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A\str[]t  

Tb_ jl_m_hn mno^s q[m ][llc_^ ion ch nb_ \[]e]limm jijof[ncih i` alioh^hon 

chpifpcha TMV 7 [h^ ICG 15419. Aff_f_-mj_]c`c] jlcg_lm q_l_ om_^ ni m]l__h 

nb_ jijof[ncih `il bcab if_c] []c^ [h^ [ nin[f i` 11 sc_f^-]ihnlc\oncha nl[cnm 

q_l_ ch]fo^_^ ch nbcm mno^s. Tb_ hog\_l i` jlcg[ls [h^ m_]ih^[ls \l[h]b_m 

b[^ bcab_l _mncg[n_m i` PCV [h^ GCV qb_l_[m ji^ sc_f^ j_l jf[hn b[^ gi^-

_l[n_ PCV \on fiq GCV. Afiha qcnb nb_ p[lc[\cfcns j[l[g_n_lm, jf[hn b_cabn, 

hog\_l i` jlcg[ls [h^ m_]ih^[ls \l[h]b_m, ji^ qc^nb, boh^l_^ ji^ 

q_cabn, if_c] []c^ ]ihn_hn [h^ fchif_c] []c^ ]ihn_hn b[^ aii^ _mncg[n_m i` 

b_lcn[\cfcns [h^ a_h_nc] [^p[h]_ [m [ j_l]_hn i` nb_ g_[h, qb_l_[m ji^ 

sc_f^ j_l jf[hn b[^ gi^_l[n_ [h^ fiq, b_lcn[\cfcns [h^ GAM l_mj_]ncp_fs, 

qcnb [ h_a[ncp_fs mcahc`c][hn me_q_^ ^cmnlc\oncih. Ammi]c[ncih [h[fsmcm _rbc\-

cn_^ [ jimcncp_ ]ill_f[ncih \_nq__h nb_ hog\_l i` jlcg[ls \l[h]b_m, hog-

\_l i` m_]ih^[ls \l[h]b_m, ji^ f_hanb, [h^ boh^l_^ ji^ q_cabn qcnb ji^ 

sc_f^ j_l jf[hn [h^ cn q[m _pc^_hn nb[n if_c] []c^ q[m ch^cl_]nfs jlijilncih[f 

ni fchif_c] []c^ ]ihn_hn. The trait, hundred pod weight b[^ nb_ bcab_mn ^cl_]n 

_ff_]n ih ji^ sc_f^ j_l jf[hn. S_f_]ncih \[m_^ ih nl[cnm qcnb [ \_nn_l l_f[-

ncihmbcj qcnb ji^ sc_f^ j_l jf[hn [h^ gi^_l[n_ ni bcab _mncg[n_m i` PCV, 

GCV, b_lcn[\cfcns [h^ a_h_nc] [^p[h]_g_hn qiof^ b_fj ch []]_f_l[ncha nb_ 

alioh^hon cgjlip_g_hn jlial[g. Hcab if_c], fiq fchif_hc] fch_m i` BC2F2 

qcnb \_nn_l ji^ sc_f^ qiof^ \_ `ilq[l^_^ ni nb_ h_rn a_h_l[ncih.   

 

K_ywor^s  

alioh^hon; \[]e]limm; [ff_f_ mj_]c`c] jlcg_lm; p[lc[\cfcns [h^ [mmi]c[ncih   

 

Intro^u]tcon  

Glioh^hon cm [ p_lm[ncf_ f_aog_ ]lij \_fihacha ni nb_ `[gcfs i` F[\[]_[_. In 

cm jlcg[lcfs om_^ `il icf \on cn cm [fmi ]ihmog_^ ch cnm l[q `ilg, \icf_^ [h^ 

`lc_^. Ih^c[ cm nb_ m_]ih^ f[la_mn jli^o]_l [h^ ]ihmog_l i` alioh^honm, 

h_rn ni Cbch[. B_cha [ nlijc][f ]lij, cn l_kocl_m [ q[lg ]fcg[n_ qcnb [h [p_l-

[a_ n_gj_l[nol_ i` 30–35 °C. In cm g[chfs om_^ `il icf _rnl[]ncih [h^ b_h]_ 

_hb[h]cha nb_ ko[fcns i` nb_ icf \s cgjlipcha cnm mn[\cfcns, `f[pil [h^ mb_f` 

fc`_ \_]ig_m [ jlcilcns `il jf[hn \l__^_lm. Ih alioh^hon icf, gihi-

ohm[nol[n_^ `[nns []c^m i]]ojs nb_ g[dilcns i` nb_ j_l]_hn[a_, qcnb m[nol[n-

_^ `[nns []c^m i]]ojscha domn 20 j_l]_hn[a_. Agiha nb_ UFA, gihi-

ohm[nol[n_^ `[nns []c^m [h^ jifsohm[nol[n_^ `[nns []c^m [l_ [fgimn _ko[f 
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VARGHEESE ET AL   2  

bnnjm://jf[hnm]c_h]_ni^[s.ihfch_ 

[h^ [giha nb_g, if_c] []c^ [h^ fchif_c] []c^ [l_ jl_^igc-

h[hn l_mj_]ncp_fs (1). PUFA [l_ \_h_`c]c[f ni b_[fnb \on nb_ 

bcab_l nb_ i]]oll_h]_ i` ^io\f_ \ih^m ch nb_ `[nns []c^m, 

nb_ bcab_l nb_ _rn_hn i` irc^[ncih. Tb_l_`il_, ch]l_[mcha 

nb_ j_l]_hn[a_ i` gihi-ohm[nol[n_^ `[nns []c^m qiof^ 

_ffilnf_mmfs \lcha ^iqh nb_ []ncih i` irc^[ncih. 

