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Abstract: [Objective] The paper is order to carry out a morphological characteristics investigation and genetic analysis of an

open-hull semi-sterility mutant (o/ss) of rice (Oryza sativa L.), induced by spaceflight, laid the groundwork for further gene cloning

and function analysis by fine mapping and preliminary screening of the candidate gene responsible for the mutated trait. [ Method]

The ohss mutant was derived from rice variety Hanghui 7, which was induced on Spaceship “Shenzhou 8”. The morphological

characteristics of ohss were anatomically observed to analyze the mutagenic features of floral organ development. Subsequently,
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pollen fertility, natural seed setting rate and bagged seed setting rate were investigated for fertility evaluation. Five plants of ohss
mutation and WT were random selected to survey the panicle and grain related traits. SSR markers covering the whole genome were
used to detect the mutagenic effect of okss. Moreover, genetic analysis was conducted using the crosses between ohss and three wild
type varieties, Hanghui 7, Francis and 02428 where the phenotypes of the F; and F, were surveyed and y” test was performed. A
population from the cross of 02428/ohss was used to map the ohss(?) gene using SSR markers and newly developed InDel markers.
The candidate gene was predicted based on the RAP gene annotation database of the mapping region and screened through sequences
alignment and expression of candidate genes. [Result] Compared with wild-type, panicles of mutant okss were enclosed and florets
showed abnormalities at the reproductive stage, and the palea and lemma were weak, distorted and dehiscent, with organ similar to
the palea in the floret, while some of florets had no palea differentiation. Sterility testing showed that pollen grain rate of the
abnormal spikelet of okss was 58.7%, leading to significantly lower seed set, less panicle weight per plant and filled grain number
per panicle compared with the wild-type. Mutation survey based on SSR markers revealed a total of 0.0336 of variation frequency
was caused between ohss and WT, and variation frequency of different chromosome varied from 0.0143 to 0.0889, except
chromosome 7 and 12. Genetic analysis indicated that the mutant phenotype in okss was controlled by a single recessive nuclear gene,
namely ohss(t), which had been fine mapped to a ~27.6 kb physical distance between two InDel markers, InDel6043 and InDel6070
on chromosome 3, where three annotated genes were predicted. Based on the result of sequencing, semi-quantitative RT-PCR and
real time quantitative PCR, there was no mutation occurring in the coding and promoter sequence of OsMADSI of ohss, but strong
changes on gene expression pattern. [ Conclusion] The mutated trait of okss was controlled by a single recessive nuclear gene ohss(?),
which was fine mapped to a ~27.6 kb physical distance between InDel6043 and InDel6070 on chromosome 3. No nucleotide
sequence mutation was found to occur in the coding sequence or the S'UTR of OsMADS]I, but expression of OsMADSI was strongly
inhibited in ohss(?).
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A: WERINEF TN ohss HIREARR YL B: EFERURN ohss IIBEIRRTY: C: ohss MIBHESRES: D: EFERURN ohss IABUERTY: E: ohss BUALAHIRL.

Bars=100 mm (A F1B) ; Bars=10 mm (C. D. Efl F)

A: Phenotype of WT and ohss individual plant during the filling stage; B: Phenotype of the panicle of WT and ohss; C: Part of the panicle of okss; D:
Phenotype of floral organs of oAss and WT; E: Anatomic structure of o/ss. Bars=100 mm (A and B); Bars=10 mm (C, D, E and F)

1 RTIK ohss REFHERIRYREVEHIE
Fig. 1 Phenotype of ohiss and WT
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BT RAGK ohss HESEHS T R B LI W2, nf
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WL SR &R 89.87% (& 2-A, # 1) . ohss
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10.53% (K 1)



A BPERAERR; B: ohss MAESE K H R HIENAE; C: ohss IETWALME R T IEH BMRIEM A D: ohss BEFAEH Y4, Bars=1 mm
A: Pollen stainability of CK; B: Pollen stainability of abnormal spikelets of o/ss ; C: Pollen stainability of normal spikelets of o/ss; D: Pollen stainability of the
bottom spikelet of okss. Bars=1 mm

B2 IR ohss REFERMIEM B
Fig. 2 The pollen fertility of ohss and WT

F1 RETIK ohss B MHIRE
Table 1 Fertility traits of okss mutant

Ek X RINEES ARG % e R
Material Pollen fertility (%) Natural seed setting rate (%) Bagged seed setting rate (%)
B/ Wild-type 89.87+0.83 90.25+1.79 85.54+1.00

AN ohss 58.74+1.60** 34.33+2.46%* 10.03£1.33**

**+4E 0.01 KTV LREFEZESR. FH  ** Significantly different at P<<0.01. The same as below

2.3 REMEISERBEES IF) 555 T 2 B S5 AR FEB A AN R A e

XA BRI GEARAK ohss REIRAS b PR IR AT % 22
(R2) o BRI RPRREEY 23.64 g, MIZAALE I
AHECAR B 35 FRAR, T3 7.48 g5 RAFRREST R $th
W B WD, SR 172,62, AR 2 50.80.
FEL, TREWH ZEFALE . B ohss KB
R TR, FPRUR AR, LSRN BAN R T2 A2
2.4 RIHK ohss EFELH SSR L ST Z 0

WURIB AL T AW FARIREHFNRAL T7

F2 R (CK) FAREMR onrss MFEEDERIIHINRE
Table 2 Panicle and grain related trait of the CK and ohss

