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A\str[]t 

Tb_ al[mm `[gcfs ch]fo^_m nb_ [hho[f ]iggih al[mm_m ehiqh [m ]_l_[fm. Tb_ 
5 g[ch nsj_m i  ̀ ]_l_[fm [l_ lc]_, qb_[n, \[lf_s, ls_ [h  ̂ i[nm. Am [ l_mofn i  ̀
nb_cl bcab pcn[gch (20-80%) [h  ̂ `c\_l ]ihn_hn (90%), nb_m_ al[chm ][h b_fj 
nl_[n ]ih^cncihm fce_ nsj_ II ^c[\_n_m, ]igjf_r g_n[\ifc] msh^lig_, i\_mcns, 
a[mnlichn_mnch[f ^cmil^_lm, [h^ bcab ]bif_mn_lif. C_l_[fm b[p_ chmjcl_^ [ fiha 
bcmnils i  ̀ l_m_[l]b chni nb_cl a_h_nc]m, ^_p_fijg_hn, [h  ̂ _pifoncih ^o_ ni 
nb_cl mcahc`c][h]_ ch \inb _]ihigc] [h^ m]c_hnc`c] n_lgm. Tb_s h__^ ni \_ 
cgjlip_^ \_][om_ nb_s jf[s [ \ca j[ln ch afi\[f `ii  ̂ jli^o]ncih [h  ̂ ]lij 
ko[fcns cm ^_]fchcha. Tb_ ]lij cgjlip_g_hn ][h \_ ^ih_ \s ch]iljil[ncha 
^_mcl_^ `_[nol_m l̀ig hih-[ [̂jn_  ̂ f[h l̂[]_m/qcf  ̂ l_miol]_m. Tb[n ch^o]_  ̂
gon[a_h_mcm b[m g[^_ [ mcahc`c][hn ]ihnlc\oncih ni ]lij cgjlip_g_hn 
chcnc[ncp_m \s jli ô]cha gon[hn p[lc_nc_m qcnb \_nn_l [h  ̂ ^_mcl_  ̂ a_h_nc] 
gi^c`c][ncihm ch nb_ ]lij jf[hnm g[chfs ch [alihigc][ffs mcahc`c][hn ̀ _[nol_m. 
Tb_ gon[hnm jli^o]_^ \s nb_ ch^o]ncih i` jbsmc][f [h^ ]b_gc][f gon[a_hm 
q_l_ bcabfs om_`of. Tb_ hin[\f_ nl[cnm i\n[ch_^ \s nb_ ch^o]_^ gon[ncihm [l_ 
m_gc^q[l`h_mm [h  ̂ _[lfs g[nolcns ch lc]_ p[lc_nc_m, ^cm_[m_ l_mcmn[h]_ ch 
\[lf_s, m[fchcns, [h  ̂ ^lioabn nif_l[h]_ ch qb_[n, [ĥ  fi^acha [h^ ^cm_[m_ 
l_mcmn[h]_ ch i[n [h  ̂ ls_. Ih nbcm l_pc_q, q_ `i]om_^ ih c^_hnc`scha [h  ̂
^_p_fijcha _fcn_ gon[hnm, nb_cl a_h_nc] `oh]ncih, [h  ̂ nb_cl oncfct[ncih ch 
`onol_ \l__^cha jlial[gm `il p[lciom nl[cnm ch ]_l_[f ]lijm. 
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Ihtri^u]tcih 

Tb_ qil^ "]_l_[f" cm ^_lcp_  ̂ l̀ig nb_ L[nch qil^ "]_l_[fcm," qbc]b g_[hm 
"al[ch" [h^ l_`_lm ni [ mj_]c`c] ech^ i` ̀ locn ][ff_^ [ ][lsijmcm, qbc]b cm g[^_ 
oj i` nb_ _h^imj_lg, a_lg [h^ \l[h (1). Tb_ qilf^'m jijof[ncih l_fc_m 
b_[pcfs ih ]_l_[fm [m [ miol]_ i  ̀ _h_las, jlin_ch, B pcn[gchm [h  ̂ gch_l[fm. 
Tb_s [l_ nb_ gimn mcahc̀ c][hn `ii^ miol]_m (2). C_l_[f al[chm q_l_ nb_ _[lfc_mn 
[alc]ofnol[f chcnc[ncp_m \s _[lfs g[h [h^ j_ijf_ mncff ]ihmog_ nb_g hiq 
\[m_^ ih nb_cl fi][ncih [m q_ff [m qb[n aliqm nb_l_ \_mn. C_l_[f al[chm [l_ 
aliqh ch boa_ [giohnm [h^ jli^o]_ gil_ `ii^ _h_las afi\[ffs nb[h [hs 
inb_l ]lij; nb_l_`il_, nb_s [l_ mn[jf_ `ii^ ]lijm (1). Tb_ ]ihmogjncih i` nb_ 
g[dil ]_l_[fm cm om_^ [m [ nl_[ng_hn `il p[lciom bog[h ^cm_[m_m (3). 
Mil_ip_l, nb_ jl_^c]ncih `il afi\[f al[ch ]ihmogjncih b[m ]fcg\_^ \s 2735 
gcffcih nihm ch 2020, ]igj[l_  ̂ ni 43 gcffcih nihm (1.6%) ch 2019–20 (4). Tb_ 
jli`ioh^ cgjiln[h]_ i` ]_l_[fm ch _]ihigc] [h^ m]c_hnc`c] l_[fgm b[m 
mj[le_  ̂ _rn_hmcp_ l_m_[l]b ih nb_cl a_h_nc]m, ^_p_fijg_hn, [h  ̂ _pifoncih, 
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 2   SELVARAJ ET AL  

bnnjm://jf[hnm]c_h]_ni [̂s.ihfch_ 

f_[^cha ni [ lc]b bcmnilc][f _rjfil[ncih. Tb_ [fgimn `off lc]_ 
a_hig_ m_ko_h]_ m_lp_m [m [ msg\if i` nb_ mbcft ni bcab-
nblioabjon a_higc]m [h^ ]igjon[ncih[f \cifias, qbc]b 
b[m ch̀ fo_h]_^ l_m_[l]b ih g[hs ech^m i  ̀]_l_[fm (5). 

 M[hs a_h_nc] p[lc[ncihm b[p_ \__h ]l_[n_^ mch]_ 
Moff_l [h^ Sn[^f_l'm alioh^\l_[echa qile _cabns s_[lm 
[ai. Tb_m_ p[lc[ncihm b[p_ \__h g[^_ jimmc\f_ \s omcha [ 
qc^_ l[ha_ i` jbsmc][f [h^ ]b_gc][f [a_hnm ch gon[ncih 
jli]_^ol_m. Tb_m_ jli]_^ol_m [l_ hiq _mm_hnc[f `il jf[hn 
\l__^cha [h^ a_h_nc] mno^c_m (6). Mon[ncihm [l_ b_lcn[\f_ 
]b[ha_m ch nb_ jb_hinsj_ i  ̀ [h ila[hcmg. Cb_gc][f 
]b[ha_m [n nb_ a_h_ f_p_f [l_ qb[n ][om_ nb_m_ ]b[ha_m 
(7).  Mon[a_hm mo]b [m ̀ [mn h_onlihm, cih \_[g l[^c[ncih, X-
l[sm, G[gg[ l[sm, [h  ̂ Enbsf g_nb[h_ mofjbih[n_ (EMS) 
[l_ `l_ko_hnfs om_^ ch gon[ncih \l__^cha. Tb_ jbsmc][f 
gon[ncih n_h^m ni l_mofn ch îo\f_-mnl[h^ DNA \l_[em [h  ̂
mcahc`c][hn DNA ^_f_ncihm [h^ ]ihm_ko_hnfs jli^o]_m 
pcmc\f_ cgj[]nm ih nb_ ]bligimig[f [\_ll[ncihm. G[gg[ 
l[sm [l_ nb_ gimn jijof[l jbsmc][f gon[a_h [giha jf[hn 
\l__^_lm \_][om_ nb_s [l_ ]ihp_hc_hn [h  ̂ g[s j_h_nl[n_ 
^__j_l chni nb_ ncmmo_m (8). Cb_gc][f gon[a_hm fce_ _nbsf 
g_nb[h_ mofjbih[n_ [h^ N-g_nbsf-N-hcnlimiol_[ [l_ 
qc^_fs om_^ (9). In b[m gimn `l_ko_hnfs \__h om_^ ni 
jl_^igch[hnfs ch^o]_ mchaf_-jichn gon[ncih _gjfis_  ̂ ch 
chp_mnca[ncihm ih l_p_lm_ a_h_nc]m. Mon[ncih \l__^cha cm 
`i]om_^ ih n[echa [^p[hn[a_ i` fi][f ]ofncp[lm (10, 11). Tb_ 
hog\_l i` gon[hn p[lc_nc_m ^_p_fij_^ mi `[l \s jbsmc][f 
[h^ ]b_gc][f gon[a_hm cm 2610 [h^ 384 l_mj_]ncp_fs (12). 
Ih^o]_^ gon[ncihm [l_ oncfct_^ ni jli^o]_ gon[hn jf[hn 
]ofncp[lm qcnb [fn_l_  ̂ jf[hn nl[cnm, f_[^cha ni [ hin[\f_ 
ch]l_[m_ ch jli^o]ncih [ĥ  cgjlip_g_hn ch ko[fcns. Tb_ 
a_h_l[n_^ gon[hnm b[p_ b_fj_^ jf[hn \l__^_lm ip_l]ig_ 
g[hs ]b[ff_ha_m [h^ ]l_[n_ h_q, om_`of `ilgm, mo]b [m 
m_gc-^q[l  ̀ p[lc_nc_m, _[lfs g[nolcha, [h  ̂ ^cm_[m_-l_mcmn[hn 
p[lc_nc_m (13). Fil g[hs [alc]ofnol[f jf[hnm, ^q[l`cmg cm [ 

