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Abstract : MicroRNA (miRNA) is a class of endogenous non — coding small RNAs (sRNAs) of 20 —24 nt in

length which is widespread in eukaryptes. They play crucial regulatory roles in various developmental processes by

cleavage target or translation repression at posttranscriptional level. With the improvement of high — throughput se-

quencing technology, great progress has been made in the studying miRNA of plants. As an important oil crop, a

large number of miRNAs and their targets have been discovered in rapeseed, which participate in heterosis, seed

development, polyploidy and stress response. In this paper, studies on miRNA involved in the regulation of rape-

seed development in recent years were reviewed and prospected, providing references for further studies on function

ality of miRNA in the future.
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Table 1 General situation of miRNA in Brassica napus
RNy SR W R WL H Y 225 3CHk
Published year Reference genome Tested material Research purpose Reference
EST/GSS 731 Wil miRNA
2007 EST/GSS sequence - miRNA prediction [36]
2007 AR T A 20 K4 % miRNA (37]
A. thaliana transcript Seedlings of 20 days old miRNA clone
2008 miRNA HCHRLg TR miRNA 2467 301
miRNA registry website Xylem and phloem sap miRNA transport
2009 PRI AL SR WA /BRI miRNA -
A. thaliana genome low — N/P plants N/P responsive miRNA ;
2010 EST/GSS J33] BBz SmHa g Bt AN miRNA [40]
EST/GSS sequence Low — S and Cd exposure plants S/Cd responsive miRNA
2012 EST/TC %% FAAL RS FRIF S miRNA (a1
EST/TC sequence Cd treated plants Cd responsive miRNA
2012 EST 51 * Westar” {HI3EM 248 miRNA FIEEIE R r42]
EST sequence B. napus cv‘ Westar’ Exploration of miRNA and targets
2012 EST }¥4] R MLESHES miRNA 5 3 F 2 [43]
EST sequence Early development siliques miRNA with oil production
[SE== 55 Tl Rl 2% AN LR HYUF S miRNA 193208
2013 . ., ) . ST [45]
B. rapa genome Seeds and their components Exploration of tissue — specific miRNA
o4 FERIH AR ARG HCSERTEHT miRNA 6]
B. rapa and B. oleracea genome V. longisporum infected plants V. longisporum responsive miRNA
AN g H A 2
RS AR (o PR R A - DI & miRNA {153 f
2015 Two B. napus cultivars and their . - [32]
B. napus genome . e Evolution of miRNA
four double — haploid lines
TR 5 S [ 4 AT (14,21 ,28 DAF) TR W 5 AT 5% miRNA
2016 H‘Bhl&‘ (Elz:%/ﬂ Seeds at 14,21,28 miRNA involved in [52]
- apus genome days after flowering fatty acid biosynthesis
e Lo S iRNA 5Z4%
SR L AT AP HIISE S1 - 54 e 2
2016 ; miRNA response to [35]
B. rapa and B. oleracea genome Synthenic B. napus S1 -S4 N
polyploidization
RS AL BB B PLRLIETHTS miRNA
2016 y L. . N . Sclerotinia sclerotiorum [69]
B. napus genome Sclerotinia sclerotiorum infected seedlings . .
responsive miRNA
017 HERISE R4 ELTETS miRNA 552 (9 )
B. napus genome Shoot at early flower stages miRNA involved in hybrid vigor
N ST 10 —40DAF £ 2R WA 5 BRI B A AT % miRNA
T2 T i 352 4
2017 HBmg:{m%%'ﬂ Siliques at 10 —40 miRNA involved in fatty acid [53]
. napus genome . . .
days after flowering and lipid metabolism
017 LR 41 W mikNA 5 /b ff 0]
B. napus genome Axillary bud miRNA related to branch angle
. N
AL 0 ~TDAF fi 5t mRNA TR
2018 - . miRNA related to silique [47]
B. napus genome Siliques at 0 —7 days after flowering
development
018 HBR SR ALY T miRNA FTHEALIA 571
B. napus genome Cd treated seedlings Cd responsive miRNA and target
2018 I 4L BE WAL Vo W 7 miRNA 651

