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jkbtksLQh;j ekbØksck;kse dh Hkwfedk le>us gsrq esVkVªkalfØIVksfed –f"Vdks.k%
,d leh{kk

uSuk dqekjh] mek] ,e-,- bdcky] lkfjdk tk;loky] vfuy jk;] fnus'k dqekj    10.18805/BKAP414

lkjka'k
ikSèkksa dh tM+sa fofoèk lw{ethoksa dks vkJ; nsrh gSa tks ,d nwljs vkSj ikSèkksa ds lkFk ijLij fØ;k djrh gSaA jkbtksLQh;j feêh
dk {ks= gS] tks ikSèks dh tM+ ls fudVrk ls tqM+k gqvk gSA buls tqM+s ekbØksck;kse dks jkbtksck;kse dgk tkrk gSA blds vè;;u
ls ikSèkksa ds LokLF; esa lw{ethoksa dh Hkwfedk ds ckjs esa tkudkjh feyrh gSA ,uth,l rduhdksa dh çxfr ds lkFk] xSj&lkaL—frd
çtkfr;ksa dh igpku laHko gks xÃ gSA iwjs thuksfed Mh-,u-,- ¼esVktsuksfeDl½ dh vuqØe.k vklkuh ls VSDlksuksfed vkSj
dk;kZRed çksQ+kby dh igpku dj ldrk gS ysfdu ekbØksck;kse ds lfØ; vkSj fuf"Ø; lnL;ksa dh igpku iwjh ugÈ gksrh
gSA esVk&VªkalfØiV‚feDl iwjs ekbØksfc;y leqnk; }kjk O;ä thu dh igpku djds ,d ekbØksfc;y leqnk; ds lfØ;
dk;kZRed çksQkby dks fuèkkZfjr djus esa enn djrk gSA lkekU; dk;Zçokg uewukdj.k] vkj,u, fu"d"kZ.k] iqLrdky; dh
rS;kjh] vuqØe.k] MsVk dh iwoZ&çlaLdj.k] vlsacyh] VSDlksuksfed@dk;kZRed çksQkbÇyx vkSj varj vfHkO;fä fo'ys"k.k gSA ,slh
dÃ pqukSfr;k¡ ekStwn gSa] ftUgsa mUur vuqØe.k rduhdksa vkSj ,Yxksfjne ds ekè;e ls nwj fd;k tk ldrk gSA

“kCn dqath% tSo lwpukRed fo'ys"k.k] esVkVªkalfØIVksfeDl] ekbØksck;kse] jkbtksLQh;jA
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ènk ds ekbØks,Uok;jesaV esa vjcksa lw{etho gksrs gSaA ikS/ks
,d laxfBr i;kZoj.k esa jgrs gSa vkSj ènk esa jgus okys bu
lw{ethoksa ds lkFk ijLij fØ;k djrs gSaA ,slk gh ,d {ks=
^^jkbtksLQh;j^^ gS tks ikS/kksa dh tM+ksa ls tqM+k ,d ladh.kZ
{ks= gS ftles yk[kksa lw{ethfo;ksa ds fuokl LFkku gksrs gSA
jkbtksLQh;j ls tqM+s lw{ethoksa dks lkewfgd :i ls tM+
ekbØksck;kse ;k jkbtksck;kse ds :i esa tkuk tkrk gS
¼Moorthy and Balasundaram] 2021½A jkbtksck;kse ikS/ks dh
of̀) vkSj fodkl dks fu;af=r djds ikS/kksa ds LokLF; esa

ABSTRACT
Plant roots harbour diverse microorganisms that interact with each other and the plants. Rhizosphere is the region of soil, closely
associated with plant root. The microbiome associated with them is termed as rhizobiome. Its studies give insights into the roles of the
microorganisms in plant health. With the advancement of NGS techniques, the identification of the non-cultural species has turned
out to be possible. Sequencing of the whole genomic D.N.A. (metagenomics) can easily identify the taxonomic and functional profile
but identification of the active and inactive members of the microbiome is not fulfilled. Meta-transcriptomics helps in determining the
active functional profile of a microbial community by identifying the genes expressed by the entire microbial community. The general
workflow is sampling, RNA extraction, library preparation, sequencing, pre-processing of data, assembly, taxonomic/functional profiling
and the differential expression analysis. There exist numerous challenges, that can be overcome through enhanced sequencing
technologies and algorithms.