T G F K B AR AR RN, 13— 20 B 5 A
1 ohss 587 A L JE R R SE R A /KT 11 22 57, UK TS
FE A5 A1 566 %F SSR FRic, Kl o484 ohss
AT AE RG4S/ SSR A7 AU i L (K1 3)
Gt MR W, SRABMK ohss 5P RUM] EL AR AR
7 0.0336, JLHEE 7. 12 Get pARAKT I B AR 4T,
oA G AR EATIN S ARG AR 0.0143 (56 1 4efh,
&) —0.0889 (2 8 Jfiff)

kL AR % RSk TR
Material Panicle weight per plant (g) Number of panicles Filled grain number per panicle 1000-grain weight (g)
B4R Wild-type 23.64+5.49 6.38+1.39 172.62+24.14 21.83+1.47
AN ohss 7.48+1.37** 6.00+£0.71 50.80+10.06** 20.91+0.96

?1994-2016 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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B3 RITHK ohss REFFFTER SSR FRIZE FALM
Fig. 3 Mutation detection of okss and CK using SSR markers
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4-A F1E 4-B) , M Fp AR BENLIE 22 MERZET /N
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EH (E 4-C)
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ZAMFRCIFIATIEB T (B 5-A) , KIL ohss(t)
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H T HE—0 4/ ohss@)IERLIX A, HEAT RGN &
£7, H4 Fo AE B AR B v a5 3 n 42 958 4, JFAE
WL e AL X (AN IF R 24 InDel 4 Fhrid, i 6 A4
HEAM (£ 4 . FJH RMI1324, RM14607 LLK 6
A InDel #rid Xf 958 AN HBEREAT R I, K BLAE
InDel6043 . InDel6070 . InDel6079 . InDel6111
InDel612. InDel624 5 ohss() )53 5 K25 3. 4. 4. 4.
7. 9 MNEHFAME, I H InDel6043. InDel6070 2 ANFx
W EAME (TR BEAES. RE&K ohsst)iE
PEAE InDel6043—InDel6070 X [H] Y, L5 2 ANbric [
WAL B35k 0.157 F10.209 cM (] 5-A) o FIH

F 3 RLHK ohss HIBRIL S
Table 3  Genetic analysis of mutation o/ss
éﬂﬁ' Fl ig! F2 2‘2&! Phenotype of Fz X2(3 D) X20_05
Cross Fhenotype of Fi TER PR TR BEC SRR
Normal floral organ ~ Abnormal floral organ Total Actual ratio
02428/ ohss 13 H IE'H Normal flower organ 461 128 589 3.60 3.183 3.841
Witk / ohss 1638 7 IE% Normal flower organ 441 135 576 327 0.669
Hanghui 7/ ohss
Francis/ ohss 13 H IE'H Normal flower organ 439 144 583 3.05 0.014
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A Pl P2 M-PooL MT-PooL M-PooL MT-PooL B P1 P2 M-PooL MT-POOL

C MPI PLP2P21 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
300 bp

200 bp

100 bp

A: RMI4758 [f1 BSA #¥ll; B: RM7 i BSA 8ll; C: /N B AA50IE RM14758; Pl: ohss; P2: 02428; M-Pool: FRAFHKAEEN; WT-Pool:
PPAR AR 122 Fy Hikk

A: BSA(bulk segregation analysis) of RM14758; B: BSA(bulk segregation analysis) of RM7; C: Small-scale segregation population validation of RM14758;
Pl:ohss; P2:02428; M-Pool: mutant-phenotype pool; WT-Pool: Wild-phenotype pool; 1-22: F, individual

B 4 ohss (t)BYESDR
Fig. 4 Linkage analysis of okss(t) gene

%4 L ohss (t)H) InDel ¥RIT5I4F0 RT-PCR 5| #1FF 5
Table 4 InDel markers primer sequence used for okss(#) mapping and RT-PCR

Fr g FRid/ kR S5 EI a7/ S )3 L//BEEAC BRI
No. Marker/gene Primer sequence (5'-3") Length of amplificated Location (bp) Annealing temperature
products (bp) (C)

1 InDel6043 CTTCTACCCAAGCAGGGAGAG 290 6043122 55
ATCCAACACAAGAAGCAACCA

2 InDel6070 GGTCAAAGTGTTATCAACCCAGA 114 6070651 56
CGCATATATACCCCCATCAATAA

3 InDel6079 AGAACATCAACTGGGCTTTCAT 198 6079249 56
GATCGACCTCCTCCTGTATGTC

4 InDel6111 GACGATCTCGAAACTGACATGA 200 6111365 55
TACTCTAGTATGGCAGCGCAAA

5 InDel612 GGAATCGGATAAGAGAAATGGA 218 6124241 55
CCCGTTTTGATTTGCAGAAA

6 InDel624 AGCCAGGTAGAACCTTTTGGAG 254 6243771 56
GCTTGTGAAATATAAGGGCCTGT

7 OsMADS1_CDS TGCAAAGGGGATAGAGTAGTAGAGA 982 58
GGGGAGAAGGTCGTAAGAGA

8 OsYABBY_CDS CTCAGTGCTAGGGCTAGCTTGCTTGT 820 56
GCACAGATATATGCTAAAGGGGAACGA

9 OsMADS1_5UTR  GTTGTACCACCTACCTAGGGGT 2242 57
AAGATGGGGAGGGGGAAGGTGG

10 Actinl TGTGTTGGACTCTGGTGATG 221 57
CAGGGCGATGTAGGAAAGC

11 OsMADS1 RT CTACATGGACCATCTGAGCAATGA 222 57
AAGAGAGCACGCACGTACTTAG

12 OsYABBY_RT CACTGCAACAACCTCTCCTTC 343 57
AAACCGTCGATGAGCAG

WAL LAS P AIAE ARG EE 4 (IRGSP-1.0) BEAT BLAST 343
Physical coordinates of primers were identified through BLAST searching in the Nipponbare rice genome (IRGSP-1.0)