 D_p_fijcha cgjlip_^ a_hinsj_m qcnb ch]l_[m_^ 
if_c] []c^ ]ihn_hn _cnb_l \s ]ihp_hncih[f bs\lc^ \l__^cha 

il g[le_l-[mmcmn_^ \[]e]limm \l__^cha b[m ^l[mnc][ffs 

b_fj_^ ch cgjlipcha nb_ ip_l[ff ko[fcns i` nb_ alioh^hon 

icf. F[nns []c^ ^_m[nol[m_ _htsg_m ]ihnliff_^ \s FAD 

a_h_m [l_ l_mjihmc\f_ `il nb_ ]ihp_lmcih i` if_c] []c^ ni 

fchif_c] []c^ ch icfm__^m. Ih alioh^honm, [ h[nol[ffs i]]ol-

lcha FAD a_h_ gon[hn q[m `ioh^ ni b[p_ [h if_c] []c^ ]ih-

n_hn i` [lioh^ 80 %, ]igj[l_^ ni f_mm nb[h 45 % ch nb_ 

qcf^ nsj_ (2). Tqi gon[ncihm mo]b [m mo\mncnoncih ch nb_ A 

a_hig_ [h^ chm_lncih ch nb_ B a_hig_ l_aof[n_ nb_ []ncpc-

ns i` nb_ ahFAD a_h_ [h^ jl_p_hn nb_ ]ihp_lmcih i` if_c] 

[]c^ ni fchif_c] []c^. Igjlipcha [ j[lnc]of[l p[lc_ns ][hhin 

]igjlcm_ cnm al[ch sc_f^. In cm nb_l_`il_ nb_ gimn cgjiln[hn 

nl[cn i` [hs jf[hn \l__^cha jlial[g [h^ cm [fmi ih_ i` nb_ 

gimn ch`fo_hnc[f nl[cnm. B_cha aip_lh_^ \s m_p_l[f a_h_m cn 

cm bcabfs ^_j_h^_hn ih inb_l `[]nilm mo]b [m _hpclihg_hn, 

micf nsj_, jf[hn-ni-jf[hn chn_l[]ncihm, [h^ a_h_-ni-a_h_ 

chn_l[]ncihm. Tb_ jl_m_hn mno^s q[m ^ih_ ni _mncg[n_ nb_ 

a_h_nc] j[l[g_n_lm fce_ b_lcn[\cfcns, ]i_ffc]c_hn i` p[lc[-

ncih, me_qh_mm, eolnimcm, [h^ [mmi]c[ncih mno^c_m ch nb_ 

BC2F2 jijof[ncih i` alioh^honm.   

 

M[t_rc[ls [n^ M_tbo^s 

Tb_ ]oll_hn chp_mnca[ncih q[m ]ih^o]n_^ [n V.O.C Aalc]of-

nol[f Ciff_a_, Kcffceof[g. A g_^cog if_c]-lc]b ICRISAT 

a_lgjf[mg fch_ ICG 15419 [h^ TMV 7 [ \oh]b nsj_ a_hi-

nsj_, [ m_f_]ncih `lig T_hh_mm__ q_l_ om_^ [m nb_ ^ihil 

[h^ l_]oll_hn j[l_hn l_mj_]ncp_fs. ICG 15419 q[m n[e_h [m 

nb_ ^ihil j[l_hn [h^ TMV 7 [m nb_ l_]oll_hn j[l_hn. Hs-

\lc^ct[ncih q[m ^ih_ [n nb_ ]limmcha \fi]e \_nq__h nb_ 

^ihil [h^ l_]oll_hn j[l_hn [h^ nb_ F1 a_h_l[ncih q[m ^_-

p_fij_^. Tb_ F1 jf[hnm q_l_ a_hinsj_^ qcnb [ff_f_-mj_]c`c] 

jlcg_lm [h^ nlo_ F1m q_l_ c^_hnc`c_^ [h^ n[aa_^. Cih-

`clg_^ F1 a_hinsj_m q_l_ \[]e]limm_^ qcnb nb_ l_]oll_hn 

j[l_hn TMV 7 ni ^_p_fij nb_ BC1F1 a_h_l[ncih. Tb_ BC1F1 

a_hinsj_m q_l_ `olnb_l m]l__h_^ `il if_c] []c^ [h^ nb_ 

nlo_ BC1F1 jf[hnm q_l_ n[aa_^ [h^ ]limm_^ qcnb nb_ l_]ol-

l_hn j[l_hn TMV 7 ni ^_p_fij nb_ BC2F1 a_h_l[ncih. Pimc-

ncp_ jf[hnm ch nb_ BC2F1 a_h_l[ncih q_l_ [ffiq_^ ni m_f` ni 

^_p_fij nb_ BC2F2 jijof[ncih.  

