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Abstract: [Objective] The objective of the research is to identify and clone a rice split-husk gene, providing support for
elucidating the genetic mechanism of rice floret closing. [Method] A split husk mutant, shl, was isolated from an
ethylmethylsulfone (EMS) mutagenic population of indica cultivar Xiangzaoxian 6. The morphological characteristics of
florets and lodicules were observed. The SH1 gene was identified by map-based cloning using an F, population of a cross
between shl and 02428. In addition, expression levels of related genes were analyzed by quantitative PCR. [Results]
The sh1l mutant showed normal floral morphological characteristics, but failed to close the lemma and palea after floret
opening, which was caused by delay of lodicule dehydration. The shl mutant was also featured by increased number of
effective panicles, obviously decreased seed-setting rate and 1000-grain weight. Genetic analysis indicated that the
mutant phenotype was controlled by a pair of recessive nuclear gene. The SH1 gene was fine-mapped to a 110 kb interval
between markers 1D19827 and 1D19884 on the chromosome 3. After sequencing of this region, we found that there is a
single base transition in the coding region of allene oxide synthase 1 (OsAOS1), which resulted in an amino acid
substitution. Correspondingly, the mutant showed reduced content of jasmonic acid (JA) and differential expression of
genes related to JA synthesis and signal transduction. [ Conclusion]The SH1 gene regulates rice floret closing through JA
synthesis and signal transduction, and OsAQSL1 is the candidate gene for SH1.
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fiio RH CTAB IEFRHCEA K BHATEMR DNA.
M Fo BEAAR FR 23 I3 X 10 Bk IE % FRAN 10 RRZLFRE,
F RIS R DNA RS, I 2 Rt f 5 AR
RN B RTESRAREBET SSR 51K 2 A
i, FRHZSES Py AR, ffiEs H
PR RIS SSR Fric, A /b & ek s kgt 47
WIENL; TEWIENLX [A] 11 InDel #xic, ¥ KENL
BHAZEAT RS 4H A7 . PCR BAF 10 pL. 5 2X Taq
PCR Fili 7 5 pL, IE& A 51 ## 1 ul(5 umol/L),
DNA #ifie 1 uL, £BTF7/K 2 uL. PCRFEFUIT:
94°C FiAEME 5 min; 94°C A8 30 s. 55°C FiB
2k 30s, 72°C FiEfHi 30s, 33 MEFR; 72°C FiEfH
5 min. 7ERE4HE ALK [A] P, HL 4 3 (8] 1 D e vE R Tl
TR IER, I LR AR B 5 SR 1) 7 51 2 57 o
1.5 FRFERSENE

FREAEI, BUTBUS 2 30 min 15 AR shl
AIEH 05 g, WHEEGEE T-80C MMife, HT
PR R & BRI o AT ST B 5 e B 3
BUDEH, N 3 mL FRAMIEREOR (Vowm oV k-
V2%=90:9:1), 4CEILIRHE 24 h; 4°C. 12000
r/min 250 15 min, %8 BIEW; BN 2 mL ##
IO SRR B0 L IR B R IRIR IR, 7R
IR HZEAMT N 400 pl R A R, 42 0.22 pm
ﬁ%LF Z2% Fu BN, R RO

JRERE G TR . 3 AEMHEER.
16 EE RN

HURER 8] f2 51 ] 1.5 4% 1 RNA $2B0GR 7 &
(£ [E Omega A &) FAEH FS RNA, {FH 1%
FIERREREAER K, A RNA FES 528, [H
{8 FH A3 B2 4306 )% £ i+ (NanoDrop 2000, Thermo)
I RNA BEF7E 260, 280, 230 nm KAWL
RNA il &4 J& » 45 e s k77 & (H 4% ToYoBo
N A])3R1S cDNA; cDNA AR R — e 5 5Us 1T
K& PCR 43#H71. 4 SYBR gPCR Master Mix
(Vazyme)fE N e gerl, RMNAKRZRN 20 uL, fE%R
Jt5E & PCR X _E#47(1Q5, Bio-Rad, [H). PCR

*1 EREMEFRESHSIIER

Table 1. Primers for gene mapping and expression analysis.
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2R . 94°C FTAS T 1 min; 94°C FAEME 15 s,
56°C FiB-k 155, 72°C FZEfH 30's, 40 MiEHr. LA
OsActin fE A2, FERFILMMARERM 27
FE . KE SIS E RS, HA5IMI
F 1o FEAIAI 2 57 0 M MR LR 56 .