`[pil[\f_ nl[cn. Tb_ ^_p_fijg_hn i` ^q[l` lc]_ [h^ qb_[n 
]ofncp[lm q[m [ e_s ]igjih_hn ch nb_ mo]]_mm i  ̀ nb_ Gl__h 
R_pifoncih. Dq[l`cmg ][h gchcgct_ fi âcha [h  ̂ \iimn nb_ 
b[lp_mn ch^_r ch al[ch ]lijm (14). Mon[ncihm ch nb_ a_h_m 
aip_lhcha nb_ GA mcah[fcha j[nbq[s il cnm jli ô]ncih 
`l_ko_hnfs l_mofn ch ^q[l`cmg. Op_l nb_ j[mn 50 s_[lm, 
gon[ncih \l__^cha b[m a[ch_^ jijof[lcns [h^ [m i` ni [̂s, 
3362 gon[hn jf[hn nsj_m l̀ig 240 ^cff_l_hn jf[hn mj_]c_m 
b[p_ \__h chnli ô]_  ̂ ch gil_ nb[h 75 h[ncihm [giha 
nb_g 1602 g[dil ech^m i` ]_l_[f, 501 g[dil f_aog_m, [h  ̂
86 g[dil icf m__^ gon[hn p[lc_nc_m [l_ ^_p_fij_  ̂ \s 
gon[ncih \l__^cha/ch ô]_^ gon[ncih (12). Tb_ l_pc_q 
bcabfcabnm nb_ gon[hnm ^cm]ip_l_^ ch nb_ g[dil ]_l_[fm, 
nb_cl nl[cnm [h  ̂ a_h_m nb_ `oh]ncih[f p[fc [̂ncih i  ̀gon[hnm, 
[h  ̂ nb_ [jjfc][ncih i  ̀ nb_ gon[hnm ch nb_ \l__^cha 
jlial[g ni _hb[h]_ nb_ a_h_nc] a[ch i  ̀ nb_ ]_l_[f ]lij 
mj_]c_m (Fca. 1). 

Rc]_: 

Rc]_ cm nb_ \[m_ i  ̀ nb_ afi\[f jijof[ncih'm ^c_n [\ion 3.5 
\cffcih ]ihmog_ cn [lioh  ̂ nb_ qilf^ (15), b_h]_ nb_ 
[^p[h]_g_hn i  ̀ nb_ lc]_ m_]nil, j[lnc]of[lfs ch \l__^cha, cm 
_mm_hnc[f (16). Tb_ fcgcn_  ̂a_h_nc] ^cp_lmcns i  ̀ lc]_ b[m [fmi 
mfiq_^ nb_ ]l_[ncih i` ]ofncp[lm l_mcmn[hn ni \cinc] (37.4%) 
(17) [h^ [\cinc] (50%-70%) (18) mnl_mm_m, f_[^cha ni sc_f  ̂
fimm (19). Oh_ i  ̀ nb_ `ch_mn g_nbi^m `il chnli^o]cha 
p[lc[ncihm [giha nb_ g_a[ nsj_m qcnb aii  ̂ [^[jn[ncih cm 
ni om_ cĥ o]_  ̂ gon[ncihm. Ti ][om_ gon[ncihm ch lc]_, 
jbsmc][f [a_hnm mo]b [m `[mn h_onlih, a[gg[-l[s, [h  ̂ cih 
\_[gm [m q_ff [m ]b_gc][f gon[a_hm fce_ _nbsf g_nb[h_ 
mof`ih[n_ (EMS), g_nbsf hcnlimiol_[ (MNU), [h^ mi^cog 
[tc^_ (SA) b[p_ \__h om_^ (20). Tb_ g[dil oh̀ [piol[\f_ 
nl[cnm i` lc]_ [l_ n[ff, fi âcha, [h^ mom]_jnc\cfcns ni p[lciom 
[\cinc] [h^ \cinc] mnl_mm_m. S_gc-^q[l`cmg cm ih_ i  ̀ nb_ 
gimn ]lo]c[f `_[nol_m ch g[hs ]lijm, ch]fo^cha lc]_, [h  ̂
q[m g[^_ jimmc\f_ \s nb_ Gl__h R_pifoncih ch 1966. Tb_ 

Fca. 1. D_p_fijg_hn[f gcf_mnih_m i` ^_mcl[\f_ [h^ \_h_`c]c[f gon[hnm ch ]_l_[f ]lijm i` lc]_, qb_[n, \[lf_s, i[n, [h^ ls_.  
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"al__h l_pifoncih a_h_" cm ]iggihfs l_`_ll_  ̂ ni [m nb_ 
lc]_ m_gc-^q[l  ̀ 1 (s -̂1) a_h_. S -̂1, qbc]b q[m jli^o]_  ̂
`lig nb_ Cbch_m_ ]ofncp[l D__-G_i-Wii-G_h (DGWG), acp_m 
lc]_ ]ofncp[lm mbiln, nbc]e ]ofgm, ch]l_[m_m nb_ b[lp_mn 
ch^_r, _hb[h]_m fi âcha l_mcmn[h]_, [h  ̂ cgjlip_m 
m_hmcncpcns ni hcnlia_hiom ̀ _lncfct_lm, jli ô]cha f[la_ sc_f^m 
qcnbion ^_al[^cha j[hc]f_ [ĥ  al[ch ko[fcns (21). 
Mon[ncihm ch nb_ a_h_m l_aof[ncha nb_ jli^o]ncih il 
mcah[fcha j[nbq[s i  ̀ nb_ jf[hn bilgih_ GA `l_ko_hnfs 
l_mofn ch ^q[l`cmg (22). A]]il^cha ni l_]_hn l_m_[l]b, 85 
a_h_m [h^ [n f_[mn 76 jf[hn-b_cabn gon[hnm b[p_ \__h 
`ioh  ̂ ch lc]_ (23). Ih Ih^c[, m_p_l[f lc]_ ]ofncp[lm `lig nb_ 
"PNR" m_lc_m q_l_ chnli^o]_^. A `_q i` nb_m_ ]ofncp[lm 
aliq koc]efs [h  ̂ b[p_ mbiln jf[hn mn[nol_. Tqi _[lfs 
lcj_hcha, [lig[nc] gon[ncih-̂ _lcp_^ lc]_ p[lc_nc_m h[g_fs, 
PNR-381 [h^ PNR-102, [l_ \_cha jl_̀ _ll_^ \s `[lg_lm ch 
nb_ mn[n_m i` H[ls[h[ [h^ Unn[l Pl[^_mb (24), nb_m_ [l_ nb_ 
g[ch ]ihnlc\oncihm ni ]lij cgjlip_g_hn. Tb_ c^_hnc`c_  ̂
_fcn_ gon[hnm `il p[lciom ]b[l[]n_lm ch lc]_ [l_ fcmn_^ (T[\f_ 
1).  

