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IREAR IR AL, G5 R, Kasalath SRR GW2(GW2") Fl GS3 (GS3") ek TDT0 (18 5 BDFFRLITT 1 1
B, B W25 B TTHR R T GS3%; GW28 Fl GS3* 4k Kasalath Y )7 S 36 35 b4 RHFF R B 1 X 88 in, w28 B STk ok T
GS3*;TD70 KR GW2( GW2") Ak Kasalath [178 22 5544 8 TR0 I 4t 2 2 840, T TD70 SRR GS3 (6S3") 4k
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Analysis of genetic effects of GW2 and GS3 genes in rice

WANG Jian'?, ZHANG Shan-lei'*, ZHAO Chun-fang’, ZHAO Ling’, HU Qing-feng'”,

GU Ming-chao"?, LIANG Wen-hua®, LU Kai’, ZHANG Ya-dong®, WANG Cai-lin'"

(1.College of Agriculture, Nanjing Agricultural University/ Jiangsu Collaborative Innovation Center for Modern Corp Production, Nanjing 210095, China
2.Institute of Food Crops, Jiangsu Academy of Agricultural Sciences/ Jiangsu High Quality Rice R&D Center/Nanjing Branch of China National Center for
Rice Improvement, Nanjing 210014, China)

Abstract: In this study, GW2 and GS3 genes antisense and overexpression vectors were constructed and transformed
with the background materials of big grain variety TD70 and small grain variety Kasalath. The transformed TD70 plants with
GW2 (GW2") or GS3 (GS3") gene derived from Kasalath plant exhibited reduced grain weight, and GW2* gene contribu-
ted more to the reduction than GS3* gene did. The transformed Kasalath plants with GW2* and GS3* antisense genes showed
increased grain weight, and GW2* gene contributed more than GS3* gene did. The transformed Kasalath plants with GW2
(GW2") gene derived from TD70 showed increased 1 000-grain weight while the transformed Kasalath plants with GS3
(GS3") gene did not, suggesting that the GW2 and GS3 genes exert different genetic effects in different backgrounds and
the contribution of GW2 to grain weight in the same background is greater than that of GS3.

Key words: rice; GW2 gene; GS3 gene; grain shape; grain weight
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w2 R A K LR o B AR AR A TR AR A
T A2 L GS3 A T KFES 3 Yefn
RT3 2200 X, 8 3 Fr 45 6 | 5 /N K i b+
o, RoRLEL R GS3 26 2 AP R gnAnEs 55 12 A
PR ()5 TGC 2878 2 1L %S 1 TGA , 15 i8R F
JEBIRHE R AE (B T 178 NEIER ) , i 15
2% PEBP 454838058 ot S0 Hoh 3 AThfglk, x %
B GS3 4 B () 26 1 J R HF kL R R 6 UH 45 AR
FHP KR R PR 4 5 B Sk K R 1 i 4l B
VeR RO T FIS ARG A R JERE Y SR EH
HIA 1k, R 22 8 5 PR AR 1 1741 3 T Bk 63 H
AN 9311, WY3 N411 SEAN [R5t A4 b4k 5%, IRtk
TR W LA LR A AR RN, B, 45
T PRLE (] — 5 S5 Rk i 4 358 % 80 3 A B f
FERPRLJ 7 T 7 R R e 7

VLR AR BE M AE Y BIE52 T K R 55 ==
FIH A T2 & AR RE 7 IR TD70M, 5 /R
F#i Kasalath 4 T 20 {58 & (RIL) BEAA 7EIXREAA
HEIHE R3] GW2 .GS3 gGL3 GS5 .GWS Z5: 224kl
FEIH |, HIEE A 42K B TD70, 1M Kasalath HAT X}
SENE AT TD70 F1 Kasalath A7 PRI
I3, KB GW2 Fl GS3 1E TD70 oy ThRE B Y %
BUAARL T B (4 SRR AR 2 (FO T RIL B
RIS 5t 2 2%, By 52 FLAoR T R T4, Jo ik if
WXt GW2 A1 GS3 HIRNE , PRIHASHIF 53 3 3 AN [R] ok
TR GW2 1 GS3 P [ SURITR ek a8 AR i % L R
55, A3 BIAE IR IR R FLEGX 2 AN FE PG FFRE
[ B DR, Ak R PR R R PR AR