?1994-2016 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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A: ohss()BREA 5 NLAES 3 Y4k InDel A7ic InDel6043 F1 InDel6070 [X [8] 4 ; B: ilid RAP #(#i/# (http:/rapdb.dna.affrc.go.jp/index.html) Fitill 27.6

kb X[ AT 3 Mg 2 A

A: Gene ohss(t) was fine mapped to the interval between InDel markers InDel6043and InDel6070in chromosome 3. B: In the 27.6 kb region, 3 putative genes

were annotated in RAP database (http://rapdb.dna.affrc.go.jp/index.html)
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Fig. 5 Mapping of ohss(t) gene
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2.7 (REERNFFIRIED
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Table 5 Gene annotated in mapping region

MADS-box &5 IR K, H AT O sk, BRIk
PTG I (Leafy hull sterile 1; LHSI; OsMADSI;
AFO) o ZFEDIFEHI A SN e 4 SR B AL, e —
ANWEACES B AVE A0, 5 3 ANERIEN
0s03t0215600-00 A E £ 1 (hypothetical protein) ,
TOE 2wt 5 A7 10 Sk 2 CCHC BHRE A A .

WA G HE DR P 45 R, OsYABBY i
OsMADSI SAb3s B R B LAFRAZK ohss FIETAE
RS cDNA At #itsly) (& 4) X2
Mg R K OsYABBY F OsMADS1 HIwts X 74 3E4 T
PR, Al (B 6-A T 6-B) Ak 2]
FNGRAR, R A GEAR I AR AU Tk 128 5 DR 2 ) IX i 2
G5

i ' HEH S BEPR R Fas e #ik IEfEE i R TR
No. Gene ID Description Accession Start End Strand InterPro
1 0s03t0215200-01 BEH AT, DREFHL, MK AB106554, 6041245 6048687 +  YABBY &H{, mitahrEA LY
Putative transcription factor, Carpel BADO06552 1 YABBY protein (IPR006780),
specification, Midrib formation High mobility group box domain
(IPR009071)
2 0s03t0215400-01 MADS #ifisis i, A %M 134271, 6052902 6061365 MADS &7k T, K G E T
MADS-domain-containing protein, AK069728, Transcription factor, MADS-box
Sexual reproduction AKO070981 (IPR002100), Transcription factor,
K-box (IPR002487)
3 0s03t0215600-00 Fi4i#, CCHC W Ris ek EU950651 6069091 6069426 +  CCHC Wi BAHE 4 Hd &

[ Zinc finger, CCHC retroviral-type

domain containing protein

4 Zinc finger, CCHC
retroviral-type (IPR013084)
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A FAHI %54 Ref-Nip GCTAGCTTGC TTGTCGCCGT CGCCGCCGTC GTCGCCGCCG CAATGGATCT CGTGTCGCCG TCCGAGCACC TGTGCTACGT GCGCTGCACC TACTGCAACA CCGTGCTCGC GGTTGGAGTC 120
P

fii¥E-L % Hanghui 7 GCTAGCTTGC TTGTCGCCGT CGCCGCCGTC GTCGCCGCCG CARTGGATCT CGTGTCGCCG TCCGAGCACC TGTGCTACGT GCGCTGCACC TACTGCAACA CCGTGCTCGC GGTTGGAGTC 120

A{k ohss GCTAGCTTGC TTGTCGCCGT CGCCGCCGTC GTCGCCGCCG CARTGGATCT CGTGTCGCCG TCCGAGCACC TGTGCTACGT GCGCTGCACC TACTGCAACA CCGTGCTCGC GGTTGGAGTC 120

FIAH 2% 3£ # 4] Ref-Nip CCATGCAAGA _GGCTGATGGA CACCGTGACC GTGAAATGTG GCCACTGCAA CAACCTCTCC TTCCTCAGCC CGCGGCCGCC GATGGTGCAG CCGCTCTCCC CAACTGATCA CCCCTTGGGC 240

fii¥e-t % Hanghui 7 CCATGCAAGA_GGCTGATGGA CACCGTGACC GTGAAATGTG GCCACTGCAA CAACCTCTCC TTCCTCAGCC CGCGGCCGCC GATGGTGCAG CCGCTCTCCC CAACTGATCA CCCCTTGGGC 240

5

GEAAK ohss 240
LA %% 3£ 4] Ref-Nip CCGTTTCAGG GACCTIGCAC TGACTGCAGG AGGAACCAGC CGCTGCCGCT GGTCTCGCCG ACATCAAATG AGGGTAGCCC AAGWTWTW 360
fiit-L 5 Hanghui 7 A ACCA! A_Al A_GAAGAAACAC 360
FEAEE ohss 360
[ 4% 2% JE 4] Ref-Nip CGCCTCCCAT CTGCTTACAA CCGCTTCATG AGGGAGGAAA TACAGCGTAT CAAAGCTGCC AAGCCAGATA TCCCTCACAG GGAGGCCTTC AGCATGGCTG CCAAGAACTG GGCGAAGIGC 480
%t Hanghui 7 CGCCTCCCAT CTGCTTACAA CCGCTTCATG AGGGAGGAAA TACAGCGTAT CAAAGCTGCC AAGCCAGATA TCCCTCACAG GGA! TIC AGCA T CAAGAACTG AAGTGC 480
TR ohss A (] AR A A AGCGTAT CAAA A A AGGC! A A G A 480
FIAH 2% JE D41 Ref-Nip 600
fii %L+ Hanghui 7 500
24 ohss © 600
FIAHT 2 % IEH 4] Ref-Nip GGC GGCGGCGGCG GCCGGAGCCG GCGGCGATCT 660
fit%-£45 Hanghui 7 GGC GGCGGCGGCG GCCGGAGCCG GCGGCGATCT 660