Molecular analysis      

L_[` m[gjf_m `lig [jjlircg[n_fs 2 q__e-if^ m__^fcham 

q_l_ ]iff_]n_^ `lig nb_ ^ihil j[l_hn, l_]oll_hn j[l_hn, F1, 

BC1F1, BC2F1, [h^ BC2F2 jijof[ncihm [h^ DNA q[m cmif[n_^ 

\[m_^ ih nb_ jlini]if (3). Aa[lim_ a_f i` 0.8 % [h^ [ 

h[hi^lij mj_]nlijbinig_n_l q_l_ om_^ `il DNA ko[hnc`c-

][ncih [h^ nb_ ]ih]_hnl[ncih i` DNA q[m [^domn_^ ni 40 

ha/µL qcnb mn_lcf_ ^cmncff_^ q[n_l il TE \off_l (Tlcm-

Enbsf_h_^c[gch_n_nl[[]_nc] []c^). Ti ^_n_]n nb_ mo\mncno-

ncih gon[ncih ch nb_ A a_hig_, [ff_f_-mj_]c`c] jlcg_lm 

qbc]b ch]fo^_^ [ `ilq[l^ jlcg_l F435-F [h^ [ l_p_lm_ jlc-

g_l F435SUB-R  q_l_ _gjfis_^ (4). Tb_ ]i]en[cf gcrnol_ 

`il PCR ]igjlcm_^ 2 µL i` ^cfon_^ DNA, 1 µL i` `ilq[l^ 

jlcg_l, 1 µL i` l_p_lm_ jlcg_l, 3 µL i` g[mn_l gcr, [h^ 3 µL 

i` PCR-al[^_ q[n_l. Tb_ PCR jli`cf_ mn[ln_^ qcnb 4 gch i` 

chcnc[f ^_h[nol[ncih [n 94 °C `iffiq_^ \s 35 ]s]f_m i` ^_h[-

nol[ncih, [hh_[fcha, [h^ _rn_hmcih `il 30 m_] [n 94 °C, `il 

45 m_] [n 55 °C [h^ `il 1 gch [n 72 °C l_mj_]ncp_fs [h^ [ 

`ch[f _rn_hmcih [n 72 °C `il 20 gch. Tb_ jli^o]nm q_l_ m_j-

[l[n_^ ch 3 % [a[lim_ a_f [h^ ^i]og_hn_^. 

Biometrical observations and statistical analysis     

D[n[ q[m l_]il^_^ ih ch^cpc^o[f jf[hnm `il jf[hn b_cabn, 
hog\_l i` jlcg[ls \l[h]b_m, hog\_l i` m_]ih^[ls 

\l[h]b_m, ji^ f_hanb, ji^ qc^nb, boh^l_^ ji^ q_cabn, 

boh^l_^ m__^ q_cabn, icf ]ihn_hn, if_c] []c^ ]ihn_hn, fchi-

f_c] []c^ ]ihn_hn, [h^ ji^ sc_f^ j_l jf[hn. Aff j[l[g_n_lm 

i` ]ihnchoiom p[lc[ncih ch]fo^cha g_[h, l[ha_, mn[h^[l^ 

^_pc[ncih, a_hinsjc] [h^ jb_hinsjc] p[lc[h]_m (4), a_hi-

nsjc] [h^ jb_hinsjc] ]i_ffc]c_hn i` p[lc[ncih (5), b_lcn[\cf-

cns (4, 6), a_h_nc] [^p[h]_ (4, 7), me_qh_mm [h^ eolnimcm 

q_l_ ][f]of[n_^ omcha SPSS mn[ncmnc]m p_lmcih 22 (8). 

GRAPES, [h ihfch_ R-\[m_^ niif q[m om_^ ni ][f]of[n_ nb_ 

]ill_f[ncih ]i_ffc]c_hnm  (4, 9, 10), [h^ nb_ j[nb [h[fsmcm 

qbc]b q[m [h[fst_^ \s j[lncncihcha nb_ ]ill_f[ncih ]i_ffc-

]c_hnm chni ^cl_]n [h^ ch^cl_]n _ff_]nm q_l_ ]igjon_^ omcha 

PB P_l`_]n, [h ihfch_ niif (11, 12).   

