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WE RNARMLISEAE MBS BN EZEN T KIERNARTRIBE AT, T NMIERNAFEEFRIBRNA. E AR BRNA
MRz Oz —, IRNATES P A i 3 5 R ¥ E AR E R, = 4E LR R K T A F DCL. RDRMAGOE
H. BHT, Y+ ohse s 7 NECA BRI Z 21 ntA I mIRNAFI24 nt siRNA, H e K EFIZEA 1 /NRNAH TFLE K
B EAL, WAz TH, BRI PRI R B, LRI (Arabidopsis thaliana) 7 %0 4558 88 iy aa R w2 4

KEMKH T DCL2AIRDR6/]22 nt SiRNA. 22 nt SIRNASAGO145 & T Bk M & &40, MHI TSR IS B 3E K (NIALFINIA2)

SEMRNARI R, TR M B TR R 5T T IIRER
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Y — BAERRR ZE, BT 3), 12 75 SR T
feahse, PN EE—4E . SR, B —E AR
B, BLATE CWMBRERIMAAN IR, B2 EIE S A&
FERIIAEE AL M B Bk, it (K TR AE
FrRBZ A5 o Q] TGS AR IE AN [ (R R 5% 2% A1 0 R 47 >k
Wi se A SO K

TEAYR A, BT B S B ) AE I mRNA
Gh, AEAESE Z P 2 AEg4ISRNA (non-coding
RNA, ncRNA), H 1 4 55 RNAF #i (RNA inter-
ference, RNAI)@ % 1 #121-24 ntffI/~NRNA (small
RNA, sRNA).

SRNAE & i1 —28# NDCL (Dicer-like)ffJRNase-
17 A% FR B V) 10 BT /A RNAF= £, 5 AGO (ARGO-
NAUTE)XIEE A4 ST RUTERE &), = 5Hhnkk
[R 1 2694 1% (Song et al., 2019). #4545 F 1 &
7 I SRNAfLHE21 nt microRNA (miRNA) 124 nt
siRNA (small interfering RNA). H®f, Xfix p§2
SRNARIEH 77 SR AE ) % Dh e Ot AR BRI 2 .
MIRNAH % B DCLLY) &I B A & 25 04 1) 5 44 =
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4, HAGOL4 G Ja LAY R L AR mRNAB A i) H 8 3
(7 SR LR () 2R3k, 24 nt sSIRNAE K B 3 s
FHAEEFHX I, EA01HRNAKE 1RNAK &
RDR2 (RNA Dependent RNA Polymerase 2)& H 1
WAEERNART AL DCL3MN T 7= 4:, fE 5AGO445 & 5
B 5 H L EFDRM2 (DOMAINS REARRAN-
GED METHYLTRANSFERASE 2), 4 5DNA %
A, T 061 A J3 -3 4 R B A5 R 91 5 5% (Song - et
al., 2019).

F% 7 DCLLFIDCL3, #IF§7T(Arabidopsis thaliana)
th 5 482 DCLZE 4 (DCL2 M1 DCLA) 1E K 5E 2 1t T
A PE AR JUE sSRNA . N, MiEY)E RE BAR LS,
DCL2F1DCL4 R /7 A4 K& 25 K U 1921 ntF122 nt
SiRNAs, k#5812 44 (Deleris et al., 2006). It4F,
K22 ntHImIRNABTUIEEFRRNA, HA)E1 ) w]
ZRDR6MIDCLAME — DN L, F=AEKR%K21 nt siR-
NA. BT iX 28R 2 siRNAT FEATE 5 B HEA,
I Fx phasiRNAs (phased siRNA). phasiRNA
YK B T BA B 2R H (Deng et al., 2018).
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al., 2018). W22 nt SIRNAE L FEAK, — BT
HHT A, BRI AEY Z IR IC S R A

