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esVkthuksfeDl vkSj blds midj.k vkSj l‚¶Vos;j

T;ksfrdk HkkVh1] jRuk çHkk2] f}ts'k paæ feJk1

lkjka'k
i"̀BHkwfe% laiw.kZ ç—fr esa] lw{ethoksa dks fofHkUu çdkj dh i;kZoj.kh; ifjfLFkfr;ksa esa Qyrs&Qwyrs ik;k tk ldrk gSA
ikjaifjd rduhdksa dk mi;ksx djds vf/kdka'k leqæh thou ;k rks vlaL—r ;k laL—fr ds fy, pqukSrhiw.kZ gSA
fof/k;k¡% ,d i;kZoj.k uewus ls lh/ks çkIr thuksfed MsVk ds fo'ys"k.k ds ek/;e ls] esVkthuksfeDl lHkh lw{ethoks a ds
v/;;u dks l{ke cukrk gS] Hkys gh mUgsa lqlaL—r fd;k tk ldrk gS ;k ughaA ;g ekStwn çtkfr;ksa dh igpku ds
lkFk&lkFk muds çk—frd vkokl esa ekbØksfc;y leqnk;ksa dh dk;Z{kerk ds ckjs esa Kku fudkyus dh vuqefr nsrk gSA
ifj.kke% ;g ys[k mi;ksx fd, x, vR;k/kqfud esVkthuksfeDl –f"Vdks.k vkSj muls tqM+s l‚¶Vos;lZ vkSj VwYl dk lkjka'k
nsrk gSA vçkI; lw{ethoksa dks le>us vkSj mudk mi;ksx djus ds fy,] esVkthuksfeDl ekbØksfc;y nqfu;k dh fo'kky
fofo/krk rd igqap çnku djrk gS vkSj vdknfed leqnk;ksa vkSj vkS|ksfxd lsfVaXl nksuksa esa egRoiw.kZ :i ls mUur gqvk gSA

eq[; 'kCn% esVkthuksfeDl] esFkM~l] l‚¶Vos;lZ] VwYlA
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ABSTRACT
Background: Throughout all of nature, microorganisms can be found thriving in a variety of environmental circumstances. Most
marine life is either unculturable or challenging to culture using conventional techniques.
Methods: Through the analysis of genomic data obtained directly from an environmental sample, metagenomics enables the study
of all microorganisms, regardless of whether they can be cultured or not. This allows for the identification of the species present as
well as the extraction of knowledge about the functionality of microbial communities in their natural habitat.
Result: This article summarizes the state-of-the-art metagenomic approaches used and their associated softwares and tools. In
order to comprehend and utilise unculturable microorganisms, metagenomics provides access to the enormous diversity of the
microbial world and has significantly advanced both academic communities and industrial settings.
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izLrkouk
esVkthuksfeDl dk;kZRed thu LØhfuax ;k vuqØe.k fo'ys"k.k
dk mi;ksx djds ,d fo'ks"k okrkoj.k ls vyx fd, x,
jksxk.kqvksa dk v/;;u gSA esVkthuksfeDl ij v/;;u jksxk.kqvksa
dh fofo/krk] leqnk;ksa dh lajpuk] vkuqoaf'kd vkSj fodkloknh
laca/kksa] dk;kZRed xfrfof/k;ksa vkSj i;kZoj.k ds lkFk ckrphr
vkSj laca/kksa ij /;ku dsafær djrk gSA esVkthuksfeDl ,d
'kfä'kkyh midj.k ds :i esa mHkjk gS ftldk mi;ksx
ekbØksfc;y leqnk;ksa dk v/;;u djus ds fy, fd;k tk
ldrk gS] Hkys gh lnL; thoksa dh ikjaifjd vyxko dk
mi;ksx djds ç;ksx'kkyk esa lqlaL—r gksus dh {kerk gksA
blus i;kZoj.k esa lw{etho thou dh fofo/krk dk o.kZu
djus dk volj Hkh çnku fd;k gS D;ksafd dbZ vHkh Hkh
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lqlaL—r gksus esa vleFkZ gSa ¼Yasir et al., 2014½A esVkthuksfeDl
,d u;k –f"Vdks.k gS tks fdlh fo'ks"k okrkoj.k esa lw{ethoksa
dh tkap ds fy, dk;kZRed thu LØhfuax ;k vuqØe.k
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fo'ys"k.k dk mi;ksx djrk gSA esVkthuksfeDl] ftlesa ikuh
;k feêh tSls xzg ds vf/kdka'k vkoklksa esa lw{ethoksa ds laxzg
ls Mh,u, dk çR;{k fu"d"kZ.k vkSj Dyksfuax 'kkfey gS] dks
i;kZoj.k vkSj lkeqnkf;d thuksfeDl ds :i esa Hkh tkuk
tkrk gSA i;kZoj.kh; thukse dks vyx fd;k tkrk gS]
[kafMr fd;k tkrk gS] vkSj fQj blds IykfLeM dk mi;ksx
djds ,d tho esa Dyksu fd;k tkrk gS] ftlesa xq.kk djus
dh {kerk gksrh gSA lqlaL—r gksus ds ckn] thoksa dk mi;ksx
esVktsuksfeDl iqLrdky;ksa ds fuekZ.k ds fy, fd;k tkrk gS]
ftudk Mh,u, vuqØe.k ¼Nazir] 2016½ dk mi;ksx djds
fo'ys"k.k fd;k tkrk gSA

