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JIOEILON: j ekb@ick;ke dh Hfedk Te>u gr eViVkIi@IViied —"Vdk.k
,d Ieifi

uuk dekjh] mek] ,e-,- bdcky] Bkfjdk tk; Foky] viuy jk;] fnu®k dekj
Bkjk*k

ikék dh €M fofodk B{ethok dk viJ; nrh g tk ,d nlj vij ikek d Dk 1jLij fd;k djrh gA jloelLQh;j feéh
dk {k= g] &k ik dh €M I fudVrk I €V gvk gA bul €M etbdick; ke dk jkothck; ke dgk thrk gA bld veé; ;u
1 ilék d LollF; e I{ethok dh Hfedk d ckj e tudkjh feyrh gA ,uth, I rdutdk dh ¢xfr d 1H] xj&Il—frd
ctifr;k dh igpku IHo gk XA gA ij thukfed Mi,u-,- leVktukfieDI% di vu@e.k vilkut 1 VDliukfed ij
dk;ired ciQiby di igpku dj Idrk g yfdu ekb@ick;ke d 1@; vij fuf'@; InL;k di igpku ijh ugk gkrh
gA eVk&VKkIT@1V,feDI 1j elb@ifc;y lenk; Hjk 0;& thu dh igpku djd ,d ekb@ifc;y lenk; d 1i3;
dk;iked clQkby dk fuéfjr dju e enn djrk gA Bkell; dk;cokg ueukdj.k vkj,u, fu'di.] iLrdky; dh
r;kjh vude.k Mvk di 10&¢ ILdj.K vicyt) VD lkukfed@dk;Red ckQkblyx vij vrj vith;f&a fo"y'k.k gA , Ih
dA pukfr;k ektn g] felg miur vu@e.k rduidk wkj ,YxKjne d eké;e 1 nj fd;k & Idrk gA

“(n dtih to IpuiRed fo'y'k.K eVAVKIT@IVifeDN] eko@ick;ke] jiotiLQh; jA
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Metatranscriptomic Approach to Understand the Role of the
Rhizosphere Microbiome: A Review
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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.
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egRoi.k Hfedk futkkrk gA jJkbtkck;ke e Hgk;d]
gkfudkjd vkj rVLF nkuk rjg d I{etho “kfey gk
Idr g vkj o tMk dk mifuof'kr dju d fy, ,d
nlj d Ik cfrLi/k djr gA blfy,] fdlh o Qly
¢tifr d jkbttkekske dk v/; ;u Qly 1/Kj e egRod .k
Hfedk fulkkrk gA

ik dh ek vij I{ethok d ijLij fa;k,

fel rjg 1 K{etho ikk 1 1jLij f@;k djr g] pkg
og ik d fy, Qk;nen gk ;k gkfudkjd] o ,d ikk db
db fo*Kkrkvk dk cHikfor dju d fy, fEtenkj gkr gA
; Hetho ik d gletuy Lrj d HiF& KR feéh 1
iK%k ckir dju e Ha egRoi .k Hfedk fubkkr g “iMoorthy
and Balasundaram] 2021%A bl d vylkok] 1k/k 1K'%d rRok
d vo'ikk.k e vkj fofflu tfod vkj vtfod rukok 1
1j{ ckir dju d fy, I{etfo ki Ij Hd fubky djr gA
fd Ih Hb ck—frd okrkoj.k e I{ethoh vierkj 1j Lor=
21 e ugh jgr gA o 1;koj.k e eken 1jikii;k d
A& I ,d nlj d Bk HG 1jLij 135k djr g vij
,d tiVy ¢.kyh dk fuek.k djr gA JkoeLQh;J ikk
dh €M vkj feéh d chp bVjQI gku d dkj.k I{ethfo;k
dh ifjoflk vkj NKVENKV {ki=k e jgu oky tnok dk
VvkJ; nrk gA u doy I{ethoh ikhk ij cHko Mkyr g]
cfyd ikk Ho mu ij ctko Mkyr gA ikl dh €M
dicu&le) ICIVV dk Iko djrh g & viLFj BCIVV
gkr g vikj IHor: Kethfosk d 1{/kj gkr g rfk mlg
tYnh 1 viRelkr dj 1dr g ikumar and Dubey] 2020¢A
t™ d vo;o0 tl dickgkbMV] dkcfud ,fIM] veluk
JIM vij 1dMjh eVickykbVE Ha €Mk di wvij ¢jd
cDVify;k dk wvkdfkr dj Bdr g lcanahais et all
20134 bl (;dkj] il vkj I{etfo kd chp f}rjQk
ijLij fd;k, gkrh g] & ;k rk ,d nlj dh of) vij
fodkl d |{ e ;kfQj of) ij fodkl dk ckf/kr dju

