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Prediction and Bioinformatics Analysis of miRNA Target Genes in

Populus tomentosa under Fungus Stress

Liao Weihua, Chen Zhong, Ye Meixia, Ma Huandi, Gao Kai, Lei Bingqi, An Xinmin*
(National Engineering Laboratory for Tree Breeding, Key Laboratory of Genetics and Breeding in Forest Trees and Ornamental
Plants, Tree and Ornamental Plant Breeding and Biotechnology Laboratory, Beijing Forestry University, Beijing 100083, China)

Abstract There are few reports profiling the regulatory mechanisms of miRNA in poplar defense
responses during fungus stress. It is very important to predict miRNA target genes accurately and rapidly for
revealing the regulation effect of miRNA in gene expression during plant-fungus interactions. According to the
conservative property of miRNAs, prediction of miRNA target genes was applied with a miRNA target analysis
server psRNATarget using previously deposited miRNA sequences from Populus trichocarpa. A total of 772 target
genes from 347 miRNAs were identified from Populus tomentosa under the infection to stem blister canker. Those
genes encode proteins involved in disease-resistant categories, like plant hormone signal transduction, plant-
pathogen interaction, glutathione metabolism, etc. miR393 regulates auxin signal in response to a variety of external
stimulus through the post-transcriptional regulation of target genes. 11 target genes of miR393 were identified,
mainly involving in auxin mediated signaling pathway. Among these target genes, 6 genes were differentially
expressed in response to fungus stress, including SDI-13, CYP83B1, TIR1, AFB2, AFB3 and PSBR. These genes
are key candidates for studying the biological function of miR393.

Key words Populus tomentosa; fungus stress; miR393; target genes
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microRNAs(miRNAs) & — R 7E HAZ AW+ Kk
PURIACRE 21 nt/idy s ARgwid . USSR N o)
TRNA, i )5 5 L AMEAF SEmRNA RS 140
) B G £ S B T e YRR DR ARk, 1 BRI S S
AP AARRAE U R 2 BOR PR U5 I miRNAs
AEfS 5 FEmRNANT T~ 56 4% B AMIR LR Y. 1E 0
FEAE T, miRNAsS 59 A il B — &
PIEENRE, FEAFEHYAE. F96S. EA
Befge JREAHR . REEAAR, A eI 3 5
H A R, fEid 25 JUAE B, A 1R 2 miRNAs#
R, AE A H AT T EATH B AR FIPLHRA ISR
AR e A5 EAZ B T, miRNAsHE Y 1 75 45 K
H30%EE R IR0, DRI, AERRPRLIE B T O 5 5E
miRNAsFEIE R, XA ST miRNAs ) A4 % Dy fig A
oy E R

PUAT I miRNASE JE DA F00 B K 2 Kb+
BRI miRNASE I PR T, 17746 ) miRNAFE AL
PRI P00 Sk miRNAs B ™ i 1l L 35T 56 4o i by #E 2
PRUEL AR o AR T B ImiRN A 1] - 7T 4 5% 7K P-4l
IR RE R 0k, R A miRNAsIE I H 4 B fif S mRNA
FIHAEHE D RIE, I 2T & L 1T A miRNA
B PR O B AES - WIS AT TAR 8 R I miRNA
FCAEFE DR F s OT T 2 A I miRNAE 3
T # £F, imiRU. miRNAassist. PatScanfll
psRNATarget% . psRNATargetAH bt oA P 4K 14,
REMS(ELinux RE¢J5 6 AT s 80 A L, Wil T
B0 AR e ) v Ry A

miR393 & — > S 4 1) 5 ML 1 Aol O S miRNA
ZFOEN, 15 B R 3L A5 BB, 2 i pte-
miR393a-5p. ptc-miR393b-5p. ptc-miR393c. ptc-
miR393a-3pHptc-miR393b-3p. miR3937EMIY) K &
(R R ), B IR SR WaE . HRBT0E IR 40 1R 45 7 T
KRAEFE IR . BLF S (Arabidopsis thaliana)Z: ik
TR #h AR B, miR393 A 45 3 30k, JF HAEM T A
A FE AUZ e FA 12 fiE (basic helix-loop-helix, bHLH)
G5 K 11 B o) DR 7 A AR K 3R 32 4R A TIR 1 (transport
inhibitor response protein 1). AFBI(auxin signaling
F-box protein 1). AFB2HIAFB3!", miR393/AFB3
AE DAy W — 8 UM 12 A B 4% B A 70 U SR H T A
JH 2 SO AR AR A U021, miR393-TIR 1 1] 1) 2%
HAE, PR E R e N KR P . AR
LR IF o 0k H AT miR39350 M (M TIR1, fig 0% 42