2SR50

2.1 shl RTLMAHHIRB D

WK 1-A Frs, shl SORREEEE A fHA
B A RUBEAR — 3, FUE A IEH N AME . S
o2 itk o BPA RUE T BUS 1 h FEARE 56 A 3,
shl RAFRREIE S HF AL, (HAREIER (K 1-B).
shl FEARRIHBLLFIES] 37.1%. —HBH ATl
LARFFRITIRE B BIER 4552, P #REE 124,

1399

—30min +10 min +60 min —30 min +10 min +60 min
shl
E1 ETii%D?&IW%ﬁTE’]ﬁZJ%‘M@
Fig. 1. Morphological observation of florets of wild type
and shl mutant.

5| %14 F% Primer name

IEFM54) Forward primer (5'—3")

S IF 54 Reverse primer (5'—3')

RM15967 AAGAGCCCTAGCGATAGCAAAGC GTTCTACCTACCTGCGGCTTCC
RM1352 CACCTTCGATTTCCTTCTCATCG CGAGTTGTACTCTGGTTGCTTCC
RM1004 GTCGACATGCTCGTGGTTCTGG CCCAAGTTCGTCGACCTCACC
1D19827 ACCGTTCACTACAAGCAGAT GTGTTCCACTTCCTCAACTG
1D19884 AAGTGGATCTCTCCGAAACT TTCTGAGGGAGCTTATCGTA
OsActin CATTGGTGCTGAGCGTTTCC AGAAACAAGCAGGAGGACGG
OsJAmyb GAGGACCAGAGTGCAAAAGC CATGGCATCCTTGAACCTCT
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#=2 HERSZRITE shl WEEREMIRELER
Table 2. Agronomic traits of the wild type (WT) and sh1l mutant.
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Bl o EERI S TR L ghiseg R
. ,m No. of effective No. of spikelets Seed-setting 1000-grain
Material Plant height / cm . . .
panicles per panicle rate / % weight/ g
WT 81.4+34 5.5+0.5 134.316.7 81.846.3 239104
shl 87.8+2.1 7.5+0.7" 121.3+12.9 25.1+3.8™ 22.1+0.3"

", Ty AR B AR Y 1 AR R 22 5 0.05 A1 0.01 B E KT

*, "Significant difference between the mutant and its wild type at 0.05 and 0.01 levels, respectively.

BT BA GRS, EHWR TR S HEL (K
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5 RARIIIR P Z [ HE B A W R 22 57 . TT RS 60
min, FFAERER A CRKZES, (HRAERER T
IR T I JORTES, BRI 58 AL, TR
ARAR BB E M AR B R FF IR o IXLLLIRKR W, shl
RARR I A REAETT UG L9 255, FERAER
ABEIEH PR

AR SRR SRR (R 2), R
IR AR SR S B AR R B E S, B
ZESEARAMNT R HLR 25 N B, Hoh 25 SR I B £ )
W, shl RAMKIIEE LRI 25.1%; MKk, R
RHIA O 2% 2 T B AR
22 FREFHNEESITREREM

1 shl RAZR S BFAERLM AL 6 5 1R/, 2%
it By SERDLIEF , sh1AH A 6 5 ) Fy A I

PR 1145 ¥k, 24500k 365 Fk, 208 LB &R R
it 311 (4*=0.55 < y2,=3.84); 7EHIFH 6 S/shl
() Fo B, WK 1024 K, Zikk 315, £
K6 Ew bk SR BN 0 B B RS 301
(1?=1.55 < y2=3.84), M shl FEAZ A [1) 54 Fi % Y
52X BR A A R
FIH shl KAk 5 02428 (FIRIKEAE Fp BEAK AT
TP AL fESEAH FH 6 5 F1 02428 2 [8], FL4i
k%) 168 Xt 2 &1 SSR 514, HILIHARIE 12 %k
Ak b AE Ry B R 4 R EL 10 BRIE T BRAN 10 B
ZUFTRRAL 2 DNA TR, SRR Z 5519
P> DNA VR, RILES 3 Yuttik L) SSR 5
) RM293 1AM 2 (B 2 2 7%, B 57 RM293
JEFE 3G SSR FRic, FIH 34 135 R KL, K H
bR R 2 AT 4E RM15967 Al RM1352 /5> SSR #rid
Z I8, WRRER B2 701 kb HE—HH KRk bk
3 285 4, FEEVIEALIX A NI bRiL, &
P B 2 AL AE 1D19827 5 1D19884 5™ InDel Fric
Z 06, YyHEEE L)y 110 kb ( 2). % H AR
FFAFH, SRIX AN 14 AN IFRE EAE(Open

Marker RM8269 RMI15967 SH1 RM1352 RM6806 RM468
b E S
ecombinan =3¢
3 ,,l1 1\\\2 5 n=34
/,, \\\
d
// \\\
Marker RN115967,/, ID1982:/g ID19884 RM1004 \\\RI\’IISSZ
o | 1 v | l |
. | [~10 kb= |
Recombinant 5 2z 3 19w 7 16 n=285
/ Sso
4 -~
4 \~~~
,/ -~

WT GGG TACQCAG|CCC ATG
WT Gly Tyr|Gln |Pro Met
2 JK#E SH1 EFE IR E L

Fig. 2. Fine mapping of the rice SH1 gene.

shl GGG TAC|CGG[CCC ATG
shl  Gly Tyr|Arg |Pro Met
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** Significant difference between the mutant and WT at 0.01 level.