okyh gkrfi gA

JotLQh;j ekbdick;le v/; ;u e eViVKLiIVifeDI
dh Hkfedk

eko@ick;ke dk le>u d fy, 1kjifyd Do/ku fof/k;k
Jkbthck;ke d v/;;u dk ckikr djrh gA ; fof/k;k
doy 19 cDVifj;k dh igpku dj Idrhg] they -1
Ik ;KK oh gkr gA xj&—f% ;KG vk VKK
1{ethok dk ijifjd rjidk 1 v/;;u djuk yxHx
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vIHo gA fiNy dN n"dk e 1iDoflx ck]kxfd;k e
¢xfr u tfod ¢;kxk d rjhd dk cny fn;k g] [kidj
tc elbdkck;ke d v/; ;u dh ckr virh gA eVithukfed
fof/k dk ce[k nk% ;g g fd ;g eko@ick;ke d 11D;

vij fuf'@; InL;k d chp vrj dju e vleRk gA
bld vykol] o mu InL;k d chp vrj dju e Ha
vief g tk oilro e ml le; okrkoj.k e ;kxnku n
Jjo g vk t fcuk ;kxnku d flQ ektn gA ,d
ekb@kic;y Benk; viuh cnyrh 1;koj.kh; 1fjfLRdr;k
d ¢fr dl ¢frf@;k djrh g] bhdh BEi.k thudkjh
clir dju d fy, cM ieku 1j eVkVkIf@IVifeDT dk; "kyh
dk bLreky fd;k €k 1drk g Yshakyaetal] 2019%A ,d
Liy di eVivkI{@IVie ml Liy e fdlf fn, x, {k.k
e Vij fof*k'V i;koj.b; ifjfLFkfr;k e dy mrna dk
dipj dju oky thu d ckj e ,d fopkj nrk gA bl
cdkj] 1j ekb@ifc;y dE;fuvh Hjk diu 1 tu ;&
fd, tk jg g] bldh igplu djd eVkVkIf@IVifeDl
,d elb@ifc;y dE;fuvh d 1fd; QDkuy ckQlkby dk
fulkfjr dju e enn dj ldrk g %aguiar and Pulido
etal] 2016%A 1k/k&D{ethon dh 1jLij fd;k d v/;;u
Ifgr eViVklfdIVifeDI d foftklu vug;kx g D;kfd
;g fof'k'V dk;k d fy, ftEenkj ekb@kck;ke InL;k dk
fpfar dju vij ijikk&ekb@ick;ke Ick d fy, fetenkj
thu dh igpku dju e I{ke gA vri JkotiLQh;j
ekb@kck; ke v/; ;uk e eVkVkli@IVifed dh Hfedk cgr
egroi .k gA

eViVklidIViieD I v/; ;u dh Tkell; dk;cokg

fd Ih Ha eVIVkIi@IVifed v/; ;u dh Tkell; dk;cokg
e futufyf[kr pj.k “fey gt it Ty Ixq] liit dy
RNA fu'd'k.k il ykbcjh &(;cU/k vkj  IhDof I X] ]/.vl
eVkvklidIVifed MVk dk tollpuk ¢ILdj.k vkj

fMij'k;y ,DI¢"ku fo'y'k.kA Tiy Ixg d ckn] ble
I dy rna fudkyk thrk g vkj fd It Ho ona En'kk
dk nj dju d fy, pNasefuzi.k fd;k tkrk gA fQj
2K Rna dk VAM di ©kp vkj x.koUkk ijifk.k d fy,
ik tkrk gA bld ckn] Tiy mrna BEIlUND]j.k d
fy, Htk tkrk g € ,d egRoi.k vij ef*dy dk; gA
mMRNA IElUu dj.k d fy, fofflu rdundh;k dk viuk;k

kgl € fd 16 , 1 vij 23 , 1 Vkj-vij-,u-,- tkp
Idj.k ;K vkj-vkj-,u-,- dlpj fILVe ;k 5&3
,DIU;fDyt ,thkbe d ek/;e 1 RNA VEj tRNA dk
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fMxXM*kuA mrRNA BETUuhd].k d ckn] cDNA ykbcjh&
ccl/k dh gkt g vkj 1iDoflx d fy, By HE tr
gA bld ckn eVkvkIf@IVifed MVk dk fo"y'k.k fd;k