i;kZoj.k ds uewuksa ls lh/ks Mh,u, dh Dyksfuax dh
vo/kkj.kk dks lcls igys 1986 esa Pace vkSj muds lg;ksfx;ksa
}kjk çLrkfor fd;k x;k Fkk ¼Pace et al-] 1986½] vkSj
Schmidt vkSj muds lg;ksfx;ksa us 1991 esa ¼Schmidt et al-]
1991½ 16S rRNA thu vuqØe v/;;u ds fy, Qst osDVj
esa fidksIykadVu ls Mh,u, Dyksu djus ds fy, bl fof/k
dks fu;ksftr fd;kA 1995 esa igys mRiknd dk;Z&lapkfyr
esVkthuksfeDl iqLrdky;ksa dh tkap dh xbZ Fkh vkSj mUgsa
twykbczsjht ¼Healy et al-] 1995½ ds :i esa tkuk tkrk FkkA
gkykafd] twfyczjh dk igyh ckj 1998 esa mi;ksx fd;k x;k
Fkk vkSj tks Handelsman vkSj mudh Vhe ¼Handelsman et al-]
1998½ }kjk ̂ ^lw{ethoksa ds ,d la;kstu ls Mh,u, ds çR;{k
fu"d"kZ.k vkSj Dyksfuax }kjk lw{ethoksa ds thuksfed v/;;u^̂

ds :i esa of.kZr fd;k x;k FkkA urhtru] vf/kdka'k tho
tks igys ikjaifjd rjhdksa ls nqxZe Fks] vc miyC/k gSaA
ekbØksfc;y nqfu;k dSls dk;Z djrh gS] bldh O;kid
le> çkIr djus ds vafre y{; ds lkFk esVkthuksfeDl
lkeqnkf;d thukse dks lanfHkZr djrk gSA esVkthuksfeDl
,d j.kuhfr –f"Vdks.k çnku djrk gS tks rhu çkFkfed
baVjfyaDM Lrjksa] uewuk çlaLdj.k] Mh,u, vuqØe.k vkSj
dk;kZRed fo'ys"k.k ¼Maria-Eugenia et al-] 2009½ ij vuqla/kku
dks ,dh—r djrk gSA i;kZoj.kh; uewuksa esa lw{ethoksa dh
dqy la[;k dk 99% rd mudh fofo/krk fu/kkZfjr djus ds
fy, bl rduhd dk mi;ksx djds i<+k tk ldrk gS
¼Prayogo et al-] 2020½A lkeqnkf;d thuksfeDl] i;kZoj.k
thuksfeDl] vkSj tula[;k thuksfeDl esVkthuksfeDl
¼Neelakanta and Sultana] 2013½ ds fy, vkxs dh 'kCnkoyh gSaA