Key words: Bioinformatic analysis, Meta-transcriptomics, Microbiome, Rhizosphere.

ICAR-Indian Agricultural Statistical Research Institute, Agricultural
Bioinformatics Centre, New Delhi-110 012, India.

Corresponding Author: Sarika Jaiswal, ICAR-Indian Agricultural
Statistical Research Institute, Agricultural Bioinformatics Centre,
New Delhi-110 012, India. Email: aijaiswal@gmail.com

How to cite this article: Kumari, N., Uma, Iquebal, M.A., Jaiswal, S.,
Rai, A. and Kumar, D. (2022). Metatranscriptomic Approach to Understand
the Role of the Rhizosphere Microbiome: A Review. Bhartiya Krishi
Anusandhan Patrika. 37(3): 197-201. DOI: 10.18805/BKAP414.
Submitted: 28-12-2021       Accepted: 07-06-2022      Online: 15-08-2022



                                                                                                                                                                          Bhartiya Krishi Anusandhan Patrika198

Metatranscriptomic Approach to Understand the Role of the Rhizosphere Microbiome: A Review

egRoiw.kZ Hkwfedk fuHkkrk gSA jkbtksck;kse esa lgk;d]
gkfudkjd vkSj rVLFk nksuksa rjg ds lw{etho 'kkfey gks
ldrs gSa vkSj os tM+ksa dks mifuosf'kr djus ds fy, ,d
nwljs ds lkFk çfrLi/kkZ djrs gSaA blfy,] fdlh Hkh Qly
çtkfr ds jkbtksck;kse dk v/;;u Qly lq/kkj esa egRoiw.kZ
Hkwfedk fuHkkrk gSA

ikS/kksa dh tM+ksa vkSj lw{ethoksa ds ijLij fØ;k,¡

ftl rjg ls lw{etho ikS/ks ls ijLij fØ;k djrs gSa] pkgs
og ikS/ks ds fy, Qk;nsean gksa ;k gkfudkjd] os ,d ikS/ks dh
dbZ fo'ks"krkvksa dks çHkkfor djus ds fy, ftEesnkj gksrs gSaA
;s lw{etho ikS/ks ds gkeksZuy Lrj ds lkFk&lkFk feêh ls
iks"k.k çkIr djus esa Hkh egRoiw.kZ Hkwfedk fuHkkrs gSa ¼Moorthy

and Balasundaram] 2021½A blds vykok] ikS/ks iks"kd rRoksa
ds vo'kks"k.k esa vkSj fofHkUu tSfod vkSj vtSfod rukoksa ls
lqj{kk çkIr djus ds fy, lw{ethfo;ksa ij Hkh fuHkZj djrs gSaA
fdlh Hkh çk—frd okrkoj.k esa lw{ethoh vkerkSj ij Lora=
:i esa ugha jgrs gSaA os i;kZoj.k esa ekStwn ijiksf"k;ksa ds
lkFk&lkFk  ,d nwljs ds lkFk Hkh ijLij fØ;k djrs gSa vkSj
,d tfVy ç.kkyh dk fuekZ.k djrs gSaA jkbtksLQh;j ikS/ks
dh tM+ vkSj feêh ds chp baVjQsl gksus ds dkj.k lw{ethfo;ksa
dh ifjof̀Ùk vkSj NksVs&NksVs {ks=ksa esa jgus okys thoksa dks
vkJ; nsrk gSA u dsoy lw{ethoh ikS/kksa ij çHkko Mkyrs gSa]
cfYd ikS/ks Hkh mu ij çHkko Mkyrs gSaA ikS/kksa dh tM+sa
dkcZu&lè) lClVªsV dk lzko djrh gSa tks vfLFkj lClVªsV
gksrs gSa vkSj laHkor% lw{ethfo;ksa ds i{k/kj gksrs gSa rFkk mUgsa
tYnh ls vkRelkr dj ldrs gSa ¼Kumar and Dubey] 2020½A
tM+ ds vo;o tSls dkcksZgkbMªsV] dkcZfud ,flM] vehuks
,flM vkSj lsdsUMjh esVkcksykbV~l Hkh tM+ksa dh vksj çsjd
cSDVhfj;k dks vkdf"kZr dj ldrs gSa ¼Carvalhais et al]
2013½A bl çdkj] ikS/ks vkSj lw{ethfo;ksa ds chp f}rjQk
ijLij fØ;k,¡ gksrh gSa] tks ;k rks ,d nwljs dh of̀) vkSj
fodkl ds i{k esa ;k fQj of̀) vkSj fodkl dks ckf/kr djus
okyh gksrh gSaA

