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Abstract. According to our previous genome-wide association analysis ( GWAS ) and
prediction of gene expression, we identified AIMEST as a potential gene that may participate in
regulating seed number per silique ( SNS). We identified the loss-of-function mutants of
AIMES1 and analyzed their phenotypes. AIMEST had significantly reduced SNS and seed
density compared with the wild-type control. Transcriptomic analysis revealed that multiple
important genes involved in hormone-related ovule initiation and development were down-
regulated, suggesting that AIMEST positively regulated SNS by modulating hormone signals.
The ectopic expression of AIMEST by placenta-specific promoter STK led to shorter siliques
but significantly increased seed density, further demonstrating that A{MES71 positively
regulated ovule initiation and seed density. In conclusion, our study suggests that AIMEST is a
new positive regulator of Arabidopsis ovule initiation and SNS.
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/K &G ( Oryza sativa L.) . /N ( Triticum aesti-
vum L.) . K3 ( Glycine max(L.) Merrill) . 3¢
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PRIR, EAREE A FERNEL T, B
THCE R INF TR A SRR, SHTEEM
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MIE B, D 283 W 5 SEEDSTICK ( STK) |
SHATTERPROOF1 ( SHP1) . SHATTERPROOF1
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FRAT S50 2 I A E B 9 2 R S B ( BR)
TSR BZR1 B sk R IR R R &
FIEFEE ANT, HLL F1 AP2 3635, MM 1E 18 4%
kg, S5 A RIA L, BR {551 5R KA K
bzr1-1D BA MR . IMRERECE G N, MR

MR AL, M, BR iR AU U R 2K det2,
bri1 #1 bin2-1 HA MR EERL . RERECH > fki gk
WD ALY A SR (CKs ) IF R s IR Bk ke
G, 40 o 2 K B A B ( cytokinin dehydro-
genase, CKX) ZffbAniu >3 R B AOHE, ckx3
Ckx5 MG R R B eSS, JF HIRER%CH JL
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AR E W R R E A PINT 2N AR EHEDY
— MR EENH T, pint-55E PINT B)—A-55 1)
SAMRINER, B RIRERE AR D, IRERECE P
By AZe A PIN AR 43 A A K 2 i
T K AH 5 IR ER R [l s e f 2o B2 2 DA 56T, PINT
TR FORLER

HA B 55 v, FRATT o 4 Bk TR DG B O A
(genome-wide association analysis, GWAS), Ll
PRI 107 DMESEU AP RL, % 38 g%
(15 SNPs o7 5, 0 2 R T 40+~ ik 56 1120
AR UL LRGSR I, AR NRE, HHEH
Hh—AMEE R AIMES T JEAT Th BESRAIE, AIMEST
iy —FP BT, % H RSN B R IR RIS
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1 AR5

1.1 LR

S 4 MO 4 48 B T Columbia 4= 25 Al
(Col), AASE %/ f7. A SALK BF 5T
Fr (http./signal. salk. edu/cgi-bin/tdnaexpress )
Col # 5 T Hy4 R T T-DNA i A28 K Atmes1-1
( SALK _056974.50.75.x) 1 Atmes1-2 ( SALK _
139873.50.45.x) . MM mIT TIEF FAER G
B 10% I AR BN % KA 5 min, SR HITCE K ot
Pe5 WK, ZJGHEFTE 172 MS B3Rk, F 4°C,
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coli DH5o W F 1 i A Py H R A IR F) . Rk
FRARZRAK pBI101.3 Hy A LI 3 15AF
1.2 EZBH*E
1.2.1 ANH, ARKENMFZEESIT
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Fhr8H, R Image J 8D AR K, 1t
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M TAIR( https :/www.arabidopsis.org/ ) ¥k
A5 STK BYIE 37751 il AIMEST 1) gDNA J¥51],
WG 2% 7 51 Fn 84K 7 51, & 3t pSTK-Xbal-F |
pSTK-Xbal-R & AtMES1-F/R 51¥1551 (% 1), LA
Col 4L A ik, 1 KOD St By 1,
JH DNA [T & (R ) [, 2lifk DNA, FIH
V) proSTK 4 3] pBI101.3 2k I It
DUFE, D45 S 1 A (4 EE 40 SOk Sma 1 BR iM%
MR DI DS, D alifb VI 5547, JE S5 R
KB A Smat B YIS 1) AIMEST B iy 3 [H %
B, M, &5 3 E 4 FOR pSTK @ AtMEST-
GUS,
1.2.3 RFEEEMUETT