esVktsuksfeDl :ijs[kk

fp= 1 esVkthuksfeDl v/;;u esa fn'kk fn[kkrk gSA i;kZoj.kh;
uewuksa ¼Jimenez et al-] 2012½ ls miU;kl tSo&v.kqvksa dks
fudkyus ds fy, esVkthuksfeDl dks nks j.kuhfr;ksa] dk;kZRed
vk/kkfjr vkSj vuqØe vk/kkfjr esa foHkkftr fd;k x;k gSA
vuqØe esVkthuksfeDl dk v/;;u ekbØksfc;y leqnk;ksa
dh lajpuk ls lacaf/kr gSA fdlh fn, x, lanHkZ esa ,d
leqnk; cukus esa tkus okys fofHkUu rRoksa ds chp laca/kksa dks
le>uk lkeqnkf;d lajpuk ds v/;;u dk eq[; y{; gSA

fp= 1% esVktsuksfeDl dk;ZçokgA
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ikfjfLFkfrdh vkSj tSfod çfØ;kvksa ds v/;;u ds fy,]
leqnk; ds lnL;ksa ds chp laca/kksa dk egRoiw.kZ Kku gksrk
gSA vlsacyh] fcfuax] vkSj ekbØksfc;y leqnk; fo'ys"k.k –
f"Vdks.k tSls VSDlksuksfed çksQkbfyax] thu Hkfo";ok.kh]
vkSj esVkc‚fyd jkLrs ekSfyd lajpukRed esVkthuksfeDl
rduhd cukrs gSa ¼Jimenez et al-] 2012; Alves et al-] 2018;

Roumpeka et al-] 2017½A
dk;kZRed esVkthuksfeDl ,d fof'k"V çksVhu dk mRiknu

djus okys thu ds mi;ksx ds fy, lefiZr gSA tSo çkS|ksfxdh
{ks= esa mi;ksx fd, tk ldus okys çk—frd inkFkksaZ dh
[kkst dk;kZRed esVkthuksfeDl ds foKku ds lkFk ,d ubZ
pqukSrh is'k djrh gSA thu fuekZ.k] LØhfuax] vkSj thu
vfHkO;fä dqN ekSfyd rduhdsa gSa ftudk mi;ksx dk;kZRed
esVkthuksfeDl esa miU;kl ,atkbeksa dks [kkstus ds fy,
fd;k tkrk gSA bu rduhdksa dk vuqØe] ih,Q,,e] lajpuk
Hkfo";ok.kh] vkSj QkbykstsusfVd fo'ys"k.k ds lkFk&lkFk
b"Vre ih,p nj] b"Vre rkieku nj vkSj çksVhu xfrfof/k
fo'ys"k.k tSls çksVhu mRikn y{k.k o.kZu tSls tSo lwpukRed
fo'ys"k.k }kjk ikyu fd;k tk ldrk gSA

ikfjfLFkfrdh vkSj tSo çkS|ksfxdh tkap esa ekbØksfc;y
leqnk;ksa dh tkap ds fy, ,d fof/k ds :i esa] lajpukRed
vkSj dk;kZRed esVkthuksfeDl v/;;u esa gkFk ls dke djrs
gSaA nksuksa ekbØksfc;y ikfjfLFkfrdh ds lkFk pqukSfr;ksa dh
uhao ds :i esa dke djrs gSa] vFkkZr~ ̂ ^i;kZoj.k esa fdl çdkj
ds lw{e tho gSa\^^ vkSj ̂ ^;s lw{etho i;kZoj.k esa D;k Hkwfedk
fuHkkrs gSa\