TR A T A BA RT3 (2015 4F ) 7 0L /e 7t o i ik 1ot ==
RIE LG AE 5 5 T 08 P B B R 5 R T 2R FIEINS
(ETHYLENE INSENSITIVE3)fy 4| 1 f2 e, &I
4 Hf T A% K 1% R A1 1) ik R EINS DL & DExXH-box
RNAf# el A SKI2 (Super-Killer2) 524z, a] L) =] #h
EIN3Id & Rk 18 il & & $ b, IFidE— 2B EINS
HISKI2 43 il - 5 1 48 B i 5'-3' F1 3'-5' RNA % i
(RNA decay) 0 A0 ] A Y 5L PR 1 U BR AR B
F(Zhang et al., 2015), MEINSFISKI2ZAE K T f8 [F] i
TR, PR 2% 20 PR T RNA R i 88 % [R] BF 52 BH, A4 A
WA B KRR EH BXUAImRNAs (aberrant bidirec-
tional mMRNAs), i 84114 N I RDR6 HE % LLiX 4 7
HMRNAZ T AR S H HXEERNAS 1, B 51X
XU EERNAZS T HHDCLARIDCL2 N 1= A K A
P21 nt}222 nt siRNAs (coding transcript-derived
SiRNAs, ct-siRNAs). ct-siRNAs5AGO1454, iR
H)E IE % DI RE T mRNAS, 38 BRI 1 ) A 95 2 1]
DUER, T 5 SO A I 2 Bl A KR E Bk [ (Zhang
et al., 2015). 122 nt siRNAIEH 2 fil & Ik 2%
SIRNAR 14k i3k — 2 V) HImRNAFE I 5 5 5% 5 7K F
(post-transcriptional silencing, PTGS) 17T Bk &k &,
DAL T A AT A I 24 7 2% RNA B fift 3 42 ] e BEL B
DCL4/=4 21 nt ct-siRNAsH] it 5DCL2= A 1122
nt ct-siRNAsAETE EHAH H.5c 5, MM FFICRNARE fif
FIBE 71(Zhang et al., 2015). {H &, {LBHK—%%
RNA B fif & 12 2 AT A 5 0L, DL KX 2622 nt
Ct-SIRNAS 7T 5 AT M WE Le A= W) 2= Th g, B I AT 4
(Zhang et al., 2015).

76 FRBF TR, B4 DB T 522 1Y
SIRNAF=AEFIVE LI AT 7L R G, NIRNEATREY)
MIE22 nt SIRNASHIAEY)E D RESSE T ATIHERA . T
W, ZWE A FIfENature 4 & R SC, Rl T B
TAE. AATE R, MR TR —%RNA
K% fift J8 2% JF $0 1 DCLA V& £ J5 , R 7E ein5/dcl4 £
ski2/dcl4 X E RAZE T, HYE A&, T o4
MR E RORVUES MR ZF 2R, m
7Eein5/dcl2. ski2/dcl2fllein5/dcl2/dcl4%% 535 {4 h 3
AIEH, BT DCLA5DCL27E BT JISRNART 1A I 727
F4r, HAMRIN P42 ntfi22 nt siRNA, RS

Mleins/dcl4 Filski2/dcl4 H & & Gk I A e & T HE )
W T WE22 nt siRNASIAR RFTE(EI1A) . ATk
—BIOIE TR AR, I s s E T R, 5E AR
AL, PPE22 nt siRNAs7Eein5/dcl4fiski2/dcl45E 48
b B3N, 1 7E ein5/dcl2 Fiski2/d el 2 98 A5 4 v
RS, SR N IE22 nt SIRNAS B IR 52 A] L
SEAEY R HE (Wu et al., 2020). 75 EI5H ()£, Xk
BN EISIRNAFEAE 2 =28 TR A A 22 7 £, T
F& T ERJE T 24 B IR I J i3 R (NIALAINIA2), H
FJEIAF] 722 nt SIRNAs A& KIIE50%, i8] i%3%E
SIRNAR =42 B A HE R A7 SRR = 1% (Wu et al., 2020).
BARIX— IR G RN ATE &, (H2ENIALH
NIA2ZE [F] X S 2R 4t 2 11922 nt SiRNAG| 2 T 4
FUIA BB R A% 5, AT i B X3 24N 465 5 A7 7= 2R
SIRNARI A DI Re AT TR .

AFET 21 nt sIRNADIEEEAREEIMRNA, 5%
AL FP IR R L A2 X 5622 nt sIRNASHIFE R R IE K
AR AR A AR I8 I S8 A R 4 A T mRNA
N, SEAAIE S Ndel2 R R R A L, ein5/dcl4.
ski2/dcld F A% 4 iz B 44 45 G5 NIALFINIA2 T mRNA
F B PR, DEANIALFINIAZ F) 813 208 v fE 5%
0] . SPLEDIT A HTIHE— P UESE, 22 nt SIRNASTH
SEHRHINIALFINIA2 ()5 3 (Wu et al., 2020). TfifE4:
Fe PR KT K 2 B, ein5/dcl4 5 B A4 7 Fileins/
dcla/del2 RAS AR L, HAZ M1 45 G mRNAFI K 2
LR S R B, dE—2D IR T 22 nt sIRNAsZ7ERI 3K
ST 1) o 5 R ) R0 (€1 1B)