jkbtksLQh;j ekbØksck;kse v/;;u esa esVkVªkalfØIVksfeDl
dh Hkwfedk

ekbØksck;kse dks le>us ds fy, ikjaifjd lao/kZu fof/k;ka
jkbtksck;kse ds v/;;u dks ckf/kr djrh gSaA ;s fof/k;ka
dsoy 1% cSDVhfj;k dh igpku dj ldrh gSa] tks ewy :i
ls —f"k ;ksX; gh gksrs gSaA xSj&—f"k ;ksX; vkSj v;ksX;
lw{ethoksa dk ikjaifjd rjhdksa ls v/;;u djuk yxHkx

vlaHko gSA fiNys dqN n'kdksa esa lhDosaflax çkS|ksfxfd;ksa esa
çxfr us tSfod ç;ksxksa ds rjhds dks cny fn;k gS] [kkldj
tc ekbØksck;kse ds v/;;u dh ckr vkrh gSA esVkthuksfed
fof/k dk çeq[k nks"k ;g gS fd ;g ekbØksck;kse ds lfØ;
vkSj fuf"Ø; lnL;ksa ds chp varj djus esa vleFkZ gSA
blds vykok] os mu lnL;ksa ds chp varj djus esa Hkh
vleFkZ gSa tks okLro esa ml le; okrkoj.k esa ;ksxnku ns
jgs gSa vkSj tks fcuk ;ksxnku ds flQZ ekStwn gSaA ,d
ekbØksfc;y leqnk; viuh cnyrh i;kZoj.kh; ifjfLFkfr;ksa
ds çfr dSls çfrfØ;k djrh gS] bldh lEiw.kZ tkudkjh
çkIr djus ds fy, cM+s iSekus ij esVkVªkalfØIVksfeDl dk;Z'kSyh
dk bLrseky fd;k tk ldrk gS ¼Shakya et al.] 2019½A ,d
lSaiy dk esVkVªkalfØIVkse ml lSaiy esa fdlh fn, x, {k.k
esa vkSj fof'k"V i;kZoj.kh; ifjfLFkfr;ksa esa dqy mRNA dks
dSIpj djus okys thu ds ckjs esa ,d fopkj nsrk gSA bl
çdkj] iwjs ekbØksfc;y dE;wfuVh }kjk dkSu ls thu O;ä
fd, tk jgs gSa] bldh igpku djds esVkVªkalfØIVksfeDl
,d ekbØksfc;y dE;wfuVh ds lfØ; QaD'kuy çksQkby dks
fu/kkZfjr djus esa enn dj ldrk gS ¼Aguiar and Pulido

et al-] 2016½A ikS/kk&lw{ethoh dh ijLij fØ;k ds v/;;u
lfgr esVkVªkalfØIVksfeDl ds fofHkUu vuqç;ksx gSa D;ksafd
;g fof'k"V dk;ksaZ ds fy, ftEesnkj ekbØksck;kse lnL;ksa dks
fpfàr djus vkSj ijiks"kh&ekbØksck;kse laca/k ds fy, ftEesnkj
thu dh igpku djus esa l{ke gSA vr% jkbtksLQh;j
ekbØksck;kse v/;;uksa esa esVkVªkalfØIVksfed dh Hkwfedk cgqr
egRoiw.kZ gSA