rk g feldh foLrr ppk ulp fn, X, vutkx e db
xb gA dk;colg e vire pj.k eVkvkIf@IVifed MVk
dk MQjf*k;y ,DI¢’u fo'y'k.k gA ble foftklu
i;koj.kh; afjfLRdr;k vkj ekinMk e ekb@kck;ke dh
ryuk djuk vij Te; d Dk ekb@ifc;y to jklk;fud
QD%u 1j mud cHko dh ryuk djuk *Kfey g ifp= 1%A
MQjf'k;y ,DI¢™ku fo'y'k.k d fy, db VYN fodflr
fd, x, g & vierkj 1j c¢fr liy vij ¢fr thw
VKH@IV cgrk; r e buiV MVKk yr gA peseq2, Limma,
edger VKj cufinks €1 VYL bl mi*; d fy, vDIj
mi;kx fd, thu oky VYI gA cace €1 WI dk
mi;kx ;g igpkuu d fy, fd;k € Idrk g fd dku
I iifot ,d fLFkfr e nljh fLFkfr 1 cgrj gA

eVkVklf@IVifeDI MVk dk tolpuh; ¢clLd].k
cI&CkIfIX

v'Ork dk de dju d fy, MmuLVhe fo"y'k.k 1
gy V') jim dk gVku ;k Ve dju d fy, igyk vij
Icl egRoi.k dne MVk dh x.koUkk fu;=.k gA dN
x.koUkk fu;=.k ekunMk ftudk vulj.k fd;k thrk gt
it fufu&x.kolkk oky Vieuy cl dk gVkuk fiit 25 I
utp d vklr x.kolkk Lakj oky jiMI dk gVkuk fiii
IiDol 1 vLi'V cl dk gVkuk vk fivh de yclkb d
oky jiMI dk gVkukA Tiy 1 WR;f/kd ¢pj ek=k e

rRNA VKkIf@IVE dk gVkuk ,d egRoi.k dne g fEl
;ku e j[k thuk pkfg, D;kfd ; VKET@IVE MkmuLVhe
fo'y"k ke BeL;k ink djr gA ijiki tho d jiMI dk
gVkui €l fd efuo etb@ick;ke Tiy 1 etuo jiml

kuk] db eVkVklf@IVkfed v/; ;u dh vio®;drk
gk Idrh g & ikjifjd jim efix fof/k;k €1 fd v/; ;u
d rgr VixV ijikh d Inf thuke dk ei djd fd;k
th Idrk gA

Mh ukok v Icyh

mPp x.kolkk oky fQYVj fd, x, jiMI dk Mh ukok
vicyh Jjk 1;Vivo VKHI@IVIE e bdék fd;k &k Idrk
gA pfd fofiklu I{ethok d fy, Intk thuke vuiylk g
bify, Mh ukok vlcyh ,d Intk vidkj miyCk djkrh
g thyc| ,DI¢LM thuke IxeV dk ¢frfuf/iRo djrk g
vkj t thu dk ,d Intk 1V ¢nku dj Idrk gA ;g
mi ;kxdrkvk dk vikd Bjy rjid 1 gkeky,x [ktu
dh {kerk ¢cnku djrk g] VDlkukfed ey LFkfir djrk
g] vij ,DL¢"ku fo'y'k.k d Nkeu efix d fy, ,d
Intkd -1 e dk; djrk g Ishakyaetal] 201%A Vit
Ho] eVitiuke vicyh d fy, mi;kx fd, tiu oky
VY@ €l fd oYoV !zerbino and Birney 2008 fVfuVh
IGrabherr etal] 20111 exkfgV iLietar] 2015% Vkj eVKLIMI
INurk etar] 20174 eVkVKIf@IVifed v Icyh d fy, mi;kx
fd, tkr gA yfdu bu VY1 d ifj.ke IVd ugh gk
Idr gA VKH{@IV vicyh xkQ HVh-,-€h vikj
vibMich, &, eVviih eVl fdIVifed thl vlcyh d
fy, dN fof*k'vV VY1 gA

e

=)

B ML ‘-

TSR Jae 3R FHRAT

{

WD S &1 FagEHT TR

|

JoraRiT

/ N & i ot

| tgome

T

TR T fazeioon

fp=

Volume 37 Issue 3 (September 2022)

