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The Role of miR169 Family Members in the Processes of Growth,
Development and Abiotic Stress Response in Planta
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Abstract: MicroRNA ( miRNA ) is a well-studied small non-coding single-stranded RNA molecules encoded
by endogenous genes with a length of about 18-36 bp. It plays a key role in plant organ formation, growth and
development, maintenance of genomic integrity and responses to abiotic stress. Among them, the miRNA169
family is detected widely with levels of conservativation in plants, and these family members participat into the
regulation of a kind of conserved transcription factor NF-YA at post-transcriptional level. They are known crucial
role in root development, lateral organ formation, floral organ formation, stomatal formation and stress of plants.
Here we reviewed the origin and evolutionary mechanism of the miRNA169 family and its involvement in plant
growth and response to abiotic stresses ( high salinity, drought, low temperature and heavy metals ) as other
stresses conditions. We wish to provide insight of future understanding the biological function of miRNA169
family members responding to various stresses.
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Fig.2 AGOI1 regulates guard cell differentiation
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Stress-regulated small RNAs and their target families
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Fig. 3 Summary of abiotic stress-regulated small RNAs and their target families'®’

W e % R bna-miR169m/m/o 1E 150 mmol/L
NaCl &b # & 4~ Ll %k, Z J5 X bna-miR1690
F1 BANF-YA12 33 SR AEARSEA 745 00 A B, &
BnNF-YA12 %} 5 p 38 3¢ 88 H 85U, bna-miR1690 i
FIRMPR G IR TG B 22 5%, Bk ZmNE-
YAI4 3 R R RBB BLIh 0 KA, AR &
il Sly-miR169c %% 3& F T, bk 28 147 20306 15 04 ol 361
QbR L bR R PUMETR . A5 R e
100 mmol/L NaCl ¥ i 7 1 8% N 4 iy AL 401 36 i3
&P 2 h/6 h/24 h J5 miR169 FE K] & 35 & #0 # JE A
T169 5901 | %, Lian 25 1, % 1 NaCl fig
{5 8 PINF-YA9 (3235 7K o
32 FEimE

TEPaEmnE A E KRR E . S
i, e BRI E AR A B AR E Y R R 2
— o AEARE R A g 1N T B e R T i
IR — BB AR VRS, F AT
5L 56 3 R TR 5 S /KO B9 %58, miR169 FE
BRI Ry — 2 E B AR G 54 /N3 RNA, T8 7F
LB EE S0

2007 4F, 7E K 8 ik 52 miR169g I iiE A 2 41
DREs it 7K J W 7 A4, 7 i miR169 58 ji% rf il — 1
N RIE SRR, 7E T RIE S T RIS L, 7ER
TR AR IR ZE I . R miR169g Ay ik AT
EZ %] CBF/DREBs ) B 45457, a5
W4 T miR169a/miR169¢ 763k F ¥, miR169a
A ) NFYAS () mRNA 7K F "' ath-miR169a
8 S DR R I PR i R 7K G 2 - 5 AR R
miR1697-3p #M SRR pk ik bl oo,

NF-YA 0] 43 3 40 H#E, 25 1 41 (NF-YA3/5/
6/8 )55 2 41 (NF-YA1/9 )% 3 41 (NF-YA2/10 ) **",
miRNA 45 5 PR 3 318 AT (AR W) 305 07 Fs g 2% 4, 7%
SR VR4 IO 98 R PR G i AR I 4 ) A
B4, Siefers 252 % B, miR169/NF-YAS i
P nT L 1 SR R0, B SR L R T T R
7~ miR169 7 5 NF-YAS ik (e sl M i S fe
71, miR169 B K & GmNFYA3 JL[H , %+ 5 fia
Ptk B IE m PR, GmNFYA3 13 k1
BRI 2 K R p R R Y TR A S
sly-miR169c 33K, F I siNF-YA1/2/3 ¥ 53 K -, F&



4 1 KRR - miR169 TERIYAE K & & SARLE Y st i A 905

AL G B I I o S5 I i 2 A0 56, 448 5 A o
(SR 2 AR T KRR el R
miR1690 7E 15 T FRIA IE P R 5 #EIE A
NF-YA1/2/3 kA AL miR169o A, (HIFA
SEAXTI . HEMAE ARG T2 W 3, miR1690 1]
AE R TR L Rk . Ak, miR1690 7E
KRG R IRFIE e T B 22 57, B
FEEEAL AR o
3.3 Himfe

[y SR i OB i TN W =5 8- ]
MR IEH E B WA G AR G R
P R ™ B ES E AR  F T L
AR B R R B RS R SR
v R R AT 23 BIRRAR 2 45.45% 1 25.35% 7,