B[rf_y 

B[lf_s cm [ `[mn-aliqcha jf[hn nb[n ][h molpcp_ ch [ p[lc_ns 
i` _hpclihg_hnm. Ah]c_hn Easjn [h^ nb_ Rig[h Egjcl_ 
]ofncp[n_^ ]_l_[fm [m _[lfs [m 15,000 BC (3). B[lf_s aliqm 
q_ff ch ]if^ ]fcg[n_m [h^ ]ihn[chm f_mm afon_h [h  ̂ bcab 
`c\_l. A^^cncih[ffs, nb_ honlc_hn mn[nom i` \[lf_s ch]fô _m 
gch_l[fm fce_ mi^cog, jin[mmcog, ][f]cog, g[ah_mcog, 
clih, tch], [h^ m_f_hcog, jlin_chm, [h  ̂ pcn[gch B. 
Cofncp[n_^ \[lf_s (Hor^_um vulg[r_), cm jlcg[lcfs `[lg_  ̂
`il [hcg[f `__^, j[lnc]of[lfs `il jcam [h  ̂ `il g[fncha [h  ̂
g[echa \__l, [h  ̂ `il ^cmncffcha qbcmes. B[lf_s cm oncfct_  ̂ [m 
[ gchil jilncih i  ̀ nb_ ^c_n. Ih nb_ UK [h  ̂ nb_ F[l [h  ̂
Mc^^f_ E[mn, j_[lf_  ̂ \[lf_s cm ]ihmog_^ ch miojm [h  ̂
mn_qm. Ih mig_ h[ncihm, \[lf_s cm [fmi g[mb_^ chni jillc^a_ 
[h  ̂ om_^ ch \[echa [m `fiol (25). Tb_ ^cm]ip_ls i` nb_ `clmn 
^cm_[m_-l_mcmn[hn gon[hn [a[chmn "\[lf_s jiq^_ls gcf^_q" 
^[n_m \[]e ni 1942, g[lecha nb_ \_achhcha i  ̀ gon[ncih 
\l__^cha ch \[lf_s. Tbcm []bc_p_g_hn q[m g[^_ jimmc\f_ 
nblioab nb_ [jjfc][ncih i  ̀ X-l[s-ch^o]_  ̂ gon[a_h_mcm (6) 
[h  ̂ nb_ `clmn, ]b_gc][ffs ch ô]_  ̂ gon[hn ‘Lonb_l’ ch \[lf_s 
q[m l_f_[m_^ ch 1966 ch nb_ USA qbc]b a[p_ 20% bcab_l 
sc_f^ [h^ fi âcha l_mcmn[h]_ (10). Ncfmmih-Ebf_ ]limm_^ 
_l_]nic^_m gon[hnm qcnb nb_ D[hcmb K_hc[ p[lc_ns, moj_lcil 
g[fncha \[lf_s, [h^ i\n[ch_^ fi âcha-l_mcmn[hn [ĥ  bcab-
sc_f^cha l_]ig\ch[hnm (26). Tb_ g[dil nl[cnm i` \[lf_s 
cgjlip_g_hn [l_ m_gc^q[l` p[lc_ns, fi âcha, aii^ g[fncha 
ko[fcns, [h^ \cinc] [h  ̂[\cinc] mnl_mm l_mcmn[h]_ (T[\f_ 2). 

Wb_[t 

Aalihigc][ffs mcahc`c][hn `_[nol_m b[p_ \__h mo]]_mm`offs 
\l_^ ch [ p[lc_ns i  ̀]lijm omcha gon[ncihm. Bs omcha m_p_l[f 
gon[a_hm, cĥ o]_  ̂ gon[ncihm ch qb_[n b[p_ \__h 
^cm]ip_l_^ `il \inb giljbifiac][f [h^ ko[hncn[ncp_ 
`_[nol_m (27). Ih^c['m qb_[n jli^o]ncih b[m aliqh l[jc^fs 
ni 96 gcffcih nihh_m _p_l mch]_ nb_ Gl__h R_pifoncih (28). 
Hiq_p_l, nb_ ]oll_hn \l__^cha jlial[gm ][hhin ch]l_[m_ 
jli^o]ncih \_][om_ nb_s [l_ hin g[echa nb_ \_mn om_ i  ̀
a_h_nc] p[lc_ns nblioab l_]ig\ch[ncih [h  ̂ m_f_]ncih. Tbcm 
]cl]ogmn[h]_ ^_g[h^m nb_ om_ i  ̀ ch^o]_  ̂gon[a_h_mcm ni 
jli^o]_ l̀_mb a_h_nc] p[lc_ns.  Tb_ g[dil nl[cnm nb[n mbiof  ̂

\_ cgjlip_  ̂ ch qb_[n [l_ lomn l_mcmn[h]_, l̂ioabn 
nif_l[h]_, mbiln mn[nol_, _[lfs g[nolcns, b_l\c]c^_ 
nif_l[h]_, [ĥ  jl_-b[lp_mn mjlioncha nif_l[h]_ (T[\f_ 3). 
Tb_ gimn qc^_fs om_  ̂a_h_m ch gi^_lh jf[hn \l__^cha [l_ 
nb_ m_gc-^q[l  ̀ a_h_m `ioh  ̂ ch lc]_ [h  ̂ qb_[n, qbc]b 
b_fj_^ ni mj[le [ "al__h l_pifoncih" ch nb_ 1960m. Tb_ 
a_h_m [mmi]c[n_  ̂ qcnb nb_ Gl__h R_pifoncih, h[g_fs 
RhtB1\ [h^ Rht-D1\, l_hiqh_^ ̀ il nb_cl ][j[]cns ni l_^o]_ 
b_cabn, b[p_ \__h c^_hnc`c_^ ch ip_l 95% i` nb_ qb_[n 
]ofncp[lm nb[n b[p_ \__h chnli ô]_^. Ih l_acihm qb_l_ nb_ 
qb_[n ]lij cm mo\d_]n ni n_lgch[f b_[n mnl_mm, _[lfs 
g[nolcns cm [ ^_mcl_^ ]b[l[]n_lcmnc]. Tb_ `fiq_lcha jli]_mm 
ch qb_[n cm ]ihnliff_^ \s nbl__ a_h_ m_nm: nb_ jbinij_lci  ̂
a_h_m (Pj^), p_lh[fct[ncih a_h_m (Vlh), [h^ _[lfch_mm p_r s_ 
a_h_m (_jm), E[lfs gon[hnm q_l_ c^_hnc`c_^ [h^ ]ih`clg_  ̂
ch nb_ M3 a_h_l[ncih i` 2 ]ofncp[lm, PBW677 [h  ̂ HD2967 
(29). 

O[t 

A mcahc̀ c][hn ]_l_[f al[ch aliqh [ff ip_l nb_ qilf^ cm i[n 
(Av_n[ s[tiv[ L.). Aft_l g[ct_, lc]_, qb_[n, \[lf_s, [h  ̂
milabog, i[n ionjon cm mcrnb ch nb_ qilf^ (30). Tb_ i[n ]lij 
b[m jl_pciomfs \__h h_af_]n_^ ch m_p_l[f q[sm [h^ aliqh 
ch jf[]_m nb[n [l_ hin c^_[f `il aliqcha qb_[n, \[lf_s, il 
g[ct_. Tb_ jijof[lcns i` i[nm b[m aliqh l_]_hnfs \_][om_ 
i[n al[chm [l_ lc]b ch ohcko_ a[f[]nifcjc^m, ohm[nol[n_  ̂
`[nns []c^m, [p_h[hnbl[gc^_m, [h  ̂ cgjiln[hn ^c_n[ls 
gch_l[fm ch]fo^cha clih. Do_ ni cnm al[ch'm moj_lcil 
honlcncih[f ]igjimcncih, qbc]b ch]fo^_m bcab-ko[fcns 
jlin_chm, ^c_n[ls `c\_lm, ][l\ibs^l[n_m, icf, gch_l[fm, [h  ̂
fiq mn[l]b ]ihn_hn, i[nm [l_ nsjc][ffs oncfct_  ̂ [m bcab-
_h_las `__^ (31). O[nm ]ihmncnon_ [ mo\mn[hnc[f miol]_ i  ̀
bcab-ko[fcns jlin_chm, qcnb [jjlircg[n_fs 12% ni 15% i  ̀
]ofncp[n_^ i[nm \_cha lc]b ch jlin_ch. O[nm qcnb _p_h 
al_[n_l jlin_ch f_p_fm qiof^ \_ [ `[hn[mnc] miol]_ i  ̀
jlin_ch l̀ig nb_ jf[hn miol]_. 230 gon[hn `[gcfc_m qcnb 
m__^ jlin_ch f_p_fm i  ̀15% il al_[n_l, `lig [ gon[a_hct_  ̂
i[n jijof[ncih, q_l_ `ioh  ̂ ch jf[hnm aliqh ch 
al__hbiom_m, 15 gon[hn fch_m qcnb jlin_ch f_p_fm \_nq__h 
17 [ĥ  24% q_l_ ]bim_h `il `onol_ l_m_[l]b (32). Tb_ 
c^_hnc`c_^ _fcn_ gon[hnm `il p[lciom ]b[l[]n_lcmnc]m i` i[nm 
[l_ fcmn_^ (T[\f_ 4). 