esVkVªkalfØIVksfeDl v/;;u dh lkekU; dk;Zçokg

fdlh Hkh esVkVªkalfØIVksfed v/;;u dh lkekU; dk;Zçokg
esa fuEufyf[kr pj.k 'kkfey gSa% ¼i½ lSaiy laxzg] ¼ii½ dqy
RNA fu"d"kZ.k] ¼iii½ ykbczsjh&çcU/k vkSj lhDosaflax] ¼iv½
esVkVªkalfØIVksfed MsVk dk tSolwpuk çlaLdj.k vkSj ¼v½
fMQjsaf'k;y ,Dlçs'ku fo'ys"k.kA lSaiy laxzg ds ckn] blesa
ls dqy RNA fudkyk tkrk gS vkSj fdlh Hkh DNA lanw"k.k
dks nwj djus ds fy, DNase fu:i.k fd;k tkrk gSA fQj
;ksX; RNA dks VqdM+s dh tkap vkSj xq.koÙkk ijh{k.k ds fy,
Hkstk tkrk gSA blds ckn] lSaiy mRNA lEiUuhdj.k ds
fy, Hkstk tkrk gS tks ,d egRoiw.kZ vkSj eqf'dy dk;Z gSA
mRNA lEiUuhdj.k ds fy, fofHkUu rduhdh;ksa dks viuk;k
x;k gS] tSls fd 16 ,l vkSj 23 ,l vkj-vkj-,u-,- tkap
ladj.k ;k vkj-vkj-,u-,- dSIpj flLVe ;k 5&3
,DlksU;wfDyt ,atkbe ds ek/;e ls rRNA vkSj tRNA dk



 Volume 37 Issue 3 (September 2022) 199

Metatranscriptomic Approach to Understand the Role of the Rhizosphere Microbiome: A Review

fMxzsMs'kuA mRNA lEiUuhdj.k ds ckn] cDNA ykbczsjh&
çcU/k dh tkrh gSa vkSj lhDosaflax ds fy, lSaiy Hksts tkrs
gSaA blds ckn esVkVªkalfØIVksfed MsVk dk fo'ys"k.k fd;k
tkrk gS ftldh foLrr̀ ppkZ uhps fn, x, vuqHkkx esa dh
xbZ gSA dk;Zçokg esa vafre pj.k] esVkVªkalfØIVksfed MsVk
dk fMQjsaf'k;y ,Dlçs'ku fo'ys"k.k gSA blesa fofHkUu
i;kZoj.kh; ifjfLFkfr;ksa vkSj ekinaMksa esa ekbØksck;kse dh
rqyuk djuk vkSj le; ds lkFk ekbØksfc;y tSo jklk;fud
QaD'ku ij muds çHkko dh rqyuk djuk 'kkfey gS ¼fp= 1½A
fMQjsaf'k;y ,Dlçs'ku fo'ys"k.k ds fy, dbZ VwYl fodflr
fd, x, gSa tks vkerkSj ij çfr lSaiy vkSj çfr thu/

VªkalfØIV cgqrk;r esa buiqV MsVk ysrs gSaA DeSeq2, Limma,

edgeR vkSj Cufflinks tSls VwYl bl mís'; ds fy, vDlj
mi;ksx fd, tkus okys VwYl gSaA GAGE tSls VwYl dk
mi;ksx ;g igpkuus ds fy, fd;k tk ldrk gS fd dkSu
ls ikFkost ,d fLFkfr esa nwljh fLFkfr ls csgrj gSaA

esVkVªkalfØIVksfeDl MsVk dk tSolwpuh; çlaLdj.k

çh&çkslsflax

v'kq)rk dks de djus ds fy, MkmuLVªhe fo'ys"k.k ls
igys v'kq) jhM dks gVkus ;k fVªe djus ds fy, igyk vkSj
lcls egRoiw.kZ dne MsVk dh xq.koÙkk fu;a=.k gSA dqN
xq.koÙkk fu;a=.k ekunaMksa ftudk vuqlj.k fd;k tkrk gS%
¼i½ fuEu&xq.koÙkk okys VfeZuy csl dks gVkuk ¼ii½ 25 ls
uhps ds vkSlr xq.koÙkk Ldksj okys jhM~l dks gVkuk ¼iii½
lhDosal ls vLi"V csl dks gVkuk vkSj ¼iv½ de yackbZ ds
okys jhM~l dks gVkukA lSaiy ls vR;f/kd çpqj ek=k esa

rRNA VªkalfØIV~l dks gVkuk ,d egRoiw.kZ dne gS ftls
/;ku esa j[kk tkuk pkfg, D;ksafd ;s VªkalfØIV~l MkmuLVªhe
fo'ys"k.k esa leL;k iSnk djrs gSaA ijiks"kh tho ds jhM~l dks
gVkuk] tSls fd ekuo ekbØksck;kse lSaiy ls ekuo jhM~l
dks gVkuk] dbZ esVkVªkalfØIVksfed v/;;u dh vko';drk
gks ldrh gS tks ikjaifjd jhM eSfiax fof/k;ksa tSls fd v/;;u
ds rgr VkjxsV ijiks"kh ds lanHkZ thukse dks eSi djds fd;k
tk ldrk gSA

