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—f‘k tSo-fofo/krk ds laj{k.k ds fy, thuksfed {kj.k lwpdkadksa dh tkap
gsrq dk;Zçokg

vuqiek j‚;¹,², yf”kdk ehuk¹] uhys”k tks”kh3] ehj vkflQ bdcky¹] fnus”k dqekj¹] lkfjdk tk;loky¹

lkjka”k
[kk|ku mRiknu gsrq cksbZ x;h Qlyksa dh çtkfr;ksa] fdLeksa vkSj i”kq/ku dh uLyksa ds xk;c gksus ds lkFk] fcuk dkVs xbZ çtkfr;ksa dh
,d foLr̀r J̀a[kyk Hkh xk;c gks jgh gS] vkS|ksfxd dj.k —f’k Hkwfe dk foLrkj.k foU;kl] vfrpkj.k ds laca/k esa uqdlku dk iSekuk O;kid
gS vkSj fiNyh ”krkfCn;ksa esa çtkfr;ksa dk vR;f/kd ”kks’k.k gqvk gSA vkuqoafs”kd fofo/krk esa deh] vkarfjd çtuu esa of̀) vkSj tula[;k
esa gkfudkjd mRifjorZu ds lap; }kjk fo”ks‘krk ‘thuksfed {kj.k’ çfØ;k,¡A fQj Hkh] vk/kqfud le; dh vkcknh ds thuksfed {kj.k
vuqekuksa esa ?kVrh vkcknh ds vkdkj vkSj —f’k tSo fofo/krk dh laj{k.k fLFkfr ds lkFk lkeatL; dk vHkko gSA ,sfrgkfld uewuksa vkSj
vk/kqfud uewuksa ls laiw.kZ thukse iqu% vuqØfer MsVk dks lalkf/kr djus ds fy, vR;k/kqfud tSo lwpuk foKku midj.kksa vkSj rduhdksa
dk mi;ksx djds fofHkUu vof/k ds uewuksa dk mi;ksx djds thuksfed {kj.k ds iSVuZ dh rqyuk djus ds fy, ,d ubZ fMtkbu dh
xbZ vR;f/kd yphyh] Ldsyscy vkSj ,dek= dk;ZçokgA dbZ thuksfed {kj.k lwpdkadksa ds vuqeku rS;kj djus ds fy, ftudh rqyuk
dh tk ldrh gSA rnuqlkj] fofHkUu fdLeksa vkSj uLyksa ds foyqIr gksus ds tksf[keksa dh igpku dh tk ldrh gS vkSj —f’k tSo
fofo/krk laj{k.k j.kuhfr ;kstuk,a rS;kj dh tk ldrh gSaA

”kCndqath% —f’k tSo fofo/krk] vkuqoaf”kd fofo/krk] var% çtuu] thuksfed {kj.k] iqu% vuqØfer MsVk] vR;k/kqfudA
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—f’k tSo fofo/krk i;kZoj.k] vkuqoaf”kd lalk/kuksa vkSj çca/ku
ç.kkfy;ksa vkSj lglzkfCn;ksa ls lkaL—frd :i ls fofo/k yksxksa
}kjk mi;ksx dh tkus okyh çFkkvksa ds chp ckrphr dk
ifj.kke gS] ftlesa fdlku] pjokgs vkSj eNqvkjs ”kkfey gSa]
vkSj blfy, Hkwfe vkSj ty lalk/kuksa dk mi;ksx fofHkUu
rjhdksa ls mRiknu ds fy, fd;k tkrk gSA Hkkstu] vkS’kf/k;ksa
vkSj vkthfodk dh lqj{kk ds fy,] ekuo dh t:jrksa dks iwjk
djus ds fy, —f’k fofo/krk vko”;d gSA ìFoh ij thou dh
fofo/krk] blds fodkl vkSj i;kZoj.kh; ifjorZuksa ds çfr
bldh çfrfØ;k dk v/;;u fodkloknh vkSj ikfjfLFkfrd