A1k ohss T CAGA_TGG [ TADGGC GGCGGCGGCG GCCGGAGCCG GCGGCGATCT 660

B HAuiZ%454] Ref-Nip GCTAGCTTGC AAAGGGGATA GAGTAGTAGA GAGAGAGAGA GAGGAGAGGA GGAGGAAGAA GW 120

fiib 5 Hanghui 7 GCTAGCTTGC AAAGGGGATA GAGTAGTAGA GAGAGAGAGA GAGGAGAGGA GGAGGAAGAA GATGGGGAGG GGGAAGGTGG AGCTGAA

ki ohss GCTAGCTTGC AAAGGGGATA GAGTAGTAGA GAGAGAGAGA GAGGAGAGGA GGAGGAAGAA GW 120

[\4&!‘;5@%hLN‘IHRc(Nlp GTTCGCCAAG CGCAGGAACG GCCTGCTCAA GAAGGCCTAC GAGCTCTCCC TCCTCTGCGA CGCCGAGGTC GCCCTCATCA TCTTCTCCGG CCGCGGCCGC CTCTTCGAGT TCTCCAGCTC 240
flit#h-t:%; Hanghui 7 STTCGCCAAG CGCAGGAACG GCCTGCTCAA GAAGGCCTAC GAGCTCTCCC TCCTCTGCGA CGCCGAGGTC GCCCTCATCA TCTTCTCCGG CCGCGGCCGC CTCTTCGAGT TCTCCAGCTC

LAk ohss

A 2% 3£ 41 Ref-Nip

Atk Hanghui 7

FI AR 2% JE P 4] Ref-Nip
AL Hanghui 7

1k ohss
FIAH 24 JE PR 4] Ref-Nip
fii ¥4+ Hanghui 7
GEAAK ohss

FA 5% A‘me Ref-Nip GTCCTGGCAA GATGGTGGTG GGCACAGCGG TTCTAGCACT GTTCTTGCTG ATCAGCCTCA TCACCATCAG GGTCTTCTCC ACCCTCACCC AGATCAGGGT GACCATTCCC TGCAGATTGE 720
%L} Hanghui 7 GTCCTGGCAA GATGGTGGTG GGCACAGCGG TTCTAGCACT GTTCTTGCTG ATCAGCCTCA TCACCATCAG GGTCTTCTCC ACCCTCACCC AGATCAGGGT GACCATTCCC TGCAGATTGE 720

FIAH 2% 3£ 4] Ref-Nip STATCATCAC CCTCATGCTC ACCATCACCA GGCCTACATG GACCATCIGA GCAATGAAGC AGCAGACATG GTTGCTCATC ACCCCAATGA ACACATCCCA TCCGGCTGGA TATGATGTGT 840
ittt Hanghui 7 GTATCATCAC CCTCATGCTC ACCATCACCA GGCCTACATG GACCATCTGA GCAATGAAGC AGCAGACATG GTTGCTCATC ACCCCAATGA ACACATCCCA TCCGGCTGGA TATGATGTGT 840
AN ohss Torer 40

FIAT &{ I£[4] Ref-Nip GTGTTCAGTT CAGGCTTCAG GCTTCAGAGA AGCCAATGCA AACAGTGTCC TGTAATCCAG TAATTACAGG GCATATGTAA TGTAATGTAA TGTAATCCCT GATCTATATT TTGCTAAGTA 960
fii}%-L % Hanghui 7 GTGTTCAGTT CAGGCTTCAG GCTTCAGAGA AGCCAATGCA AACAGTGTCC TGTAATCCAG TAATTACAGG GCATATGTAA TGTAATGTAA TGTAATCCCT GATCTATATT TTGCTAAGTA 960
54k ohss GTGTTCAGTT CAGGCTTCAG GCTTCAGAGA AGCCAATGCA AACAGTGTCC TGTAATCCAG TAATTACAGG GCATATGTAA TGTAATGTAA TGTAATCCCT GATCTATATT TTGCTAAGTA 960

C ik 2 %1504 Ref-Nip AACTACAAAT TTGTTGTACC ACCTACCTAG GGGTGACAAC ACTGCACATT TGGCTATTTA GGGCCACGCA TATATGCATG AAAAATTGAC ACACGACGTT ACTTGAGAAC CTATTCATGC AGGTCTATGA 130
fii%-t:% Hanghui 7 AACTACAAAT TTGTTGTACC ACCTACCTAG GGGTGACAAC ACTGCACATT TGGCTATTTA GGGCCACGCA TATATGCATG AAAAATTGAC ACACGACGTT ACTTGAGAAC CTATTCATGC AGGTCTATGA 130

55454k ohss AACTACAAAT TTGTTGTACC ACCTACCTAG GGGTGACAAC ACTGCACATT TGGCTATTTA GGGCCACGCA TATATGCATG AAAAATTGAC ACACGACGTT ACTTGAGAAC CTATTCATGC AGGTCTATGA 130

FI 485 2% JE P41 Ref-Nip GAAAACCCCA CCAAAAAAAR CAGATGTGCA AAATAATGCT GGATTTTCAT ATGCTATAAA TTAAGTACTA CTTTAATCAA ACACCACATT GACACACAAT GACACAAATT AAATACTCTT ACGAATTCAA 260
fii¥-L % Hanghui 7 GAAAACCCCA CCAAAAAAA- CAGATGTGCA AAATAATGCT GGATTTTCAT ATGCTATAAA TTAAGTACTA CTTTAATCAA ACACCACATT GACACACAAT GACACAAATT AAATACTCTT ACGAATTCAA 259

1 {4 ohss GAAAACCCCA CCAAAAAAA- CAGATGTGCA AAATAATGCT GGATTTTCAT ATGCTATAAA TTAAGTACTA CTTTAATCAA ACACCACATT GACACACAAT GACACAAATT AAATACTCTT ACGAATTCAA 259