B. rapa genome

Cold stressed seedlings

Cold stress responsive miRNA
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TSEAR ) B G TR

Cao %' 36y 3% B IR YL O M 5 R AR
YL R AT LA, F2E 0 F 68 4> 25 7 35 19 miR-
NA, & BUE AT S 9 55 A 4 95 A AR 3¢, 5 W] miR-
NA 548 Y9 R 2 [0) 1 S A A BAE . WFoE 8 & B0
miR168 AHEEL K AGO1 F1 miR403 1y & XL K AGO2
REI SRAT IO AZ LT 1R YL A B 8, 336 55 iy T 4% 3
AGOT JE 5 1 EOwR HLEA — 2 U] miR-
NA AN R P 1) AR Ge i FRAA AR 25 S 4 . TE TR
Ry AL, miRNA 22 1595 B 14 97 480 S5 7 1 2 5K

PRI T i — 5T .
3.5 miRNA S5 hELFHNEMHAR

TS miRNA [HF 58085 K BRI 45 | SR
KBV AN AP AR 45, Cheng 2517 BIF 9 &
B, —e 2 54K R A miRNA BT LIVE R 285
e FEAH P AE I F-, 10 miR160 F1 miR167 4§,
Chen 57 Yo 35 K4 A1 R 0 2R 300 % 75 40 SR P i
miRNA 547 Fb %, #E 1 miR159 \miR319 .miR160 #iI
miR2111 S 553 AR Z D LR
HERY, BERZ WA Rk, I8 A % 5 T Bk S
miR160 [ B8 12 #F 1 38 M R & & . miR160 Fl
miR167 14 #1 I PRI 7 2 Ga idh A= 1 R o, R 7, A AR
KRB LR LB G
YEH .

AN AR AT R AR KER =R
BLEEIEY B R L) 12 R, N & LS RIS 2
SEEFIFIEIOMA . Yang 673 IF 3 3 3 40
JHEYEAN T ZRRARE R H ) miRNA JE1T HL A0 #T
R 48 A2 511 miRNA, JF— 50 5% & L i
A ATP J47 ) ) 4L P 5 miRNA fy 2% F o0 0] L, 3¢
B miRNA (1) 3235 7] BB 52 B 2RI IR SE B i 142 , SR T
ZFFEIERAT K miIRNA S 5 R F TR, 5
SE N HEERE miRNA SE1 T D) RERAIE . BRI, ik
WFoEE— 30 8 7 38 miRNA B99ER 35 ST
T LAR

4RI A miRNA B 5 100

AR T TR ROV B — 8, R
ZHEW G GMEHEY . BR T AR e bt AT
miRNA WFFEAN, G R EEA R S 45 i) 22 il o
WIFRE T miRNA BB, A H i FERRSE AN 2Bk B
RKHEZ SEFEY 92T T miRNA BF5E,
RBER KB B IE JFAEm ] Al s bia
AT T AR MR E T
WFFE LB IR A, 5 T miRNA Y g B2 PR~y P, %) 25 42
JEAEY T miRNA FEAT 248 AT, 3098 1T AT
LR AR, JEHJE 2 2R o miRNA fEgE ALt
R AL S ORI FEAR AL OB 7 18

5 FEFALEE

fEAHh miRNA 05 2002 4EHF i 24
LI 5 R (R o R AT AR R, BOK i
miRNA IR C #IE S, Q17K fi miR397 45 kF AL
J/NT miR396 I AR bR A7 5 K 5 miR156
PEOREIABR T B A AE R K miR528 S



670

P E R R AR

2018,40(5)

R A, T 8CE R A B AR T N
miR9678 /S KA {E A RNA 245 phasiRNA ,
FERLAG WY 4 40 fly e AT L, miRNA X4 49 T 2
REMRAERE ZRCELNER, 245G 8T
A=W F RIS AR

BE HECy AL, 2% miRNA 2 5 28 F R 3
TERE AL RS R A Y 5 3R A W a0 45 4%
FIBFFE O A )8, X LA FE s 1 A1) miRNA &
FEVE I BTA SRR R, 3248 21 K 5l 2% miRNAs 1
FOSLIR SRR IR A KA R B IR L A 2
B SR, K3 miRNA 558 PR %) L S i A
FRE—2B B0 E , JUHUEUESE miRNA [SEIL R RE W) 25
M miRNA [ TIRE , 32 RIS Z2bF e IR 21 T i
N —H

