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vxyh ih<+h ds vuqØe.k MsVk fo'ys"k.k ,oa —f"k esa blds vuqç;ksx

'kckuk csxe1] jkgqy cuthZ

Hkk-—-v-i& Hkkjrh; —f"k lk¡f[;dh vuqla/kku laLFkku] ykbczsjh ,osU;w] iwlk&110 012] ubZ fnYyh] HkkjrA

izkIr% Qjojh 2021       Lohd̀r% twu 2021

lkjka'k
vxyh ih<+h dh vuqØe.k (NGS) çkS|ksfxfd;ka vis{kk—r de ykxr ij thuksfed MsVk ds vf/kxzg.k esa Økafr yk jgh gSaA
,uth,l çkS|ksfxfd;ka rsth ls tfVy thuksfed v/;;u ds –f"Vdks.k dks cny jgh gSa vkSj MsVk dh ,d fo'kky ek=k
mRiUu dj jgh gSaA ,uth,l MsVk fo'ys"k.k }kjk çnku dh xbZ MsVk dh bruh cM+h ek=k ds ,sls cM+s tSfod laxzg dks
laHkkyus ds fy, u, vkSj vf/kd 'kfä'kkyh tSo lwpuk foKku ds çLrkoksa dh vko';drk gksrh gSA blds vykok] fo'ks"k
l‚¶Vos;j midj.k vkSj MsVk ,dhdj.k ds fy, mUur dEI;wVs'kuy lalk/ku vko';d gSaA bl ys[k esa] ge ;gka vxyh
ih<+h ds vuqØe.k MsVk fo'ys"k.k vkSj —f"k foKku esa bldh Hkwfedk ds fy, eq[; dEI;wVs'kuy –f"Vdks.k dk o.kZu dj jgs gSaA

'kCn dqath% dEI;wVs'kuy lalk/ku; thuksfed v/;;u] vxyh ih<+h ds vuqØe.k MsVkA
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ABSTRACT
Next Generation sequencing (NGS) technologies are revolutionizing the acquisition of genomic data
at relatively low cost. NGS technologies are rapidly changing approaches to complex genomic studies
and generating a vast amount of data. New and more powerful bioinformatics proposals and tools are
needed to handle such large biological collections of such huge amounts of data provided by NGS
data analysis. In addition, specialized software tools and advanced computational resources are
required for data integration. In this article, we are describing here the main computational approach
for next generation sequencing data analysis and its role in agriculture for crop improvement.
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çLrkouk
vxyh ih<+h dh vuqØe.k ¼,uth,l½ çkS|ksfxfd;ka] tks
Mh,u,/ vkj,u, v.kqvksa ds Hkhrj U;wfDy;ksVkbM~l ds vuqØe
dh tkap djus ds fy, mPp&çokg fof/k;ksa dh is'kd'k
djrh gSa] vc tSfod foKku ds vuqç;ksxksa esa ,d vko';d
midj.k cu xbZ gSaA dbZ çksxzkfeax çfrekuksa vkSj lefiZr
l‚¶Vos;j midj.k dk mi;ksx djds dk;kZfUor fofHkUu

xf.krh; vkSj lkaf[;dh; rjhds tSfod vk.kfod] lsyqyj
;k ijek.kq tkudkjh dk fo'ys"k.k vkSj O;k[;k djus esa
l{ke gSaA ,uth,l çkS|ksfxfd;ksa dks viukus ls çkIr ,uth,l
MsVk dh Hkkjh ek=k dks lalkf/kr djus vkSj fo'ys"k.k djus
ds fy, dEI;wVs'kuy –f"Vdks.k vkSj tSo lwpuk foKku dh
vko';drk gSA usVodZ lalk/kuksa dks fodflr djuk Hkh
vko';d gS] tSls fd fof'k"V tSfod {ks=ksa dks lanfHkZr
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MsVkcsl] lajfpr MsVk laxzg vkSj oSKkfud leqnk; }kjk
lk>k fd, x, 'kCnlaxzg lqyHkA