485 2% JE[R4] Ref-Nip GTCATATATA CTCTAATACG CACGTGCAGC TTGTTACTCA AATAAAGAAA CAGGGCAATA CGGATCAGTA TATCCAACCA GGCTGCATGT AGGCCAAGAA CCTGACAATT CGTTTTCCTT GGAGAAAGCA 390
fii¥-L % Hanghui 7 GTCATATATA CTCTAATACG CACGTGCAGC TTGTTACTCA AATAAAGAAA CAGGGCAATA CGGATCAGTA TATCCAACCA GGCTGCATGT AGGCCAAGAA CCTGACAATT CGTTTTCCTT GGAGAAAGCA 389
% fk ohss GTCATATATA CTCTAATACG CACGTGCAGC TTGTTACTCA AATAAAGAAA CAGGGCAATA CGGATCAGTA TATCCAACCA GGCTGCATGT AGGCCAAGAA CCTGACAATT CGTTTTCCTT GGAGAAAGCA 389

4K % % JEP4] Ref-Nip AAGAACGTTT GGAACGTGTG ATGTACATGC AGATCGAGGA AAATAGCTAA TCCTGCTCTT TCCCTTTCCA GCACAAAAAA AGATTCCTTC GTAGTTCGCA CTGCATTTAT ACTCAAACCT GCAAGGCTCC 520
fji k-1 % Hanghui 7 AAGAACGTTT GGAACGTGTG ATGTACATGC AGATCGAGGA AAATAGCTAA TCCTGCTCTT TCCCTTTCCA GCACAAAAAA AGATTCCTTC GTAGTTCGCA CTGCATTTAT ACTCAAACCT GCAAGGCTCC 519
Gk ohss AMGAACGTTT GGAACGTGTG ATGTACATGC AGATCGAGGA AAATAGCTAA TCCTGCTCTT TCCCTTTCCA GCACAAAAAA AGATTCCTTC GTAGTTCGCA CTGCATTTAT ACTCAAACCT GCAAGGCTCC 519
[M;u;’;él%ulx\#ukc(mp CAAACAGTTT GAACCAAGGC GAGGGAAAAA AAAAAGATCT CCATAGCCAA GAGAAAACAT ACTGTACATG TCAAGAGATT CCCTCTTCAT ATTCTTACAA TCCTATTTAC TCAAATTAAA TCTTCATATT 650
fiit-£ 5 Hanghui 7 CAAACAGTTT GAACCAAGGC GAGGGAAAAA AAAAA-ATCT CCATAGCCAA GAGAAAACAT ACTGTACATG TCAAGAGATT CCCTCTTCAT ATTCTTACAA TCCTATTTAC TCAAATTAAA TCTTCATATT 648

454k ohss CAAACAGTTT GAACCAAGGC GAGGGAAAAA AAAAA-ATCT CCATAGCCAA GAGAAAACAT ACTGTACATG TCAAGAGATT CCCTCTTCAT ATTCTTACAA TCCTATTTAC TCAAATTAAA TCTTCATATT 648
4K % % JEPI4] Ref-Nip TCACTTCETA AATTCCAACG GCTAATTTGG TCAGCACAAA TTCAGCATCT CAATCAACAC AATTTCAATG CATGAAGGCG ATCAAGCTCA CCACTCTCCT GCCATACAAG ATGGACCGCE ACCGCTTGGA 780
fii -1 Hanghui 7 TCACTTCATA AATTCCAACG GCTAATTTGG TCAGCACAAA TTCAGCATCT CAATCAACAC AATTTCAATG CATGAAGGCG ATCAAGCTCA CCACTCTCCT GCCATACAAG ATGGACCGCT GCCGCTTGGA 778
98751k ohss TCACTTCATA AATTCCAACG GCTAATTTGG TCAGCACAAA TTCAGCATCT CAATCAACAC AATTTCAATG CATGAAGGCG ATCAAGCTCA CCACTCTCCT GCCATACAAG ATGGACCGCT GCCGCTTGGA 778

[ 48 2% J£F4] Ref-Nip ATTTCCGCAG TGACGGCAAC ACGAGGAAGA GGCAACACTA GCGGATGTAT GAAGGAGTCT GCCAAGCTCG GCTATTTCCG GCGAGCTTGA GAGTATAATC GAGATAGAGG CCGGTGGAAA GACBAAAGEC 910
fiit-L % Hanghui 7 ATTTCCGCAG TGACGGCAAC ACGAGGAAGA GGCAACACTA GCGGATGTAT GAAGGAGTCT GCCAAGCTCG GCTATTTCCG GCGAGCTTGA GAGGATAATC GAGATAGAGG CCGGTGGAAA GACAAAAGAC 908

%k ohss ATTTCCGCAG TGACGGCAAC ACGAGGAAGA GGCAACACTA GCGGATGTAT GAAGGAGTCT GCCAAGCTCG GCTATTTCCG GCGAGCTTGA GAGGATAATC GAGATAGAGG CCGGTGGAAA GACAAAAGAC 908

R
H AH§ 2 % JEPI4] Ref-Nip GBCGTACTCT TGGGCTTAGT GTGGAGGCAA CGGTGGCGGC CTEGCGGAGA GGTGACGACA CCTTGGCTTG GCATGGCAGA GTTECACTTC TCAACAGGGA TGCATGACAC TCCTAGGTAA GAAGGCGGCG 1040

fii -5 Hanghui 7 GBCGTACTCC TGGGCTTAGT GTGGAGGCAA CGGTGGCGGC CTGGCGGAGA GGTGACGACA CCTTGGCTTG GCATGGCAGA GTTTCACTTC TCAACAGGGA TGCATGGCAC TCCTAGGTAA GAAGGCGGCG 1038
A1k ohss GBCGTACTCC TGGGCTTAGT GTGGAGGCAA CGGTGGCGGC CTGGCGGAGA GGTGACGACA CCTTGGCTTG GCATGGCAGA GTTTCACTTC TCAACAGGGA TGCATGGCAC TCCTAGGTAA GAAGGCGGCG 1038

