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Advances on the study of microRNA-mediated responses to
nutrient stress in legume crops

XU Feng, WANG Jin-xiang "
(State Key Laboratory for Conservation and Utilization of Subtropical Agro-bioresources/

College of Agriculture, South China Agricultural University, Guangzhou 510642, China)

Abstract: MicroRNA (miRNA) is one kind of non-coding small RNA (sRNA), and has 20 —24 nucleotides in
length, and plays important roles in plant growth development and in response to biotic and abiotic stress. Many
evidences have shown that miRNA is crucial modulator in adaptations of plant to nutrient stress. Legume plants
could fix nitrogen from atmosphere and provide proteins as well as edible oil for human being. Nutrient stresses in
soils obviously inhibit legume growth and development, and result in a decrease in yield. In past decades, most
studies on mediation roles of miRNA in responses to nutrient stresses in Arabidopsis and rice have been
characterized, respectively. However, recent studies have witnessed emerging reports on the functions of miRNA in
response to nutrient stress in legumes, and revealed crucial roles of miRNAs in adaptations of legumes to various
adverse nutrient conditions via modulating activity of target genes such as sensing alteration of nutrient status and
fine-tuning nutrient homeostasis. In this review, the regulation role of miRNAs in response to different nutrient
stresses was reviewed, especially in response to the stresses from phosphorus (P), nitrogen (N), sulphur (S),
iron (Fe), copper (Cu) deficiencies and calcium ( Ca) toxicity, and the mechanisms of miRNAs involved in the
adaptations of legume to different kinds of nutrient stress were discussed, and the perspective of research on
nutrient-related miRNA in legume was outlined in the near future.
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ALY R . Bl T F N RS 0, N XA
BEMTRW RS A, J50R R, GRHMEY Y
PR 5 i R G R B =y 2 (AR
HRE, GRMEY 5 HVE R BRI, e R
M, A S R G EE R FE P i B
Gh, GRHMEY SRR BE A 2 R SR IR
B M, SRMEY R IR A Y

AR, 8k B 22 (1) WF 5Tk WY, AE S S /N o
RNA (non-coding small RNA ,sRNA) 7EAE#) ) 4= K &
B Y Bol e A . RIRRE SR
AR ZHIEGE T sRNA fEAE K A& F , Wi 550
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MIRNA Pri-miRNA Pre-miRNA
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Pol 1) fiAk FREATAE s =2 4 75 i miRNA
J B & I S5 K (A HT AR, BR R W] 2% miRNA ( primary
miRNA, pri-miRNA ), ¥ ¥ # iz fif DICER-LIKE 1
(DCLI) | #H8# 1 SERRATE(SE) DL K AUEESS & 85
HYPONASTIC LEAVES 1(HYLI) % pri-miRNA 147 5§
Yihn T, 4= B miRNA §j {4 ( precursor miRNA, pre-
miRNA)™; DCL1 F1 HYLL % 3 75 38 47 T4 A%
miRNA %56 - Bf (miRNA/miRNA * duplex )"/ $5
HTEH 54k EE HUA ENHANCER 1 (HENL) ffEHT,
XUt iRINA 744 9 14 0 e Y 5 7 o e A
IJ5 1 iz ¥ 85 11 HASTY (HST) 35 Bl 7 # miRNA/
miRNA* A A% 52 26 AR B, 8 miRNA
[ — 2% 8 5 2k 3] Argonautel (AGO1) 25 1 I %,
RNA i SUT2E 414 (RNA-induced silencing comples,
RISC)""* | RISC 454 ZE#IE ) mRNA |, 7E 6 &1k
FRE miRNA U5 9 mRNA K% B i 5l P miRNA 45
A6 3 JEBIEEIX (UTR) T 40 fhl 8 36 Ak (
D)o EEMRE LM, b A Bt EASYS
miRNA 4, U DAWDLE(DDL) & 15 DCL1 &2 H.
VEFH B85 pri-miRNA S SEACE"™ 5 IR F— A8 &
Pt iR & A 336 5% g o JE R SICKLE (SIC) & 5
miRNA [94 ¥4 %" ; STABILIZED 1 ( STA1) % 14
AE B HEVE FH Fpri-miRNA BT, M 1] 4221542 DCLI
f9% S K5 RNA 45 4 8 11 MOS2 58 13 38 il
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Fig.1 Biogenesis of plant miRNAs
[ 1 (Note) : Nuc. —4fiffu#% Nucleus; Cyt. —Zfiffi/ii Cytoplasm; MIRNA—MIRNA 3P MIRNA genes; Pri-miRNA—#]/: miRNA Primary miRNA;
Pre-miRNA—miRNA Fij{& Precursor miRNA ; MiRNA/miRNA * —miRNA U4 miRNA/miRNA * duplex; Pol I —RNA % & I RNA Polymerase
I ; DCLI—# W54 R4 fiF DICER-LIKE 1; HYL1—3U% 45 4 % 11 HYPONASTIC LEAVES 1; SE—4%45 % 1 SERRATE ; HEN1—HI 34k if HUA
ENHANCER 1; HST—iZ%#;# 1 HASTY; AGOl1—ARGONAUTE] #4 ARGONAUTE 1.
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M 1 A LA, DCL 1 il AGO 4R 11 7
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WERAE ST UEHE miR169 1] fE e &M AT 2
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¥ miR172 f932 3k, 1 miR172 Bl —A AP2 K04 %%
SRR TRk K, FE SR 7 1T BE B4 ak R] 4545
Tl e A A O 9 121 88 1 Y Rk, e 2 i 1 8 1 al
REZ VR MR R B TR 101 . Si—3h 2, i
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ARG AY L 21 8 F (hemoglobin ) 2 1 & A A 235,
LA R PR R AR R v ] 801 1% 14 ( nitrogenase ) HE AR
L Ul B miR172 2 AR & B B9 1E W& W 7
miR172 7€ 32 & AR h A 8 W R 8 &, R
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F-BOX[47,81]