Ry_: 

Aft_l qb_[n, ls_ (S_][l_ ]_r_[l_ L.) cm nb_ m_]ih^ gimn 
_gjfis_^ al[ch `il ]l[ftcha \l_[^. Rs_ ][h \_ aliqh ch 
l_acihm nb[n [l_ ift_h ohmocn[\f_ `il inb_l ]_l_[f ]lijm 
\_][om_ cn cm _rnl_g_fs qchn_l-l_mcmn[hn [h  ̂ ][h molpcp_ ch 
m[h^s micfm qcnb fcnnf_ `_lncfcns. Mimnfs, nb_ ls_ jf[hn_  ̂
qilf^qc^_ cm ch ]if^ n_gj_l[n_ tih_m, \on cn g[s [fmi \_ 
aliqh ch m_gc[lc^ [l_[m ]fim_ ni ^_m_lnm [h^ [n bcab 
[fncno^_m (33). In cm [ mcahc`c][hn ]lij ch nb_ S][h^ch[pc[h 
h[ncihm, G_lg[hs, Pif[h^, [h  ̂Rommc[, qb_l_ cn cm nb_ g[ch 
\l_[^ al[ch. A^^cncih[ffs, ls_ cm oncfct_^ [m [hcg[f `__^ [h  ̂
ni g[e_ ]lcmj\l_[^ [h  ̂ [f]ibif. G_higc]m n_]bhcko_m 
q_l_ ihfs l_]_hnfs ]l_[n_^ \_][om_ Rs_ q[mh'n q_ff ehiqh 
[lioh^ nb_ qilf^ [h^ cn q[m b[l  ̂ni a_h_nc][ffs n_mn [ ]limm
-jiffch[nil qcnb [ a_h_nc] m_f`-ch]igj[nc\cfcns g_]b[hcmg 
(34). Tb_ c^_hnc`c_^ _fcn_ gon[hnm `il p[lciom ]b[l[]n_lm ch 
Rs_ [l_ fcmn_^ (T[\f_ 5). 
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Sf. Ni. P[r_ht Mut[ht Mut[a_h Cb[r[]t_r G_h_ Autbir 

 1 M[bmolc M[bmolc Mon[hn EMS [h^ G[gg[ 
Ill[^c[ncih 

Yc_f^ [h^ ĉm_[m_ 
l_mcmn[h]_ 

  
- (41) 

 2 IR8 CNM25 X l[sm Liha al[ch mct_ - (42) 

 3 
 

IR-8 
  

CNM 31 X l[sm R_mcmn[hn ni BLB, E[lfs 
g[nolcns - (42) 

 4 IR 8 CNM20 X l[sm E[lfs g[nolcns, l_mcmn[h]_ 
ni BLB [h^ BPH 

- (43) 

 5 IR8 Ao 1 G[gg[ l[sm E[lfs g[nolcns - (43) 

 6 OC 1393 Bcl[d X l[sm So\g_la_h]_ nif_l[hn - (44) 

 7 IR8 CNM 6 (L[embgc) X l[sm Dlioabn l_mcmn[hn - (44) 

 8 IR50 CRM 49 
  

Si^cog [tc^_ R_mcmn[hn ni \f[mn - (45) 

 9 Pn\ 20 Db[ho G[gg[ l[sm 
Ih]l_[m_^ al[ch sc_f^ [h^ 

nif_l[hn ni g[dil j_mnm 
[h^ ^cm_[m_m 

- (46) 

 10 BPT-5204 E[lfs m[g\[ EMS Sn_g \f[mn nif_l[hn - (46) 

 11 Oi]bce[l[ RH2 NAA (Aorch) Riin-b[clf_mm gon[hn Schaf_ 
l_]_mmcp_ a_h_ 

(47) 

 12 B[mg[nc 370 CRM 2007 - 1 G[gg[ l[sm Sbiln ^ol[ncih, m_gc-
^q[l  ̀

- (48) 

 13 Mo^[ Mo^[ 2 EMS [h^ G[gg[ 
Ill[^c[ncih 

Yc_f^ [h^ ĉm_[m_ 
l_mcmn[h]_ 

- (49) 

 14 M[hce M[hce817 EMS [h^ G[gg[ 
Ill[^c[ncih 

Yc_f^ [h^ ĉm_[m_ 
l_mcmn[h]_ 

- (49) 

 15 IR6 Sb[ [̂\ Enbsf g_nb[h_ 
mofjbih[n_ 

Hcab sc_f^ [ĥ  `ch_ al[ch 
ko[fcns 

  
- 

(50) 
  

 16 IR8 Sbo[-92 15 Gs `[mn h_onlihm Hcab sc_f^ [ĥ  `ch_ al[ch 
ko[fcns, m[fn nif_l[h]_ 

  
  
- 

(50) 
  

 17 J[d[c-77 Kbomb\ii-95 200 Gs a[gg[ l[sm Sbiln mn[nol_ _h^iq_^ 
qcnb bcab-sc_f  ̂

  
  
- 

(50) 
  

 18 IR8 S[lmb[ 150 Gs a[gg[ l[sm 

Hcab-sc_f^cha p[lc_ns qcnb 
`ch_ al[ch ko[fcns qcnb 
nif_l[h]_ ni mb[nn_lcha 

[h^ chm_]n j_mnm 

  
  
  
- 

(50) 
  

 19 Ncjjih\[l_ N[lliq-f_[` 
liff_^ gon[hn 1 - 

Vcailiomfs aliqcha 
ila[hm, mo]b [m liinm, 
mb_[nbm, [h^ j[hc]f_m 

nrl1 (51) 

 20 Ncjjih\[l_ N[lliq-f_[` 9   
T-DNA chm_lncih 

R_^o]_^ b_cabn [h^ 
ch]l_[m_^ ncff_lcha 

n[l9 (52) 

 21 J[jihc][ lc]_ p[lc_ns 
Kcn[-[e_ 

Y_ffiq Vcl_m]_hn   
- 

Cbfilinc] f_[p_m vyl (53) 

 22 Ih^c][ ]ofncp[l 3037 m^37 - L_[p_m, j[hc]f_m, [h^ 
m__^m q_l_ mg[ff_l 

CYP96B4 (54) 

 23 N[ach[ 22 
HTM-N22 N22 EMS 

Tif_l[h]_ ni [ \li[ -̂
mj_]nlog b_l\c]c^_, 

Ig[t_nb[jsl 

Schaf_ 
^igch[hn a_h_ 

(AHAS) 
(55) 

 24 J_g\[l 
  

Momn[d[\ 
  

G[gg[ R[sm R_mcmn[hn ni BLB [h^ 
\liqh jf[hn bijj_l 

- (56) 

 25 Igjlip_^ Wbcn_ Pihhc 
S_gc^q[l` _[lfs 

gon[hn 
  

G[gg[ l[sm 
S_gc-^q[l`, _[lfs 

g[nolcha [h^ bcab-
sc_f^cha 

GA20Oxi_1 [n^ 
GA20Oxi_2 (57) 

 26 J[q[jbiif CG J[q[jbiif 
Tlig\[s 

G[gg[ l[sm S_gc-^q[l`, Mc^ _[lfs 
g[nolcns 

- (58) 

 27 Igjlip_^ Wbcn_ Pihhc 
IWPM9, IWPM20, 

IWPM1 [h^ 
IWPM25 

G[gg[-cll[^c[n_  ̂ E[lfch_mm [h^ m_gc-
^q[l c̀mg - (21) 

 28 Scg_c hi. 2 Zb_`o 802 G[gg[ cll[^c[ncih Cif^ nif_l[h]_ 
  

- (59) 

 29 T[lig M[b[ffc Kc[h G[gg[ l[sm Dlioabn nif_l[hn - (60) 

 30 S[`lc 17 

Vcel[g- TCR 
(Tlig\[s 

Cbb[nncma[lb 
Rc]_) 

  

G[gg[ l[sm Dq[l` [ĥ  bcab-
sc_f^cha 

- (60)   

T[\f_ 1. Î _hnc`c_^ _fcn_ gon[hnm `il p[lciom ]b[l[]n_lm ch lc]_  
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 T[\f_ 2. Î _hnc`c_^ _fcn_ gon[hnm `il p[lciom ]b[l[]n_lm ch B[lf_s  

Sf. Ni. P[r_ht Mut[ht Mut[a_h G_h_ Tr[ct/ 
Cb[r[]t_r 

Autbir 

 1 Dig_h M[lc Klcmnch[ Egm 
  
- 

Hcab g[fncha ko[fcns, fi^acha 
l_mcmn[h]_, [h^ l_mcmn[h]_ ni mnl[q 

\l_[e[a_ 
(26) 

 2 Bihom \[lf_s P[ff[m X-l[sm 
  
- Hcab sc_f^cha (61) 

 3 RDB-1 RD-103 N_onlihm - 
Dq[l`h_mm [ĥ  _l_]n f_[` 

giljbifias (62) 

 4 RDB-1 
K-257 

  N_onlihm - Hcab sc_f^, fiha _[lm (43) 

 5 RDB-1 
RD-137 

  N_onlihm - Hcab sc_f^, f_mm q[n_l l_kocl_g_hn (63) 

 6 RDB-1 
K[l[h-15 

  N_onlihm - S_gc-^q[l`h_mm [h^ sc_f  ̂ (44) 

 7 RDB-1 R_decl[h (RD-387) 
  N_onlihm - N_g[ni^_ l_mcmn[hn (44) 

 8 Dcp[ [h^ C_f\ 4 1017 [h  ̂
C-67-7 

  
- 

  
- S__^ jlin_ch (64) 

 9 H[cm[ Mon[hn_ 66 (M66) X l[sm mlo R_mcmn[h]_ ni \[lf_s jiq^_ls 
gcf^_q (65) 

 10 
  Viffeilh H3502 X l[sm mlo R_mcmn[h]_ ni \[lf_s jiq^_ls 

gcf^_q (65) 

 11 M[fn_lc[ b_^[ MC20 G[gg[ l[sm 
  mlo R_mcmn[h]_ ni \[lf_s jiq^_ls 

gcf^_q (65) 