,uth,l MsVk fo'ys"k.k dk dk;Zçokg

,uth,l –f"Vdks.k ds vkosnu ds lkFk tqM+s ekud dk;Zçokg]
vksfeDl MsVk ds fo'ys"k.k ls lacaf/kr gS] fp= 1 esa ;kstukc)
gSA tSfod uewuksa ls vkus okys MsVk dks esVkxsu‚feDl]
VªkalfØiV‚feDl ;k thuksfeDl ij vk/kkfjr ,d v/;;u
dk mi;ksx djds vuqØfer fd;k tkrk gS vkSj fQj vlsacyh
}kjk lalkf/kr fd;k tkrk gS ;k lanHkZ MsVkcsl dk mi;ksx
djds Hkfo";ok.kh fo'ys"k.kksa ds lh/ks laidZ esa yk;k tkrk
gSA vxys pj.k esa vyx&vyx tkap 'kkfey gSa tSls fd
Qhpj dh igpku vkSj VSDlksuksfed vlkbuesaVA

lkekU; :i ls thuksfed] VªkalfØIVksfed vkSj esVkxsuksfed
v/;;uksa esa mi;ksx fd, tkus okys vksiu&lkslZ l‚¶Vos;j
vkSj lanHkZ MsVkcsl uhps of.kZr fd;s x, gSa] tks le;&le;
ij dqN çklafxd fopkj djrs gSa vkSj çR;sd dk;Zçokg ds
fy, mUgsa vyx djrs gSaA

• thu igpku ,oa vuqØe fo'ys"k.k pj.k

vuqØe fo'ys"k.k fofHkUu U;wfDyd ,flM fo'ks"krkvksa dh

,d mfpr le> dk lanHkZ nsrk gS vkSj vkt tSo lwpuk
foKku ds lcls yxkrkj vuqç;ksxksa esa ls ,d gSA çkFkfed
vuqØe fo'ys"k.k ds fy, mi;ksx fd, tkus okys midj.k
oSKkfud lkfgR; esa O;kid :i ls of.kZr gSaA

• iwoZ çlaLdj.k pj.k

lcls vf/kd bLrseky fd, tkus okys l‚¶Vos;jksa esa ls dqN
;gka lwphc) gSaA
1- FASTQC% ,uth,l MsVk dh xq.koÙkk dh tk¡p vkSj
fjiksVZ ds fy,A
2- FASTX- VwyfdV% vuqØe MsVk ds gsjQsj vkSj muds çk:i
:ikarj.k ds fy, ,d iSdstA

• vlsacyh ,oa lajs[k.k pj.k

,uth,l fo'ys"k.k esa lcls egRoiw.kZ pj.kksa esa ls ,d Mh
uksoks thukse vlsacyh gSA vlsacyh çfØ;k dkQh tfVy gS
vkSj lqlaxr vkSj xq.koÙkk okys ifj.kke mRiUu djus ds fy,
varfuZfgr rjhdksa dh le> vko';d gSA vuqØeksa dh ,d
cM+h ek=k dk lVhd lajs[k.k djus ds fy, ,d lanHkZ dk
mi;ksx djuk gSA bu l‚¶Vos;j iSdstksa ds ihNs lkekU;
fl)kar laHko lajs[k.k LFkkuksa dk irk yxkus dh dksf'k'k dj

fp= 1% vksfeDl MsVk fo'ys"k.k dk ekud dk;ZçokgA
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jgk gS vkSj fQj okLro esa lajs[k.k dks iwjk dj jgk gSA uhps]
dqN lcls vf/kd bLrseky dh tkus okyh ikjaifjd
fo/kkulHkk vkSj lajs[k.k ,Yxksfjne lwphc) gSaA

1½ VELVET% ,d Mh uksoks thuksfed / VªkalfLØIVksfed
   vlsacyj gSA
2½ SOAP DE NOVO% ,d Ms uksoks y?kq vuqØe vlsacyj gSA
3½ fVªfuVh% vkj,u,&lhD;w MsVk dh ,d Mh uksoks vlsacyh
   ds fy;sA
4½ BLAT% ,d BLAST tSlk vykbuesaV Vwy] ftls jsQjsal
   thukse ds vuqØe ds lajs[k.k ds fy, fMtkbu fd;k x;k gSA
5½ Bowtie% thuksfed vuqØe esa y?kq U;wfDy;ksVkbM vuqØeksa
   ds lajs[k.k ds fy, ,d dk;ZØeA
6½ LVkj% ,d vkj,u,&lhd dks thukse ljsf[kr djus ds
   fy,A