ABSTRACT
With the disappearance of harvested species, varieties and breeds, a wide range of unharvested species is also disappearing, the
scale of loss is extensive with respect to habitat loss, habitat configuration, overgrazing, and over exploitation of the species over
the past centuries has led to ‘genomic erosion’ processes characterized by reduced genetic diversity, increased inbreeding and
accumulation of harmful mutations in the population. Still, genomic erosion estimates of modern-day populations lack concordance
with the declining population sizes and conservation status of agrobiodiversity. A newly designed highly flexible, scalable, and only
pipeline to compare the patterns of genomic erosion using samples from different period using the state-of-the-art bioinformatics
tools and techniques to process whole genome re-sequenced data from historical samples and modern samples in order to produce
the estimates of several genomic erosion indices that can be compared. Accordingly, extinction risks for different varieties and
breeds can be identified and agricultural biodiversity conservation strategy plans can be framed.
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tula[;k vkuqoaf”kd v/;;u }kjk fd;k tk ldrk gSA —f‘k
tSo fofo/krk ds fy, MsVk ,d= djuk vkSj ikfjfLFkfrdh ra=
dh dk;Z{kerk dks cuk, j[kus esa bldh Hkwfedk dks le>uk
,d cM+h pqukSrh gSA vuqØe.k çkS|ksfxfd;ksa esa Økafr ds lkFk]
vk.kfod MsVk laxzg bruk c<+ x;k gS fd thuksfeDl] tgka
vjcksa U;wfDy;ksVkbM dh ,d lkFk tkap dh tkrh gS] vc
tSfod Vwyc‚Dl dk ,d egRoiw.kZ fgLlk gS ¼Christiansen
et al-] 2021½A Hkkjrh; ikyrw i”kqvksa esa fd, x, thukse&O;kih
v/;;uksa us ;g n”kkZ;k gS fd LFkkuh; uLyksa esa vkuqoaf”kd
fofo/krk yxkrkj ifjofrZr gks jgh gS] tks thuksfed {kj.k dh
c<+rh fparkvksa dh vksj ladsr djrh gS (Saravanan et al.,
2022½A iwjs thukse iqu%vuqØe.k rFkk SNP fo”ys‘k.k tSls
vR;k/kqfud vuqØe.k midj.k vc Hkkjrh; —f‘k&ç.kkfy;ksa
esa vkuqoaf”kd fofo/krk dh fuxjkuh vkSj laj{k.k j.kuhfr;ksa
dks lq–<+ djus esa lgk;d cu jgs gSa ¼Mahalakshmi, 2022½A
tula[;k ds vkdkj esa /khjs&/khjs deh ds dkj.k vkuqoaf”kd
cgko vkSj var%çtuu ds ifj.kkeLo:i foyqIr gksus ds tksf[keksa
esa òf) gqbZ gS] ftlds ifj.kkeLo:i vkuqoaf”kd fofo/krk dk
uqdlku gqvk gS vkSj fQVusl esa deh vkbZ gS] bl çfØ;k dks
;gka vkuqoaf”kd {kj.k ds :i esa tkuk tkrk gS ¼Bijlsma and
Loeschcke, 2012½A thuksfed {kj.k dsoy yqIrçk; ouLifr;ksa
vkSj thoksa rd gh lhfer ugha gS] —f‘k foKku ds HkkX; dks
vkdkj nsus esa thuksfed {kj.k dh Hkwfedk dh igpku djus ds
mís”; ls v/;;u pyu esa vk;k gSA

thuksfed {kj.k lwpdkadksa esa ifjorZu dh nj dk irk
yxkus esa nks lhekvksa dk lkeuk djuk iM+ jgk gSA lcls
igys] thuksfed {kj.k lwpdkadksa vkSj laj{k.k fLFkfr ds chp
detksj lglaca/k] tks Qlyksa] ikyrw tkuojksa] eNfy;ksa vkSj
isM+ksa ds chp [krjs dh Jsf.k;ka LFkkfir djus ds fy, ,d
ekunaM ds :i esa vkuqoaf”kd ekinaMksa dks ”kkfey djus dh
tfVyrkvksa dks tUe nsrk gSA bl eqís dk ,d çkekf.kd vkSj
”kfä”kkyh lek/kku ,sfrgkfld uewuksa ls thuksfed MsVk çkIr
djuk gS tks gky dh tulkaf[;dh; fxjkoV ls igys dk gSA
bl MsVk dk mi;ksx iwoZ-fxjkoV vk/kkj js[kk,a LFkkfir djus
vkSj gky gh esa tSo fofo/rk esa fxjkoV ds ifj.kkeLo:i
thuksfed {kj.k lwpdkadksa esa ifjorZu dh nj dh çR;{k ek=k
fu/kkZfjr djus esa l{ke cukus ds fy, fd;k tk ldrk gS
¼Díez-Del-Molino et al., 2018½ A

blds vfrfjä] thuksfed v/;;u vkSj laj{k.k esa
vuqç;ksxksa ds chp varj dks ikVus esa tSo lwpuk foKku Kku
dh deh ¼Shafer et al-] 2015½A laj{k.k thofoKkfu;ksa ds
ikl vDlj cM+s iSekus ij thuksfed MsVklsV vkSj çksxzkfeax

