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Extended Abstract

Global food security has become an urgent concern due to rapid climate change. Plants, the
foundation of the food chain, are constantly under environmental pressures such as drought,
salinity, and extreme and low temperatures. These stressors threaten plant growth and
productivity, jeopardizing global food supplies. Plants can sense environmental stimuli and
activate defense mechanisms through various regulatory networks, including small RNAs, to
combat abiotic stressors. These changes trigger a cascade of defense responses, including the
utilization of small RNAs, to protect themselves from damage.

MicroRNAs (miRNAs) were first identified in plants less than two decades ago and have since
been recognized as crucial controllers of various developmental processes. These processes
include leaf morphogenesis (the formation of leaves), vegetative phase change (the transition from
vegetative growth to flowering), flowering time, and the ability to respond to environmental
signals. miRNAs, recognized as one of the most crucial RNA molecules, play a pivotal role by
modulating gene function through post-transcriptional and translational mechanisms. RNA
interference is a group of 18-25 nucleotide sequence-specific RNAs that are found abundantly in
plant genomes. These RNAs play an important role in various processes, including plant growth
and development, cell behavior, biochemical and physiological activities, defense against threats
to the genome, and tolerance to abiotic stresses. Despite their small size, they wield immense
power in regulating gene expression networks. miRNAs negatively regulate the expression of a
wide range of genes at the transcription levels (DNA methylation), post-transcription, and
translation. They act as post-transcriptional regulators, binding to specific sequences on
messenger RNA (mRNA) molecules. This binding cleaves the target mMRNA, effectively silencing
the gene it encodes, or inhibits its translation into protein. Short interfering RNAs (siRNAS) are
derived from the processing of long double-stranded RNAs (dsRNAs). Then, a specific guide
strand is chosen and integrated into the RNA-induced silencing complex (RISC). Once this
complex is inside RISC, a member of the Argonaute (AGO) protein family binds with the guide
strand, directing RISC to target RNAs with complete sequence complementarity. This interaction
leads to the precise cleavage of the target RNAs by the Argonaute protein. This process, known
as RNA interference (RNAI), plays a fundamental role in gene regulation and defense responses
in plants.

Plants employ a sophisticated regulatory system called gene silencing, which controls gene
expression by inactivating specific genes. Two key mechanisms in this system are post-
transcriptional gene silencing (PTGS), which inactivates genes by targeting RNA molecules, and
transcriptional gene silencing (TGS), which prevents RNA production from the DNA template.
miRNAs can influence PTGS by promoting the degradation of specific mRNA transcripts and
TGS by recruiting DNA methylation machinery to target genes. PTGS acts in the cytoplasm,
targeting messenger RNA (mRNA) molecules. PTGS can be triggered by dsRNAs or miRNAs.
These dsRNAs can originate from viral infection, transgene insertion, and inverted repeats within
plant genes. Dicer, an RNase 1l enzyme complex, recognizes and cleaves relevant dsRNAs into
small interfering RNAs (siRNAs) for RNA interference (RNAI). The siRNAs then guide a protein
complex called RISC (RNA-induced silencing complex) to complementary mRNA sequences.
RISC cleaves the targeted mRNAs, silencing them and preventing their translation into proteins.
Similar to siRNAs, miRNAs can also regulate gene expression in PTGS by targeting mRNA
molecules, although they often function through imperfect base pairing. TGS operates by
modifying DNA in the nucleus, making it less accessible for transcription and thereby preventing
MRNA production. TGS relies on mechanisms such as DNA methylation and histone
modifications to silence gene expression in the nucleus. These modifications create a repressive

Copyright ©2025 Taleb and Arzani. Published by Sari Agricultural Sciences and Natural Resources University.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 Unported License which allows users to read, copy, distribute and
R "ATEl ake derivative works for non-commercial purposes from the material, as long as the author of the original work is cited properly.



https://doaj.org/toc/2676-4628
mailto:a_arzani@iut.ac.ir
https://orcid.org/0000-0001-5297-6724
https://creativecommons.org/licenses/by-nc/2.0/
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1