tSo lwpuk foKku midj.k vkSj l‚¶Vos;j ¼rkfydk 1½
esVkthuksfeDl v/;;u esa egRoiw.kZ Hkwfedk fuHkkrs gSaA
SqueezeMeta ¼Tamames and Puente-Sanchez] 2019½ vkSj
MG-RAST ¼Keegan et al-] 2016½ ,d iw.kZ iSdst vk/kkfjr
midj.k gSa tks xq.koÙkk tkap ls ysdj vlsacyh vkSj thu
dh igpku vkSj ,uksVs'ku rd lHkh fo'ys"k.k djrs gSaA tSo
lwpuk foKku midj.kksa dk mi;ksx vUos"k.k y{;ksa ij fuHkZj
djrk gSA mnkgj.k ds fy,] i;kZoj.k uewuk fo'ys"k.k tSo
lwpuk foKku çkS|ksfxfd;ksa }kjk lgk;rk çkIr gS] tSlk fd
16S rRNA MsVk ¼Niu et al-] 2018½ ds fo'ys"k.k esa gSA
esVkthuksfeDl –f"Vdks.k esa mi;ksx fd, tkus okys tSo
lwpuk foKku fo'ys"k.k ds dqN mnkgj.k fuEufyf[kr gSa%

vlsacyh

vlsacyh ds fy, tkus ls igys] FastQC Vwy ds lkFk j‚
jhM~l dh xq.koÙkk dh tkap dh tkrh gS vkSj Trimmomatic

l‚¶Vos;j dk mi;ksx djds jhM~l dks fVªe fd;k tkrk gSA
vçlaL—r thoksa ds thukse dks iquiZzkIr djus ds fy,] NksVs
fVªe fd, x, i<+us okys VqdM+ksa ls yach thuksfed lkexzh dks
iqu% çkIr djus ds fy, vlsacyh vko';d gSA yacs vuqØeksa dks
contigs dgk tkrk gSA esVkthukse vlsacyh esa mi;ksx dh tkus
okyh nks lkekU; fof/k;k¡ OLC vkSj de Bruijn xzkQ gSaA
SequeezeMeta ¼Tamames and Puente-Sanchez] 2019½ tSls
dqN l‚¶Vos;j vuqØfed] lg&vlsacyh vkSj gkbfczM vlsacyh
–f"Vdks.kk s a ds vk/kkj ij fodflr fd, x, gSaA vU;
fo/kkulHkk midj.k IDBA_UD ¼Peng et al-] 2012½] esVkeksl
¼Treangen et al-] 2013½] esxkfgV ¼Dinghua et al-] 2015½]
esVkDokLV ¼Alla et al-] 2016½ vkSj esVkosyosV ¼Namiki

et al-] 2012½ gSaA

fcfuax

fcfuax Mh,u, vuqØeksa dks lewgh—r djus dh çfØ;k gS tks
fudV laca/kh thoksa ls ,dy thukse ;k thukse dk çfrfuf/kRo
dj ldrk gSA tSfod VSDlksu dk çfrfuf/kRo djus ds fy,
dafVXl dks fcfuax }kjk oxhZ—r fd;k tkrk gSA fcfuax
fo'ys"k.k ds fy, mi;ksx fd, tkus okys l‚¶Vos;j esVkokV
¼Strous et al-] 2012½ vkSj d‚ud‚DV ¼Alneberg et al-] 2014½
gSaA esVkokV dh mPp lVhdrk gS tcfd CONCOCT tfVy
ekbØksfc;y leqnk;ksa dksA

vuqØe fo'ys"k.k

ljy lajs[k.k vkSj ,dkf/kd lajs[k.k dk mi;ksx djds
fofHkUu çdkj ds thoksa ds vuqØeksa dh rqyuk djus ds fy,
vuqØe fo'ys"k.k ¼sequence analysis½ dk mi;ksx fd;k
tkrk gSA lcls vf/kd bLrseky fd;k tkus okyk Vwy
CykLV ¼csfld yksdy ,ykbuesaV lpZ Vwy½ gSA lajs[k.k
vis{kk ewY; ¼bZ&ewY;½ ¼Altschul et al-] 1990½ ds vk/kkj ij
lkaf[;dh; :i ls cuk, tkrs gSaA blds vykok vuqØeksa dk
fo'ys"k.k VSDlksuksfed çksQkby] COGs ¼v‚FkksZy‚xl thu ds
DyLVj½ vkSj KEGG ikFkos ds fy, fd;k tkrk gSA

