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eVkthukfeDN vij bld midj.k vkj 1,9vVo;]

T;krdk HkVhY jRuk chkk] fHE’k pe fedk

Lk

i"Bikfer Bi.k ¢c—fr €] I{ethok dk foftklu ¢dkj dh i;koj.kh; ifjfLFkfr;k e Qyr&Qyr ik;k tk Idrk gA
ikjifjd rduhdk dk mi;kx djd vikdi’k Bezh thou ;k rk vIL—r ;k IL—fr d fy, pukrhi.k gA
fof/k;ki ,d 1;koj.k ueu 1 Ik ciir thukfed MVKk d fo'y'k.k d ek/;e 1] eVithukieDI BHh B{ethok d
v/;;u dk ke cukrk g] ty gh mig 1BL—r fd;k € Idrk g ;k ughA ;g ektn ¢tfr;k dh igpiu d
HF& Bk mud ¢i—frd viokl e ekb@kfc;y Benk;k dh dk;{kerk d ckj e Kku fudkyu dh vuefr nrk gA
ifj.ket ;g y[k mi;kx fd, x, VR;kAfud eVithukfeDD —f'Vdk.k vij mul €M 1,9Vo; 1 vkj VI dk Bkjk'k
nrk gA veckl; I{ethok dk le>u vkj mudk mi;kx dju d fy,] eVithukieDl eko@ifc;y nfusk dh fo'ky
fofo/krk rd 1gp ¢nku djrk g vkj vdinfed Benk;k vij vk]kixd BfVKT nkuk e egRoi.k -1 I mlur gvk gA
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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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1Lrkouk

eVithukfeD I dk;iRed thu L@hfux ;k vu@de.k fo*y'k.k
dk mi;kx djd ,d fo'kk okrkoj.k 1 vyx fd, x,
Jixk.kvk dk v/ ;u gA eVithukieD D iy v/; 5 u jhock.kvk
dh fofo/krk] Benk;k dh Bjpuk] vkuof*kd vikj fodkloknh
Ic/ dk;iRed xfriof/k;k vkj 1;koj.k d BkFk ckrphr
vkj Ick ij /;ku dfer djrk gA eVkthukfedl ,d
‘akyh midj.k d zi e mikjk g feldk mijkx
ekb@kfc;y lenk;k dk v/;;u dju d fy, fd;k &k
Idrk g] tky gh EnL; thok dh ikjifjd vyxko dk
mi;kx djd ¢;kx"kyk e BIL—r gku dh {kerk gkA
blu i;koj.k e I{etho thou dh fofo/krk dk o.ku
dju dk volj Hh ¢cnku fd;k g D;kd db wHih Hh
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1IL—r giu e vIeR g Ivasiretal.,, 2014%A eVikthukfeDl
,d usk—f'vdk.k g & fdlh fo"k'% okrkoj.k e 1{ethok
di tip d fy, dk;lRed thu L@fux ;k vude.k
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fo"y'k.k dk mi ;kx djrk gA eVkthukfeDI] ftle ikuh
sk feéh 1 xg d vikdk'k vioklk e I{ethok d Ixg
I Mh,u, dk ¢R;{k fu"dk.k vkj Dykfux *ifey g] dk
i;koj.k vij Dkenkf;d thukfeDl d :-i e Hih thuk
thrk gA 1;koj.kh; thuke dk vyx fd;k thrk g
[kMr fd;k thrk g] vij fQJ bl d lykiLeM dk mi;kx
djd ,d tho e Dyku fd;k tkrk g] fele x.kk dju
dh {kerk gkrh gA 1 BL—r gku d ckn] thok dk mi ;kx
eVktukfeDl iLrdky;k d fuek.k d fy, fd;k tkrk g]
feudk Mi,u, vude.k iNazir] 20164 dk mi;kx djd
fo"y'k.k fd;k thrk gA

