjpj;jy; (Fermentation) 
  
 nehjpj;jy; vDk; nrhy; ,yj;jPd; nkhopapd; “/ngu;tpu; (fervere) ypUe;J 

ngwg;gl;lJ. ,J fha;r;Rjy; (to boil) vd;W nghUs;gLk;. nehjpj;jy; 
vd;gJ tsu;rpij khw;wr; nraypy; fupk %yf;$Wfis (nghJthf 
FSf;Nfh];) VNjDk; vyf;l;uhd; flj;J rq;fpyp my;yJ Mf;]p[dw;w 
epiyapy; mkpyq;fs;> thAf;fs; my;yJ My;f`hyhf khw;WtJ MFk;. 
nehjpj;jy; kw;Wk; mtw;wpd; eilKiw gad;ghLfis gw;wpg; gbg;gJ 
irNkhyh[p MFk;. ,J 1856Mk; Mz;L cUthf;fg;gl;lJ. me;j 
Mz;by; gpuhd;]; ehl;L Ntjpapayhu; Y}ap]; gh];lu; <];l;bdhy; 
nehjpj;jy; cz;lhfpwJ vd;gij ep&gpj;jhu;. capu; tho Mf;rp[dw;w 
#oy; Njitg;gLk; NghJ rpy tif ghf;Bupaq;fSk; G+Q;irfSk; 
nehjpj;jiy Nkw;nfhs;fpd;wd. czT kw;Wk; kJghd njhopy;fspy; 
nehjpj;jy; nray;fs; kpfTk; gad;glf;$bajhf cs;sd. ,q;F 
My;f`hy; ghdq;fis cUthf;f ru;f;fiu fiury; vj;jdhyhf 
khw;wg;gLfpd;wd. nuhl;bfis cg;gr;nra;a <];lhy; ntspaplg;gLk; CO2 
cjTfpwJ; fha;fwpfs; kw;Wk; ghy;rhu; nghUl;fisg; ghJfhf;fTk; 
kz%l;lTk; gad;gLk; fupk mkpyq;fspd; cw;gj;jpapYk; gad;gLfpwJ. 

 
capup tpidfyd; -Bioreactor 
(nehjpfyd; - Fermentor)  
  
 capuptpidfyd; (nehjpfyd;) vd;gJ xU ghj;jpuk; my;yJ nfhs;fyd; 

MFk;. ,J tpidgL nghUl;fSld; Ez;Zapupfs; my;yJ mtw;wpd; 
nehjpfs; Njitahd nghUl;fis cw;gj;jp nra;tjw;F tpidGupAk; 
tifapy; cfe;j #o;epiyia toq;ff; $bajhf tbtikf;fg;gl;L 
,Uf;Fk;. ,e;j capuptpid fydpy; fhw;Nwhl;lk;> fpsu;T+l;lk; (agitation)> 
ntg;gepiy> pH Nghd;wit fl;LgLj;jg;gl;bUf;Fk;. nehjpj;jy; Nkw;fhy; 
gjg;gLj;jk; kw;Wk; fPo;f;fhy; gjg;gLj;jk; vd ,U nray;Kiwfis 
cs;slf;fpaJ.  
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i. Nkw;fhy; gjg;gLj;jk; (Upstream process) 

 nehjpj;jy; njhlq;Ftjw;F Kd;ghf cs;s midj;J nray;KiwfSk; 
mjhtJ nehjpfydpy; Ez;Zapu; ePf;fk;> jahu;gLj;Jjy;> tsu;g;G Clf 
Ez;Zapu; ePf;fk; kw;Wk; nghUj;jkhd cl;Gfl;lypd; (inoculum) tsu;r;rp 
Mfpait Nkw;fhy; gjg;gLj;jk; vdg;gLk;. 

 
ii. fPo;f;fhy; gjg;gLj;jk; (Downstream Process) 
  
 nehjpj;jYf;F gpwF cs;s midj;J nray;KiwfSk; fPo;f;fhy; 

gjg;gLj;jk; vdg;gLk;. ,r;nray;Kiwapy; thiy tbj;jy; ikatpyf;fy;> 
tpirf;F cl;gLj;Jjy;> tbfl;Ljy; kw;Wk; fiug;ghd; %yk; 
gpupj;njLj;jy; Nghd;wit cs;slq;fpAs;sd. ngUk;ghYk; ,r;nray;Kiw 
tpUk;gg;gLk; tpis nghUspd; J}a;ikia cs;slf;fpaJ.  

 
nehjpj;jy; nray;Kiw 
 

 cw;gj;jpg; nghUl;fisr; rhu;e;J capup tpidfyd; 
Nju;e;njLf;fg;gLfpwJ. 
 

 Fwpg;gpl;l ntg;gepiy> pHy; nghUj;jkhd tsu;jsg; nghUs; 
(substrate) ePu;k Clfj;jpy; Nru;f;fg;gl;L gpd;du; ePu;f;fg;gLfpwJ. 
 

 ,jpy; capupdk; (Ez;Zapupfs;> tpyq;F / jhtu nry;> nry; 
Ez;ZWg;Gfs; my;yJ nehjpfs;) Nru;f;fg;gLfpwJ. 
 

 ,J Fwpg;gpl;l fhy mstpw;F Fwpg;gpl;l ntg;gepiyapy; 
itf;fg;gLfpwJ. 
 

 capupdk; fhw;Ws;s epiyapNyh my;yJ fhw;ww;w epiyapNyh 
NjitNfw;g itf;fg;glyhk;. 
 

 fPo;f;fhy; gjg;gLj;Jjy; Kiwiag; gad;gLj;jp tpisg;nghUl;fs; 
ngwg;gLfpd;wd. 

 
njhopw;rhiyapy; nehjpj;jypd; gad;ghLfs; 
 
nehjpj;jy; gpd;tUk; njhopy;rhu; gad;ghLfisf; nfhz;Ls;sJ. mitahtd: 
 
1. Ez;Zapup capupj;jpus; cw;gj;jp: Ez;Zapup nry;fshd (capupj;jpus;) 

ghrpfs;> ghf;Bupaq;fs;> <];l;> G+Q;irfs; Nghd;wit tsu;f;fg;gl;L 
cyu;j;jg;gl;L xw;iw nry; Gujk; (SCP) vd;wiof;fg;gLk; KO Guj 
%ykhfg; gad;gLfpd;wd. ,it kdpj czthfNth> tpyq;F 
jPtdkhfNth nray;gLfpd;wd. ,jw;F xw;iw / jdp nry; Gujk; vd;W 
ngau;. 
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2. Ez;Zapup tsu;rpij khw;wg; nghUl;fs; Ez;Zapupfs; kdpj kw;Wk; 
tpyq;FfSf;F gaDs;sjhf ,Uf;Fk; Ntjpag; nghUl;fis cw;gj;jp 
nra;fpd;wd. ,e;j nghUl;fs; tsu;rpij khw;wg; nghUl;fs; vd;W 
miof;fg;gLfpd;wd. ,it ,uz;L gpupTfshfg; gpupf;fg;gLfpd;wd. 
 
 Kjy;epiy tsu;rpij khw;wg;nghUl;fs;: Ez;Zapupfspd; capu; 

nray;Kiwfis guhkupg;gjw;fhf cw;gj;jp nra;af;$bait 
Kjy;epiy tsu;rpij khw;wg;nghUl;fs; vdg;gLk;. vLj;Jf;fhl;L: 
vj;jdhy;> rpl;upf; mkpyk;> yhf;bf; mkpyk;> mrpl;bf; mkpyk;. 
 

 ,uz;lhk; epiy tsu;rpij khw;wg;nghUl;fs;: ,uz;lhk; epiy 
tsu;rpij khw;wg;nghUs;fs; Ez;Zapupfspd; Kf;fpa tho;f;if 
nray;Kiwf;F Njtg;gLtjpy;iy. Mdhy; ,it kjpg;Gf;$l;Lk; 
jd;ikAilait. ,tw;wpy; capup vjpu;g;nghUl;fSk; (Antibiotics) 
cs;slq;Fk;. vLj;Jf;fhl;Lfs;: Mk;Nghnluprpd;-B ([;nug;Nlhikr]; 
NehNlh];)> ngdprpypd; (ngdprPypak;fpiuNrh[Pdk;)> ];l;nug;Nlhikrpd; 
(];l;nug;Nlhikr]; fpiur];)> nll;uhirf;spd; (];l;nug;Nlhikr]; 
MupNah/Ngrpad;];)> My;fyha;Lfs;> er;R epwkpfs;> itl;lkpd;fs; 
kw;Wk; gpw. 
 

3. Ez;Zapu; nehjpfs;: Ez;Zapupfis tsu;f;Fk; NghJ mit tsu;g;G 
Clfj;jpy; rpy nehjpfisr; Ruf;fpd;wd. ,e;j nehjpfs; Nrhg;G> czT 
gjg;gLj;jk;> kJghdk; (brewing)> kUe;jpapay; Mfpa njhopw;rhiyfspy; 
gad;gLj;jg;gLfpd;wd. vLj;Jf;fhl;Lfs;: GNuhl;BNa];> mikNy];> 
INrhnkNu];> iyg;Ng]; Nghd;wit. 
 

4. Capu;-rhu; khw;wk;> capu;-rhu; Ntjpa khw;wk; my;yJ jsg;nghUs; khw;wk;: 
nehjpf;f itf;Fk; Ez;Zapupfs; kjpg;G kpf;f jahupg;Gf;fis cw;gj;jp 
nra;Ak; jpwidf; nfhz;Ls;sd. vj;jdhiy mrpl;bf; mkpykhf (tpdpfu;)> 
INrh GNuhg;gdhiy mrpl;Nlhdhf> rhu;gpl;lhiy rhu;Ngh]; ru;f;fiuahf 
(itl;lkpd; C cw;gj;jpf;F gad;gLtJ) ];Buhiy ];Vuha;lhf khw;w 
nehjpj;jy; gad;gLfpwJ. 

 
jdp nry; Gujk; (Single Cell Protein - SCP) 
 
jdp nry; Gujk; vd;gJ tpyq;F czthf my;yJ kdpj Jiz czthf 
(supplementary food) gad;gLj;jg;gLk; Ez;Zapupfspd; cyu;e;j 
nry;fshFk;. jdp nry; Guj cw;gj;jpapy; gad;gLj;jg;gLk; Ez;Zapupfs; 
fPNo nfhLf;fg;gl;Ls;sd. 
 
 ghf;Bupaq;fs; - nkj;ijNyhgpy;y]; nkj;ijNyhl;Nuhg];> 

nry;YNyhNkhdh]; my;fyp[Pd;];. 
 

 G+Q;irfs; - mfhupf]; Nfk;g];bup];> rhf;fNuhikrl;]; nru;tPrpNa 
(<];l;)> Nfz;blh Al;byp];. 
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 ghrpfs; - ];igUypdh> FNshnuy;yh> fpshkpNlhNkhdh]; 
 

 jdp nry; Gujq;fs; mtw;wpd; Gujr;rj;J> fhu;Nghi`l;Nul;fs;> 
nfhOg;Gfs;> itl;lkpd;fs;> jhJ cg;Gfs; Nghd;wtw;wpd; fhuzkhf 
Kf;fpakhd czthfg; gad;gLj;jg;gLfpd;wd. ,it cztpd; Kf;fpa 
Mjhu mikg;ghfpwJ. NkYk; ,J tpz;ntsp tPuu;fs; kw;Wk; 
mz;lhu;bf;fh gazk; Nkw;nfhs;Sk; tpQ;Qhdpfshy; gad;gLj;jg;gLfpwJ. 
 

 cUisf;fpoq;F gjg;gLj;jg;gLk; njhopw;rhiyfspypUe;J fpilf;Fk; 
fopTePu; (jurk; nfhz;lJ)> itf;Nfhy;> nty;y rf;ifg;ghF> tpyq;F 
cuk; kw;Wk; fopTePu; Nghd;w nghUl;fspy; ];igUypdhit vspjpy;  
tsu;j;J mjpfstpy; Gujq;fs; jhJ cg;Gfs;> nfhOg;Gfs;> 
fhu;Nghi`l;Nul; kw;Wk; itl;lkpd;fs; epiwe;j czit cz;lhf;fyhk;. 
NkYk;> ,j;jifa gad;ghLfs; Rw;Wr;#oy; khRghl;ilf; Fiwf;fpwJ. 
250 fp nkj;ijNyhgpy;y]; nkj;ijNyhl;Nuhg];> mjDila kpf 
mjpfsT capupj;jpus; gad;ghl;bd; %yk; 25 ld; Guj cw;gj;jpia 
cUthff;$Lk;. 

 
jdp nry; Gujj;jpd; gad;ghLfs; 
 
 ,J Gujj;jpw;F khw;whfg; gad;gLfpwJ. 

 
 ,J MNuhf;fpakhd Kb kw;Wk; NjhYf;fhd moFg; nghUl;fspy; 

gad;gLj;jg;gLfpwJ. 
 

 ,J Gujj;jpd; kw;Wk; Cl;lr; rj;Jf;fspd; rpwe;j Mjhukhf Nfhop 
tsu;g;gpy; gad;gLfpwJ. ,J gwitfs;> kPd;fs;> fhy;eilfs; 
Nghd;wtw;wpd; cztpw;fhf gutyhf gad;gLj;jg;gLfpwJ. 
 

 ,J czTj; njhopw;rhiyfspy; kz%l;bahf itl;lkpd; nfhz;ljhf> 
mLkid nghUl;fspd; Cl;lr;rj;J kjpg;ig mjpfupf;Fk; fhuzpahf> 
#g;Gfs;> jahu;epiy czTfs; kw;Wk; czTf;Fwpg;Gfspy; 
gad;gLj;jg;gLfpwJ. 
 

 fhfpj jahupg;gpYk;> Njhy; gjg;gLj;JjypYk;> Eiu epiyepWj;jpahfTk; 
,J gad;gLfpwJ. 

 
etPd capupnjhopy;El;gj;jpy; Vw;gl;Ls;s Kd;Ndw;wq;fs; 
 
 etPd capupnjhopy; El;gtpay; midj;J kugZ-rhu; igahSjy; 

Kiwfs;> GNuhl;Nlhgpshr ,izT njhopy;El;gq;fs; kw;Wk; gioa 
capupnjhopy;El;gtpay; nray;Kiwfspy; Nkw;nfhs;sg;gl;l Nkk;ghLfs; 
Nghd;wtw;iw cs;slf;fpAs;sJ. etPd capupnjhopy;El;gtpaypd; xU 
rpy Kf;fpa Nkk;ghLfs; fPNo tptupf;fg;gl;Ls;sd. 
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kugZ – rhu; nghwpapay; 
 
 kugZ rhu; nghwpapay; my;yJ DNA kW$l;bizT njhopy; El;gk; 

my;yJ kugZ efyhf;fk; vd;gJ xU njhFg;ghd nrhy;yhFk;. ,jpy; 
ntt;NtW Nrhjid nray;Kiwfs; cs;slf;fg;gl;Ls;sd. ,it DNA 
khw;WUthf;fk; kw;Wk; DNA I xU capupapypUe;J ,Ue;J kw;nwhU 
capupf;F khw;Wjy; Mfpait eilngWfpd;wd. 

 
 Kd;Ng myF II y; ghuk;gupa kW$l;biztpw;fhd tiuaiwia 

mwpe;jpUg;gPu;fs;. ghuk;gupa kW$l;bizT Fd;wy; gFg;gpd; NghJ xj;j 
,iz FNuhNkhNrhk;fSf;fpilNa Vw;gLj; kugZ gupkhw;wk; my;yJ 
kW$l;bizitf; Fwpf;Fk;. etPd njhopy;El;gj;ijg; gad;gLj;jp 
nraw;ifahf kW$l;bizit nray;gLj;jg;gLtJ kW$l;bizT DNA 
njhopy;El;gk; (rDNA njhopy;El;gk;) vd;wiof;fg;gLfpwj. NkYk; ,J 
kugZ khw;w njhopy;El;gk; vd;Wk; miof;fg;gLk;. Fwpg;gpl;l kugZtpw;F 
FwpaPL nra;Ak; DNA I xU capupapypUe;J ,Ue;J kw;nwhU capupf;F 
khw;wk; nra;tij ,e;j njhopy;El;gKiw jd;dfj;Nj nfhz;Ls;sJ. 
,jpy; Fwpg;gpl;l jhq;fpf;flj;jpfs; (Vectors) Kftu;fshf 
nray;gLj;jg;gLfpd;wd my;yJ kpd;Jisaply; fUtp> kugZ Jg;ghf;fp 
Nghd;w fUtpfs; gad;gLj;jg;gLfpd;wd my;yJ ,J ypg;NghNrhk; 
%yNkh> Ntjpag; nghUl;fs; %yNkh> Ez; cl;nrYj;Jjy; 
(Microinjection) %yNkh Nkw;nfhs;sg;gLfpwJ. 

 
kW$l;bizT DNA njhopy;El;gj;jpd; gbepiyfs; 
 
 epfyhf;fk; nra;ag;gl Ntz;ba> tpUk;gj;jFe;j> kugZit nfhz;Ls;s 

DNA Jz;ilj; jdpikgLj;Jjy;. ,jw;F nrUfp (Insert) vd;W ngau;. 
 

 Xk;Gapu; nry;Yf;Fs;NsNa Rakhf ngUf;fkilaf;$ba jhq;fpf;flj;jp 
vDk; xU flj;jp %yf;$Wld; DNA Jz;Lfis nrUFtjpdhy; 
kW$l;bizT DNA (rDNA) %yf;$W cUthf;fg;gLfpwJ. 
 

 rDNA %yf;$iw jhq;fpapUf;Fk; khw;wg;gl;l Xk;Gapup nry;fisj; 
Nju;e;njLj;jy; kw;Wk; mtw;iw ngUf;fkila nra;jy;; ,jd; %yk; 
rDNA ngUf;fkilfpwJ. 
 

 vdNt> ,e;j midj;J nraypdhy; nrUfp mjpfsT rDNA itNah 
my;yJ mjd; gz;Gfis ntspg;gLj;Jk; mjpfsT Gujq;fisNah 
cUthf;FfpwJ. 
 

 vq;nfy;yhk; jhq;fpf;flj;jpfs; <LgLj;jg;gltpy;iyNah mq;nfy;yhk; 
me;j tpUk;gj;jFe;j kugZ ghypkNu]; rq;fpyp tpid (PCR) 
njhopy;El;gj;jpd; %yk; ngUf;fkilar; nra;ag;gLfpwJ. ,e;j 
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ngUf;fkile;j efy;fs; Xk;Gapup nry;ypd; GNuhl;Nlhgpsh]j;jpDs; Crp 
%yNkh my;yJ kugZ Jg;ghf;fp %yNkh nrYj;jg;gLfpd;wd. 