1 ARSIk

1.1 I

AR FRAR AT S A0 TDT70 1/ INRLRIFE & A
Kasalath, T,f R IEPIRAR S AFT N T2 05, T,
T AR AR R B R AR S B A2 3R75, 2015 4F
FIFEFEE T, fiEkR 2016 AEFIMEIEN T, Atk
1.2 Ak
1.2.1  FEBARMARIA  LIEHE HIYHER cDNA
42K ) pEASY-Blunt Simple Cloning Kit ( Transgene )
SERERRAAR A, R S350 i AE R ) P R 5
Yy g H R K 4 TA vk Fefk 4 Iy
Bk OS] 354 B i 7 Br, AR IB AR pCAM-
BIA1300 Z8 AUGUIARAS IR AA (5 H i 7 B i

2, AL IM109 KIAAT IR, e BHM: e
1.2.2 #AHH PCR #&m K CTAB %
PRI JHE RIK R A0S BRAF PR 1) B2 [ 24H DNA, PCR 9"
W59 Hyg-F 1 Hyg-R J¥51 453 514 5 -ATTTGTG-
TACGCCCGACAGT-3" 1 5'-GATGTAGGAGGGCGTG-
GATA-3', 51 Y] LIRE S M 38 R #5707 10 1 25
g, PCR F BN 959 bp,,
1.2.3  # A B RT-PCR #%0  F] ] TRIzol it
FIFEBUL LR KRG T, T, 1 T, AU AR AN F 4 SUR A
FEM B B RNA, SR 5 DL 5% 5% 7= Wk A,
QGW2 .QGS3 J 5| WyikAT & 1t PCR 9715, AR B
KH 0sUBQS, 5I¥IF 51 OsUBQS-F; 5'-GAAGGAG-
GAGGAAATCGAAC-3'; OsUBQS5-R: 5'-CTTCACA-
GAGGTGATGCTAAGG-3"; QGW2-F; 5'-TTATGCCTG-
TAACTGAGCCATCTC-3"; QGW2-R: 5'-CGCAACCG-
CACAGGAAA-3"; QGS3-F. 5'-CATCGGAAGAACTC-
CTGATCCA-'; QGS3-R: 5'-CACGCACTTGCTCTGCA-
CA-3', #% BR TIANGEN 72\ %] Talent qPCR PreMix
(SYBR Green) Uil 1E Step One Plus Real-time PCR
system TRV . W 5514 M :95 CC 3 min;95 °C
55,62 °C 105,72 °C 15 5,40 MEFF,
1.2.4 BAMREAS  FEILRFXT AR R R T 50
2 LIS, B BH PR BRAR B AL 10 7 1 16 AT
B R R R OS85 0. 01 mm) M@ ALK KT8 ki
JE T 73 2 —HL - K FREL 100 01006 A7 L 1) 5T
o B TR R, S MRR(E DL 6 BRAGEIMEME
FFAUE, H SPSS X TR T2 8 LT
2 AR
2.1 TD70 #0 Kasalath I EIEE GW2 1 GS3 1)
FF 5l 44

M4 5 (K 1) 7~ Kasalath F1 TD70 B GW2
M GS3 TP AN fE 2 b 25 5, TE S b 1) 8 1 T
WAL F 5 T, T TD70 76455 316 7 k2 — 4>
B A, 3 N GW2 FE 3K T AT 4R T2k i
Kasalath WA 28748 | 363K T 5828 1Y 425 E LR,
ZARARNL G SCHR [ 1] B AR IR, EC R GS3
S 2 NI T G A X+ 165 07 BB — A BT R
i C-A JEHUEIZ I N I fig 19 558 78 Kasalath
FTD70 B GS3 FHh i AfFfEix — 2257, ] 6w2
H1 GS3 7E TD70 2 Dy fg i 2 B | 1 3 B HS X FF AL
B ) SR PEAE
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TGW2.seq