B SR ) VR S SR AL I 25 0 B 3 1 — A E
b A, e s AR AR AR AR W e 38 1 5 v G HER
U778 R R B S 1 SR B
PO S 1 (At Hsf A6a ) HSLF B 7K i 1 45 &
1 DREB £ & 1454 A1 MBFlc, DREB2A 5 NF-
YA2/NF-YB3 %546 5 [ 1M HAE I, 1755 HSFA3 19
i FARAE AR I BTE T A e e
FrUR A gy b e B R R A 9 miR 169, 15
IRE S T KRG 421 miR169 48 1) NF-Ys | 3%
K M AS R ( Panicum virgatum L. ) Rk AT AE A
7] 0 8 R 5, 5 miRINAs [ 125 L I I A7 76 3
PRIAY SRR #8225, S K R RIS B e ( 4
20) PEEAE Y miRNA 3 SR ma i A =
34 {KiRBME

IR 2 S AP A R & B A3 A 1Y) EE 22 R
HPE R 2 22— AR =5 5 v R 40 200 B R 1 |
[ 2R 40 ALK 455, S 2 an AR 25 6L , 2 2 40
MR FFPESET -, Shi 2%l it BRI RE H AN M
B, PagHAP2-6 1£ >} NF-YA (14 ] J5 32 PRI 3 A AR 20
IR, 5 page-miR169a/n/r HIFERIEAR I,
7 page-miR169a/m/v HE W% 11 Y 55 PagHAP2-6 Wi v ik
NN SIEDE SN 5L e <= (R 0l e DR A S E 2
H TP R A ) miR169a/c (Y 63K IO 258 4T & Li
& e T8 A v I e T 1 L S ST ( Chorispora
tenella ( Pall. ) DC. ) HIG I R8I 1 Y miRNAs, & B
miR169a 7E 7% 438 T JC b #5383, 1 miR169 752 Ji
JE 55 T, B8 miR169a /5K miR169 F %z —,
55 miR169 FGERARH A2 5
35 FoEE

FFRICR MR N A VUGG A R Rt

RGN S5 AR IR 5 B R
MicroRNA T 9 UESEAERARG I B oK 7 i A5 A 47 il
NAKE TR TR B i R b ER R AR, Eor
1105 3o L [N 25 SV ek 0T % B miR 169 3 [
FIETA 133 A G RHIBAE Jolh 36 A5 Wi 10, 3% 5 3 1
W BT AE AL . KO BRAE RS R SR
[ A4 AR 7 5 R zma-miRC10/68 15 £ K
(AR AN 2 R 1 R B 2 /AR T R T A,
1% 7R zma-miRC10/68 TE 1L Al IR £k R 45 3 7 P 9
HEREZEN. A E R LI T oKk miRNA
37 AR R T RE I 4% RS T i T AU
W 2 4 8 B B YR A 45615 35S )i 35 F Fil miR169a
A 5 510 A P A B 35 DR R R 100 il R 3k 6 32 B 11
AtNRTI.1 Fl AtNRT1.2 1 3 15 5 B A= BUAIK, 4 )
miR169a 75 R4 A 4 JH 7 38 19 A R 8l
AR R SCEE T, A YUK BE S [ miR169 871
T, i ik miR169a 1R I+ HAE L BAR DI AL,
TERE T H A RU  IF R L, B bk
I miR169 52 FIBERLER E T2 19, B T miR169 %K
GAERETRER B AL i PR A
4 REE

M) miRNA 3 R A A b 5 0 35 PR A I 1) 7
2 miRNA K A D BE L 9 04k S BOR
I7 % 1 I8 7% 8 42 (4 0L DR 77 A 22 55, miR169
WA 5 L A BAES SR . F5Y miR169
T 45l b3 42 P 25 B OMAR 4935 BE AR 2 A 4]
T, SR H T P AR 2R 6T miR169 RS
TN T ARG A TR AR D), 6 T DA S
BEFE P A HAt e VY S 2 BB R BIE 5E AR A
KNG, REEDPEARLS A A Y2 E B HAR T
I FHAAS P 22 ] BEAS AR A S5 250G 3R it i oy ke
R [RIVEEHEEE , 7 miRNA ZREVE R3S K S s
SPEFGR S IR T AT RE, SR AR R R B L
It B PRI AHE B2 DR et A S, )R PR ) miR169 9445
BUILPR 2 25 £ R it 45 R A ARSI, A
Bl F o b R PR SR F R R AR W2
FB N4 miR169/NF-Ys 7E N i miRNA Zhfig K H:
B EAE AR AT B R R S8

B3 30k

[1] Lee R C,Feinbaum R L, Ambros V. The C. elegans
heterochronic gene /in-14 encodes small RNAs with antisense
complementarity to /in-14. Cell, 1993, 75 (5 ): 843-854

[2] Reinhart B J, Slack F J, Basson M, Pasquinelli A E, Bettinger



906

N7/ i

Eild 22 %

J C, Rougvie A E, Horvitz H R, Ruvkun G. The 21-nucleotide
let-7 RNA regulates developmental timing in Caenorhabditis
elegans. Nature, 2000, 403 (6772 ): 901-906

