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Abstract: Seed shattering is the main reason for the continuous self-reproduction and spread of weedy rice in rice fields.
Genes SH4 and qSH1 are considered to be the main genes controlling rice seed shattering. The aim of this study was to
determine the genotype of the seed shattering SNP locus at SH4 and qSH1 of weedy rice in Hainan. Using weedy rice
from rice fields in Lingao and Yazhou District as research materials, this study collected weedy rice and corresponding
cultivated rice seeds from 13 rice fields. 144 Weedy rice seeds with different phenotypes and 13 corresponding culti-
vated rice seeds were selected for germination and planting, and the seed shattering rates were measured. PCR amplifi-
cation and sequence analysis were performed on the seed shattering SNP locus at SH4 and qSH1. The results showed
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that there were 77 wild type (G) weedy rice plants, 48 mutant type (T) weedy rice plants, and 19 heterozygous type (G/T)
weedy rice plants with the locus at SH4 gene; Seed shattering SNP locus of SH4 gene in all cultivated rice samples were
T. The determination of seed shattering rate found that 96 weedy rice samples with G and G/T genotype seed shattering
SNP at SH4 gene had extremely high seed shattering rates, while among 48 weedy rice samples with T genotype seed
shattering SNP locus at SH4 gene, 40 weedy rice samples had moderate seed shattering rates and 8 weedy rice samples
had low seed shattering rates. Seed shattering SNP locus of qSH1 in all weedy rice and cultivated rice samples were
wild-type seed shattering G genotype. The above results indicate that the difference in seed shattering rate between
Hainan weedy rice and cultivated rice is not related to the seed shattering SNP locus at qSH1 gene, but significantly
correlated with the seed shattering SNP locus at SH4 gene. The difference in seed shattering rate between weedy rice
and cultivated rice with T genotype SNP locus at SH4 gene may be caused by differences in other unknown genes or

locus. This study would provide a molecular basis for the seed shattering mechanism of weedy rice in Hainan.
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SH4  SH4-F1 5'-ACTACCGCAAGGGGAACT 192
GGAC-3'
SH4-R2 5'-GGCAGCCGTTCTTCCAGC
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Sequencing peak maps of six SNP genotypes at SH4 gene
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Tab. 2 SNP genotype distribution of SH4 of weedy rice in Hainan

e Ju B R SH4 F: KAy SNP FE [ %1 SNP genotypes at SH4 gene
Population Number of weedy rice AG AT GT A G/T A/IGT A/G G/T
WR1 14 9 3 0 1 1 0
WR2 10 10 0 0 0 0 0
WR3 8 8 0 0 0 0 0
WR4 9 2 6 0 1 0 0
WR5 16 7 4 2 3 0 0
WR6 9 3 0 3 1 0 2
WR7 8 3 3 1 0 0 1
WR8 12 1 5 1 3 2 0
WR9 11 7 1 0 2 0 1
WR10 13 13 0 0 0 0 0
WRI11 14 13 0 0 0 0 1
WRI12 13 1 1 8 1 0 2
WR13 7 0 7 0 0 0 0
Total 144 77 30 15 12 3 7




1588 o AE A F AR

%46 &

Al HUEVERL SNP 7 500 T YRS, SNP2 i 15
AHRAZR G AL, XU SNP2 i mi iy 58748 HAE
TERL SNP ik T MZemfarp &k, RUVER
SNP2 {o7 15 1) 5 AR BE M TV A SNP A/ 55 I R4
2.2 qSH1_LisiEE X ZER SNP LR F S 547

W 144 BRI FERFEAN 13 BRARIG MY qSHL kL
SNP {7 55 I 7 751 5 H A 1Y gSHL HAR 741
HEATEEXT, JEAE T A ) 7 5 W (51 7 7 ki SNP
D7 R AFAE RS, 25 B, UL A5
ZRE R, SRR B DU T T A1) LR B U P 4 SR R
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HA ML AR D>, BT A/G G b, RA
2 BRARERE (3 3). 13 BRERIERE T, A 9 BkA
A/G GZERI, 2Bk G GHI, 28N AGH,
KW G TR, 78 qSHL EEH A 6 FhEEHAIF, H
A VERL SNP2 1 15 G BIRT, SNP3 v i A A5 2848
[ T R, 3XF B SNP3 A 28748 HAEVE R SNP2
fimih G WZeBfgrh &4, RUIFERL SNP3 i/ i1
()28 A8 M T SNP2 v i 2875
23 FERBEFEBRMFENROUE