• thu Hkfo";ok.kh/ ,uksVs'ku pj.k
mPp xq.koÙkk okys ,uksVs'ku igys vuqØfer thukse ds
mi;ksx dh çHkko'khyrk dk vuqdwyu djrs gSaA okLro esa]
os thuksfed vuqØeksa dks vius tSfod dk;Z ls tksM+uk laHko
cukrs gSaA uhps] dqN lcls vf/kd bLrseky fd, tkus okys
vkSj ikjaifjd ,uksVs'ku midj.k fn[kk, x, gSA
1½ ,UlsEcy thukse ,uksVs'ku% ,d thu ,uksVs'ku ikbiykbu
2½ tsuekdZ% ,d thu Hkfo";ok.kh okyk l‚¶Vos;j ftlesa
   fuxjkuh vkSj vnZ~/k&fuxjkuh Vªsfuax 'kkfey gSA
3½ ,ulhchvkbZ thukse ,uksVs'ku% ,ulhchvkbZ ¼us'kuy lsaVj
   Q‚j ck;ksVsDuksy‚th bUQ‚esZ'ku½ }kjk tkjh thukse ,uksVs'ku
   ikbiykbuA

fofHkUu lzksrksa ls thuksfed vuqØe vkSj ,uksVs'ku MsVk
dks ,dh—r djus vkSj bu MsVk ds czkmftax] iquiZzkfIr vkSj
fo'ys"k.k dh vuqefr nsus ds fy,] thukse czkmtj tSls
fotqvykbts'ku Vwy fodflr fd, x, FksA eq[; thukse
czkmtjksa esa] ge ,ulsacy thukse czkmtj vkSj ,ulhchvkbZ
ds thukse czkmtj dk mYys[k djrs gSa] tks mijksä l‚¶Vos;j
ls tqM+s gSaA

• lanHkZ MsVkcsl

Mh,u,&vuqØe.k –f"Vdks.k Økafr us lexz vuqØe.k ykxr
dks cgqr de dj fn;k gS] ifj.kkeLo:i mRiUu vkadM+ksa dh
ek=k esa Hkh cM+h of̀) gqbZ gSA blds vykok] lsaxj vuqØe.k
}kjk fufeZr yacs jhM~l dks y?kq jhM~l ;k muds tksM+s }kjk
cny fn;k x;k FkkA vuqØe MsVk çca/ku bl çdkj bu ubZ
lqfo/kkvksa ls çHkkfor Fkk] u, tSo lwpuk foKku –f"Vdks.k

dh vko';drk gksrh gS] ;gka rd fd MsVk laxzghr djus]
ns[kus vkSj mudk mi;ksx djus ds lanHkZ esa HkhA u, vkSj
vf/kd tfVy MsVkcsl çfØ;k MsVk vkSj Dosjh vuqØe MsVk
ds fy, vuqdwfyr baVjQsl çnku djuk vko';d gSA

uhps] dqN lcls vf/kd bLrseky fd, tkus okys vkSj
ikjaifjd MsVkcsl dk mYys[k fd;k x;k gSA
1- vkjMhih / flYok% jkbckslksey vkj,u, thu ds fjiksftVjh]
  dk mi;ksx dj oxhZdj.k Lok;Ùkrk ds fy, fd;k tkrk gSA
2- dsbZthth% thu ds dk;kZRed ,uksVs'ku ds fy, ,dh—r
  lalk/kuA
3- UNIPROT% dk;kZRed :i ls ,uksVsV çksVhu vuqØeksa
  dk ,d MsVkcslA
4- tsucSad% ,ulhchvkbZ }kjk fufeZr] 250]000 ls vf/kd
çtkfr;ksa ds thukse –';ksa dk ,d cM+k laxzg gSA MsVk dks
,ulhchvkbZ dh fjVªhoy ç.kkyh ds ek/;e ls ,Dlsl fd;k
tk ldrk gS ftls ,UVªht dgk tkrk gSA laxzg esa dksfMax
vkSj vfu;af=r {ks=] çeksVj] VfeZusVj] ,Dl‚u] baVª‚u] fjihV
{ks= 'kkfey gSaA