Pasquinelli A E, Reinhart B J, Slack F, Martindale M Q, Kuroda
M I, Maller B, Hayward D C, Ball E E, Degnan B, Miiller P,
Spring J, Srinivasan A , Fishman M, Finnerty J, Corbo J, Levine M,
Leahy P, Davidson E, Ruvkun G. Conservation of the sequence
and temporal expression of let-7 heterochronic regulatory RNA.
Nature, 2000, 408 ( 6808 ): 86-89

Moritz S, Constance C. Prediction of the miRNA interactome-
Established methods and upcoming perspectives. Computational
and Structural Biotechnology Journal, 2020, 18: 548-557
Khraiwesh B, Zhu J K, Zhu J H. Role of miRNAs and siRNAs
in biotic and abiotic stress responses of plants. Biochimica et
Biophysica Acta, 2012, 1819( 2 ): 137-148

Parry D H, Xu J L, Ruvkun G. A whole-genome RNAi screen
for C. elegans miRNA pathway genes. Current Biology, 2007,
17(23): 2013-2022

Wagqas A, Yanshi X, Ronghua L, Guihua B, Kadambot H M,
Siddi Q, Peiguo G. Non-coding RNAs: Functional roles in
the regulation of stress response in Brassica crops. Genomics,
2020, 112(2): 1419-1424

FEAE, A B, X4 77, Bz . AE 45 RNA 4B 22 5000 15
NONCODE. BHit& B LH AR S RAT, 2009(3): 7-17

Ren F, He S M, Liu C N, Zhao Y. Non-coding RNA Scientific
Database: NONCODE. E-science Technology & Application,
2009(3): 7-17

Song X W, Li Y, Cao X F, Qi Y J. MicroRNAs and their
regulatory roles in plant-environment interactions. Annual
Review of Plant Biology, 2019, 70 (1 ): 489-525

Wang L, Wang M B, Tu J X, Helliwell C A, Waterhouse P M,
Dennis E S, Fu T D, Fan Y L. Cloning and characterization of
microRNAs from Brassica napus. FEBS Letters, 2007, 581
(20 ): 3848-3856

Calvino M, Messing J. Discovery of MicroRNA 169 gene copies
in genomes of flowering plants through positional information.
Genome Biology and Evolution, 2013, 5(2 ): 402-417

Siefers N, Dang K K, Kumimoto R W, Bynum W E 1V,
Tayrose G, Holt B F I I I. Tissue-specific expression patterns
of Arabidopsis NF-Y transcription factors suggest potential for
extensive combinatorial complexity. Plant Physiology, 2009,
149(2): 625-641

Li Y,FuY,Ji L, Wu C, Zheng C. Characterization and
expression analysis of the Arabidopsis miR169 family. Plant
Science, 2010, 178 (3 ): 271-280

Du Q G, Zhao M, Gao W, Sun S Z, Li W X. MicroRNA/
microRNA complementarity is important for the regulation
pattern of NFYAS by miR169 under dehydration shock in
Arabidopsis. The Plant Journal, 2017, 91 (1 ): 22-33
Kulcheski F R, Oliveira L D, Molina L G, Almerao M P,
Rodrigues F A, Marcolino J, Barbosa J F, Stolf M O R,
Nepomuceno A L, Marcelino G F C, Abdelnoor V, Nascimento
L C, Carazzolle M F, Pereira G A G, Margis R. Identification
of novel soybean microRNAs involved in abiotic and biotic
stresses. BMC Genomics, 2011, 12: 307-324
ZhaoYP,XuZH,MoQC,ZouC,LiW X, XuY B, Xie C X.
Combined small RNA and degradome sequencing reveals novel

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

miRNAs and their targets in response to low nitrate availability
in Maize. Annals of Botany, 2013, 112 ( 3 ): 633-642
Serivichyaswat P T, Susila H, Ahn J H. Elongated hypocotyl
5-Homolog ( HYH ) negatively regulates expression of the
ambient temperature-responsive microRNA gene MIR169.
Frontiers in Plant Science, 2017, 8:2087-2103

Zhao B, Ge L, Liang R, Li W, Ruan K, Lin H, Jin Y. Members
of miR-169 family are induced by high salinity and transiently
inhibit the NF-YA transcription factor. BMC, 2009, 10(29 ) :
1471-2199

Sombir R, Sonia B, Sarita J, Saloni M. Novel insights into
expansion and functional diversification of M/R169 family in
Tomato. Planta, 2020, 251 ( 1): 1776-1792

Ceribelli M, Dolfini D, Merico D, Gatta R, Vigana A M,
Pavesi G, Mantovani R. The histone-like NF-Y is a bifunctional
transcription factor. Molecular and Cellular Biology, 2008, 28
(6):2047-2058

Joseph D, Fle M, Giulio P, Paolo B, Carol L, Roberto M,
Kevin S. NF-Y coassociates with FOS at promoters, enhancers,
repetitive elements, and inactive chromatin regions, and is
stereo-positionedwith growth-controlling transcription factors.
Genome Research, 2013, 23 ( 8): 1195-1209