çksVhu ifjokj dh igpku

ikfjokfjd Lrj ij çksVhu vuqØeksa ds chp laca/k ns[kus ds
fy,] Pfam MsVkcsl dk mi;ksx fd;k tkrk gSA ;g çksVhu
ifjokjksa dh igpku djus ds fy, fNis gq, ekdksZo e‚My dk
mi;ksx djrk gS ¼Khandelwal et al-] 2017½A

çksVhu lajpuk iwoZ&lwpuk

çksVhu dSls dke djrk gS ;g le>us ds fy, çksVhu dh
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rkfydk 1% esVktsuksfeDl midj.k vkSj l‚¶Vos;j mudh dk;Z{kerk ds vuqlkj lewgh—rA

midj.k/l‚¶Vos;j fooj.k lanHkZ

esVktsuksfeDl vlsacyh
esVkosyosV fyuDl/;wfuDl dekaM&ykbu Vwy; cM+h ek=k esa RAM dh Namiki et al-] 2012

vko';drk gksrh gS; pyus esa dbZ fnu yx ldrs gSa
esVkosyosV&,l,y leku fo'ks"krkvksa ds lkFk esVkosyosV dk foLrkj; dkbesjk Afiahayati et al-] 2014

dk csgrj irk yxkuk
vkbZMhch,&;wMh fyuDl/;wfuDl dekaM&ykbu Vwy; cM+h ek=k esa RAM dh Peng et al-] 2012

vko';drk gksrh gS; pyus esa dbZ fnu yx ldrs gSa
esxkfgV fyuDl/;wfuDl dekaM&ykbu Vwy; de eseksjh vkSj çksslslj Dinghua et al-] 2015

vko';drk,a] gkykafd dsoy dqN fodYiksa ds fy,
esVkeksl fyuDl/;wfuDl dekaM&ykbu Vwy; dbZ vU; l‚¶Vos;j VwYl Treangen et al-] 2013

ij fuHkZj djrk gSS; mi;ksx fd, x, vlsacyj ds vk/kkj ij
cM+h ek=k esa RAM dh vko';drk gks ldrh gS

esVkDokLV fyuDl/;wfuDl dekaM&ykbu Vwy; mPp çn'kZu Alla et al-] 2016
fcfuax
esVkcSV fyuDl/;wfuDl dekaM&ykbu; mfpr le; esa lk/kkj.k Kang et al-] 2015

deksfMVh/MsLdV‚i ihlh ij pyus ds fy, fMtkbu fd;k x;k
eSDlfcu fyuDl/;wfuDl dekaM&ykbu; e‚My cukus ds fy, 50 thch Wu et al-] 2014

jSe vkSj 24 ?kaVs dh vko';drk gksrh gS
esVkokV th;wvkbZ vk/kkfjr; MsLdV‚i gkMZos;j ij pyus ds fy, Strous et al-] 2012

fMtkbu fd;k x;k
CONCOCT fyuDl/;wfuDl dekaM&ykbu; vU; l‚¶Vos;j ij fuHkZj https%//arxiv-org/abs/

djrk gS; 'kq#vkr esa vlsacyh ds fy, js esVk dk bLrseky fd;k 1312-4038
thu iwoZ&lwpuk
esVkthu ,uksVsVj fyuDl/;wfuDl dekaM&ykbu ;k osc baVjQsl ds ek/;e Hideki et al-] 2008

ls miyC/k ¼10 ,ech rd lhfer osc baVjQsl½
v‚QsZfy;k fyuDl/;wfuDl dekaM&ykbu ;k osc baVjQsl ds ek/;e Hoff et al-] 2009

ls miyC/k ¼30 ,ech rd lhfer osc baVjQsl½
ÝSxtsuLdSu Linux/Unix dekaM&ykbu ds :i esa miyC/k; feuVksa/?kaVksa Ro et al-] 2010
¼FragGenScan½ esa deksfMVh/MsLdV‚i gkMZos;j ij pyus ds fy, fMtkbu

fd;k x;k
çksDdk Linux/Unix dekaM&ykbu ds :i esa miyC/k; vU; l‚¶Vos;j Torsten] 2014