1y eVkVkEf@IVkieDT v/; ;u dh Bkell;

dk; ¢xfrA

199



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

VkH@IV VD Tku,eh

,d elb@ick;ke Ty dh dE;fuvh Bjpuk dh igpku
;0 tu d fy, fd mue cgrk;r d Bk D;k eken
g] fdIh tkh ekb@kck;ke v/;;u e Icl egroi.k dne
g ftl VDlukfed ckQkbfyx ;k VKEf@IV VDIku,ef
dok thrk gArna Biy e dku 1 tho 1f@; - |
,D0cl gkjg g] ;0 le>u dfy, VDHukfed vIkbueV
dk JiM&VIMKJr sk d fivx&vik/djr fd;k €k Idrk g
lishakya et al.] 2019%A VDIkukfed ckQkbfyx dju d
fy, vyx&vyx rjid g tl fd VkIf@IVI dh igpku
vkj oxidj.k d fy, viVh-;- dk mi;kxA bl rjhd e
viertj 1j 16s ;k 18sna Dol fudkyu d fy,
IDol 1,fVx vij fQj oxidj.k d fy, eko@ick;ke
MVicl e efix "Kfey gA pfd eVkvkI{@IVifed MVk e
Vkj-Vkj-,u-,- IhDol 50% 1 de g vkj vDIj gVk
fn;k tkrk g] ;g rjhdk BE[;dh; -1 B 0;0gk; ugh
g] yfdu igy VDlkukfed ckQkby dh igpku dju d
fy, Vkj-vkj-,u-,- 1Dofl I dk cuk, j[k €k Bdrk gA
fQj mlg vkx d MkmuLVhe fo'y'k.k d fy, gVk fn;k
th Idrk gA Wvi; rjhd] ekdj thu oky MVicl d
1iFk vytbu dju d fy, VDIkukfed vIikbueV d fy,
Bi.k BDof BN dk mi;kx djuk g Wagtap etar] 2021%A
ekb@ick;ke v/;;u e QI 1,fefvVo fgv 1 HDol
fgv dh de I[;k dk vrj ,d cMh BelL;k ink djrk
gA bld vykok] eko@ifc;y fofo/krk ij Bhfer Kku Hh
ekb@kck;ke d eVkvkl{@IViieDI v/;;u e VDlu,eh
oxhdj.k VYT d vug;kx dk xtkiy =i 1 Ihfer djrk
g YRanjan et al] 20214A

QD*kuy , ukV*ku

fd b Hh eVkVklf@IVifed v/;;u d yitkk e 1 ,d ¢
ml thu rd |gp] th 11y e elb@ifc;y dE;fuvh
Hjk 0;& dh trh gA mud gk fubikb xb QD*kuy
Hfedk dk Ie>u d fy, bu thuk di igpku dn &k
Idrh gAD;kd ,DIcLM VKEf@IVI okLrfod QiukVkbi
d fy, ,d ¢,DIh dk cfrfuf/iRo djr gA VkIf@IVE d
QD"ku dk fpfar djuk evkvkIf@IifeDl d fy, ,d
egRoi .k dk; g Yshakyaetal] 2019%A QDkuy ,ukV*ku
JiM&wVkAkEjr sk vicy fd, x, d,fivx I Hh gk Bdrk
gA MetaCLADE, HMM&GRASPx VKj uproc €1 VYI
JIM&VKAEjr QD*kuy ,ukV'ku djr g] ftlg vkerkj
ij buiV d zi e vuelfur vkiu jifMx Ye lorrh db
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V0" ;drk gkrt gA FragGeneScan VAj Prodigal T tiu
[t dk;@ek dk mi ;kx vlcyh vididjr QD%uy , ukvV ku
d fy, fd;k &k 1drk g lshakyaetal., 2019%A feu ik
skvibikFk €l eVickfyd ilFot dh efix }Hjk QD kuy
ukV*u ckir dju d ckn VkIf@IVI d , tkbefvd
QD*UN dk Hh ckir fd;k €k Idrk gA

JkbEkLQN;j eVKVkRf@IVkfieDI dk;
pukfr ;k
lit "k, V&mRNA glQ&YIHQ

mrnae dN IdM I dN feuvk di Ihek d I cgr
NVh giQ&yHhQ ghrh g] bIfy, ikjfLAdrd mitiu d
fy, rth IvYididyd Idrk dk ulivi djuk ef*dy
gkrk gA bEfy,] BERVE ok &80 fMxi BV T 3k Aj-
U, ifjjflk fofysu e Ixfgr fd;k tiuk pig, A

liiv enk d 11y B rRNA dk vibBky ku

viir by&yk; T enk e rRna v.kvk dk VIR
Vkj enk e rnases €1 vojk/kd ,tkbek di mifLFkfr
d dij.k enk Liy 1 rna dk Viblky'ku ,d ef'dy
dke cu thrk gA