AT HEAEY , =%+ miRNA (588 4k F
FEXHA JE A B B, 38 43 BF 5838 J7) FRAE miRNA 5
RN T RE I Jy T, X B miRNA (3]
AL SR IE R () D REA 5800 e A = o PRI,
T FE IR I 78 miRNA FSEIE ], Xof i 28 HL7h]
HEATRRAT A T — 5 i E S IRl , —> miRNA
RES 5P SR A B, IR RE 2 B R G S I 1
PEFE e AN [ ) R L. B AN miR156 BERE S
SRR IR RS SR T
B2 KW miRNA 5 10 5 2 v M R
P, 7778 miRNA | R ML, 15 558 3% DL &
FEIRTPA NG E— D E miRNA [T BERIFSE .

HI AT 2R miRNA ARG A8 818, KR 45
WFoEis SRAEVIERI BE . RIRIBFGE E X SER T 2 F
FHE miRNA G485 SRS AR R, AT g5 AN A
s fL 15 ol miRNA [ 33k 28 R A 06, J5 48
W e A R SE R IR A TR B . EH AN, AT
SEXTRT AR ZE R AT BA5 094, 32 48 HE % miR-
NA, T4 #T miRNA (13 458 20, i Ji %t HL itk A7 4 3
PRI IE , TR AR Z K miRNA [ IfiE .

BEAN IR T 2 SR AR JC ) miRNA 5T 38
R ILTHENRIE , anFpF R/ TR Bk BB R
& 5 SR NN S 1 R AR T i miRNA 5T
Ay DRI SR A 7 I S s ) R e S B

S 3Lk

(U] DR, (AR, JRIEM =A™ i RS B b b4 %
AL ER R ,2011,13(1) : 1 =8.

(2] B B, EDUH. FE e A R AR S0 e 5 R e Y
Wi [T ] b R E 241, 2003,25(3) 199 - 103.

[3] Chalhoub B, Denoceud F, Liu S, et al. Early allopoly-

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

ploid evolution in the post — Neolithic Brassica napus oil-
seed genome| J]. Science,2014,345(6199) ;950 - 953.
Reinhart B J, Weinstein E G, Rhoades M W, et al. Mi-
croRNAs in plants[ J]. Genes Dev,2002,16(13) :1 616
-1 626.
Voinnet O. Origin, biogenesis, and activity of plant mi-
croRNAs[ J]. Cell ,2009,136(4) 669 —687.
Lee Y, Kim M, Han J, et al. MicroRNA genes are tran-
scribed by RNA polymerase 11[ J]. EMBO J, 2004, 23
(20) :4 051 -4 060.
Dong Z, Han M H, Fedoroff N. The RNA - binding pro-
teins HYL1 and SE promote accurate in vitro processing of
pri — miRNA by DCL1[J]. Proc Natl Acad Sci USA,
2008,105(29) :9 970 -9 975.
Kurihara Y, Takashi Y, Watanabe Y. The interaction be-
tween DCL1 and HYL1 is important for efficient and pre-
cise processing of pri — miRNA in plant microRNA bio-
genesis[ J]. RNA,2006,12(2) :206 —212.
Achkar N P, Cambiagno D A, Manavella P A. miRNA
biogenesis; A dynamic pathway [ J]. Trends Plant Sci,
2016,21(12) ;1 034 —1 044.
Bartel D P. MicroRNAs: genomics, biogenesis, mecha-
nism, and function[ J]. Cell,2004,116(2) :281 -297.
Chen X M. A microRNA as a translational repressor of
APETAILA2 in Arabidopsis flower development[ J]. Sci-
ence,2004,303(5 666) ;2 022 -2 025.
Wu L, Zhou H, Zhang Q, et al. DNA methylation me-
diated by a microRNA pathway[ J]. Mol Cell,2010,38
(3) :465 -475.
German M A Pillay M, Jeong D H, et al. Global iden-
tification of microRNA — target RNA pairs by parallel
analysis of RNA ends[ J]. Nat Biotechnol ,2008,26(8) :
941 —946.
Wu L, Zhang Q, Zhou H, et al. Rice microRNA effec-
tor complexes and targets[ J ]. Plant Cell,2009,21(11) .
3421 -3 435.
Karlova R, van Haarst J] C, Maliepaard C, et al. Identi-
fication of microRNA targets in tomato fruit development
using high — throughput sequencing and degradome anal-
ysis[J].J Exp Bot,2013,64(7) .1 863 -1 878.
Liu N, Tu L, Tang W, et al. Small RNA and de-
gradome profiling reveals a role for miRNAs and their
targets in the developing fibers of Gossypium barbadense
[J].Plant J,2014,80(2) :331 - 344.
Franco — Zorrilla ] M, Valli A, Todesco M, et al. Tar-
get mimicry provides a new mechanism for regulation of
microRNA activity[ J]. Nat Genet,2007,39(8):1 033
-1037.
Yan J, Gu Y, Jia X, et al. Effective small RNA de-