i;koj.k d ueuk 1 Eh/k Mh,u, dh Dykfux db
vo/kj .k dk Icl 1gy 1986 e Pace vij mud Bg;kx;k
Hjk cLrkfor fd;k X;k Rk lPace et ar] 1986 Wij
schmidt Vkj mud Bg;kix;k u 1991 e lschmidt et al|
1991% 16s rrRNA iU Vude V/;;u d fy, Qt oDVj
e fidklykdvu I Mh,u, Dyku dju d fy, bl fof/k
dk fu;ktr fd;kA 1995 e 1gy mRiknd dk; & I pkfyr
eVkthukfeD1 iLrdky;k dh thp dh xb Fih vkj mlg
TybCjit YHealyetar] 1995% d -1 e Thuk Thrk FkA
gkykfd] tfycjh dk 1gyh ckj 1998 e mi;kx fd;k X;k
Ak Vij & Handelsman Vij mudh Vhe YHandelsman et at|
1998k Hjk "I{ethok d ,d I;ktu I Mi,u, d ¢R;{k
fu'd'k.k vkj Dykfux }Hjk I{ethok d thukfed v/; ;u*

d Zi e ofkr fd;k x;k FKA urhtru] vikdk'k tho
th igy ikjifjd rjidk 1 nxe F vc miy(k gA
elb@ifc;y nfuzk dl dk; djrt g] bldh 0;kid
le> clir dju d vire y{; d b eVkthukeDl
llenkf;d thuke dk Infkr djrk gA eVithukeDl
,d J.kutfr —'vdk.k ¢nku djrk g t riu cififed
bVjfyDM Lrjk ueuk clLdj.kf Mh,u, vude.k vij
dk;lRed fo*y'k.k Imaria-Eugenia etar] 2009 1j vulu
dk ,di—r djrk gA 1;loj.kn; ueuk e I{ethok dh
dy I[;k dk 99% rd mudh fofo/krk fu/lfjr dju d
fy, bl rdutid dk mi;kx djd i<k € Idrk g
IPrayogo et a] 2020¢A Bkenkf;d thukfeDl] 1;koj.k
thukfeDD] vkj tul[;k thukfeDl eVkthukieDl
INeelakantaand Sutana] 20134 d fy, Vix dh *iinkoyh gA

eVktuifedl = ij[k

fp=1 eVkthukeDl V/; ;u e in*k in[krk gA i;koj.k;
ueuk limenez etar] 2012% 1 mil;kl to&v.kvk dk
fudkyu d fy, eVkthukfeDI dk nk j.kuhfr ;K dk;kked
VI r vk vu@e vilikijr e fotkkfer fd;k x5k gA
vu@e eVkthukieDl dk v/;;u ekb@ifc;y Benk;k
di Ijpuk 1 Ncffkr gA fdIh fn, x, Ink e ,d
lenk; cuku e thu oky fofklu rrok d chp Bc/ik dk
le>uk lkenkf;d Bjpuk d v/;;u diel; y{; oA

Raw data file

(.fastq)

i |

| FastQC

Quality Check

, Trimmomatic

‘ Trimmed Read Data ‘

. Spades/ Megahit

‘ Assembled Contigs ‘

Procliga|5

Gene Prediction

KEGG , Diamond,

Barrnap

rRNA Prediction

. HMMER3

’ Pathway Prediction | 1 COG/NOG AnnotationJ \ Protein Prediction |

. Metabat2/Maxbin

fp= 11 eVktukieDl dk;cokgA
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ikfjfLFfrdn vij tfod cfd;kvk d v/;;u d fy,]
lenk; d InL;k d chp Bc/ik dk egRoi.k Kku gkrk
gA vicyl] fefux] vij etb@kic;y Benk; fo'y'k.k —
f'vdk.k €1 VDlkukfed ckQkbfyx] thu Hifo"; ok.ki]
Vkj eVicfyd jkLr ekfyd 1jpukRed eVithukfeDl
rduhd cukr g lgimenez et al| 2012; Alves et at] 2018;
Roumpeka et al] 20174A