 12 Fig[ SRI X l[sm mlo R_mcmn[h]_ ni \[lf_s jiq^_ls 
gcf^_q (65) 

 13 C[lfm\_la II R5678 EMS mlo R_mcmn[h]_ ni \[lf_s jiq^_ls 
gcf^_q (65) 

 14 C[lfm\_la II R6018 EMS mlo R_mcmn[h]_ ni \[lf_s jiq^_ls 
gcf^_q (65) 

 15 C[lfm\_la II R7085 EMS mlo R_mcmn[h]_ ni \[lf_s jiq^_ls 
gcf^_q (65) 

 16 C[lfm\_la II R7372 EMS mlo R_mcmn[h]_ ni \[lf_s jiq^_ls 
gcf^_q (65) 

 17 Dc[g[hn SZ5139\ EMS mlo R_mcmn[h]_ ni \[lf_s jiq^_ls 
gcf^_q (65) 

 18 Fig[ SR7 G[gg[ l[sm mlo R_mcmn[h]_ ni \[lf_s jiq^_ls 
gcf^_q (65) 

 19 73 M1 Sncgof 
  

NEU 
N-Ncnlimi- N- 
g_nbsf ol_[ 

- E[lfs g[nolcns (66) 

 20 Sofn[h Lsmcg[r   
- lys3[ Hcab-fsmch_ (67) 

 21 Al[\c Amq[  ̂ Fol[n 3 
  G[gg[ l[sm - R_mcmn[hn ni fi âcha [ĥ  ^lioabn (46) 

 22 Dc[g[hn Rir[h[ 
  X-l[s - El_]nic^ nsj_ (46) 

 23 M[snbilj_ Gif^_h Pligcm_ a[gg[-l[s GP_rt M[fncha ko[fcns 
S[fn nif_l[hn 

(68) 
  

 24 - Di\lshc[-3 
  

NEU 
N-Ncnlimi- N- 
g_nbsf ol_[ 

- Tif_l[hn ni fiq n_gj_l[nol_m (66) 

 25 Dc[g[hn F_fc]cn[m 
  G[gg[ l[sm - El_]nic^ nsj_ (69) 

 26   
- M[lc X-l[s M[t-[ E[lfs g[nolcha [h^ fi âcha 

l_mcmn[h]_ (70) 

 27   
- m_gc^q[l 1̀   

- s^w1 Li^acha (71) 

 28 S[bch 91 Oh^_l G[gg[ l[sm - Li^acha l_mcmn[hn (72) 

 29 V[fnc]es Dc[g[hn X-l[sm s^w 
Snlihafs ncff_lcha p[lc_ns, qcnb p_ls 

aii^ al[ch [h^ g[fncha ko[fcns, 
fi^acha l_mcmn[h]_ 

(10) 

 30 
Bofa[lc[h qchn_l 

`__^ \[lf_s 
p[lc_ns 

IZ Bilc mi^cog [tc^_   

Tif_l[hn ni fiq n_gj_l[nol_m qcnb 
p_ls aii^ l_mcmn[h]_ ni jiq^_ls 

gcf^_q, [m q_ff [m ni \liqh, \f[]e, 
[h^ mn_g lomn, qcnb bcab al[ch sc_f^ 

(15–17%) 

(10) 
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 T[\f_ 3. Î _hnc`c_^ _fcn_ gon[hnm `il p[lciom ]b[l[]n_lm ch Wb_[n 

Sf. Ni. P[r_ht Mut[ht G_h_ Mut[a_h Tr[ct/ Cb[r[]t_r Autbir 

 1 NP 799 NP  836 - X l[sm Hcab_l sc_f  ̂ (73) 

 2 Sihil[ 64 Sb[l\[nc mihil[ - G[gg[ l[sm E[lfs g[nolcns, [g\_l al[ch 
]ifil, bcab jlin_ch ]ihn_hn 

(74) 

 3 L_lg[ Ridi 64-A Pom[ L_lg[ - G[gg[ l[sm 
Ag\_l al[ch ]ifil, bcab_l 
_rn_hmc\cfcns [h^ _f[mnc]cns 

i` `fiol 
(75) 

 4 N_q Tb[n]b NI -5643 - 
Hs\lc^ct[ncih qcnb 

nqi cll[^c[n_^ 
gon[hnm 

E[lfs g[nolcns, l_mcmn[h]_ 
ni lomn 

(76) 

 5 Triti]um 
[_stivum L. ND496-25 mchaf_ l_]_mmcp_ 

a_h_ 

S_p_l[f gon[a_h-
ch^o]_^ il 

mjihn[h_iom 
]bfilch[ [h^ 

pcl_m]_hn gon[hn 

Ihb_lcn[h]_ i` Tbl__ 
Cbfilijbsff-D_`c]c_hn 

Mon[hnm 
(77) 

 6 Aht[ Sjchh[el 
  

- F[mn h_onlihm R_mcmn[h]_ ni fi âcha (78) 

 7 Triti]um 
[_stivum L. Cbc \-f_mm - - 

Ah[fsm_m i` [ m_lc_m i` 
[ff_fc] ]bfilch[ gon[hnm i` 

qb_[n nb[n b[p_ j[lnc[f 
\fi]em ch ]bfilijbsff 

mshnb_mcm 

(79) 

 8 Wb_[n ]p. Pj^1 Ih^cpc ô[f a_h_m Si^cog [tc^_ [h^ 
EMS 

Imif[ncih [h^ [h[fsmcm i` 
nb_lginif_l[hn gon[hnm 

(80) 

 9 Dolog qb_[n 
Fiol ch^_j_h^_hn 
gon[hnm (139, 142, 

196, 504) 
- - 

Ah _rn_h^_^ j_lci^ i` `f[a 
f_[` jbinimshnb_nc] 

]igj_n_h]_ cm [mmi]c[n_^ 
qcnb nb_ jli^o]ncih i` 

f[la_l al[chm 

(81) 

 10 Triti]um 
[_stivum L. 

fj[1-nsj_ mchaf_-a_h_ Enbsf g_nb[h_ 
mof`ih[n_ 

I^_hnc`c][ncih [h^ 
Cb[l[]n_lct[ncih i` [ Liq 

Pbsnc] A]c  ̂
(82) 

 11 Wb_[n Ua99 Sr31 - Dol[\f_ l_mcmn[h]_ ni qb_[n 
mn_g lomn 

(83) 

 12 Wchn_l 6/92R149 Jcha^iha 23 - G[gg[ l[sm Hcab sc_f  ̂ (84) 

 13 Triti]um mj_]c_m - S_p_l[f gon[hn 
a_h_m 

a[gg[ l[ ĉ[ncih, 
bcab [h^ fiq 

_h_las \_[gm, 
_nbsf g_nb[h_ 
mof`ih[n_, EMS 

_hb[h]cha honlcncih [h^ 
`ii^ jli^o]ncih (85) 

 14 WL-2265 G[h_mb[ 
  

- G[gg[ l[sm Hcab sc_f^ [ĥ  l_mcmn[h]_ ni 
f_[` lomn 

(86) 

 15 RAH -506 D[leb[h -141 - G[gg[ l[sm E[lfs g[nolcns [h^ bcab 
jlin_ch 

(87) 

 16 P[m[ NARO Wb_[n 1 - G[gg[ l[sm R_mcmn[h]_ ni mn_g lomn (87) 

 17 P[m[ NARO Wb_[n 2 - G[gg[ l[sm R_mcmn[h]_ ni mn_g lomn (87) 

 18 P[m[ NARO 
Wb_[n 3 

- G[gg[ l[sm R_mcmn[h]_ ni mn_g lomn (87) 

 19 Wb_[n Ua99 
Schaf_ il 

jl_`_l[\fs 
gofncjf_ R-a_h_m 

NB-LRR 

R_]iahcncih i` nb_ gimn 
_mm_hnc[f ]b_gc][f 

]igjih_hnm i` nb_ jf[hn 
j[nbia_hm mbiof^ jlipc^_ 
nb_ al_[n_mn ^ol[\cfcns i` 

l_mcmn[h]_ 

(88) 

 20 L-880 Bchaig -1 - - S[fchcns nif_l[hn (89) 

 21 K[fchip[ Gc[hn - G[gg[ l[sm Dlioabn nif_l[h]_ (90) 

 22 F[pilce[ L_[h[ - Ncnlimig_nbsf 
ol_[ 

_[lfch_mm (90) 

 23 Sih_]bei L_lis 
  

  G[gg[ l[sm Dlioabn nif_l[hn (90) 

 24 D[leb[h 95 D[leb[h 172   Si^cog [tc^_ R_mcmn[hn ni fiim_ mgon (56) 

 25 Triti]um 
[_stivum L. XY22 Mofnca_h_ 

jsl[gc^cha 

Si^cog î^_]sf 
mof [̀n_-

jifs[]lsf[gc^_ 
a_f 

_f_]nlijbil_mcm 

Hcab sc_f^, bcab ĉm_[m_ 
l_mcmn[h]_, [h  ̂

bcab al[ch ko[fcns \s nb_ 
MAS g_nbî  

(91) 