Taleb & Arzani
Journal of Crop Breeding VOI. 17, ISSUE 1, 2025 .......ouniniit e et et e e 64

chromatin environment that hinders RNA polymerase from accessing and transcribing the DNA.
While the primary role of miRNAs lies in PTGS, some studies suggest that they might also
influence TGS. Some miRNAs could interact with proteins involved in DNA methylation or
chromatin remodeling, indirectly leading to transcriptional silencing. The interplay between
PTGS and TGS is intricate. While they are distinct pathways, they can be interconnected. In some
instances, PTGS might influence TGS through mechanisms. Degraded mRNAs from PTGS might
serve as signals that guide DNA methylation machinery to homologous DNA sequences,
potentially leading to long-term transcriptional silencing. Conversely, TGS-mediated gene
silencing could prevent the formation of dSRNAs or aberrant transcripts that trigger PTGS.
mMiRNAs act as molecular switches by strategically targeting specific mRNAs and fine-tuning the
production of proteins essential for environmental stress tolerance. This precise control allows
plants to adapt to a dynamic environment, tailoring their gene expression to meet the specific
challenges they face. Plant miRNAs act as mediators for silencing or direct cleavage of target
mRNAs. While some miRNAs perfectly match their mMRNA targets, others can function with
some mismatches. miRNA families are grouped into conserved and non-conserved miRNASs
based on conserved spots and variation during processing. Each group of these miRNAs has its
targets. Today, RNA interference (RNAI), triggered by dsRNA, is a widely used and valuable
tool for researchers to specifically silence genes and understand their function in various
biological processes. Despite ongoing research in genetically engineering plants to manipulate
miRNAs for improved tolerance to biotic and abiotic stresses, knowledge remains limited
regarding their functional and regulatory networks in this context. Understanding the regulatory
function of this group of RNAs opens up new avenues for applied research in genomic fields,
enhancing resistance to plant diseases, bolstering tolerance to various stresses such as drought,
salinity, heat, and cold, as well as improving product quality and increasing food production. The
review's objective is to assess the existing knowledge concerning plant small RNAs and elucidate
their significance in enhancing resilience to abiotic stressors.

Keywords: Gene silencing, Regulatory network, RNAI, siRNA and miRNA

How to Cite This Article: Taleb, M., & Arzani, A. (2025). The Role of miRNA in Plant Adaptation to Abiotic Stress.
J Crop Breed, 17(1), 63-75 DOI: 10.61186/jcb.17.1.63



https://jcb.sanru.ac.ir/article-1-1550-en.html

-

B o VEF /Y ojless [pmtin bl el alS oMol asb_ingly
Sl b qulie 5 (55,0UiS @gle BSIlS
GRS 45 (duw s SR HIT & (6 5Ly LRNA G, Wik
P13 IRVEN PR [ 2o F PV

Al ool (ool siaio RIS ¢ £yl usiine oISl ( oaLS g 5 (S5 09)T gD axbgal il -
(B_ArZani@IULAC.IT & Jggens i) eyl coladoo] cylagiol sinio oRilS ¢ 25yl pusiine 03Stils ( salS g 5 (K435 095 «lils Mol 5 (K55 slil =¥

