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vaxwj ¼Vitis vinifera L.) ds chtjfgr mRifjorhZ esa ijkx&ckaÖkiu ls lacaf/kr  
xSesVkstsusfll rFkk thuksfed ladsrksa dk rqyukRed v/;;u

flf) pOgk.k] lrh'k Qkyds] lqtkrk rsrkyh] foV~By Vh ckjodj] jfoUnz ikfVy ,oa dqekj Hkkjr Hkw"k.k

vk?kkjdj vuqla/kku laLFkku] th- th- vkxjdj jksM] iq.ks& 411004 egkjk"Vª ¼Hkkjr½

[bZ&esy% rmpatil@aripune.org ,oa bharatbhushan@aripune.org]

lkjka'k% rkts rFkk lw[ks Qy ds :i esa miHkksx ds fy, chtjfgr vaxwjksa dh ekax cgqr vf/kd gSA vaxwj ¼Vitis vinifera L.) esa chtjfgrrk nks fofHkUUk ra=kksa }kjk 
mRiUUk gksrh gS& LVsuksLieksZdkihZ rFkk ikFksZuksdkihZA gkykafd] vaxwj esa cht fodkl ds izeq[k fu;kedksa rFkk muds y{; thuksa dk vHkh rd i;kZIr :i ls o.kZu ugha 
fd;k x;k gSA bl v/;;u esa cht okys vaxwj ladj ARI-516 rFkk mlds chtjfgr mRifjorhZ dk mi;ksx djds vaxwj esa chtjfgr y{k.k dks fu;af=kr djus okys 
vk.kfod ra=kksa dks leÖkus dk iz;kl fd;k x;kA xSesVkstsusfll ds v/;;u ls ;g ik;k x;k fd chtjfgr mRifjorhZ esa ijkxd.kksa dh lajpuk vlkekU; Fkh] mudh 
thou{kE;rk vR;ar de Fkh rFkk muesa vadqj.k dh {kerk iw.kZr% vuqifLFkr FkhA blds vfrfjä chtjfgr mRifjorhZ esa eSØksxSesVksQkbV dk vkdkj ARI-516 dh 
rqyuk esa mYys[kuh; :i ls NksVk ik;k x;kA fodkl dh rhu voLFkkvksa&izh&¶ykofjax voLFkk ¼E-L 15)] ,UFksfll voLFkk ¼E-L 23) rFkk csjh fuekZ.k voLFkk 
¼E-L 31) ij VªkalfØIVksfed rqyuk dh xbZ] ftlls chtjfgr mRifjorhZ rFkk ARI-516 esa ifjofrZr fodklkRed izfØ;kvksa dk v/;;u fd;k tk ldsA chtjfgr 
mRifjorhZ esa de vfHkO;ä ¼downregulated) thu eq[;r% iq#"k xSesVksQkbV fodkl ls lacaf/kr tSfod ekxks± esa le`) ik, x,] tks ijkx&ckaÖkiu dk dkj.k gks 
ldrs gSaA RNA-seq ds ifj.kkeksa dh iqf"V qRT-PCR }kjk dh xbZA blds vfrfjä thukse vuqØe.k MsVk dk mi;ksx djds chtjfgr mRifjorhZ esa izsfjr mRifjorZuksa 
dh igpku dh xbZ] ftlesa iq#"k xSesVksQkbV fodkl ls lacaf/kr thuksa esa rhu gksekstkbxl rFkk 25 gsVsjkstkbxl InDel ik, x,A RNA-seq rFkk thukse vuqØe.k 
ds la;qä ifj.kke ;g ladsr nsrs gSa fd ARI-516 ds chtjfgr mRifjorhZ esa ijkx fuekZ.k] ifjiDork rFkk vadqj.k ls lacaf/kr fodklkRed ,oa 'kkjhfjd izfØ;kvksa 
esa vlkekU;rk ds dkj.k ikFksZuksdkfiZd chtjfgrrk mRiUUk gksrh gSA bl v/;;u esa dksf'kdk foHkktu] fxcjsfyu tSola'ys"k.k ,oa flXufyax] dksf'kdk fHkfÙk fodkl 
rFkk ijkx vadqj.k ls lacaf/kr VªkalfØI'ku QSDVjksa vkSj muds y{; thuksa ds neu dks n'kkZ;k x;k gSA ;g v/;;u thuksfed n`f"Vdks.k dk mi;ksx djrs gq, vaxwj 
esa ikFksZuksdkfiZd ijkx&ckaÖkiu ls lacaf/kr laHkkfor thuksa dh igpku dh fn'kk esa ,d egRoiw.kZ iz;kl izLrqr djrk gSA 
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ABSTRACT
The demand for seedless grapes for consumption as fresh and dried fruits is very high. In grapevine (Vitis vinifera L.), seedlessness arises through 
two different mechanisms: stenospermocarpy and parthenocarpy. However, the major regulators of seed development and their target genes in 
grapes have not yet been fully characterized. In the present study, the seeded grape hybrid ARI-516 and its seedless mutant were used to investigate 
the molecular mechanisms controlling the seedless trait in grapes. The study of gametogenesis revealed that pollen grains in the seedless mutant 
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izLrkouk

vaxwj fo'o dh izeq[k ckxokuh Qlyksa esa ls ,d gSA o"kZ 2021 
esa fo'o Hkj esa yxHkx 7-3 fefy;u gsDVs;j {ks=k ls yxHkx 84-8 
fefy;u Vu vaxwj dk mRiknu gqvkA mRikfnr vaxwj dk yxHkx 55» 
Hkkx fofHkUUk vkS|ksfxd  mRiknksa&tSls okbu vkSj twl&ds fuekZ.k esa 
mi;ksx fd;k tkrk gS] tcfd yxHkx 44» Hkkx rkts ;k lw[ks vaxwj 
ds :i esa miHkksx fd;k tkrk gSA miHkksäk vkerkSj ij ,sls vaxwjksa 
dks ilan djrs gSa ftuesa cht u gksa] ftudh Ropk iryh gks rFkk 
ftudk xwnk dqjdqjk vkSj Lokn ehBk gks[1,2]A fiNys n'kd esa Vscy 
vaxwj ds oSf'od mRiknu esa fujarj o`f) ns[kh xbZ gS] tks orZeku esa 
yxHkx 27 fefy;u Vu rd igq¡p pqdk gSA ;g o`f) eq[;r% rkts 
vkSj lw[ks nksuksa :iksa esa chtjfgr vaxwjksa dh c<+rh ekax ds dkj.k gqbZ 
gSA blfy, mPp mRikndrk rFkk csgrj xq.koÙkk okys chtjfgr vaxwjksa 
dk fodkl vaxwj lq/kkj dk;ZØeksa dk izeq[k mís'; cu x;k gS[3]A 
vaxwj esa chtjfgrrk eq[;r% nks ra=kksa ds ek/;e ls mRiUUk gksrh gS% 

