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FA, 5 H kA8 A E LR FH HATIT, oh P OsMADSI # % — 5 2 F % 11845 & A IR I3k , 550 % B iy R A 5B T A%,
B 2R, WL F 5 R B4 % A OsMADSI. I\ oh ¥ 3.1 OsMADS1” 3 #y 3 it ik BUK , 183 AT - F 45N 5 454048 (F
AP AR ER BT HREAR IEE OsMADSI" F5 % . 7 58, RNA & 5445 R A, MADSS #= YABBS %9 % ik %
OsMADSI A% . ABEFNTE AP A 55 i 2] T R TR, SN 52 T #7689 OsMADSI 34 IR B, 4 18 BA 36 5595 A 2T AL
BAF IR T HF AP R A L B TR
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Abstract: Floral organ is the basis of seed growth, and the development of rice floral organ directly affects
the yield and quality. An open-hull mutant (oh) was found in the progenies of rive cultivar Yuanmeisimiao
crossed with P704. The ok mutant displayed abnormal floral organ with unclosed lemma and palea, decreased
seed setting rate and smaller seeds. Genetic analysis showed that the open-hull phenotype was controlled by a pair
of recessive nuclear genes. Using bulked-segregant analysis (BSA) method, the open-hull gene was allocated in
the interval 22806614~23000408 on rice chromosome 3, where the OsMADSI gene (LOC Os03gl1614) is
present. Through alignment with the homologous gene in the Shuhui498 reference genome, the nucleotide

transversion (aspartic acid to tyrosine) at the 118" nucleotide of the first exon of OsMADSI in oh was identified
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(designated OsMADSI"). OsMADSI”" was cloned from oh and used to construct overexpression vector. The

overexpression vector was introduced into the transformable material (ZH11) by Agrobacterium-mediated

transformation. The lines over-expressing OsMADSI”" showed the open-hull phenotype. In addition, the RNA

expression results of real-time quantitative PCR showed that the expression of MADS8 and YABBS were regulated
by OsMADS]I. Collectively, this study approved the OsMADSI”", as a new allelic variant of OsMADSI, and
provided specific resources for elucidating the molecular mechanism of floral organ formation.

Key words: rice (Oryza sativa L.) ; open-hull mutant; gene cloning
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PERGAE RABK (pho) 2245 RASAK (dep ) FIAE K
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SNP, Fi| FHTE i [11] 1Y) SNP A7 %6 24 S (O 40#r , fr L
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B, F) A AE 2 34 (http ://www. nebi. nlm. nih. gov/
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A TAYARAAGRGITFILED . R
{4 FL DNA % A KOD-FX (4745 (1) A9k}
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Table 1 List of primers used in this study

EIE/EA 741 (5'-3') Sequence(5'-3') H 1
Primer name 514 Upstream primer T U514 Downstream primer Purpose
Psnpl18 TTTGTCTCCCCACTCCCTCG GAGACCCCAAACTCCAAGCATA SNP118 13 s A5
PMADS GAGAACTAGTATGGGGAGGGGGAAGGT ~ CATAGGATCCAAGCCTGAAGCCTGAACTGAA E=AENapE
HPT ATTTGTGTACGCCCGACAGT GTGCTTGACATTGGGGAGTT HILH EIREE
EFlo TTTCACTCTTGGTGTGAAGCAGAT GACTTCCTTCACGATTTCATCGTAA SR FRIR T
MADSIre TGGCAAGATGGTGGTGGG GCTTCATTGCTCAGATGGTCC