VLS A sl o)l VEENNS g g VEYLY/ A sedlys gl
VO B SY tai

Lo 035
byt o Loty g im0 bl g uly SlBLS ol 005 i (658 IS5 S0 1 gm 5 O s s e e ol et
2P gl (U8l jlad &) oxie 1S (o e |y LS (5y9000 9 48 LS Jelge cnl )15 )13 6575 3L (slaled 5 ()98 (St ke Jawee
ly RNA Gy alor jl il ooy sloaSed Gyl 1 1y (o3 lagusillo 5 08 o 1) (Jaee (sloS oo aillgi o (LS D530 Sl
25 il cdadloee (gl LWRNA G 5l oolatwl dlas 3l e 2 (slaguol 5| (gL dlaws sbul el il s () aiS” Jlad 03w (glj i Jolge b6yl
oS J S laieas oloj o) 5 g 5as olulid LS ;3 i 43 93 5 1S )b gl (ly (MicroRNAS) RNA j 5 .59 oo ol lp ,
o5 A5 & ongy 33y 51 515) ngy 36 st 1S JS) Syt ishige Jolb a3 ) Mlend sl ady Gl glaal b Sl
3ySlas Joawi b g o 3L RNA (slaJolgo o pimtee 5o olgicds & WRNA ) casl Jaieo o JiSiow &) (555l oUlsi o (2alS
0ol 59dly JI RNA YO UAA Sl Stk (o295 (RNAI) jXI15 RNA )05 (6y900 (i 4o 5 9 (oumgiy) Jl o SlopasdlSa 25k 51 05
borisn (bl (Job )3 olS sai g 45, dlas I Cilie claan]3 )3 Lot (i BRNA ol 3500 ol LS psi5 )3 jdgds 45 Cal
05 Ol seSed wlais 5> (3L 5 8 (LiSasS oIl wé e S oo Ll 055 i G 25 &) Jo5 9 pgi Sl i 5 €8S (Sl
Olyieds Lol S (o @lals (ke yobts 4025 5 (cmagin) Sl (DNA (pgmadlie) (o gig) gsbaw )3 1) 1) 5l (g Al ol LMIRNA L)l
MRNA Jlasl pl X590 Jate (MRNA) lojply RNA (slaJgSge (59, (ol g & 9 S o0 Joo (oumgig) Il o sloosisS pats
(SIRNA) olisS L1315 cLRNA 15 o (635l o & o don 3 b 05 o 3gals 115 o (3505 a5 |y 35 e g ysbody 3 SSBoo |y B
ods 8l a8 (hgals LuSloeS )3 g ord bl ol (sloainly 4ty o ¢ i) o Condts (dSRNAS) (clanidy 93 ady (WRNA 33lby 5
Jate leialy 4wy b (AGO) Argonaute (g, 0dlgils lacl (S w8 o B RISC 3 o (Sl opl &5 olSia 20 0 pleal (RISC)
Argonaute gy bwsi Ban LRNA 385 5 p 4 e Jole ol 08 o colin JolS Jlgi JoSlo b Ban (clRNA cuowsay ) RISC 4 395 00

Dy kS (> ey (clagul g o5 paass )d  owlsl (58 g oo 455l (RNAT) RNA 3105 lgicds & anl)3 opl 95 oo

SIS o 93 43S (o0 J 1S ol a5 008 St Ly 0 Olo o S (0 03lisel (3] (oDgels L oAy (cadal s S 5l plalS
sl 6)%ed 9w e Jlb it 1) Lo JRNA (sla JsSUge (315 51,8 Ban L &S ol (PTGS) (punsig, | o 0 0205 09015 Jols s 2l 3
TGS ymRNA ol (slacuibgi; w55 23,5 b A8y o WMIRNA 135 o (5,55l DNA (5550 JIRNA 355 | & (TGS) umgin, 05 0955
(MRNA) (loyply RNA glaJ5Sge 5 1S oo Jos muodbginw 3 PTGS )38 13U PTGS 5 acban slagyj sl n DNA fgedlite 55,54 L
b)) g (5l 20 (wgpg Cosis | Al o ASRNA 1l 358 o0 MIRNA L bdSRNA Lawgs Wlgs o PTGS a3 o )8 G |y
Saslie GlRNA & g 03,5 slolis |y dbg e sladSRNA oS ool RNase I oy 3l (oSS G Diicer 5,50 clivio ol (clay5 5 wgSae
I, (RISC) RNA )l 008 5508 uSlioS plidy (25595 (wSloS K SIRNA s 38185 0 RNA (RNAI) J3135 ¢l (SIRNA) Sos8
S ol ooy a4 bl den i 5l g S o 390l 1y gl 8lSLS 0 1) s (clbmMRNA RISC 1S o colin JoSoe MRNA (cla g5 cuonsty
TGS .38 o (6 S5 sl MRNA W5 jl dous 5 9 Md 0 )3 (o yiawd ;D yieS o gigy sl |y ol S o o 4t 3 DNA Mol L TGS .15 o
295y legyS bae S Syl ol il (e s )3 05 Ole (0955 JBgels sl Ggiees Sl 9 DNA (gdhie siile (o bapusilSle &
ol 0125 Lols MlS PTGS ;3 LmiRNA Lol 265 45 s 53 39500 DNA & jlyoss RNA (ussin, 5 (o yiod j| oo 45 05 o sl oS
Sbosl UDNA fygmodiio 1 > slaubion b w5lgs oo WMIRNA I 5 85850 58l 5 TGS 5 cal (S 48 am3 0 lis Glillas 5y
sy & Js yo il oy TGS g PTGS (s Jolbsd g oo (sungigy (b (hgels 4y oxie puilins ps jobdy aS™ aidly atdly Jolss (yleg,S
SLMRNA 3l 56 TGS 5 plbpuslSe )b 5l cusl 3Sas PTGS @)lgo 5y 3 il badye andy wlg oo i (¢5aloto (5Ub ppune
o9l yobody 5 Ao Colin Sglgen DNA (slaJlgs &2 ) DNA (gediie o5 a8 Joo (ol WS lgicdy conl (S0n PTGS jload 59
S bl lacudgy) b dsRNA JiSiis |l 00 TGS aaly b ()] 0355 (heels e g o Sdo Vol (aumgig) (A (heels & i
S 6 S sl 350 PTGS o5 ey