dkS”ky dks lalkf/kr djus esa fo”ks’kKrk dk vHkko gksrk gSA
thuksfed {kj.k lwpdkad dsoy rHkh lkFkZd vkSj rqyuh;
mik; gks ldrs gSa] ;fn ifj.kke çfrfyfi çLrqr djus ;ksX;
gksa] D;ksafd vU; oSKkfud fo‘k;ksa esa bldh deh gSA bl
çdkj] mi;ksxdrkZ ds vuqdwy l‚¶Vos;j vkSj çfrfyfi çLrqr
djus ;ksX; ifj.kke mRiUu djus okyh lajfpr ikbiykbuksa
rd igqap esa òf)] laj{k.k ds fy, thuksfed MsVk ds vuqç;ksx
esa egRoiw.kZ Hkwfedk fuHkk ldrh gS ¼van Oosterhout] 2020½A

laj{k.k thuksfeDl ds fy, thuksfed MsVk ds
mi;ksxdrkZ&vuqdwy vuqç;ksx ij dsafær ,d vR;f/kd yphyh
vkSj e‚Mîwyj dk;Zçokg dk mís”; bu lhekvksa dks lacksf/kr
djuk gSA ;g laiw.kZ&thukse iqu% vuqØe.k MsVk dk fo’ys”k.k
djrk gS] tks thukse {kj.k ds iSVuZ dh tkap djus ds y{; ds
lkFk vLFkk;h :i ls uewuk fd, x, thukse ds fo’ys”k.k dks
l{ke cukrk gSA ;g dk;Zçokg thuksfed MsVk dks lalkf/kr
djus ds fy, vR;k/kqfud rduhdksa dk mi;ksx djrh gS tks
çkphu/,sfrgkfld vkSj vk/kqfud nksuksa uewuksa dks ,d lkFk
laHkky ldrh gSA ;g HkwxfHkZd le; iSekus dh nks le;kof/
k;ksa dh rqyuk djus ds fy, thuksfed {kj.k lwpdkad]
thukse&O;kid fofo/krk] buczhfMax vkSj mRifjorZuh; Hkkj
mRiUu djrk gS ¼Kutschera et al., 2022½A

dk;Zçokg :ijs[kk

fofHkUu thuksfed {kj.k lwpdkadksa dk vuqeku yxkus ds fy,
dk;Zçokg dks dbZ MkmuLVªhe fo”ys‘k.k fu‘ikfnr djus ds
fy, lanHkZ thukse vlsacyh vkSj laiw.kZ thukse iqu: vuqØe.k
MsVk dh vko”;drk gksrh gSA ikbiykbu dks vk—fr 1 esa
n”kkZ;k x;k gSA

lanHkZ vk/kkfjr thukse vlsacyh

lanHkZ thukse vlsacyh dks BWA ¼Li and Durbin] 2009½
vkSj samtools ¼Li et al-] 2009½ ds lkFk vuqØfer fd;k
x;k gSA dk;Zçokg RepeatModeler ¼Flynn et al.] 2020½
dk mi;ksx djds thukse ds nksgjko okys {ks=ksa dh u, fljs
ls igpku Hkh djrh gS RepeatMasker ¼Smit et al-] 2017½
dk mi;ksx djds mUgsa ekLd djrh gSA xyr ekufp=.k ds
dkj.k gksus okys iwokZxzgksa ls cpus ds fy,] nksgjk, tkus okys
{ks=ksa dks lHkh MkmuLVªhe pj.kksa ls ckgj j[kk tk,xkA

MsVk çlaLdj.k vkSj eSfiax

fastp ¼Chen et al-] 2018½ dk mi;ksx djds] dPph FASTQ
Qkbyksa dks fVªe fd;k tkrk gSA ,sfrgkfld uewuksa ds fy,]
fastp ,d lkFk jhM dks fVªe djrk gS vkSj vksojySfiax
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is;j&,aM jhM dks etZ djrk gSA etZ fd, x, jhM~l dks
BWA aln ¼Li and Durbin] 2009½ dk mi;ksx djds lanHkZ
thukse esa eSi fd;k tkrk gSA vk/kqfud uewuksa ds fy,]
FASTQ Qkbyksa dks fastp ds lkFk fVªe fd;k tkrk gS vkSj
fQj BWA mem ¼Li] 2013½ ds lkFk lanHkZ thukse vlsacyh
esa eSi fd;k tkrk gSA Picard MarkDuplicates ¼https://
broadinstitute.github.io/picard/½ dk mi;ksx djds] çR;sd
uewus ds chp ih-lh-vkj- MqfIydsV dks fpfàr fd;k tkrk gSA