Mh uksoks vlsacyh

mPp xq.koÙkk okys fQYVj fd, x, jhM~l dks Mh uksoks
vlsacyh }kjk I;qVsfVo VªkalfØIV~l esa bdëk fd;k tk ldrk
gSA pwafd fofHkUu lw{ethoksa ds fy, lanHkZ thukse vuqiyC/k gSa]
blfy, Mh uksoks vlsacyh ,d lanHkZ vk/kkj miyC/k djkrh
gS tks yacs] ,DlçsLM thukse lsxesaV dk çfrfuf/kRo djrk gS
vkSj tks thu dk ,d lanHkZ lsV çnku dj ldrk gSA ;g
mi;ksxdrkZvksa dks vf/kd ljy rjhds ls gkseksy‚x [kkstus
dh {kerk çnku djrk gS] VSDlksuksfed ewy LFkkfir djrk
gS] vkSj ,DLçs'ku fo'ys"k.k ds lkeus eSfiax ds fy, ,d
lanHkZ ds :i esa dk;Z djrk gS ¼Shakya et al.] 2019½A vkt
Hkh] esVkthukse vlsacyh ds fy, mi;ksx fd, tkus okys
VwYl tSls fd osYosV ¼Zerbino and Birney 2008½] fVªfuVh
¼Grabherr et al-] 2011½] esxkfgV ¼Li et al-] 2015½ vkSj esVkLisM~l
¼Nurk et al-] 2017½ esVkVªkalfØIVksfed vlsacyh ds fy, mi;ksx
fd, tkrs gSaA ysfdu bu VwYl ds ifj.kke lVhd ugha gks
ldrs gS aA Vªk alfØIV vlsacyh xzkQ ¼Vh-,-th½ vkSj
vkbZMhch,&,eVhih esVkVªkalfØIVksfed jhM~l vlsacyh ds
fy, dqN fof'k"V VwYl gSaA

fp= 1% esVkVªkalfØIVksfeDl v/;;u dh lkekU; dk;Z çxfrA
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VªkalfØIV VSDlksu‚eh

,d ekbØksck;kse lSaiy dh dE;wfuVh lajpuk dh igpku
;g tkuus ds fy, fd muesa cgqrk;r ds lkFk D;k ekStwn
gS] fdlh Hkh ekbØksck;kse v/;;u esa lcls egRoiw.kZ dne
gS ftls VSDlksuksfed çksQkbfyax ;k VªkalfØIV VSDlksu‚eh
dgk tkrk gSA RNA lSaiy esa dkSu ls tho lfØ; :i ls
,Dlçsl gks jgs gSa] ;g le>us ds fy, VSDlksuksfed vlkbuesaV
dks jhM&vk/kkfjr ;k d‚fUVx&vk/kkfjr fd;k tk ldrk gS
¼Shakya et al.] 2019½A VSDlksuksfed çksQkbfyax djus ds
fy, vyx&vyx rjhds gSa tSls fd VªkalfØIV~l dh igpku
vkSj oxhZdj.k ds fy, vks-Vh-;w- dk mi;ksxA bl rjhds esa
vkerkSj ij 16S ;k 18S rRNA lhDosal fudkyus ds fy,
lhDosal l‚fVaZx vkSj fQj oxhZdj.k ds fy, ekbØksck;kse
MsVkcsl esa eSfiax 'kkfey gSA pwafd esVkVªkalfØIVksfed MsVk esa
vkj-vkj-,u-,- lhDosal 50% ls de gS vkSj vDlj gVk
fn;k tkrk gS] ;g rjhdk lkaf[;dh; :i ls O;ogk;Z ugha
gS] ysfdu igys VSDlksuksfed çksQkby dh igpku djus ds
fy, vkj-vkj-,u-,- lhDosafll dks cuk, j[kk tk ldrk gSA
fQj mUgsa vkxs ds MkmuLVªhe fo'ys"k.k ds fy, gVk fn;k
tk ldrk gSA vU; rjhdk] ekdZj thu okys MsVkcsl ds
lkFk vykbZu djus ds fy, VSDlksuksfed vlkbuesaV ds fy,
laiw.kZ lhDosafll dk mi;ksx djuk gS ¼Jagtap et al-] 2021½A
ekbØksck;kse v/;;u esa QkYl i‚ftfVo fgV ls lhDosal
fgV dh de la[;k dk varj ,d cM+h leL;k iSnk djrk
gSA blds vykok] ekbØksfc;y fofo/krk ij lhfer Kku Hkh
ekbØksck;kse ds esVkVªkalfØIVksfeDl v/;;u esa VSDlksu‚eh
oxhZdj.k VwYl ds vuqç;ksx dks xaHkhj :i ls lhfer djrk
gS ¼Ranjan et al] 2021½A