X 144 R 2% FORE AN N 9 R 55 RS EA T R T
7 PR I, CHR 40 A% FRE () T V5 R R A 5
R EE R AT IR BN . AWEIE oG 22 AR Y
FiFYERCRI N 3 AER: L (FERE<30% ).
F1(30%<VERIR<T5%). B (ERHE>T5% ),
Hirp, VKRR ENA 96 bk, ERRPEMA 40
PR, IERCRIRAA 8 Bk, 13 BRARE: SR K% hr
R(E 3, £4), 13 MFFREEARY, REFEE
) 22 FER AP V% R R AN ], Hoh, WR2,
WR3, WR10 Fl WRI1T 434 & ¥R R (1) A2 5O A
WR1 Fl WRO =%k 5 V% kL #1042 FE AT,
WR4-WRS Fl WRI12 H, &% kLR A % kL

GT
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A/GG/T
CCGTGACAGG AGCTGTCTC
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Fig. 2 Sequencing peak maps of six SNP genotypes at qQSH1 gene
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Tab. 3 SNP genotype distribution of qSH1 of weedy rice in Hainan

e J A qSH1 K A9 SNP FE K 7 SNP genotypes at qSH1 gene
Population Number of weedy rice AG GG GT G G/T A/GG A/G G/T
WRI1 14 0 0 8 5 0 1
WR2 10 0 0 10 0 0 0
WR3 8 0 0 8 0 0 0
WR4 9 1 3 3 0 2 0
WR5 16 1 0 12 1 0 2
WR6 9 1 0 6 0 0 2
WR7 8 0 0 8 0 0 0
WRS 12 0 0 8 3 0 1
WR9 11 2 0 9 0 0 0
WRI10 13 0 0 12 0 0 1
WRI11 14 0 0 14 0 0 0
WRI12 13 0 1 11 0 0 1
WR13 7 0 0 7 0 0 0
Total 144 5 4 116 9 2 8

(@]

A: FEERCRMAERE; B: PIERCRIARRE: C: MIEARAJRNRE; D: MIEMH.
A: Weedy rice with high seed shattering; B: Weedy rice with moderate seed shattering;
C: Weedy rice with low seed shattering; D: Cultivated rice.

3

BERER

Fig. 3 Weedy rice collected from Hainan

R4 BEEAEBWHFHENER

Tab. 4 Seed shattering rate of weedy rice in Hainan

Ze T A
Bk Number of weedy rice
Population  FE I hERE  IEERE
High seed Moderate seed Low seed
shattering rate shattering rate  shattering rate
WR1 10 3 1
WR2 10 0 0
WR3 8 0 0
WR4 3 6 0
WR5 10 6 0
WR6 6 3 0
WR7 4 4 0
WR8 4 8 0
WR9 10 1 0
WR10 13 0 0
WRI11 14 0 0
WRI12 4 9 0
WR13 0 0 7
Ait 96 40 8

R FFRES H—2 B, WRI3 &3 K% R
B SiPA Y

W20 FRG I Fh 7V R 5 75 B SNP A s 1 3
RIGEL AT, e B SHA FE R AT RL A 5 R G Al
) 77 BRI B REFI G/T Z2 80 19 B2 BRTHY
Fl Py R R AL = (>95% ); 1 SH4 FEH A 7%
Wi 258 T BB 2% R ) 195 R 0] Sy v S5 5
fIRAE, Horpr, 40 #RAR R0 A T V5 KA T 30%~
5% [0, 8 MRARFEFENFTFI5K /N T 30%,
13 PRAL S R O FD VR RRIARAL, /NT 10%, X
FEHH Y SHA FL IR (%R SNP i 15 G /Y, H. gqSH1
LR V&AL SNP A 55tk G BT, 24 FOAS () Fh 7
BRI, BT 100%, 124 SH4 JER A% R
SNP fvi i A T &, qSHL K AYTE KL SNP 17 55 A
G BN, ZRREMRFIERCRA AR, U
K, HENF 75%, HXF R AR 55 R 45 4
RIAL, EFRD IR RARAL, iX 1R SHA JE A X %
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BORE A R R T IE AR A R TR, HEBR T
SH4 FEFFN qSHL FEH LIS, B A7 7 HoAth FE R 1)
ZR, FEORRRTZ A S AR AT AR A Z (A Y
FhFIERR 25