R0 T AR R B, S O AR A
il MR AR FE L e R I S FRE SR T {655 %
Tl O Bl 4 38 3 o 05 A5 2R O 32 4 (pattern
recognition receptors, PRRs), ¥l 95 Ji A& 41 5¢ 7 1
(pathogen-associated molecular pattern, PAMP), %A Ji5
P R AmiRNAs ) R IE" . miR393 2 & ik
LRI REE 2 5 YA I 40 B 5 P miRNA, fef%
Wi S PAMP. {1 40 B i 6 i 22 f O, A A 1k
BE % Kt A miR393, AT AR K 3 AR S 1% 42,
TR FUL B S T B (Pseudomonas syringae)it]
Pk, s gn g A KN R, AR K
MK YN L1 4 (Populus tremula)sz 215 4148 I (UV-B) i,
W B miR3933& 3 i, If HLE& H — AN Wiy W UV-BI
miRNA W £ iz i pi el

H AT, 5% TmiR393MIA 57 &) BT 40 g 1014170,
IKFE(Oryza sativa)"™> V&R Z AR, L2 4R
AFEPHRIEF A % TmiR393 A9 T £ Hh 4
THAR IR, 5 RS AE A a T R
VEF, 68T L4 £F T miR393 (1 Ty REF 7048 2D, AL
Jed BRLE 440 VA5 J5 (R A 5, 6] T-miR393 A2 75 M J3, EL ]
a4 R WARE. KIEEEAMSER A m
JEE TRIR PR, AR SR B R W I miRNA S A, 38 i
miRNA #E JE K] T 2 A psRN ATarget 3 $k B A M 76
B e R R sk 2] P miR393 A L [, Jf Il i A=
15 B2 T BOM SR IE U EAT AR A5 R 7 M, AT gk
B T M mIR 393 50 (1 1) GE 59 5E HEAil o

1 #RI57E%
1.1 $EERE MR

M miRNA % # £ miRBase(www.mirbase.org,
release 20)" 2N 4 E W) L AmMIRNAJT 4. B H
¥ 52 35t 97 W [ 3500 BRI 4 28 K8 1S R (Botryosphaeria
dothidea)|/& 414 d )7 3k 43 1) B Bz 2 23 #) id:cDNA
JPE(BD) X [ 41(CK, R #% Fft B0 1) cDNAJE, 1
h AR 2 PR R mRINACK Y (L A4 S 58 J7 9 7
2 2% SCHK[20]; % s 41 HUHE ook 5 I SRP033626,
BDJE RICKJZ (1 512 48 Wi 5% 5 73 %3l  SRX389421 411
SRX389392). A< AF 5 A ] 7 £ 48 3 DX Tl il ¢ £
psRNATarget(http://plantgrn.noble.org/psRNATarget/)
56 A% B0 B I8 R 4 o 20 5040 12 P T miRNA
(AT ERL o 422 MR 5 25 Ik T B8 )™ A 1) i 26 B T,
WOE B K A3, HAb IS E; 1350/ T3
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HUPE(maximum energy to unpair the target site)/)> J- 2 #R

25.0 kcal/molff) 5 51 hmiRNA [ 85 £ I JL K]

1.2 $MERFINEEERE

2% i psRN ATarget T Il 15 21] [ # 3 [K £ 4T Gene
Ontology(GO; http://www.geneontology.org/)iE K Al
Kyoto Encyclopedia of Genes and Genomes(KEGG;
http://www.genome.jp/kegg/ )1} il i Th fE o M. il
1 Blast2GOPEL J 153 21 5 DA 1) D g v B A S, a it
XTI K4 P IR AR OC R, A3 B0 N BRI GOAE
Ho R LA A R, 015 2 AR BRI GO
1E Bl % 1FBGI WEGO(http://wego.genomics.org.cn/
cgi-bin/wego/index.p) AT GO LR 2K, 73l Fiit
BRI A e AR LA S oy 1 D RE = AN
HIRERER L. T KAAS server® i TKEGGA R4
g% 43 7, A HIBlastfs 5153 2060 W KOS, 43 H A
() QI T 085 P W 82155 5L, ] s DX Bl P A 20 B
1.3 BEREFFREDH