¼1½ LVsuksLieksZdkihZ ¼Stenospermocarpy)% bl izfØ;k esa 
ijkx.k vkSj fu"kspu lkekU; :i ls gksrs gSa] fdarq fu"kspu ds dqN 
lIrkg ckn cht dk fodkl #d tkrk gS vkSj dsoy cht ds vo'ks"k 
jg tkrs gSaA bl fLFkfr esa csjh dk vkdkj Hkh vis{kkÑr NksVk gks 
tkrk gS[4]A LVsuksLieksZdkfiZd chtjfgr Qy vaxwj dh izfl) fdLe 
lqYrkfuuk ¼FkkWEilu lhMysl½ esa ik, tkrs gSa[4,5]A

¼2½ ikFksZuksdkihZ (Parthenocarpy)% bl izfØ;k esa Qy dk 
fodkl fu"kspu ds fcuk gh vaMk'k; ls gks tkrk gSA ;g lkekU;r% 
uj vFkok eknk xSesV dh ckaÖkrk ds dkj.k gksrk gS vkSj blds  
ifj.kkeLo:i NksVs vkdkj ds chtjfgr Qy mRiUUk gksrs gSaA 

chtjfgr vaxwjksa ds vkuqoaf'kd vk/kkj ij dbZ v/;;u fd, x, 
gSaA mnkgj.k ds fy, gky ds ,d v/;;u esa vaxwj dh Rizamat 
fdLe esa u, laHkkfor thu Vitvi01g00455, Vitvi08g01528 
vkSj Vitvi18g01237 dh igpku dh xbZ] tks chtjfgrrk ls 
tqM+s fjlsflo yksdh ls lacaf/kr ik, x,[7]A rqyukRed thuksfeDl 

rFkk thukse&okbM ,lksfl,'ku v/;;u ¼GWAS) ds ek/;e ls 
VvSUS2 rFkk VvTT16 tSls thuksa dh Hkh igpku dh xbZ gS] 
tks chtjfgr vaxwj fdLeksa ls tqM+s ik, x, gSa[8]A blds foijhr  
ikFksZuksdkfiZd chtjfgrrk ds vkuqoaf'kd vk/kkj ij vis{kkÑr de 
v/;;u miyC/k gSaA vaxwj ds Corinto bianco uked lkseSfVd 
oSfj,aV ij fd, x, v/;;u esa ;g lqÖkko fn;k x;k fd ikFksZuksdkihZ 
laHkor% ifjiDo eSØksxSesVksQkbV dh vuqifLFkfr ds dkj.k mRiUUk 
gksrh gS] tks ehvksfll ds vojks/k rFkk fu"kspu&Lora=k Qy fodkl ls 
lacaf/kr gS[6]A blh izdkj dqN vU; Qlyksa tSls lkbVªl rFkk VekVj 
ds mRifjofrZ;ksa esa Hkh ;g ik;k x;k fd ijkx&ckaÖkiu ikFksZuksdkfiZd 
chtjfgrrk dk izeq[k dkj.k gks ldrk gS[9,10]A blds vfrfjä lsc] 
f'keyk fepZ] psjh] [khjk rFkk VekVj tSlh Qlyksa esa ikFksZuksdkihZ 
ls lacaf/kr vkuqoaf'kd dkjdksa dh igpku dh tk pqdh gS[9,11-15]A 
bu v/;;uksa ls ;g Li"V gksrk gS fd chtjfgr mRifjofrZ;ksa dk 
vk.kfod Lrj ij v/;;u chtjfgrrk ds fy, mÙkjnk;h ra=k dks 
leÖkus esa vR;ar egRoiw.kZ gSA

blh lanHkZ esa orZeku v/;;u dk mís'; vaxwj esa chtjfgr 
y{k.k ds varfuZfgr ra=k dh tkap djuk FkkA bl v/;;u esa 
vk?kkjdj vuqla/kku laLFkku] iq.ks esa fodflr cht okys vaxwj ladj 
ARI-516 ls izkIr ,d izsfjr chtjfgr mRifjorhZ dk mi;ksx fd;k 
x;kA bl mRifjorhZ dh vkÑfr ARI-516 ds leku gS] fdarq blesa 
cht vuqifLFkr gksrs gSa rFkk xqPNksa vkSj csfj;ksa dk vkdkj vis{kkÑr 
NksVk gksrk gSA

2- lkexzh ,oa fof/k;k¡ ¼Materials and Methods)

2-1 ikS/k lkexzh

v/;;u ds fy, ARI 516 fdLe dh vkB o"kZ vk;q dh vaxwj 
dh csyksa dk p;u fd;k x;kA ;s csysa v?kkjdj vuqla/kku laLFkku 
¼ARI)] iq.ks ds izk;ksfxd [ksr esa 18°31' v{kka'k rFkk 73°55' 
iw- ns'kkarj ij LFkkfir gSaA csyksa dks iafä;ksa ds chp 2-4 ehVj rFkk  
ikS/kksa ds chp 1-5 ehVj dh nwjh ij yxk;k x;k FkkA ARI 516 

exhibited abnormal morphology, extremely low viability, and complete inability to germinate. In addition, the size of the macrogametophyte in 
the seedless mutant was significantly smaller than that observed in ARI-516. A transcriptomic comparison was performed at three developmental 
stages: pre-flowering (E-L 15), anthesis (E-L 23), and berry set (E-L 31), to examine altered developmental processes in the seedless mutant and 
ARI-516. The downregulated genes in the seedless mutant were mainly enriched in biological pathways related to male gametophyte development, 
which may lead to pollen sterility. The RNA-seq results were further validated by qRT-PCR. Additionally, genome sequencing data were used to 
identify induced mutations in the seedless mutant, revealing three homozygous and 25 heterozygous InDels in genes associated with male game-
tophyte development. The combined results of RNA-seq and genome sequencing suggest that parthenocarpic seedlessness in the ARI-516 seedless 
mutant arises from abnormalities in developmental and physiological processes involved in pollen formation, maturation, and germination. The 
study also demonstrated the downregulation of transcription factors and their target genes associated with cell division, gibberellin biosynthesis 
and signalling, cell wall development, and pollen germination. Overall, this research represents an important effort to identify candidate genes 
associated with parthenocarpic pollen sterility in grapes using a genomic approach.