 

R_sults [n^ Dcs]usscon  

Molecular marker analysis       

Hs\lc^ct[ncih q[m j_l`ilg_^ \_nq__h nb_ ^ihil [h^ l_-

]oll_hn j[l_hn ch R[\c 2021, ni ^_p_fij F1, BC1F1 [h^ BC2F1, 

[h^ BC2F2 a_h_l[ncihm. A nin[f i` _cabn jf[hnm jimcncp_ `il 

nb_ n[la_n [ff_f_ ch nb_ BC2F1 (Fca.1) a_h_l[ncih q[m i\-

n[ch_^ \s m]l__hcha nb_ jf[hnm qcnb [ff_f_-mj_]c`c] jlcg_lm 

[h^ q_l_ [ffiq_^ ni m_f`-^_p_fij nb_ BC2F2 jijof[ncih 

(Fca. 2) i` 123 jf[hnm. Scgcf[l mno^c_m ni cgjlip_ nb_ if_c] 

[]c^ ]ihn_hn ch GJG 9, GG 20 [h^ GJGHPS 1 omcha nb_ m[g_ 

jlcg_lm q_l_ l_jiln_^ \s (13). Tqi Sj[hcmb \oh]b ]ofnc-

p[lm GPBD 4 [h^ G 2-52 q_l_ [fmi cgjlip_^ omcha [ff_f_-

mj_]c`c] jlcg_lm \s g[le_l-[mmcmn_^ \[]e ]limm \l__^cha 

(14).  

A 

B 

Fca. 1. G_hinsjcha i` BC2F1 `il ahFAD2A [ff_f_: L – 100 \j f[^^_l, D – ICG 
15419 (^ihil), R – TMV 7 (l_]oll_hn), 1 – 31 BC2F1..  
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Estimation of variability parameters      

Emncg[ncha p[lciom ]igjih_hnm i` p[lc[ncihm cm [ jl_l_koc-

mcn_ ch [hs ]lij \l__^cha jlial[g ion i` qbc]b nb_ p[lc[-

ncih [lcmcha ^o_ ni a_h_nc] ]igjih_hnm cm gil_ cgjiln[hn 

[m nb_s [l_ nb_ ih_m nb[n a_n nl[hmgcnn_^ ni nb_ h_rn a_h_l-

[ncih. Ihmn_[^ i` c^_hnc`scha [fn_lh[ncp_ miol]_m i` p[lc[\cf-

cns ni ][n_l ni nb_ _g_lacha h__^m, cn qiof^ \_ [h _[ms q[s 

ni cgjlip_ [h [alihigc][ffs moj_lcil p[lc_ns \s ]limmcha cn 

qcnb [ ^ihil jimm_mmcha nb_ ^_mcl[\f_ nl[cn [h^ `olnb_l 

][llscha ion nb_ jli]_mm \s nb_ \[]e]limm \l__^cha g_nb-

i^. V[lc[ncih ch nb_ cgjlip_^ ch\l_^ fch_m ][h \_ [mm_mm_^ 

\[m_^ ih nb_ jb_hinsjc] ]i_ffc]c_hn i` p[lc[ncih (PCV) [h^ 

a_hinsjc] ]i_ffc]c_hn i` p[lc[ncih (GCV) i` nb_ nl[cnm oh^_l 

mno^s (T[\f_ 1) (Fca. 3). Tb_ bcab_mn PCV [h^ GCV q_l_ 

`ioh^ ch nb_ hog\_l i` jlcg[ls [h^ m_]ih^[ls \l[h]b_m. 

Hoh^l_^ ji^ q_cabn, jf[hn b_cabn, fchif_c] []c^, [h^ if_c] 

[]c^ b[^ gi^_l[n_ PCV [h^ GCV qb_l_[m ji^ sc_f^ j_l 

jf[hn b[^ gi^_l[n_ PCV \on fiq GCV ^_jc]ncha nb[n cn cm 

bcabfs ch`fo_h]_^ \s nb_ _hpclihg_hn. Pi^ f_hanb, boh-

^l_^ m__^ q_cabn [h^ icf ]ihn_hn b[^ fiq GCV [h^ PCV 

qbc]b ch^c][n_^ nb[n nb_m_ nl[cnm ]ihnlc\on_^ l_f[ncp_fs 

p_ls fcnnf_ ni nb_ nin[f p[lc[ncih i` nb_ jijof[ncih. Scgcf[l 

`ch^cham `il bcab GCV `il nb_ hog\_l i` jlcg[ls \l[h]b_m 

(15, 16) [h^ fiq GCV `il icf ]ihn_hn q_l_ l_jiln_^ \s (17, 

18). In q[m [fmi _pc^_hn `lig nb_ ch]l_[m_^ ^cff_l_h]_m \_-

nq__h nb_ PCV [h^ GCV _mncg[n_m i` boh^l_^ m__^ q_cabn, 

icf ]ihn_hn, [h^ ji^ sc_f^ j_l jf[hn nb[n nb_m_ nl[cnm q_l_ 

]igj[l[ncp_fs oh^_l nb_ ch`fo_h]_ i` nb_ _hpclihg_hn 

l[nb_l nb[h \_cha a_h_nc][ffs ]ihnliff_^.   