 
 PCR: ghypkNu]; rq;fpyp tpid DNA tpd; Fwpg;gpl;l gFjpia 

efyhf;fk; (kpy;ypad;) nra;ag; gad;gLj;jg;gLk; nghJthd Ma;tf 
njhopy;El;gkhFk;. 

 
kugZg; nghwpapaYf;fhd fUtpfs; (Tools for Genetic Engineering) 
  
 NkNy tptupf;fg;gl;ljpypUe;J ,e;j njhopy;El;gj;jpy; rpy mbg;gilf; 

fUtpfs; kW$l;bizT DNA %yf;$iw cw;gj;jp nra;tjw;F 
Njitg;gLfpwJ vd;gJ ekf;F njupa tUfpwJ. mbg;gilf; 
fUtpfshtd nehjpfs;> jhq;fpf;flj;jpfs; kw;Wk; Xk;Gapupfs;. kugZg; 
nghwpapaypy; Njitg;gLk; kpf Kf;fpa nehjpfs; jilfl;L nehjpfs; 
(Restriction enzymes)> DNA iyNf]; kw;Wk; My;fiyQd; gh];/gNl]; 
MFk;. 

 
jilfl;L nehjpfs; (Restriction enzymes) 
 
 1963 Mk; Mz;L ghf;BupNah /gh[pd; tsu;r;rpia fl;Lg;gLj;jf; 

fhuzkhd ,uz;L nehjpfs; <];bupr;rpah Nfiyapy; ,Ue;J 
jdpikg;gLj;jg;gl;ld. xU nehjp DNA cld; nkj;ijy; njhFjpia 
Nru;f;fpwJ. kw;nwhU nehjp DNAI Jz;bf;fpwJ. DNAI Jz;bf;Fk; 
nehjp nu];l;upf;~d; vz;Nlh epAf;spNa]; MFk;. ,it DNA 
%yf;$Wf;Fs; Fwpg;gpl;l milahsk; fhzf;$ba gFjpf;F mUfpy; 
my;yJ ,lj;jpy; DNA I Jz;bf;fpd;wd. ,jw;F jilfl;Lf; fsk; 
(Restriction sites) vdg;gLk;. ,it nray;gLk; tpjj;jpd; mbg;gilapy; 
jilfl;L nehjpfs; vf;NrhepAf;spNa]; (Exonuclease) kw;Wk; 
vz;NlhepAf;spNa]; (Endonuclease) vd tifg;gLj;jg;gLfpd;wd. 

 
a. vf;NrhepAf;spNa]; nehjp DNA %yf;$wpd; xU Kidapy; ,Ue;J 

epAf;NahilLfis ePf;FfpwJ. v-fh: 31> vf;Nrh epAf;spNa]; III. 
 

b. vz;NlhepAf;spNa]; nehjp DNA %yf;$wpd; cl;Gwk; cs;s 
/gh];/Ngh il v];lu; gpizg;ig ePf;FfpwJ. v-fh: Hind II, EcoRI, 
Pvul, Bam H I, Taq I 

 
nu];l;hpf;~d; 
(jilf;fl;L) 

nehjp 

Ez;Zaph; Mhuk; mq;fPfhpf;ff;$b
a njhlh;thpir 

Jz;Lfs; 

Alu I Mu;j;Nuhghf;lh; 
Y}l;ba]; 

5‟AG/CT3‟ 
3‟TC/GA5‟ 

A-G C-T kOq;fpa 
T-C G-A Kidfs; 

BamHI Ngrpy;y]; 
mikNyhypf;ANgrpa

5‟G/GATCC3‟ G     G-A-T-C xl;Lk; 
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d;]; 3‟CCTAG/G5‟ |   | 
C-C-T-A-G  GKidfs; 

EcoRI v];nrhpr;rpah 
Nfhiy 

5‟G/AATTC3‟ 
3‟CCTAG/G5‟ 

G A-A-T-T-C xl;Lk; 
|   | 
C-T-T-A-A  G Kidfs; 

HaeIII `PNkhgpy;y]; 
V[pahg;l]; 

5‟GG/CC|3‟ 
3‟CC/GG5‟ 

G-G C-C kOq;fpa 
C-C G-G Kidfs; 

HindIII `PNkhgpy;y]; 
,d;G@nad;rh 

5‟A/AGCTT3‟ 
3‟TTCGA/A5‟ 

A    A-G-C-T xl;Lk; 
|                  |        
T-T-C-G-A A 

 
nu];l;upf;~d; vz;NlhepAf;spNa];: %yf;$W fj;jpupNfhy;fs; 
 
 nu];l;upf;~d; vz;NlhepAf;spNa]; nehjpfs; %yf;$W fj;jpupNfhy; 

vdg;gLk;. ,it kW$l;bizT DNA njhopy;El;gj;jpd; mbj;jskhf 
nray;gLfpd;wd. ,e;j nehjpfs; gy ghf;Bupaq;fspy; cs;sd. mq;F 
,it ghJfhg;G mikg;gpd; gFjpahf nray;gLfpd;wd. ,tw;wpw;F 
jilfl;L khw;WUthf;f njhFjp (Restriction modification system) vd;W 
ngau;. 

 
 nu];l;upf;~d; vz;NlhepAf;spNa]; %d;W Kf;fpa tFg;Gfis 

nfhz;Ls;sJ. tif I> tif II> tif III. ,it nray;gLk; tpjj;jpy; 
xd;wpypUe;J kw;nwhd;W NtWgLfpd;wd. 

 
 tif II nehjp kl;Lk; kW$l;bizT DNA njhopy;El;gj;jpy; mjpfk; 

gad;gLj;jg;gLfpwJ. nghJthf> ,J 4 – 8 bp (base pairs) nfhz;Ls;s 
xU Fwpg;gpl;l njhlu;thpirf;Fs;Ns DNAI milahsk; fz;lwpe;J 
Jz;bf;fpwJ. rpy nehjpfSf;fhd vLj;Jf;fhl;Lfs; ml;ltizahf 4.1y; 
nfhLf;fg;gl;Ls;sd. 

 
 nu];l;upf;~d; nehjp Hind II vg;NghJk; Fwpg;gpl;l tupirapy; 6 

fhu,izfis milahsk; fz;lwpe;J mt;tplj;jpy; DNA 
%yf;$Wfis Jz;bf;fpwJ. mt;tupirfs; milahsj; njhlu;tupirAld; 
$ba 900 f;Fk; Nkw;gl;l jilfl;L nehjpfs; 230 tif ghf;Bupaq;fspy; 
,Ue;J gpupj;J vLf;fg;gLfpd;wd. 

 
 nu];l;upf;~d; vz;NlhepAf;spNa];fs; jFe;j topKiwfs; %yk; 

ngauplg;gLfpd;wd. nehjpapd; Kjy; vOj;J Ngupdg; ngaiuAk;> mLj;j 
,uz;L vOj;Jf;fs; rpw;wpdj;ijAk;> mLj;J tUtJ capupdj;jpd; 
,df;$wpidAk;> ,Wjpahf Nuhkhdpa vz; me;jf; fz;Lgpbg;gpd; 
njhlu;tupiriaAk; Fwpg;gpLfpwJ. 
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 vLj;Jf;fhl;lhf: EcoRI vd;gjpy; E – v];r;ruprpah> co - Nfhiy> R – RY 
13 ,df;$wpidAk;> I – fz;Lgpbf;fg;gl;l Kjy; vz;NlhepAf;spNai]Ak; 
Fwpf;fpwJ. 

 
 ,J gy jilfl;L nehjpfSf;fhd ,U NtW capupvjph;g; nghUs; jLg;G 

kugZf;fisAk;> milahsf; fsq;fisAk; (Recognition sites) 
nfhz;Ls;sJ. ,e;j njhlh;tupir jilfl;L fsk; vdg;gLfpwJ. ,J 
nghJthf Kd;gpd; xj;j tupir (Palindrome) MFk;. mjhtJ me;j 
fsj;jpy; ,uz;L DNA ,ioapd; njhlu;tupirapy; 5′ – 3′ jpirapYk; 
thrpg;gjw;F xd;whf cs;sJ. 

 
 vLj;Jf;fhl;L: MALAYALAM. ,e;j nrhy;iy ve;j jpirapy; 
 gbj;jhYk; xd;NwahFk;. 
 
 Kd;gpd; xj;j njhlu;thpir khwpfs; (Palindromic repeats) DNA 

,iofspYs;s xU rkr;rPuhd khwp njhlu;tupir 
 
  5′ - CATTATATAATG - 3′ 
  3′ - GTAATATATTAC - 5′ 
 
 Fwpg;G: fhu ,izfspd; njhlu;tupir Kjy; tupiria xg;gpLk; NghJ 
 kWjiy jpirapYk; (reverse direction) xNu khjpup cs;sijf; 
 fhzyhk;. 
 
 xU kugZ efyhf;fr; Nrhjidapd; tbtikg;gpy; xU jilfl;L 

nehjpapdhy; cz;lhf;fg;gLk; rupahd tif gpsT Kf;fpakhdjhFk;. xU 
rpy jilfl;L nehjpfs; ,uz;L DNA ,iofspd; ikag;gFjpapd; CNl 
gpsT Vw;gLj;Jtjd; tpisthf kOq;fpa (blunt) my;yJ gwpf;fg;gl;l 
Kid (flush end) cz;lhfpwJ. ,it rkr;rPu; Jz;bg;Gfs; vd 
miof;fg;gLfpd;wd. rpy nehjpfs; DNA I ntl;Lk; NghJ ePl;bf; 
nfhz;L fhzg;gLk; Kidfs; cz;lhfpd;wd. ,it xl;Lk; (Sticky) 
my;yJ xl;bizthd (cohesive) Kidfs; vd miof;fg;gLfpd;wd. 
,j;jifa ntl;Lfs; rkr;rPuw;w ntl;Lfs; vdg;gLfpd;wd. 

 

 
xl;Lk; kw;Wk; kOq;fpa Kidfs; 
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 DNA kW$l;bizT njhopy;El;gj;jpy; Kf;fpa gq;F tfpf;fpd;w NtW 

,uz;L nehjpfs; DNA iyNf]; kw;Wk; My;fiyd; gh];/gNl]; MFk;. 
 
DNA iyNf]; 
 
 DNA iyNf]; nehjp ,ul;il ,io DNA (dsDNA) tpd; ru;f;fiu 

kw;Wk; gh];/Ngl; %yf;$Wfis 5′ - PO4 kw;Wk; xU 3′ - OH cld;> 
xU mbNdhird; biu gh];/Ngl; (ATP) rhu;e;j tpidapy; Nru;f;fpd;wJ. 
,J T /gh[pypUe;j gpupj;njLf;fg;gLfpwJ. 

 

 
  
DNA iyNf]; tpid 
 
My;fiyd; gh];/gNl]; 
 
 My;fiyd; gh];/gNl]; vd;gJ DNA it khw;wp mikf;Fk; xU 

nehjpahFk;. ,J ,ul;il ,io DNA tpd; (dsDNA) 5′ Kidg; 
gFjpapy; my;yJ xw;iw ,io DNA tpy; (ssDNA) my;yJ RNA tpy; 
Fwpg;gpl;l gh];/Ngl; njhFjpia Nru;f;fpwJ my;yJ ePf;FfpwJ. ,jdhy; 
mJ Ra-fl;LWj;jj;ij (self-ligation) jLf;fpwJ. ,J 
ghf;Bupaq;fspypUe;Jk; fd;Wf;Fl;b rpWFly; gFjpapypUe;Jk; 
gpupj;njLf;fg;gLfpwJ. 

 
 
My;fiyd; gh];/gNl]; nray;ghL 
 
jhq;fpf;flj;jp (Vectors) 
 
 kugZ efyhf;f Nrhjidapd; kw;nwhU Kf;fpaf; $W gpsh];kpl; 
Nghd;w xU jhq;fpf;flj;jpahFk;. xU jhq;fpf;flj;jp vd;gJ Ra 
,ul;bg;gilaf; $ba xU rpwpa DNA %yf;$whFk;. ,J xU flj;jpahf 
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nray;gLfpwJ kw;Wk; efyhf;fg; gupNrhjidf;fhf mjDs; nrUfg;gl;l xU 
DNA Jz;bd; flj;jpahf gad;gLj;jg;gLfpwJ. jhq;fpf;flj;jp efyhf;f 
Cu;jp (cloning vehicle) my;yJ efyhf;f DNA (cloning DNA) vd;Wk; 
miof;fg;gLfpwJ. jhq;fpf;flj;jpfspy; ,U tiffs; cs;sd. (1) 
efyhf;fj; jhq;fpf;flj;jp (Cloning vector) (2) ntspg;gLj;Jk; (Expression 
vector) jhq;fpf;flj;jp. efyhf;fj; jhq;fpf;flj;jp nghUj;jkhd Xk;Gapup 
nry;Yf;Fs; efyhf;f DNA nrYfiy (DNA-Insert) efyhf;fk; nra;a 
gad;gLj;jg;gLfpwJ. ntspgLj;Jk; jhq;fpf;flj;jp Xk;GapupDs; Gujj;ij 
cz;lhf;Ftjw;fhd DNA nrUfpia ntspg;ghlila cjTfpwJ. 

 
jilf;fl;L nehjpfspd; cjtpAld; may; DNA Jz;L gpsh];kpl; cld; 

nrUfg;gLfpwJ 
 
jhq;fpf;flj;jpapd; gz;Gfs;: 
 
 jhq;fpf;flj;jpfs; Xk;Gapup nry;Yf;Fs; mtw;Wila DNA nrUfYld; 

$lNt gy klq;F efy;fspd; cw;gj;jpf;fhf jd;dpr;iahf 
ngUf;fkilAk; jpwDilaJ. 

 
 ,J mstpy; rpwpajhf ,Uf;f Ntz;Lk;; Fiwe;j %yf;$W vil 

nfhz;bUf;f Ntz;Lk> mjhtJ 10 fpNyhNg]pf;Fk; (10kb) Fiwthd 
msit vilAilaJ. ,jd; fhuzkhf Xk;Gapup nry;Yf;Fs; Eiojy; 
/ khWjy; vspjhfpwJ. 
 

 jhq;fpf;flj;jp ngUf;fkiljYf;fhd xU Njhw;Wtpia (Origin) 
nfhz;bUf;f Ntz;Lk;. ,jdhy; mJ Xk;Gapup nry;Yf;Fs; 
jd;dpr;irahf ngUf;fkilAk; jpwidg; ngWk;. 
 

 ,J capupvjpu;g;nghUs; jLg;G Nghd;w nghUj;jkhd milahsf; 
Fwpia (marker) nfhz;bUf;f Ntz;Lk;. ,jdhy; kugZ 
khw;wkile;j Xk;Gapup nry;Yf;Fs; mjid milahsk; fz;lwpa 
KbAk;. 
 

 jhq;fpf;flj;jp DNA nrUfy; cld; xUq;fpiztjw;F jdpg;gl;l 
,yf;Ff;fsq;fisg; ngw;wpUf;f Ntz;Lk; kw;Wk; mJ jhq;fpapUf;Fk; 
DNA nrUfy; cld; Nru;e;J Xk;Gapup nry;ypd; kugZ 
njhifaj;Jld; xUq;fpizAk; jpwidg; ngw;wpUf;f Ntz;Lk;. 
ngUk;ghyhd rhjhuzkhf gad;gLj;jf;$ba efyhf;ff; 
jhq;fpf;flj;jpfs; xd;wpf;Fk; Nkw;gl;l jilfl;L jsq;fisf; 
nfhz;Ls;sd. ,it gy efyhf;f fsq;fs; (Multiple Cloning Site 
MCS) my;yJ gy ,izg;ghd;fs; (Polylinker) vdg;gLk;. gy 
efyhf;f fsq;fspd; (MCS) ,Ug;G Njitg;gLk; jilf;fl;L 
nehjpfis gad;ghl;bw;F toptif nra;fpwJ. 

 



 

236 | P a g e  APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 
 

xU jhq;fpf;flj;jpf;Fs; efyhf;fj;ij vspjhFtjw;F gpd;tUk; gz;Gfs; 
Njitg;gLfpd;wd. 
 

jhq;fpf;flj;jpapd; gz;Gfs; 
 
 

1. ngUf;fkiljypd; Njhw;wk; (Origin of replication - Ori): ,e;j 
njhlu;tupirapypUe;J jhd; ,ul;bg;ghjy; njhlq;fg;gLfpwJ. ,e;j 
njhlu;tupirAld; xU Jz;L DNA ,izf;fg;gl;lhy; Xk;Gapup 
nry;Yf;Fs; mjidg; ngUf;fkilar; nra;a KbAk;. 
 

2. Nju;e;njLf;Fk; milahsf;Fwp (Selectable marker): Ori IAk; Nru;j;J 
jhq;fpf;flj;jpf;F xU Nju;e;njLf;Fk; milahsf;Fwp Njitg;gLfpwJ. 
,J kugZ khw;wkilahj nry;fis milahsk; fz;lwpe;J 
mtw;iw ePf;FtjpYk; kugZ khw;wkile;j nry;fspd; tsu;r;rpia 
Nju;e;njLj;J mDkjpf;fpwJ. 
 

3. efyhf;ff; fsk; (Cloning Site): md;dpa DNA I ,izf;Fk; 
nghUl;L> jhq;fpf;flj;jpf;F rpy fsq;fs; ,Ug;gpDk; xNu xU 
milahsf; fsk; tpUk;gj;jf;fjhf cs;sJ. 

 
jhq;fpf;flj;jpapd; tiffs; 
 
 xU rpy jhq;fpf;flj;jpfs; fPNo tpupthf tptupf;fg;gl;Ls;sd. 
 
gpsh];kpl; 
 
 gpsh];kpl; vd;gJ ghf;Bupa FNuhNkhNrhikj; jtpu ghf;Bupa 
nry;fspy; FNuhNkhNrhkpw;F ntspNa fhzg;gLk; jd;dpr;irahf 
ngUf;fkilaf; $ba ,ul;il ,io (ds circular DNA) tl;l tbt DNA 
%yf;$W MFk;. gpsh];kpl; mtw;Wila nrhe;j ngUf;fkiltjw;fhd 
kugZrhu; jfty;fisf; nfhz;Ls;sJ. 
 
pBR 322 gpsh];kpl; 
 

 
pBR 322 
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 pBR 322 kWf;fl;likf;fg;gl;l gpsh];kpl; MFk;. ,J efyhf;f 
jhq;fpf;flj;jpahf mjpfkhfg; gad;gLj;jg;gLfpwJ. ,J 4361 bp 
nfhz;Ls;sJ. pBR y; p vd;gJ gpsh];kpl;> B kw;Wk; R KiwNa 
gpsh];kpl; cUthf;fpa mwptpay; mwpQh;fspd; ngau;fshd nghyptu; 
kw;Wk; Nuhl;bupf]; Mfpa ,UtiuAk; Fwpf;fpd;wd. 322 vd;w vz; 
mtu;fSila Ma;tfj;jpy; cUthf;fg;gl;l gpsh];kpl;bd; 
vz;zpf;ifahFk;. ,jpy; ,uz;L NtWgl;l capupvjph;g;nghUs; jLg;G 
kugZf;fSk; (ampR, tetR)> gy jilfl;L nehjpfSf;fhd (Hind II, 
EcoRI, BamH I, Sal I, Pvu II, Pst I, Cla I) milahsf;fsq;fSk; kw;Wk; 
Ori kugZTk; cs;sd. gpsh];kpl; ngUf;fkiltjpy; <LgLk; Gujq;fSk; 
Rop FwpaPL nra;fpwJ. 