M W4k miRNA SRR IR 5 R 2

671

[19]

(20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

(29]

(30]

struction by the expression of a short tandem target mim-
ic in Arabidopsis[ J]. Plant Cell,2012,24 (2) .415 -
427.

Lauressergues D, Couzigou ] M, Clemente H S, et al.
Primary transcripts of microRNAs encode regulatory pep-
tides[ J]. Nature,2015,520(7 545) :90 -93.

D’ Ario M, Griffiths — Jones S, Kim M. Small RNAs:
big impact on plant development[ J]. Trends Plant Sci,
2017,22(12) ;1 056 — 1 068.

Liu Q, Yao X, Pi L, et al. The ARGONAUTE10 gene
modulates shoot apical meristem maintenance and estab-
lishment of leaf polarity by repressing miR165/166 in
Arabidopsis[ J]. Plant J,2009,58(1) :27 -40.

Raman S, Greb T, Peaucelle A, et al. Interplay of
miR164, CUP - SHAPED COTYLEDON genes and
LATERAL SUPPRESSOR controls axillary meristem for-
mation in Arabidopsis thaliana [ J]. Plant J, 2008, 55
(1):65-76.

Wu G, Park M Y, Conway S R, et al. The sequential
action of miR156 and miR172 regulates developmental
timing in Arabidopsis [ J ]. Cell, 2009, 138 (4) : 750 -
759.

Liu P P, Montgomery T A, Fahlgren N, et al. Repres-
sion of AUXIN RESPONSE FACTORI10 by microRNA160
is critical for seed germination and post — germination
stages[ J]. Plant J,2007,52(1) ;133 - 146.

Wu M F, Tian Q, Reed ] W. Arabidopsis microR-
NA167 controls patterns of ARF6 and ARF8 expression,
and regulates both female and male reproduction| ] ].
Development ,2006,133(21) .4 211 -4 218.

Parry G, Calderon — Villalobos L I, Prigge M, et al.
Complex regulation of the TIR1/AFB family of auxin re-
ceptors[ J]. Proc Natl Acad Sci USA,2009,106(52) .
22 540 —22 545.

Achard P, Herr A, Baulcombe D C, et al. Modulation
of floral development by a gibberellin — regulated mi-
croRNA[ J ]. Development, 2004, 131 (14 ) .3 357 -
3 365.

Kawashima C G, Yoshimoto N, Maruyama — Nakashita
A, et al. Sulphur starvation induces the expression of
microRNA -395 and one of its target genes but in dif-
ferent cell types[ J]. Plant J,2009,57(2) ;313 —321.
Niu Q W, Lin S S, Reyes J L, et al. Expression of arti-
ficial microRNAs in transgenic Arabidopsis thaliana con-
fers virus resistance[ J]. Nat Biotechnol ,2006,24 (11) .
1420 -1 428.