FIATS 2% JE[F 4] Ref-Nip GTGCTGGTGG GTGTGGGTGG AGGCACATGG ACTTCTCTCA ACAATAAAGT TGCTCTCGCT GTCAAACTAT TCCCTCTGCC AAGTTTGANC ACTCAATTTC TTGATTTGGC TAGTCGGATA AGATAGECAC 1170
fiit-t.% Hanghui 7 GTGCTGGTGG GTGTGGGTGG AGGCACATGG ACTTCTCTCA ACAATAAAGT TGCTCTCGCT GTCAAACTAT TCCCTCTGCC AAGTTTGACC ACTCAATTTC TTGATTTGGC TAGTCGGATA AGATAGCCAC 1168
A4k ohss GTGCTGGTGG GTGTGGGTGG AGGCACATGG ACTTCTCTCA ACAATAAAGT TGCTCTCGCT GTCAAACTAT TCCCTCTGCC AAGTTTGACC ACTCAATTTC TTGATTTGGC TAGTCGGATA AGATAGCCAC 1168

FIAHS 24 3£ 4] Ref-Nip CGACATAGCC AACCAGATGG GATAACCCCT TTTTTTTTAG CATGGAGAGT GGGACCAAAT GTCCAAGCTA TCTCCCATAC TCCCTATGTC CAAAAAAAAA TAATATTTTT TAAATTCATA TCTAACATAC 1300
fiitf-t % Hanghui 7 CGACATAGCC AACCAGATGG GATAACCCCT TTTTTTTTAG CATGGAGAGT GGGACCAAAT ATCCAAGCTA TCTCCCATAC TCCCTATGTC --AAAAAAAA CAATATTTTT TAAATTCATA TCTAACATAC 1296
5E45 1k ohss CGACATAGCC AACCAGATGG GATAACCCCT TTTTTTTTAG CATGGAGAGT GGGACCAAAT ATCCAAGCTA TCTCCCATAC TCCCTATGTC --AAAAAAAA CAATATTTTT TAAATTCATA TCTAACATAC 1296
FIAH %% J£[K 4] Ref-Nip GAAGATAATA CTCTECGTTG AAAAAAAAAE CAACTTGAGA ATCTAGACAC AACTTTATTT TTTATAAGAC GGAAAGACTG TACTCCTATA CTCCTACATT TCACCAETTT TTTTCCCCGC GTAAAAACAA 1428
fji#%-t % Hanghui 7 AMAGATAATA CTCTCCGTTG AAAAAAAAAA CAACCTTAGA ATCTAGACAC AACTTTATTT TTTATAAGAC GGAAAGACAG TACTCCTATA CTCCTACATT TCACCAATTT TTTTCCCCGC GTAAAAACAA 1426
JEA fk ohss AAAGATAATA CTCTCCGTTG AAAAAAAAAA CAACCTTAGA ATCTAGACAC AACTTTATTT TTTATAAGAC GGAAAGACAG TACTCCTATA CTCCTACATT TCACCAATTT TTTTCCCCGC GTAAAAACAA 1426
FI A5 2% £ 541 Ref-Nip ACCCCCGAAT TGACCGTCCA CTGTAGCATC ACTCCATCAG ACTTGAAGCG AGTGAGAGAC AGAGCGCTGC GTTAAAAAGA AAAGAGGAAA GAACCGGACG CAGAGCCCTA CTGTCAAACT GACAAGGCAG 1558
ficth-t% Hanghui 7 ACCCCCGAAT TGACCGTCCA CTGTAGCATC ACTCCATCAG ACTTGAAGCG AGTGAGAGAC AGAGCGCTGC GTTAAAAAGA AAAGAGGAAA GAACCGGACG TA CTGTCAAACT GACAAGGCAG 1556
%k ohss ACCCCCGAAT TGACCGTCCA CTGTAGCATC ACTCCATCAG ACTTGAAGCG AGTGAGAGAC AGAGCGCTGC GTTAAAAAGA AAAGA A GAACCGGACG TA CTGTCAAACT GACAAGGCAG 1556
FIKI 2% 3£ F 4] Ref-Nip GAAGAAGAAA GGGAAGCCCC CCCTACCAAG CCCTAGCCTC CTTGTCCGTT TGCTCCCCCC CAGCGCCACC CCCCGTCGAC ACGCGTCGCC CACCCTCTGC CATTCCCTCT TCCGCCCTCC CAGCCACTAC 1688
fitt-t% Hanghui 7 GAAGAAGAAA GGGAAGCCCC CCCTACCAAG CCCTAGCCTC CTTGTCCGTT TGCTCCCCCC CAGCGCCACC CCCCGTCGAC ACGCGTCGCC CACCCTCTGC CATTCCCTCT TCCGCCCTCC CAGCCACTAC 1686
% fk ohss GAAGAAGAAA GGGAAGCCCC CCCTACCAAG CCCTAGCCTC CTTGTCCGTT TGCTCCCCCC CAGCGCCACC CCCCGTCGAC ACGCGTCGCC CACCCTCTGC CATTCCCTCT TCCGCCCTCC CAGCCACTAC 1686