QaD'kuy ,uksVs'ku

fdlh Hkh esVkVªkalfØIVksfed v/;;u ds ykHkksa esa ls ,d gS]
ml thu rd igqap] tks lSaiy esa ekbØksfc;y dE;wfuVh
}kjk O;ä dh tkrh gSA muds }kjk fuHkkbZ xbZ QaD'kuy
Hkwfedk dks le>us ds fy, bu thuksa dh igpku dh tk
ldrh gSA D;ksafd ,DlçsLM VªkalfØIV~l okLrfod QhuksVkbi
ds fy, ,d ç‚Dlh dk çfrfuf/kRo djrs gSaA VªkalfØIV~l ds
QaD'ku dks fpfàr djuk esVkVªkalfØIVksfeDl ds fy, ,d
egRoiw.kZ dk;Z gS ¼Shakya et al.] 2019½A QaD'kuy ,uksVs'ku
jhM&vk/kkfjr ;k vlsacy fd, x, d‚fUVx ls Hkh gks ldrk
gSA MetaCLADE, HMM&GRASPx vkSj UProC tSls VwYl
jhM&vk/kkfjr QaD'kuy ,uksVs'ku djrs gSa] ftUgsa vkerkSj
ij buiqV ds :i esa vuqekfur vksiu jhfMax Ýse ¼ORF½ dh

vko';drk gksrh gSA FragGeneScan vkSj Prodigal tSls thu
[kkst dk;ZØeksa dk mi;ksx vlsacyh vk/kkfjr QaD'kuy ,uksVs'ku
ds fy, fd;k tk ldrk gS ¼Shakya et al., 2019½A feuikFk
;k vkbZikFk tSls esVkcksfyd ikFkost dh eSfiax }kjk QaD'kuy
,uksVs'ku çkIr djus ds ckn VªkalfØIV~l ds ,atkbesfVd
QaD'kUl dks Hkh çkIr fd;k tk ldrk gSA

jkbtksLQh;j esVkVªkalfØIVksfeDl dk;Z'kSyh dh
pqukSfr;k¡

¼i½ 'k‚VZ&mRNA gkQ&ykbQ

mRNA esa dqN lsdaM ls dqN feuVksa dh lhek ds lkFk cgqr
NksVh gkQ&ykbQ gksrh gS] blfy, ikfjfLFkfrd míhiu ds
fy, rsth ls/vYidkfyd ladsrksa dks uksfVl djuk eqf'dy
gksrk gSA blfy,] lSEiYl dks &80 fMxzh lsfYl;l ;k vkj-
,u-,- ifjj{k.k fofy;u esa laxzfgr fd;k tkuk pkfg,A

¼ii½ eǹk ds lSaiy ls RNA dk vkblksys'ku

vi;kZIr lsy&yk;fll] ènk esa RNA v.kqvksa dk vf/k'kks"k.k
vkSj ènk esa RNases tSls vojks/kd ,atkbeksa dh mifLFkfr
ds dkj.k ènk lSaiy ls RNA dk vkblksys'ku ,d eqf'dy
dke cu tkrk gSA

¼iii½ mRNA lao/kZu

dqy RNA esa eq[; :i ls rRNA vkSj tRNA 'kkfey gksrs gSa
ysfdu mRNA dsoy 1&5% gksrk gS] blfy, mRNA lao/kZu
ds fy, fofHkUu rduhfd;ksa dks fu;ksftr djus dh vko';drk
gksrh gSA blds vykok] rRNA dks gVkuk Hkh mRNA lao/kZu
ds nkSjku fopkj fd;k tkus okyk ,d egRoiw.kZ dkjd gS
D;ksafd rRNA fdlh Hkh esVkVªkalfØIVksfeDl MsVk dk yxHkx
90% fgLlk gksrk gSA gkykafd bu rRNA dks vDlj lhDosal
ls igys vk.kfod vçksp dk mi;ksx djds gVk fn;k tkrk
gS] ysfdu lSaifyl esa muds çHkqRo ds ifj.kkeLo:i rRNA
dh dqN ek=k rc Hkh lhDosaULM gksrh gS ftls MsVk fo'ys"k.k ds
le; fQYVj djus dh vko';drk gksrh gS D;ksafd ;s vuko';d
:i ls MsVk dh ek=k dks c<+krs gSa vkSj ikFkost o.kZu ;k
fM¶jsaf'k;y ,DLçs'ku fo'ys"k.k esa dksbZ ;ksxnku ugha djrs gSaA