THAE, EHlig U85 . W T miR169 FIE M A W15 5.5
I B RUEE N B . TR R, 2021, 19 (4): 1055-1060
YuY H, Wang C L, Ni Z Y. Bioinformatics analysis of chickpea
miR169 gene family and prediction of their target genes.
Molecular Plant Breeding, 2021, 19 (4 ): 1055-1060
S . B miR1690 S AL NF-YA (13)5g
AU ALntll R, 2018

Lian C L. Functional analyses of miR1690 and its target genes

2.k

NF-YA in Populus trichocarpa. Beijing: Beijing Forestry
University, 2018

Qi D, Jun Z, Xin Q H. MiR169 and its target PagHAP2-6
regulated by ABA are involved in poplar cambium dormancy.
Journal of Plant Physiology, 2016, 198: 1-9
YuYH,NiZY,WangY,Wan HW,Hu Z,Jiang Q Y,Sun X J,
Zhang H. Overexpression of soybean miR169¢ confers increased
drought stress sensitivity in transgenic Arabidopsis thaliana.
Plant Science, 2019, 285: 68-78

VPRRSE, (22, e, £ 84 . A e s 7 NF-Y
WEFEHERE . FEN A BESAAR , 2019, 37(3): 61-69

XuZ H,He PA,OuS Y, Wang J X. Recent advances in plant
transcription factor NF-Y. Journal of Jiaying University, 2019,
37(3):61-69

Mathieu H, Xavier B, Celine S, Koste A Y, Haralad K, Bruno
F, Rudiger S, Bart P H J, Thomma B P H J, Caroline H, Martin
C, Yves M, Dominique T, Laurent D. Arabidopsis CLAVATAI
and CLAVATA?2 receptors contribute to Ralstonia solanacearum
pathogenicity through a miR169-dependent pathway. New
Phytologist, 2016, 211 (2 ): 502-515

Shin S Y, Jeong J S,Lim J Y, Kim T K, Park J H, Kim J K,
Shin C S. Transcriptomic analyses of rice ( Oryza sativa ) genes
and non-coding RNAs under nitrogen starvation using multiple
omics technologies. BMC Genomics, 2018, 19( 1 ): 1-20

Guo H S, Xie Q, Fei J F, Chua N H. MicroRNA directs mRNA
cleavage of the transcription factor NACI to downregulate auxin
signals for arabidopsis lateral root development. The Plant Cell,



KRR - miR169 TERIYAE K & & SARLE Y st i A

907

2005, 17(5): 1376-1386

AR A K e, SO AROK L . R RS SRR
3 P A ] SR RIF T e . AR iR, 2015,
31(10):31-37

Niu Y L, Zhao Q, Zhang X H, Ai Q S, Song S S. Research
progress on the role and regulation mechanism of gibberellin
signal in response to abiotic stress. Biotechnology Bulletin,
2015,31(10):31-37

Gao J P,Cao X L,Shi SD,MaY L, Wang K, Liu S J,
Chen D, Chen Q, Ma H L. Genome-wide survey of Aux/
IAA gene family members in Potato ( Solanum tuberosum ) :
Identification, expression analysis, and evaluation of their roles
in tuber development. Biochemical and Biophysical Research
Communications, 2016, 471 (2 ): 320-327

Liu H H, Tian X, Li Y J, Wu C A, Zheng C C. Microarray-
based analysis of stress-regulated microRNAs in Arabidopsis
thaliana. RNA, 2008, 14( 5 ): 836-843

Qi LT, Zheng Y G, Wang PY, Song J N,Jing SS,XuLlJ,
Zhou X Y, Hao Z Q, Yan Y P, Liu Z. Overexpression of a
sour jujube gene ZjPYRI, encoding a putative abscisic acid
receptor, increases sensitivity of the stomata and roots to ABA
in Arabidopsis thaliana. Gene Expression Patterns, 2020, 36
(40): 119117-119123

AL P A AN IR TCTP 5 NFYA 3 X 5 B Je HiAe
ABA WFE R R FBHLE] . Jbnt: P EMOL R B,
2014

Zhang L F. Studies on the T7CTP and NFYA cloning and their
expression mechanisms under ABA regulation during somatic
embryogenesis in Larix spp. Beijing: Chinese Academy of
Forestry , 2014

Ding Q, Zeng J, He X Q. MiR169 and its target PagHAP2-6
regulated by ABA are involved in poplar cambium dormancy.
Journal of Plant Physiology, 2016, 198: 1-9

MR . B 7 I AR 2R e St 5 S A2 A A . b
HC: LR R, 2016

Tian J X. Transcriptional regulation and dissection of allelic
variations of gibberellin response in Populus tomentosa.
Beijing : Beijing Forestry University, 2016