AT SRS FImiRN A FESE K 7 BD 2 A CK JZE
R AFAE 22 3Rk, K HIRPKMZE v 2k v S 3L
(eI IR MR A A I DR ) 3 2 BE A A
ZESEATNT, WAL 2A% /T I (log(BD/CK)[= 1)1 4%
o, TR 22 S e R o R A D5 A B 22 SRR A,
WEATGOMKEGG & % 43 M, A HI 8 JLAT 73 Al 505
(Phyper) i1 5 11 5t % 5 A [7] GO/Pathway 73 28 H1 AN
W9 5 SCIPTH, 45 3 I FDR(false discovery rate)is:
HHATIZIE, P<0.05CK R A48 5 XIMGO 73 251

KEGGIli % .

Number of miRNAs
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Bl NEERLE S mE

Fig.1 Distribution for the number of predicted target genes

2.1 psRNATarget i ll#E £ X 3K 15

18 i psRNATarget#. 7%, 13 1 711/ 4 &
T 45 B, A3 K F T 99 M miRNA S ik (113474 1)
miRNAX] W, 7724 4EBE PR e, il 4 i A A
i 2 30 miRNAZK (K 1). pte-miR169(31,
4.0%) ptc-miR475(28, 3.6%)- ptc-miR 156(26, 3.4%).
ptc-miR396(26, 3.4%)Mlptc-miR172(22, 2.8%) /& [
W2 B R IR G AT T, SR B I DR i 22 (151
miRNAZ & (KI1). pte-miR 1693 K 5 54731 miRNA
JS L, SEAAR PR B A A miRN AR R 52 P2, L 7
D2 PR R H i % o
2.2 BEFER IR RN EIER S

1 1 GO B AKEGGAR i 3 2% 73 #fr, 772441
FE R H A561(72.67%) 4 3k R 3R 15 T GOV B (1K612),
e 5 $11401NGO terms(level 2), 43 5l 3 B #lCellular
componentZ) 25 #]101~GO terms, Biological process
721910 GO terms A M Molecular functiony 2 [t
1IANGO terms. 45 5 27w, T8 58 R A 5 7 Tl 2R
Gereghwe . MR, M fEsE— RAIEEARLEY)
PR AR AR, RIS AR B4
T, IXEEGO termstIAR d A AT . AEKEGGIH
%53 T, 139(18.0%) 4 #E4E DAy R 211594 KEGG
R I8 B, B T 4 & TRNAIE #i(ko03013. RNA
transport). 1% £ (ko03010. Ribosome) LA A PN Jii ¥
M1 1. (ko04141. Protein processing in endoplasmic
reticulum) &5 55 5E A% A= Ay 3o B2 AH OC 0 AR U 3 i 2
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Gh, FEIERHEE G IE W E AR TP EG 514 %
(ko04075. Plant hormone signal transduction). 14 %)
J93 J H.AF (ko04626. Plant-pathogen interaction) 7+t
H K AR 8 (ko00480. Glutathione metabolism).  $ Ji
BN T.(ko04612. Antigen processing and presentation).

2 F AT 1 R M 7K #(ko04120. Ubiquitin mediated
proteolysis) 5 -5 L P BT 2 DI AH OG5, UWiko04626
A2 B4 593 JEUVE FRH S I 3 i, T8 B v 0 5 P A
KA EARPS2. %55 148 € 8 ICML LA K a1 Bl
CPK25(%1).

R BEEAMI0FEEKEGGEH
Table 1 The top 10 significant KEGG pathways in target genes

T EA
Predicted protein

KEGGiti # HE A
KEGG pathway Gene number
Ko03013. RNA transport 10(7.2%)
Ko003010. Ribosome 10(7.2%)
Ko04141. Protein processing in endoplasmic

reticulum (6-5%)
Ko04075. Plant hormone signal transduction 8(5.8%)
Ko004626. Plant-pathogen interaction 6(4.3%)
Ko003040. Spliceosome 6(4.3%)
Ko000500. Starch and sucrose metabolism 5(3.6%)
Ko000480. Glutathione metabolism 5(3.6%)
Ko04612. Antigen processing and presentation 4(2.9%)
Ko004120. Ubiquitin mediated proteolysis 4(2.9%)