Keywords: Vitis vinifera, Parthenocarpy, Pollen Development, Seedlessness
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,d mPp mRikndrk okyh] jksx&izfrjks/kh rFkk cgqmís'kh; vaxwj dh 
fdLe gS] ftlds Qyksa dk jax xgjk cSaxuh&dkyk gksrk gS rFkk buesa 
fof'k"V eLdh ¼lqxaf/kr½ Lokn ik;k tkrk gSA bl fdLe dk fodkl 
Beauty Seedless (Vitis vinifera) × Catawba (Vitis vinifera 
× Vitis labrusca) ds ladj.k ls v?kkjdj vuqla/kku laLFkku esa 
fd;k x;k gSA ARI 516 dk ,d chtjfgr mRifjorhZ ¼seedless 
mutant) o"kZ 2012&2013 esa fd, x, xkek fofdj.k&vk/kkfjr  
mRifjorZu ¼gamma irradiation mutagenesis) iz;ksxks a ds  
nkSjku i`Fkd fd;k x;k Fkk[33]A chtjfgr mRifjorhZ rFkk blds ewy  
vfHkHkkod ARI 516 dh vkuqoaf'kd lekurk dks miyC/k MsVkcsl 
esa of.kZr 25 SSR ekdZjksa ¼VVMD, SCU, VMC, VVS, UCH) 
ds ek/;e ls ,yhfyd fofo/krk dh tk¡p djds iqf"V dh xbZA 
uewuksa ds laxzg ls iwoZ chtjfgr y{k.k ¼seedless phenotype) 
dh iqf"V yxkrkj nks o"kks± rd dh xbZA ;qXedtuu ¼gameto-
genesis) ds v/;;u rFkk vaxwj ds xqPNksa ds uewus rhu yxkrkj 
_rqvksa&2020&2021] 2021&2022 vkSj 2022&2023 ds nkSjku ,df=kr 
fd, x,A

2-1 :ikRed ,oa fo'ys"k.k
:ikRed ,oa tSojklk;fud fo'ys"k.k ds fy, iw.kZr% ids vaxwj 

ds xqPNksa ls ARI 516 vkSj mlds chtjfgr mRifjorhZ esa 100 csjh 
dk Hkkj] csjh dh yackbZ vkSj pkSM+kbZ ekih xbZA dqy ?kqyu'khy Bksl 
¼TSS) dk fu/kkZj.k fjÝSDVksehVj }kjk rFkk VkbVªsVscy vEyrk dk  
fu/kkZj.k 0-1 N NaOH ds lkFk VkbVªs'ku }kjk fd;k x;kA 
lw{e&;qXedtuu fo'ys"k.k ds fy, ijkxd.kks a dks E-L 23  
¼iq"iu voLFkk½ ij ,df=kr fd;k x;kA ijkx thforrk dk ijh{k.k 
la'kksf/kr Alexander's staining fof/k ls rFkk ijkx vadqj.k dk 
ijh{k.k ekud vadqj.k ek/;e esa fd;k x;kA ijkx lajpuk dk 
v/;;u SEM }kjk fd;k x;kA ijkxdks"k lajpuk ds v/;;u gsrq 
E-L 15 voLFkk ds uewuksa dks FAA esa fLFkj dj ekbØksVkse [kaMksa 
dk lw{en'khZ; voyksdu fd;k x;kA egk&;qXedtuu fo'ys"k.k 
ds fy, iq"i dfy;ksa dks E-L 15 vkSj E-L 23 voLFkkvksa ij 
,df=kr dj FAA esa fLFkj fd;k x;k rFkk Ård [kaMksa dks lSÝsfuu 
vkSj QkLV xzhu ls /kCckÑr dj lw{en'khZ ls v/;;u fd;k x;kA  
QsuksVkbfid vk¡dM+ksa dk fo'ys"k.k one-way ANOVA vkSj t-test 
}kjk GraphPad Prism lkW¶Vos;j ls fd;k x;kA RNA fu"d"kZ.k 
,oa RNA-seq ds fy, iq"i dfy;k¡ ¼E-L 15, E-L 23) rFkk fodflr 
csjh ¼E-L 31) ls RNA fudkyk x;kA RNA-seq ykbczsjh rS;kj 
dj Illumina HiSeq IysVQkWeZ ij vuqØe.k fd;k x;kA fHkUUk 
thu vfHkO;fä fo'ys"k.k DESeq2 }kjk fd;k x;kA p;fur thuksa 
dh vfHkO;fä dh iqf"V qRT-PCR }kjk dh xbZ rFkk Actin dks 
lanHkZ thu ds :i esa mi;ksx fd;k x;kA laiw.kZ thukse vuqØe.k gsrq 