Heritability and genetic advance        

H_lcn[\cfcns ^_hin_m nb_ [giohn i` p[lc[ncih nb[n cm j[mm_^ 
ih `lig j[l_hnm ni nb_cl iffmjlcha qbc]b cm mn[ncmnc][ffs [m-

m_mm_^ \s ][f]of[ncha nb_ a_hinsjc] [h^ jb_hinsjc] p[lc-

[h]_. Bon a_h_nc] a[chm ][h \_ []]ol[n_fs [mm_mm_^ ihfs \s 

]iojfcha nb_ _mncg[n_m i` b_lcn[\cfcns qcnb a_h_nc] [^p[h]_ 

[m j_l]_hn[a_ i` nb_ g_[h [m cn ch]fo^_m \inb [^^cncp_ [h^ 

_jcmn[nc] _ff_]nm qbc]b qiof^ g[e_ nb_ m_f_]ncih gil_ 

_ff_]ncp_. Tl[cnm mo]b [m jf[hn b_cabn, hog\_l i` jlcg[ls 

[h^ m_]ih^[ls \l[h]b_m, ji^ qc^nb, boh^l_^ ji^ q_cabn, 

if_c] []c^, [h^ fchif_c] []c^ ]ihn_hn b[^ bcab_l _mncg[n_m 

i` \inb b_lcn[\cfcns [h^ a_h_nc] [^p[h]_ [m j_l]_hn[a_ i` 

nb_ g_[h (T[\f_ 1) (Fca. 3). Pi^ sc_f^ j_l jf[hn b[^ gi^_l-

[n_ _mncg[n_m i` b_lcn[\cfcns [h^ a_h_nc] [^p[h]_ [m j_l-

]_hn[a_ i` nb_ g_[h. In q[m `ioh^ nb[n \inb nb_ _mncg[n_m 

q_l_ fiq `il icf ]ihn_hn ch^c][ncha nb[n nb_ _hpclihg_hn 

jf[sm [ boa_ j[ln [h^ nb_l_`il_ m_f_]ncih qiof^ \_ `oncf_. 

I^_hnc][f `ch^cham q_l_ l_jiln_^ `il jf[hn b_cabn, hog\_l 

i` jlcg[ls [h^ m_]ih^[ls \l[h]b_m, [h^ boh^l_^ ji^ 

q_cabn (19); `il icf ]ihn_hn (20); `il boh^l_^ ji^ q_cabn 

(15, 20) [h^ bcab GCV, PCV, b_lcn[\cfcns [h^ GAM `il fchif_c] 

[]c^ (21).  

Fca. 2. G_hinsjcha i` BC2F2 jijof[ncih `il ahFAD2A [ff_f_: L – 100 \j f[^^_l.  

Tr[cts Mcn M[x 
Pb_n. 

v[r 

Env. 

v[r 

G_n. 

v[r 
PCV GCV b2 GAM Sk_wn_ss Kurtoscs 

PH 24.00 78.00 63.15 6.09 57.05 16.05 15.25 90.35 29.86 -0.31 1.90 

PB 2.00 19.00 10.19 0.33 9.86 34.90 34.33 96.73 69.55 0.47 0.05 

SB 2.00 31.00 48.53 1.00 47.53 44.56 44.10 97.94 89.90 0.28 -0.49 

PL 2.10 2.90 0.04 0.00 0.03 7.62 7.25 90.49 14.20 0.14 -0.79 

PW 0.80 1.50 0.02 0.00 0.02 11.88 10.92 84.44 20.66 -0.77 -0.06 

HPW 22.22 111.11 143.01 1.59 141.42 17.39 17.29 98.89 35.43 0.05 2.48 

HSW 21.57 33.33 4.29 2.25 2.04 7.84 5.40 47.50 7.67 0.02 0.28 

Ocf 44.26 54.34 3.20 2.29 0.91 3.60 1.92 28.36 2.10 0.01 0.44 

OA 38.26 57.72 37.72 0.72 37.00 12.77 12.65 98.08 25.80 -0.43 -1.56 

LA 24.21 39.86 23.38 0.94 22.44 15.31 15.00 95.97 30.26 0.38 -1.46 

PYP 13.36 27.89 7.46 4.35 3.11 12.80 8.27 41.75 11.00 -0.60 0.37 

T[\l_ 1. V[lc[\cfcns j[l[g_n_lm, me_qh_mm [h^ eolnimcm ch nb_ BC2F2 jijof[ncih i` TMV 7 r ICG 15419.    

Fca. 3. Din jfin i` PCV,GCV, H_lcn[\cfcns [h^ G_h_nc] [^p[h]_ [m j_l ]_hn i` g_[h i` _f_p_h \cig_nlc][f nl[cnm.  
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Skewness and kurtosis         

A hilg[ffs ^cmnlc\on_^ jijof[ncih cm [fq[sm jl_`_ll_^ ch 

gimn i` nb_ h[nol[f jb_hig_h[ il jlij_lnc_m ch h[nol_. 