ES
[ A1 2% H 4] Ref-Nip TACGCTTTTA CTCCCTGCCG CGCGCGCGAG ATCTTCACCT TCACCGTATC CGCTCGCGTT TTGCACGCAG TTGATTTGCG CTTTGTTTTT GCATCCTACG AAACTAACCG CACACCAATC ACCTCCTCCA ISI8

itt-L % Hanghui 7 TACGCTTTTA CTCCCTGCCG CGCGCGCGAG ATCTTCACCT TCACCGTATC CGCTCGCGTT TTGCACGCAG TTGATTTGCG CTTTGTTTTT GCATCCTACG AAACTAACCG CACACCAATC ACCTCCTCCA 1816
44k ohss TACGCTTTTA CTCCCTGCCG CGCGCGCGAG ATCTTCACCT TCACCGTATC CGCTCGCGTT TTGCACGCAG TTGATTTGCG CTTTGTTTTT GCATCCTACG AAACTAACCG CACACCAATC ACCTCCTCCA 1816
FI A0 % % J£[H4] Ref-Nip CCACCGCACA GAGCTATAGC TAGCGAGGAG CGTGCTACAG TGCGCTGCGC AGGAGAGAGA ATCGATCGAT GGAAGAACGC GACAGGAGCA AGCTAGCCAG CCTAGCTGTA GCGACGTGAC AGCAGTTTGA 1948

fii}%-£:% Hanghui 7 CCACCGCACA GAGCTATAGC TAGCGAGGAG CGTGCTACAG TGCGCTGCGC AGGAGAGAGA ATCGATCGAT GGAAGAACGC GACAGGAGCA AGCTAGCCAG CCTAGCTGTA GCGACGTGAC AGCAGTTTGA 1946
4{f ohss CCACCGCACA GAGCTATAGC TAGCGAGGAG CGTGCTACAG TGCGCTGCGC AGGAGAGAGA ATCGATCGAT GGAAGAACGC GACAGGAGCA AGCTAGCCAG CCTAGCTGTA GCGACGTGAC AGCAGTTTGA 1946

5
[ 4K 2% J£P4] Ref-Nip TCTTTCTTTT TTTCTTATGA TGGCTAAGCT TATACGTAAG CCGATCGATC GATGGCGAGA TAGATCAGAG ATTAATATAC AGGGGTAATT AATGTACTAA TTACAATTAA GTGTGTGGAC GAGCGAGCCG 2078

fitt-L % Hanghui 7 TCTTTCTTTT TTTCTTATGA TGGCTAAGCT TATACGTAAG CCGATCGATC GATGGCGAGA TAGATCAGAG ATTAATATAC AGGGGTAATT AATGTACTAA TTACAATTAA GTGTGTGGAC GAGCGAGCCG 2076
%k ohss TCTTTCTTTT TTTCTTATGA TGGCTAAGCT TATACGTAAG CCGATCGATC GATGGCGAGA TAGATCAGAG ATTAATATAC AGGGGTAATT AATGTACTAA TTACAATTAA GTGTGTGGAC GAGCGAGCCG 2076

5
[SENE =24 Ref-Nip TGTGGAGTTA CAGCTAGCTA GCGC-TTATG CTACTCCTAC TTAAGGCGAG ACCCCAAACT CCAAGCATAC GATCAGGTAG CCHAAACCAC ACCACCATAA AGCTAGCTTG CAAAGGGGAT AGAGTAGTAG 2206
fitk-L 5 Hanghui 7 TGTGGAGTTA CAGCTAGCTA GCGC-TTATG CTACTCCTAC TTAAGGCGAG ACCCCAAACT CCAAGCATAC GATCAGGTAG CCCAAACCAC ACCACCATAA AGCTAGCTTG CAAAGGGGAT AGAGTAGTAG 2205
A5k ohss TGTGGAGTTA CAGCTAGCTA GCGC-TTATG CTACTCCTAC TTAAGGCGAG ACCCCAAACT CCAAGCATAC GATCAGGTAG CCCAAACCAC ACCACCATAA AGCTAGCTTG CAAAGGGGAT AGAGTAGTAG 2205
FIAH 2 355941 Ref-Nip AAGA
At Hanghui 7 A
SEAAE ohss A

A: OsMADSI [f) CDS XIHFHILEXT; B: OsYABBY I CDS XIR/FHILLXT ;s C: OsMADSI EJfIX P HILERT
A: Sequence alignment of coding region of OsMADSI; B: Sequence alignment of coding region of OsYABBY; C: Sequence alignment of upstream region of
OsMADS1

Bl 6 OsYABBY. OsMADST 4RF3IX R OsMADST LifX B9 75! b3
Fig. 6 Amplification of coding region of OsYABBY and OsMADS1and upstream region of OsMADS1
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Bl 5, XA E R G WA LM 2 MEiEIER
OsYABBY H1 OsMADS! [ 3B /KF-HEA TR o 2 5
RT-PCR K3 OsYABBY #+BF /TR ohss 7Kg
Fr¥IAZRIL, R RIS EIA—E OsMADST 14
RN ohss KFE y RIAFEAR — S H R RETE, (1
S E R Y AR A P IR B I = TR AR ohss (18
7-A) o BE—FIH ¢ 7 qQRT-PCR Kl OsYABBY
Al OsMADSI {5874 FIRN ohss 158X (K 7-B).
ZFEI B, OsYABBY 1 2 MAPEHEI Fr FIREER R A AL
AK—3 (K] 7-B) , 1 OsMADSI 1EFFARIF 0 Fr o

A SRR WT

PRI T IRARAA ohss, I HR s e RER Y AR Rk =
JETABNR ohss (1) 10 f5LL Lo ZEHIEEI] OsMADS! 1)
Fikpi A AEEE (B 7-B) o MREERIE T4
R FXTRERY, SRR ohss (1] OsMADSI 13635
5 F 5 ZU ] o