Ige Ggdsw plyed (dacme G Jood ly (905 laimTsn Mg (355 wbat 5 (ol SLMRNA (3 )13 Baa b LbmiRNA
o090 O b &5 ol ol b ablis (ln ) 398 0 Ol 5 9 Bl gy bame o LB an3 o ojla] GlalS @ 3283 J S (pl S (0 Jos
Sp &SI 0 S o Jes Bun mMRNA gbiwe (i b 00,5 igels (gl slalawly loicds 2lS lmiRNA 058 bl ditus
srdeblin L olol 5 MIRNA (claodlgls .S Jas s pis 5y b lgi o 5555 5 )5 Cislas 555 MRNA Gilaal | SelS amiRNA
L1y 08 ols Claal mIRNA (pl 5l 09,5 o Wb (gaieg)S sadcblis pé g oadcblis miRNA & (b3l Jsb )0 &l yuss 4

055U ol 0ud Jas b yj Called Oldlllas )3 diedgw 5 5 )kl (g)l50) 4 (ASRNA) (glaws, 95 RNA (sla JsUg0 5| 86 RNA 5505 0 el
2 ool 43,5 bl i g ) GBS 4 JooS Gl Holaiedr GlalS )0 RNAG) (6500umd (slp Sf i dinej > (Sl
Sldllas gl 3 sy aRNA 109,35 ool )l i 5 e .l 39350 (Sl SleMbl Ll 5yl g (60,Slos (slaaSis i jd a5 Jbs
Jgazme CudeS 290 oy 9 Loy (659 ((Suid plai (G GG 4 Joo5 o LS (slasslon plp 53 Cunglie ¢ 093] (sladina ) (02)8
b Joo 3 il G5 5 (S GRNA b ) 5 (b Gls oo 5 455 sl Gosn 2505 salys &l olid Slge a5 Ll 5
ol (2)) Gl () e sl i

RNA ()i a5 005 (o505 (st SO (ot Sl 154 (SWa 1y


https://doaj.org/toc/2676-4628
mailto:a_arzani@iut.ac.ir
https://orcid.org/0000-0001-5297-6724

55

‘_f‘”)‘)l Se| 9 b orlasee

lbgnge )3 (45 SO LGB e 390 0 S @leMbl RNA
9o .(Hung & Slotkin, 2021) cuwl ouds Jgoxio 0.5
Cirog slp sy Pasl (05 S3e5 LRNA
slil & Sbgge pld 3 e g (Sl ol
o) <l Sacchromyces cerevisiae jesw ¢ oS
RNA-RNA saxio Mol Jolis sdomy  slaiil,
2 &S Canl pEgp pSen 5 e RNA DNA-RNA
b Fhe Jie sbedlbd 5 byi ply elas
s ©blist ) gl (Catalanotto et al., 2016)
" pamgiey] Jie S oLS ;0 RNA 59l 4 by
Dy sy 53 W u.m solS 4395 O“ 5 Cul o.\.oT Cowddy
sile dLMJ S5 ol len RNA u.w,ob Ls;akﬁ
wblis] oyl (Curtin et al., 2014) wiws |l LB oy
5,Sloe iol38l g (g5y0liS landnd jd b iy (glys oawlool
Moyl o e (Jaze Jolge plp )3 GlalS Jood
RV g
ol » 8 s Ko sbasSlse TBRNAS,
el g Wb il Joke sl pbs 4 b
Qia0 ) 35 5 55 1y (oo (iutig Lo b slaJsSse
Oleie 4 LRNA plo jl as ) ¥ 20 s (et al., 2021
b ylgy Calw 0 & Uad o adlil oauSIS-RNA
4 LRNA 4@ 1oy WA dgas oS b 0 iy a8l
ol e so aslis (WRNA G ) 00808 12 RNA lgie
5 Sl 5 oS ol wi )3 ege o5 BRNAG,
B8 0 @Yl Cuenl g Wl (Jsbe la STy
0556 SRNA ¢lgl VIS5 4> (Salemi et al., 2022)
ol 0 o3l LS Lm‘_'ﬂ X309,5 g o (glwliss