 26 Wb_[n ign-A2 ign-B2 - - Ah[fsmcm i` nb_ jf[hn aliqnb 
[h^ g_n[\ifcn_ 

(92) 

 27 
Triti]um 

[_stivum L. CENH3 

T[GS5, T[GS3 [h^ 
T[Cwi-A1, Psy1 

(Pbsni_h_ 
mshnb[m_) a_h_ 
[h^ Z^s1, Cr_3, 

Cr_1, Cr_ 
(R_mcmn[h]_) 

Pbsmc][f [h^ 
]b_gc][f 
gon[a_hm 

A\cinc] mnl_mm_m [n ^cff_l_hn 
aliqnb mn[a_m (93) 

 28 
P. triti]i-r_p_ntis 
[h^ S. no ôrum 

TirA-chm_hmcncp_/
^cm_[m_-

mom]_jnc\f_ 
gon[hn 

^igch[hn 
m_hmcncpcns a_h_m- 

Tsn1 
- Pf[hn ^cm_[m_ l_mcmn[h]_ (94) 

 29 Triti]um mj_]c_m NAM‐B1/ GPC1 f T[VIT2 - Bci ìlnc`c][ncih i` clih [h^ 
tch] 

(95) 
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 T[\f_ 4. Î _hnc`c_^ _fcn_ gon[hnm `il p[lciom ]b[l[]n_lm ch O[n 

Sf. Ni. P[r_ht Mut[ht Mut[a_h G_h_ Tr[ct/Cb[r[]t_r Autbir 

 1 Rsbnc N[mn[ X-l[sm - 
  

Climmcha qcnb ih_ gon[hn 
p[lc_ns (96) 

 2 Ffil[  ̂ Ffilc [̂ 500 Tb_lg[f h_onlihm - Igjlip_^ [alihigc] nsj_ 
[h^ l_mcmn[h]_ ni ]liqh lomn (97) 

 3 Af[gi Af[gi-X X-l[sm   R_mcmn[h]_ ni Vc]nilc[ \fcabn 
[h^ Cliqh lomn (97) 

 4 Ffilcf[h  ̂ Ffil[  ̂ Tb_lg[f h_onlihm   
R_mcmn[h]_ ni mn_g lomn 

moj_lcil al[ch ko[fcns [h^ 
mnl[q mncffh_mm 

(97) 

 5 Ffil[  ̂ Ffilc [̂ 501 Tb_lg[f h_onlihm   Igjlip_^ [alihigc] nsj_ 
[h^ l_mcmn[h]_ ni ]liqh lomn (97) 

 6 Ji50-2395 Rsbnc X-l[sm   Hcab sc_f^ [ĥ  mncff mnl[q (97) 

 7 Ffil[  ̂ B[n_m Tb_lg[f h_onlihm   
L[n_l g[nolcns, mbiln_l ]ofg, 
R_mcmn[h]_ ni fi âcha bcab_l 

sc_f^ l_mcmn[h]_ 
(98) 

 8 Kl[hmhi [̂lmecc
73 Z_f_hcc     L[la_ f_[p_m, f[n_ g[nolcns 

l_mcmn[h]_ ni mjlcha `limnm (99) 

 9 Ffil[  ̂ Bi\ Tb_lg[f h_onlihm   Hcab sc_f^, l_mcmn[h]_ ni 
]liqh lomn, mbiln_l ]fog (98) 

 10 Rsbnc Pobnc X-l[sm   Hcab sc_f^ [ĥ  mncff mnl[q (62) 

 11 Ol_f B_fit_lhcc N-hcnlimi-N-g_nbsf 
ol_[ (NMU)   R_mcmn[h]_ ni fi âcha (42) 

 12 Ji502395 V_fc -   Hcab sc_f  ̂ (63) 

 13 OT207 Difjbch -   Sbiln ]ofg f_hanb [h^ bcab 
sc_f  ̂ (100) 

 14 OT207 E]bch ĥ[ -   Sbiln ]ofg f_hanb [h^ bcab 
sc_f  ̂ (100) 

 15 OT207 K[fa[h -   
Cb[l[]n_l gc -̂m_[mih 

g[nolcha ^q[l` i[n qcnb 
_r]_ff_hn mnl[q mnl_hanb 

(101) 

 16 S_fg[ SIR-4 -   E[lfs g[nolcns [h^ bcab 
[^[jn[\cfcns (101) 

 17 Ffilc [̂ 501 Ot[le Tb_lg[f h_onlihm   
R_mcmn[h]_ ni fiq 

n_gj_l[nol_ [ĥ  bcab sc_f^ 
jin_hnc[f 

(102) 

 18 

Ill[^c[n_^ 
gihimigc] 
mo\mncnoncih 

fch_ 

C_hn_hhc[f Tb_lg[f h_onlihm   R_mcmn[h]_ ni ]liqh lomn (103) 

 19 

Ill[^c[n_^ 
gihimigc] 
mo\mncnoncih 

fch_ 

Hilc]ih Tb_lg[f h_onlihm   R_mcmn[h]_ ni ]liqh lomn (103) 

 20 Ill4 B[s Tb_lg[f h_onlihm   R_mcmn[h]_ ni ]liqh lomn [h^ 
bcab-sc_f^ jin_hnc[f (103) 

 21 Ill4 B_ff_ Tb_lg[f h_onlihm   R_mcmn[h]_ ni ]liqh lomn [h^ 
bcab-sc_f^ jin_hnc[f (103) 

 22 Ill4 G_g Tb_lg[f h_onlihm   R_mcmn[h]_ ni ]liqh lomn [h^ 
bcab-sc_f^ jin_hnc[f (103) 

 23 O7207 ACRih[f̂  F[mn h_onlihm DW-6  Hcab sc_f^cha, qbcn_-boff_^, 
[h^ ^q[l  ̀ (104) 
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Iht_ar[tcv_ [jjri[]b_s ch Mut[tcih Br__^cha: 

Mon[ncih \l__^cha chpifp_m 3 `ilgm i  ̀gon[a_h_mcm. Tb_m_ 
[l_ ch^o]_  ̂ gon[a_h_mcm, ch qbc]b gon[ncihm i]]ol [m [ 
l_mofn i` cll[^c[ncih (a[gg[ l[sm, X-l[sm, cih \_[g, _n].) il 
nl_[ng_hn qcnb ]b_gc][f gon[a_hm; mcn_-^cl_]n_^ 
gon[a_h_mcm, qbc]b cm nb_ jli]_mm i` ]l_[ncha [ gon[ncih 
[n [ ^_`ch_^ mcn_ ch [ DNA gif_]of_ [h  ̂ chm_lncih 
gon[a_h_mcm, qbc]b cm ^o_ ni DNA chm_lncihm, _cnb_l 
nblioab a_h_nc] nl[hm̀ ilg[ncih [h^ chm_lncih i` T-DNA il 
[]ncp[ncih i  ̀nl[hmjim[\f_ _f_g_hnm (35). Mon[a_hc] jf[hnm 
il gon[a_hc] m__^m [l_ ^_p_fij_^ [h^ ][h \_ oncfct_  ̂
^cl_]nfs [m [ ]igg_l]c[f ]ofncp[l il [m [ j[l_hn ni \l__  ̂
h_q ]igg_l]c[f ]ofncp[lm (36). A p̂[h]_^ gon[ncih 
\l__^cha g_nbi^m [ĥ  nb_cl ion]ig_m [l_ _rjf[ch_^ ch 
(Fca 2). Tb_ M2 [h^ M3 gon[hn jijof[ncihm ][h \_ om_^ ni 
g[j nb_ [fn_l_^ a_h_m omcha MonM[j, MonM[j+, [h  ̂
MonM[j G[j. Tb_ a_h_m c^_hnc`c_^ ][h \_ oncfct_^ ch 
`oh]ncih[f p[fc^[ncih [h^ ]b[l[]n_lct[ncih. Tb_ _fcn_ 
gon[hn c^_hnc`c_^ [h  ̂ ^_p_fij_^ b[m \__h om_  ̂ `il gofnc-
igc]m l_m_[l]b ni mno^s ch-^_jnb i` nb_ gon[hn. 