Sun W, Xu X H, Wu X, Wang Y, Lu X, Sun H, Xie X.
Genome-wide identification of microRNAs and their targets
in wild type and phyB mutant provides a key link between
microRNAs and the phyB-mediated light signaling pathway in
rice. Frontiers in Plant Science, 2015, 6: 372-389

Shirakawa M, Ueda H, Nagano A J, Shimada T, Kohchi
T, Hara N I. FAMA is an essential component for the
differentiation of two distinct cell types, myrosin cells and
guard cells, in Arabidopsis. The Plant Cell, 2014,26( 10 ) :
4039-4052

Hachez C, Ohashil K, Dong J, Bergmann D C. Differentiation
of Arabidopsis guard cells: analysis of the networks incorporating
the basic helix-loop-helix transcription factor, FAMA. Plant
Physiology, 2011, 155( 3 ): 1458-1472

Kanaoka M M, Pillitteri L J, Fujii H, Yoshida Y, Bogenschutz
N L, Takabayashi J, Zhu J K, Torii K U. SCREAM/ICE] and
SCREAM? specify three cell state transitional steps leading to
Arabidopsis stomatal differentiation. The Plant Cell, 2008, 20:
1775-1785

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Yang K Z, Jiang M, Le J. A new loss-of-function allele 28y
reveals a role of ARGONAUTE] in limiting asymmetric division
of stomatal lineage ground cell. Journal of Integrative Plant
Biology, 2014, 56 ( 6 ): 539-549

Kutter C, Schob H, Stadler M, Meins F,Jr M F, Si A A.
MicroRNA-mediated regulation of stomatal development in
Arabidopsis.The Plant Cell, 2007, 19: 2417-2429

Hu Z Y, Zhang L, Liu J, Zhan G M, Yang H L, Deng L B,
Fan S H, Wang H Z, Hua W. Sddt participates in microRNA-
mediated regulation of stomata development via interaction with
DCLI in Arabidopsis and Brassica napus//Chinese Academy
of Agricultural Sciences, Chinese Crop Society. Abstracts of
the seventh international conference on crop science. Beijing:
Chinese Crop Society, 2016: 234-235

Shimada T, Sugano S S, Hara N L. Positive and negative peptide
signals control stomatal density. Cellular and Molecular Life
Sciences, 2011, 68 ( 12 ): 2081-2088

E B, W, REGE, £J7 2%, W, FE 2 . miRNAs 1E
bl A AR AL Wi ac i o AR . BAREE 2, 2017 (18) ¢
13-14

Wang M, Xie J, Xiong X Y, Wang W X, Hu X X, Qin Y Z.
Role of miRNAs in abiotic stress response of horticultural
plants. Modern Horticulture, 2017 ( 18 ): 13-14

Stephenson T J, Mcintyre C L, Collet C, Xue G P. TaNF-YB3
is involved in the regulation of photosynthesis genes in Triticum
aestivum. Functional and Integrative Genomics, 2011, 11: 327-340

T . miRNA390 76 H 84 25 i AR IR0 A B . Kb
IR R, 2018

Xie J. Research on miRNA390 mediated response to low
temperature stress in Solanum tuberosum L.. Changsha: Hunan
Agricultural University, 2018

R MER, ARG (AR, 2 R, BEDGHE . FRLLS
JXF SR AR RO S R RS2 . b E O R,
2014, 47(3 ): 537-545

QinY Z,XingZ,ZouJF,He CZ,LiY L, Xiong X Y. Effects
of sustained weak light on seedling growth and photosynthetic
characteristics of Potato seedlings. Scientia Agricultura Sinica,
2014, 47(3 ): 537-545

TR AR, 2SO0, Sk, XL, YL, £ R S
Ath-miR169d M MR T i & & R 23 TR .
felr B, 2017, 50 (16 ): 3063-3070

Zhang M, ZhuM,LiW Z,MaJ,LiuY P, Jiang HY, Wang L,
Xu M Y. Molecular regulation mechanism of leaf development
mediated by Ath-miR169d in Arabidopsis thaliana. Scientia
Agricultura Sinica, 2017, 50 ( 16 ): 3063-3070

Bri 22 . 4% microRNA Peu-miR 156 il Peu-miR 1690 3% ik
FER T S DR E - JEat: dEatpkill R, 2012

Duan Z X. Expression pattern and functional analysis of
microRNA Peu-miR156j and Peu-miR1690 from Populus
euphratica. Beijing: Beijing Forestry University, 2012

BH LB WS, ET70%, 0E | SRR L PR
AR, 2017, 44 (12): 2408-2424

LiQ,Qin Y Z, Hu X X, Wang W X, Xiong X Y. Advances
in the research on salt tolerance of potato. Acta Horticulturae
Sinica, 2017, 44 ( 12 ): 2408-2424