ARI 516 vkSj mlds chtjfgr mRifjorhZ dk thuksfed DNA ìFkd 
dj Illumina IysVQkWeZ ij vuqØfer fd;k x;kA osfj,aV fo'ys"k.k 
BCFtools vkSj snpEff }kjk fd;k x;k rFkk laHkkfor VªkalfØI'ku 
QSDVj ckbafMax lkbV~l dh igpku PlantPAN MsVkcsl ls dh xbZA

ifj.kke 

:ikRed ,oa tSojklk;fud fo'ks"krkvksa dk rqyukRed fo'ys"k.k
v/;;u esa vaxwj dh fdLe ARI 516 rFkk blds chtjfgr 

mRifjorhZ ds chp :ikRed vkSj tSojklk;fud fo'ks"krkvksa dh rqyuk 
dh xbZA voyksduksa ls Li"V gqvk fd ARI 516 ds lHkh Qyksa esa 
lkekU; :i ls fodflr cht mifLFkr Fks] tcfd blds mRifjorhZ 
esa iw.kZr% chtjfgr Qy fodflr gq,A nksuksa thuksVkbiksa ds xqPNksa 
vkSj Qyksa dh lajpuk esa Li"V varj fn[kkbZ fn;k ¼fp=k 1½A Qy ds 
vkdkj vkSj Hkkj ls lacaf/kr fo'ks"krkvksa ds fo'ys"k.k ls ;g Kkr 
gqvk fd chtjfgr mRifjorhZ esa csjh dk vkdkj ARI 516 dh rqyuk 
esa NksVk FkkA ARI 516 esa 100 csjh dk vkSlr Hkkj yxHkx 147 
xzke ik;k x;k] tcfd chtjfgr mRifjorhZ esa ;g yxHkx 78 xzke 
FkkA blh izdkj csjh dh yackbZ vkSj pkSM+kbZ Hkh chtjfgr mRifjorhZ 
esa mYys[kuh; :i ls de ikbZ xbZA bu lHkh :ikRed ekinaMksa esa 
varj lkaf[;dh; :i ls egRoiw.kZ ik;k x;k ¼fp=k 1D)A ikS/k 
o`f) fu;kedksa ds mi;ksx ls chtjfgr mRifjorhZ esa Qy vkdkj esa  
lq/kkj ns[kk x;kA tc xqPNksa ij fxcjsfyd vEy ¼GA3) rFkk GA3 
ds lkFk 6&csatkby,Msfuu ¼6BA) dk mipkj fd;k x;k] rc csjh 
dh pkSM+kbZ vkSj 100&csjh Hkkj esa mYys[kuh; o`f) ntZ dh xbZA ;g 
ifj.kke ladsr djrk gS fd mi;qä gkeksZu mipkj }kjk chtjfgr 
vaxwj dh O;kolkf;d xq.koÙkk dks csgrj cuk;k tk ldrk gS  
¼fp=k 1D)A tSojklk;fud fo'ys"k.k ls ;g Hkh Kkr gqvk fd chtjfgr 
mRifjorhZ ds Qyksa esa dqy ?kqyu'khy Bksl ¼TSS) dh ek=kk vis{kkÑr 
vf/kd FkhA chtjfgr mRifjorhZ esa TSS yxHkx 24-8° fczDl 
ntZ fd;k x;k] tcfd ARI 516 esa ;g yxHkx 20-4° fczDl Fkk  
¼fp=k 1E)A nwljh vksj VkbVªsVscy vEyrk rFkk pH esa nksuksa thuksVkbiksa 
ds chp dksbZ egRoiw.kZ varj ugha ik;k x;k ¼fp=k 1F)A

lw{e&;qXedtuu vkSj ijkx fodkl dk fo'ys"k.k

ijkx fodkl ds v/;;u ls chtjfgrrk ls lacaf/kr egRoiw.kZ 
varj lkeus vk,A Alexander staining fof/k }kjk ijkx thforrk 
ds ijh{k.k ls ;g ik;k x;k fd ARI 516 esa yxHkx 69-93» 
ijkxd.k thfor vkSj dk;kZRed Fks] tcfd chtjfgr mRifjorhZ esa 
;g dsoy yxHkx 13-07» FkkA bl izdkj chtjfgr mRifjorhZ esa 
Li"V :i ls ijkx ck¡Ökiu ik;k x;k ¼fp=k 2A-C)A ijkxd.kksa dh 
lajpuk dk lw{en'khZ; fo'ys"k.k djus ij ;g ik;k x;k fd ARI 
516 ds ijkxd.k lkekU; f=kdksYisV lajpuk okys Fks] ftuesa Li"V 
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fNnz vkSj lefer vkÑfr fn[kkbZ nsrh FkhA blds foijhr chtjfgr 
mRifjorhZ esa ijkxd.kksa dk vkdkj vkSj lajpuk vR;f/kd foÑr ikbZ 
xbZA dbZ ijkxd.kksa esa f}dksYiksfjr lajpuk] fldqM+u vkSj vfu;fer 
vkÑfr ns[kh xbZA bu lajpukRed vlkekU;rkvksa dh iqf"V LdSfuax 
bysDVªkWu ekbØksLdksih ¼SEM) fo'ys"k.k }kjk Hkh gqbZ ¼fp=k 2D-F)
A ijkx vadqj.k ijh{k.kksa ls ;g Li"V gqvk fd ARI 516 esa yxHkx 
49-85» ijkxd.k vadqfjr gq, vkSj muesa Li"V ijkxufydk dk 
fodkl gqvkA blds foijhr chtjfgr mRifjorhZ esa dsoy yxHkx 
3-48» ijkxd.k gh vadqfjr gks ldsA vf/kdka'k ijkxd.k vadqj.k 
esa vlQy jgs] ftlls ;g Li"V gksrk gS fd chtjfgr mRifjorhZ esa 
ijkxd.k u dsoy lajpukRed :i ls vlkekU; gSa cfYd dk;kZRed 
:i ls Hkh fuf"Ø; gSa ¼fp=k 2G-I)A

egk&;qXedtuu ¼Megagametogenesis) dk fo'ys"k.k
eknk iztuu lajpukvksa ds v/;;u ls Hkh egRoiw.kZ varj lkeus 

vk,A vaMk'k; vkSj chtkaM dh lajpuk dk lw{en'khZ; fo'ys"k.k djus 
ij ;g ik;k x;k fd chtjfgr mRifjorhZ esa chtkaM dk vkdkj ARI 
516 dh rqyuk esa dkQh NksVk FkkA chtkaM dh yackbZ vkSj pkSM+kbZ 
nksuksa esa mYys[kuh; deh ns[kh xbZ] tks lkaf[;dh; :i ls vR;f/kd 
egRoiw.kZ ikbZ xbZA vaMk'k; ds vuqnS/;Z [kaMksa ds lw{en'khZ; fp=kksa esa 

Hkh ;g varj Li"V fn[kkbZ nsrk gS ¼fp=k 3½A bu ifj.kkeksa ls ladsr 
feyrk gS fd chtjfgr mRifjorhZ esa dsoy uj ;qXed fodkl gh 
ugha] cfYd eknk iztuu lajpukvksa dk fodkl Hkh izHkkfor gqvk gSA