Tb_ [msgg_nls i` [ hilg[f ^cmnlc\oncih cm g_[mol_^ \s [ 

mn[ncmnc][f ]igjih_hn n_lg_^ me_qh_mm. I` nb_ acp_h p[fo_m 

[l_ al_[n_l nb[h ih_ [h^ ]ih]_hnl[n_^ ih nb_ lcabn mc^_ cn 

^_hin_m jimcncp_ me_qh_mm [h^ c` nb_ p[fo_m [l_ f_mm_l nb[h 

ih_ [h^ ]ih]_hnl[n_^ ih nb_ f_ft mc^_, cn ^_hin_m h_a[ncp_ 

me_qh_mm. Kolnimcm ih nb_ inb_l b[h^ _rjf[chm nb_ 

n[cf_^h_mm i` [ jijof[ncih. T[cf_^h_mm ^_j_h^m ih nb_  

i]]oll_h]_ i` nb_ ionfc_lm. Kolnimcm b[m nbl__ ][n_ailc_m, 

g_mieolnc], jf[nseolnc], [h^ f_jnieolnc]. M_mieolnc] cm [ 

jijof[ncih `iffiqcha [ hilg[f ^cmnlc\oncih qcnb [ eolnimcm 

p[fo_ i` t_li.  Pimcncp_ eolnimcm il f_jnieolnc] qcnb [ eolni-

mcm p[fo_ al_[n_l nb[h 3 b[m `f[nn_l j_[em [h^ `[n n[cfm 

qb_l_[m h_a[ncp_ eolnimcm il jf[nseolnc] qcnb [ eolnimcm 

p[fo_ f_mm_l nb[h 3 b[m mb[lj_l j_[em [h^ fcabn n[cfm. Op_l-

[ff, \inb me_qh_mm [h^ eolnimcm b_fj om ni a_n [ ]f_[l pc_q 

i` nb_ ^cmnlc\oncih i` nb_ ^[n[ [h^ j_[eh_mm i` nb_ ^[n[ 

l_mj_]ncp_fs. Tb_ `l_ko_h]s ^cmnlc\oncih i` [ff nb_ 11 nl[cnm 

cm acp_h ch Fca. 4. 

Fca. 4. Fl_ko_h]s ^cmnlc\oncih i` nb_ _f_p_h \cig_nlc][f nl[cnm ch nb_ BC2F2 jijof[ncih chpifpcha TMV 7 [h^ ICG 15419.  
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 A mcahc`c][hn jimcncp_ me_qh_mm q[m i\m_lp_^ ch nb_ 

hog\_l i` jlcg[ls \l[h]b_m j_l jf[hn qbc]b ch^c][n_^ nb_ 

jl_m_h]_ i` ]igjf_g_hn[ls a_h_ []ncih. P[l[ff_f `ch^cham 

`il jlcg[ls \l[h]b_m q_l_ l_jiln_^ (22). Pi^ sc_f^ j_l 

jf[hn [h^ ji^ qc^nb _rbc\cn_^ [ mcahc`c][hn h_a[ncp_ me_q-

h_mm ch^c][ncha nb[n gimn i` nb_ fch_m b[^ p[fo_m al_[n_l 

nb[h nb_ g_[h p[fo_ (Fca. 4). Tbcm ][h \_ ^o_ ni ^ojfc][n_ 

a_h_ []ncih. R_a[l^cha eolnimcm, jf[hn b_cabn, [h^ boh^l_^ 

ji^ q_cabn b[^ [ jimcncp_ mcahc`c][hn f_jnieolnc] ^cmnlc\o-

ncih, qb_l_[m if_c] []c^ [h^ fchif_c] []c^ ]ihn_hn `iffiq_^ 

[ mcahc`c][hnfs h_a[ncp_ jf[nseolnc] ^cmnlc\oncih ch^c][ncha 

nb_ jl_m_h]_ i` `_q_l a_h_m ch nb_ `ilg_l [h^ jifsa_h_m ch 

nb_ f[nn_l. Scgcf[l `ch^cham `il f_jnieolnc] ^cmnlc\oncih ch 

jf[hn b_cabn [h^ jf[nseolnc] ^cmnlc\oncih ch if_c] []c^ ]ih-

n_hn [h^ fchif_c] []c^ ]ihn_hn q_l_ l_jiln_^ (23). 

Correlation        

Tb_ [mmi]c[ncih \_nq__h [hs nl[cn j[cl h__^m ni \_ _mnc-
g[n_^ `il nb_ ip_l[ff cgjlip_g_hn i` nb_ jli^o]ncih [h^ 

jli^o]ncpcns i` [ ]lij. Sn[ncmnc][ffs, nb_ mnl_hanb i` [ fch_[l 

l_f[ncihmbcj \_nq__h [hs 2 nl[cnm cm g_[mol_^ \s _mncg[n-

cha nb_ ]ill_f[ncih ]i_ffc]c_hnm nb[n l[ha_ `lig -1 ni +1. 

Sno^scha nb_ l_f[ncihmbcj \_nq__h [hs nl[cn j[cl cm [h ch^c-

l_]n q[s i` cgjlipcha nb_ sc_f^ i` nb_ jf[hn. A nl[cn j[cl 

qcnb [ ]ill_f[ncih ]i_ffc]c_hn i` +1 ^_hin_m [ jimcncp_ 

al_[n_mn ]ill_f[ncih ^_jc]ncha nb[n cgjlipcha ih_ i` nb_ 

nl[cnm qiof^ j[l[ff_ffs cgjlip_ nb_ inb_l. A ]ill_f[ncih 

]i_ffc]c_hn i` -1 _rjf[chm [ h_a[ncp_ ]ill_f[ncih ^_jc]ncha 

nb[n c` ih_ nl[cn cm cgjlip_^ nb_ inb_l ih_ b[m [h [hn[ai-

hcmnc] _ff_]n [h^ c` nb_ ]ill_f[ncih ]i_ffc]c_hn cm t_li, cn ^_-

jc]nm hi l_f[ncihmbcj \_nq__h nb_ nl[cn j[cl oh^_l mno^s.  