PMRT15, ABHI, NUPL2, NUP93, POP1, ACIN1, NUP210, NUP205,
SEHI1, THOCI

RPS16, RPS3A, ARP2, RPS7, RPL13, RPL40, RPL11, RP10, RPS17
RIN2, RNF185, DER1, PDIL1-4, BAP31, SKP1B, HR23, PLAA, OST6

ARR14, TIR1, SAUR, HABI, EIN3, TGA1, ERFIB
RPS2, CPK4, SKS5, CML36

U2AF1, ABHI, LSM4, ACIN1, RBM17, THOC1
BAM3, GAUT6, SPS3, sacA

GOR, PGD, RRM2, GST

NFYAI1, NFYA7, NFYA10

APCS5, UBEI1, SKP1, UBC27

70 1

Percent of genes

r 400

Number of genes

SEILIK [ T BEAE Cellular component3 2 i = FEZE 42 F-Cell M Cell part, {£Biological process2SH = 2 45 F-Metabolic processfllCellular process,

Molecular function) ¢ 3= 2 4L T Binding #l Catalytic activity .

“Cell” and “Cell part” were dominant within the cellular component terms, “Metabolic process” and “Cellular process” in the Biological process terms,

and “Binding” and “Catalytic activity” in the Molecular function terms.

E2 $EFBIIRES
Fig.2 Functional classification of the target genes
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KR T & (b BORBDEE R KT IR ALCKPE 1)
miRNAHEHE K 7E AN 2 A AP AE 22 S R TE . 4e0d
Ze AR A B, W24 /R R I 22 S R R
173724, H H189(23.92%) 4™ L i (logy(BD/CK)=1),
283(76.08%) K (log(CK/BD)=1). 2754 2 5401
SEPIERTS T GOTERE, WL 2I384NGO terms(level 2).
X FGO%r 25 347 & 4E 43 ¥, Cellular component.
Biological processlA M Molecular functiony 25 H1 %%
F %% GO terms 5 AT HLAE NGO 7> 47 R (1512)
AR 1A, 451 41 £ECellular componenty 2 it 3= HE 4L T
CellfICell part. EKEGGH 440 #1H, 45504 2
SRR T MG AT, WS 024N . L
Y 5 1% T (ko04075. Plant hormone signal
transduction)yF: B 21 #E KL DA 5 BN 8N (5R2), b 2=
FRNBEG MR, 9 NERF]. AFB2. TIRI.
PP2CHISAUR, IXYSHE AR L 1200 i h 2 5 I i
W R R IEFE R B R 1. R BCR 15 S 1%
F S 2 A WER ARG, Wz = A3 E UK R
(ko04120. Ubiquitin mediated proteolysis). {2 FR1¢

#f(ko00380. Tryptophan metabolism). T K 2 4= 4
4 (ko00908. Zeatin biosynthesis)&s
2.4 miR393%EE F I gE TN

miR3931E A TIRI. AFB2FIAFB3[Y) 5 4t i 2
BRI, 500 1 5 1 R T 1 ¥ B R 1V R, B
g B 5 TR, MR 2 FEE R ha (R T
LR S)REE EEAEHRPY, 5RO G
P I s A b, AT LRI T 11/ miR393#E
BRI, 5N miR393 55 5 B 3 % 6 B 22 AN L [A], [+]
R AN R B B 5 15 2 A miRNABE S FAMNER3).
WIEGOE %70 #7 7R, miR393#E KL A T 4y K 7k
K Z A 3015 5 1 B (GO: 0009734; Auxin mediated
signaling pathway). 7EKEGG 57 # H k JI, H2E
N RIS ik, Kl ERER
KO3, % 6/ 22 Rk BURE R, 43 A SDI-13
CYP83BI. AFB2. TIRI. AFB3FIPSBR. i %
BTG RSN, (EYIE S 51 T,
miR39341 I [K] (5 3/8(#2), 1i WImiR393 5 jik it 14 b I
BB DRE Ol B R P AR, LT REE B A
Wit e g BRACAE T 2 2 1) pA Y5 S e