VªkalfØIVksfed fo'ys"k.k vkSj thu vfHkO;fä
chtjfgrrk ds vk.kfod vk/kkj dks leÖkus ds fy, RNA-

seq vk/kkfjr VªkalfØIVksfed fo'ys"k.k fd;k x;kA bl v/;;u esa 
nks thuksVkbiksa rFkk rhu fodkl voLFkkvksa ls dqy 18 RNA-seq 
ykbczsjh rS;kj dh xbZaA izR;sd ykbczsjh ls mPp xq.koÙkk okys vuqØe 
izkIr gq,A Principal Component Analysis (PCA) us fofHkUUk 
uewuksa ds chp Li"V foHksnu iznf'kZr fd;k vkSj tSfod izfrÑfr;ksa ds 
chp mPp laxfr dks n'kkZ;k ¼fp=k 4A)A thu vfHkO;fä fo'ys"k.k 
ls dqy 4354 fHkUUk vfHkO;ä thuksa ¼DEGs) dh igpku dh 
xbZA buesa 1495 thuksa dh vfHkO;fä c<+h gqbZ ¼upregulated) 
rFkk 2859 thuksa dh vfHkO;fä de ¼downregulated) ikbZ xbZA 
fofHkUUk fodkl voLFkkvksa ds chp DEGs dk forj.k Hkh fHkUUk ik;k 
x;k ¼fp=k 4B-D)A 

thu dk;kZRed fo'ys"k.k vkSj tSfod ekxZ
Gene Ontology (GO) fo'ys"k.k ls ;g Li"V gqvk fd ig-

pkus x, dbZ DEGs tSfod izfØ;kvksa tSls ijkx fodkl] dksf'kdk 

fp=k 1 — ARI 516 vkSj chtjfgr mRifjorhZ ds xqPNksa vkSj csjh dk :ikRed varj
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fp=k 2 — A-C: Alexander staining }kjk ijkx thforrk fo'ys"k.k] D-F: SEM }kjk ijkxd.k lajpuk] G-I: ijkx vadqj.k ijh{k.k

fp=k 3 — vaMk'k; vkSj chtkaM dk fgLVksykWftdy v/;;u
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fHkfÙk fuekZ.k] dksf'kdk foHkktu vkSj gkeksZu ladsr lapj.k ls  
lacaf/kr gSaA GO oxhZdj.k esa bu thuksa dks fofHkUUk tSfod izfØ;kvksa] 
vk.kfod dk;ks± rFkk dksf'kdh; ?kVdksa ds varxZr oxhZÑr fd;k x;k  
¼fp=k 5½A Heatmap fo'ys"k.k us ;g n'kkZ;k fd dbZ thuksa dh 
vfHkO;fä chtjfgr mRifjorhZ esa mYys[kuh; :i ls de Fkh] fo'ks"k 
:i ls os thu tks iztuu fodkl vkSj ijkx fuekZ.k ls lacaf/kr gSaA 
Pathway fo'ys"k.k ls ;g Hkh ladsr feyk fd fxcjsfyu tSola'ys"k.k 
rFkk vU; gkeksZu&lacaf/kr ekxks± esa Hkh ifjorZu gqvk gS] tks iztuu 
fodkl dks izHkkfor dj ldrs gSa ¼fp=k 6½A

RNA-seq ifj.kkeksa dk qRT-PCR izek.khdj.k
RNA-seq fo'ys"k.k dh iqf"V ds fy, p;fur thuksa dk  

qRT-PCR }kjk fo'ys"k.k fd;k x;kA dqy 25 thuksa dh vfHkO;fä 
dk ijh{k.k fd;k x;k vkSj izkIr ifj.kke RNA-seq MsVk ds vuq:i 
ik, x,A ;g ifj.kke thu vfHkO;fä fo'ys"k.k dh fo'oluh;rk 
dks n'kkZrs gSa ¼fp=k 7½A

thukse vuqØe.k vkSj InDel mRifjorZu
laiw.kZ thukse vuqØe.k ls chtjfgr mRifjorhZ esa dbZ InDel 

mRifjorZuksa dh igpku gqbZA fo'ys"k.k esa rhu letkr rFkk iPphl 
fo"ketkr InDel ik, x,] ftudk laca/k iztuu fodkl ls lacaf/kr 
thuksa ls FkkA bu mRifjorZuksa dk laHkkfor izHkko VªkalfØI'ku QSDVj 
ckbafMax lkbV~l ij Hkh ns[kk x;k ¼lkj.kh 1½A bu ifj.kkeksa ls ladsr 
feyrk gS fd thuksfed Lrj ij gq, ;s ifjorZu thu vfHkO;fä dks 
izHkkfor dj ldrs gSa vkSj varr% ijkx fodkl rFkk cht fuekZ.k 
dh izfØ;kvksa esa ck/kk mRiUUk dj ldrs gSaA

ppkZ
vaxwj esa chtjfgr Qyksa dh ekax oSf'od Lrj ij fujarj c<+ 

jgh gS] fo'ks"k :i ls Vscy xzsIl ds :i esa miHkksx ds fy,A bl 
dkj.k ubZ chtjfgr fdLeksa dk fodkl vaxwj lq/kkj dk;ZØeksa dk 
,d izeq[k y{; cu x;k gSA chtjfgr vaxwj dh fdLesa Qy fodkl 
rFkk chtjfgrrk ds tSfod vkSj vkuqoaf'kd ra=k dks leÖkus ds fy, 

fp=k 4 — RNA-seq MsVk dk PCA fo'ys"k.k] B-D: Differentially Expressed Genes (DEGs) dk forj.k



pOgk.k ,oa vU;% vaxwj ¼Vitis vinifera L.) ds chtjfgr mRifjorhZ esa ijkx&ckaÖkiu ls lacaf/kr xSesVkstsusfll rFkk thuksfed ladsrksa dk rqyukRed v/;;u 13