—f"k esa ,uth,l MsVk fo'ys"k.k dh Hkwfedk

,uth,l —f"k dks ,d u;h fn'kk çnku dj jgk gS vkSj ikS/kksa
,oa tkuojksa esa okaNuh; y{k.kksa vkSj çtuu fu.kZ;ksa dh
igpku djuk] VªSd djuk vkSj çlkj djuk laHko cukrk gSA
nqfu;k ds 40% [kk| mRiknu ls jksx vkSj dhV u"V gks x,
gSa] ,uth,l ikS/kksa dh chekfj;ksa ds lzksr dks VªSd djus esa
enn dj jgk gS vkSj ,slh chekfj;ksa ;k dhVksa dks [kRe djus
ds mik; lq>k jgk gSA blls ,sls le; esa —f"k mRikndrk
esa lq/kkj dh laHkkouk gS tc Hkwfe mi;ksx esa deh vk jgh gS]
nqfu;k dh vkcknh yxkrkj c<+ jgh gS] vkSj tyok;q ifjorZu
ds çHkko ls Qlyksa ds lkeus vkus okys tSfod vkSj vtSfod
ruko c<+ jgs gSaA ;g dbZ çtkfr;ksa ls iwjs thukse dh
vuqØe.k muds laxBu dks ifjHkkf"kr djus dh vuqefr nsrk
gS vkSj mudh dk;Z{kerk dks le>us ds fy, 'kq#vkrh fcanq
çnku djrk gSA

lacaf/kr vk.kfod tkudkjh ds mi;qä Kku dh miyfC/k
ds fy, lacksf/kr ç;kl] tSls fd VªkalfØI'kuy vkSj çksfVvkse
lhDosaflax ls mRiUu gksus okys] thukse dh thu lkexzh vkSj
bldh eq[; dk;Z{kerk dks csgrj <ax ls fpf=r djus ds
fy, Hkh vko';d gSaA bu ç;klksa ls okLro esa lHkh tSfod
foKku vkSj —f"k esa Hkh cM+h çxfr gqbZA blds vykok] thu
dh tfVyrk vkSj mudh usVofdaZx Hkh ewy :i ls Qlyksa
;k i'kq/ku ds fy, çtuu vH;kl esa vuqokfnr gksus ds fy,



28                               Hkkjrh; df̀"k vuqla/kku if=dk

ekSfyd gS] tks muds LokLF;] çfrjks/k vkSj mRikndrk esa
;ksxnku nsrk gSA

njvly] —f"k esa thuksfeDl dk ;ksxnku fof'k"V çk:ih
y{k.kksa ls tqM+s thuksa dh igpku vkSj gsjQsj ds lkFk&lkFk
osfj,aV ds ekdZj&vflLVsM p;u }kjk çtuu dju bR;kfn
gSA eq[; mís'; Qlyksa ;k i'kq/ku thukse ds v/;;u ds
ek/;e ls vfHkuo lek/kku [kkstuk] [kk| m|ksx ds fy,
laj{k.k vkSj fVdkÅ mRikndrk ds fy, tkudkjh çkIr
djuk gSA la;a=] feêh vkSj i'kq/ku ekbØksck;kse Hkh —f"k esa
egRoiw.kZ Hkwfedk fuHkkrs gSa D;ksafd ;g ikS/ks ds LokLF; voa
feêh ds tSo jklk;fud xq.kksa dks fu/kkZfjr djrk gS] vkSj
mit vkSj xq.koÙkk y{k.kksa nksuksa dks çHkkfor djrk gSA
gkykafd] jksxk.kqvksa vkSj ftu leqnk;ksa esa os 'kkfey gSa] muds
fy, cgqr de Kku miyC/k gSA ,d mnkgj.k ds :i esa]
;g Lohdkj fd;k tkrk gS fd feêh iF̀oh ij lcls cM+s
dkcZu tyk'k;ksa esa ls ,d gS] vkSj çksdSfj;ksV~l feêh ck;ksekl
dh ,d egRoiw.kZ ek=k dk xBu djrs gSA