 
Ti gpsh];kpl; 
 
 Ti gpsh];kpl; gy ,Utijapiyj; jhtuq;fspy; foiyfisj; 

J}z;Ltjw;F fhuzkhd mf;Nuhghf;Bupak; bAkpNgrpad;]; ghf;Bupaj;jpy; 
fhzg;gLfpwJ. ,J khw;Wk; (tra) kugZitj; jhq;fpAs;sJ. kw;Wk; ,J 
T – DNA it xU ghf;Bupaj;jpypUe;J kw;nwhU ghf;Bupak; my;yJ jhtu 
nry;ypw;F khw;Wtjw;F cjTfpwJ. ,e;j gpsh];kpl; khw;Wk; kugZit 
vLj;Jr; nry;fpwJ. ,J Gw;W NehA+f;fpf;fhd Onc kugZ> 
ngUf;fkiljYf;F Njitahd ori kugZ kw;Wk; xt;thj;jd;ikf;fhd 
Inc kugZit ,e;j gpsh];kpl; ngw;Ws;sJ. Ti gpsh];kpl;bd; T – DNA 
jhtu-DNA cld; epiyahf xUq;fpizf;fg;gLfpwJ. mf;Nuhghf;Bupak; 
gpsh];kpl;fs; jhtuq;fspy; tpUk;gj;jf;f gz;GfSf;fhd kugZf;fid 
Eiog;gjw;F gad;gLfpwJ. 

 
jhq;fp flj;jpfshf ,lkhw;wpf;$Wfs; (Transposon as Vector) 
 
 ,lkhw;wpf;$Wfs; (,lkhw;wk; nra;ag;gl Ntz;ba $W my;yJ 

,lk;ngaUk; $W) xU Gjpa miktplj;jpy; jk;ikr; 
nrUfpf;nfhs;sj;jf;f DNA njhlu;tupirahFk;. ,e;j epfo;tpy; ,yf;F 
miktplj;NjhL ve;j xU njhlu;tupir njhlu;igAk; ngw;wpuhky; 
kugZnjhifaj;jpy; ,it nrUfg;gl Ntz;Lk;. vdNt> 
,lkhw;wpf;$Wfs; elf;Fk; kugZf;fs; (walking genes or jumping 
genes) vdg;gLfpwJ. vdNt kugZ kw;Wk; Guj nray;ghLfis 
gFg;gha;T nra;tjw;fhd kugZr; rhu; fUtpfshf ,it gad;gLfpd;wd. 
,it Xk;Gapup nry;ypy; Gjpa Gwtifaj;ij cz;lhf;FfpwJ. 
muhgplhg;rp]; jhypahdh kw;Wk; <.Nfhiy Nghd;w ghf;Bupaq;fspy; 
,lkhw;wpf;$Wfspd; gad;ghL ed;F Ma;T nra;ag;gl;Ls;sJ. 

 
 elf;Fk; kugZf;fs; - kugZ elj;jypy; 1 kbf;Fk; Nkw;gl;l ePz;l 

DNA KOikahf njhlu;tupirg;gLj;jg;gLfpwJ. 
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ntspg;ghLila jhq;fpf;flj;jpfs; 
(Expression Vectors) 
 
 may; Gujq;fis ntspg;gLj;Jtjw;F nghUj;jkhd jhq;fpf;flj;jpfs; 

ntspg;ghLila jhq;fpf;flj;jpfs; MFk;. ,j;jhq;fpf;flj;jp Xk;Gapupapd; 
Gujq;fSf;fhd gbnaLj;jy; kw;Wk; jfty; ngau;Tf;Fj; Njitahd 
rkpf;iffisf; nfhz;Ls;sJ. mjpfstpy; may; Gujq;fis cw;gj;jp 
nra;tjw;F Xk;Gapupf;Fk; ,J cjTfpd;wd. vLj;Jf;fhl;L: pUC 19 
Vector. 

 

 
ntspg;ghL jhq;fpf;flj;jp 

 
jFe;j Xk;Gapup (Competent Host) (kW$l;bizT DNA nfhz;L kugZ 
khw;wk; nra;tjw;fhd) 
 
 xU capu; njhFjp my;yJ Xk;GapUf;Fs; kW$l;bizT DNA 

%yf;$Wfs; ngUf;fk; mila Ntz;Lk;. <.Nfhiy> <];l; tpyq;F 
my;yJ jhtu nry;fs; Nghd;w gy tif Xk;Gapu; nry;fs; kugZ 
efyhf;fj;jpy; fhzg;gLfpd;wd. Xk;Gapu; nry;fspd; tif efyhf;fr; 
Nrhjidiar; rhu;e;jJ. <.Nfhiy ngUk;ghYk; mjpfkhf gad;gLj;jg;gLk; 
capupahFk;. Vnddpy; ,jDila kugZ mikg;G tpupthf Ma;T 
nra;ag;gl;Ls;sJ. ,jid vspjpy; ifahsTk;> tsu;f;fTk; KbAk;. 
gy;NtW tif jhq;fpf;flj;jpfis Vw;Fk; kw;Wk; ghJfhg;Gkpf;fJ. Xu; 
Xk;Gapu; nry;yhf <.Nfhiyia tpUg;gj; Nju;T nra;tjw;F xU 
Kf;fpakhd gz;G cfe;j tsu;g;G epiyapy; ,jd; nry;fs; xt;nthU 20 
epkplj;jpw;Fk; ,uz;lhf gFg;gilfpd;wd. 
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fh];kpl; (Cosmid) 
 
 fh];kpl;fs; xj;jpizT Ezpiaf; nfhz;l njhlu;tupiria mjhtJ 

xj;jpizT Edpiaf; (cohesive terminus - Cos) nfhz;Ls;s gpsh];kpl; 
MFk;. ,it mjDila Cos fsj;NjhL cs;s yhk;lh (1) /gh[; (
/gh[;) DNA tpd; xU Jz;ilAk;> xU ghf;Bupa gpsh];kpl;ilAk; 
ngw;Ws;s gpsh];kpl;fspypUe;J ngwg;gl;l fyg;G jhq;fpf;flj;jpfshFk;. 

 

 
 
ghf;BupaNah/gh[; jhq;fpf;flj;jpfs; (Bacteriophage Vectors) 
 
 ghf;BupNah/gh[; vd;gJ ghf;Bupahitj; njhw;wf;$ba itu];fs; MFk;. 

kpfTk; rhjhuzkhf gad;gLj;jg;gLk; <.Nfhiy /gh[;fs;> e - /gh[; (
/gh[;) kw;Wk; M13 /gh[; Nghd;w /gh[; jhq;fpf;flj;jpfs; gpsh];kpl; 
flj;jpfis tpl mjpf jpwDilaitahFk;. /gh[; jhq;fpf;flj;jpfspy; 
25 kb tiu cs;s DNA it ,izf;f KbAk;. 

 
 yhk;lh /gh[; (/gh[;): <];bupr;rpah Nfhiyiaj; njhw;Wk; xU 

tifnjhw;wy; epiy ghf;BupNah e-/gh[; (/gh[;) MFk;. yhk;lh /gh[pd; 
(/gh[;) kugZj; njhifak; 48502 bp ePsKilaJ. mjhtJ 49 kb 
kw;Wk; 50 kugZf;fisf; nfhz;Ls;sJ. 

 
 
/gh[;kpl; jhq;fpf;flj;jpfs; (Phagemid Veotors) 
 
 /gh[;kpl; jhq;fpf;flj;jpfs; kWfl;likg;G nra;ag;gl;l gpsh];kpl; 

jhq;fpf;flj;jpfshFk;. ,t;wwpy; nrhe;j Njhw;Wtpahd ori kugZ 
fhzg;gLfpwJ. ,ij jtpu xU /gh[pypUe;J ngUf;fkilAk; 
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Njhw;WtpiaAk; ngw;Ws;sJ. pBluescript SK (+/-)vd;gJ /gh[;kpl; 
jhq;fpf;flj;jpf;F vLj;Jf;fhl;lhFk;. 

 
 

 
 
ghf;Bupa nraw;if FNuhNkhNrhk; (Bacterial Artificial Chromosome Vector 
– BAC Vector) 
 
 ghf;Bupahtpd; nraw;if FNuhNkhNrhk; (BAC) vd;gJ xU FWfpa J}uk; 

flj;Jk; gpsh];kpl; jhq;fpf;flj;jpahFk;. ,J kpfg;ngupa mstpyhf 
may; DNA I efyhf;fk; nra;a cUthf;fg;gl;ljhFk;. jhq;fpf;flj;jp 
kW$l;bizT DNA (rDNA) njhopy;El;gj;jpy; kpfTk; gaDs;s 
efyhf;fj; jhq;fpf;flj;jpahFk;. ,it 300 kb tiuapyhd DNA 
nrUfpfis efyhf;fk; nra;a KbAk;. NkYk; ,it epiyahdit 
kw;Wk; gad;gLj;Jtjw;F vspjhdit. 

 

 
 
<];l; nraw;if FNuhNkhNrhk; (Yeast Artificial Chromosome Vector – 
YAC Vector) 
  
 <];l; nraw;if FNuhNkhNrhk; gpsh];kpl; flj;jpAk; <];l; FNuhNkhNrhk; 

Nghd;Nw nray;gLfpwJ. ,J ,U tbtq;fspy; fhzg;gLfpwJ. mjhtJ 
tl;l tbt kw;Wk; NfhL tbtk;. tl;l tbt <];l; nraw;if 
FNuhNkhNrhk; ghf;Bupaq;fspYk;> NfhL tbtk; <];l; nraw;if 
FNuhNkhNrhk;fs; <];l; nry;ypYk; ngUf;fkilfpd;wd. 

 
Fiwjhuj; jhq;fpf;flj;jpfs; (Shuttle Vectors) 
 
 ,U NtWgl;l rpw;wpdq;fspd; nry;fspwFs; ngUf;fkiltjw;fhd 

tifapy; tbtikf;fg;gl;l gpsh];kpl;fs; jhd; FiwJ}uj; 
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jhq;fpf;flj;jpfshFk;. ,e;j jhq;fpf;flj;jpfs; kW$l;bizT njhopy; 
El;gj;jpdhy; cUthf;fg;gl;lit. ,e;j FiwJ}uj; jhq;fpf;flj;jpfs; xU 
Xk;Gapup nry;ypy; ngUf;fkile;J NtW ve;j khw;wKk; Njitg;glhky; 
kw;nwhU Xk;Gapupf;F ,lk; ngaUfpd;wd. ngUk;ghyhd cz;ikAl;fU 
jhq;fpf;flj;jpfs; ,t;tifiar; Nru;e;jitahFk;. 

 
 DNA xU ePu; tpUk;Gk; %yf;$W vd;gjhy; mJ nry; rt;Tfs; CNl 

flf;f KbahJ. gpsh];kpl;il fl;lhakhf ghf;Bupaq;fSf;Fs; Eiof;f> 
ghf;Bupa nry;fs; DNA I vLj;Jf;nfhs;s jFe;jitahf khw;w 
Ntz;Lk;. ,jw;F fhy;rpak; Nghd;w ,U gpizg;G cila Neu; 
madpiaf; nfhz;l xU Fwpg;gpl;l nrwptpy; ghf;Bupa nry;fs; 
itf;fg;gl Ntz;Lk;. gpd;G kW$l;bizT DNA ,j;jifa nry;fspy; 
fl;lhakhf Eiof;fg;gLfpwJ. ,jw;F ,e;j nry;fs; kW $l;bizT 
DNA cld; gdpf;fl;bapy; itf;fg;gLfpd;wd kw;Wk; ,jidj; njhlu;e;J 
FWfpa fhyj;jpw;F 42°C (ntg;g mjpu;r;rp)y; itf;fg;gl;L kw;Wk; mjd; 
gpd;G kPz;Lk; gdpf;fl;bapy; itf;fg;gLfpd;wd. ,J kW$l;bizT DNA 
it ghf;Bupaq;fs; vLj;Jf; nfhs;tjw;F VJthf;fpwJ. 

 
 cz;ikAl;fU Gujq;fis ntspg;ghL milar; nra;a cz;ikAl;fU 

nry;fs; tpUg;g gad;gLj;jg;gLfpd;wd. Vnddpy; xU nray;jpwd; tha;e;j 
Gujj;ij cz;lhf;Ftjw;F me;j Gujk; rupahf kbg;gila Ntz;Lk; 
kw;Wk; jfty; ngau;tpw;F gpd; Vw;gLk; khw;wq;fSk; Vw;gl Ntz;Lk;. ,J 
njhy;Yl;fU nry;fspy; (<.Nfhiy) rhj;jpakpy;iy. 

 
kugZ khw;w Kiwfs; 
 
 kW$l;bizT DNA %yf;$W cUthf;fpa gpd;du; mLj;j gbepiy 

mtw;iw nghUj;jkhd Xk;Gapu; nry;ypy; Eioj;jyhFk;. kW$l;bizT 
jhq;fpf;flj;jpfis Eiog;gjw;F gy nray;Kiwfs; cs;sd. mit 
jhq;fpf;flj;jp tif kw;Wk; Xk;Gapup nry; Nghd;w gy fhuzpfisr; 
rhu;e;jJ. 

 
 jhtuq;fspy; kugZ khw;wj;ij miltjw;F mbg;gil Kd; Njitahf 

jhq;fpf;flj;jpia fl;likg;G nra;a Ntz;Lk;. ,e;j jhq;fpf;flj;jp 
kugZit jhq;fpr; nry;fpwJ. ,e;j kugZ mjd; ,uz;L gf;fKk; 
Njitahd fl;Lg;ghl;L njhlu;tupirfshy; #og;gl;Ls;sJ. mjhtJ xU 
Kd;dpaf;fp (Promotor) kw;Wk; xU KbTWj;jp (Terminator) 
Mfpatw;why; #og;gl;Ls;sJ. gpd;G ,e;j kugZf;fs; Xk;Gapup jhtuj;jpy; 
itf;fg;gLfpwJ. 

 
 jhtuq;fspy; ,uz;L tifahd kugZ khw;w Kiwfs; cs;sd. mit 
 

 Neub (m) jhq;fpf;flj;jp mw;w kugZ khw;wk; (Direct or vectorless 
gene transfer) 

 kiwKf (m) jhq;fpf;flj;jp top kugZ khw;wk; (Indirect or vector – 
mediated gene transfer) 
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Neub my;yJ jhq;fpf;flj;jp mw;w kugZ khw;wk;: 
 
 Neub my;yJ jhq;fpf;flj;jp mw;w kugZ khw;w Kiwapy; 

tpUk;gj;jFe;j may; kugZit jhq;fpf;flj;jp cjtp ,y;yhky; Xk;Gapu; 
jhtuj;jpw;Fs;shf nrYj;jg;gLfpwJ. gpd;tUtd jhtuq;fspy; Neub 
kugZ khw;wj;jpw;F rpy nghJthd KiwfshFk;. 

 
m. Ntjpapay; top kugZ khw;wk;: ghyp vj;jpyPd; fpisf;fhy; kw;Wk; 
nlf;];l;uhd; ry;/Ngl; Nghd;w rpy Ntjpg; nghUl;fs; jhtuq;fspy; 
GNuhl;Nlhgpsh];l;fSf;Fs; DNA it vLj;Jf;nfhs;sj; J}z;Lfpd;wd. 
 
M. Ez; cl;nrYj;Jjy; (Microinjection): jhtu nry;fis kugZ khw;wk; 
nra;a DNAit Neubahf xU kpf Ez;zpa KidAila fz;zhb Crp 
my;yJ Ez; gpg;ngl;bidg; gad;gLj;jp cl;fUtpDs; cl;nrYj;jg;gLfpwJ. 
GNuhl;Nlhgpsh];l;fs; xU jpl jhq;fpapd; Nky; (Ez;Nzhf;fp fz;zhb 
fz;zhb jfl;bd; Nky; itf;fg;gl;l mfNuh];) efu;T Klf;fk; 
nra;ag;gLfpd;wd. my;yJ cwpQ;R epiyapy; gpg;ngl;lhy; epiyepWj;jp 
itf;fg;gLfpwJ 
 
,. kpd;Jisahf;f Kiwapy; kugZ khw;wk; (Electroporation methods of 
gene transfer): GNuhl;Nlhgpsh];l;fs; nry;fs; my;yJ jpRf;fSf;F cau; 
kpd;mOj;j tpir nfhLf;fg;gLfpwJ. ,J gpsh];kh rt;tpy; jw;fhypf 
Jisfis cz;lhf;FfpwJ. ,e;j Jisfs; %yk; may; DNA 
cs;nsLf;fg;gLfpwJ. 
 

 
kpd;Jizahf;f Kiw kugZkhw;wk; 
 
< ypg;NghNrhk; top kugZ khw;w Kiw: nraw;if gh];Ngh ypg;gpL 
ypg;NghNrhk;fs; vd;w Ez;igfs; kugZ khw;wj;jpy; gad; cs;sitahf 
cs;sd. kugZ my;yJ DNA ypg;NghNrhkpypUe;J jhtu nry;fspd; 
Ez;igfSf;F khw;wg;gLfpd;wJ. ,J fhw;W ciw #og;gl;l DNAtpdhy; 
Ez;Fkpo; igf;Fs; jhq;fpr; nry;yg;gLfpwJ. ,e;j njhopy;El;gKiw 
mD$ykhdJ> Vnddpy; ypg;NghNrhk; Eiof;fg;gl;l DNAit Ez;Fkpo; 
igfspYs;s mkpy pH, GNuhl;BNa]; nehjp Mfpatw;why; Vw;gLk; 
rpijtpypUe;J ghJfhf;fpwJ. kugZ khw;wj;jpd; tpisthf ypg;NghNrhk; 
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kw;Wk; fhw;Wf; Fkpopapd; NlhNdhgpsh];l; ,izfpwJ. ,e;j nray;Kiw 
ypg;Nghngf;rd; vd;W ngau;. 

 
ypg;NghNrhk; kugZkhw;wk; 

 
c. igNahyp];bf; Kiw: Ez;zpa jq;f my;yJ lq;];ld; (1–3 μm) 
Jfs;fshy; G+r;R nra;ag;gl;;l may; DNA ,yf;F jpR my;yJ nry;fspd; 
kPJ Jfs; Jg;ghf;fpia (kugZ Jg;ghf;fp (gene gun) / Ez; vwpjy; 
Jg;ghf;fp (micro projectile gun) / ntbg;Gj; Jg;ghf;fp (shot gun)) 
gad;gLj;jp mjpf tpirAld; nrYj;jg;gLfpwJ. gpd;G jhf;fg;gl;l nry;fs; 
my;yJ jpRf;fs; Nju;T nra;ag;gl;l Clfj;jpy; tsu;f;fg;gLfpd;wd. ,jd; 
%yk; kugZ khw;wkile;j nry;fspypUe;J jhtuq;fis kPSUthf;fk; 
nra;a KbAk;. 
 

 
kugZ Jg;ghf;fptop kugZkhw;wk; 
 
kiwKf my;yJ jhq;fpf;flj;jp top kugZ khw;wk;: 
 
 xU gpsh];kpl; jhq;fpf;flj;jp cjtpNahL Vw;gLj;jg;gLk; kugZ khw;wk; 

kiwKf my;yJ jhq;fpf;flj;jp top kugZ khw;wk; vdg;gLfpwJ. jhtu 
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kugZ khw;wj;jpw;F gad;gLj;jg;gLk; gy;NtW jhq;fpf;flj;jpfspy; 
Kf;fpakhf gad;gLj;jg;gLtJ mf;Nuhghf;Bupak; bAkpNgrpad;]pd; Ti 
gpsh];kpl; MFk;. ,e;j ghf;Bupak; Ti gpsh];kpl; (foiyia cz;lhf;Fk;) 
vd miof;fg;gLk; gpsh];kpl;ilAk; ngupa gupkhw;w DNAtpd; (T-DNA – 
flj;J DNA) xU gFjpiaAk; nfhz;Ls;sJ. ,it 
njhw;WjYf;Fs;shFk; nry;fspd; jhtu kugZj; njhifawj;jpw;F 
khw;wg;gl;L jhtu foiyia (kFl foiy-Crown gall) 
cz;lhf;Ffpd;wd. ,e;j ghf;Bupaj;jpw;F mjDila gpsh];kpl;bd; T-
DNA gFjpia jhtu kugZ njhifaj;jpw;Fs; nrYj;jf;$ba ,ay;ghd 
jpwd; cs;sjhy;> fhakile;j fsq;fspy; cs;s nry;fs; njhw;Wjy; 
milfpd;wd. ,jd; fhuzkhf ,J jhtuq;fspd; ,aw;if kugZg; 
nghwpahsu; vd;Wk; miof;fg;gLfpwJ. 