R2 SE5EYBEESEREE(ko04075)HIBEF

Table 2 Target genes involved in plant hormone signal transduction (ko04075)

miRNA LA 9= ETI O ¢E| HEIEN ke
miRNA Gene ID Predicted protein Target gene Function
Ptc-miR169t, ERF1(ethylene-responsive transcription . Sequence-specific DNA

. Comp92404 Potri.002G039000.1 o L
ptc-miR169z factor 1) binding transcription factor
Ptc-miR393a-3p, L . - - iy

. Comp103443 AFB2(auxin signaling F-box protein 2) AT3G26810.1 Ubiquitin-protein ligase activity
ptc-miR393b-3p
Ptc-miR393a-3p, . . . Cellular response to sulfate

i Comp110720 EIN3(ethylene-insensitive protein 3) AT1G73730.1 .
ptc-miR393b-3p starvation
Ptc-miR393a-5p,

. L Response to molecule of
ptc-miR393b-5p, Comp106164 TIR1(transport inhibitor response 1) AT3G62980.1 . o

. bacterial origin
ptc-miR393c¢

. . Protein serine/threonine
Ptc-miR482¢-3p Comp106396 PP2C(protein phosphatase 2C) AT1G72770.1 .

phosphatase activity
Ptc-miR530a, ptc- ARR-B(two-component response regulator Cytokinin mediated signaling
. Comp111939 . AT2G01760.1

miR530b ARR-B family) pathway

. . . . Auxin mediated signaling
Ptc-miR6433-5p Comp72671 SAUR(SAUR family protein) Potri.012G102700.1

pathway

Ptc-miR6466-5p Compl13355 TGA(transcription factor TGA) AT5G65210.1 bZIP transcription factor

LR 9206 A SEIE DR (R g5 LR $EEL R P 41 E Phytozome V9.1(http://www.phytozome.net/)Blast3i 75 1] [ 95 3 DX (7B S A7 5 0L 1 5 1) 2

T o

Gene ID: gene number in the present study; Target gene: gene sequence was blasted against the Phytozome V9.1 (http://www.phytozome.net/)to get the

accession number of homologous gene from Populus trichocarpa or Arabidopsis thaliana.
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Ptc-miR393a-5p 21 CU,‘L\ GI‘JI‘J 1‘\‘CG C‘I‘L‘A G‘G(T‘ A‘z‘&? ‘Cc‘ ‘ 1 (3'=3) 3 17]‘ 'L/I:\,
Comp70101 165 GUUUAA UGG GAU UCC UUU GGA 185 (5'—3" miRNAsTE K —Fh ARG 15 1) 56 IR 2 38 i 3 R 1,

AN Ju M =] :
Ptc-miR393b-5p 20 UAG UUA CGC UAG GGA AACCU 1 (3'=>5") I3 Al EITL 2, 73 ‘5 5o Eﬁé% Ji%f o MiRNAs
Complizoss 75 AUCAUUGUGALUCCUUUGGS 77w IRIIMUIERAXE, TFHIF L EmIRNA K LI

AEWEFEmiRNAL] BE 1 AT 5. A H miRNAs4E 5

Ptc-miR393a-3p 20 UAG GUU UCC CUAUCGUACUA 1 (3'—>5")

NN TR psRN ATarget, I ok 1 & 7™ 4% (1 97 % 4% 14,

Comp103443 535 AUCCAA AGG GAUCGCAUUGU 554  (5'-3) o o
156 I LG e R s A 385045 171 711448
Femitie 0 UAGUACGCUAGGONMACCU 1 €0 SLITILKE, 4K 99 MmiRNAK 19347
Comp106164 1765 GAC AAUGCG AUCCCUUUG GA 1784 (5'—3)) A HImIRNA F 6 7724 SR B Aok T 0 R
Ple-miR393b3p 20 UAG GUU UCC CUA UCG UACUA 1 (3'—5" PRI EST (expressed sequence tag))T ¥l - $& ¥ 5t

AN
Comp113305 745 AUCCAA AGG GAUCGCAUUGU 764 (5'-3) DA, ASHESE R 6 A B R R, 8O0 iz 44 289

Ptc-miR393a-3p 20 UAG GUU UCCCUAUCGUACUA 1 (3'—>5") 1:@ @ Eg CDNAE TE"L ?Jé $E% ’ % 2 ;‘HZ ']:H ‘5 - Igff
Comp2615 619 AUUGAAAGUGAUAGCAUGAU e v BIAHOGMImiRNARESE D, £F S sl. 200t i ¢

| - TG 0T, miRNASHUE A 45 535 5 4 TH
miR393 5K i 01 1564 7 S Ik D] 22 ) R E A MAC O 175 1005 s AR

PN WO S O R AR L 4 DDA
Members of miR393 family and their complementary sites within their B L. ZEZNSME A KBRS YR %
6 target genes; Vertical lines represent Watson-Crick pairing and “*” t} ) 1:5 3€ il E%

represents G:U wobble pairing.