ARF[47,53,55,81]
TCP[53-55,81]
HD-ZIP[47,52-55]
SPL[47]
NAC[53,55]
F-BOX[52]
MYB[52-55]
AGO[53,55]

F-BOX[55]

SULTR[53,55,58]
PHO2
PT[8,46,52,53]

(1510 [1211] [1222] [4409]

|1512| [1509] [1508] [1507] T
|3508||4345| [4411]

Copper/zinc SOD[47,54,58,81]
398

\ MYB[47,52]

ARF[53,55,76]
Laccases
Male sterility protein[47,52,53]
GRF[52,53,55,58]
LRR/NR-ABC domain[52,55,58]
AP2[55,58]
ARF[53,55,58]
NF-YA[47,52,55]
SPL[53,55,58,]
SCARCROW-like TF[53,55]

B2 SRR 5 EMME R miRNAs TREE
Fig.2 Nutrient stress responsive miRNAs in legume
[ (Note) : KRR Fm 2018, THEFR /R miRNAs, SEk Konik S, 4k F R Circles mean the nutrients stresses, boxes mean miRNAs,
full lines mean response and dashed lines mean inhibition. P—#{tf# Phosphorus deficiency; N—i{tZ{ Nitrogen deficiency; Fe—iit%Zk Iron deficiency;
Ca—45 i1 Calcium toxicity; SULTR—#i %412 1 Sulphate transporter; PT—#§#%iz F Phosphate transporter; TF—%% 5 [Xf- Transcription factor. ]

miRNA (AT H D8 04 BRAF L AR R , PRI X 5
FLESF 40 B8 i . miRNA (14~ K I BEBIF 53 4k %
AR EE T 1, PR KRG EGRMEY
TR 58 A2 AR S AR SF miR399 , I H i 51
YSUERA T miR399 fif ¥ 3 A Al + o 57, 34902 S
2 RS HHYIER PHO2M™ {0 Xu 257 i i/
YIE B2 Hr I IE45 4 5'RACE (9 FBHFsE Ko
W42 73 GmPTS jZ miR399 #LILHH , X KE/RK
2 miR399 2 5 BE % Wi mi 107 A9 ML AT BE L0l RE
IFRKREEE 2%

T BLAE I  , — S G R RE 5 1 miRNA 4
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(4 miRNA FIF i 4 A 0 32 DR o) B A TR IR ik 7% o

LC AR A AR G R g 17 1) S RHAE ) AR 2 miRNA [
IR N %A S 5T 22—

miRNA JE KA Bp 2 Qo] 52 2198 757 19 I8 A5 28
PRI XS 1 S RHE 3% 40 56 miRNA 23k 1 % 5
PRI R R AR 23 IR X miRNA D)8 1) PR
HEIEPRIREHL ( Target mimicry ) f2& 35 4F & A — Ff 4]
7 miRNA VG PERY LS . $UREIT IPST BLIEBHE Ny
miR399 FFEH 304 miR399 1T fE™ . w4 —
46 miRNA (1% P 5 S [R5 £ (target mimics ) & 289
R XS H G U], miRNA [ B BE 2% 51 5% 5
TP R 958 32 B e s S WY . BE R S RHME D
miRNA [ S8 15 G S 5 98 KA B PR ik —
0 EEf# miRNA BIREEM4E . —1 miRNA Fifkn]
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