dk;lked eVkthukieD I ,d fof*k'V ¢kVhiu dk mRiknu
dju oky thu d mi;kx d fy, Befir gA to k] kxdh
{i= e mi;kx fd, tk Idu oky c¢k—frd inkrk dh
[kt dk kRed eVkthukfeDl d foKku d Bk ,d ub
pukrh 1%k djrh gA thu fuek.k] L@hfux] vkj thu
Vi fa dN elfyd rdund g ftudk mi;kx dk;kked
eVkthukfeDl e mil;kl ,tibek dk [Ktu d fy,
fd;k tkrk gA bu rduhdk dk vu@e] ih,Q, ,e] 1jpuk
Hfo"; ok.k) wkj Qkbyktufvd fo'y'k.k d  BkF& BkFk
b'Vre ih,p nj] b'Vre rkielu nj vij ¢Viu xfrfof/k
fo'y" Tl ciVhu mRikn y{k.k o.ku €1 to Ipukked

0'y'k.k Jjk ikyu fd;k €k Idrk gA

kafLkard Vkj to ck]kixdh tkp e elb@ifc;y

lenk;k dh tp d fy, ,d fof/k d i €] IjpulRed
vkj dk;lRed eVkthukieDI v/;;u e gk I dke djr

gA nkuk elb@ifc;y ikfjfLFkfrdn d Bk pukfr;k dh
uo d zi e dke djr g] vFikr "i;koj.k e fdl ¢dij
d I{e tho g\" vkj *; I{etho i;koj.k e D;k Hfedk
fulikr g\

to Ipuk foKku midj.k vkj 1,9Vo;]j trkfydk Lk
eVkthukfeDl v/;;u e egRoi.k Hfedk futkkr gA
SqueezeMeta /iTamames and Puente-Sanchez] 2019% Vij
MG-RAST JKeegan et at] 2016% ,d i.k 1dt Vi/kjr
midj.k g tk x.kolik thp 1 ydj vicyh vij thu
dh igpku vkj ,ukV*ku rd B fo*y'k.k djr gA to
1 puk foKku midj.k dk mi ;kx vio'k.k y{;k i furkj
djrk gA mnkgj.k d fy,] 1;koj.k ueuk fo'y'k.k to
1 puk foKku ckkixfd;k ek Bgk; rk chir g] €k fd
16s rRNA MVK INiu et a] 2018% d fo'y'k.k e gA
eVkthukieDI —f'Vdk.k e mi;kx fd, thku oky to

I puk foKku fo*y'k.k d dN mnkgj.k futufyf[kr g
vicyt

vicyh d fy, tu 1 igy]rastoc Vy d D j,
JIMT dh X.koUkk dlh thp di thrh g Vkj Trimmomatic

1.9Vo;j dk mi;kx djd jiMI dk fVe fd;k thrk gA
velIL—r thok d thuke dk fuikir dju d fy,] NkvV
fVe fd, x, i<u oky VdMk I ych thukfed Bkexh dk
1 ¢lir dju d fy, vilcyn vio®;d gA yc vu@ek dk
contigs Clgk Tkrk gA eVitiuke vIcyh e mi;kx dh thu
okyh nk Bkell; fof/k;k oLc vkj de Bruin XkQ gA
SequeezeMeta {Tamames and Puente-Sanchez] 2019 €1
dN 1,1Vo;j vu@fed] 1g&vlcyh vij gibfcM vicy!
—f'vdk.kk d vk/kj 1j fodflr fd, x, gA vi;
fo/lku BHkk midj.kioBA_up lPeng et ar| 20124 eVkekll
ITreangen et al] 2013t exkfgV fpinghua et ar] 2015%]
eVKDOkLV falia et alr] 20164 vkj eVkoyoV iNamiki
etal] 2012 gA

fcfux

fcfux Mh,u, vu@ek dk legh—r dju dh ¢fd;k g &
fudVv Ic/ thok 1 ,dy thuke ;k thuke dk cfrfuf/ifo
dj 1drk gA tfod VDIku dk (;frfuf/kRo dju d fy,
dfvXl dk fcfux Hjk oxi—r fd;k thrk gA fcfux
fo'y'k.k d fy, mi;kx fd, tu oky 1,1Vo;j eViokv
listrous et al-| 2012% Vkj d,ud,DV YAineberg et al-] 20144
gA eViokV dh mPp IVidrk g tcfd concocT tfVy
ekb@kfc;y Benk;k diA