 
 may; kugZTk; (vLj;Jf;fhl;lhf G+r;rpfspd; jhf;fj;jpw;F jil 

Vw;gLj;Jk; Bt kugZ) jhtu Nju;T milahsf; Fwp kugZtk; (,J 
nghJthf npt II Nghd;w capup vjpu;g; nghUs; kugZthFk;; ,J 
NfdhikrPd; vd;w capupvjpu;nghUSf;F jilia cz;lhf;FfpwJ.) Ti 
gpsh];kpl;bd; T-DNA gFjpapy; efyhf;fk; nra;ag;gLfpd;wd. ,it 
Njitaw;w DNA njhlu;tupir ,lq;fSf;F gjpyhf efyhf;fk; 
nra;ag;gLfpd;wd. 

 
kW$l;bizT nry;fSf;fhd rypf;if nra;jy; (Screening for 
Recombinants) 
 
 nghUj;jkhd Xk;Gapu; nry;ypy; kW$l;bizT DNAit Eioj;j cld; 

rDNA %yf;$iwg; ngw;w nry;fis milahsk; fz;lwptJ kpfTk; 
mtrpakhFk;. ,e;j nray; rypf;ifr; nra;jy; (Screening) vd;W 
miof;fg;gLfpwJ. kW$l;bizT mile;j nry;ypy; cs;s 
jhq;fpf;flj;jp my;yJ may; DNA gz;Gfis ntspg;gLj;Jfpd;wJ. 
khwhf kW$l;bizT milahj nry;fs; ,e;j gz;Gfis 
ntspg;gLj;JtJ ,y;iy. ,jw;fhf rpy Kiwfs; gad;gLj;jg;gLfpd;wd. 
mtw;wpy; xU Kiw ePyk; ntz;ikj; Njh;T KiwahFk;. 

 
cl;nrUFjy; nraypog;G – ePyk; - ntz;ik fhydp Nju;T Kiw 
  
 ,J kW$l;bizT gpsh];kpl;il rypf;ifr; nra;a gad;gLj;jg;gLk; xU 

jpwd; kpf;f KiwahFk;. ,k;Kiwapy; lacZ vd;w upg;Nghu;lu; kugZ I 
jhq;fpf;flj;jpw;Fs; nrUfg;gLfpwJ. ,e;j lacZ –fhyf;NlhrpNl]; vd;w 
nehjpf;F FwpaPL nra;fpwJ. NkYk; ,J jilfl;L nehjpf;F FwpaPL 
nra;fpwJ. NkYk; ,J jilfl;L nehjpf;F gy milahsf; fsq;fis 
nfhz;Ls;sJ. 
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 X – gal vd;wiof;fg;gLk; (5-GNuhNkh -4 FNshNuh - ,z;Nlhiyy; - - D 
– fhyf;NlhiguNdhirl;) nraw;if jsg;nghUl;fis-fhyf;NlhrpNl]; 
cilf;fpwJ kw;Wk; fiuahj ePy epw tpisnghUis cUthf;FfpwJ. 
lacZ f;Fs; may; kugZit itf;Fk; NghJ ,e;j kugZ 
nraypof;fpwJ. vdNt ePyepwk; cz;lhfhJ. ntz;ik epwk; 
fhzg;gLfpwJ. Vnddpy; lacZ nraypog;gpdhy; β-fhyf;NlhrpNl]; 
cz;lhf;fg;gLtjpy;iy. vdNt jsg;nghUspy; ntz;ik epw fhydpfis 
cUthf;Fk;. rDNA nfhz;l Xk;Gapup nry; X-galI ngw;Ws;sd. khwhf 
kW$l;bizT DNA ngw;wpuhj ,ju nry;fs; ePyepw fhydpfis 
cz;lhf;Ffpd;wd. fhydp epw mbg;gilapy; kW$l;bizT mile;j 
nry;fs; njupT nra;ag;gLfpd;wd. 

 

 
m) ePy – ntz;ikf;fhf tbtikf;fg;gl;l gpsh];kpl; jhq;fpf;flj;jp 
M) ePy – ntz;ik fhydp Nju;T 
 
capup vjpu;g;nghUs; jLg;G milahsf; Fwp (Antibiotic Resistance 
Marker) 
 
 capup vjpu;g;nghUs; jLg;G milahsf; Fwp vd;gJ xU kugZthFk;. 

,J nry;fspy; capup vjpu;g;nghUSf;fhd vjph;g;Gj; jd;ikia toq;Fk; 
xU Gujj;ij cz;lhf;FfpwJ. kugZ khw;wg;gl;l DNA nfhz;l 
ghf;Bupaq;fis capupvjpu;g;nghUs; nfhz;l xU tsu;jsj;jpy; 
tsu;g;gjpd; %yk; milahsk; fz;lwpayhk;. kW$l;bizT mile;j 
nry;fs; ,e;j tsu;jsj;jpy; tsu;fpd;wd. Vnddpy; Mk;gprpypd;> 
FNsNuhk;/gpdpf;fhy;> nll;uhirf;fpspd; my;yJ Nfdhikrpd; nfhz;l 
vjph; capup nghUl;fSf;F jiliaf; FwpaPL nra;Ak; kugZf;fis 
,it ngw;Ws;sd. khwhf ,ju nry;fs; ,e;j tsu;jsj;jpy; tsu 
KbahJ. vdNt ,J xU gaDs;s Njh;T nra;ag;glf;$ba milahsf; 
Fwpahf gad;gLfpwJ. 

 
efy; jl;bLjy; njhopy;El;gKiw (Replica plating technique) 
 
 ,j;njhopy;El;gj;jpy; tsu;g;Gj; jl;by; tsu;f;fg;gLk; fhydpfs; efy; 

vLf;fg;gLfpd;wd. tsu;g;G jl;by; tsUk; fhydpfspd; tsu;g;G jl;bd; 
kPJ Ez;Zapu; ePf;fg;gl;l xU tbjl;il xw;wp vLf;fg;gLfpwJ. gpd;du; 
tbfl;bia ,uz;lhtJ Ez;Zapu; ePf;fg;gl;l tsu;g;G jl;by; xw;wp 
vLf;f Ntz;Lk. ,jd; tpisthf Gjpa jl;L Ke;ijaj; jl;by; 
fhydpfs; ,Ue;j mNJ xg;G miktplq;fspy; njhw;W ngw;w nry;fisf; 
nfhz;Ls;sJ. nghJthf ,uz;lhtJ jl;by; gad;gLj;jg;gLk; Clfk; 
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Kjy; jl;by; gad;gLj;jg;gLk; Clfj;jpypUe;J NtWgLfpwJ. ,jpy; 
capupvjpu;g;nghUs; nfhz;Ls;sJ my;yJ tsu;r;rp fhuzpfs; ,y;iy. 
,t;tifapy; khw;wg;gl;l nry;fs; njupT nra;ag;gLfpd;wd. 

    
efyhf;f jl;bLjy; njhopy;El;g Kiw 
 
%yf;$W njhopy;El;gKiwfs; (Molecular Techniques) – kugZg; 
nghUspid gpupj;njLj;jYk;> ,Ok kpd;dhw;gpupj;jYk; (Isolation of Genetic 
Material and Gel Electrophoresis) 
 
 kpd;dhw;gpupj;jy; vd;gJ xU gpupj;jy; njhopy;El;gKiwahFk;. ,J Neu; 

kw;Wk; vjph; kpd;D}l;lk; nfhz;l ntt;NtW capup %yf;$Wfis 
gpupf;fg; gad;gLfpwJ. 

 
newpKiw 
  
 kpd;rhuk; (DC) nrYj;Jk; NghJ %yf;$Wfs; mtw;wpd; kpd;Rikiag; 

nghWj;J ,lk; ngau;fpd;wd. ntt;NtW %yf;$Wfspd; kpd;Rikfs; 
ntt;Ntwhdit. 

 
+ve kpd;D}l;lk; ngw;w Neu;kpd; madpfs;MdJ (-ve) vjph;kpd;tha; Nehf;fp 
efu;fpwJ. 
-ve kpd;D}l;lk; ngw;w vjpu;kpd; madpfs; MdJ (+ve) Neu;kpd;tha; Nehf;fp 
efu;fpwJ 
 
mfNuh]; ,Ok kpd;dhw;gpupg;G (Agarose GEL electrohoresis) 
 
 Fwpg;gpl;l DNA Jz;Lfis J}a;ikg;gLj;j ,k;Kiw Kf;fpakhf 

gad;gLj;jg;gLfpwJ. rpy 100 Kjy; 20>000 tiuapyhd fhu ,izfs; 
cs;s DNA Jz;Lfis gpupj;njLf;f mfNuh]; nghUj;jkhd DNA 
Jz;Lfis J}a;ikg;gLj;j ghypmf;uyikl; ,Okk; (Polyacrylamide) 

 
 cfe;jjhf fUjg;gLfpwJ. ,e;j ,Okk; gy;gba rpf;fyhd 

%yf;$Wfshy; Md $l;likg;ghFk;. DNA %yf;$W vjph; 
kpd;RikAila %yf;$W MFk;. ,J kpd; Gyj;jpy; itf;fg;gLk;NghJ 



 

247 | P a g e  APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 
 

,Okk; topahf ,lk; ngau;fpwJ. msT njupe;j milahs Fwp ngw;w 
DNA Jz;Lfspy; mbf;fb kpd;dhw;gpupj;jy; epfo;j;jg;gLk; NghJ mJ 
njhpahj DNA %yf;$wpd; ,ilnrUFjypdhy; Jy;ypakhf mstpl 
mDkjpf;fpwJ.  

 
 mfNuh]; ,Ok kpd;dhw;gpupj;jypd; ed;ikfshtd: mjpf czu; DNA 

jpwdpy; gl;ilahdJ ed;F fz;lwpag;gLfpwJ. ,e;j ,Okj;jpy; cs;s 
DNA tpd; gl;ilahdJ vj;jpbak; GNuhikl; (Ethidum bromide) 
vd;Dk; rhaj;ijf; nfhz;L rhaNkw;wg;gLfpwJ. DNA I fz;Zf;F 
GydhFk; kpspu; xspapy; fz;lwpayhk;. mjhtJ GwCjh fjpupy; kpspu; 
xsp %yk; xspA+l;Lk; NghJ ,J MuQ;R kpsu; xspia cz;lhf;FfpwJ 
kw;Wk; ,ij Gifg;gl;k; vLf;fyhk;. 

 
 tptrhaj;jpy; fz;lwpjy; vd;gJ jhtuj; jpRf;fspy; Neha;f; fhuzpfisf; 

fz;lwpg; gad;gLj;jg;gLk; gy;NtW tifr; Nrhjidfis Fwpg;gjhFk;. 
kpfTk; jpwd;kpf;f ,uz;L Kiwfshtd. 

 
1. ELISA (Enzyme Linked Immuno Sorbent Assay) nehjpfSld; 

,izf;fg;gl;l Neha; jLg;igf; $uha;e;jwpjy;. 
 
ELISA vd;gJ vjpu;Gujk; kw;Wk; fz;lwpa cjTk; fhuzpfisg; 
gad;gLj;jp Neha;f;fhuzpf;Fup rpw;wpdq;fis mwpa cjTk; KiwahFk; 
mjpfsTk; elTfspypUe;J itu]; ghjpf;fg;gl;l jhtuq;fis jhtu 
Neha; mwpFwp cs;stw;iw fisnaLf;f ELISA tpd; gad;ghL ed;F 
mwpag;gl;Ls;sJ. 

 
2. DNA JUtp 

itu];fs; kw;Wk; gpw Neha; fhuzpfisf; milahsk; fhz;gjw;F 
DNA JUtpfs;> fjpupaf;f kw;Wk; fjpupaf;fk; my;yhjitfs; (ehu;jd; 
kw;Wk; rju;d; xw;wpnaLg;G) gpugykhd fUtpahFk;. 

 
cl;fU mkpy fyg;GWj;jk; (Nucleic Acid Hybridization) – xw;wpnaLg;G 
El;gKiwfs; 
 
 mjpf vz;zpf;ifapyhd %yf;$WfspypUe;J gpupj;njLf;fg;gl;l 

Njitg;gLk; DNA my;yJ RNA J}z;Lfis Fwpg;ghf milahsk; 
fhz xU gpupj;jwpAk; fUtpahf xw;wpnaLg;G KiwahdJ gutyhf 
gad;gLj;jg;gLfpwJ. xw;wpnaLj;jy; vd;gJ tiffhl;L (Sample) cl;fU 
mkpyq;fis efUk; Klf;fk; my;yJ jpl jhq;fpapy; (solid support) 
iel;Nuhnry;YNyh]; (ieyhd;glyk;) <LgLj;Jk; nray;KiwahFk;. 
xw;wpnaLf;fg;gl;l cl;fU mkpyq;fs; gpd;G fyg;GWj;jr; Nrhjidfspy; 
mtw;wpd; Fwpg;gpl;l ,yf;if fz;lwpag; gad;gLfpwJ. 
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xw;wpnaLg;G njhopy;Kiwfspd; tiffs; (Types of Blotting Techniques) 
 
 rju;d; xw;wpnaLg;G (Southern Blotting): mfNuh]; ,Okj;jpypUe;J 

iel;Nuhnry;YNyh]; rt;tpw;F DNA-it khw;WtJ rju;d; xw;wpnaLg;G 
vdg;gLk;. 

 
 ehu;ju;d; xw;wpnaLg;G (Northern Blotting): iel;Nuhnry;YNyh]; rt;tpw;F 

RNA –it khw;WtJ ehu;ju;d; xw;wpnaLg;G vdg;gLk;. 
 
 nt];lu;d; xw;wpnaLg;G (Western Blotting): Gujj;ij 

iel;Nuhnry;YNyh]; rt;tpw;F kd;dhw;gpupg;G %yk; khw;WtJ nt];lu;d; 
xw;wpnaLg;G vdg;gLk;. 

 
rju;d; xw;wpnaLg;G njhopy;El;gKiwfs; (Southern Blotting Techniques) – 
DNA:  

 ,e;j nray;Kiw 1975y; rju;d; (Southern) vd;gtuhy; 
mwpKfg;gLj;jg;gl;lJ. ,jpy; ,ay;gpoe;j DNA (Denatured DNA) 
mfNuh]; $o;kj;jpypUe;J iel;Nuhnry;YNyh]; jhspw;F my;yJ 
tbfl;bjhSf;F (Filter Paper Technique) khw;wg;gLfpwJ. ,e;j 
njhopy;El;gKiw rju;d; xw;wpnaLg;G njhopy;El;gKiw rju;d; 
xw;wpnaLg;G njhopy;El;gKiw (Southern Blotting Technique) vd 
miof;fg;gLfpwJ. 

 
gbepiyfs; 
 
 mfNuh]; $o;kj;jpypUe;J iel;Nuhnry;YNyh]; tbjhSf;F DNA it 

khw;WtJ Ez;Gio nray;ghl;bd; (Capillar action) %yk; rhj;jpakhfpwJ. 
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 Nrhbak; riyd; rpl;Nul; (SSC) vd;w jhq;fy; fiury; 
gad;gLj;jg;gLfpwJ. ,jpy; DNA mjpfkhf fiufpwJ. ,jid iel;Nuh 
nry;YNyh]; rt;tpw;F ,Okk; %yk; khw;wg;gLfpwJ. 

 
 ,e;j epfo;tpd; fhuzkhf ssDNA-thdJ rt;tpd; Clfj;jpy; 

gpbf;fg;gLfpwJ. 
 
 ,e;j DNA cl;fU mkpyj;Jld; fyg;GWj;jk; nra;ag;gLfpwJ kw;Wk; 

,ij fjpupaf;f glnkLg;G %yk; fz;Lzuyhk;. 
 
 fjpupaf;f glnkLg;G (Autoradiography) – fjpupaf;fk; cz;lhf;Fk; xU 

nghUspy; milahskplg;gl;l xU $W (component) ntspg;gLj;jg;glhj 
xspg;glr; RUNshL itf;fg;gLk; NghJ milahskplg;gl;l $wpypUe;J 
ckpog;gLk; xsp my;yJ fjpupaf;fjhy; cz;lhf;fg;gLk; xU gpk;gj;ij 
xspg;glg; ghy;kj;jpy; (Photographic emulsion) cUthf;Fk; njhopy;El;g 
nray;KiwahFk;. 

 
ehu;ju;d; xw;wpnaLg;G (Northern Blot) 
 
 RNA nry;YNyh]; iel;Nul;Lld; gpizf;fg;gLtjpy;iy vd;gJ 

mwpag;gl;Ls;sJ. vdNt> My;tpd; kw;Wk; mtuJ FOtpdu; (1979) xU 
nra;Kiwia jpl;lkpl;ldu;. ,jpy; RNA gl;ilfs; mfNuh]; 
,Okj;jpypUe;J iel;Nuh]; nry;YNyh]; tbjhspw;F khw;wg;gLfpd;wd. 
,Okj;jpypUe;J rpwg;G tbj;jhSf;F (Special Filter Paper) RNA 
khw;wg;gLtJ ehu;ju;d; xw;wpnaLg;G fyg;GWj;jk; vdg;gLfpwJ. ehu;ju;d; 
xw;wpnaLg;G fyg;GWj;jk; vdg;gLfpwJ. ehu;ju;d; xw;wpnaLg;gpw;F 
gad;gLj;jg;gLk; tbjhs; thl;Nkd; 540 vDk; jhspy; ,Ue;J 
jahupf;fg;gLk; mikNdh ngd;iryhf;rpnkj;jpy; (Amino 
Benzyloxymethyl) jhs; MFk;. 

 
nt];lu;d; xw;wpnaLg;G (Western Blot) 
 
 xw;wpnaLg;G jhSf;F kpd;dhw;gpupg;G Kiwapy; Gujq;fs; khw;wg;gLtJ 

nt];lu;d; xw;wpnaLg;G vdg;gLfpwJ. nt];lu;d; xw;wpnaLg;G 
njhopy;El;gKiwapy; iel;Nuh nry;YNyh]; tbjhs; gad;gLj;jg;gLfpwJ. 
fjpupaf;f milahskplg;gl;l vjpu;g;Gujk; (antibody) xd;wpdhy; 
xw;wpnaLg;G JUtp %yk; Ma;T nra;Ak; NghJ xU Fwpg;gpl;l Gujk; 
milahsg;gLj;jg;gLfpwJ. ,e;j vjpu;g;Gujk; xU Fwpg;gpl;l Gujj;Jld; 
,izfpwJ. ,e;j Gujj;jpw;F vjpuhfj;jhd; ,e;j vjpu;g;Gujk; 
jahupf;fg;gl;ljhFk;. 
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,yf;F kugZ tpisit capuha;e;jwpjy; (Bioassay for Target Gene 
Effect) 
 
 ,yf;F kugZ vd;gJ efyhf;fk; nra;ag;gl Ntz;ha my;yJ rpwg;ghf 

rLjpkhw;wk; nra;a Ntz;ba ,yf;F DNA> may; DNA (foreign DNA)> 
gazp DNA (Passenger DNA), ntspapy; cUthFk; DNA (exogenous 
DNA)> Njtg;gLk; DNA my;yJ nrUfy; DNA (insert DNA) MFk;. 
kugZ ,yf;F Nrhjidfs; cl;fUf;fis ,yf;Ffshf nfhz;Ls;sd. 
kugZ ntspNaw;wj;jpw;F (Gene Knock-out). toptFf;fpd;wd. 
Nehf;fj;jpw;F ,uz;L tif ,yf;Ffs; jhq;fp flj;jpfs; (Vectors) 
gad;gLj;jg;gLfpd;wd. (i) cs; nrUFk; jhq;fpf;flj;jpfs; (insertion 
vectors) (ii) gjpyPL my;yJ khw;wPL jhq;fpf;flj;jpfs; (replacement 
vectors.) 