mi;qä ekWMy iznku djrh gSaA orZeku v/;;u esa vaxwj dh cht;qä 
fdLe ARI 516 rFkk mlds xkek fofdj.k }kjk izkIr chtjfgr 
mRifjorhZ dk rqyukRed fo'ys"k.k fd;k x;k] ftlesa xSesV fodkl] 
thu vfHkO;fä rFkk thuksfed ifjorZuksa dk v/;;u fd;k x;kA 
v/;;u ds ifj.kkeksa ls ;g Li"V gqvk fd chtjfgr mRifjorhZ esa 
izeq[k :i ls ijkx ck¡Ökiu ¼pollen sterility) ik;k tkrk gS] tks 
chtjfgrrk ds fodkl esa egRoiw.kZ Hkwfedk fuHkk ldrk gSA

lw{exSesVkstsusfll ds fo'ys"k.k ls ;g ik;k x;k fd chtjfgr 
mRifjorhZ esa ijkxd.kksa dh lajpuk lkekU; ugha FkhA bl mRifjorhZ 
esa ijkxd.k fldqM+s gq,] f}&dksyiksjsV rFkk vfu;fer vkdkj ds ik, 
x,] tcfd ewy fdLe ARI 516 esa ijkxd.kksa dk lkekU; fodkl 
ns[kk x;kA Alexander staining ijh{k.k esa Hkh ijkx dh thforrk esa 
mYys[kuh; deh ikbZ xbZ vkSj ijkx vadqj.k ek/;e ij dksbZ vadqj.k 

ugha ns[kk x;kA ;g ifj.kke Li"V :i ls n'kkZrs gSa fd chtjfgr 
mRifjorhZ esa ijkx fØ;k'khy ugha gSA iwoZ ds v/;;uksa esa Hkh ;g 
ik;k x;k gS fd vlkekU; vkdkj okys ijkxd.kksa esa vadqj.k {kerk 
lekIr gks tkrh gS vkSj blls fu"kspu izfØ;k izHkkfor gksrh gS[16-18]A 
vaxwj esa ijkx ck¡Ökiu dks chtjfgrrk ds fodkl ls Hkh tksM+k x;k 
gS[6,19,20]A bl izdkj ifjiDo uj xSesVksQkbV dh vuqifLFkfr chtjfgr 
mRifjorhZ esa ikFksZuksdkfiZd Qyu dh fLFkfr mRiUUk dj ldrh gSA

iq"idks"k dh lajpuk ds v/;;u ls ;g Hkh Li"V gqvk fd 
ARI 516 ds iq"idks"kksa esa pkj lkekU; yksD;wy rFkk LoLFk VSisVe 
mifLFkr Fkk] tcfd chtjfgr mRifjorhZ esa VSisVe vis{kkÑr iryk 
rFkk dbZ LFkkuksa ij fo[kafMr ik;k x;kA VSisVe ijkx fodkl 
ds fy, vko';d iks"kd rRo miyC/k djkrk gS] vr% bldh 
lajpukRed vlkekU;rk ijkx fodkl dks izfrdwy :i ls izHkkfor 

fp=k 5 — Gene Ontology (GO) classification
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dj ldrh gSA iwoZ ds v/;;uksa esa Hkh ;g fl) fd;k x;k gS fd 
VSisVe dh vlkekU; lajpuk ls ijkx fodkl ckf/kr gksrk gS rFkk 
uj ck¡Ökiu mRiUUk gks ldrk gS[21-23]A bl v/;;u esa ;g Hkh ik;k 
x;k fd VvAGL11 rFkk VvSUC tSls thu] tks LVsuksLieksZdkfiZd  
chtjfgrrk ls lacaf/kr ekus tkrs gSa] chtjfgr mRifjorhZ esa 

Mkmu&jsxqysV FksA blds vfrfjä p3VvAGL11 rFkk VMC7F2 
tSls vk.kfod ekdZj ARI 516 rFkk mlds mRifjorhZ esa varj 
Li"V ugha dj ik,A bu voyksduksa ls ladsr feyrk gS fd ARI 
516 dk chtjfgr mRifjorhZ laHkor% LVsuksLieksZdkihZ ds ctk; 
ikFksZuksdkihZ ds dkj.k chtjfgr gSA

fp=k 6 — Pathway enrichment analysis
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VªkalfØIVksfed fo'ys"k.k us ;g Hkh n'kkZ;k fd chtjfgr mRifjorhZ 
esa vusd ,sls thuksa dh vfHkO;fä esa ifjorZu gqvk tks dksf'kdk 
foHkktu rFkk uj xSesV ds foHksnu ls lacaf/kr gSaA fo'ks"k :i ls 
DUO POLLEN rFkk SIDECAR POLLEN thuksa ds le:i 
thuksa dk Mkmu&jsxqys'ku ik;k x;kA ;s thu ijkxd.kksa esa dksf'kdk 
foHkktu rFkk uj xSesV ds foHksnu dks fu;af=kr djrs gSa[24-26]A buds 
vfrfjä AAA-ATPase ifjokj ds thu rFkk AURORA kinase 
tSls thu Hkh de vfHkO;ä ik, x,] ftudh Hkwfedk ehvksfll 
rFkk Øksekslkse foHkktu esa egRoiw.kZ ekuh tkrh gS[27,28]A blh izdkj 
UBIQUITIN LIGASE rFkk PHOSPHATIDYLINOSITOL 
MONOPHOSPHATE KINASE tSls thuksa dh vfHkO;fä esa 
Hkh deh ns[kh xbZ] tks ijkx fodkl rFkk flXufyax ekxks± esa Hkwfedk 
fuHkkrs gSa [29-32]A bu ifj.kkeksa ls ;g ladsr feyrk gS fd dksf'kdk 
foHkktu rFkk uj xSesV foHksnu ls lacaf/kr thuksa dh vfHkO;fä esa 
ifjorZu ekbØksxSesVkstsusfll dks izHkkfor dj ldrk gSA