vude fo"y'k.k
ljy Ij[kk vij ,difkd Bj[k.k dk miskx djd
foffu ¢cdkj d thok d vudek dh ryuk dju d fy,
vude fo'y'k.k Ysequence analysist dk mi;kx fd;k
rk gA Icl vikd bLrety fd;k thu okyk Vy
(ykLV icfld ykdy ,ykoueV Ip Vyh gA Bj[k.k
vi{lk eY; Ib&eY;! larschul et a] 1990k d vk ]
If[;dh; -1 1 cuk, tir gAbld vykok vu@ek dk
fo*y'k.k VD lkukfed ¢kQkby] coasiv, Fky,x1 thu d
DyLVj# vij keEGG 1kFo d fy, fd;k tkrk gA

ckVhu
ikfjokfjd Lrj 1j ¢kVhu vu@ek d c Ic/k n[ku d
fy,] ptam MVkcl dk mi;kx fd;k tkrk gA ;g ckVh
ifjokjk dh igpku dju d fy, fNi g ekdko e,My dk
mi;kx djrk g ikhandeiwal et al] 2017+A

ifjokj dh 1gpku

ckVhu Bjpuk 10& 1 puk
ckviu dll dke djrk g ;0 le>u d fy, ckvhu dh
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rifydk 1t eVktukeDl midj.k vij 1,1Vo;j mudh dk;flert d vulj legi—rA

midj.k1,IVo;]j

fooj .k

I nkk

eVktukieDl vicy!h
eVkoyoV

eVioyoVvé&, 1,y
vkbMhch, & ; Mh
exifgV

eViekl

eViDokLV

fcfux

eVkcV

eDlfcu

eVkokV

CONCOCT

thu 10& I puk
eVkthu ,ukvVj

v, Qfy sk

YxtulLdu

1/AFragGen'Scanl/Z

clDdlk

Mkeu MVikcl
bVjck

bVjciLdu

ikFko MVkcl
dbthth Ikecch

fyuDl/;fuDl dekM&ykbu Vy; cMh ek=k e ram dh
viko®;drk gkri g; pyu e db fnu yx Idr g

leku fo'Kkrkvk d BkFk eVioyoV dk folrkj; dkbejk
dk cgrj irk yxkuk

fyuDl/;fuDl dekM&ykbu Vy; cMh ek=k e ram dh
vio®;drk gkri g; pyu e db fnu yx Idr g
fyuDl/;fuDl deiM&ykbu Vy; de eekjh vij ¢kl 1]
vko®;drik,] gkykfd doy dN fodYik d fy,
fyuDl/;fuDl deiM&ykbu Vy; db wi; 1,fVo;j WYl
ij fulkj djrk g; mi;kx fd, x, vicyj d vikj ij
cMh ek=k e ram dh vko®;drk gk Idrh g
fyuDl/;fuDl deiM&ykbu Vy; mPp ¢n*fu

fyuDl/;fuDl deiM&ykbu; mfpr le; e Bk/Kj.k
deliMvMLdV,1 10l 1] pyu d fy, fMtkbu fd;k x;k
fyudl/;fuDl deiM&ykbu; eMy cuku d fy, 50 tich
je vkj 24 %V dh vko® ;drk gkrh g

th;vib Vikfjr; MLdV,i giMo;j ij pyu d fy,
fMtkbu fd sk x;k

fyuDl/;fuDl deiM&ykbu; wU; 1,9Vo;j 1j fukkj
djrk g "#vir e viicyl d fy, j eVk dk bLreky fd;k

fyuDl/;fuDl deiM&ykbu ;k oc bVjQI d el/;e

I miy(/k 410 ,ech rd Ihfer oc bVjQI%
fyuDl/;fuDl deiM&ykbu ;k oc bVjQI d ek/;e

I miy(/k 430 ,ech rd Ihfer oc bVjQI%

Linuxunix deiM&ykou d -1 e miyl/k; feuVi&vk
e deiMViMLdV,1 giMo;j 1j pyu d fy, fMEkbu
fd;k x;k