Wang B, Sun Y, Song N, et al. Puccinia striiformis f.
sp. tritici microRNA — like RNA 1 (Pst - milR1), an

important pathogenicity factor of Pst, impairs wheat re-

[31]

(32]

(33]

[34]

(35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

sistance to Pst by suppressing the wheat pathogenesis —
related 2 gene[ J]. New Phytol,2017,215(1) 338 -
350.
Zhang L, Hou D, Chen X, et al. Exogenous plant
MIR168a specifically targets mammalian LDLRAPI .
evidence of cross — kingdom regulation by microRNA
[J]. Cell Res,2012,22(1) :107 —126.
Shen E H, Zou J, Hubertus Behrens F, et al. Identifi-
cation, evolution, and expression partitioning of miR-
NAs in allopolyploid Brassica napus [ J]. ] Exp Bot,
2015,66.7 241 -7 253.
Xie F, Zhang B. microRNA evolution and expression a-
nalysis in polyploidized cotton genome [ J]. Plant Bio-
technol J,2015,13(3) :421 —434.
ZEERE, XIZL57, XUGTHE, 4. 3% miR156 JE[H 50K
Lo HREIEDI AR W5 R o A B g [T ] v IR
Y1417 ,2018,40(2) 163 - 173.
Fu Y, Xiao M, Yu H, et al. Small RNA changes in
synthetic Brassica napus| J]. Planta,2016,244(3) :607
-622.
Xie F L, Huang S Q, Guo K, et al. Computational
identification of novel microRNAs and targets in Brassi-
ca napus[ J]. FEBS Lett,2007,581(7) :1 464 — 1 474.
Wang L, Wang M B, Tu J X, et al. Cloning and char-
acterization of microRNAs from Brassica napus [ J].
FEBS Lett,2007,581(20) ;3 848 -3 856.
Pant B D, Musialak — Lange M, Nuc P, et al. Identifi-
cation of nutrient — responsive Arabidopsis and rapeseed
microRNAs by comprehensive real — time polymerase
chain reaction profiling and small RNA sequencing[ J].
Plant Physiol ,2009,150(3) .1 541 —1 555.
Buhtz A, Springer F, Chappell L, et al. Identification
and characterization of small RNAs from the phloem of
Brassica napus[ J]. Plant J,2008,53(5) ;739 -749.
Huang S Q, Xiang A L, Che L L, et al. A set of miR-
NAs from Brassica napus in response to sulphate defi-
ciency and cadmium stress [ J]. Plant Biotechnol J,
2010,8(8) :887 —899.
Zhou Z S, Song J B, Yang Z M. Genome — wide identi-
fication of Brassica napus microRNAs and their targets in
response to cadmium[ J]. J Exp Bot,2012,63:4 597 —
4 613.
Xu M Y, Dong Y, Zhang Q X, et al. Identification of
miRNAs and their targets from Brassica napus by high —
throughput sequencing and degradome analysis[ J]. BMC
Genomics ,2012,13:421.
Zhao Y T, Wang M, Fu S X, et al. Small RNA profi-
ling in two Brassica napus cultivars identifies microRNAs

with oil production and development correlated expres-



672

P E R R AR

2018,40(5)

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

(52]

[53]

[54]

[55]

sion and new small RNA classes [ J]. Plant Physiol,
2012,158(2) :813 - 823.

Korbes A P, Machado R D, Guzman F, et al. Identif-
ying conserved and novel microRNAs in developing
seeds of Brassica napus using deep sequencing| J|. PLoS
One,2012,7(11) :e50663.

Huang D, Koh C, Feurtado J A, et al. MicroRNAs and
their putative targets in Brassica napus seed maturation
[J]. BMC Genomics,2013,14.:140.

Shen D, Suhrkamp I, Wang Y, et al. Identification and
characterization of microRNAs in oilseed rape ( Brassica
napus) responsive to infection with the pathogenic fun-
gus Verticillium longisporum using Brassica AA ( Brassi-
ca rapa) and CC ( Brassica oleracea) as reference ge-
nomes| J |. New Phytol ,2014,204(3) :577 - 594.

Chen L, Chen L, Zhang X, et al. Identification of miR-
NAs that regulate silique development in Brassica napus
[J]. Plant Sci,2018,269:106 - 117.