025 45 2 SWRNA

ROl ) R

OBLS 3 it SUES & )55k > LRNA), i

Aodko
Slo ol JsSlsessl ke J (S RNA
Col (Sl el g oy o dalyiung, )
6l Lids (S5 GleMbl don 5 5 JWsl (e jo &5
IS RNA 058 0 puands Lol (gatwd 93 4 RNA )
My lp |y (Seoj oleMbl &5 (coding RNAS) saus
non-coding ) sauSaS e RNA 4 i8S o Jaiie b g 5
Dong et) syl i Jobo (55 Culld pulais )5 a5 (RNAS
350 o o esYsb b sl sl (al., 2022
oMbl Jor RNA el J5Sgo 3,5, 5 i ks o5
& do 5 Sl 5 DNA il 53 005 ()35 i
sedls s (Kozomara et al., 2019) cusl pisp
w3l ans 4w D RNA (o Jsse (B9 (SHSSS é
2 gl bl s BRNA Ladas i& 5l 1) L o) Lol
Pareek et ) cool ooy [l Jokw slacled o laas!yd
LUyl ayis ol (Khalid et al., 2017 <al, 2015
Sorbss ) Jsko 59lsm cilises sloc i L RNA gl
w0 b oSUse cpl cudlad 5l gpe S a4 g 028
SaS ol 5 gotio i sl 5 Jobo slacyld
] os)f u.sblw

RNA dauls b o5 5505 L (RNAIY) ,SL1s RNA
2o sl "(PTGS) (magig 5l o 041 35
L (ASRNAT)RNA (clazs) 55 sl JsSIse o) 53 4
2B g 4 500 GlageSon b (ol (usleS” JSis
I U8 1 bl g 038 des Gun MRNA sl JySJge ;|
ol (Tanetal., 2020) w3l oo b jue b w56 cda 5
2 ool (i g Canl wrn sl Lo sl ) (coddats w0),5
Pl bl calis b pa) ams o o)l g5 Jols (o)l,8 5

!

Intronic
RNA
(‘-mﬂ Antisense
Transcripts)

S

.\

miRNA/
siRNA

 —

] eaaids g osd olwlid 00808 1 (laRNA glgl -V S
Figure 1. Types of identified non-coding RNAs and their classification

b o» by ol S BRNAG, ol S
Sl 5 SLbl Lases L olS ()5l 5 43; slasyly3

Yo B WA s b b (Sos8 sasSlse BRNA,
Jos SIS b g iy 5 Oty &5 it A5IS s

1-Ribonucleic acid
4- double strand RNA

2- RNA interference
5- Arabidopsis thaliana

3- Post-Transcriptional Gene Silencing
6- Small RNAs or microRNAs (miRNAs)