ij fuHkZj djrk gS; lekukarj çlaLdj.k dk mi;ksx djrk gS
Mksesu MsVkcsl
baVjçks 14 çksVhu/Mksesu/ikfjokfjd MsVkcsl dk la?k https%//www-ebi-

ac-uk/interpro/

baVjçksLdSu Linux/Unix dekaM&ykbu ds :i esa miyC/k; Quevillon et al-] 2005
;k osc&baVjQsl; ;k ,ihvkbZ ds ek/;e ls

ikFkos MsVkcsl
dsbZthth ¼KEGG½ çfrfØ;kvksa/ikFkksa ds fy, v‚uykbu lalk/ku; 'kqYd ds Ogata et al-] 1999

fy, MkmuyksM djus ds fy, miyC/k MsVk; osc baVjQsl
;k ,ihvkbZ ds ek/;e ls igq¡pk tk ldrk gS

Table 1: Continue.....
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fp= 2% fofHkUu oSKkfud {ks=ksa esa esVktsuksfeDl ds vuqç;ksxA

esVklkbd çfrfØ;kvk/ikFkksa ds fy, v‚uykbu lalk/ku; MkmuyksM Caspi et al-] 2020
djus ds fy, miyC/k MsVk; osc baVjQsl ;k ,ihvkbZ ds
ek/;e ls igq¡pk tk ldrk gS

fo'ys"k.k ikbiykbu
,eth&jSLV xzkfQdy ;wtj baVjQsl ds lkFk v‚uykbu ç.kkyh Keegan et al-] 2016
bZchvkbZ esVktsuksfeDl xzkfQdy ;wtj baVjQsl ds lkFk v‚uykbu flLVe; Hunter et al-] 2014

EBI ENA esa MsVk gksuk vko';d gS
vkbZ,eth/,e xzkfQdy ;wtj baVjQsl ds lkFk v‚uykbu flLVe Markowitz et al-] 2014
LDohtesVk fyuDl/;wfuDl dekaM&ykbu Vwy; cM+h ek=k esa RAM Tamames and Puente-

dh vko';drk gksrh gS; pyus esa dbZ fnu yx ldrs gSa Sánchez] 2019
flYok th;wvkbZ vk/kkfjr; MsLdV‚i gkMZos;j ij pyus Pruesse et al-] 2007

ds fy, fMtkbu fd;k x;k
esxu th;wvkbZ vk/kkfjr; MsLdV‚i gkMZos;j ij pyus Huson et al-] 2013

ds fy, fMtkbu fd;k x;k

Table 1: Continue.....

lajpuk dks le>uk vko';d gSA çksVhu dh çkFkfed lajpuk
bls ,UdksM djus okys thu ds vuqØe ls vkrh gSA çksVhu
lajpuk dk tSo lwpuk foKku dk iwokZuqeku v/;;u çksVhu
ds HkkSfrd xq.kksa vkSj dk;ksaZ dks le>us esa lgk;rk dj
ldrk gS ¼Raza] 2012½A

oa'kkoyh fo'ys"k.k

çksVhu v.kqvksa ds lewgksa ds chp fodkloknh laca/kksa dks fQj
ls cukus vkSj ,d v.kq ds dqN xq.kksa dh iwoZ&lwpuk ds fy,]
QkbykstsusfVd fo'ys"k.k fd;k tkrk gS ¼Mehmood et al-]
2014½A QkbykstsusfVd fo'ys"k.k esa O;kid :i ls mi;ksx
fd, tkus okys midj.k MEGA ¼Molecular Evolutionary