thuksVkbfiax vkSj oSfj,aV d‚fyax

çR;sd uewus esa bcftools ¼Bonfield et al-] 2021½ dk mi;ksx
djds osfj,aV dks d‚y fd;k tkrk gSA ;fn okafNr gks] rks
,yhfyd vlarqyu vkSj buMsYl fQYVj ykxw fd;k tkrk gSA
etZ dh xbZ ohlh,Q Qkby fQYVfjax ds ckn mRiUu gksrh

gS ftls ,sfrgkfld uewuksa dh ,d oh-lh-,Q- Qkby vkSj vk/kqfud
uewuksa dh ,d ohlh,Q Qkby esa foHkkftr fd;k tkrk gSA

thukse O;kid fofo/krk

tula[;k vkuqoaf”kdh esa lcls egRoiw.kZ ekudksa esa ls ,d gS
 ¾ 4Neμ] tgk¡ Ne çHkkoh tula[;k vkdkj gS vkSj μ çfr
thu çfr ih<+h mRifjorZu dh nj gSA ;g uewuk fy, x,
leqnk; ds fodklkRed bfrgkl esa ,d >yd çnku djrk
gS ¼Lazaridis et al-] 2014½A mlRho ,d l‚¶Vos;j Vwy
¼Haubold et al-] 2010½ gS tks tula[;k ds Mh,u, vuqØeksa
esa ns[kh xbZ gsVsjksthxksf”kVh ds vk/kkj ij  dk vuqeku
yxkrk gSA ;g vuar lkbVksa ds e‚My dk mi;ksx djrk gS]
tks ekurk gS fd çR;sd mRifjorZu Mh,u, esa ,d vf}rh;
lkbV ij gksrk gSA

buczhfMax xq.kk ad

pj.k 3 ls mRiUu fQYVj fd, x, thuksVkbi dh oh- lh- ,Q
Qkby ds lkFk] dk;Zçokg ^plink - homozyg* ds LykbfMax
foaMks –f‘Vdks.k dk mi;ksx djds runs of homozygosity
¼ROH½ dh igpku djrk gSA ,sls vkjvks,p esa vkoafVr
çR;sd uewus ds thukse ds va”k dks buczhfMax xq.kkad ¼FROH½
ds :i esa ifjHkkf‘kr fd;k tk ldrk gS] ftldk vuqeku vkSj
dYiuk dk;Zçokg fjiksVZ esa çnku fd, x, Iy‚V esa dh tkrh
gSA

tula[;k lajpuk

pj.k 3 ls fQYVj fd, x, thuksVkbi dh ohlh,Q Qkby
dk mi;ksx djds] lHkh uewuksa ds fy, vkSj vdsys ,sfrgkfld
vkSj vk/kqfud uewuksa ds fy, ihlh, fIyad dk mi;ksx djds
dk;Zçokg }kjk mRiUu fd;k tkrk gS bl fo’ys”k.k dk
mi;ksx vkuqoaf”kd tula[;k lajpuk dh tkap djus ds
lkFk&lkFk uewuksa ds chp vkuqoaf”kd vkmVyslZ ;k iwokZxzgksa
dh igpku djus ds fy, fd;k tkrk gSA

mRifjorhZ Hkkj

mRifjorZuh; Hkkj fdlh tula[;k esa lafpr gkfudkjd
mRifjorZuksa ds ifj.kkeLo:i gksus okyk dqy vkuqoaf”kd cks>
gSA dk;Zçokg mRifjorZuh; Hkkj dk vuqeku yxkus ds fy,
nks iwjd rjhds çnku djrh gSA

igyh fof/k esa] GTF2 çk:i esa thukse ,uksV”ku dh
vko”;drk gksrh gS] ftlds vk/kkj ij SnpEff ¼Cingolani
et al-] 2012½ dk mi;ksx djds pj.k 3 ls vyx&vyx
osfj,aV ds fy, ,uksVs”ku fd;k tkrk gSA ,l,uihbZ,Q,Q

vk—fr 1% fofHkUu thuksfed ds vkdyu ds fy, dk;Zçokg
dh :ijs[kkA
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çfr uewus lHkh igpkus x, osfj,aV dks ,uksVsV djus vkSj
çksVhu ;k vehuks ,flM ij muds dk;kZRed çHkkoksa dh ,d
ljy Hkfo‘;ok.kh dk vuqeku yxkus dh vuqefr nsrk gS
ftldh rqyuk uewuksa ;k uewuksa ds lewgksa ¼;kuh] ,sfrgkfld
cuke vk/kqfud½ ds chp dh tk ldrh gSA