¼iv½ cDNA la'ys"k.k

cDNA LVªSaM ds fjolZ VªkalfØI'ku ds nkSjku =qfV;ka vk
ldrh gSaA blds vfrfjä] ;fn VsEIysV esa ,d nwljs ds fy,
mPp Lrj dh le:irk gks rks dkbesfjd cDNA v.kq mRiUu
gks ldrs gSaA gkykafd] bl leL;k dks lh/ks RNA lhDosaflax
}kjk Vkyk tk ldrk gS] ysfdu RNA {kj.k dks jksdus ds
fy, mi;qä mik; fd, tkus dh vko';drk gSA
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¼v½ esVkVªkalfØIVksfed MsVk dh vlsacyh

d‚fUVx esa esVkVªkalfØIVksfed 'k‚VZ jhM~l dh vlsacyh ,d
vfuok;Z fo'ys"k.kkRed dne ugha gSA ;fn dksbZ jhM~l dks
vlsacy djuk pkgrk gS] rks mls mPp xq.koÙkk okys ç;ksxkRed
lhDosal MsVk dh vko';drk gksrh gS ftlesa jhM~l dh xgu
lhDosaflax gksrh gSA

¼vi½ esVkVªkalfØIVksfeDl MsVk dk mi;ksx djds tSfod
rF;ksa dh O;k[;k

RNA-seq MsVk vkSj laiw.kZ DNA MsVk nksuksa ds fo'ys"k.k dks
baVhxzsfVax djuk esVkVªkalfØIVksfeDl MsVk ds fo'ys"k.k
vkSj O;k[;k esa ,d pqukSrhiw.kZ dk;Z gSA ,d lSaiy ds fy,
,d gh le; esa bu nks MsVk çdkjksa dk ewY;kadu djus dh
vR;f/kd vuq'kalk dh tkrh gS rkfd iw.kZ ,DlçsLM thu
cuke laHkkfor ekStwnk thu ds chp rqyukRed v/;;u
fd;k tk ldsA

fu"d"kZ
fof'k"V i;kZoj.kh; ifjfLFkfr;ksa esa ,d fof'k"V le; ij
,d ekbØksck;kse ds ekbØksfc;y VªkalfØIV dk iwjk Kku
esVkVªkalfØIVksfeDl v/;;u ds ek/;e ls lVhd :i ls
çkIr fd;k tk ldrk gSA ènk esVkVªkalfØIVksfeDl ds O;kid
Kku dk mi;ksx feêh ds iks"kd rRo lao/kZu vkSj la?kVu]
jksxtud lw{ethfo;ksa dks gVkus] ikS/kksa dh of̀) dks c<+kus
vkSj tSfod vif'k"V inkFkksaZ vkSj çnw"kdksa ds iqupZØ.k dh
lEiw.kZ le> çkIr djus esa fd;k tk ldrk gSA blfy,]
ekbØksfc;y esVkVªkalfØIVksfeDl dk ,d vPNk Kku LFkyt
bZdksflLVe ls fuiVus ds fy, çHkkoh rduhfd;ksa ds fodkl
esa lgk;rk dj ldrk gS ¼Ranjan et al-] 2021½A ;|fi
esVkVªkalfØIVksfed MsVk ds ewY;kadu vkSj O;k[;k esa dbZ
pqukSfr;k¡ gSa ijarq i;kZoj.kh; mRNA ls esVkVªkalfØIVkse
MsVkcsl dk fuekZ.k djus dh pqukSfr;k¡ cgqr ljy gSaA ;g
tSfod rF;ksa dks [kkstus dk ,d çHkko'kkyh vkSj mfpr
rjhdk j[krk gS ftls fofHkUu thuksfed i)fr;ksa ds ek/;e
ls Nqik;k tk ldrk gSA gj ubZ rduhd fiNyh dfe;ksa dks
iwjk djrs gq, curh gSA lkoZtfud Mksesu esa tek fd, x,
esVkVªkalfØIVksfeDl MsVk egRoiw.kZ thoksa] thuksa vkSj ikFkost
dh [kkst ds fy, Hkfo"; esa cM+s MsVk fo'ys"k.k vkSj oSf'od
esVk&fo'ys"k.k ds fy, dke vkrs gSaA jsi‚flVjh Hkh ekbØksck;kse
MsVk ds cgq&vksfeDl fo'ys"k.k ds fy, dke vkrs gSa tks gky
gh esa fofHkUu i;kZoj.kh; ifjfLFkfr;ksa esa ekbØksck;kse dh
Hkwfedk dks le>us ds fy, egRoiw.kZ lkfcr gks jgs gSaA