CCAATARACATGTCCATTCTGCAAANCTCCCAGTTATGCTGTGCAGTIATCGT GG AUt

A KGW2.seq CCPA'IPPAC-ATGTCCATTCTGCI‘A‘C'ICCCAGTTATGCTGTGGAG’IATCGTGG 2025

Consensus CCaataaagatgtccattctgcaaa—ct

B K GS3.seq
T_GS3.seq
Consensus

A GW2 JENFEH X ;B 6S3 K JFFI H Xt

ccagttatgctgtggagtatcgtgg

ARTTCAATCCARCCCATCCACCCIGCCICCACATCLTARAGACACTARCCCACCCTICCTICTITICITITIG RIS

AZ-\.’I’ICZ-\.P.’ICGAP.GGGP.TCCP.CGC'IGCC‘ICCP.GA’IG:’I.P.GP.GP.G'IPP.GCCPGCC'IGC’IG’I’I'IC’IT'I’I’IG 1700
aattcaatcgaagggatccacgctgectecagatgetg—agagagtaagccagectgetgtttetttttyg

B 1 GW2 7 GS3 EFETE/MLHLFE Kasalath T XHI1ETE TD70 RMFIIER
Fig.1 Sequence alignment of GW2 and GS3 between small-grain Indica rice Kasalath and big-grain Japonica rice TD70

2.2 HERFEHHHERFEEREKRNS TR
FIH pCAMBIA-1300 > 2 3k 204 B 42, S il g
T 6 K, 4351k Kasalath T GW2(GW25) Fil
GS3( GS3®) [l B3R AR  Kasalath K5 K GW25F
GS3" ) SL#E AR TD70 SR IE K GW2 (GW2") Fl GS3
(GS3") Wy F IR, R ALK 1R A T 19 AR
R BURAL A J7 1L 64T Kasalath Fl1 TD70 7K A%
MRHEAL . GW2KF1 GS3* a4k TD70, 43 3 f 44
OvGW2  Fl OvGS3®; GW2" Fil GS3* [ L #% Ak s 1k
Kasalath, iy 4 & AntiGW2" 1 AntiGS3"; GW2" FlI
GS3"i 4k Kasalath, 53l i 45 4 OvGW2' Fil OvGS3',
W A R PUEIR BRI IR T R T AR kR, A58
RET AT, R IERE R, HAFMHMER ST

M1 2 3 45 6 7 8 9 101112

A

FRICXT T, T, 1T, %% i R AR 7 3 PR 47K Btk AT
R, 5 35 (Tl 2) S s B Pk 2 35 R A AR 34 448 1
959 bp A4S PE 4, T X HE R AR A AT ] 457
it T ACBH AR & R, 45 5% B DM RL ) Sy i 5 i
FIHE TG B AR, 22 B A1 3k PR 76 AR () A2
FEBE

S T B B ) PR TR B 5 R R R P ) A
B, X Ty T, K T, AU #k 2547 € 7t RT-PCR A3,
SEIRFH 50T HEA H 68 R AR 1) S AR AR D
H A SE R G 2 3R 3k T e SR R Ay 2 56 DR A e
W B SR Sk sz BB A (& 3) R B I
FEPRUANSCRT DA 2 B R 5 A QR bk h R ast A%, OF HL
RERSTEHE BN IS 1CHY RNA ZKF B E Rk,