nwljh fof/k esa thuksfed boksY;w”kujh jsV çksQkbfyax
¼th-bZ-vkj-ih-½ Ldksj ¼Cooper et al-] 2005; Davydov et al.]
2010½ ”kkfey gS tks fodkloknh ckf/kr {ks=ksa esa O;qRiUu
,yhYl dh la[;k ls çR;sd uewus ds lkis{k mRifjorZu Hkkj
dk vuqeku yxkrk gSA vkmVxzqi çtkfr;ksa ds ,d iSuy ij
vk/kkfjr thukse dkA vkmVxzqi ds :i esa dk;Z djus ds fy,
fofHkUu çtkfr;ksa ls de ls de 30 thukse vlsacfy;ksa dh
vko”;drk gksrh gS vkSj NEWICK çk:i esa ”kkfey çtkfr;ksa
dh ,d fnukafdr Qkbykstsuh gksrh gSA mPp th-bZ-vkj-ih-
Ldksj thukse esa vR;f/kd lajf{kr {ks= dks lanfHkZr djrk gS
tks gkfudkjd gksus dh laHkkouk gS tcfd de thbZvkjih
Ldksj mu lkbVksa dks bafxr djrk gS tks mRifjorZu ds çfr
rVLFk gSaA

;g vc rd dh igyh vkSj ,dek= dk;Zçokg gS
ftls fo”k s‘k :i ls ,d gh çtkfr ds ,sfrgkfld vkSj
vk/k qfud vuqØe.k MsVk dks lalkf/kr djus ds fy, fMtkbu
fd;k x;k gS rkfd mUgsa rqyuh; cuk;k tk lds] D;ksafd blesa
,sfrgkfld vkSj vk/kqfud MsVk ds çlaLdj.k ds fy,
vyx&vyx vuqdwfyr VªSd gSa tks fofHkUu le; vof/k ls
lacaf/kr uewuksa ds chp csgrj rqyuk dks l{ke djrs gSaA

dk;Zçokg thuksfed fofo/krk lwpdkadksa ds vuqekuksa
dks çnf”kZr djrh gS] tSls fd thukse fofo/krk vkSj buczhfMax]
E;wVs”kuy yksM] le; ds ek/;e ls thuksfed {kj.k dh ek=k
fu/kkZfjr djrh gSA bu thuksfed {kj.k lwpdkadksa dks fofHkUu
le;kof/k;ksa ds chp rqyuk djus ij çtkfr;ksa ds foyqIr gksus
ds tksf[ke dk vkdyu djus esa çklafxd gksus ds fy,
çysf[kr fd;k x;k gSA

fu‘d‘k Z

Hkkstu] nokb;ksa vkSj vkthfodk dh lqj{kk ds fy, ekuo dh
t:jrksa dks iwjk djus ds fy,] —f‘k tSo fofo/krk laj{k.k
mPp mit] lq/kkj ds lkFk&lkFk Qlyksa] ikyrw tkuojksa]
eNyh vkSj o{̀kkjksi.k isM+ksa dh laj{k.k fLFkfr ij /;ku dsafær
djus dk egRoiw.kZ vkSj vko”;d dkj.k cu x;k gSA fdLe/
uLy vkSj jksx çfrjks/khA ;g dk;Zçokg ”kks/kdrkZvksa dks
çR;sd tho dh çtkfr;ksa dh fxurh ds ctk; tula[;k ds

vkdkj] mRifjorZu Hkkj] var%çtuu xq.kkad vkSj fo‘ke;qXethrk
ij utj j[kus dh lgefr nsrh gSA ;g fofo/k [kk| inkFkksaZ
vkSj [kk| ç.kkfy;ksa ls laHkkfor iks‘k.k laca/kh ykHkksa dh
igpku djus esa lgk;rk djrk gS] vkSj vius lHkh vk;keksa esa
[kk| lqj{kk lqfuf”pr djrs gq, oSf”od Lrj ij ekuo
ekax&lapkfyr nckoksa dks de djus dh vko’;drk ds
lkFk&lkFk lrr —f‘k dks lqfuf”pr djrk gS tks Hkwfe] ikuh
vkSj vU; dk dq”ky mi;ksx djrk gSA

fgrksa dk Vdjko ?kk s‘k.kk

ys[kd ?kkss‘k.kk djrs gSa fd muds dksbZ Kkr çfrLi/khZ foÙkh;
fgr ;k O;fäxr laca/k ugha gSa] tks bl isij esa crk, x, dk;Z
dks çHkkfor djrs çrhr gks ldrs gSaA
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