 Ih nb_ jl_m_hn mno^s, [ jimcncp_ mcahc`c][hn ]ill_f[-
ncih q[m i\m_lp_^ \_nq__h nb_ `iffiqcha nl[cnm pct., boh-

^l_^ ji^ q_cabn (0.386), hog\_l i` jlcg[ls \l[h]b_m 

(0.283), hog\_l i` m_]ih^[ls \l[h]b_m (0.276), [h^ ji^ 

f_hanb (0.206) qcnb ji^ sc_f^ j_l jf[hn (Fca. 5). Pf[hn b_cabn 

_rbc\cn_^ [ mcahc`c][hn jimcncp_ ]ill_f[ncih qcnb hog\_l i` 

m_]ih^[ls \l[h]b_m (0.201), ji^ f_hanb (0.199), boh^l_^ 

ji^ q_cabn (0.262) [h^ boh^l_^ m__^ q_cabn (0.194). A 

mcahc`c][hn jimcncp_ ]ill_f[ncih q[m i\m_lp_^ \_nq__h nb_ 

hog\_l i` jlcg[ls \l[h]b_m [h^ 2 nl[cnm h[g_fs, hog\_l 

i` m_]ih^[ls \l[h]b_m (0.273) [h^ ji^ f_hanb (0.179). Tb_ 

hog\_l i` m_]ih^[ls \l[h]b_m, ji^ f_hanb, [h^ boh^l_^ 

ji^ q_cabn _rbc\cn_^ [ jimcncp_ mcahc`c][hn ]ill_f[ncih qcnb 

ji^ f_hanb (0.271), ji^ q_cabn (0.474), [h^ boh^l_^ m__^ 

q_cabn (0.261) l_mj_]ncp_fs.  A mno^s \s (24) [fmi l_jiln_^ [ 

jimcncp_ ]ill_f[ncih \_nq__h nb_ hog\_l i` m_]ih^[ls 

\l[h]b_m [h^ ji^ f_hanb qcnb ji^ sc_f^ j_l jf[hn. A h_a[-

ncp_fs mcahc`c][hn ]ill_f[ncih q[m `ioh^ \_nq__h if_c] []c^ 

Fca. 5. Cill_fial[g ^_jc]ncha nb_ ]ill_f[ncih ]i_ffc]c_hnm i` _f_p_h nl[cnm.  
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[h^ fchif_c] []c^ ]ihn_hn (-0.958) (Fca. 6A, Fca. 6B). Scgcf[l 

l_mofnm i` h_a[ncp_ ]ill_f[ncih \_nq__h gihiohm[nol[n_^ 

[h^ jifsohm[nol[n_^ `[nns []c^m q_l_ l_jiln_^ \s (25, 26). 

Tb_l_`il_, nb_ nl[cnm jimcncp_fs ]ill_f[ncha qcnb ji^ sc_f^ 

j_l jf[hn ][h \_ _gjb[mct_^ ch nb_ alioh^hon \l__^cha 

jlial[g. A^^cncih[ffs, cn cm i\pciom `lig nb_ mno^s nb[n nb_ 

BC2F2 fch_m nb[n b[^ ch]l_[m_^ if_c] []c^ b[^ fiq_l 

[giohnm i` fchif_c] []c^ [h^ pc]_ p_lm[ [h^ b_h]_, nb_ 

fch_m qcnb ch]l_[m_^ if_c] []c^ ][h \_ n[e_h `il `olnb_l 

\l__^cha jlial[g.  

Path analysis       

P[nb [h[fsmcm cm [ mn[ncmnc][f niif ni ^_m]lc\_ nb_ ][om_ [h^ 
_ff_]n i` nb_ l_f[ncihmbcj \s j[lncncihcha nb_ ]ill_f[ncih 
]i_ffc]c_hnm chni ^cl_]n [h^ ch^cl_]n _ff_]nm. Ih jf[hn \l__^-
cha, cn cm om_^ ni _mncg[n_ nb_ ]ihnlc\oncih i` ch^_j_h^_hn 
nl[cnm \inb ^cl_]n [h^ ch^cl_]n, ih [ ^_j_h^_hn nl[cn, nb_ 
sc_f^. I` nb_ ]ihnlc\oncih i` [h ch^_j_h^_hn nl[cn ih nb_ 
^_j_h^_hn nl[cn cm ^_pic^ i` [hs g_^c[nilm cn cm n_lg_^ [ 
^cl_]n _ff_]n [h^ c` nb_ ]ihnlc\oncih cm nblioab [ g_^c[nil, 
cn cm n_lg_^ [h ch^cl_]n _ff_]n. Tb_ ^cl_]n [h^ ch^cl_]n 
_ff_]nm i` nb_ n_h ch^_j_h^_hn nl[cnm ip_l nb_ ji^ sc_f^ j_l 
jf[hn [l_ acp_h ch T[\f_ 2. Hoh^l_^ ji^ q_cabn (0.370) [h^ 
if_c] []c^ ]ihn_hn (0.218) b[^ nb_ bcab_mn [h^ gi^_l[n_ 
^cl_]n _ff_]n ih ji^ sc_f^. Liq ^cl_]n _ff_]nm q_l_ i\m_lp_^ 
ch ji^ f_hanb, hog\_l i` m_]ih^[ls \l[h]b_m (25), [h^ 
fchif_c] []c^ ]ihn_hn. Tb_ l_mc^o[f _ff_]n q[m `ioh^ ni \_ 
0.363 [h^ nb_ nin[f p[lc[\cfcns ]ihnlc\on_^ \s \inb ^_j_h^-
_hn [h^ ch^_j_h^_hn nl[cnm ch nb_ BC2F2 jijof[ncih q[m 
63.7 %.   