E3 miR393 S¥EEE FHMi A miR3931f Ty 565 — A~ 4 S I 15 B A AR 5K 1)
Fig.3 The complementary site of miR393 and target genes miRNAZ G, 3l i ) A K = A5 S A ) 4]

3 miR39FMEF TN 25 R
Table 3 Prediction of miR393 target genes

HEN g e N ZEFREL AGIE 315 miRNA WRIER IR (i
Gene ID Name Fold change  AGI accession No.  miRNA Inhibition Expectation ~ UPE

Differentially expressed gene
Ptc-miR393a-5p, ptc-miR393b-5p,

Comp70101 SD1-13 1.33 AT1G11350.1 . Cleavage 3 21.10
ptc-miR393¢
Ptc-miR393a-5p, ptc-miR393b-5p,

Compl13948 CYP705A5 1.76 AT5G47990.1 . Cleavage 2.5 18.57
ptc-miR393¢

Compl03443  AFB2 -1.50 AT3G26810.1 Ptc-miR393a-3p, ptc-miR393b-3p Cleavage 3 22.08
Ptc-miR393a-5p, ptc-miR393b-5p

Compl06164  TIRI -1.51 AT3G62980.1 . Cleavage 2 21.64
ptc-miR393¢

Compl13305 AFB3 —-1.21 AT1G12820.1 Ptc-miR393a-3p, ptc-miR393b-3p Cleavage 3 15.30

Comp92615 PSBR -2.76 AT1G79040.1 Ptc-miR393a-3p, ptc-miR393b-3p Cleavage 2.5 11.22

Non-differentially expressed gene

Comp90123 ABCB26 -0.13 AT1G70610.1 Ptc-miR393a-3p, ptc-miR393b-3p Cleavage 3 24.82
Ptc-miR393a-5p, ptc-miR393b-5p,

Compl09624 NDB3 —0.43 AT4G21490.1 . Cleavage 1.5 9.88
ptc-miR393¢

Compl110720  EIL3 -0.47 AT1G73730.1 Ptc-miR393a-3p, ptc-miR393b-3p Translation 3 8.91

Compll10461 — -0.67 AT5G20610.1 Ptc-miR393a-3p, ptc-miR393b-3p Translation 3 14.59

Comp97303 0GG1 -0.34 AT1G21710.1 Ptc-miR393a-3p, ptc-miR393b-3p Cleavage 2.5 20.09

FEHGRS: SEgh PRI N g S 2258 2 55 og(BD/CK); AGIE S5 ¢ $IIE [K 3 471 45 0L 19 7+ 245 % TAIR (http://www.Arabidopsis.org/
index.jsp, E value<1.0E-5)Blastk 5 [F190L i 1 [R1 U5 5L K G55 HI4FE FH : psRNATarget Tl miRN A il #0 5L R 235 1) 75 X, E B Aif (cleavage) Bk,
& AU B (translation); JWIEEA: $EEE N TOUI T A AL ; fE i AR TP mRNASEAT SRR S5 5 LI Bl Ak s B 1 v AR s R IR 4 o

Gene ID: gene number in the present study; Fold change: the ratio of log,(BD/CK); AGI accession No.: gene sequence was blasted against the the TAIR
database (http://www.Arabidopsis.org/index.jsp, with an E value<1.0E-5) to get the accession number of homologous gene from Arabidopsis thaliana;
Inhibition: the predicted way of miRNA inhibiting mRNA expression, cleavage or translational inhibition; Expectation: the complementary score
between miRNA and their target transcript; UPE: allowed maximum energy to unpair the target site; “—"": AGI accession No. without a gene name.
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TAHENPIE. B ERRG ST, ET
miR3934LEEDA o 3= T A7, i W miR393 5 HEA I F
5T KA R DA DG . KT miR393
AT BEZEE DR () 23, miR393 L ] 3= L) Je A
K Z N5 1015 518 #(GO: 0009734; auxin mediated
signaling pathway). 244 ¥ & K /£ BD 2 FICK % )
FIENE DL, %58 e 22 e RAK UL, 4390 JSD1-
13. CYP83BI. AFB2. TIRI. AFB3FIPSBR, X163
FERIBFE R R B 5 R I8 B i AR R 3R
1, ATASABE A T 0 R S A AR (1 75 7