PRI L TR AARATIA T, BRE pSTK =
AtMES1-GUS FHM: B 5E B, % 450 mg/L #l
fEF-F 50 mg/L 1 RIRE &= B 2 mL AR YEP
JiE T 28°CHI1 200 rpm ¥EIKHEEFE 10 h, FEFEA
200 mL &4 50 mg/L A& F1 50 mg/L R
BRI YEP e FHEIR TP 853 10 h, gk
RAFHE I &H 0.02% ( V/V ) Silwet L-77 #Y
PH 5. 7 1 5% IERA O AT BRI B 28 OD gy (AL
T 0.8~1.0, ¥ Col MRS I+ L7 IR A% 5% Ml
1 min, BEERFEEIE 16 h L, %2 d HiEK
BRI HEEVE T, 4 dJRIRYEE 2 K, Ry B
5k —8, FEIMER IR, WEMT .,
1.2.4 fREEEEAYS

R TS, 10% 89 I SR 4N 7% ¥
KW 5 min, TCHKMEE S K, ZEHFMESH
50 mg/L KARE K Y 172 MS 85353, T 4°C,
RGP FCE 48 h, FALJE#E A 2 1E L IS

FiRH(23°C, 16 h YGIE/8 h BRI 1555 7 d, ff
e HORA LA RN A L, T 23°C,
16 h HEHE/8 h PARG IR 2= FhE
1.2.5 RTLEHRZENEE

WIGRARE B, 76 AIMEST J£8 || Fiif
it H 5514 MMEST-FP/RP, 75 1> 28 28 (44
AT S5 T lE BT 2 B 335 14 AIMES1-1-RP
AtMES1-2-RP, T-DNA i #5149 LB(F 1), it
TTRARR R A
1.2.6 ITRIEKBRHETE

M 4k 7 %1 % 1 51 %) AMES1-OX-F #il
GUS-R(# 1), #f7 AIMES1-OX i £ ik tk & Y
1.2.7 2 RNA BIREXFN R ¥ 5% cDNA

KA LR IT Col, AtMEST 28 75 K #k & I
AtMES1-OX i FiE bk B AL T, FIH Trizol %
PEHCRNA, JF R FE S 4  cDNA, T3 [ £ 1k
30T .
1.2.8 #HHEE RT-PCR EERESHH

¥ 1.2.7 ri331ng cDNA, i 520 52 & PCR
10 (R E RS A R #E4T P3G, DL AtACTIN 1k
WS, T 2745T 5k 43 B 3 X A 3Rk
(£1),

=1 5|I¥9F75
Table 1 Sequences of primers
ElE B2 S1HT5(5'-3")
Primer name Primer sequence (5'-3")
pstar  COASCIOOACTETAGAGCTOTS
0STK-Xbal-R iggAGT%iiL%CTCTAGACCTFCATTFTA
AIMES1-F GTCTAGAGGATCCCCGGGATGAGT-
GAGGAAAAGAGGAAACA
ACTGA TAl -
AIMEST-R GAACGAATITGTCOGORAT
AtMES1-OX-F CTCCAGTTGAGGATCTTGAACT
GUS-R TTCGTTGTTCACACAAACG
QRT- AtMES1-F AACTTCTCGGATGAAGGATATG
QRT- AtMES1-R ATCACTGAGTTGCTGAGGCT
QRT- AtACTIN-F CCTTCGTCTTGATCTTGCGG
QRT- AtACTIN-R AGCGATGGCTGGAACAGAAC
AtMES1-FP GAATTAGCGCATGTAAGATTTCG
AtMES1-RP CGATCCTGGCCTCATTAAAA
AtMES1-1-RP CCATATCCTTCATCCGAGAAGT
AtMES1-2-RP TCGATGATCCCAAAAGCACT
LB ATTTTGCCGATTTCGGAAC
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FEE Sk KR R FIAEE, B O ~10 B0 Ay MESS 4T
Bl S I 53
1.2.10 HHESD

PRS2 B0 A SPSS 21.0 %4 sk 47 05 22
i, IR W E M. A GraphPad Prism
7 HAHER

2 HRENH

2.1 AIMEST1 REEFHHRENERE

AT 58 ML B I 2 A2 4R 2 ( https : /abrc. osu.
edu/) h3kE T AIMEST WIS FHC AR IR (18 1,
a), JFX AIMEST 588 bR R EAT S5, IR Y
YoE g RRY, T A 551 AMES1-FP/RP 1

a STOP

Toy %A, MRS R G T YA LB P B T 8
A% (B 1. by, UL A=A KR R
T-DNA 336 ALE AIMEST (3L R FE 8, 8
JeliaR, 9 H T-DNA RIEM#EA, A2
&bk R 94 Atmes1-1 Fll Atmes1-2,
2.2 RTEHRRERRESWT
SR F kK19 QRT-PCR 431745 5 177 (
2), SEFAERIM L, Atmest-1 Fl Atmes1-2 B4~
RASKRR R ) AIMEST LR 335 H Al B 35 PR (P
<0.01), ULHX WA AR RAE RS2 AIMEST B A
BGEABA
2.3 Atmes1-1%0 Atmes1-2 RETERBZREIS T
AWETE X 5 AR R bR R R KBS AR A
MFh+% B kAT TR, St R R W,
S5EAERIA L, AIMEST i)/ SR K %A B B AR