M1 2 3 45 6 7 8 91011 12

—

959 bp

VN O e e e e o e — -~ —

B

A B 300 T R T, R RN MR B 82 R Ar TAmie il . A P ,1.2.4.5.7.9~12 YRR IR, 3.6.8 NEAYERLRR ;B 1, 1~ 11 S B4

B, 12 SRR LR TR M 4 DNA marker,

B2 # GW2 5 GS3 EFEK#E Kasalath 1 TD70 # PCR 4l
Fig.2 PCR detection of transformed Kasalath and TD70 rice plants with GW2 or GS3 gene

2.3 BRIE GW2°FN GSI I EE TD70 fi %R
il

T, %% 3 U MR ISCR I, B AR M L i 5 2 4>
i G RR R P TR R 22 . S5 %R TD70 A L,
GW2 4k TD70 B L IER KRG OvGW2 ki i vE |
7 JEL T 0t 440 40 25 0/ (1 4) | ol R B AR
T 11.07%, %i 56 &Ik T 25.00%, ki )2 %Ak T

10. 93% , 328 GW2" EZLZ KL T8 , HUK 2R R
JEE 0T £ 1 AR AT 2 Pl R TE R AIR S ke, S5 X
W8 TD70 A, GS3* 54k TD70 By OvGS3* 55 3 [H A1
BRI b TE R ATk R B AR (ES)
KA R 58 AL JE A3 B AR T 13.24% 11, 48%
10. 63% , 72 GS3* Bk K, LU 2R vE FlkE
JE | o B ) ARG B R R AR RRARR 5
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Fig.3 The relative expression of GW2 and GS3 genes in T, transgenic plants of Kasalath and TD70 with different vectors
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Fig.4 Phenotypic differentiation of grain shapes in transgenic rice OvGW2K

2.4 RY GW2*F0 GS3*# E F Kasalath #E! R E

HIE 6 Al LA i, 5 %) I8 Kasalath 7 b, [z X
GW2 i 3E I Kasalath ( AntiGW2" ) Ri 5 ki & F1T-ki
Jo 35 B, H ok SE ROk R 4 0l 38 m T
10. 19% 1 5. 00% , W] [z L GW2" 5 R 3= 22 52 M A
B, TR BT 03 0 3 B R SE B s R, S X
M Kasalath #H [, )& X GS3* % 3 [N Kasalath
(AntiGS3" ) K A B AIT-r i 2 I 4 0, s 58 TG
3 AR Ak, AR IR JES 43 1 3 i 7. 00% F
3.28% (7). VA X GS3*FEA TRk
TR 4 0 32 poR A R s R,

2.5 HBRIE GW2"HN GS3" Y E A Kasalath Fi #Y
*E

FEDAER IS, AT R DR sh R R cw2"
FGS3" Xt /INKLAK ARG A4 Rk 18 b 78 HAT — 2 i 35 I A
o HEBEFRATR T T X AR L5, 8
GW2"F GS3" i F iR B AR FE AL Kasalath, Fi &l 8 7]
UL, GW2" 5% 3L K Kasalath (OvGW2") ki K ki 56 | Hi
JEEFNTRL 5T k3 dnb i, FLroRi A R S UKL JE 43
FNEINT 27. 87% 17. 37%F1 18.39% , #R1ML Fik
(1) GS3" XL A FHY ()52 M AH TR/ XU B 1 KL 58
FURLR 2 AR (K 9) o