Jiiit mrNA Bo/ku

dy rnae e[; Zi I RNA VE] RNA CHifey ghr g
yfdu mrna doy 1&5% gkrk g] bIfy, mrna o/ku
d fy, foftklu rdunfd ;k dk fu;kfer dju dh vko™ ; drk
gkrh gA bl d vyok] rRNA dk gVkuk i mrna To/ku
d nkjku fopkj fd;k tku okyk ,d egRoi.k dkjd g
D;kd rrna fd I Hi eVEVERf@IVifeD 1 MVK dk yxHkx
900 fgL 0k gkrk gA gkykfd bu rrna dk VDI Dol
1 igy vk.kfod vekp dk mi;kx djd gVk fn;k &krk
g] yfdu lifyl e mud cHRo d ifj.lkeLoz 1 rrRNA
dh dN ek=k rc ta BiDolLM gkrh g fEl MVk fo'y'k.k d
le; fQYVj dju dh vio ;drk gkri g D;Kd ; vuko®;d
i 1 MVk dh ek=k dk c<kr g vkj ikFot o.ku ;k
MYjf*k;y ,DLg™ku foy'k.k e dib ;kxnku ugh djr gA

livh cona 1Ty'k.k

cONA LVM d fjol VkH@Ifu d nkgku =fV;k vk
Idrh gA bld virfj&] ;fn VElyV e ,d nlj d fy,
mPp Lrj di Bezirk gk rk dibefjd cona v.k mRilu
gk Bdr gA gkykid] bl BelL;k dk Bk rRna BiDOfEX
Hjk Vkyk € Idrk g] yfdu rna {j.k dk jkdu d
fy, mi;& mik; fd, thu dh vko*;drk gA

"ty dh
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vt eVKVkf@IVkfed MVk di vcyt

d,fivx e eVkvklf@IVkfed ',V jiMI dh vicyh ,d
viuok; fo"y'k.kiked dne ugh gA ;fn dib jiMI dk
vicy djuk pigrk g] rkml mPp x.kolkk oky ¢;kxiked
1iDol MVk dh vko";drk gkr g ftle jiMI dh xgu
IfDof Ix gkrh gA

it eVKVkRf@IVkfeDD MVk dk mi;kx djd tfod
rF;kdh 0;k[ 5k

RNA-seq MVk vkj T1.k ona MV nkuk d fo*y"k.k dk
bvixfVx djuk eVkvklf@IVileDI MVk d fo"y'k.k
Vkj 0;k[;k e ,d pukrhi.k dk; gA ,d liy d fy,
,d g le; e bu nk MVk ¢dkjk dk eY;kdu dju dh
WR;fhkd vu'klk dh tkrh g rkfd i.k ,DIGLM thu
cuke IHkfor ektnk thu d cip ryukRed v/;;u
fd;k €k IdA

fu"d'k

fof*'V i;koj.kh; ifjfLRkfr;k e ,d fof'k'V le; ij
,d elb@kck;ke d elb@ifc;y VKBV dk ijk Kku
eVkvklidIVileDI v/;;u d el/;e 1 Ivid Zi |
clir fd;k € Idrk gA enk eVkVkI f@IVkfeDN d 0;kid
Kku dk mi;kx feéh d ikkd rRo Bo/ku vij 12%Vu]
jixtud H{ethfo;k dk gVku] kK dh of) dk c<ku
vkj tfod vif('V inkFk vkj cn%dk d iup@.k dh
IEi.k Ie> ciir dju e fd;k & Idrk gA blfy,]
elb@kfc;y eVkVkIf@IVifeDI dk ,d vPNk Kku LRyt
bdifILVe I fuiVu d fy, chikoh rdutfd;k d fodkl
e lgk;rk dj 1drk g !Ranjan et ar] 2021%A ; |fi
eVkvkI@IViled MVk d eY;kdu vkj 0;k[;k e db
pukir;k g 1jr i;koj.ki; mrna 1 eVkVk{@IVie
MVkcl dk fuek.k dju dh pukfr;k cgr 1jy oA ;g
tfod rF;k dk [lktu dk ,d cHko'kyh vkj mfpr
rjidk j[krk g fEl fofilu thukfed i)fr;k d ek/;e
I Nik;k €k 1drk gA gj ub rduhd fiNyh dfe;k dk
ijk djr g, curh gA liotfud Meu e tek fd, X,
eVkVKIf@IVifeD I MVk egRoi .k thok] thuk vkj ikFot
dh [kt d fy, Hfo"; e cM Mk fo'y'k.k vkj of*od
eVi&fo'y'k.k d fy, dke vir gA ji,fBVjh Hh ekb@ick;ke
MVk d cg&wvifeDl fo*y'k.k d fy, dke vir g &k gky
gh e fofflu 1;koj.k; EfjfLFkr;k e eko@ick;ke dh
Hfedk dk le>u d fy, egRoi.k Bkfcr gk jg gA
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