AMES1 ATG

e ————

AtMES1-2:

SALK_056974

Col KD

AtMES1-1:
SALK_139873

Col KD

a: T-DNA A AIMEST SR INESHIE , ERERSR UTR, MBEHREMRER AIMEST B, =MIBAFE T-DNA
A AIMEST BE:HWALE , b: PCR & MM MEE I kI, KD RREBIRER

a. Figure shows location of transfer DNA ( T-DNA) insertion in gene, white box represents UTR, black box repre-
sents AtIMEST gene, and triangle represents position where T-DNA is inserted into AtIMEST1. b Agarose gel elec-
trophoresis of polymerase chain reaction (PCR)-amplified nucleic acid, KD represent mutant lines.

B 1 AMEST #i& T-DNA BARTHMEE

Fig. 1

AtMEST1

1.0

o

AE 5 &
Relative expression level

AA S;\,’L
P\’g\\]\es P\\he

AIMES1 3875 A AIMES T JE IR 36 375 1 5 5 A R HE kb
G, RELNESD, “ o "FIR P <0.01, T,
Gene expression level of AtMEST in AtIMES1 mutant
compared with that in wild-type. Error bar repre-
sents SD. “ #x ” indicates P < 0.01. Same below.

B2 AMMESTI REEKRZNEERIEE

Fig.2 gRT-PCR of AIMES1 genes in
AtMEST mutant lines

Identification of homozygous T-DNA insertion knockdown (KD) line

(B 3. a), HEAERNMAREEE(P <0.05)
RTHEAER (K 3, b), #E—PWERR, ¥4
RIF G, AR R E R T HEF B s (B 3. ¢,
BT o A 4 A R 5 AR R (0 4% B (B BE 1Y
AR B AF R ) FE A A B RRAR (B 3: d)
DL 25 SRR AIMES T 1E 84540 rg I+ FoRn SR 1
2.4 AIMES1 SRRk REGRANF 2

PR RIUA L, AIMEST 28 48 1k B A5 £ ki L
FEAK, A7 BRI R A, i — D g L I,
AMEST B R i A TR W IR Bk Fn b -, R
AMES T ANSZmaRh 81, Fh b ml i W7 5 28 i iy iR
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a: Col fll Atmes1-1, Atmes1-2 A Kk Z AR (AR 1 mm) , b: Col fil Atmes1-1, Atmes1-2 27 IK¥k £ fa ki
%, c. Col #l Atmesi-1, Atmes1-2 7R R M R E (AR 0.5 mm) ., d: Col #1 Atmes1-1, Atmesi-2

RADBBRR R T8, “ « " %R P <0.05, T,

a. Silique of Col, Atmes1-1, and Atmes1-2mutants (Bar = 1 mm). b: Seed number per silique of Col, Atmes1-
1, and Atmes1-2 mutants. c: Dissected siliques of Col, Atmes1-1, and Atmes1-2 mutants (Bar = 0.5 mm).

d. Seed density of Col, Atmes1-1, and Atmes1-2 mutants. “ *”

indicates P < 0.05. Same below.

3 Col #n AIMEST Rk R RE N
Fig. 3 Phenotype analysis of Col and AtMEST mutant lines
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KL, 1424 AR T R, K225 KA H
it KEGG {7 5l B 5 4R 00, B Rk A 32 %2
£ TR 7 (Metabolic pathways) 7 4 8
WY & WM ( Biosynthesis of secondary metabo-
lites) “F il % (18] 4. a); TN EZL DT
MW % (% 5 # 5 ( Plant hormone signal trans-
duction) F 5 4 {4 ( Spliceosome ) 4 3 % H ( &l
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ETHEYMEG S E s, £ AMEST G

Z 5T AHY R 4 VR BR AS  AA R E500R 5 1) 3
e, BATEBAE AIMEST AR R TP A 4 43
Wi 88 . RIR A A RN IR 3R e T I 3 PR R R T
TR 2), MXILAFER AL LAY RE
S, WAERKER | A 5L TS ER IR A I
HRBCH R fakbie, T AIMEST ThEE TR [ & i i
AR5 U ] g g 28 AR MR IR BR 5 5 A A R E50k
DA
2.5 AtMES1-OXs i &Rix#k ZHIFF