—f"k esa esVkxsuksfeDl dk vuqç;ksx feêh vkSj ikS/kksa ds
çdan esa lw{ethoksa ds lkFk&lkFk fof'k"V Årdksa ;k vaxksa esa
gksus okys baVjSD'ku ds tfVy iSVuZ dks fpf=r djus ds fy,
Hkh mi;qä lkfcr gqvkA esVkxsukfeDl v/;;u ikS/kksa ds
iks"k.k esa ;k rRoksa ds pØ esa feêh ds thok.kqvksa dh Hkwfedk
dks le>us esa Hkh enn dj ldrk gSA vkxs ds vuqç;ksx u,
thu] tSo&mRiknksa] ikS/kksa ds fodkl dks c<+kok nsus okys
lw{ethoksa dh [kkst dks c<+kok ns ldrs gSa] tks ruko ;k
fMfLcvksfll dh çfrfØ;k tSls çklafxd igyqvksa dks le>us
ds fy, mi;ksxh gSaA nwljh vksj] lanHkZ thukse dh c<+rh
la[;k us ,dy U;wfDy;ksVkbM i‚yhe‚fQZTe ¼,l,uih½ tSls
O;fäxr thukse ls mRifjorZu dk ,d MsVk çkIr djus ds
fy,] thukse fHkUurk v/;;u dh fn'kk esa vuqla/kku ç;klksa
dks lacksf/kr fd;kA ,l,uih ikS/kksa esa lcls çpqj ek=k esa
miyC/k Mh,u, vuqØe fHkUurk dk  çdkj gS vkSj bl cM+s
MsVk laxzg dk mi;ksx —f"k esa :fp dh çtkfr;ksa esa djus
ds fy, ds fy, dbZ tSo lwpuk foKku midj.k fodflr
fd, x, FksA

fu"d"kZ
vxyh ih<+h ds vuqØe.k cM+h ek=k esa MsVk mRiUu dj jgk
gS vkSj ,uth,l MsVk ds fo'ys"k.k ds fy, dEI;wVs'kuy
ikbiykbu ds fodkl dh vko';drk gksrh gS] [kkldj tc
eYVh&vksfeDl –f"Vdks.k ykxw gksrs gSaA vxyh ih<+h ds
vuqØe.k MsVk ds fy, dbZ miU;kl dEI;wVs'kuy j.kuhfr;ksa
vkSj vuqç;ksxksa dks ;gka lacksf/kr fd;k x;k gSA ;g
dEI;wVs'kuy thuksfeDl vkSj MsVkcsl ds vuqç;ksxksa esa
lacaf/kr fof/k vkSj –f"Vdks.k esa lq/kkj Hkh djrs gSaA eulfgr]
;g fo'ks"k eqík 'kks/kdrkZvksa vkSj Nk=ksa dks vxyh ih<+h ds
vuqØe.k MsVk fo'ys"k.k ds ckjs esa vius Kku dks viMsV
djus esa enn djsxkA

lanHkZ
Andrews, K.R. and Luikart, G. (2014). Recent novel

approaches for population genomics data
analysis. Molecular Ecology. 23(7): 1661-1667.

Del Vecchio, F., Mastroiaco, V., Di Marco, A., Compagnoni,
C., Capece, D., Zazzeroni, F. and Tessitore, A.
(2017). Next-generation sequencing: recent
applications to the analysis of colorectal cancer.

  Journal of Translational Medicine. 15(1): 246.
Esposito, A., Colantuono, C., Ruggieri, V. and Chiusano,

M.L. (2016). Bioinformatics for agriculture in
the Next-Generation sequencing era. Chemical
and Biological Technologies in Agriculture. 3(1): 9.

Henry, R.J. (2012). Next-generation sequencing for
understanding and accelerating crop domestication.

  Briefings in Functional Genomics. 11(1): 51-56.
Sirangelo, T.M. and Calabrò, G. (2020). Next Generation

Sequencing Approach and Impact on Bioinformatics:
Applications in Agri-Food Field. Journal of
Bioinformatics and Systems Biology. 3: 32-44.

Tang, C.Y., Hung, C.L., Zheng, H., Lin, C.Y. and Jiang,
H. (2015). Novel computational technologies
for next-generation sequencing data analysis
and their applications.

Wadapurkar, R.M. and Vyas, R. (2018). Computational
analysis of next generation sequencing data
and its applications in clinical oncology. Informatics
in Medicine Unlocked. 11: 75-82.