Linux/Unix deM&ykbu d =1 e miylk; vU; 1,YVo;]
ij fulkj djrk g; Dekukrj clLdj.k dk mi;kx djrk g

14 civiuMewikjokjd Mvicl dk 1%

Linux/Unix dekM&ykbu d:ie min/k
;koc&bVjQUI; sk ,invkb d el/se |

cfrf@d;kvivikFik d fy, v,uykbu Tliku; “kyd d
fy, MimuyiM dju d fy, miytk MVk; oc bvjQl
;L ahvib d el/;e | igpk € Idrk g

Namiki et aF] 2012
Afiahayati et a| 2014
Peng et a] 2012
Dinghua et at] 2015

Treangen et al-] 2013

Alla et al'] 2016
Kang et al-] 2015
Wu et al-] 2014

Strous et al-] 2012

https%l//arxiv-org/abs/

1312-4038
Hideki et at] 2008
Hoff et al-] 2009

Ro et al-] 2010

Torsten] 2014

https%//www-ebi-
ac-uk/interpro/

Quevillon et al-] 2005

Ogata et al-] 1999

Table 1: Continue.....
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Table 1: Continue.....

eVklkbd

fo"y'k.k 1kbiykbu
,eth&jLv
bchvib eVitukfeDl

vib, eth,e
LDolceVk

flYok

exu

¢frf@d;kvivikFik d fy, v,uykbu 1 Hiku; MimuyiM
dju d fy, miy(k MVk oc bvjQI ;k ,ihvib d
ek/;e 1 igpk & Idrk g

xkQdy ;tj bvjQI d Ik v,uykbu ¢.kyh
xkQdy ;tj bVjQI d Ik v,uykbu flLVe;
EBIENA € MVk gkuk vko*;d g

xkQdy ;tj bVjQI d N v,uykbu flLVe
fyuDl/;fuDl deiM&ykbu Vy; cMh ek=k e ram
dh vio®;drk grh g; pyu e db fnu yx Idr g
th; vib vilkdfjr; MLAV,1 giMo;j 1j pyu

d fy, tMtkbu fd;k x;k

th; vib vilkdfjr; MLAV,1 giMo;j 1j pyu

Caspi et al-] 2020

Keegan et al-] 2016
Hunter et al-] 2014

Markowitz et al-] 2014

Tamames and Puente-
Sénchez] 2019
Pruesse et al-] 2007

Huson et al-] 2013

d fy, tMtkbu fd;k x;k

=

N

-

Harnessing
Agriculture Novel
Molecules
— Forensic
Science

Human Gut &
Animal Rumen
Microbiome

fp= 2i fofllu oKkiud {k=k e eVktukfeDl d vug;kxA

1jpuk dk Be>uk vio® ;d gA ¢iViu dh ciFkfed 1 jpuk
bl ,UdM dju oky thu d vude I virh gA ckViu
1jpuk dk o Ipuk fokku dk Tokueku v/; ;u ckViu
d Hkfrd x.k vkj dk;k dk Te>u e Bgk;rk dj
Idrk g YrRaza] 2012%A

0"lkoyh fo"y"k.k

ckviu v.kvk d legk d cip fodkBoknh Bc/ik dk fQj
I culu vij ,d v.kd dN x.k dh io&lpuk d fy,]
Qkbykeufvd fo*y'k.k fd;k tkrk g YimMehmood et al|
2014%A Qkbyktufvd fo*y'k.k e 0;kid =1 1 mi;kx
fd, thu oky midj.k MEGA IMolecular Evolutionary