T R AIMES T X5} /RO R - 25 i
(SR, AT IR AR 4 5 Rk 1y STK 19 )i 3y
TUKZ AIMEST JE[H, [HILAEfG R i 3Rk, 1
T I FIERAR AIMEST1-OXs,
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4 U7 15 4 Sh 118 2 5 R BH PR v R A T S R AR e
Jaittr Rk g, SR ER, SHAEMMI,
AIMEST 3t [ (1) i3 % 35 % & AMES1- OX-1,
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1o By AT

SRR

HAR SRR LA R
A FLHAC
ESY R TN
TR

ZEN TR G NER

HEWHERE ST

0

10 20 30 40

TN % Down-regulated genes

4 KEGG B4
Fig. 4 KEGG cluster analysis

xR 2 AMEST REGH T EREKRERMEZFTHIER
Table 2 Down-regulated genes related to ovule initiation and development in AtMEST mutant lines

HH B AP ke AtMES1 vs Col
Gene ID Gene name Function Log2FC P-value
AT4G36930 SPL ATV A K 2 A L D RN SR 2 43 2 2 TR T 0 2 R 10921 —0.92687031 0.021993656
AT3G15170 cuct PETT M4 52 | M B MRV R B R B % B (38 -0.88990778 0.0004541776
AT5G53950 cucz FEAT NI SN ZE AT S IR R s AVR B 19 -0.62758796 0.0001738212
AT2G38050 DET2 BR #e= WA det2 BIFERER B AN f b B0 124 -0.55011052 0.016352592
2 207 AtMES1 ARG ERIR T AIMEST,
ERE 2.5.2 AtMES1-OXs idRiAtk RHIREL S
@{é ol s AWFGE HLEE T AMEST-OX-1, AIMES1-OX-2.
z3 AMES1-OX-3 it J ik bR AR O f S ARIECRIRp
<9 5- o S, ». . s r—
£ = TR, RIS RBPRR R J T R  (1]
R S ST S 6: a). SEFEMIAIL, ik bk R 0 R EOM
o) 0 K o N
& (K 6: b), HEFMTHIHE(K 6. c), Hfif
P T

AtMES1-OXs i Fiktk R AIMEST k55 Col HXT4s
Gene expression level of AIMES1 in AtMES1-OXs compared
with that of Col.

Bl 5 AMES1-OXs @REMKBNEERIEE
Fig.5 gRT-PCR of AtMES1 gene in AtMES1-OXs

FURBE AT (BT ) HUP A R I Y
(&l 6. d), KW STK BK5) AIMEST 7E 16 HE ik
FINATHEEHE T IRERE AR A, ol B2 1 8 11 i e
ERIRERGE AR I I, EMR S TR TR
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TG, « wex "R P <0.001,
a: Silique of Col and AtMES1-OXs (overexpression lines) (Bar = 1 mm). b Seed number per silique of Col
and AtMES1-OXs. ¢ Dissected siliques of Col and AtMES1-OXs (Bar = 0.5 mm). d: Seed density of Col
and AtMES1-OXs. “ ##x ” indicates P < 0.001.
6 Col fiTREIRFE AIMES1-OXs REI 447
Fig. 6 Phenotype analysis of Col and AtMES1-OXs
SHATTERPROOF1 ( SHP1 ) 1 HUELLENLOS

3 itig
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PUEN, PR BR PR FES 46 1o 75 X e 28 1) AR 2K
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Ehn, BRETR RMAORRL, WK AT BT K
TR LA T R D RIS 5 18 s L RE

PRAIE AR RO IR BR R S B Sty oAk, (EARRE
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M, NS5 Bk P g 1) 51 2L 4% S R L 4
U R KA MADS %5 5% I T F G e
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TA(ANT) . BELL1(BEL1). APETALA2 (AP2) .

(HLL) 259 g HsE, ek R, 41
SR MR EEE, REREF 20
ABFFE R AMEST J&—FRIRERRE, eSS
LA YR R IR R A YDA L AR At
MEST 28 75 (AR F2 10 % St AL 808 20 M T 9 45 SR &
P, SRASARRR R A TN RS N L S T
ﬁ?%ﬁ%@ﬁ%WO#HTﬁ%%IW@ﬁ
SPL. CUC1/2, DET2, X%t [H i it A Y &,
MAKZER . iR | 3R S Rk
BRI M AT, K0 IRk B H Ak
%, AIMES1-OXs 7EfiE L i3t ik S8R R B
Ange, (HPANT B AR LR PR R BT, A
UEFPF 3 BN, A SRS T B A B T A B i
MRFTEAIER ST ;. BN LM AR IS Ik
BN B IR P b 1 R R GRS G B B, A At
MES 1 TERGE 115 s 3R s T AR K E MY
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