ikS/kksa esa xSesV fodkl dks fu;af=kr djus esa ikni gkeksZu Hkh 
egRoiw.kZ Hkwfedk fuHkkrs gSaA vkWfDlu] fxCcsjsfyu] lkbVksfdfuu] 
tSleksusV rFkk ,fFkyhu tSls gkeksZu xSesV fodkl ds fofHkUUk pj.kksa dks 
fu;af=kr djrs gSa[33-35]A orZeku v/;;u esa ;g ik;k x;k fd chtjfgr 
mRifjorhZ esa cká GA3 ds iz;ksx ls csjh dk Hkkj c<+ x;k] ftlls ;g 
ladsr feyrk gS fd mRifjorhZ esa fxCcsjsfyu dh deh gks ldrh gSA 
RNA-seq fo'ys"k.k esa CYTOCHROME P450 MONOOXY-
GENASE rFkk GIBBERELLIN 3-β-DIOXYGENASE tSls 
thuksa dk Mkmu&jsxqys'ku ik;k x;k] tks fxCcsjsfyu tSola'ys"k.k esa 
egRoiw.kZ Hkwfedk fuHkkrs gSaA fxCcsjsfyu dh deh dks dbZ ikS/kksa esa ijkx 
ck¡Ökiu rFkk iq"i fodkl esa vlkekU;rk ls tksM+k x;k gS[36,37A blds 
vfrfjä GA oxidase thuksa esa mRifjorZu ls ijkx dh thforrk 
rFkk ijkx ufydk o`f) izHkkfor gksrh gS[38]A vr% ;g laHkkouk gS 
fd fxCcsjsfyu tSola'ys"k.k ekxZ esa ifjorZu chtjfgr mRifjorhZ esa 
ijkx ck¡Ökiu dk ,d izeq[k dkj.k gks ldrk gSA

fp=k 7 — RNA-seq ifj.kkeksa dk qRT-PCR izek.khdj.k
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VªkalfØIVksfed fo'ys"k.k ls ;g Hkh Kkr gqvk fd dbZ VªkalfØI'ku 
QSDVj ifjokjksa dh vfHkO;fä esa ifjorZu gqvkA fo'ks"k :i ls 
bHLH, LOB, WRKY rFkk NAC VªkalfØI'ku QSDVj ifjokjksa ds 
vusd thu chtjfgr mRifjorhZ esa Mkmu&jsxqysV ik, x,A bHLH 
VªkalfØI'ku QSDVj fxCcsjsfyu flXufyax rFkk VSisVe fodkl esa 
egRoiw.kZ Hkwfedk fuHkkrs gSa[35,39]A blh izdkj LOB VªkalfØI'ku 
QSDVj ijkx fodkl rFkk ijkx ek=kk dks fu;af=kr djrs gSaA bu 
VªkalfØI'ku QSDVjksa ds y{; thu tSls EXPANSIN, ENDO-1,4-
?-GLUCANASE, PECTATE LYASE rFkk XYLOSIDASE 

dksf'kdk&fHkfÙk la'kks/ku esa Hkkx ysrs gSa[40]A bl v/;;u esa PEC-
TATE LYASE rFkk PECTIN METHYLESTERASE tSls 
thuksa dk Hkh Mkmu&jsxqys'ku ik;k x;k] tks ijkx lajpuk rFkk ijkx 
ufydk o`f) ds fy, vko';d ekus tkrs gSa[41-43]A

blh izdkj WRKY VªkalfØI'ku QSDVj Hkh ijkx fodkl rFkk 
thu fu;eu esa egRoiw.kZ Hkwfedk fuHkkrs gSaA v/;;u esa nl WRKY 
thuksa dh vfHkO;fä de ikbZ xbZ] lkFk gh muds y{; thuksa tSls 
EXPANSIN rFkk SUC ¼lqØkst VªkaliksVZj½ dh vfHkO;fä Hkh 
de FkhA Arabidopsis eas WRKY2 rFkk WRKY34 VªkalfØI'ku 

lkj.kh 1 — thukse vuqØe.k ls chtjfgr mRifjorhZ esa ik, x, letkr rFkk fo"ketkr 

InDel 
InDels in seedless mutant	 Gene ID	 Description
Homozygous InDels 
Del-56	 LOC100853962	 Fasciclin-like arabinogalactan protein 7
In-41	 VIT_07s0031g00800	 Cyclin-dependent kinase inhibitor 7
In-35	 VIT_16s0098g01570	 Acyl-CoA-binding domain-containing protein 1

Heterozygous InDels 
Del-51	 VIT_02s0087g00400	 Pectin acetylesterase 8
Del-49	 VIT_07s0141g00640	 GABA transporter 1
Del-48	 VIT_08s0056g01670	 BTB/POZ and MATH domain-containing protein 4
Del-46	 VIT_04s0043g00240	 Importin-5
Del-46	 VIT_04s0023g01630	 Cytochrome P450 90B1
Del-46	 VIT_07s0005g05100	 Transcription factor PIF1
Del-46	 LOC100853041	 Tubulin beta-2 chain
Del-45	 VIT_12s0057g00920	 Transcriptional adapter ADA2
Del-45	 VIT_13s0067g01240	 Protein EMB-1
Del-45	 LOC100267704	 DNA repair protein RadA-like
In-44	 VIT_18s0001g02160	 SWI/SNF complex subunit SWI3C
Del-44	 Vitvi14g04442	 Sugar transport protein 12
Del-41	 VIT_13s0084g00840	 Hydroxyproline O-arabinosyl transferase 3
Del-40	 LOC100267057	 Protein ECERIFERUM 1-like
In-40	 VIT_10s0003g02670	 Protein MEI2-like 5
Del-40	 VIT_19s0014g03000	 Plant intracellular Ras-group-related LRR protein 6
Del-39	 VIT_04s0044g01040	 Transcription factor HEC3
Del-39	 VIT_19s0140g00120	 Gibberellin 2-beta-dioxygenase 1 (GA2OX1)
Del-37	 VIT_08s0007g02030	 Auxin transporter-like protein 2
Del-36	 VIT_05s0020g02740	 Probable aquaporin NIP7-1
In-36	 VIT_01s0011g06580	 Protein TOPLESS
Del-36	 VIT_11s0052g01720	 ADP-ribosylation factor 1
In-36	 Vitvi16g04017	 Growth-regulating factor 4
Del-36	 Vitvi12g04267	 Diacylglycerol kinase 5