 
 CLnjhw;Wjy; (Transfection): itu]; my;yhj Kiwfshy; nry;ypDs; 

may; cl;fU mkpyq;fs; (foreign nucleic acid) Eiof;fg;gLjyhFk;.  
 
1. cl;nrUFk; jhq;fpf;flj;jp (Insertion vectors) xj;j ,lj;jpw;Fs; 

(homologous regions) jhq;fpf;flj;jpfs; Neu;f;Nfhl;L mikg;Gfshf 
(linearised) khw;wg;gLtjhy; ,yf;fhf Nju;e;njLf;fg;gl;l miktplj;jpy; 
KOtJkhf nrUfg;gLfpd;wd. Kjypy;> ,e;j jhq;fpf;flj;jpfs; tl;l 
tbtkhf cs;sd vd;;whYk; Neu; Nfhl;L mikg;Gfshf khWfpd;wd. 
Nju;e;njLf;fg;gl;l milahsf;FwpfSf;F (selectable markers) mUfpy; 
cs;s njhlu;tupirfspd; ,ul;bg;giljYf;F toptFf;fpd;wd. 
 

2. khw;wPL jhq;fpf;flj;jp (replacement vector) xNu ,lj;ijg; ngw;Ws;sJ 
(Homology region) kw;Wk; xj;j Neu;f;Nfhl;by; (Co-linear) 
mike;jjhFk;. ,e;j jhq;fpf;flj;jp CLnjhw;WjYf;F (transfection) 
Kd;du; xj;j ,lj;jpw;F ntspNa jd;id Neu;fNfhl;L mikg;ghf khw;wpf; 
nfhs;fpwJ. xU FWf;Nfw;wk; Vw;gl;L cs; EioAk; DNA- My; 
ntspapy; cUthd DNA khw;wPL nra;ag;gLfpwJ. 

 
kugZ njhifaj; njhlu;tupirahf;fKk; kw;Wk; jhtu kugZ njhifa 
nray;jpl;lq;fSk; (Genome sequencing and Plant Genome Projects) 
 
 xU capupdj;jpd; / nry;ypd; midj;J gz;GfisAk; epu;zapf;fpd;w 

midj;J kugZf;fspd; njhFg;G kugZj; njhifak; vdg;gLk;. ,e;j 
kugZj; njhifak; cl;fU kugZj; njhifakhfNth> 
ikl;Nlhfhz;bupa kugZj; njhifakhfNth my;yJ fzpf kugZj; 
njhifakhfNth ,Uf;fyhk;. gy jhtuq;fspd; kugZj; njhifak; 
nray;gLk; kw;Wk; ntspg;ghL milahj DNA (non expressive DNA) 
Gujq;fisf; nfhz;bUf;Fk;. kugZj; njhifa nray; jpl;lj;jpy; nkhj;j 
jhtuj;jpd; kugZj; njhifaKk; gFg;gha;T nra;ag;gLfpwJ. ,jpy; 
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njhlu;tupirahf;fKk; kw;w jhtuq;fNshL cs;s njhlu;tupirahf;f 
xg;GikAk; gFg;gha;T nra;ag;gLfpwJ. ,J Nghd;w kugZj; njhifa 
nray;jpl;lq;fs; fpshkpNlhNkhd]; (ghrp)> muhgplhg;rp]; jhypahdh 
(Arabidopsis thaliana)> muprp> kf;fhNrhsk; Nghd;w jhtuq;fspy; 
Nkw;nfhs;sg;gl;Ls;sd. 

 
 xU capupdj;jpd; kugZ njhifa cs;slf;fg; nghUs; fhu (mb) 

,izfspd; vz;zpf;iffspNyh> my;yJ C-kjpg;gpy; Fwpg;gplg;gLk; 
DNAtpd; mstpNyh nrhy;yg;gLfpwJ. 

 
 kugZj; njhifak; njhlu;tupirahf;fk; (Genome sequencing): xU 

capupdj;jpd; Ko ,Ukba FNuhNkhNrhk;fspy; kugZf;fspd; 
miktplj;ij mwpAk; KiwahFk;. 

 
DNAIg; gad;gLj;jp gupzhkg; ghq;if kjpg;gPL nra;jy; (Evolutionary 
Pattern assessed using DNA) 
 
 mz;ik Mz;Lfspy; gy;NtW jhtu ,dq;fSf;F ,ilNaahd gupzhk 

cwTKiwfs; DNA msitAk;> DNA njhlu; tupirapy; cs;s 
xw;Wik Ntw;WikfisAk; gad;gLj;jp kjpg;gPL nra;ag;gLfpd;wd. 
,j;jifa gFg;gha;tpd; mbg;gilapy; capupdq;fs; kw;Wk; mtw;wpd; 
cwTKiwfs; fpisg; gupzhk tiuglj;jpy; (cladogram) 
Fwpf;fg;gLfpd;wd. ,j;jifa fpisg; gupzhk tiuglk; ,U NtWgl;l 
,dq;fSf;F ,ilNaahd kugZrhu; ,ilntspiaf; (Genetic distance) 
fhl;Lk;. NkYk; ,J xU ,dk; kw;nwhU ,dj;ij xg;gpLk; NghJ ve;j 
mstpw;F njhy;jd;ik my;yJ mz;ikj; jd;ik nfhz;Ls;sJ 
vd;gijf; fhl;LfpwJ.  

 
kugZj; njhifa rPu;tupirahf;fk; (Genome editing) kw;Wk; CRISPR – 
Cas 9 
 
 Xu; capupdj;jpd; DNA–tpy; khw;wk; Vw;gLj;Jk; jpwd; nfhz;l 

njhopy;El;gq;fspd; xU njhFjp jhd; kugZj; njhifa rPu;tupirahf;fk; 
my;yJ kugZ rPu;tupirahf;fkhFk;. ,e;j njhopy;El;gq;fs; kugZj; 
njhifaj;jpd; ve;j xU kugZ rhu; nghUl;fis Nru;f;fNth> ePf;fNth> 
khw;wNth mDkjpf;fpwJ. kugZj;njhifa rPu;tupirahf;fj;jpd; gy;NtW 
mZFKiwfs; cUthf;fg;gl;Ls;sd. ,tw;wpy; mz;ikf; fhyj;jpy; 
cUthf;fg;gl;l xd;W CRISPR – Cas 9 vdg;gLfpwJ. ,J xd;W jpuz;l 
xOq;fhd ,ilntsp nfhz;l Fl;ilahd Kd;gpd; xj;j khwpfs; 
(Clustered Regularly Interspaced Short Palindromic Repeats - CRISPR) 
kw;Wk; CRISPR njhlu;Gila Gujk; 9 vd;gjd; RUf;f tbtkhFk;. ,e;j 
CRISPR – Cas 9 njhFjp mwptpay; rKjhaj;jpy; mjpf mstpshd 
Mu;tj;ij cUthf;fpAs;sJ. Vnddpy; Ke;ija> gioa kugZj; 
njhif rPu;tupirahf;f Kiwfis tpl ,J NtfkhdJ> kypthdJ> 
mjpf Jy;ypakhdJ kw;Wk; mjpf nray; jpwDilaJ. CRISPR top 
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Nkw;nfhs;sg;gl;l ,yf;F jpBu; khw;wk; (targeted mutagenesis)> kugZ 
gjpyPL (gene replacement) Nghd;wtw;wpy; eilKiwr; rhj;jpaf;$iw 
vLj;Jf;fhl;Ltjw;F gad;gLj;jg;gl;l Kjy; jhtuq;fspy; Kf;fpakhdJ 
muprp jhtukhFk;. kugZj; njhifa rPu;tupirahf;f fUtpahd 
CRISPRI gad;gLj;jp fyg;gpd; muprpia cUthf;fyhk;; ,tw;wpd; 
tpijfis efyhf;fk; nra;a KbAk;. ,k;jpah]; fhz;l;> ntq;fNlrd; 
Re;jNurd; kw;Wk; mtu;fSila rfhf;fSk; xU Gjpa Ma;tpd; %yk; 
muprpia vg;gb ghy;epiyapypUe;J ghypyh epiyf;F khw;Wtjw;F muprp 
jhtuj;ij kWkhw;wk; nra;ayhk; vd;gijj; njspthf fhl;bAs;sdu;. 

 
RNA FWf;fPL (RNA Interference – RNA i) 
 
 capupdj;jpd midj;J gz;GfSk; cl;fU DNA tpd; gFjpfspYs;s 

gy;NtW kugZf;fs; ntspg;ghl;bd; tpisthFk;. ,e;j ntspg;ghL 
gbnaLj;jy; (transcription) kw;Wk; jfty; ngau;T (translation) 
Mfpait cs;slf;fpaJ. gbnaLj;jy; vd;gJ DNAtpd; xU 
,ioapypUe;J (ntspg;ghlilAk; ,io) kugZrhu; jfty;fs; RNA thy; 
efyhf;fg;gLk; epfo;thFk;. ,e;j RNA cUthf;fg;gl;l clNdNa 
Neubahf irl;Nlhgpshrj;jpw;F mDg;g KbahJ. mq;F jfty; ngau;it 
Nkw;nfhs;s KbahJ. ,J rPu;tupirahf;fk; (edited) nra;ag;gl Ntz;Lk;. 
jfty; ngau;Tf;F Vw;w Kiwapy; khw;wg;gl;L Gujr; Nru;f;ifia 
Nkw;nfhs;fpwJ. RNA ,ioapd; xU Kf;fpa gFjpahd ,z;l;uhd;fs; 
(introns) ePf;fg;gl Ntz;Lk;. ,e;j midj;J khw;wq;fSk; 
jfty;ngau;Tf;F Kd;G eilngWk; ,ay;ghd khw;wq;fshFk;. mq;F 
DNAtpd; rpy gFjpfs; nray;glhky; cs;sd. vdpDk;> xU RNA 
FWf;fPl;L topj;jlk; (RNA interference pathway / RNAi pathway) 
fhzg;gLfpwJ. RNA FWf;fPL vd;gJ xU xapupa nray; epfo;thFk;. 
,jpy; RNA %yf;$Wfs; kugZ ntspg;ghl;il my;yJ jfty; 
ngau;it jil nra;fpd;wd. ,J ,yf;F mRNA %yf;$Wfis 
nraypof;fr; nra;tjd; %yk; Nkw;nfhs;sg;gLfpwJ. 

 
 topj;jlj;jpw;F xU vspikahf;fg;gl;l Kd;khjphp cs;sJ. ,J ,uz;L 

gbepiyfspd; mbg;gilapy; eilngWfpwJ. xt;nthd;wpYk; 
upNghepAf;spNa]; nehjp <LgLfpwJ. Kjy; gbepiyapy; J}z;Lk; RNA 
[,J dsRNA –MfNth miRNA - ,d; Kjd;ik gbahf (transcript) 
,Uf;fyhk;] RNAase – II nehjpfshy; xU Fl;ilahd ,ilaPl;L 
(interfering) RNA Mf (siRNA) gjg;gLj;jg;gLfpwJ. ,e;j nehjpfs; 
ilru; kw;Wk; LNuhrh (Dicer and Drosha) vd;W miof;fg;gLfpd;wd. 
,uz;lhtJ gbepiyapy;> siRNA f;fs; tpidT+f;fp $l;Lg;nghUs; 
(effector complex)> rpf;fyhd RNA J}z;lg;gl;L ntspg;ghliltijj; 
jLf;Fk; (silencing) $l;L mikg;ghd RISC (RNA induced silencing 
complex) - ,y; nrYj;jg;gLfpd;wd. RISC Nfhu;j;jypd; NghJ (assembly) 
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siRNA mjDila RUs; mikg;ig ,of;fpwJ kw;Wk; xw;iw 
,ioAila RNA, mRNA ,yf;Fld; fyg;GWfpwJ. ,j;jifa RNAi 
jhtuj;ij cz;Zk; cUisg; GOf;fspy; (nematodes) fhzg;gLfpwJ. 

 
kugZ khw;wg;gl;lj; jhtuq;fs; (Transgenic plants / Genetically modified 
crops – GM crops) 
 
fisf;nfhy;yp vjpu;g;Gj;jd;ik – fpisNghNrl; (Glyphosate) 
 
 gapu; epyq;fspy; vg;NghJk; fhzg;gLk; xU gpur;rpid fisfshFk;. 

fisfs; gapu;fSld; #upa xsp> ePu; czT kw;Wk; Neha;fspd; 
flj;jpfshf cs;sd. ,tw;iwf; fl;Lg;gLj;jhtpl;lhy; fisfs; 
gapu;tpisr;riy Fwpg;gplj;jf;f msT Fiwj;JtpLk;. 

 
 kugZ khw;wg;gl;lj; jhtuq;fs; NtnwhU capupapd; GJikahd DNA 

Eiof;fg;gl;l kugZj; njhifak; ngw;wj; jhtuq;fshFk;. 
 

 fpisNghNrl; fisf;nfhy;yp mnkupf;f epWtdkhd khd;rhd;Nlh 
(Monsanto) %ykhf jahupf;fg;gLfpwJ. ,jd; tzpf ngau; „uTz;l; 
mg;‟ MFk;. ,J jhtuq;fspy; 5 <NdhigUNtl; rpf;fpNkl; - 3 
/gh];/Ngl; rpe;jNl]; nehjpia (5 enopyrucate shikimate 3, phosphate 
synthase - EPSPS) jil nra;tjd; %yk; jhtuq;fisf; nfhy;YfpwJ. 
,e;j nehjp eWkz%l;Lk; mkpNdh mkpyq;fs> itl;lkpd;fs;> gy 
,uz;lhk; epiy jhtu tsu;rpij nghUl;fspd; cw;gj;jpapy; <LgLfpwJ. 

 
 jhtug;gapu;fspy; fpisNghNrl; rfpg;Gj;jd;ikia cUthf;f gy topfs; 

cs;sd. ,tw;wpy; xU cj;jp kz;tho; ghf;Bupa kugZ xd;iw 
Eiog;gjhFk;. ,e;j kugZ xU fpisg;NghNrl; - jhq;F tif EPSPS-
ir cz;lhf;FfpwJ. kw;nwhU cj;jp xU NtWgl;l kz;tho; ghf;Bupa 
kugZit Eiog;gjhFk;. ,J fpisNghNrl; rpijf;Fk; nehjpia 
cw;gj;jp nra;fpwJ. 

 
fisf;nfhy;ypiaj; jhq;Fk; jd;ikAila jhtuq;fspd; mD$yq;fs; 
(Advantage of herbicide tolerant crops): 
 

 fisfs; Fiwf;fg;gLtjhy; tpisr;ry; mjpfupf;fpwJ. 
 fisf;nfhy;yp njspg;G FiwfpwJ. 
 jhtuq;fSf;Fk;> fisfSf;Fk; ,ilNaahd Nghl;b FiwfpwJ. 
 Fiwthd er;Rg; nghUl;fs; gad;gLj;jg;gLtjhy; mtw;wpd; ghjpg;G 

kz;zpy; FiwthfNth> nra;jpwd; FiwthfNth fhzg;gLk;. 
 kz;zpd; jd;ikiaAk;> Ez;ZapupfisAk; ,jd; %yk; 

ghJfhf;fyhk; 
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fpisNghNrl; rfpg;Gj; jd;ik nfhz;l cUisf;fpoq;F jhtuj;ij 
cUthf;Fk; topKiw: 

 
„ghu;‟ flj;jp %ykhf Eioj;jy; 

 
„ghu;‟ kugZ nfhz;l cUisf;fpoq;fpd; nry;iy tsu;g;G nra;jy; 

 
fisf;nfhy;yp vjpu;g;G cUisf;fpoq;F nry;fs; 

 
Ma;Tf;$lj;jpy; tsu;g;G 

 
Nfy];  cWg;Gfshf;fk; 

 
kugZ khw;wk; nra;ag;gl;l fisf;nfhy;yp jhf;fj;ij vjpu;nfhs;Sk; 

jhtuq;fs; 
 
/gh];lh fisf;nfhy;yp vjpu;g;Gj; jd;ik (Herbicide Tolerant - Basta) 
 
 /gh];gpNdhj;uprpd; vd;Dk; Ntjpag; nghUs; mlq;fpa nghJthf 

nray;gLk; fisf;nfhy;ypapd; tzpfg; ngau; gh];lh (basta) MFk;. 
gh];lh fisf;nfhy;yp vjpu;g;G kugZ (PPT) (L-/gh];gpNdhj;jpuprpd;) 
nkbfhNfh rilth (Medicago Sativa) vDk; jhtuj;jpypUe;J 
gpupj;njLf;fg;gLfpwJ. ,J mk;Nkhdpah cs;Nsu;g;gpy; gq;Nfw;Fk; 
FSl;likd; rpe;jNl]; vd;w nehjpiaj; jil nra;fpwJ. PPT kugZ 
Gifapiyapy; cs;Eiof;fg;gl;lJ kw;Wk; kugZ khw;wkile;j 
Gisapiyj; jhtuk; PPTf;F vjpu;g;Gj; jd;ikAilaJ. ,jidg; Nghd;w 
xU nehjp ];l;nug;Nlhikr]; i`f;Nuh];Nfhgpf]; (Streptomycetes 
hygroscopicus)-ypUe;Jk; gpupj;njLf;fg;gl;Ls;sJ. ,jpYs;s ghu; (bar) 
kugZ /gh];gpNdhj;iurpd; mrpl;ily; l;uhd;];/gNu]; (PAT) vd;gij 
Fwpf;fpwJ. ,J gUj;jp kw;Wk; gPl;&l; Nghd;w gapu;j; jhtuq;fspy; 
cs;Eiof;fg;gl;L kugZ khw;wk; nra;ag;gl;l jhtuq;fs; 
cUthf;fg;gLfpd;wd. 

 
G+r;rpfs; vjpu;g;Gj; jd;ik – Bt k gapu;fs;  
(Insect resistance – Bt crops) 
i. Bt gUj;jp (Bt Cotton) 
  

 Bt gUj;jp vd;gJ kugZ khw;wgl;l xU capupdk; (GMO) my;yJ 
kugZr; rhu; khw;wk; nra;ag;gl jPq;Fapup (pest) vjpu;g;G ngw;w gUj;jpj; 
jhtu ufkhFk;. ,J fha;GOtpw;F (bollworm) vjpuhd G+r;rp 
vjpu;g;Gj;jd;ikia nfhz;Ls;sJ. 
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 Ngrpy;y]; JupQ;rpnad;rp]; (Bacillus thuringiensis) vd;w ghf;Bupaj;jpd; 
ufq;fs; 200-f;F mjpfkhd nt;tNtW Bt er;Rg; nghUl;fis cw;gj;jp 
nra;fpd;wd. ,it xt;nthd;Wk; ntt;NtW G+r;rpfSf;F 
jPq;fpiof;fpd;wd. ngUk;ghyhd Bt er;Rfs; yhu;th epiyapYs;s 
me;Jg;G+r;rpfs;> tz;zj;Jg;G+r;rpfs;> tz;Lfs;> gUj;jpf;fha;g;GOf;fs;> 
cz;zp (gad flies) Nghd;wtw;iw mopf;fpwJ. Mdhy; kw;w 
capupdq;fSf;F vt;tpj ghjpg;igAk; Vw;gLj;Jtjpy;iy. 