SEGEAAK ohss 1] OsMADSI 15 R ) 3% 7K
PR, &7 S'UTR A RATAET 2 6
OsMADSI L% 2 kb IXISHEAT 340 37 A7 51 o ov)
(K 6-C) o 4Ry, BpARIK-LS DL S AR 4
ohss HIRE HANS 2% IR A7/E 2 A SNP (n] BE S

RAAK ohss

I A Leaf

OsYABBY

OsMADS1

Actin

35T WA ohss leaf
MUtK-G47 -1 - Hanghui 7 leaf
FEARR-FEEE ohss spikelet
Jitk-t 5 -A4E Hanghui 7 spikelet

301

251

201

151

101

HIX £ 3L i Relative quantification @

0 e e ) [

A0 Spikelet

|

It Leaf FH Spikelet

L -

___l_-—l

R Boot stage Z ] Boot stage Ji7%4Y] Heading stage
OsYABBY OsMADS1 OsMADS1
Ab B Treatment

A: OsYABBY I OsMADSI 1EW Jy AEHEHI - € & RT-PCR Kx¥ll; B: OsYABBY F1 OsMADSI 1EW )7 AT qRT-PCR £l
A: Semi-quantitative RT-PCR analysis of OsYABBY and OsMADS]I in leaf and spikelet; B: QRT-PCR analysis of OsYABBY and OsMADS] in leaf and spikelet

7 7= RT-PCR ALK EE aRT-PCR #U OsYABBY F1 OsMADST ik 7k
Fig. 7 Semi-quantitative RT-PCR and qRT-PCR analysis of the expression level of OsYABBY and OsMADS1
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IR s Y Wt S o 7Y 5 S TE O L (R A
HoRH RS RRAS P AR R . KRR B

RE SRS, W RE MR A AR e,
FEN/MTE K HES . MESM SRR EREN&
2E O EH AW 2 (determinancy) 458 ML
AT T R S FEEE TR, 450 B R
KRG RIREER™, ERgal. Wk, i
R A K R e KR = B ) IR -, S KR = 1
HABEEEWD, Kk, MG SR R e
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SN, W R ILEE IR, T KR
A HEERE .

MADS-box S:FATHEANEY) AL, FEIFE LS
LS E IR E R PR, ZRER S
VEMIIE FR A K BB AR K A RN . FHAE
PR . fERE AR . BRI EUNE
PEAGEDOL ARSI T e A X R 3 DR D R E R AR
Wr, T ohss(t) 7] BE & OsMADSI H1— S50 3L .
H AT 7RI, OsMADSIT TRV SCo8AR 4 ()R HE T gt 78
RIS, /NI N AT AE K IR, B sk T
PRI SRS T AR, MESS R, O
BoEian, shah, —Le N R RN b= AR
AN NAERT R A H R L AMRIG R B OsMADST 5
lhs1 JIRl—AKED, GEARAK Ths] & OsMADSI 1) 2 A
TR 5 AR 1 — A Rl YE 7 B 58 4% (homeotic mutation ),
PR BGEA BT IML LY. OsMADSI 1223k
LT P AMFERE A SR B AL, TEVFE OsMADST #
P FIA (R R AR BLAE (0 YRS TR A i % Er Y
OsMADS1 Difg 5t e KRR FH T 3 MW B K
Jis HESSRLC R RAESEA R R AR, AR R T AN
FINFZAACLII G50  SX T T 25 KA A [R]— 2 /N TR I
TEWE L, BWITE B8 K T voe Py, A
WFFEH, ohss 1) OsMADSI 4t X H1 2 kb _L3 A2
T XA 3 40 5 B AR 2 — 35, B b mT I L 4w (1)
OsMADSI &1 58 AR R A D) e — 3 AHE B R IA
B SR SR “&” WZET LM ZES . OsMADSI
HA EREFMIEE, S H5NIMEEEIGERIRE,
FLER R R R B U — 7 T 3 12 2 TR )y R 2 31 FRE
i, SRS T T E KL Sy AR 3
R EAE I J5 300 Rl R R = A s g, 6P Side R & s
FEDR 9 4 38 Jl T4

ohss WFRAL | EHGE AR A, I B
16 5 DR R ) DX 70 A 000 oA e BT A 2R R S AR Ak H B
BFESEAR, 1 OsMADSI R ZRIANC R NI, X i
FARP= AT K b, B R AR R A rT e
SV K BIFRWBALNLE], Fin DNA FEALAE DL,
microRNAFO-IAE L3 42

IKFERIAG B IS X S LB — B A ) 2 U AT

FOIBAL R BN E AR KRBT EL ohss
i 78 (AR A A AL PRI I AR AT IO RAR A, IR
AR B ORI  BUE L SR I AR P SO I
b AR RIS . SRR R T 1 — 254

T2 T T DR AR T AR AL G o A i R rh R A
HORG EAL(ER

4 i

2 [A)F5 A8 KRG Ja AR IR e KA — NP BE A F
(LT RE T MR ohss. HEAERUHLL,
SEARAK ohss R IR I WAL 2K, BUE R B IR
WAME R IESS . LAY HIFRAEE, FHEA Bk
B RBIAFPIRIIE T, 5 B B WEE 7346« ohss
REFE BT ] BN EN 58.74%, FERKRE,
SR FEUH, FESIOR I B AR AR LUK 2 BRI . ohss
I REA B R Z B PEARZ LN ohss() ¥, T4
ohss(t) EALTEKAEEE 3 Jefifk B 2 /> InDel #rid
InDel6043 1 InDel6070 [ £ 27.6 kb (4 BLEEES P
XA 3 AN REIE A, ohss()F) OsMADS! )%
741 Je S'UTR X AR R AETRIETEAR , (HFRILZ 51 E)
il
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