AT . T microRNA Sly-mirl 56 F1 Sly-miR169¢ (I REY
E LRI AR R, 2010



908 L N7/ I S A S S 4 2%
Zou Z. Functional analysis of miroRNA Sly-mirl56 o and Sly- under water depletion. PLoS ONE, 2014, 9 (4 ): 93822-93839
miR169¢ in Tomato. Wuhan : Huazhong Agricultural University, [65] Khraiwesh B, Zhu J K, Zhu J H. Role of miRNAs and siRNAs
2010 in biotic and abiotic stress responses of plants. Biochimicaet

[53] ZSMB . 8 I 1 microRNA % Mt =IE A ) i 36 1) 17 Biophysica Acta, 2012, 1819(2): 137-148
Z Aeat: hELORFERE, 2014 [66] LuanMD,XuMY,LuYM,Zhang Q X,Zhang L,Zhang CY,
Li C H. Identification of microRNAs in grafted cucumber Fan Y L, Lang Z H, Wang L. Family-wide survey of miR169s
seedings and its response to abiotic stresses. Beijing: Chinese and NF-YAs and their expression profiles response to abiotic
Academy of Agricultural Sciences, 2014 stress in Maize roots. PLoS ONE, 2014, 9( 3 ): 1369-1380
[54] LianCL,LiQ, Yao K, Zhang Y, Meng S, Yin W L, Xia X L. [67] i, AmeaE, N2, THE, B Rt MY
Corrigendum: Populus trichocarpa PINF-YA9 ,a multifunctional microRNA (1A ) {5 B2 L 55 434 . Af 038 1% 9 s~ i,
transcription factor, regulates seed germination, abiotic stress, 2013, 14(3): 565-570
plant growth and development in Arabidopsis. Frontiers in Plant Cai R, Wei X W, Wu H, Wang T T, Zhou X F, Xu H W.
Science, 2018, 9: 1403-1418 Prediction of microRNA in plant based on bioinformatics.
[55] ZhaoBT, LiangR Q, Ge LF,Li W, Xiao HS, Lin H X, Ruan Journal of Plant Genetic Resources, 2013, 14( 3 ): 565-570
K C, Jin Y X. Identification of drought-induced microRNAs in [68] LiW X,Oo0noZ1J,He XJ,WulJM,Iida K, Lu X, Cui X,
rice. Biochemical and Biophysical Research Communications, Jin H, Zhu J K. The Arabidopsis NFYAS5 transcription factor is
2007, 354 (2 ): 585-590 regulated transcriptionally and posttranscriptionally to promote
[56] R, BHAL FHEG . S5O0 E & PCR K miR169g drought resistance. The Plant Cell, 2008, 20 ( 8 ): 2238-2251
WK 5 R M N b g ik L BRI, 2011, 17 [69] Ma X Y,Li CL,Wang M. Wheat NF-YA10 functions
(3):28-30 independently in salinity and drought stress. Bioengineered,
Qin Y R, Xia X L, Yin W L.Expression determination of 2015, 6(4):245-247
miR169g under dehydration and salinity stress in Populous [70] NiZY,HuZ,Jiang QY, Zhang H. GmNFYA3, a target gene
Euphratica leaves by real-time. Modern Instruments, 2011, 17 of miR169, is a positive regulator of plant tolerance to drought
(3):28-30. stress. Plant Molecular Biology, 2013 (82 ) 113-129
(571 BALZA . Wif 75 SAR AL microRNA (W22 5 38047 . F8 4. [71] BB MR R MicroRNA 9 %58 5 #8407 . bt
7R R, 2011 HE AL BABE , 2009
Yin Z J. Identification of stress-regulated microRNA in Cotton. Chen R. Identification and expression analysis of MicroRNAs
Taian: Shandong Agricultural University, 2011 in drought-resistant wild Soybean. Beijing: Chinese Academy
[58 ] PP . Jh=Pising i bna-miR169 M HALILN BaNF-YA 4 of Agricultural Sciences, 2009
SRAIHT . A AR K2R, 2015 [72] WuXH, Wang W, Xie X L, Yin C M, Hou H J. Effects of rice
Tao Q. Characterization of stress-responstive bna-miR169 straw mulching on N20 emissions and maize productivity in a
and its target genes BnNF-YA in Canola ( Brassica napua ). rain-fed upland. Environmental Science and Pollution Research
Nanjing: Nanjing Agricultural University, 2015 International,, 2018, 25( 7 ): 6407-6413
[59] XuMY,Zhang L,Li WW,Hu X L, Wang M B,FanY L, [73] Zhang X H, Zou Z, Gong P J, Zhang J H, Ziaf K, Li H X,
Zhang CY, Wang L. Stress-induced early flowering is mediated Xiao F G, Ye Z B, Over-expression of microRNA169 confers
by miR169 in Arabidopsis thaliana. Journal of Experimental enhanced drought tolerance to Tomato. Biotechnology Letters,
Botany, 2014, 65 ( 1): 89-101 2011, 33(2): 403-409
[60] Kosar M, Fariba K. Assessment of pattern expression of [ 747 BKEEHE . i microRNA [T EEFRL B FE . I feHh
miR172 and miR169 in response to drought stress in Echinacea gl K2, 2010
purpurea L. Biocatalysis and Agricultural Biotechnology, Zhang X H. Functional identification and application of
2018, 16:507-512 microRNAs in Tomato.Wuhan: Huazhong Agricultural
[61] Vandana H, Yun Z Chandra Obul R P, Guru J, Kanchana G, University, 2010
Vijaya G K , Abdelali B, Ramanjulu S. Characterization of [75] BREE, BR1E R, 43 #8, Amy Thein, [ 37, f] R FH. /K5
drought- and heat-responsive microRNAs in switchgrass. Plant miR1690 A HHEFL K OsNF-YAs X k7K 181 A i 11 28 a5 A
Science, 2016, 242: 214-223 3 AP AR, 2015, 31(8): 76-81
[62] T . T F 3R miRNAs (K507 R IREVF 5% . 1 ChenY T, Chen HM, Yu C, Amy T, Tian F, He C Y. Dynamic
7 PHALARMPBHE R, 2017 expression of miR1690 and its target genes OsNF-YAs in the
Wang H. Expression analysis and functional pesearch of early response to water deficienc. Biotechnology Bulletin,
microRNAs in Apple under drought stress. Yangling: Northwest 2015,31(8): 76-81.
A&F University, 2017 [76] Liu Q P, Wang H, Hu H C, Zhang H M. Genome-wide
[63] LiWX,ConoY,ZhuJH,HeXJ,WuJM, LidaK, LuXY, Cul identification and evolutionary analysis of positively selected
X, Jin H, Zhu J K. The Arabidopsis NFYAS5 transcription factor miRNA genes in domesticated rice. Molecular Genetics and
is regulated transcriptionally and posttranscriptionally to promote Genomics, 2015, 290( 2 ): 593-602
drought resistance. The Pant Cell, 2008, 20 ( 8 ): 2238-2251 [77] Tang R M, Gupta Sanjay K, Niu S Y, Li X Q, Yang Q, Chen