Genetics Analysis½ ¼Tamura et al-] 2011½ vkSj PHYLIP

¼Felsenstein] 1989½ gSaA

lw{etho v/;;uksa ds vuqlkj] esVkthuksfeDl dks
cSDVhfj;y esVkthuksfeDl] Qaxy esVkthuksfeDl vkSj ok;jy
esVkthuksfeDl esa oxhZ—r fd;k tk ldrk gSA orZeku
esVkthuksfed vuqla/kku esa] thok.kq esVkthuksfeDl ds lkFk&lkFk
vuqØe fo'ys"k.k esVkthuksfeDl rsth ls c<+ jgk gSA

vuqç;ksx

fpfdRlk] —f"k] i;kZoj.k laj{k.k] vkSj vU; {ks=ksa ¼fp= 2½
lfgr Mksesu esa esVkthuksfeDl vuqla/kku rsth ls vkxs c<+
jgk gSA lw{ethoksa vkSj ekbØksfc;y esVkcksykbV~l ls miU;kl
ck;ks,fDVo ;kSfxdksa vkSj dk;kZRed thu dh igpku djus
ds fy, dk;kZRed esVkthuksfeDl egRoiw.kZ gSA esVkthuksfeDl
rduhd esa ck;ksdSVfyLV thu ¼Uchiyama et al-] 2005½]
i‚yhdsVkbM flaFkst dksfMax thu ¼Ginolhac et al-] 2004½]
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,aVhck;ksfVd çfrjks/k thu ¼,vkjth½ ¼Riesenfeld et al-] 2004½
lfgr dbZ u, thu ik, x, gSaA

vuqØe esVkthuksfeDl vçlaL—r lw{ethoksa dk v/;;u
djus esa lgk;d gSA ekbØksfc;y leqnk; dh fofo/krk dh
tkap djds] lw{ethoksa dh çtkfr;ksa] vkuqoaf'kdh vkSj fodkloknh
bfrgkl ds ckjs esa lh[kuk laHko gSA u, jksxtud ekbØksfc;y
lk{; ¼Kasper et al-] 2020½ }kjk fpfdRlk laØe.kksa ds
ekStwnk funku esa lq/kkj fd;k tk ldrk gSA laL—fr dh
fLFkfr dh vko';drk ds fcuk] dk;kZRed esVkthuksfeDl
LØhfuax ds ek/;e ls y{; thu ;k lfØ; mRiknksa rd
igqap ldrs gSaA ekStwnk ,atkbe ifjokjksa ;k ,atkbeksa ds
miU;kl lnL;ksa dh [kkst esa dk;kZRed esVkthukse lgk;rk
tks dsoy fo'ks"k HkkSfrd&jklk;fud ifjfLFkfr;ksa esa lfØ;
gSa] tks nksuksa vkS|ksfxd vuqç;ksxksa ds fy, vf/kd mi;ksxh gSa
¼Bekele et al-] 2021½A i;kZoj.k cSDVhfj;k ¼Zhang et al-]
2021½ ds dkcZu] ukbVªkstu vkSj lYQj pØ p;kip; dk
fo'ys"k.k djus ds fy, esVkc‚fydfeDl vkSj dk;kZRed
esVkthuksfeDl dks ;qfXer fd;k x;k FkkA

feêh] xgjs egklkxjksa] fgeunksa] xïksa vkSj vU; vkoklksa
esa jksxk.kqvksa dk v/;;u i;kZoj.kh; esVkthuksfeDl dk ,d
vuqç;ksx gSA xSLVªksbaVsLVkbuy VªSDV esa gkfudkjd cSDVhfj;k
dh [kkst] jä çokg laØe.k] QsQM+ksa esa laØe.k] dsaæh;
raf=dk ra= laØe.k] vkSj vU; chekfj;ka fpfdRlk {ks= ds
esVkthuksfeDl ds dbZ mi;ksxksa esa ls dqN gSaA ,aVhck;ksfVd&
çfrjks/kh cSDVhfj;k ¼ARB½] ,aVhck;ksfVd&çfrjks/kh thu
¼Nnadozie and Odume] 2019½] tSo&mRçsjd] vkSj nok,a
esVkthuksfeDl vuqla/kku ¼Duarte et al-] 2020½ dk orZeku
Qksdl gSaA