£y

Syl desl 5 b golasaze

VB /Y oyles fpain Jlof ely5 LS Mol sl jimgs

LRNA 3y (63,5dos s aunnilSo g JolST ¢ sl
S jlopin o) I misy wlp () icwl dol dls ye
(il Jb Jalie (V wad o Pre-miRNA WJg5 4 o
4 pre-miRNA & Jolu (55,0 Jil g oMol <5l
MIRNA 5bdl als yo (¥ 5 355 00 Jsds oles MIRNA
e &S ('RISC) RNA Ll ouiS’ (5508 uSliaS &
wilire (S5 sedld g o) gme ] wial 4
L bl ol (Ergin & Cetinkaya, 2022) g o
oo 09y e slaga sl g il ol (g)Son
oVl () sedld il 3 g 38 ©jge
3 LRNAG, )l oliwdy Gid b Jsbe ;> LMIRNA
Aol o JoSG D-bodies play awn b S
a5, S5 sRNA L "SSRNAS ;| Yoere MiRNA
dila— a8l sl Sy (ol 45 Wl S5 oS o gis)
Sl I jl a8l lagad cén b A5 g sl b
S8 pei; (Ding, 2023) 1.5 o L MIRNA j;
MIRNA ol abay LMIRNA sSss bl ol
(POl 1) DNA & azuly 11 5150y RNA Lwgs o8
ol cnl 9o (e gigy (19 0MIS IS Sla(] e 3
"(looie sBMIRNA) aJsl cLMIRNA wg 4 e
O &bl ;5 MRNA 0S8 ol piigy Milen o5 395 p0
b g oo alisl (s mayy ¥ bl o 5 oIS SN vy
LSS Jlg S b adgl sMIiRNA o cglis oy
aila—asle lSle S caw 45 din adl cdig )l
slajlogie (Bibp Cwl Ses (rizen 9o
b Jsko (190 s JiSiw bwg puiins jsbods MIRNA
555 &30 POL I b S pobots U 5 Jsho 50
4 4dol MIRNA  Lus wul,s (Taylor et al., 2017)
Jslo glyls &) clas, 95 MIRNA L (3,18 MIRNA
slodlgls ol ) bhwg (Wi D8l Gl
RNAse HI ol b ySap ol Sedn pbs! ey
ol wlel i &S 048 0 (DCL) Dicer-like
» «(Ergin & Cetinkaya, 2022) .,l> miRNA 3l 5,
ab e o il il J3le Mgl (obLS
oyl I ESgen] K a5 (DCLL) Syl
b Loaaly MIRNA 4 3,5 0 &g «uwl RNase 111
03,5 o iScaMe Iy byl MRNA L bl cas S
il Joloe 35y oo oy JIMIRNA (S5 andy o Jbs )
Jolse ol 48 ls i LMIRNA jlap 5 sbol 5
s LMIRNA ol 5 o)y i ol o Ailgy oo
Bar Job b alS jloin cLMIRNA il 35,506
G Job b )9l MIRNA & cous b cuin VY-
I om Sedie b 55255 (oaSs & b cain V-
Vg s Mg At (59> Jb LMIRNA (55l 41,8
Jae Mgl 4 EXPORTIN-5 (y5igy bawg g
Lol MIRNA aa MRNA LLolis ¢y L9 0
Sed e Jiio pojeisw 4 HASTY (HST) (nigy bwg
odd Wl oS heels  uSLeS & MIRNA e

(Deng et al., 2018) uiiS' so ] wlul (slo yids Calise
oy JS 1Y B Lyss RNA G 398 o0 03] (o5
(Dong et al., 2022) xas o JSis 1) oS S
Caenorhabditis sl > JLodsl (sl LRNAG,
odel slelis (Leeetal., 1993) was Lol elegans
Jdody sl odds (55155 usnsdnl 3 aLS RNA,
(@S GLRNAR, ollid glagty) @ cépin
o5 sla gy sl 5l MICTORNA YAAS« sliss oy giST
dlox jl 0xj Shgrge 3l Calise 4358 YYY I Slaole
Zhang et ) Sloas ololid g aisS” LS 455 Ve 5l iy
olgls V& alS caliee sladiss o a8 (al., 2022
ooliS i blpd 4 gl p calisee 5,Sles L MIRNA
slysSl yuizen (Chen et al, 2016) cosl ous
ol 0dlgls S a8 MYB (TFS) diols (495 (w99,
S )3 (otee G ittt LS )3 (oorlals (sl 5]
by slp LRNA G, bws ol pudais sladis 51 50
Ma et al., ) x5l ls o b i & Fuwl § puddsbio
LRNA;, 5,8, 4 b po cilalles 1 g0b slass (2023
LRNA ;) lawgi odd colin 5 lo eadais &8 Wilosly oL
Ghbl Jase Sz b oblS iy 6,85k ly
Sun et al., 2019; Das &) cuwl (gy908 5 Sk (5]
ey ols (Zhang et al., 2022 4 Singh, 2024
I Bn ol w5 b Ml i b
3$ Jos Uy cpie GBRNAG, 15 L LRNAS,,
My (g WSS9 il lae Laylpd 4 Cus
g8 4 LRNAL) ol (ials b (al38 sl ansly e
O (S 3 JLE o ome d olS &S ks
LRNAj,, ;| &, W (Samynathan et al., 2023)
oy YU (slod alor 3l calisen Jae 15 piis bawgs
2 o Sl jehn g GanelisT Vb (6)5d ((Sis
RNA;,, .(Millar, 2020) sa5 o &, ;LS ;5 desxe
5 LAl dauggigdls olas 53 epe (B LW
b )b oiors o Sl itwgn by
OblS 450 pudplie ) colul odal Jelge olgica
& johilan .(Samad et al., 2020) .S o Jos
S b (53,9 (Jaee slacS o 4 esly 55 LRNA,,
55 OBLS 55 se5 5 05) 4 bl ool citus cglite
oyl pogde (Siddiqui et al., 2019) cul wglaze
splil Wb aile oS drwey g Ay palad ;3 WRNA,
(20w g Ay 1Dy g ey «S A8 A5 JS
Yang ) &)l ids Jauwaste 3, Slos g 0500 oS il o1l
by gaw pemS] 2 6,138,506 L LRNA 5, (et al., 2019
S5 ol § Al e (S5 Slaclld e
g b (335 a4 g 03905 S 1) plalS (clnwgs
& HlS Fuwl p e Oldlas S SaS bl dawys
P i i Slg 0 LRNA G, bwg i (sl i
b oaaly Qhal; 2 )k lapuilSe cals b akl,