In-35	 VIT_07s0005g05520	 Probable pectate lyase 8 
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QSDVj ijkx fodkl ds fy, vko';d ik, x, gSa[44,45]A WRKY 
izksVhuksa dk MAPK flXufyax ekxZ ds lkFk Hkh laca/k ik;k x;k 
gS] tks ijkx fodkl dks fu;af=kr djrk gS[46]A orZeku v/;;u esa 
MAPK thu dk vf/kd vfHkO;fä Lrj ns[kk x;k] ijarq WRKY 
thuksa dh de vfHkO;fä ds dkj.k bldk izHkko Li"V ugha gS vkSj 
blds fy, vkxs vuqla/kku vko';d gSA

blds vfrfjä NAC VªkalfØI'ku QSDVj Hkh dksf'kdk&fHkfÙk 
laxBu rFkk ijkx vadqj.k esa egRoiw.kZ Hkwfedk fuHkkrs gSaA NAC 
thuksa ds Mkmu&jsxqys'ku ls EXPANSIN rFkk vU; dksf'kdk&fHkfÙk 
lacaf/kr thuksa dh vfHkO;fä izHkkfor gks ldrh gS[47]A blh izdkj 
FASCICLIN-LIKE ARABINOGALACTAN, XYLOGLU-
CAN ENDOTRANSGLUCOSYLASE/HYDROLASE rFkk 
CELLULOSE SYNTHASE tSls thu Hkh de vfHkO;ä ik, 
x,] tks ijkx dksf'kdk&fHkfÙk fuekZ.k rFkk ijkx ufydk ekxZn'kZu 
esa Hkwfedk fuHkkrs gSa[48-51]A bu thuksa dh vfHkO;fä esa deh ijkx 
ufydk fodkl rFkk vadqj.k dks ckf/kr dj ldrh gSA

iqu%vuqØe.k fo'ys"k.k ls ;g Hkh Kkr gqvk fd chtjfgr 
mRifjorhZ esa gamma-fdj.k izsfjr InDel mRifjorZu mifLFkr FksA 
;s mRifjorZu ,sls thuksa esa ik, x, tks iztuu fodkl rFkk uj 
moZjrk ls lacaf/kr gSa] tSls FASCICLIN-LIKE ARABINOGA-
LACTAN PROTEIN, CYCLIN-DEPENDENT KINASE 
INHIBITOR rFkk ACYL-COA-BINDING DOMAIN 
PROTEINA bu thuksa esa mRifjorZu gksus ls ck¡Ök vaMk'k; rFkk 
ijkxd.k fodflr gks ldrs gSa[52-56]A blds vfrfjä PECTIN 
ACETYLESTERASE, CYTOCHROME P450, HEC3 
rFkk vU; thuksa esa Hkh InDel ifjorZu ik, x,] tks VSisVe fodkl] 
ijkx ufydk o`f) rFkk fu"kspu izfØ;k esa Hkwfedk fuHkkrs gSa[57-63]A 
InDel {ks=kksa ds fo'ys"k.k ls ;g Hkh Kkr gqvk fd bu mRifjorZuksa ds 
dkj.k dbZ VªkalfØI'ku QSDVjksa ds ckbafMax lkbV izHkkfor gks ldrs 
gSa] ftlls thu vfHkO;fä esa ifjorZu laHko gSA

fu"d"kZ

bl v/;;u esa vaxwj dh fdLe ARI 516 rFkk mlds chtjfgr 
mRifjorhZ dk rqyukRed fo'ys"k.k djds chtjfgrrk ls lacaf/kr 
xSesV fodkl] thu vfHkO;fä rFkk thuksfed ifjorZuksa dk v/;;u 
fd;k x;kA lw{exSesVkstsusfll ds ifj.kkeksa ls ;g Li"V gqvk fd 
chtjfgr mRifjorhZ esa ijkxd.kksa dk vlkekU; fodkl rFkk ijkx 
ck¡Ökiu ik;k tkrk gSA ijkxd.kksa dh vlkekU; lajpuk] de 
thforrk rFkk ijkx vadqj.k dh vuqifLFkfr ds dkj.k ijkx ufydk 
dk fodkl ckf/kr gqvk] ftlls fu"kspu izfØ;k izHkkfor gksrh gSA 
VªkalfØIVksfed fo'ys"k.k ls ;g Kkr gqvk fd chtjfgr mRifjorhZ esa dbZ  

egRoiw.kZ thuksa rFkk VªkalfØI'ku QSDVjksa dh vfHkO;fä esa ifjorZu 
gqvkA fo'ks"k :i ls DUO POLLEN, SIDECAR POLLEN, 
bHLH, LOB, WRKY rFkk NAC tSls VªkalfØI'ku QSDVjksa vkSj 
muds y{; thuksa dh vfHkO;fä esa deh ikbZ xbZ] tks dksf'kdk foHkktu] 
uj xSesV foHksnu] fxCcsjsfyu tSola'ys"k.k] ijkx dksf'kdk&fHkfÙk fodkl 
rFkk ijkx vadqj.k izfØ;kvksa esa egRoiw.kZ Hkwfedk fuHkkrs gSaA blds 
vfrfjä RNA-seq ifj.kkeksa ls ;g Hkh Li"V gqvk fd fxCcsjsfyu 
tSola'ys"k.k rFkk flXufyax ekxZ esa ifjorZu gqvk] tks ijkx fodkl 
vkSj moZjrk dks izHkkfor dj ldrk gSA iw.kZ thukse iqu%vuqØe.k 
fo'ys"k.k ls ;g Kkr gqvk fd chtjfgr mRifjorhZ esa xkek-fdj.k izsfjr 
InDel mRifjorZu mifLFkr Fks] tks ,sls thuksa esa ik, x, tks iztuu 
fodkl] uj moZjrk] VSisVe fodkl rFkk dksf'kdk&fHkfÙk la'kks/ku ls 
tqM+s gksrs gSaA bu vkuqoaf'kd ifjorZuksa rFkk thu vfHkO;fä esa varj 
ds ifj.kkeLo:i ijkx fodkl ckf/kr gqvk vkSj varr% ikFksZuksdkfiZd 
chtjfgr Qyu fodflr gksus dh laHkkouk O;ä dh xbZA vr% bl 
v/;;u ls ;g fu"d"kZ fudyrk gS fd ARI 516 ds chtjfgr 
mRifjorhZ esa chtjfgrrk eq[;r% ijkx ck¡Ökiu] xSesV fodkl esa  
vojks/k] gkeksZuy flXufyax esa ifjorZu rFkk thuksfed mRifjorZu 
ds la;qä izHkko ds dkj.k mRiUUk gksrh gSA ;g v/;;u vaxwj esa 
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