vgen vkSj mudh Vhe ¼2018½ }kjk ,d v/;;u fd;k
x;k Fkk] ftlesa [kkjs feêh ds ekbØksck;kse dh ewy lajpuk
vkSj v‚Leks,MkIVs'ku esa 'kkfey miU;kl vkuqoaf'kd rRoksa
dh [kkst dh xbZ FkhA 16S rRNA thu vuqØe fo'ys"k.k us
çk sVhukscSDVhfj;k ¼Proteobacteria½] ,fDVukscSDVhfj;k
¼Actinobacteria½] tsefVeksuSMsVsl ¼Gemmatimonadetes½]
cSDVsj‚bMsV~l ¼Bacteroidetes½] QfeZD;wV~l ¼Firmicutes½ vkSj
,flMkscSDVhfj;k ¼Acidobacteria½ ls lacaf/kr gsyksfQfyd/

gsyksVksyjsaV QkbyksVkbIl ds çHkqRo dk ladsr fn;k gSA bl
dk;kZRed esVkxsu‚feDl –f"Vdks.k us v‚LeksVksysjsaV ¼Osmotolerant½
Dyksu SSR1, SSR4, SSR6, SSR2 dks BCAA_ABCtp, GSDH,

STK_Pknb] vkSj duf3445 thuksa dh igpku dhA mijksä
jksxk.kqvksa ds Hkhrj çpfyr vkuqoaf'kd rRoksa ds fMdksfMax dk

mi;ksx ;k rks feêh dks lq/kkjus ds fy, fd;k tk ldrk gS
;k muds vkuqoaf'kd :i ls la'kksf/kr :i Qlyksa dks [kkjs
okrkoj.k esa çfrjks/k vkSj thfor jgus esa lgk;rk dj ldrs
gSa ¼Ahmed et al-] 2018½A

—f"k] tho foKku] çnw"k.k dh jksdFkke] ÅtkZ] i;kZoj.k]
okrkoj.k vkSj vU; {ks=ksa ij vuqla/kku esVkthuksfeDl ¼Suttner

et al-] 2020½ dk mi;ksx djrk gSA vR;f/kd vkokl] leqæ
vkSj Hkwfe lHkh esa jksxk.kqvksa ds v/;;u dh {kerk gSA cM+h
la[;k esa lw{etho feêh esa jgrs gSa] vkSj esVkthuksfeDl 'kks/k
ls irk pyk gS fd blesa ,aVhck;ksfVDl vkSj ,aVhQaxy
inkFkksaZ ¼Gillespie et al-] 2002½ dk [ktkuk gks ldrk gSA

fu"d"kZ
ekbØksfc;y leqnk;ksa ls lacaf/kr ç'uksa vkSj fofHkUu okrkoj.kksa
esa mudh Hkwfedk dks lacksf/kr djus ds fy, esVkthuksfeDl
cgqr rst xfr ls mHkj jgk gSA esVkthuksfeDl dh fo'kky
laHkkfor Hkwfedk ds dkj.k] ifj.kkeh MsVklsV dk iw.kZ mi;ksx
djus ds fy, esVkthuksfeDl dks ,d fo'oO;kih igy cukus
dh vko';drk gS tks nqfu;k Hkj esa lHkh çdkj dh esVkthuksfed
ifj;kstukvksa dks ,d lkFk yk,xhA fudV Hkfo"; esa] vU;
^vksfeDl^ fof/k;ksa tSls fd esVkVªsufLØIVksfeDl vkSj
esVkçksVksfeDl ds lkFk ,dhdj.k djds] esVkthuksfed gekjs
i;kZoj.k dks ns[kus ds egRoiw.kZ ?kVdksa esa ls ,d gksxkA
lqlaL—r mileqPp; dh ijokg fd, fcuk esVktsuksfeDl
cM+h ek=k esa vkuqoaf'kd tkudkjh dk ykHk mBk ldrk gS
vkSj fofo/k vçdkf'kr ekbØksfc;y leqnk;ksa ds vkuqoaf'kd
fodkl esa Kku dh deh dks Hkh gy dj ldrk gSA dk;kZRed
esVkthuksfeDl LØhfuax rduhd ,d etcwr vuqla/kku
midj.k gS ftlesa tSo&mRçsjd dh {kerk gS tks i;kZoj.k
vkSj O;kolkf;d :i ls egRoiw.kZ gSA
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