A2 Bl i glol 4 Cuoglio 5 Jozs

1- RNA-induced silencing complex

2- single-stranded RNAs

3- premiRNAs



FA

Syl desl 5 b (goladaze

DpS e B odlitul 3y90 cilize (gla s 4 gl
My sl Jsse ¢ coune MIRNA | lamiRNA
GLRNA G, > Sles oS diid cguas O)jgods ol
P sgbas Wilgs oo b JsSge cpl S o0 ME 1) (b
Ban gly o> g aiS s ]y Gan MRNA gl oy5 ole
gl odlawl 30 LMIRNA S Gaols 5 ol )8
U5 6y Sl owdige ) 03,5 jobay AMIRNA
)5 ookl 5)90 SIS (gl yrae wibais b by ole
Vb S 5 s ol b sSge ) 38 e
Gy gdiedsyy)l oyl lgieay g 15yl b5 3,8 (hgels
555 23 2] (5l ) g 5 35 3,Skas s
Kotowska-Zimmer et al., ) £,5 o )|,8 oolasiwl 550
(2021

SLRNA 5 Slae slapuslSe Fadd el
Slgioe 0F (hgals sl g o5 Gl @lal > SooS
» Ise lodaii 5 (S53 slodial B ) 5gaee b 4
S Gl dytz (sloby) dmagd 2 5 03,5 S oo
A3l 50 oo oo Shae o5 s > 5 a5 ol
ol 69, bee slpuilSo gMICrORNA i axdlu as) )3
ol ol ool i ¥V S )

miRNA gene

=

<D

OBLS 3 it SUES & )55k > LRNA), i

b 4t caely Jlasl ol 395 e Juaze RNA (RISC)
b o 4 S5 Caled )3 9 2980 San MRNA s
596 e Bas MRNA  desy clld S
L 2lS lmiRNA (Samynathan et al., 2023)
Olecds 9 Ly calle MlS 35 MRNA  Gilaal
SLMRNA it (5 b gjlogisels ¢l oloaanly
L olol 5 MIRNA (claodlgls S o o cbin
SmMiRNA 4 5il, auld b o g5 5 oad cblas
i og)S s Nad o (s0g,S odbcdslis e g sadcliles
wile dg ol Gl ol LMIRNA )l
.(Samynathan et al., 2023)

gl ul8 55 SN sl L RNA ) S sl
O isels Jos )3 oo 5 (TBS) (ugisy gdaw 1 0
05 Ol w2 1) (e SR (PTGS) (aungis) 5l
a8 0 LRNA -l (AchKar et al., 2016) .S’ o W]
(5455 38 o, (TBS) punsiyy w35 (ool
S o0 SpS o (O mse) Sl oPeean JIF 5 ool
(PTGS) (cugig) 3l L 0] (9ol 3218 5> (wionen
w025 jl gl 455 L g oy )18 Baa )y ol oIy
J(Tiwari et al., 2014) slei o Cilos (5

ol (g ] 5 00 palais 3,555, 5o RNA 315
o5 Gl pslaiedr GlalS )3 o) ple el il oS

/ W) mif b s 5 26 SSRNA \

- E— -~
‘ miRNA pathway
‘
miRNA
I AOO!
¢
-\ o=

oblS ;o MICrORNA (o5 Slos slapusSo ¢ o aslo a5l -V S
Figure 2. The biogenesis process and functional mechanisms of microRNA in plants
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