GW2Re CCTTTTCAGTGCCGTCATACC GCCAAATCGCTTCCATAACC

MADS l4re AGAAAGTCCAGAAGCAACAAGTGC TGGCAGCCCAATGCGAAC

MADS5re CTTATGCTTGAGTCCATTTCCG TGGTCCCACTGCCCTACTTG

MADS5re GGTCGCCCTCATCATCTTCTC GCGGTATCGCTCCAGTGTCT

MADS55re GGGGAAAACAGATAAGCAGCC TGAATGCCCTTTCGTTGGAG

MADS8re AGGTCGCCCTCATCATCTTCT AGGTACTCATTGCGGCTGCTT

YABBY 5re TAGGGTCCTGCATGTCTC ATACGATCGATGCATGCC

AP2-3re ACAGGGGCGTCACCTTCTACA GCACAAACTCCTCCTTGGTCC

AP2-5re ATTACGAGGATGACCTGAAGCA CGAACAGCCCCAAGTAGACG
1.4 EREHREF 1.6 RIESH

B oh 418k, ] Trizol #2HUE RNA, ] EvoM-MLV
Je Sl G R A TR A BR A H L i,
) 2 i 53 i cDNA CELAERAE IR vt 5 ), LA
MR, IS 1 (PMADS) , -4 i KOD-FX , %
N8 KOD-FX 156 B A5 0 & S WAR R A T4 3, 93 5%
4::94 °C 305,58 °C 305,68 °C 50 s,30 MEEF, 1]
W B4 7=, AU (Spel/BamHI) 1 A 3 32 ik 24k
pOX (XIHE G B 1151 ) , OsMADSI” (/)3¢35 5% Pubi
Ja B PR R A WA A R AR A
IR 11, 78 T AT IR I DNA, FIH % 2519
(HPT) " 1 , ii BB 4% JE IR Lk
1.5 HEIHRUE

Y K, SR B A R oh B/, 2 B8 Li
G SR, RS Y R I R R e i
o, B NI TSR

YR 2 5 em 2 A7 HURE, IS /ML TR G S
FH Trizol 42 B RNA; I E W BE |, B Tug A9 5 RNA
FU5% 554545 cDNA, VA EF 1o 31K Ry NS B R[]
MR8 9 i G (R B TR R A H]
WIEE , P D) B B 2¢O E i PCR USR] (AR
DR G UL A5) o A SERT 266 5E it PCR X (Bio-
Rad) #1774, 9 A7 4 : 95 °C 3 min; 95 C
55,60 °C 30 s, JEH 40K, F1Y WA 1. FEPIAHXTER
IREMTFE A 27, W3R E Rl
oA T I AT

2 HER59H

2.1 ohBYERMERAE
FF70 R ALK oh FIEF A= RIFE & AE K E T A
PR . MRS A R NI N A NEAR B A6, oh 1)
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NI AT TP R I A, 2SR IF A G SN D25 M B A o 7
B (1A B). BPERUMES 6 M 1C),  SAbHAII 2 (1 1G) ok IPANEEY £ A P % A
oh HHERERAL /MES PR M R2-6 AR (I 1B, RETE R PR A TH). IERCHN, Se 4556 o
F) s SEPE RN oh OSSR B SR (1B 459 FIE(E 1) P/ 1D).
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E%® 80F = E sof
=5 ¥oao
M ; # E
W= 60F i- 3401
; - )
o 30F
40t
20F
20F :
WT oh 10
0 =5
WT oh WT oh

AP oh BB B BFABUF oh B9/ME; CJE F R RITE IS /IME s D KPRIER AL G H e /IMEBIFE AR DT 5 1.7 BF £ B oh BYFISE I BRI
SESRILEL WTHFAETL AR 1 mm **RoR 22 5 83 T )
A': The panicles of WT and o/; B: The spikelets of WT and o/; C, E, F: Spikelet after opening the hulls; D: Seeds phenotype; G, H: Transverse
section of spikelets hulls; I, J: Comparison of hull length and setting rate between WT and o4; WT: Wild type; Bar: 1 mm; ** indicates
extremely significant difference; The same as below

Bl FFHREE(oh) FITFEISEHIE
Fig.1 Morphological characteristics of open-hull mutant
22 FHMERBEE S W3 Aoy B R A AT AR L, 3 F, 0 B A
oh TFFRAVE Z IR E IR, RIBZERAD (K, MRS TR AR LERRAT & 30 1
AL RIS R AR . B R R, E (R2),RIPTFIMOIRZ t— X B AL I 5
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Table 2 Statistical analysis of open-hull trait in F, segregated

population
. P B RR KR THRREL
(O Number of wild-type ~ Number of open-hull r
F, family line
plants plants
1 149 35 3.196
2 163 42 2.353
3 201 55 1.505
X2(0.05.1)23'84(3 1)

2.3 FEEHIERRE
T M TR T RE IR, ) 23 B R AL A
Uit AT BSA 3 Hr . PSS RILIRTG T 59.9 Gb

1.0F
Hy Chr3:5191001-6191000
W P
B _ 05
5
=
2E 0F
=z
J_\f —
29 o5t

-1.0F 1 | I I

L

AR B AR DAL | ok RN L 43 ) AR AT
13.0 Gb.17.2 Gb13.1 Gb fil 16.6 Gb BIAREHE . 45
W Q30K T 92.68%, GC & /i 1E 5 (43.65%~
44.19%) ; L4 B YK 498 i 25 S IH 4 (https : //www.
mbkbase.org/R498/) , H U5 Hi 1138024 1~ SNP., 5
AT F oh BIRIE T F AR, I =% DNA JKF- 22
SHEAG 2 S k2 RO R E AR LR ik
TRAH ZE AL, LLIMb ME T, 1kb K, 118
FEAT 11 A A ittt 22 5] 16 SNIP AT 46 2220 B HX 95%
B I BI(ELR 76 3 S e o AR 2
1AM X 380 (5191001~6191000bp) (8] 2)