 
 ,e;j Cry njhFjpiar; Nru;e;j vz;Nlhlhf;rpdpy; (endotoxin) cs;s 

er;Rg; gbfq;fSf;F kugZ FwpaPL nra;ag;gLfpd;wJ. gUj;jpj; 
jhtuj;ij jhf;fp mjid cz;Zk; NghJ Cry er;R G+r;rpapd; 
tapw;wpDs; nrd;W fiufpwJ. 

  
 Flypd; vgpjPypa rt;Tfs; xU rpy mtrpakhd Cl;lg; nghUl;fspd; 

cs;nsLg;ig jLf;fpd;wd. ,jd; %yk; nghl;lhrpak; madpfspd; 
NghJkhd msT rPupaf;fk; G+r;rpfspy; ,of;fg;gLfpwJ. ,jdhy; 
rpWFlypd; glyj;jpy; cs;s vgpjPypa nry;fs; ,wf;fpd;wd. ,J 
G+r;rpapd; yhu;thf;fs; ,wg;gpw;F fhuzkhfpwJ. 

  
ed;ikfs; 
 
 Bt gUj;jpapd; ed;ikfs; gpd;tUkhW 

 gUj;jp tpisr;ry; mjpfupf;fpwJ> Vnddpy; fha;g;GOf;fspd; jhf;Fjy; 
ed;F fl;Lg;gLj;jg;gLfpwJ. 

 Bt gUj;jp gapupLtjpy; gad;gLj;jg;gLk; G+r;rp kUe;J Fiwf;fg;gLfpwJ. 

 gapu; tsu;g;gpy; cz;lhf;Fk; nryT FiwfpwJ. 
 

jPikfs; 
 
Bt gUj;jpapd; jPikfs; gpd;tUkhW 

 Bt gUj;jp tpijapd; tpiy mjpfk;. 

 ,jd; tPupak; Kjy; 120 ehl;fs; kl;LNk. gpd;du; ,jd; tPupak; 
FiwfpwJ. 

 rhW cwpQ;Rk; jj;Jg;G+r;rpfs; (Jassids)> mRtpdpg; G+r;rpfs; (aphids)> 
nts;is <f;fs; (white flies) Nghd;wtw;wpw;F vjpuhf ,J 
nray;gLtjpy;iy. 

 kfuhe;jr;Nru;f;ifapy; Jiz GupAk; G+r;rpfis ghjpf;fpwJ. ,jdhy; 
tpisr;ry; FiwfpwJ. 

 
ii. Bt fj;jpupf;fha; (Bt Brinjal) 
 
 kw;nwhU kugZ khw;wkile;jj; jhtuk; ,JthFk;. ,J ntt;NtW tif 

fj;jpupf;fha; gapu; ufq;fspd; kugZj; njhifaj;jpw;Fs; Ngrpy;y]; 
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JupQ;rpnad;rp]; vDk; kz;tho; ghf;Bupaj;jpypUe;J gpupj;njLf;fgl;l gbf 
Guj kugZ (Cry1Ac) vd;w kugZit Eiog;gjhy; 
cUthf;fg;gl;ljhFk;. ,e;j kugZTld; Nru;e;J Kd;dpaf;fpfs; 
(promotors)> KbTWj;jp (terminator) xU capupvjpu;g;nghUs; jil 
(antibiotic resistance)> milahsf; Fwp kugZ (marker gene) 
Nghd;wit mf;Nuhghf;Bupak; top Vw;gLj;jg;gLk; cs;Eioj;jy; %yk; 
kugZ khw;wk; nra;ag;gLfpwJ. Bt fj;jpupf;fha; nygpNlhg;nluh 
(lepidoptera) tid G+r;rpfSf;F Fwpg;ghf fj;jpupf;fha; kw;Wk; jz;L 
Jisg;ghDf;F (leucinodes orbonalis) vjpuhf cUthf;fg;gl;Ls;sJ. 

 
iii. jhuh fLF fyg;gpdk; (Dhara mustard Hybrid - DMH) 
  
 muR cjtp nray;jpl;lj;Jld; by;yp gy;fiyf;fofj;ijr; Nru;e;j 

gapu;fspy; kugZr;rhu; khw;wq;fis ifahSk; mwptpay; ikaj;jpd; 
mwptpay; mwpQu; FOtpduhy; kugZ khw;wkile;j DMH – 11 vd;w 
fLF ufk; cUthf;fg;gl;lJ. ,J fisf;nfhy;yp vjpu;g;Gj;jd;ik ngw;w 
(Herbicide tolerant - HT)> kugZ khw;wgl;l jhtukhFk;. ,J gu;Nd]; / 
ghu;];lhu; (Barnase / Barstar) vd;Dk; njhopy;El;gj;ijg; gad;gLj;jp 
kz;zpy; thOk; ghf;Bupaj;jpd; kugZ Nru;f;fg;gl;L cUthf;fg;gLk; fLF 
tifahFk;. ,J Xu; jd;kfue;jr;Nru;f;if jhtukhFk;. kz;tho; 
ghf;Bupaj;jpypUe;J DMH – 11  %d;W kugZf;fisf; nfhz;Ls;sJ. 
mit /ghu; kugZ (Bar gene)> gu;Nd]; kugZ (Barnase gene) kw;Wk; 
/ghu;];lhu; kugZ (barstar gene). ,e;j ghu; kugZ> jhtuj;ij /gh];lh 
vd;Dk; fisf;nfhy;ypf;F vjpu;g;Gj;jd;ik cilajhf;FfpwJ. 

 
itu]; vjpu;g;Gj;jd;ik (Virus Resistance) 
 
 gy jhtuq;fs; itu]; jhf;Fjyhy; ghjpf;fg;gLfpd;wd. ,jdhy; mjpf 

,og;Gk; kw;Wk; ,wg;Gk; cz;lhfpd;wd. capup njhopy;El;gk; 
gad;gLj;jg;gl;L itu]pw;F vjpuhd kugZf;fs; Xk;GapupDs; 
nrYj;jg;gLfpd;wd. ,jd; %yk; itu]; vjpu;g;Gj; jd;ik 
cUthf;fg;gLfpwJ. itu]; DNA itr; nraypof;fr; nra;af;$ba jil 
kugZf;fis Eiog;gjd; %yk; ,J rhj;jpakhfpwJ. 

 
/gpNstu;Nrtu; jf;fhsp (FlavorSavr tomato) 
 
 mf;Nuhghf;Bupaj;ijg; gad;gLj;jp Nkw;nfhs;sg;gl;l kugZg; nghwpapay; 

%ykhf FlavrSavr jf;fhsp cUthf;fg;gLfpwJ. mjhtJ> jf;fhsp ePz;l 
ehl;fSf;F ,ay;ghd epwk; kw;Wk; kzk; khwhky; epiyepWj;jp 
itf;fg;gLfpwJ. 

 
 kugZg; nghwpapaypd; %yk; jf;fhspf;fha; gOj;jy; 

jhkjg;gLj;jg;gLfpwJ kw;Wk; ,jd; %yk; fdp nkd;ikahtJ 
jLf;fg;gLfpwJ kw;Wk; ePz;l ehl;fs; nflhky; ghJfhf;fg;gLfpwJ. 
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czu;jil kugZ (anti sense gene) mf;Nuhghf;bupa top kugZ khw;w 
nray;ghl;L Kiwahy; ePz;l ehl;fs; nflhky; ,Uf;Fk; jf;fhsp 
cUthf;fg;gLfpwJ. ,jpy;; ntspg;ghl;bw;F vjpuhd kugZ (antisense 
gene) Eiof;fg;gLfpwJ. 

 
 ,e;j kugZ ghypNfyf;LNuhNd]; (polygalacturonase) nehjpapd; 

cw;gj;jpia ,ilaPL (interferes) nra;fpwJ. ,jdhy; fha; fdpahtJ 
jhkjkhfpwJ. ,jd; %yk; jf;fhspia ePz;l ehs; Nrkpg;gpd; NghJk; 
neLe;J}uk; vLj;Jr; nry;Yk; NghJk; jf;fhspia nflhky; ghJfhf;fyhk;. 

 
nghd;epw muprp – capuptop Cl;lk; Nru;j;jy; (Golden rice - 
Biofortification) 
 
 ,J kugZ nghwpapaiyg; gad;gLj;jp cUthf;fg;gl;l nghd;epw muprp 

(xiurh rl;ilth - muprp) ,d; xU ufkhFk;. capupr; nray; %yk; 
cUthf;fg;gl;l itl;lkpd; A-tpd; Kd;Ndhbahd gPl;lh fNuhl;bd; 
muprpapd; cz;Zk; gFjpapy; Eiof;fg;gLtjhFk;. ,J ,q;Nfh 
Nghl;upf]; (Ingo Potrykus) kw;Wk; mtuJ FOtpduhy; cUthf;fg;gl;lJ. 
,jd; Nehf;fk; ney; gapuplg;gLk; gFjp kw;Wk; gad;gLj;jg;gLk; 
gFjpfspy; epyTk; itl;lkpd; A Fiwg;ghl;il ePf;FjyhFk;. ,jdhy; 
Ie;J tajpw;Fl;gl;l mjpf mstpyhd Foe;ijfspd; ,wg;G 
Fiwf;fg;gLk;. nghd;epw muprp mjd; ngw;Nwhiu tpl $Ljyhf 
Nru;f;fg;gl;l %d;W tifahd gPl;lh – fNuhl;Bd; cUthf;f 
kugZf;fisf; nfhz;Ls;sJ. mitahtd ehu;rp];]]; 
#Nlhehu;rp];]]; (Narcissus pseudonarcissus) vd;w jhtuj;jpypUe;J 
(daffodil) ngwg;gl;l „psy‟vd;w (phytoene synthase) kugZ> vu;tpdpah 
AupNlhNthuh (Erwinia uredorara) vd;w kz;-tho; ghf;Bupahj;jpypUe;J 
ngwg;gl;l „crt.1‟ vd;w kugZ kw;Wk; ,ay; ney; ufj;jpd; (wild rice) 
fUT+z; jpRtpypUe;J ngwg;gl;l „lyc‟ (lycopene cyclase) vd;w kugZ 
Nghd;wit MFk;. 

 
 rhjhuz muprp ufj;jpd; fUT+z; jpR gPl;lh fNuhl;bidf; 

nfhz;bUg;gjpy;iy. nghd;epw muprp kugZ khw;wgl;l muprp tifahFk;. 
,jdhy; jw;NghJ ,jd; fUT+z; jpRtpy; gPl;lh fNuhl;Bd; 
Nru;f;ifAWfpwJ. ,J kW$l;bizT DNA njhopy;El;gj;ijg; 
gad;gLj;jp nra;ag;gLfpwJ. nghd;epw muprp Foe;ijfspy; epyTk; 
FUl;Lj; jd;ik (blindness)> tpopntz;gly twl;rp (Xerophthalmia) 
Mfpatw;iw fl;Lg;gLj;JfpwJ. 

 
kugZ khw;wg;gl;l czTfs; (GM food) – ed;ikfs; 
 

 jPq;Fapup (pest) mw;w mjpf tpisr;ry; 

 G+r;rpf; nfhy;yp gad;ghL 70% msT Fiwg;G 

 kz; khRg;ghL gpur;iridiaf; Fiwf;fpwJ. 
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 kz; Ez;Zapupj; njhif Ngzg;gLfpwJ. 
 
Mgj;Jfshf ek;gg;gLgit 
 

 fy;yPuiy ghjpf;fpwJ> rpWePuf nray;ghl;il ghjpf;fpwJ> Gw;WNehia 
cz;lhf;FfpwJ. 

 `hh;Nkhd; rkkpd;ik kw;Wk; cly;epiy rPu;FiyT (physical 
disorder) 

 ghf;Bupa Gujj;jpd; fhuzkhf Neha; vjpu;g;Gj;jd;ik njhFjpapy; 
Nkhrkhd tpisTfs; Vw;gLfpd;wd. 

 
vjpu;g;Gj;jd;ik njhFjpapy; Nkhrkhd tpisTfs; Vw;gLfpd;wd 
 

 gpwo;r;rpaile;j mjpu;r;rp (jpBu; kpifAzu;T tpid) (Anaphylactic 
shock) kw;Wk; xt;thik. 

 tpijfspd; capu;g;Gj; jd;ik ,og;G GM gapu;fspd; KbTWj;jp 
tpijj; njhopy;El;gj;jpy; (Terminator seed technology) fhzg;gLtJ. 

 
ghypi`l;uhrpgpAl;lNul; (Polyhydroxybutyrate - PHB) 
  
 nraw;ifg; ghypku;fs; (synthetic polymers) vspjpy; rpijtilahkYk;> 

kz; khRWj;jpahfTk;> vupf;Fk; NghJ #oypy;> Gw;WNeha; cz;lhf;Fk; 
ilahf;rpd; (dioxin) Nru;f;ifAWj;jpfshfTk; cs;sd. vdNt> #oy; 
khRWj;jhj khw;W ghypku;fis ngWtjw;fhd Kaw;rpfs; 
Nkw;nfhs;sg;gl;ld. ghypi`l;uhf;]p My;fNdhNtl;fs; 
(Polyhydroxyalkanoates - PHAS)> ghypi`l;uhf;rpgpAl;lNul;fs; (PHB) 
Mfpa ,uz;Lk; rpijtila $ba capup ghypku;fshFk;. ,tw;wpw;F gy 
kUj;Jtg; gad;ghLfs; cs;sd. vLj;Jf;fhl;lhf rupahd Vw;gplj;jpy; 
kUe;J Nru;f;fg;gLjy; (drug delivery)> rhuf;fl;L mikf;f (scaffold) 
kw;Wk; ,ja thy;Tfs; mikf;f ,it cjTfpd;wd. PHAs nghJthf 
capupa ngU %yf;$WfshfTk; (biological macro molecules) ntg;g 
gpsh];bf;FfshfTk; (thermoplastics) nray;gLfpd;wd. ,it capupa 
rpijtilaf; $bait. capupa xj;JNghFk; jd;ik cilait. 

 
 gy;NtW tifahd Ez;Zapu;fs; gad;gLj;jg;gl;L gy;NtW tifahd 

PHA –f;fs; cUthf;fg;gLfpd;wd. ,tw;wpy; fpuhk Neu; ghf;Bupaq;fshd 
Ngrpy;y]; nkfh];bupak;> Ngrpy;y]; rg;ilyp];> fhu;dpghf;Bupak; 
 

 FSNldpf;fk; Nghd;witAk;> fpuhk; vjph; ghf;Bupaq;fshd 
#NlhNkhdh]; rpw;wpdq;fs;> My;fyp[Pd;]; A+l;Nuhgh]; (Alcaligenes 
utrophus) Nghd;witAk; mlq;Fk;. 
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ghypyhf;bf; mkpyk; (polylactic acid - PLA) 
 
 ghypyhf;bf; mkpyk; my;yJ ghypyhf;ilL (polylactide) capupa 

rpijtilaf;$baJ. capupa nray;ghLila ntg;g gpsh];bf; MFk;. 
 
 ,J kf;fhr; Nrhs jurk; (corn starch)> kuts;spf; fpoq;F Ntu;fs; 

(cassava roots)> rPty;fs;> jurk; my;yJ fUk;G Nghd;w 
kPs;GJg;gpf;fj;jf;f %yg;nghUl;fspypUe;J ngwg;gLk; fupk tisa 
(aliphatic)> ghypna];lu; (polyester) MFk;. PLA jahupg;gpy; ,uz;L 
Kf;fpa xw;iw myFfs; (monomers) gad;gLj;jg;gLfpd;wd. yhf;bf; 
mkpyk; kw;Wk; yhf;ill; vd;w Roy; ilna];lu; (cyclic diester) 
fiuepiyapYs;s jfu Mf;NlhNtl Nghd;w cNyhf tpidA+f;fp 
(catalyst) Nghd;wtw;wpd; cjtpNahL ,e;j Ntjpg;nghUspd; tisa 
mikg;ig jpwj;jy; jhd; kpfTk; rhjhuzkhd topKiwahFk;. cNyhf 
tpidA+f;fp tpid  kw;Wk; | ghypyhf;bf; mkpyj;jpd; rk msTfspy; 
KbtilfpwJ. 

 
gr;ir kpsu;nthspg; Gujk; (Green flurescent protein - GFP) 
 
 ,J 238 mkpNdh mkpy vr;rq;fshy; (26.9 kDa) Mf;fg;gl;Ls;sJ. ePyk; 

Kjy; Gw Cjh fjpu;fshy; xspA+l;lg;gLk; NghJ (395 nm) ,J Mo;e;j 
gr;ir epwkhf xspu;fpwJ. 

 
nray;topKiw 

 
gr;ir kpsu;nthspg; Gujk; (Green Fluorescent Protein - GFP) 

 
mf;Fthupah tpf;NlhupahtpypUe;J (n[y;yp kPd;) gpupj;njLj;jy; 

 
kugZ ,iaj;jy; (gene splicing) 

njhopy;El;gKiw  kugZ Fwpaj;jpy; (codon) 
khw;wk; nra;jy; 

 
muhgplhg;rp]; jhypahdh (Arabidopsis thaliana) 

jhtuj;jpy; Eioj;jy; 
 

muhgplhg;rp]; jhypahdh jhtuj;jpy; ntspg;ghliljy; 
 

 capupaypy; GFP %yf;$W Mf;]p[d; jtpu NtW ve;j $Ljy; Jizf; 
fhuzpfs; (cofactor)> kugZrhu; tpisg;nghUl;fs; (gene products)> 
nehjpfs;> js nghUl;fs; (substrators) Nghd;wit Njitg;glhky; mf 
epwkpj;jhq;fpfis (chromatophores) cz;lhf;Fk; ,jdhy; GFP xU 
kpfr;rpwe;j capupay; fUtpahfr; nray;gLfpwJ. 
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 GFP Kjd;Kjypy; mf;Fthupah tpf;Nlhupah (Aequorea victoria) vd;Dk; 
n[y;yp kPdpy; ,Ue;J gpupj;njLf;fg;gl;l Xu; GujkhFk;. nry; kw;Wk; 
%yf;$W capupaypy; GFP kugZ mbf;fb xU kugZ ntspg;ghl;L 
mwptpg;ghsu; (reporter) fUtpahf gad;gLj;jg;gLfpwJ. ,J capup 
czu;tpfis (biosensor) cUthf;f khw;WU ngw;w tbtq;fspy; 
gad;gLfpwJ. 

 
capup kUe;jhf;fk; (Biopharming) 
 