Shen Y F, Sun S, Hua S, et al. Analysis of transcrip-
tional and epigenetic changes in hybrid vigor of allopoly-
ploid Brassica napus uncovers key roles for small RNAs
[J]. Plant J,2017,91:.874 — 893.

Tang C Y, Yang M K, Wu F Y, et al. Identification of
miRNAs and their targets in transgenic Brassica napus
and its acceptor ( Westar) by high — throughput sequen-
cing and degradome analysis[ J]. RSC Advances,2015,5
(104) .85 383 -85 394.

Barber W T, Zhang W, Win H, et al. Repeat associat-
ed small RNAs vary among parents and following hybrid-
ization in maize[ J]. Proc Natl Acad Sci USA,2012,109
(26) :10 444 - 10 449.

Chen F, He G, Hang H, et al. Expression analysis of
miRNAs and highly — expressed small RNAs in two rice
subspecies and their reciprocal hybrids [ J]. J Integr
Plant Biol,2010,52(11) :971 —980.

Wang J, Jian H, Wang T, et al. Identification of mi-
croRNAs actively involved in fatty acid biosynthesis in
developing Brassica napus seeds using high — throughput
sequencing[ J |. Front Plant Sci,2016,7 ;1 570.

Wang Z, Qiao Y, Zhang J, et al. Genome wide identifi-
cation of microRNAs involved in fatty acid and lipid me-
tabolism of Brassica napus by small RNA and degradome
sequencing[ J |. Gene,2017,619.:61 -70.

Wei S, Yu B, Gruber M Y, et al. Enhanced seed carot-
enoid levels and branching in transgenic Brassica napus
expressing the Arabidopsis miR156b gene[ J]. J Agric
Food Chem,2010,58(17) .9 572 -9 578.

Song J] B, Shu X X, Shen Q, et al. Altered fruit and

seed development of transgenic rapeseed ( Brassica na-

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

pus) over — expressing microRNA394 [ J]. PLoS One,
2015,10(5) :e0125427.
Buhtz A, Pieritz J, Springer F, et al. Phloem small
RNAs, nutrient stress responses, and systemic mobility
[J]. BMC Plant Biol,2010,10:64.
Jian H, Yang B, Zhang A, et al. Genome — wide iden-
tification of microRNAs in response to cadmium stress in
oilseed rape ( Brassica napus L. ) using high - through-
put sequencing[ J . Int J Mol Sci,2018,19(5) ;1 431.
Meng J G, Zhang X D, Tan S K, et al. Genome — wide
identification of Cd — responsive NRAMP transporter
genes and analyzing expression of NRAMP 1 mediated
by miR167 in Brassica napus[J]. Biometals, 2017, 30
(6):917 -931.
Zhang X D, Sun J Y, You Y Y, et al. Identification of
Cd — responsive RNA helicase genes and expression of a
putative BnRH 24 mediated by miR158 in canola ( Bras-
sica napus) [ J]. Ecotoxicol Environ Saf,2018,157 159
- 168.
Zhang L W, Song J B, Shu X X, et al. miR395 is in-
volved in detoxification of cadmium in Brassica napus
[J].J Hazard Mater,2013,250 -251(2) ;204 -211.
Shi D, Zhang Y, Ma J, et al. Identification of zinc defi-
ciency — responsive microRNAs in Brassica juncea roots
by small RNA sequencing [ J]. J Integr Agr, 2013, 12
(11).:2 036 -2 044.
Srivastava S, Srivastava A K, Suprasanna P, et al. I-
dentification and profilling of arsenic stress — induced
microRNAs in Brassica juncea[ J]. ] Exp Bot,2012,64
(1):303 -315.
Sunkar R, Kappor A, Zhu J K, et al. Posttranscription-
al induction of two Cu/Zn superoxide dismutase genes in
Arabidopsis is mediated by downregulation of miR398
and important for oxidative stress tolerance [ J ]. Plant
Cell ,2006,18(8) :2 051 -2 065.
Bhardwaj A R, Joshi G, Pandey R, et al. A genome —
wide perspective of miRNAome in response to high tem-
perature, salinity and drought stresses in Brassica juncea
(Czern) L[J].PLoS One,2014,9(3) :e92456.
Zeng X, Xu Y, Jiang J, et al. Identification of cold
stress responsive microRNAs in two winter turnip rape
( Brassica rapa L. ) by high throughput sequencing[ J].
BMC Plant Biol ,2018,18(1) :52.
Srivastava A K, Sablok G, Hackenberg M, et al. Thio-
urea priming enhances salt tolerance through co — ordina-
ted regulation of microRNAs and hormones in Brassica
juncea[ J]. Sci Rep,2017,7 :45490.
Li F, Pignatta D, Bendix C, et al. MicroRNA regula-