Thiebaut F, Grativol C, Tanurdzic M, Carnavale B M, Vieira T,
Motta M R, Rojas C, Vincentini R, Chabregas S M , HemerlyA
S. Differential SRNA regulation in leaves and roots of Sugarcane

G S, Zhu W J, Haroon M. Transcriptome analysis of heat stress
response genes in potato leaves. Molecular Biology Reports,
2020, 47(6): 4311-4321



41 TKSEIE AT - miR169 FEAHYIA: K& & 5 AR A= P e 7 b i VR H 909
[78] Raja V, Qadir S U, Alyemeni M N, Ahmad P. Impact of Botany, 2020, 172: 1026-1036

[80]

[81]

[82]

[84]

drought and heat stress individually and in combination on
physio-biochemical parameters, antioxidant responses, and
gene expression in Solanum lycopersicum. 3 Biotech, 2020, 10
(5):1-18

Chen R, Jiang H L, Li L, Zhai Q Z, Qi L L, Zhou W K, Liu
X Q,Li HM, Zheng W G, Sun J Q, Li C Y. The Arabidopsis
mediator subunit MED25 differentially regulates jasmonate and
abscisic acid signaling through interacting with the MYC2 and
ABIS transcription factors. The Plant Cell, 2012, 24(7):898-916
Elfving N, Davoine C, Benlloch R, Blomberg J, Brannstrom
K, Miiller D, Nilsson A, Ulfstedt M, Ronne H, Wingsle G,
Nilsson O, Bjorklund S. The Arabidopsis thaliana Med25
mediator subunit integrates environmental cues to control plant
development. Proceedings of the National Academy of Sciences
of the United States of America, 2011, 108 ( 20 ): 8245-8250
Bhardwaj A R, Joshi G, Pandey R, Kukreja B, Goel S,
Jagannath A , Kumar A, Katiyar A S, Agarwal M. A genome-
wide perspective of miRNA in response to high temperature,
salinity and drought stresses in Brassica juncea ( Czern) L..
PLoS ONE, 2014, 9( 3 ): 2456-2471

Barciszewska P M, Milanowska K, Knop K, Bielewicz D,
Nuc P, Plewka P, Pacak A M, Vazquez F, Karlowski W,
Jarmolowski A. Arabidopsis microRNA expression regulation
in a wide range of abiotic stress responses. Frontiers in Plant
Science, 2015, 6:410-430

Ragupathy R, Ravichandran S, Mahdi M S R, Huang D,
Reimer E, Domaratz K M, Cloutier S. Deep sequencing of
wheat SRNA transcriptome reveals distinct temporal expression
pattern of miRNAs in response to heat, light and UV. Scientific
Reports, 2016, 6: 39373-39383

Hivrale V, Zheng Y, Puli C O R, Jagadeeswaran G, Gowdu K,
Kakani V G, Barakat A, Sunkar R. Characterization of drought-
and heat-responsive microRNAs in Switchgrass. Plant Science,
2016,242:214-223