 %yf;$W kUe;jhf;fk; vdTk; miof;fg;gLk; capup kUe;jhf;fk; kdpj 

gad;ghl;Lf;fhf kUe;J rhu; nghUl;fis cz;lhf;f kugZg; nghwpapay; 
%yk; kugZ khw;wkile;j jhtuq;fis cUthf;fpg; gad;gLj;JtjhFk;. 
,J “%yf;$W Ntshz;ik my;yJ %yf;$W kUe;jhf;fk;” vdTk; 
mwpag;gLfpwJ. ,ay;ghd kUj;Jtj; jhtuq;fspypUe;J ,it 
khWgl;lit. jhtuq;fis capup tpidf;fyd;fshf (bioreactors) khw;wpg; 
gad;gLj;Jjy; etPd capup njhopy;El;gj;jpy; mjpf Kf;fpaj;jtk; ngw;W 
tUfpwJ. kugZ khw;wkile;j jhtuq;fisg; gad;gLj;jpg y tifahd 
kUe;Jg; nghUl;fis ngwyhk;. vLj;Jf;fhl;L : nghd;epw muprp. 

 
capup topj;jpUj;jk; (Bioremediation) 
 
 #oy; khRWjiy Rj;jk; nra;a Ez;Zapu;fs; my;yJ jhtuq;fisg; 

gad;gLj;JtJ capup topj;jpUj;jk; vdg;gLfpwJ. fopTePu;> njhopw;rhiy 
fopT> jplf;fopTfs; Nghd;wtw;iw cs;slf;fpa fopTfis rupnra;a 
,e;j mZFKiw gad;gLj;jg;gLfpwJ. capup topj;jpUj;jk; kz;> 
epyj;jb ePu; Mfpatw;wpy; ,Uf;Fk; vz;nza; frpT> ngl;Nuhypa Ntjpa 
vr;rq;fs;> G+r;rpf;nfhy;ypfs; my;yJ td;cNyhfq;fs; Nghd;wtw;iw 
ePf;FfpwJ. gy vLj;Jf;fhl;Lfspy; ,aw;gpa kw;Wk; ePupy; gad;gLj;jg;gLk; 
capuptopj;jpUj;j cj;jpfs; gpd;tUkhW: 

 
 capup topj;jpUj;jk; nray;ghl;bw;F #oy; rpw;wpdq;fshf cs;ehl;L 

Ez;Zapu;j; njhifiag; (microbial population) gad;gLj;Jjy;. 
 

 jftikg;G Nkw;nfhz;l my;yJ tbtikg;G nra;ag;gl;l Ez;Zapup 
cl;Gfl;ly;fis (Inoculants) nfhz;L capup topj;jpUj;jk; nra;jy;. 

 
 gRikj; njhopy;El;gk; - jhtuq;fis capup topj;jpUj;jj;jpw;F 

gad;gLj;Jjy;. 
 
capup topj;jpUj;j njhopy;El;gj;jpw;fhd rpy vLj;Jf;fhl;Lfs;: 
  
 jhtu topj;jpUj;jk; (Phytoremediation) - #oy; khRWj;jpfis 

jhtuq;fisg; gad;gLj;jp jpUj;jk; nra;jy;. 
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 G+Q;ir topj;jpUj;jk; (Mycoremediation) – G+Q;irfisf; nfhz;L 
#oy; khRWj;jpfis jpUj;jk; nra;jy;. 
 

 capuptop fhw;Nwhl;lkspj;jy; (Bioventing) - ,J Mf;rp[d; my;yJ 
fhw;Nwhl;lj;ij mjpfupf;Fk; xU nrayhFk;. ,jd; %yk; #oy; 
khRWj;jpfspd; rpijitj; Jupjg;gLj;jyhk;. 
 
 capup top fiuj;Jg; gpupj;jy; (Bioleaching) – khRWj;jg;gl;l 

,lq;fspypUe;J fiury; cNyhf khRWj;jpfis (metal pollutant) 
fiury; epiyapy; Ez;zpapupfisg; gad;gLj;jp kPl;ly;. 
 

 capup top ngUf;Fjy; (Bioaugmentation) – xU rpy 
Nju;e;njLf;fg;gl;l Ez;zpapu;fis Nru;g;gjd; %yk; rpijtilAk; 
Ntfj;jpid mjpfupf;fr; nra;Ak; nray;Kiw. 
 

 cukhf;Fjy; (Composting) – Ez;zpaupfisf; nfhz;L jpl 
fopTfis cukhf khw;Wk; nray;Kiw. ,J jhtu tsu;r;rpf;F 
Cl;lg; nghUshf gad;gLk;. 
 

 Ntu;g;Gy tbfl;ly; (Rhizofiltration) – Ez;zpapu;fisf; nfhz;L 
cs;nsLj;jy; my;yJ fupk Nru;kq;fis rpijj;jy;. 
 

 Ntu;g;Gy Ez;Zapupj; J}z;ly; (Rhizostimualtion) – jhtu 
tsu;r;rpia Ntu;g;Gy Ez;Zapupfs; %yk; J}z;ly;; ,J rpwe;j 
tsu;r;rp #o;epiyfis nfhLg;gjd; %ykhfNth er;Rg; nghUl;fis 
Fiwg;gjdhNyh J}z;lg;gLfpwJ. 

 
tuk;Gfs; (Limitations) 
 

 capup topj;jpUj;j Kiwapy; capuparpijtpw;Fs;shFk; khRWj;jpfis 
kl;LNk khw;w ,aYk;. 
 

 khRWj;jg;gl;l ,lq;fspy; cs;s #o;epiyfSf;F Vw;g kl;LNk capup 
topj;jpUj;j nray;Kiwfisf; Fwpg;ghf nra;a KbAk;. 
 

 khRWj;jg;gl;l ,lj;jpy; ngupa mstpyhd nray;ghLfis rpwpa 
mstpyhd Kd;Nrhjidfs; nra;j gpd;dNu gpd;gw;w Ntz;Lk;. 
 

 capup topj;jpUj;jk; nraYf;fhf kugZg; nghwpapay; 
njhopy;El;gj;jpd; gad;ghL kugZ khw;wkile;j Ez;Zapupfis 
cUthf;f my;yJ Ez;Zapupf; $l;likg;Gfis cUthf;f kpfTk; 
mjpf jpwd; Ntz;bapUj;jy;. 
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capupvupnghUs; (Bio fuel) / ghrp capupvupnghUs; (Algal Biofuel) 
 
 ghrp capup top vupnghUs; my;yJ ghrp top vz;nza; vd;Wk; 

miof;fg;gLk; ghrp vupnghUs; ngl;Nuhypa vz;nza; vd;w njhy;Yapy; 
vr;r jput vupnghUSf;F xU khw;whf cs;sJ. mJ ghrpfis mjpf 
Mw;wiyf; nfhz;l vz;nza;apd; %yg;nghUshf gad;gLj;JfpwJ. 
NkYk; ghrp vupnghUl;fs; nghJthfg; gad;gLj;jg;gLk; %yq;fshd 
kf;fhr; Nrhsk;> fUk;G Nghd;wtw;wpypUe;J ngwg;gLk; Mw;wYf;F xU 
khw;whf tpsq;Ffpd;wd. Mw;wy; neUf;fbAk; cyf czT neUf;fbAk; 
ghrp tsu;g;gpy; (Algal culture) xU Mu;tj;ij J}z;bAs;sd. ,e;j 
tsu;g;G capup Bry; cw;gj;jpf;fhfTk;> ,ju capup vupnghUl;fspd; 
cw;gj;jpf;fhfTk; gad;gLj;jg;gLfpwJ. ,e;j cw;gj;jp Ntshz;ikf;Fg; 
gad;glhj epyj;ijg; gad;gLj;JfpwJ. Nghl;upNahfhf;f]; gpuhdpI 
(Botryococcus braunii) vd;w ghrp nghJthf capupvupnghUs; 
jahupg;gpw;F gad;gLj;jg;gLfpwJ. 

 

  
ghrp capupvupnghUs; 
 
ghrpfshy; capupa i`l;u[d; cw;gj;jp (Biological hydrogen production 
by algae) 

 capupa i`l;u[d; cw;gj;jp ghrpfspy; xsp capupa Kiwapy; 
ePu;gpsf;Fk; nray; KiwahFk;. nghJthd xspr;Nru;f;ifapd; NghJ 
fpshkpNlhNkhd]; uPd;`hu;bI (Chlamydomonas reinhardtii) vd;w ghrp 
Mf;rp[id ntspNaw;WfpwJ. ,jw;F fe;jfk; nfhLf;fg;glhj NghJ 
xspr;Nru;f;if epfo;tpy; ,J i`l;u[d; cw;gj;jpf;F khWfpwJ kw;Wk; 
vyf;l;uhd;fs; /ngu;ulhf;rpDf;F flj;jg;gLfpd;wd. (Fe) – 
i`l;Nuh[pNd]; nehjpfs; ,tw;iw ,izj;J i`l;u[d; thA cw;gj;jp 
nra;fpd;wd. 

 
capuptsk; ehly; (Bioprospecting) 
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 capup tsk; ehly; vd;gJ capupa %yg;nghUl;fspypUe;J Gjpa tpiy 
nghUl;fis fz;lwpjy; kw;Wk; tzpfkakhf;fy; MFk;. capuptsk; 
ehlypy; capupnghUs; nfhs;isAk; Nruyhk;. ,jpy; cs;@u; 
kf;fsplkpUe;J Njhd;Wk; ,aw;if gw;wpa tl;lhu mwpT ,ju kf;fshy; 
Mjhaj;jpw;fhf cs;@u; kf;fspd; xg;Gjy; ,d;wpNah mtu;fSf;F vt;tpj 
,og;gPLk; nfhLf;fhky; Ruz;lg;gl;L gad;gLj;jg;gLfpwJ. 

 
capupg;nghUs; nfhs;is (Biopiracy) 
 
 Njrpa kugZ tsq;fspd; kPJ jdpg;gl;l fl;Lg;ghl;il ngWk; 

epWtdq;fspdhy; mt;tsq;fspd; cz;ikahd cupikahsu;fSf;F 
NghJkhd mq;fPfhuk; my;yJ Cjpak; toq;fhky; mwpTrhh; nrhj;Jupik 
rl;lq;fis ifahSjy; capupg; nghUs; nfhs;is vd 
tiuaWf;fg;gLfpwJ. capupg; nghs; nfhs;isf;F vLj;Jf;fhl;lhf 
kQ;rs;> Ntk;G kw;Wk; kpfTk; ed;fwpe;j ghRkjp muprpapd; mnkupf;f 
epWtdq;fSf;F mnkupf;f fhg;Gupkk; kw;Wk; tzpf Kj;jpiu 
mYtyfj;jpdhy; toq;fg;gl;l rkPgj;jpa fhg;Gupkk;. ,e;j %d;W 
cw;gj;jpg; nghUl;fSk; ,e;jpa – ghfp];j;jhd; Jizf; fz;lj;jpd; 
cs;ehl;Lf;FupajhFk;. 

 
Ntk;gpy; capupg;nghUs; nfhs;is (Biopiracy of Neem) 
 
 ,e;jpa kf;fs; G+Q;ir kw;Wk; ghf;Bupa Njhy; Neha; njhw;wy;fis 

fl;Lg;gLj;j gy topfspy; Ntk;gpidAk; mjd; vz;nza;iaAk; 
gad;gLj;jp te;jdu;. Ntk;gpd; gz;Gfis ,e;jpau;fs; cyfk; KOtJk; 
cs;s kf;fSld; gfpu;e;J nfhz;ldu;. W.R. fpNu]; (W.R. Grace) vd;w 
mnkupf;f gd;dhl;L epWtdKk; (MNC) mnkhpf;f Ntshz;JiwAk; 
(USDA – United States Department of Agriculture) 1990 Mk; Mz;bd; 
Kw;gFjpapy; ,e;j mwpitj; jpUb INuhg;gpa fhg;Gupkk; epWtdj;jpy; 
(EPO) Xu; fhg;Gupkk; cupkk; “gpupj;njLf;fg;gl;l ePu; ntWg;G 
(hydrophobic) Ntg;g vz;nza;apd; cjtpAld; jhtuq;fspd; Nky; 
Vw;gLk; Neha;fisf; fl;Lg;gLj;Jk; xU nray;Kiwf;fhf Nfhug;gl;lJ”. 
Ntk;gpd; G+Q;ir vjpu;g;G kw;Wk; ghf;Bupa vjph;g;G gz;Gfis fhg;Gupkk; 
nra;tJ capupg; nghUs; nfhs;isf;F Xu; vLj;Jf;fhl;lhFk;. vdpDk; 
,e;jpau;fspd; ghuk;gupa mwpthdJ ,Wjpapy; ghJfhf;fg;gl;L> fhg;Gupkk; 
,uj;J nra;ag;gl;lJ. 

 
kQ;rspy; capupg;nghUs; nfhs;is (Biopiracy in Turmeric) 
 
 1995-Mk; Mz;L mnkupf;f If;fpa ehl;bd; fhg;Gupik kw;Wk; tzpf 

FwpaPL mYtyfk; (United States Patent and Trademark Office) 
kQ;ris xU fpUkp ehrpdpahf gad;gLj;Jtjw;F fhg;Gupikia 
toq;fpaJ. kQ;rs; ,e;jpa kf;fshy; Gz;fis Ntfkhf Fzg;gLj;jTk;> 
Gz; jbg;Gfis Fzg;gLj;jTk;> xU tPl;LkUe;jhf gad;gLj;jg;gl;L 
tUfpwJ. kQ;rs; ,e;jpa kf;fshy; Gz;fis Ntfkhf Fzg;gLj;jTk;> 
Gz; jbg;Gfis Fzg;gLj;jTk; xU tPl;L kUe;jhf gad;gLj;jg;gl;L 
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tUfpwJ. 1953-y; ,e;jpa kUj;Jt fofj;jhy; xU rQ;rpif fl;Liu 
(Journal article) ntspaplg;gl;lJ. mjpy; ,e;j kUj;Jtf; Fwpg;G 
cs;sJ. vdNt> ,jd; %yk; kQ;rspd; fpUkp ehrpdpg; gz;G 
cyfj;jpw;F Gjpajy;y vd;gJk;> ,J xU Gjpa fz;Lgpbg;gy;y vd;gJk;> 
,e;jpau;fspd; ghuk;gupa mwptpd; xU gFjp vd;gJk; ep&gzkhdJ. US 
fhg;Gupkk; kw;Wk; tzpff; FwpaPL mYtyfj;jpw;fhd vjpu;g;G ,e;j 
vLj;Jf;fhl;by; xg;Gf;nfhs;sg;gl;lJ kw;Wk; ,e;jpah;fspd; ghuk;gupa 
mwpT ghJfhf;fg;gl;lJ. ,J capupg; nghUs; nfhs;isf;fhd kw;nwhU 
vLj;Jf;fhl;lhFk;. 

 
ghRkjp muprpapy; capupg;nghUs; nfhs;is (Biopiracy of Basmati Rice) 
 
 1997 Mk; Mz;L nrg;lk;gu; 2-Mk; Njjp US fhg;Gupik kw;Wk; 

tzpff;Fwp mYtyfk; “ghRkjp muprp fhy;topfs; kw;Wk; jhdpaq;fs; 
njhlu;ghd fhg;Gupkj;ij iu]; nlf; (Rice tec) vd;w nlf;rh]; 
epWtdj;jpw;F gy cupikfisf; nfhLf;fpwJ. ,jpy; “ghRkjp” vd;w 
nrhy;iy ,e;epWtdk; kl;LNk gad;gLj;Jk; cupikAk; mlq;Fk;. NkYk; 
ve;j xU fyg;GWj;jq;fspd; tpisthfj; Njhd;Wk; tpijfis 
gad;gLj;Jjy; rhu;ghd cupikAk; mlq;Fk;. jhtu Nkk;gLj;Jk; 
nraiyAk; ,e;j fhg;Gupkk; toq;FfpwJ. RiceTec–d; Gjpa murp 
fhy;topfSk; rikay; gz;Gfs;> jurg; nghUspd; msT> muprp 
jhdpaq;fspy; vt;tsT cs;sJ vd;gdtw;iw epu;zapf;Fk; 
topKiwfSk; ,e;j fhg;Gupkj;jpy; mlq;Fk;. 

 
 ,e;jpah ,e;j gh];kjp muprp capupnfhs;isia WTOtpw;F TRIPS 

xg;ge;jj;ij kPwpa nray; vd vLj;Jr; nrd;wJ. ,jdhy; 2002Mk; Mz;L 
US fhg;Gupkk; mYtyfk; iu]; nlf; epWtdj;jplkpUe;J 15 cupikf; 
NfhUjy;fis uj;J nra;jJ. mjpy; Kf;fpakhf gh];kjp vd;w ngaUk; 
mlq;Fk;. fhg;Gupkk; epWtdk; iu]; nlf; epWtdj;jpd; ufj;ij „iu]; 
iyd; 867‟ (Rice line 867) vd;W khw;wpaJ. ,jd;%yk; ,e;jpa gh];kjp 
ufj;jpd; ntspehl;L Vw;Wkjpf;fhd cupkk; ghJfhf;fg;gl;lJ. 

 
capupnjhopy;El;gtpaypd;; gad;ghLfs; (Applications of Biotechnology) 
 
 21Mk; E}w;whz;bd; kpfTk; Kf;fpakhd gad;ghl;L njhlu;Gila 

mwptpay;fspy; xU Kf;fpaj;Jtk; tha;e;j Jiw capupnjhopy;El;gkhFk;. 
,J ek; tho;f;ifia xU gaDs;s Kiwapy; nrytpl ekf;Fs;s xU 
ek;gj;jFe;j JiwahFk;. 
 

 capupnjhopy;El;gtpaypd; gad;ghLfs; Ntshz;ik> kUj;Jtk;> #oy;> 
tzpf njhopy;fs; Nghd;w gy Jiwfspy; mjpfkhf gad;gLfpwJ. 

 

 ,e;j mwptpay; kugZ khw;wj; jhtu tiffisg; ngWtJ Nghd;w mjpf 
kjpg;Gs;s tpisTfisg; ngw;Ws;sJ. vLj;Jf;fhl;Lfshf kugZ 
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khw;wkile;j gUj;jp (Bt – gUj;jp)> muprp> jf;fhsp> Gifapiy> 
fhyp/gpstu;> cUisf;fpoq;F> thio Nghd;wtw;iwf; Fwpg;gplyhk;. 

 

 Ntshz; gapu;fspy; fisf;nfhy;yp vjpu;g;Gj;jd;ik> ,Wf;f vjpu;g;Gj; 
jd;ik (strees resistant)> Neha; vjpu;g;Gj;jd;ik Nghd;wtw;iwf; nfhz;l 
tiffis cUthf;FtJ capupnjhopy;El;gj;jpd; kfj;jhd tpisT 
MFk;. 

 

 kdpju;fspy; ,d;Rypd; Fiwg;ghl;L Nehia rup nra;aTk; <Nfhiyia 
gad;gLj;jp kdpj ,d;Rypd; kw;Wk; ,uj;j Gujj;ij cUthf;f kUj;jt 
capup njhopy;El;g njhopw;rhiyfs; gad;gLfpd;wd. 

 

 capupnjhopy;El;g njhopw;rhiy %yk; jLg;G+rp kUe;J (Vaccine)> 
nehjpfs;> capu; vjpu;g;nghUl;fs;> ghy; rhu;e;j jahupg;Gfs;> ghdq;fs; 
(Beverages) Nghd;wtw;iw cw;gj;jp nra;ag;gLfpwJ. 

 

 capu;njhopy;El;gj;jpd; %yk; capup rpy;Yfis (biochips) mbg;gilahf 
nfhz;l capupa fzpdp cUthf;Fjy; NkYk; Xu; rhjidahFk;. 