Mut[a_h_scs [h  ̂Fuh]tcih[f V[fc^[tcih: 

R_]_hnfs, nb_ om_ i` gon[ncih \l__^cha [m [ jli^o]ncp_ 
mnl[n_as `il [alc]ofnol[f cgjlip_g_hn b[m a[ch_^ ch 
jijof[lcns (6). Tb_ e_s ion]ig_m i` gon[ncih \l__^cha 
q_l_ ko[fcns nl[cnm fce_ ^q[l`cmg, bcab sc_f^cha, _[lfs 
g[nolcns, [h^ nif_l[h]_ ni p[lciom \cinc] [h^ [\cinc] 
mnl_mm; nb_ l_mofncha gon[hnm [l_ qc^_fs om_^ `il p[lciom 
joljim_m, mo]b [m cgjlipcha \inb ifcaia_hc] [h  ̂
jifsa_hc] ]b[l[]n_lm [m q_ff [m giljbifiac][f [h  ̂
jbsmcifiac][f ]b[l[]n_lm. Tb_s [l_ _gjfis_  ̂ ni _r[gch_ 
nb_ a_h_nc] mnlo]nol_ [h  ̂ jlipc^_ `oh]ncih[f p[fc^[ncih. 
Tb_ ^cl_]n om_ i  ̀gon[ncihm ch nb_ \ocf^cha i` a_h_nc] g[jm 
ch mnlo]nol[f [h  ̂`oh]ncih[f a_higc]m (Fca. 2) ]iof^ koc]efs 
\iimn jf[hn jli^o]ncih [h^ ko[fcns.  Tb_ gif_]of[l 
g_nbi^m `il DNA `cha_ljlchncha [h  ̂ gif_]of[l g[jjcha, 
ch]fo^cha RAPD (R[h^ig Agjfc̀ c_^ Pifsgiljbc] DNA), 
AFLP (Agjfc`c_  ̂ Fl[ag_hn L_hanb Pifsgiljbcmgm), [h  ̂

STMS (S_ko_h]_-T[aa_^ Mc]lim[n_ffcn_ Scn_m), b[p_ g[^_ 
g[dil ]ihnlc\oncihm ni nb_ [h[fsmcm [h^ m]l__hcha i  ̀
gon[hnm (6). S_p_l[f lc]_ a_h_m b[p_ \__h `oh]ncih[ffs 
p[fc^[n_^ qcnb nb_ b_fj i  ̀ nl[hma_hc]m [h^ EMS gon[hnm 
(37). AKS-m^1, [ ^_lcp_^ ]f_[p_^ [gjfc`c_^ jifsgiljbc] 
m_ko_h]_ (^CAPS) g[le_l, q[m ]l_[n_  ̂ ni p[fc [̂n_ nb_ 
m_gc-^q[l`cha [ff_f_, m^1-\g (Bch^fc Mon[hn 34), Tbcm [ff_f_ 
iff_lm [h ijncih ni nb_ gimn om_^ m^1-^ ch jlial[gm ni 
cgjlip_ lc]_ (23). Tqi PCR g[le_lm q_l_ ]l_[n_^ ni n_mn 
`il nb_ jl_m_h]_ i` m_gc-^q[l`cha [ff_f_m ch qb_[n nb_ Rbn-
B1] [h  ̂ Rbn-B1_. Fil Rbn-B1], [ 256-\j jli ô]n q[m 
[gjfc`c_  ̂\s PCR omcha nb_ jlcg_l j[cl Rbn-B1]-F1/Rbn-B1]
-R1 _r]fomcp_fs l̀ig fch_m \_[lcha nb_ Rbn-B1] [ff_f_. Fil 
Rbn-B1_, 2 jlcg_l m_nm q_l_ om_^: PCR qcnb `ilq[l^ jlcg_l 
BF [h^ l_p_lm_ jlcg_l MR3 [gjfc`c_^ [ 228-\j `l[ag_hn 
ihfs ch fch_m ]ihn[chcha nb_ Rbn-B1_ [ff_f_, qbcf_ PCR qcnb 
`ilq[l  ̂ jlcg_l BF [h  ̂ l_p_lm_ jlcg_l WR3 [gjfc`c_  ̂ qcf -̂
nsj_ m_ko_h]_m (38). 

Ajjfc][tcih i  ̀I^_htc`c_  ̂Mut[ht ch Crij Igjriv_g_ht 

Do_ ni nb_ fcgcn_^ [giohn i` [l[\f_ f[h^ jl_m_hn, nb_ 
^cgchcmbcha mojjfs i  ̀ q[n_l, [h  ̂ nb_ `fo]no[ncha ]fcg[nc] 
]ih^cncihm, nb_ `onol_ i` `ii  ̂ jli^o]ncih cm afiigs. A 
^_]l_[m_ ch [l[\f_ f[h  ̂ [m [ l_mofn i  ̀ ol\[hct[ncih, 
m[fchct[ncih, \cinc] mnl_mm, l̂ioabn, [h^ ^_m_lnc`c][ncih 
[^^_^ ni nb_ cmmo_m. Tb_l_ [l_ p[lciom g_nbi^m `il 
oncfctcha nb_ b_lcn[\f_ p[lc[ncihm nb[n [l_ a_h_nc][ffs 
_h]i^_^ ch _rcmncha ]lij jf[hnm `il ]lij cgjlip_g_hn 
jlial[gm (39). So]b a_h_nc] [fn_l[ncihm g[s n[e_ jf[]_ 
_rj_lcg_hn[ffs oh^_l nb_ ch̀ fo_h]_ i` jbsmc][f [h  ̂
]b_gc][f gon[a_hm il g[s n[e_ jf[]_ h[nol[ffs [n [ p_ls 
mfiq l[n_. Cihp_hncih[f gon[ncih n_]bhcko_m b[p_ \__h 
_gjfis_^ l̀_ko_hnfs ni _hb[h]_ [alc]ofnol[f ionjon, 
ko[fcns, ^cm_[m_, [h^ chm_]n l_mcmn[h]_ (Fca. 3) [m q_ff [m nb_ 
[_mnb_nc] [jj_[f i` `fiq_lm [h  ̂ilh[g_hn[f jf[hnm. Ih gimn 
][m_m, gon[ncih cm nb_ jlcg[ls miol]_ i` a_h_nc] p[lc[\cfcns, 
nb_ l[q g[n_lc[f `il h[nol[f m_f_]ncih-\[m_^ _pifoncih (40). 

 

T[\f_ 5. Î _hnc`c_^ _fcn_ gon[hnm `il p[lciom ]b[l[]n_lm ch Rs_  

Sf. Ni. P[r_ht Mut[ht Mut[a_h G_h_ Tr[ct/Cb[r[]t_r Autbir 

1  Vd[ne[ HJA 6902 G[gg[ l[sm - R_mcmn[h]_ ni fi âcha (76) 

 2 Vd[ne[ H[heecd[’m dommc G[gg[ l[sm   
R_mcmn[h]_ ni fiq n_gj_l[‐

nol_ mbiln mncff mnl[q [h^ 
aii^ ko[fcns 

(63) 

 3 P_neom_l qchn_l‐
liaa_h mn[gg 267/70 

Piffor - PMS 2 Sbiln_l ]ofg [h^ l_mcmn[h]_ 
ni fi âcha 

(63) 

 4 
P_neom_l qchn_l‐

liaa_h mn[gg 267/70 Dih[l ISO-PMS   
Sbiln_l ]ofg, l_mcmn[h]_ ni 

fi^acha, [h^ mjlioncha (63) 

 5 S_][f_ ]_l_[f_ Sl31 [h^ Sl50 CC-NB-LRR   mn_g lomn l_mcmn[h]_ (105) 
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Fca. 2. Ihn_al[ncp_ [jjli[]b_m ni gon[ncih \l__^cha [h^ [^p[h]_^ gofnc -igc] mnl[n_ac_m ni ^_p_fij _fcn_ gon[hnm qcnb _hb[h]_^ a_h_nc] a [ch. 

Fca. 3. G_h_l[fct_^ [jjfc][ncihm i` ^_p_fij_^ gon[hnm ch nb_ \l__^cha jlial[g [h^ ]lij cgjlip_g_hn.  
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Cih]fuscih 

Op_l nb_ f[mn `_q s_[lm, gon[ncih \l__^cha b[m a[ch_  ̂
jijof[lcns [h  ̂ b[m \__h [^ijn_  ̂ \s g[hs ]iohnlc_m ni 
cgjlip_ ]b[l[]n_lm. In _hb[h]_m p[lciom ko[fcn[ncp_ [h  ̂
ko[hncn[ncp_ ]lij jf[hn ]b[l[]n_lcmnc]m [h  ̂ b[m \__h 
mo]]_mm`offs _gjfis_^ ch [ p[lc_ns i` ]_l_[fm, al[ch 
f_aog_m, icf m__^m, p_a_n[\f_m, `locnm, g_^c]ch[f jf[hnm, 
ilh[g_hn[f jf[hnm, [h^ `i^^_l ]lijm. Ih nbcm l_pc_q, 
gon[hnm c^_hnc`c_^ ch ]_l_[fm q_l_ _gjb[mct_^. Tb_m_ _fcn_ 
gon[hn p[lc_nc_m jli ô]_^ \s gon[ncih \l__^cha ][h \_ 
om_^ ch bs\lc^ct[ncih jlial[gm `il nb_ chnlial_mmcih i  ̀
moj_lcil a_h_m ch nb_ ^cff_l_hn _fcn_ \[]ealioh^m omcha 
g[le_l-[mmcmn_^ m_f_]ncih ch nb_ ]lij mj_]c_m. Tbcm qcff 
_hb[h]_ nb_ a_h_nc] a[ch \s ^_mcahcha moj_lcil ]lij 
p[lc_nc_m. Tb_ h_rn mn_j ch gon[ncih \l__^cha cm gofnc-
igc]m mno^c_m, qb_l_ nb_ \_mn gon[hnm qcff \_ om_  ̂ `il 
chn_al[n_^ igc]m l_m_[l]b (a_higc]m, nl[hm]lcjnigc]m, 
jlin_igc]m, g_n[\ifigc]m, [h  ̂ g_n[a_higc]m) [h  ̂
`oh]ncih[f ]b[l[]n_lct[ncih, [m q_ff [m `il ]l_[ncha moj_lcil 
]lij p[lc_nc_m [h^ _hb[h]cha ]lij ko[fcns. 