Genetics Analysish ITamura et a] 2011t VkJ PHYLIP
IFelsenstein] 198% gA

I{etho v/;;uk d wvulkj] eVithukieDI dk
cDVify ;y eVktiukieD1] Qxy eVkthukieDI vij ok; Jy
eVkthukieDI e oxt—r fd;k €k Idrk gA oreku
eVithulled vull ku €] thok.k eVkthukieD I d BkF& Bk
vu@e fo'y'k.k eVithukfeDl rth I c< jok gA
Vug;kx
fpfdREK —f' i;koj.k Bj{k.k] vkj wU; {k=k ifp= 24
Ifgr Mieu e eVkthukieDl vul/lu ren 1 vix c<
Jok gA I{etthok vij ekb@kic;y eVickykbVE 1 mil;kl
ck;k,fDVo ;kixdk wvkj dk;iked thu dh 1gpku dju
d fy, dk;lked eVkthukfeDI egRoi .k gA eVkthukieD
rdud e ck;kdVfyLV thu luchiyama et al] 20054
1,yhdVkbM fIFkE dkfiMx €hu iGinolhac et al-] 20044
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ck;kvd ¢frji/k thu 4, vij € iRiesenfeld etal] 2004
Ifgrdbu thu 1k, X, gA
vu@e eVktiukieDI vglILl—r I{ethok dk v/; ;u
dju e Igk;d gA ekb@ifc;y lenk; dh fofo/krk db
tip djd] I{ettok dh ¢tkfr ;K viuof*kdh vij fodk B oknh
bfrgkl d ckj e Ih[kuk BHo gA u, jkxtud elb@ifc;y
I{; kasper et ar] 20204 }jk fpfdRlk 1Qe.k d
ekenk funku e Iy fd;k € Idrk gA 1L—fr dh
fLFfr dh vko®;drk d fcuk| dk kRed eVithukieD I
L@hfux d el/;e 1 y{; thu ;k I{@; mRiknk rd
igp Idr gA ektnk ,tkbe Iijkjk ;k ,tkbek d
mil;kl InL;k di [K€ e dk;iRed eVithuke Bgk;rk
th doy fo'k'k Hkfrd&jklk;fud ifjfLRdr;k e 11@;
g] & nkuk vkkixd vug;kxk d fy, vikd mi;kxh g
IBekele et a] 2021%A 1;koj.k CDVIfj;k Yzhang et at|
2021% d dkcu] ukbVktu vkj 1YQj p@ p;kip; dk
fo'y'k.k dju d fy, eVic,fydfeDl wvij dk;kked
eVktiukfeDD dk ;fXer fd;k x;k FKA
feéf] xgj egkBkxjk] fgeunk] Xk vkj wi; vioklk
e jkxk.kvk dk v/;;u 1;koj.kh; eVktukieDN dk ,d
VvuG;kx gA xLVkbVLVkbuy VDV e gkfudkjd cDVifj 5k
di [kt] ja cokg 1de.k] QQM e 1Qe.l] de;
ri=dk r= 1Qe.| vk vU; chekfj;k fpfdrlk {i= d
eVktiukeDl d db mi;kxke I dN gA , Vick;Vd&
cfrji/kh cDVhfj;k Harsl] ,Vhck;kVd&efrjk/ih thu
INnadozie and Odume] 20191/] to&mRgjd] vkj nok,
eVkthukieDI vul/fu Ybuarte et a] 20204 dk oreku
Qkdl gA
vgen vkj mudh Vhe 42018% Hjk ,d v/; ;u fd;k
X;k Fk fele [k feéh d ekb@kck;ke dh ey Bjpuk
vkj v,Lek, MiV*ku e “kkfey miU;kl vkuof*kd rRok
dh [kt dh xb FihA 16s rrna TIU Vude fo'y'k.k u
ckVhukeDVhfj sk ¥ ,fDVukcDVhfj 5k
lActinobacteriah] tefVekuMVl jcemmatimonadetest]
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, FEMkcDVIfj sk YAcidobacteriat 1 cf/kr gykfQfyd:
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ProteobacterlaV]

mi;kx sk rk feéh dk Ikkju d fy, fd;k € Idrk g
kmud viuof'kd i 1 I'Rfkr i Qlyk dk [Kj
rkoj.k e ¢frjk/k vij tifor jgu e Igk;rk dj Idr
g 1/Ahmed et al] 20180A
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I irk pyk g fd ble ,Vhck;kVDI vk ,ViQxy
INFKk YGillespie et a| 20024 dk [kEkuk gk |d|’k gA

fu"d'k
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