tion of plant innate immune receptors [ J]. Proc Natl



M W4k miRNA SRR IR 5 R 2

673

[68]

[69]

[70]

[(71]

(72]

[73]

[74]

Acad Sci USA,2012,109:1 790 -1 795.

Verma S S, Rahman M H, Deyholos M K, et al. Differ-
ential expression of miRNAs in Brassica napus root fol-
lowing infection with Plasmodiophora brassicae[ J ] . PLoS
One,2014,9(1) :e86648.

Cao J Y, Xu Y P, Zhao L, et al. Tight regulation of the
interaction between Brassica napus and Sclerotinia sclero-
tiorum at the microRNA level[ J ]. Plant Mol Biol ,2016,
92(1-2).:39 -55.

Cheng H, Hao M, Wang W, et al. Integrative RNA —
and miRNA - profile analysis reveals a likely role of BR
and auxin signaling in branch angle regulation of B. na-
pus[ J]. Int J Mol Sci,2017,18(5) .887.

Yang J H, Liu X Y, Xu B C, et al. Identification of
miRNAs and their targets using high - throughput se-
quencing and degradome analysis in cytoplasmic male —
sterile and its maintainer fertile lines of Brassica juncea
[J]. BMC Genomics,2013,14.9.

Ren W, Wang H, Bai J, et al. Association of microR-
NAs with types of leaf curvature in Brassica rapal[]].
Front Plant Sci,2018,9.73.

Zhou Q, Yang Y C, Shen C, et al. Comparative analy-
sis between low — and high — cadmium — accumulating
cultivars of Brassica parachinensis to identify difference
of cadmium - induced microRNA and their targets[ J].
Plant and Soil ,2017,420(1 -2) :223 -237.

Song J H, Yang J, Pan F, et al. Differential expression
of microRNAs may regulate pollen development in Bras-

sica oleracea[ J]. Genet Mol Res,2015,14(4) .1 524 -

[75]

[76]

[77]

(78]

[79]

[80]

1 534.

Jiang J, Jiang J, Yang Y, et al. Identification of mi-
croRNAs potentially involved in male sterility of Brassica
campesiris ssp. chinensis using microRNA array and
quantitative RT — PCR assays [ J]. Cell Mol Biol Lett,
2013,18(3) :416 -432.

Zhang Y C, Yu Y, Wang C Y, et al. Overexpression of
microRNA OsmiR397 improves rice yield by increasing
grain size and promoting panicle branching[ J]. Nat Bio-
technol ,2013,31(9) .848 —852.

Tang Y, Liu H, Guo S, et al. OsmiR396d affects gib-
berellin and brassinosteroid signaling to regulate plant
architecture in rice [ J]. Plant Physiol,2018,176 (1) ;
946 —959.

Sun Z, Su C, Yun J, et al. Genetic improvement of the
shoot architecture and yield in soybean plants via the
manipulation of GmmiR156b [ J]. Plant Biotechnol J,
2018,DOI 10. 1111/pbi. 12946.

Sun Q, Liu X, Yang J, et al. MicroRNAS528 affects
lodging resistance of maize by regulating lignin biosyn-
thesis under nitrogen — luxury conditions[ J]. Mol Plant,
2018,11(6) .806 —814.

Guo G, Liu X, Sun F, et al. Wheat miR9678 affects
seed germination by generating phased siRNAs and mod-
ulating abscisic acid/gibberellin signaling [ J |. Plant
Cell ,2018,30(4) :796 - 814.

(DAL : H RR)