% FsRNA— & 7 B 5 AGO XK ik &5 A 45 & K 4%
IhEgE, N T HRITIX2522 nt siRNAsIE T 5 100F 7+ ik
MNAGOL: & RKAER B GIE, I EE — &
WAL TR, RLT 2 M I mIRNA, 22 nt
SIRNAsE# 5AGOL1 (MIEAGO2ELAGO4) 4 & Sl
X HEARSE R (BRI AR . I AGO L4 & (1)
22 nt SiRNAsVL & A4+ EHAGOLN T HIE A &
G, AT PR T AGOLXT-22 nt
SIRNAsHI I #1112 Y = 2 PE(Wu et al., 2020). {HiZAf
REI, AFETmRNASAGOLSE &/ 58 )ik
#5552 A2 R 7 AMP1 (ALTEREDMERIS-
TEM PROGRAM 1) (Li et al., 2013), 22 nt siRNAs
A5 B0 PR P AN T ZEAMPLI 2 5 (Wu et al,
2020).
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Figure 1 Arabidopsis RNA decay (EIN5) and DCL4 mutants
accumulate endogenous 22 nt siRNAs that cause pleiotropic
growth disorders (A) and global translational repression (B)
Col-0: Wild-type Arabidopsis plant

A=) RN AR A 3 855 AT DL S AR R A B )
SRNA (Hua et al., 2018). HT#I# F*NIALFINIA2 E
B 55 AR, HHEEERA S/~ T KE22 nt
SiRNAs, Wu%s(2020) L %< [ B £ R R AR A deld 848
RAEB RS IRt LKA . S5HFAE AR LY, deld AR 1A
KPEINGUR. 5—2, deldF FINIALFINIA2E A
JUT5E4iH %k, #E—PH/RDCLAM K S EDCL2N
T4 E 21022 nt SiRNA, M ™ E #0417 NIALAT
NIA2I B 3. 45 G IREE M N NIALFINIAZ ) #4 55%K
A N, 3K 20 KT 1k R T 2 AT AR IE R A
TE M ity R 2% A T foe o PR 1 AR U TR AR R0, B O
T8 /D BEFE B 22 58 U AR 7% 52 (Wu et al., 2020).

NIALFINIA2 1 2 A 4 3ok 72 1 5% B 1 4% 15 4,
#iE22 nt sSiRNASFHIEIEKF TR, AMUCABIT
PR MTEARE S R A, 1Mo HLAE & 26 R0 i 78

I% (abscisic acid)4b 5 2 FhARAEY IiE &4 R, 1T
PR T IR O AR A P A, TR B O T e R TR
WM A KK E S P KN4 (Wu et al,
2020). fEIEHZMFT, 22 nt SIRNAGRFHIGAK AR
R, BEEURL”, HEEWEIRE, W —RkEp R,
LRIEEIR “AEARE” (K2).
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Figure 2 A working model for 22 nt siRNAs in plant stress
adaptation

The 22 nt siRNAs are barely accumulated under normal
conditions, but can be dramatically induced when plants are
exposed to adverse environments. These sRNAs are re-
cruited into AGO1 complex and lead to the translational inhi-
bition of NIA genes, thereby balancing plant development and
stress tolerance.

H AT, LR IF A b = W B R A7 g ] DA™= 4222
nt SIRNA R KBS A T35 2, —EHRNAG G EH
H BIDCL2 I S RNAXUEE 24222 nt SIRNA? 22
nt SiRNAR GHA/E T HEEBZEREY T2 112
B HREH YRR NZ? T sRNAR A 41
fulE B F P (Hua et al., 2018), 22 nt siRNAJE & ik 1]
DA 458 328 iy 25 B rP A SR AR L DR 2 AEAS FE S AR R
TX LA R D ) ) T DA B R
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Small RNA, No Small Feat: Plants Deploy 22 nt siRNAs to Cope
with Environmental Stress

Liang Wu", Yijun Qi*
'College of Agriculture and Biotechnology, Zhejiang University, Hangzhou 310058, China
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Abstract RNAs can be classified into protein-coding RNAs and non-coding RNAs (ncRNAs). Small non-coding RNAs
(SRNAs) are generated by Dicer-LIKEs (DCLs) and RNA Dependent RNA Polymerases (RDRs). They are associated with
different ARGONAUTE (AGO) effector complexes and play important regulatory roles in diverse biological processes. 21
nt microRNAs (miRNAs) and 24 nt small interfering RNAs (siRNAs) are the most abundant classes of SRNAs in plants.
The mechanisms of their biogenesis and functions are well studied. However, the functions of other less abundant SRNAs
remain largely unknown. A recent study from Prof. Hongwei Guo's group at Southern University of Science and Tech-
nology showed that a class of 22 nt siRNAs is produced by RDR6 and DCL2 when plants are under certain stress condi-
tions, especially upon nitrogen deficiency. These 22 nt siRNAs are loaded into AGO1 and mediate translational repression
of target mRNAs including nitrate reductase structural genes NIA1/2, thereby minimizing energy consumption. This work
elegantly shows that plants deploy 22 nt siRNAs to achieve a deliberate balance between growth and defense in response
to environmental stress.
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