 

Con]luscon  

Snlcha_hn m_f_]ncih i` ch\l_^ fch_m ch [ m_al_a[ncha jijof[-
ncih cm [ p_ls ]lo]c[f mn_j. Flig nbcm mno^s, m_f_]ncih \[m_^ 
ih jf[hn b_cabn, hog\_l i` jlcg[ls \l[h]b_m, boh^l_^ 
ji^ q_cabn, if_c] []c^ ]ihn_hn, [h^ ji^ sc_f^ j_l jf[hn 
qiof^ sc_f^ ]igjligcmcha _ff_]nm \_][om_ i` nb_cl \_nn_l 
_mncg[n_m i` PCV, GCV, b_lcn[\cfcns, [h^ GAM. Tbcm ch^c][n_m 
nb_ jl_m_h]_ i` [^^cncp_ a_h_ []ncih [h^ ]lij cgjlip_-
g_hn jlial[gm chpifpcha m_f_]ncih \[m_^ ih mo]b nl[cnm 
qiof^ ch]l_[m_ nb_ a_h_nc] a[ch ch [ jijof[ncih.   

 

A]knowl_^a_m_nts  

Ool b_[ln`_fn nb[hem ni nb_ S]c_h]_ [h^ Ehach__lcha R_-
m_[l]b Bi[l^, D_j[lng_hn i` S]c_h]_ [h^ T_]bhifias `il 
nb_ `ch[h]c[f mojjiln _rn_h^_^ ni ]ih^o]n nbcm l_m_[l]b.   

 

Autbors’ ]ontrc\utcons  

RLV ]ih^o]n_^ nb_ l_m_[l]b _rj_lcg_hnm [h^ qlin_ nb_ 
g[hom]lcjn. SJ [h^ SM b_fj_^ ch ]ih^o]ncha nb_ _rj_lc-
g_hnm. MAP [h^ SS ^_mcah_^ nb_ mno^s [h^ moj_lpcm_^ cn. 
AK b_fj_^ ch nb_ mn[ncmnc][f [h[fsmcm [h^ chn_ljl_n[ncih. 
MAP b_fj_^ ch a_hinsj_ ]iff_]ncih, [h^ ]ill_]n_^ [h^ l_-
pcm_^ nb_ g[hom]lcjn.   

Fca. 6A. S][nn_l jfin i` if_c] []c^ pm fchif_c] []c^.  

Fca. 6B. S][nn_l jfin i` if_c] []c^ pm ji^ sc_f^ j_l jf[hn.  

Tr[cts PH PB SB PL PW HPW HSW Ocl OA LA PYP 

PH 0.010 0.020 0.033 0.012 0.004 0.097 -0.012 0.000 0.012 -0.005 0.171 

PB 0.001 0.183 0.045 0.011 0.008 0.056 -0.003 0.000 -0.038 0.020 0.283** 

SB 0.002 0.050 0.165 0.017 0.015 0.028 -0.002 0.000 0.010 -0.010 0.276** 

PL 0.002 0.031 0.042 0.065 0.050 0.030 -0.007 0.000 -0.007 0.001 0.206* 

PW 0.000 0.013 0.024 0.031 0.105 -0.050 0.002 0.000 0.000 -0.002 0.14 

HPW 0.003 0.028 0.013 0.005 -0.014 0.370 -0.016 0.000 -0.009 0.007 0.386** 

HSW 0.002 0.010 0.005 0.007 -0.003 0.097 -0.061 -0.001 0.006 -0.006 0.056 

Ocf 0.001 0.020 0.018 0.004 0.000 0.023 -0.010 -0.003 0.001 -0.003 0.049 

OA 0.001 -0.032 0.008 -0.002 0.000 -0.015 -0.002 0.000 0.218 -0.109 0.067 

LA 0.000 0.032 -0.014 0.001 -0.002 0.022 0.003 0.000 -0.208 0.113 -0.053 

T[\l_ 2. Dcl_]n [h^ ch^cl_]n _ff_]nm ih ji^ sc_f^ j_l jf[hn ch nb_ BC2F2 jijof[ncih i` TMV7 r ICG 15419.   
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