E3 HERMRTAEREFNRIRIE

Fig. 3. JAcontent in florets of wild type and sh1 mutant.
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G, SEMILE AN 414 MEER BB R B
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FT OsLOX2 3R IE A FAE RAR A AR 5 25 R B, 2
HoAth & L R A1 OsAOS1. OsAOS2. OsAOC L
J. OsOPR7 (R IATE R AE BRI RAAR 2 8] 2 AN B
= (F4-A); 1o, Z25BUEFFIRS RRE2RIY
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Fig. 4. Relative expression level of genes related to JA synthesis and signal transduction.
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HEXAKPAERBAPEEAEHEENL (B 4-B).
HEERE, KRG 57 F5E Osdamyb 524k
HH K OsCOlla. OsCOIlb 7E 54 kb B %% S
Fik, HH—AFEFHRZARE AR 0sCOI2 (15
ST 2. JAZ (Jasmonate ZIM-domain) £ H /2 H
YRR SRR R R R I OB R T B OsJAZL
1 OsJAZ3 LUK, HoAh JAZ R R TE K FAEEE
RIRIRAS R 22 e .5, Hoip KR4y JAZ BERIAE 58
AR RIS, (5 OsJAZ5 F1 OsIAZ15 (kK
PR AT R ET R (B 4-C). 451, SH1 3R
[P 9AR 0 2 PR T AR 88 B R ISR AT IR & i, BT 5%
Wi T SRR A AT 5 5 AR IR R 1 3R IE

3 iR

KT T —NKBRFRLH shl, KA
IER BN IA SERE T, (LR SHL %
57 — 4484k &% Callene oxide synthase, AOS).
shl SRAFfAZ OsAOSL FE[H M5 AR Ik, ZIEH
O RIE 2 JA WA BRI OCERG AL, H
O 58 % R R R (R 1k 02, K ARG 3t 4 A
AOS [F 5L P, Hrft OsAOS1 CLiiE B 5 kg
{6 7 A g e PO DA R o 3 A i A B A K )
it e,

FEKFE IA & A G RAE R, OsAOC FEH
BHI IA S8 N, AR R LR AR
BT, [ BAEY BRI A R
Y, TEZATRE Sk B o g e, 5 0sAOC
RAMRIAL, AWF7H shl RAAR) JA 2B E
E M, (BESERARAEREMNEL, HENHT6
Fe R /KRG OsAOC £:F R A —M% U1, 1 OsAOS
RN 4 MBI, FAEEANEN, ik OsAOC 3
DRl ) R A 0 AL 4 B IR e B8 2, K2 KRG JA
B FRA R RILE P 2, 0sOPR7 587457
TR R, (EAER B P IR 2 B e
TEAMFEH, shl RASAKKILE LR M TR E R E T
B, HECEEOE N, R JA G RUE:FE
I IR AR e 4 — 8. JA AR EATEER, T
5 R @ BRI R AL IA-11M . JAR HE 4 Y JA-
REER A g, /KRG OsJARL ZER A5 JA-Ile
SHBYSEPE TR, KAARIERES,
ST R AS A B3, KR A B 16 48 T % 2R
AL RIE R R A R, Horb gk R AR AT
(programmed cell death, PCD) 77K M1 Bl #2
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ECEEAEH, Osopr7 274 A1) PCD ZEIR S 2 /4]
BRI, ARHFRERERIL, shl SEASIR RN 7E
FEBUG 4ERF I OIRAS, X ATREAE shl AR
FEJFER . JA X HABISEEA IERBEES, JA
AR R R #3221 JA S R
AOC F: [ RIEKCFAE JA I & A iR R,
FIRAE IA BRI RA A RN, 5ix sam 5t 45
B3, AW OsDADL & JA & REHAE shl
RAA R RIE B N IA S EN R T R
M5/ FiE7, KESYH IA B9 FHERE
PR 5 shl RARR () 22 F kI8 . XL 5 A
PRI AT RESZIR T i D R 2k DR () R I A A BRARSS, AT
VB I AR . B, 78T I8 i 5
OsCHX14 7t Osjarl RAEARIE LiE, FlEK A+
BB TR B B B, OsSWEET 25 Wi HiAH ¢
FERE Osopr7 RAGAHZFRIE N, WA HH)
WERY o i, TR SR R (1) 1E 2 A A
A 121 SHT HE R 753 1k SRR HB1R  AK R AE
WA, EATHIHS SR JA & BIE SRRk
RS RAARN, X RN FIEEE T
IR ThRERF 72 .
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