R A 2 TR TS AL A B B & A T T B
HEAE AR I FE . AE K I S TIR 1R
F-box £ [ L W B 5 S LR MR8, i 2
S EY R R0 IR A R . M IR B RS S Rk
AKE, TR T EERKESBOER T
TV R IE AR #2290, [z, M) 52 309 Jt ek
ek, gEA T A A RS T AL, DU
IR ANAZ. TIR1. AFB2. AFB3J& TF-boxi&[1, /£
MR A A S AR RE N P miR 39338 ik DCL 1M 1)
B AR e b PR AR, A L R g J5 R IE & T,
AN AL L2 2 T miR393M1E ] . PSBRA:JE &
#i1l(photosystem II, PS I SR —F a1, K/
910 kDa, PSBRIE R X A7 A 15 s il v S5 AE ) 1) 4
MRz HAro¢ TPSBRIUME T L B4 vh T H A 5
HE&7EZ 56 E - R 2R e E Y. f
W9 e, /N EhIF(Thellungiella halophila)’y %
T BAT P Th e (I PSBR(AT1G79040) 3L K1, 7
AHFFEH, PSBRE Jjptc-miR393a-3pAllptc-miR393b-
3pIMHEIEDR, 758 M G oA, RIS &= 1]
R, FATHEN L 0 BE S 5 B B AR IS AR

FEmiR393 T )64~ 72 ¢ B Ik A v, 372>
B NSDI-13MCYP83BI% ik | 1. SD1-13, M Fx
RKS2, J& —Fl'S-domainZ /& & [1 ¥ i (receptor-like
kinase, RLK), fi£ % 5 AtPUB-ARM E372 % i #%
EH, 25 0% <7 S 5 38 2% SD1-134F h #R A [1)
WA EE, RN FEYA ST B A SN (self-
incompatibility, SI)P, 1 BE# 4K 1R 75 3. £
WF IR IR, 1% 8 1 T A R R B Y
ABA(abscisic acid)fii 7, Z 5 MY 1) EAH N . &
R KB, 18 % S-domain RLKFE[RI7E 32 FIJp J5 G |
BUB A5 47 556 Bl 480 AH 5G40 o (an 7K A ) e T Ik, 3%
ik B, 2 5P ARP i REEST, CYPS3BLE —

Tl f (1 25 PASORE 111, REME 1T AL K 28 10 & BlBYs
9 M (B PASORE (1) V2 Z S HEI AR M IR AR, £
FE G BOR S T AN AR I FE P AR ) Can
SEFIR . FREF )%, CYPS3BIN g i 4 5 ki
Yy AR IR AR T, 6T 993 TN AR A H FAR i . L
9 7T %2 3] BT B (Alternaria brassicicola)# 4t i,
CYPS3BIKE Rk vl P s,

AAH 57 N psRN ATargetiE 17 6 114 75 1 i
R A miRNASEIE R 0, FEK A9 15
ST A G R R T REvE R R . LT
MAF 7724 BIE DR, $EIE RS 83 & 46 TR
FIE ST EPRIE EAE. BSBEH IR S5
YIPUw B DA OGBS . I AT L, miRNASYEM B 15t
PR ACPE T TSR Y R R IA . miR393HEIL A 5
ARFENFIESEEEAEVCR, HLHEFE G
$5SD1-13. CYP83BI. AFB2. TIRI. AFB3F1PSBR%
AR F-miR 393 HIEKE P T 56 8% A Ji 391 35 B 1)
SIS e M LA DR SR A RS S . HE—
SIS H bR b TIRTAFB2%5 5k SR RE N i Th g, 7
FLod IR, JFA MY RIB BB M, 3R
PR Rk L RIRE AR, BIF9T HoAE B e T
The, AHOCSEES H AT IEAE T
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