 

A]ehiwf_^a_g_hts 

Tb_ [onbilm qiof^ fce_ ni _rjl_mm nb_cl al[ncno^_ ni nb_cl 
l_mj_]ncp_ chmncnoncihm `il nb_cl mojjiln [h  ̂
_h]iol[a_g_hn  
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2023;7:1093605. bnnjm:// îc.ila/10.3389/`mo m̀.2023.1093605.  

16. S[p_hei EG, Moebch[ ZM, Gf[tslch[ VA, Sboh^lch[ LA. Csni-
bcmnifiac][f [mj_]nm i` b[jfic^ [h l̂ia_h_mcm qb_h i\n[chcha 
b[jfic m̂/^io\f_^ b[jfic^m ch lc]_ (Oryz[ s[tiv[ L.) [hnb_l 
]ofnol_ in vitro. Ih: E3S W_\ i` Cih`_l_h]_m. EDP S]c_h]_m. 2021; 

j. 02033.              bnnjm://^ic.ila/10.1051/_3m]ih`/202128502033.  

17. S[jl_ S, Gihnc[-Mcmbl[ I, Tb[eol VV, Sce^[l S, Tcq[lc S. 
Mif_]of[l n_]bhcko_m om_^ ch jf[hn ^cm_[m_ ^c[ahimcm. Ih: Fii  ̂
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`ch_ g[jjcha i` [ hip_f lc]_ h[lliq f_[` gon[hn h[f9. Jiolh[f i  ̀

Ihn_al[n_^ Pf[hn Bcifias. 2013;55(11):1016-25. bnnjm://
^ic.ila/10.1111/dcj\.12098  

53. Diha H, F_c GL, Wo CY, Wo FQ, Soh YY, Cb_h MJ _t [l. A lc]_ 
pcl_m]_hn-s_ffiq f_[` gon[hn l_p_[fm h_q chmcabnm chni nb_ lif_ 

[h^ [mm_g\fs i` jf[mnc^ ][m_chifsnc] jlin_[m_ ch bcab_l jf[hnm. 
Pf[hn Pbsmcifias. 2013;162(4):1867-80. bnnjm:// îc.ila/10.1104/
jj.113.217604  

54.  Zb[ha J, Lco X, Lc S, Cb_ha Z, Lc C. Tb_ lc]_ m_gc-^q[l` gon[hn 
m^37, ][om_^ \s [ gon[ncih ch CYP96B4, jf[sm [h cgjiln[hn lif_ 
ch nb_ `ch_-nohcha i` jf[hn aliqnb. PLiS Oh_. 2014;9(2):_88068. 
bnnjm://^ic.ila/10.1371/diolh[f.jih_.0088068  

https://doi.org/10.1371/journal.pone.0245603
https://doi.org/10.1371/journal.pone.0245603
https://doi.org/10.1104/pp.104.057646
https://doi.org/10.1104/pp.104.057646
https://doi.org/10.3390/plants9091198
https://doi.org/10.3390/plants9091198
https://doi.org/10.1080/13102818.2015.1087333
https://doi.org/10.1080/13102818.2015.1087333
https://doi.org/10.1111/j.1467-3010.2004.00418.x
https://doi.org/10.1111/j.1467-3010.2004.00418.x
https://doi.org/10.1007/BF00277792
https://doi.org/10.1007/BF00277792
https://doi.org/10.17707/AgricultForest.65.3.06
https://doi.org/10.17707/AgricultForest.65.3.06
https://doi.org/10.1007/s40003-013-0069-3
https://doi.org/10.1007/s40003-013-0069-3
https://doi.org/10.1094/9781891127649.015
https://doi.org/10.1094/9781891127649.015
https://doi.org/10.1111/aab.12375
https://doi.org/10.1111/aab.12375
https://doi.org/10.1016/j.jcs.2017.03.003
https://doi.org/10.1016/B978-0-08-102163-7.00015-6
https://doi.org/10.1016/B978-0-08-102163-7.00015-6
https://doi.org/10.1079/9781780640853.0009
https://doi.org/10.1079/9781780640853.0009
https://doi.org/10.1007/s12298-020-00819-w
https://doi.org/10.1007/s12298-020-00819-w
https://doi.org/10.1104/pp.111.183657
https://doi.org/10.33545/2618060X.2021.v4.i2a.77
https://mvd.iaea.org/
https://mvd.iaea.org/
https://mvd.iaea.org/
https://mvd.iaea.org/
https://mvd.iaea.org/
https://mvd.iaea.org/
https://mvd.iaea.org/
https://doi.org/10.1007/978-94-017-2923-9_2
https://doi.org/10.1007/978-94-017-2923-9_2
https://mvd.iaea.org/
https://mvd.iaea.org/
https://doi.org/10.1016/j.agrformet.2008.12.003
https://doi.org/10.1007/s00425-010-1180-3
https://doi.org/10.1007/s00425-010-1180-3
https://doi.org/10.1111/jipb.12098
https://doi.org/10.1111/jipb.12098
https://doi.org/10.1104/pp.113.217604
https://doi.org/10.1104/pp.113.217604
https://doi.org/10.1371/journal.pone.0088068


 12   SELVARAJ ET AL  

bnnjm://jf[hnm]c_h]_ni [̂s.ihfch_ 

55.  Sbi\[ D, R[p__h^l[h M, M[hihg[hc S, Unb[l[mo S, Dbcps[jlcs[ 
D, So\b[mchc G _t [l. D_p_fijg_hn [h^ a_h_nc] ]b[l[]n_lct[ncih 
i` [ hip_f b_l\c]c^_ (Ig[t_nb[jsl) nif_l[hn gon[hn ch lc]_ (Oryz[ 
s[tiv[ L.). Rc]_. 2017;10(1):1-12. bnnjm://̂ ic.ila/10.1186/m12284-

017-0151-8  

56.  Mon[hn p[lc_ns ^[n[\[m_. Tb_ Jichn FAO/IAEA Mon[hn V[lc_ns 
D[n[\[m_ *Ihn_lh_n+. 2018.  Ap[cf[\f_ `lig:bnnjm://gp .̂c[_[.ila/.  

57.  R[g]b[h^_l S, P_n_l L_ih A, Kb[h Y[mch J, Vchi^ KK, Pcff[c MA. 
Nip_f, _]ihigc][ffs cgjiln[hn m_gc-^q[l` [h  ̂ _[lfs gon[hnm: 
S_f_]ncih [h^ ^_p_fijg_hn `lig Igjlip_^ Wbcn_ Pihhc Rc]_ 
(Oryz[ s[tiv[ L.). BciRrcp. 2018;500637. bnnjm://

^ic.ila/10.1101/500637  

58.  S[bo PK, S[i R, Mih [̂f S, Vcmbq[e[lg[ G, Gojn[ SK, Kog[l V 
_t [l. N_rn a_h_l[ncih m_ko_h]cha \[m_^ `ilq[l^ a_h_nc] 

[jjli[]b_m `il c^_hnc`c][ncih [h^ g[jjcha i` ][om[f gon[ncihm 
ch ]lij jf[hnm: A ]igjl_b_hmcp_ l_pc_q. Pf[hnm. 2020;9(10):1355.            
bnnjm://^ic.ila/10.3390/jf[hnm9101355  

59. D[m P, B[boaoh[ RN, R[nbil_ RS, A\\[n S, Nihajcol RC, S[lmo F 
_t [l. Rc]_ gon[hnm qcnb nif_l[h]_ ni gofncjf_ [\cinc] mnl_mm_m 
mbiq bcab ]ihmncnoncp_ [\oh [̂h]_ i` mnl_mm-l_f[n_^ nl[hm]lcjnm 
[h^ jlin_chm. Aomnl[fc[h Jiolh[f i` Clij S]c_h]_. 2021;15(9):11-
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92. bnnjm:// îc.ila/10.1016/d.j\c.2008.02.001  

84. Mon[hn p[lc_ns [̂n[\[m_. Tb_ Jichn FAO/IAEA Mon[hn V[lc_ns 
D[n[\[m_ *Ihn_lh_n+. 2008.  Ap[cf[\f_ `lig:bnnjm://gp .̂c[_[.ila/.  

85.  J[ch P, Schab PK, K[jiil R, Kb[hh[ A, Sif[he_ AU, Klcmbh[h SG 
_t [l. Uh^_lmn[h^cha bimn-j[nbia_h chn_l[]ncihm qcnb 

_rjl_mmcih jli`cfcha i` NILm ][llscha lc]_-\f[mn l_mcmn[h]_ Pc9 
a_h_. Flihn Pf[hn S]c. 2017;8:93. bnnjm:// îc.ila/10.3389/
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