T SH4 JER AT qSHL JE K AT A SNP i 54
i G TR) 112 SRR e s AT, b 7 Rl Ak
B, (3R 5), Hrb 70 SRATEFIM) SHA N AG
BIH qSH1 KA GG T &, N EERAH GIEM,
WIRBUN B TERR; 4 R AEA 2 Rl &350,
KRR RLR X 112 BRARFEAE A 4 B 55
f) SHA FE R qSHL LA ) BT A BR 76 R SNIP 47 15,

Z AN SNP A7 o5 114 35 R 78 5 L 795 R R b A7 45
BONIRBL, 24 SHA FLH K SNP2 4 A B G A,
TR R PI RPN . P Y4 qSHL EERY
SNP2 i A 5 G B, Y&l R A PA
s 4 qSHL JEHH SNP3 9 T 8% G B, J&ki%
WA R A . HFIIR; 2 qSHL B SNP2
F1 SNP3 23510 A G F1 G T B, J&ki R4 n] LA
Sy, PAME; 24 qSHL LR (¥ SNP2 il SNP3 4>
B AGH GT R, JERCRMIAT R,
IS T LA Y5 R SNP v 5 Z A
SNP o7 s 1) 5P V5 b 210 = IR TE G

#5 UFEAAATREMTE RS SHA FI gSHL ) SNP JEIRY
Tab. 5 Seed shattering rate and SNP genotypes at SH4 and qSH1 of weedy rice in Hainan
SH4 gSH1
i Hft BRI
Variety SNP2 VR KL SNP VR KL SNP SNP2 SNP3 Number Seed shattering rate level
Seed shattering SNP Seed shattering SNP

PP RS (W1943) A G G A G - -

KIS (Shuhuid98) A T G A G - -

KRG ( HARNE) A T T A G - -

HEFE 2R A A G G A G 2 =

A G G G T 70 (=

A T G A G 1 ol

A T G G G 4 H

A T G G T 14 i

7 (IS

G T G A G 1 rh

G T G G T 13 h

TR R A A T G A G 2 i

A T G G G 2 &
3 iTig ARELFE Y SHA HE P (1) 7% R0 SNP o7 s AT T A A
31 HEEMFEMES SHA WAL SNP B HE. THURBER G SRR ARG S) A
E R % AL SHA ¥R SNP 75350 T #L; ZHU %P

WEFE R, ) 356 IR 2 B AR VR SR A =
M M AR ERE ) SHA JER BRI , 2% A Ag R AR
AL B2, Fh YRR, XA SHA &
RN 24 AR () YR BB, R4 SRR b Y
FRGEREDT — Ny, SHA BEPES 237 M
IR G274 T 28T IR0 H 75078 BNV
KL, SR, ISHIKAWA 25USIBFSE % 30, 5l SHA
FEHR B 237 MEH R G-T R A S FEE
HEREEE WA, AN SER TR RCR AR
R, SHA LRI 237 MEHRINE AT R
UigetEm A, HETEARA EIL

BT RS E R, P ahg X

NP AR . AR BRI BERE ) SHA P84Ttk fk
AR AL, WHAREFRIN SHA FEH %R SNP
BN TR FREECPUNIFE LI, THRE A
=41 33 BRAREAEAE SHA LA (7% kL SNP {3/
SALI R T, VL 22 RE ) SHA 7% kL SNP i
MBS MEE R T B, A A EE RTERE, Mt
I 3 b % BAR () P R E T RS SHA SRR TR G,
B SHA KL A 75 K0 SNP V7 5 Y 28 78 o 5 0 1Y) oo
RAERAREZTAEH . 2R, X8 2 X4
FRBRME R R, 2 F A SHA FEHPERL SNP (i
SSRFEE S TERL G B GIT 4447, SONG 45122
MR R, 178 BRERPGW Z4H A, 104 BEAY
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