1 1 1 | 1 1 |

Chrl Chr2 Chr3 Chr4

Chrs

Chré Chr7 Chr8 Chr9 Chr10  Chrll Chri2

Je i Chromosome
ZLE LA A (SNP-index ) ; B (026 95% BI{RZE s 21 6 kAR /R e e X B
The red dotted line is A (SNP-index ) ; The blue lines represent thresholds of 95% ; The red arrow indicates the candidate interval

&2

TRt 18] SNP L RINEREH

Fig.2 Distribution of A (SNP-index) between two pools

CEBRIANEAL TS5 I Ak Ar A A gt
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Table 3 Two SNPs in candidate region

(A S 5% 7 R
Position Reference Alteration Annotation
Chr3:5219419 G T H A )4 S
Chr3:6190903 C A OsR498G0305455800.
01(0sMADS1), k[

HRAE SNP [ P4 5, 3 5 YL /K 5219419 (i SNP
£ T OsR498G0305399400.01 | i 446 B 5 , : B4
MBKbase (https : /www.mbkbase.org/) F 1145 3 , %
AR SAERIERE P U3 R 24.44% HENIL SRR
RIJEK . 35 YL 44K 6190903 137 SNP 1y T OsMADSI
55— A T B 5 118 Bk ik (SNP118) , iy I ™= AE
VASHESENI LN, 744 0 OsMADSI” . OsMADSI” %
T 2 1 119 275 40 {37 2 B TR 1R R 44 2 R 78 i I 24 TR
OsMADS1 J& T MADS-Box % 5 [H 75015 , A 53

ARG SESEREF TS #EW OsMADSI
A BBSE oh AR A A fe L[] . 76 SNP118 | T i
ST e 9 LI AE TR oh F1 8 1R -S DNA Mk
M EA 7454, A B ) 5100 7, 25 SR 3R : oh 1
SNP118 i/ i A= T i AL e 28 S, AP 2578 DNA
P RO, A2 R RS IR (B 3) o 7
BEMLERLE 73 41 50 S FFF AR , A TR IE , 3 4L bk
(1) SNP118 i g5k 5 oh AH[W]
24 HEFERKIE

14 # OsMADSI" /) 3 3= ik # AR (Ubi Ji 3+
il sk ), LLrR A8 11 SR a2 44 3 o %% 35 R B il
OsMADSI" ¥ 3 F& 35 #4 L, J245 2] 8 A7l 57 #k &
(OE1~8). flif#JE 5 MHk &R A7 I i 2L B3 4
PRRFEATIORE (4 A) 5 $EHUEEER RNA, FIH 5149
% (MADS1reF/MADS IreR) #E4 7T # ik 40 #r , 5 h
L VLM EL , OsMADS 1" 32 32 35 ¥4 KL 1 OsMADS 1
1 OsMADSI" o ik B T (K1 4B) 4 114
TR & OsMADSI” () 33k i1t , i R A &1 KA
OsMADSI”5 ;&)
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* 4578 T SNP 118 AV 5 s Mix: BT 5 oh 1R A4S DNA
* indicates SNP118 site; Mix: The mixed DNA of WT and o
E3 SNPUSHINFLER
Fig.3 Sequence results of SNP118

ZHI1 OEI OE2 OE3
B 12.0 —
2 100f
el 2
i f
& 80f *x T
8
= & 6.0
£3
Z 2 40p
=3
2 20Ff
A . »
ZHIl OEl OE2  OE3

A1 33K OsMADS 1 HE IR R ARIMFF IR B 7L SRR R
OsMADSI FIOsMADSI*"#1 S FEHERIES R ZH L hE 11
OE1.OE2 OE3: 34~ OsMADSI"" i3 Fik BN bR R
A: Open-hull phenotype of OsMADSI"-overexpression lines;
B: Total expression level of OsMADS! and OsMADSI" in panicles
of OsMADS]””—overexpression lines; ZH11: Zhonghua 11; OEL,
OE2, OE3: Three OsMADSI”"-overexpression lines
B4 ERIEOsMADSI" SHFFHRE
Fig.4 Overexpression of OsMADSI”"in ZH11 resulted in
open-hull phenotype