T K RPRLEEER GW2 Fl GS3 WAL RN ST 725

151 6.0 3.5+
== *% k%
o e RTINS SR o B AR
=) L = 1T =
g ! £ E 2}
% g "
w6 & o 14
3F . 0.7+
0 0
TD70 OvGS3%-1 OvGS3K-2 TD70 OvGS3%-1 OvGS3K-2 TD70 OvGS3%-1 OvGS3K-2
BEEL IR M R BEEC R RE LRI R
80
@ 60 - -
®% *%k
i
B 40
= 20f :
0 TD70 OvGS3k-1 OvGS3K-2
TD70 OvGS3k-1 OvGS3K-2 R
BEEL R M R
TD70 OvGS3 WLl 3 1%, # FRFE SRR 50 IRZE 0.01 /KF F22 5 B,
B 5 OvGS3“EERE KB ARATN
Fig.5 Phenotypic differentiation of grain shapes in transgenic rice OvGS3¥
10.0 3.5r 241
*k % ®% *
R —+= == 2.8¢ == % == = =
E E Cll
g g 21r E
~ 50r ~ ~ 12"
W %5 14+ [
= & &l
Z | = = L
2.5 07k 0.6
0 0 0
Kasalath AntiGW2%-1 AntiGW2%-2 Kasalath AntiGW2X-1 AntiGW2%-2 Kasalath AntiGW2K-1 AntiGW2K-2
SEEL R SEEL R M LRI bR
24
ok sk
. 18F = ==
2
i 12f i
= i
= 6
Kasalath  AntiGW2%-1 AntiGW2X-2
0
Kasalath AntiGW2X-1 AntiGW2X-2 BEHEIA R

RN M R
Kasalath , AntiGW2K LI 3 1 = | s 20 51 36 7R L DRV Rk 5 6 BERH B 22 57358 0.05 11 0.01 B3 7KF-,
El6 AntiGW2NEEBFEKFHARATET
Fig.6 Phenotypic differentiation of grain shapes in transgenic rice AntiGW2X
2.6 GW2 7 GS3 EEFA LK THH. 5 TDT0 L, OvGW2" Fl OvGS3® B T ki
A TAER =5 TP GW2 A1 GS3 BYFEINAL ik 43 I 31.55% 16. 08% , H. 16 # 4715 i %
T2 RN RoF [r) b S AL A B R RE R TR B AT ME2E S BRI 6W2 BIBUN KT GS3; 1 LA Kasalath



OO qe b 2= R 2017 4F 533 % a4 W

726
10.01 3.0 251
#ek ool - T T * *
75— = — o - - 2 = = =
E E st E st
Z  5.0F \; =
W {E 1.2F m  1Or
& L = &
& 25 06k = o5t
0 0
Kasalath AntiGS3%-1 AntiGS3X-2 Kasalath AntiGS3%-1 AntiGS3X-2 Kasalath AntiGS3%-1 AntiGS3X-2
BEEL A M bR BEEL R R LA R IR
24
*k sk
~ 18
20
2k
=S
i@
= 6r ) .
Kasalath AntiGS3%-1 AntiGS3X-2
0 LR
Kasalath AntiGS3%-1 AntiGS3%-2 LR
2 SRS EER S
Kasalath AntiGS3" WLIE] 3 {7, # | s 43 Bl JL PR Ak 15 0T B Lh 22 535 510 0.05 A1 0.01 12 /K,
B 7 AntiGS3*"EERKBRAEREITN
Fig.7 Phenotypic differentiation of grain shapes in transgenic rice AntiGS3%
15 4r 251 s sk
sk 3k L —I= I
- sk 3r = § 20 —=
g 10- - b = == —
G - £ g L5p
N = E ,1 g
W o) ~  1.0F
& o5t
0 0 0
Kasalath OvGW2™-1 OvGW2'-2 Kasalath OvGW2™-1 OvGW2'-2 Kasalath OvGW2™-1 OvGW2'-2
LRI LRI BRI bk
30r ﬁ ?
1= 1
20 20F
i
=g
& 10F
o
Kasalath  OvGW2'-1 OvGW2'-2

0% U 0 35 9B S LB TR AGGW2R AL B T, OVGW2" B T R

0
Kasalath OvGW2'-1 OvGW2'-2
S EL AR
Kasalath ,OvGW2" UL 3 4, s FoRIEIEDIA IR 53T B HE 22 358 0.01 B EKF,
E 8 OvGW2"HEEFE KB A RATH

Fig.8 Phenotypic differentiation of grain shapes in transgenic rice OvGW2"