 

 kugZ nghwpapay; kugZ ifahSjiy cs;slf;fpaJ; jpR tsu;g;G 
KOMf;Fj; jpwd; ngw;w (totipotent plant cell) jhtu nry;iy 
Ez;Zapup ePf;fg;gl;l Kiwapy; fl;Lg;gLj;jg;gl;l #oypy; jhtu 
efyhf;fk; nra;tjhFk;. 

 

 czTj; njhopw;rhiyapy; ];igUypdh (Spirulina)-itg; gad;gLj;jp jdp 
nry; Gujk; ngwg;gLfpwJ. 

 

 ,uz;lhk; epiy tsu;rpijg; nghUl;fs;> capup cuq;fs;> capup 
jPq;Fapupf; nfhy;ypfs;> nehjpfs; Nghd;wit cw;gj;jp nra;ag;gLfpwJ. 

 

 #oy;rhu; capupnjhopy;El;gj;jpw;fhf> capupj;jpus; Mw;wy; (Biomass 
energy)> capup vupnghUs;> capuptop jpUj;jk;> jhtu topjpUj;jk; 
Nghd;wit cUthf;fg;gl;Ls;sd. 
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myF – 5 

 
jhtuj; jpR tsh;g;G  

 
 jhtug; GNuhl;Nlhgpsh];l;fs;> nry;fs;> jpRf;fs; my;yJ cWg;Gfis 

mtw;wpd; ,ay;ghd my;yJ rhjhuzr; #oypy; ,Ue;J gphpj;njLj;Jr; 
nraw;ifahd #o;epiyapy; tsh;j;jiyj; jpR tsh;g;G vd;fpNwhk;. ,it 
Nrhjid fyj;jpy; jhtug; GNuhl;Nlhgpsh];l;fs;> nry;fs;> jpRf;fs; 
kw;Wk; cWg;Gfs; tsh;g;G vd;Wk; miof;fg;gLk; (in vitro (yj;jPd;) – 
fz;zhb / Nrhjid FohapDs;) xU jpdg; gphp$W FWfpa fhyj;jpYk;> 
,lj;jpYk; fl;Lg;gLj;jg;gl;l #o;epiyapy; gy;yhapuf;fzf;fhd 
jhtuq;fshfg; ngUf;fkilfpwJ. jpR tsh;g;G njhopy; El;gk; tzpf 
Nehf;fpy; jhtu cw;gj;jp kl;Lkpd;wpj; jhtu Muha;r;rpfSf;Fk; 
gad;gLfpwJ. jhtuj; jpR tsh;g;G kugZ khw;wg;gl;l jhtuq;fspd; 
kPSUthf;fj;jpy; jtph;f;f Kbahj fUtpahfg; gq;fhw;WfpwJ. ,J 
jtph;j;J> jhtuj; jpR tsh;g;gpd; rpy Kf;fpag; gad;ghLfshf mhpa 
jhtug; ngUf;fk;> cah;ju (elite varieties) jhtuq;fspd; ghJfhg;G> itu]; 
mw;w jhtu cw;gj;jp> kugZ tsf;$W (Germplasm) ghJfhj;jy;> 
njhopw;rhiyapy; ,uz;lhk; epiy tsh;r;rpij khw;wg; nghUs;fs; 
cw;gj;jp kw;Wk; gy cs;sd. ,e;jg; ghlj;jpy; jpR tsh;g;gpd; tuyhW> 
njhopy; El;gk;> tif> gad;ghL kw;Wk; mwnewp gpur;rpidfSf;fhd 
tpopg;Gzh;T Mfpad tpthjpf;fg;gLfpd;wd.  

 
 n[h;kdp ehl;Lj; jhtutpayhh; fhl;ypg; N`gh;Nyz;l; (1902) KO Mf;Fj; 

jpwd; fUj;ij Kd;nkhope;jhh;. NkYk; mth; tsh;g;G Clfj;jpy; Nykpak; 
gh;gpA+hpak; jhtu ,iyapilj; jpR nry;fisg; gad;gLj;jpr; 
nraw;ifahd #oypy; jhtur; nry;fis Kjd; Kjypy; tsh;j;Jg; 
ngUf;fkile;j nry;fisg; gad;gLj;jpr; nraw;ifahd #oypy; jhtur; 
nry;fis Kjd;Kjypy; tsh;j;Jg; ngUf;fkile;j nry;fisf; fpilf;fg; 
ngw;whh;. ,th; jhtuj; jpR tsh;g;gpd; je;ijahff; fUjg;gLfpwhh;.  

 
jpR tsh;g;gpd; mbg;gilf; nfhs;iffs;:  
 
 jhtuj; jpR tsh;g;gpd; mbg;gilf; fUj;Jf;fshtd KO Mf;Fj;jpwd;> 

NtWghLWjy;> kWNtWghL miljy;> NtWghL ,oj;jy; Nghd;witahFk;.  
 
KO Mf;Fj;jpwd; (Totipotency):  
 
 kugpay; jpwd;fisf; nfhz;Ls;s capUs;s jhtur; nry;fis Cl;l 

(fiury;) Clfj;jpy; tsh;f;Fk; NghJ mit KOj; jdpj; jhtukhf 
tsh;r;rpailAk; gz;Ng KO Mf;Fj;jpwd; vdg;gLk;.  
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NtWghLWjy; (Differentiation):  
 
 nry;fspy; caphp Ntjpapa kw;Wk; mikg;gpa khw;wq;fs; Vw;gLj;jp 

mtw;iwr; rpwg;ghd mikg;G kw;Wk; gzpapid Nkw;nfhs;sr; nra;jy;.  
 
kWNtWghLWjy; (Redifferentiation):  
 
 Vw;fdNt NtWghLw;w xU nry; NkYk; NtWghLw;W kw;nwhU nry;yhf 

khw;wkiljy;. vLj;Jf;fhl;L: Cl;lr; rj;J Clfj;jpy; Nfy]; jpRtpd; 
nry;$Wfs; KOj;jhtu mikg;ig cUthf;Fk; jpwd; ngw;Ws;sij 
kWNtWghLWjy; vdyhk;.  

 
NtWghboj;jy; (Dedifferentiation):  
 

 Kjph;r;rp mile;j nry;fs; kPz;Lk; Mf;Fj;jpRthf khwpf; Nfy]; Nghd;w 
jpRit cUthf;Fk; epfo;r;rp NtWghL ,oj;jy; vd miof;fg;gLfpwJ. 
capUs;s jhtur; nry;fspd;> jpRf;fspd; NtWghLWjYk;> 
NtWghboj;jYk; cs;shh;e;J xU Nruf; fhzg;gl;lhy; mit KO 
Mf;Fj;jpwd; ngw;wjhff; fUjg;gLk;.  

 
jhtuj; jpR tsh;g;G (Plant Tissue Culture – PTC):  
 
 jhtuj; jpR tsh;g;G vd;gJ Ma;T $lr; Nrhjid tsh;g;G Kiw kw;Wk; 

Ez;Zaph; ePf;fpa epiyapy; jpR tsh;g;G Clfj;jpy; VNjDk; jhtug; 
gFjpfis tsh;j;jy; vd tiuaWf;fg;gLfpwJ. ,j;njhopy;El;gr; 
nray;Kiw %d;W mbg;gil newpKiwfisf; nfhz;Ls;sJ.  

 
 Njitahd jhtug;gFjp my;yJ mjd; gphp$W Njh;T nra;ag;gl;L> 

gpd;G ,ju clyg; gFjpapypUe;J gphpj;njLf;fg;gLfpwJ.  
 

 ,J fl;Lg;gLj;jg;gl;l ,aw;gpay; #o;epiyapYk;> tiuaWf;fg;gl;l 
Ntjpapa (Cl;l Clfk;) #oypYk; guhkhpf;fg;gLfpwJ.  
 

 gphp$W vd;gJ Njh;e;njLf;fg;gl;l jhtuj;ij cUthf;Ftjw;F tsh;g;G 
Clfj;jpy; itj;J tsh;f;fj; Njitg;gLk; jhtuj; jpR.  

 
jhtuj; jpR tsh;g;gpw;fhd mbg;gil Ma;tf trjpfs;:  
 
 jhtuj; jpR tsh;g;gpw;F Ma;tfk; gpd;tUk; trjpfisf; nfhz;bUf;f 

Ntz;Lk;.  
 
 fz;zhbf; fyd;fisf; fOTtjw;fhd trjp kw;Wk; mtw;iw 

cyh;j;Jtjw;fhd Ez;ziy mLg;G (oven) trjp.  
 

 jd;dOj;jf; fyd; (Autociave), vyf;l;uhdpa juhR kw;Wk; pH kPl;lUld; 
$ba tsh;g;G Clfk; jahhpg;gjw;fhd miw  
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 Ez;Zaph; ePf;fg;gl;l miw: ,J xU rPuLf;F fhw;W gha;T mikg;Gk;> 

cah;jpwd; Jfs; fhw;W (HEPA-High Efficiency Particulate Air) tbg;ghd; 
vd;wiof;fg;gLk; mOj;jf; fhw;Nwhl;l myFk; cs;sd. ,tw;wpd; Ntiy 
Ez;Zaph; mw;w xU #oiy cUthf;Ftjhfk;.  

 
 tsh;g;G trjp: gphp$W tsh;g;Gf; Fohapy; nghjpf;fg;gl;L 22 – 28°C ntg;g 

epiyapYk;> 24000 yf;]; xspr;nrwptpYk;> 8 – 16 kzp Neuk; 
xspf;fhyj;Jtj;jpYk;> Vwj;jho 60% <ug;gjj;jpYk; tsh;f;fg;gLfpwJ.  

 

jhtuj; jpR tsh;g;gpy; mlq;fpAs;s mbg;gilj; njhopy;el;g Kiw:  
Ez;Zaph; ePf;fk;: (Starilization):  
 

 Ez;Zaph; ePf;fk; vd;gJ tsh;g;G Clfk;> tsh;g;G fyd;fs;> gphp$W 
Nghd;wtw;wpypUe;J Ez;Zaph;fshd ghf;Bhpaq;fisAk;> G+Q;irfisAk; 
ePf;Fk; njhopy;El;gk;.  

 
1. Ez;Zaph; ePf;fg;gl;l epiyiag; guhkhpj;jy;: Ma;tfr; nraw;if 

tsh;g;gpy; Ez;Zaph; ePf;fg;gl;l epiyiag; guhkhpf;fg; gpd;tUk; 
Kiwfs; gpd;gw;wg;gLfpd;wd. fz;zhbf; fyd;fs;> ,Lf;fp> fj;jp> 
midj;J cgfuzq;fs; Mfpait jd;dOj;jf;fydpy; 15 psi (121°C 
ntg;gepiy) mOj;jj;jpy;> 15 – 30 epkplq;fSf;F cl;gLj;jg;gLfpwJ 
my;yJ 70% My;f`hypy; eidf;fg;gLfpwJ. ,ijj; njhlh;e;J 
ntg;g%l;lYk; Fsph;tpj;jYk; eilngw;W Ez;Zaph;ePf;fk; 
nra;ag;gLfpd;wd.  
 

2. tsh;g;G miw Ez;Zaph; ePf;fk; nra;jy;: Kjypy; jiu kw;Wk; 
Rth;fisr; Nrhg;G nfhz;Lk; gpwF 2% Nrhbak; i`g;NghFNshiul; 
my;yJ 95% vj;jdhy; nfhz;Lk; fOt Ntz;Lk;. rPuLf;F fhw;W 
gha;T miwapd; Nkw;gug;G 95% vj;jdhy; nfhz;L Ez;Zaph; ePf;fk; 
nra;ag;gl Ntz;Lk;. gpwF 15 epkplq;fSf;Fg; GwCjhf; fjph; tPr;rpw;F 
cl;gLj;jg;gl Ntz;Lk;.  
 

3. Cl;l Clfj;ij Ez;Zaph; ePf;fk; nra;jy;: tsh;g;G Clfk; 
nfhz;Ls;s fz;zhbf; fyid <uk; cwpQ;rhj gUj;jp my;yJ 
gpsh];bf nfhz;L %b> jd;dOj;jf;fydpy; 15 psi (121°C) y; 15 – 30 
epkplq;fSf;F Ez;Zaph; ePf;fk; nra;ag;gLfpwJ. jhtur; rhW> 
itl;lkpd;fs;> mkpNdh mkpyq;fs; kw;Wk; `hh;Nkhd;fs; Mfpait 
0.2 μm Jis tpl;lKila kpy;ypNghh; tbfl;b topahfr; 
nrYj;jg;gl;L Ez;Zaph; ePf;fk; nra;ag;gLfpd;wd. Ez;Zaph; ePf;fpa 
rPuLf;F fhw;W gha;T miwapy; Ez;Zaph; ePf;fpa tsh;g;G Clfk; 
itf;fg;gLfpwJ.  
 

4. gphp$Wf;F Ez;Zaph; ePf;fk; nra;jy;: jpR tsh;g;gpw;Fg; gad;gLk; 
jhtug; nghUis Kjypy; XLfpd;w Foha; ePhpy; itj;J Ez;Zaph; 
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ePf;fk; nra;ag;gLfpwJ. mjw;Fg; gpd; 0.1% nkh;Fhpf; FNshiuL> 70% 
My;f`hy; Nghd;wtw;iwg; gad;gLj;jp Ez;Zaph; mw;w epiyapy; 
rPuLf;F fhw;W gha;T miwapy; Gwg;gug;G Ez;Zaph; ePf;fk; 
nra;ag;gLfpwJ.  
 

Clfk; jahpj;jy; (Preparation of Culture medium):  
 

 jpR tsh;g;gpd; ntw;wp> tsh;g;G Clfj;jpd; $Wfs;> jhtu tsh;r;rp 
rPhpaf;fpfs;> ntg;gepiy> pH, xsp kw;Wk; <ug;gjk; Nghd;wtw;iwg; 
nghWj;J mikAk;. ve;jj; jdp ClfKk; midj;Jj; jhtuj; jpRtpd; 
cfe;j tsh;r;rpf;F cfe;jy;y. jpR tsh;g;G newpKiwf;Nfw;gj; jFe;j 
Cl;l Clfk; jahhpf;fg;gl;Lg; gad;gLj;jg;gLfpwJ.  

 
 MS Cl;l Clfk; (Kuh~pfp kw;Wk; ];$[; 1962) jhtuj; jpR tsh;g;gpy; 

nghJthfg; gad;gLj;jg;gLfpwJ. ,J jFe;j itl;lkpd;fs; kw;Wk; 
`hh;Nkhd;fSld; jFe;j fhh;gd; %yq;fisAk; nfhz;Ls;sd. MS 
Clfj;ijj; jtpuj; jhtuj; jpR tsh;g;gpw;fhf B5 Clfk; (Nfk;Nghh;f; 
FOtpdh; 1968)> xapl; Clfk; (xapl; 1943) epl;r; Clfk; (ePl;r; kw;Wk; 
ePl;r; 1969) Nghd;wit cs;sd. xU Clfk; jpl> gFjpjpl my;yJ ePh;k 
epiyapy; ,Uf;fyhk;. Clfj;ijfj; jplg;gLj;Jtjw;Ff; $o;kf; 
fhuzpahd mfhh; Nrh;f;fg;gLfpwJ.  

 
 mfhh;: Clfj; jahhpg;gpy; jpl epiyg;gLj;Jtjw;F gad;gLj;jg;gLk; fly; 

ghrpfspypUe;J (sea weeds) fpilf;Fk; xU rpf;fyhd kpA+rpNy[; 
(mucilagenous) ghyprhf;fhiuLfshFk;.  

 
tsh;g;G #oy;:  
pH 

 rpwe;j Kbtpidg; ngWtjw;F Clfj;jpd; pH I 5.6 Kjy; 6.0 tiu 
itf;f Ntz;Lk;.  

 
ntg;gepiy:  
 
,t;tsh;g;gpw;F 25°C ± 2°C epiyahd ntg;gepiy cfe;jJ.  
 
<ug;gjk; kw;Wk; xspr;nrwpT:  
 
 50 – 60% xg;G <ug;gjKk;> Njhuhakhf 1000 yf;]_k;> 16 kzp 

xspf;fhyj;JtKk; tsh;g;gjw;Fj; Njitg;gLfpd;wd.  
 
fhw;Nwhl;lk;:  
 
 Nrhjidf; Foha; my;yJ FLitapy; fhw;Nwhl;lk; jhdpaq;fp FYf;fpapd; 

%yk; nfhLf;fg;gLfpwJ. ,J fhw;W tbfl;b %yk; Ez;Zaph; ePf;fg;gl;L 
Clfj;jpy; nrYj;jg;gLfpwJ.  
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Nfy]; J}z;lg;gLjy; (Induction of callus): 

 Nfy]; : Njh;e;njLf;fg;gl;l ,iy> jz;L> fpoq;F kw;Wk; Nthpd; 1 – 2 
nr.kP Neha; fpUkp ePf;fg;gl;l Jz;Lfspd; gphp$Wfs; Mf;]pd; $Ljyhfr; 
Nrh;f;fg;gl;l MS Cl;lf; fiurypy; itf;fg;gLfpwJ. ,it 25°C ± 2°C 
ntg;gepiyapy; 12 kzp Neuk; xsp kw;Wk; 12 kzp Neuk; ,Us; vd 
khwp khwp itf;fg;gLk; NghJ nry; gphpjy; J}z;lg;gl;Lg; gphp$wpd; 
Nkw;gug;gpy; Nfy]; tsh;r;rp eilngWfpwJ. Nfy]; vd;gJ Ma;T$lr; 
Nrhjid tsh;g;G Clfj;jpy; jhtur; nry;fs; my;yJ jpRf;fspd; 
Kiwaw;w tsh;r;rp MFk;.  

 
MS (Kuh~pfp> ];$[; 1962) Clfj;jpd; $Wfs;:  
 
ngUk; Cl;lg; nghUs;fs; mNkhdpak; iel;Nul; (NH4 NO3)  1650.0 
kpfp/yp 
nghl;lhrpak; iel;Nul; (K NO3)       1900.0 
kpfp/yp  
fhy;rpak; FNshiuL (CaCl2. 2H2O)      440.0 
kpfp/yp  
nkf;dPrpak; ry;/Ngl; (MgSO4.6H2O)      370.0 
kpfp/yp  
nghl;lhrpak; il i`l;u[d; /gh];/Ngl; (KH2PO4)    170.0 
kpfp/yp  
 
Ez; Cl;lg; nghUs;fs;:  
khq;fdP]; ry;/Ngl; (MnSO4. 4H2O)      22.3 kpfp/yp  
Jj;jehfr; ry;/Ngl; (ZnSO4.4H2O)      8.6 kpfp/yp  
Nghhpf; mkpyk; (H3BO3)        6.2 kpfp/yp 
nghl;lhrpak; mNahilL (Kl)       0.83 kpfp/yp 
 
rpwpa Cl;lg; nghUs;fs;  
Nrhbak; khypg;Nll; (Na2Mo4.2H2O)       0.250 
kpfp/yp  
fpA+g;hpf; ry;/Ngl;  
 
fUTUthf;fk; (Embryogenesis):  
 
 Nfy]; nry;fs; NtWghLfSf;F cs;shfp clyf; fUf;fis 

cUthf;Ffpd;wd. ,it fUTUf;fs; (Embryoids) vdg;gLk;. ,e;jf; 
fUTUf;fis Jiz tsh;g;gpw;F cl;gLj;jp ehw;WUf;fs; (Plantlets) 
cw;gj;jp nra;ag;gLfpd;wd.  
 

 