2.5 B/EBHEEEBRRIENSWH

OsMADSI J&: b4 PP+ & & 1 SR B
Al RESZ R 0 LA R 27 AL R
Sem B HURE , 23 BT o3 46 25 & 1 AH G 5L DR 7 B AR 7R
Hloh HEYFIRFET L . MADSS 1E oh it F5 357K -]

BNV, YABBS 1E oh FHIFERAKEBA B FIRI(KTS),
VX PSR A 23852 OsMADSI1 50

§3_(} OWT o
225 Boh

=]

= .2

H#E 15}

ZolOoref 8 AW A F OBl R
Z 05¢ e

]

%

) B ) 5 : - B - R L
%\ CD\ QCD\ ?'QC’ Q‘:;j Ysﬁ/ \-‘Sﬁ} 04* Y*Q% %Q;\
[Nt @‘?" ’Q‘\?" D *é\?' < ‘-Lv

BE5 MEXERBRIESH

Fig.5 The expression analysis of the related genes
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ARG AU T A R F R 28 AR 1R (on) 8 7
T i Ay BT AL R sl BEAIFSY , $R31 OsMADST 1 14~
ST REN v N OsMADS I, 58747 OsMADS|
FERAH EL , OsMADST" A% 53 (SNP118) T B4
T2 5 40 7 2 R & B Bl 8 | 78 S0 F MADS
SERIR ., PR B 2R3k OsMADS T, BE L BT
i RE AR INERE H kb, AR A A s i R
ik OsMADSI?" 1 Lhs 1 ¥4 5|2 TF 2 AL 5 ok ik
OsMADSI" J& £ /) P9 40 5 AS BE 1E & M A, 156 B
OsMADSI” W] BT,

OsMADS Z-AE 88 &% & B SR, R 52 il et
N R 2Rk T, CA 28R E 0 LR
BB, A S R AR R AR S AR A
OsMADS! & [ A bt , 28 38 %2 £ (Oat-Like Rice) 1Y
OSMADS 1% 78 SEA7 it (55 27 o7 S JEmR i H 2 B8
RAGIR )T MADS Z5 35k, A8 55 [ R T e
JSIHEZZ R () B AR H B T A 43 157, oh 43 S AR
R BRI 2 5, 18 AN T A IR 22 S A 5 78 S
JUFHDG . R R Ao e A B R ) B ORI H AR )
25 LA B oh By RS BE 2 S WE A B Y 1.3 4%
VR o S5 5 DR 5801 57 K/ IN B 52 T R B A ] 5 BT 1)
SEATERLRERG , oh WSEAS KBNS , 65 7 KRR
i 22 18] BoRE K 22 53 36 I %2 OsMADS T JEHE" 7
AN N RS G AL, oh W ANE L B, 5 dep afo
B2 BUAHAL 5 b bsgl-1""2"Fl nal2/3"" () 46 72
1R, T RBIX AR S ) PN A1k B BN A 1 s e
Al OsMADSI AR Z B K 1335 , AR
O3 LR B BB DLHEAT T RGN, oh i) MADSS 3k
RE & T, 5 ohms] IR FEFH—3 s 0h )
YABBYS 3N 83 Fi, 5 osmads ko H ARk 4 H
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MR BT NIRGEI AP2-2 1 G2 AT RES: OsMADS|
R SR RE D TE oh 2 R ORAG I 3 i3k 2
R ik R A=A Al . T 8ok 2 22 S 1) LA [ i
AREiE— 209 o ARG AE i 5 DR B D ) S
18 OsMADS1 1% 1.8Kb )7 8l 7 X, TP A= 7Y
CDS X, SR JG 3L RS A oh , 133 TH 3L # L (H
S B I RS ARAT TH 22 BT 301 4% 2 (RH DG &5 S oK e
7)) 5 B AL & B OsMADST 3635 KR T, 3 F
Ui 2Kb J7 41 5 H ARG 2% 17 4 Jo 22 5 iX i B
OsMADSI L1 1.8 kb AfgIEH Ja s Kk, X T
OsMADS1 Wi sh T P RAIME B R T 71 TR .

OsMADS 1 JERX e & & i Re AR5
N APHEAEEALRIAANBARA . 840 miR172-AP2s
3 i P PR AR ARAR TR T SR S5 L T 2
Z TR AT 2 )7 H B E . OsMADSI BEJRE 1L
R E G R WA ATHAE AL
BAG T E . oh BABRIY &R OsMADS1 3 A
SRS TR BT, A B AR R TS . KD
WA T DNA S8 2o A6 40 45 18 VL T A o RS
P704, oh S8 IR IETE P704 S50 R BRI , % A5
AR5 ARG I A 6 ARBFIE S5 R R I 2 AH
KR T EE S

S 30k
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