Ding Q, Zeng J, He X Q. MiR169 and its target PagHAP2-6
regulated by ABA are involved in poplar cambium dormancy.
Journal of Plant Physiology, 2016, 198: 1-9

Shi Y, Ding Y, Yang S. Cold signal transduction and its
interplay with phytohormones during cold acclimation. Plant
Cell Physiology, 2014, 56: 7-15

KPR AT R, B IR B SR, B4R . B 12
Fift microRNAs F R I 300 25 5 1K 20 M .+ [l A = 41
2012,28(7): 1-7

Zhang Y Y,Ren Y Y, Chen L, Xu J C, Zhang Z Y, Wang Y
W. Differential expression analysis of 12 microRNAs under
cold stress in Populus tomentosa. Chinese Agricultural Science
Bulletin, 2012, 28 (7 ): 1-7

SR LB IR A 1) miRNAs KRR 1Y
FEIIHT . 22 2N, 2013

Dang C Y. Expression analysis of chilling-stress regulated
miRNAs and their targets in Chorispora bungeana. Lanzhou:
Lanzhou University, 2013
LiYL,LiL,DingWIJ,LiHY,Shi TT, Yang X L, Wang L
G, Yue Y Z. Genome-wide identification of osmanthus fragrans
bHLH transcription factors and their expression analysis in
response to abiotic stress. Environmental and Experimental

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

FAL KN EARBE AR OC microRNA BFST . LR PU
N R, 2013

Wang L B. Study of microRNAs respond to low-phosphorus
stress in maize. Chengdu: Sichuan Agricultural University,
2013

FENG] . e TsVP 4 5 B ARARBEI 32 1 9 BIF 58 B [R) oK
FE DR LR WA R N microRNA FY 25 57404 . TFmd : AR K22,
2013

Pei L M. Overpression of TsVP improves low phosphate
tolerance in maize and comparative analysis of low phosphate
tolerance-associated microRNAs in two maize genotypes.
Jinan: Shandong University, 2013

BT . K HAEFR BT3 (IRAARER IR 1 miRNA B HHEHE PR
SoE st P EFRLRERE , 2013

Zhao Y P. Characterization of miRNAs and their target genes in
response to low nitrate availability in Maize Inbred Line B73.
Beijing: Chinese Academy of Agricultural Sciences, 2013

B R AR SR AE OGN T AR G B RNA 1Y 5E R K
miRNA169 IIIRESE - dbat: hERRE:, 2014

Zhao M. Cloning of small RNAs related to nitrogen nutrition
in maize and functional analysis of miRNA169. Beijing: China
Agricultural University, 2014

Gu M, Xu K, Chen A, Zhu Y, Tang G, Xu G. Expression
analysis suggests potential roles of microRNAs for phosphate
and arbuscular mycorrhizal signaling in Solanum lycopersicum.
Physiologia Plantarum, 2010, 138 ( 2 ): 226-237

Yao L N, Hao X Y, Cao H L, Ding C Q, Yang Y J, Wang
L, Wang X C. ABA-dependent bZIP transcription factor,
CsbZIP18, from Camellia sinensis negatively regulates freezing
tolerance in Arabidopsis. Plant Cell Reports, 2020, 39 (4 ) .
553-565

XZEHE, OB, 8 B AR NIAR, IR R MIR171 K
R W5 D RE AT 9T . Rt % PR IR 2441, 2014, 15
(2):313-319

LiuZ X, Zeng C Z, Zeng W X, Xu G B, Tan X F. Evolutionary
and functional diversity of the poplar MIR171 genes. Journal of
Plant Genetic Resources, 2014, 15(2 ): 313-319

REL GRS EA, I, XGERE . miR397 IR AE
1 F R B 1 43 T BIL AR A IR A, 2021,
22(3):583-592

Yuan H, Zeng C Z, Dong X J, Yan M L , Liu Z X. Molecular
mechanism of miR397 regulating plant growth, development
and stress responses. Journal of Plant Genetic Resources, 2021,
22(3):583-592

WEIEPH 5K SO, b, RS, SRR AT . A miRNA 7Y
AR R 17 T P A AR B IR, 2020, 21(3)
517-524

Pan XY, Zhang W R, Wang D, Shen Z B, Guo C H. The roles
of plant microRNA in regulating the response to low phosphorus
stress. Journal of Plant Genetic Resources, 2020, 21 (3 ): 517-524

SRAESEE, WA, DR, BN, B 22 AR L
2T ) miRNAs 11 )7 2 . A8t 5 5 I 2441, 2015, 16
(1): 147-150, 157

Zhang Y T, Hu S H, Yan C X, Zhao X B, Shan S H, Jiang L
P. Bioinformatics prediction of microRNAs in plant. Journal of
Plant Genetic Resources, 2015, 16 (1 ): 147-150, 157