REFERENCES
Aguiar-Pulido, V., Huang, W., Suarez-Ulloa, V., Cickovski, T.,

Mathee, K., Narasimhan, G. (2016). Metagenomics,
metatranscriptomics and metabolomics approaches
for microbiome analysis. Evol. Bioinform Online.
12(Suppl 1): 5-16. doi: 10.4137/EBO.S36436.

Carvalhais Lilia, C., Dennis, P.G., Tyson, G.W. and Schenk,
P.M. (2013). Rhizosphere Metatranscriptomics:
Challenges and Opportunities. Molecular Microbial
Ecology of the Rhizosphere. [Edited by Frans, J. de
Bruijn. Hoboken, N.J.] United States: Wiley-Blackwell.
1137-1144. https://doi.org/10.1002/97811182976
74.ch109.

Grabherr, M.G., Haas, B.J., Yassour, M., Levin, J.Z., Thompson,
D.A., Amit, I. et al. (2011). Full-length transcriptome
assembly from RNA-Seq data without a reference
genome. Nature Biotechnology. 29(7): 644-652. https:
//doi.org/10.1038/nbt.1883.

Jagtap, P., Mehta, S., Sajulga, R., Batut, B., Leith, E., Kumar,
P. and Hiltemann, S. (2021). Metatranscriptomics
analysis using microbiome RNA-seq data (short)
(Galaxy Training Materials). https://training.galaxy
project.org/trainingmaterial/topics/metagenomics/
tutorials/metatranscriptomics-short/tutorial.html
Online.

Kumar, A. and Dubey, A. (2020). Rhizosphere microbiome:
Engineering bacterial competitiveness for enhancing
crop production. Journal of Advanced Research.
24: 337-352.

Li, D., Liu, C., Luo, R., Sadakane, K., Lam, T. (2015). Megahit:
An ultra-fast single-node solution for large and
complex metagenomics assembly via succinct de
Bruijn graph. Bioinformatics. 31(10):  1674-1676.

Moorthy, A., Balasundaram, U. (2021). Rhizosphere Metagenomics:
Methods and Challenges. In: Omics Science for
Rhizosphere Biology. [Pudake, R.N., Sahu, B.B.,
Kumari, M., Sharma, A.K. (eds)], Rhizosphere Biology.
Springer, Singapore. https://doi.org/10.1007/978-
981-16-0889-6_1.

Nurk, S., Meleshko, D., Korobeynikov, A., Pevzner, P.A. (2017).
metaSPAdes: A new versatile metagenomic assembler.
Genome Research. 27: 824-834. doi: 10.1101/gr.213959.
116.  https://www.ncbi.nlm.nih.gov/pubmed/28298430.

Ranjan, K., Bharti, M.K., Siddique, R.A., Singh, J. (2021).
Metatranscriptomics in Microbiome Study: A
Comprehensive Approach. In: Microbial Metatranscriptomics
Belowground. [Nath, M., Bhatt, D., Bhargava, P.,
Choudhary, D.K. (eds)], Springer, Singapore. https:/
/doi.org/10.1007/978-981-15-9758-91.

Shakya, M., Lo, C. and Chain, P.S. (2019). Advances and
Challenges in metatranscriptomic analysis. Front.
Genet. 10: 904. doi: 10.3389/fgene.2019.00904.

Zerbino, D.R. and Birney, E. (2008). Velvet: Algorithms for
de novo short read assembly using de Bruijn graphs.

  Genome Research. 18(5): 821-829. https://doi.org/
10.1101/gr.074492.107.