HREN MR

I 59.03%, i

AntiGS3"* Ay T ki J & 43 il B8 in 14.89% F OvGS3"BY T-ki i & %A A8k (B 10) , ik gh 3
10.39% , HE A B EEZE R, W GW2 3L FHITCW A AL =0, W —T5 = T 6W2 b 6S3
MRT GS3; 76 GW2" F1 6S3" 1t F ik 5 4k Kasalath  HAG B S (b bL ot = R 45 VR



£ %

IKRERLBIILR GW2 1 GS3 AL 3 N My 727

10 32

H
H
i

1.6

R (mm)
=
HLSE (mm)

T

0.8

2.5r
% == 20r = ool ==
E 1sf
o 1.0F
,_\la
0.5

0
Kasalath OvGS3™-1 OvGS37T-2
HSLR R

21F

TR (2)

0

Kasalath OvGS3™1 OvGS3T-2
L R R

Kasalath ,OvGS3" /LI 3 Vi,

Kasalath OvGS3™-1 OvGS3'-2
AR IR

Kasalath OvGS3™-1 OvGS3'-2
AR IR

Kasalath OvGS3™-1 OvGS3'-2
LR R

s 87 I e PR R R 5 % IR HE 22 533531 0.01 B 3K,
B9 OvGS3"HEFEKBRERATL

Fig.9 Phenotypic differentiation of grain shapes in transgenic rice OvGS3”

72 25+ _
A B 30 C b
60 2 c b T
~ == 20r — . 24t
ST b c a - == =0 L
‘ = - RIS - 18f a a
T 36t =+ 1 I —
= B o =
i 241 = f r
12F T st 6F
0 0 - 5 0
TD70 OvGW2k  OvGS3¥ Kasalath AntiGW2X AntiGS3K Kasalath OvGW2T  OvGS3T
TR R IR LRI TR R R
TD70 Kasalath OvGW2¥ OvGS3¥ AntiGW2KX  AntiGS3% .OvGW2" OvGS3" WL 3 11, ARIFHRFERTEAFE T 5 T AR RHETE 0.05 K- |
ERBE,
E 10 FEFEREERMR GW2 71 GS3 =R LE
Fig.10 Comparison of genetic effects of GW2 and GS3 between the same type transgenic plants
3 39 H1 Kasalath Hokz 780 56 BRI e 45 5 IRz i Fl TD70 1Y
»
© ST ZINBE R AP Kasalath #7085

I T EL 28 e (o 3 TR R 2 S AR TRl A

S A BN, TovE LB [RDRL AL L R [R] Y38 A2 2000

WG E T IAEXS TD70/Kasalath &4 RIL #Ei4
AT AN R PR ARG DU B 35 4% 3800 43 AT T, 00 20 41 e
GW2 Fl GS3 £ FHIBh B fvrh Ay — 2
B HEmTERAAZRABFRNSRETRE
2%, R T HERR T 2 AR L PR A Ak R AT AR I
BT T AR R A () BE L A0 AR 48 X TD70

GS3"H1 GW2" Ry 7y
AR ERP AT GS3E AT GW2R A TD70 1y KL
R 77 A TR R /N D T o AR A 2 78 []
FEHE | GS3* 1 GW2 4k, Kasalath 12 SRR 291
AR IS K F AL X 5 6S3* R ew2r F A fi

] PR R ) T RE e — B . kPRI BTR R
B, Ak 2 i 28 B A e 2 PR MR S o2 T

GS3 X FFRL T & ) TTHERE R (H2 N R e 5= T
BN KNG FEARTR], 76 TDT70 55 T ) OvG W2  T-HiL



728 o9 &b 2 W

2017 4F % 33 % 4 M

Ji i 9k /N 31.55% , 1M 7F Kasalath #F 5t F ) An-
HGW2 N TR I 14.89% , 1 WA 2% (A I AL gt £4
T HON TR TE RN 1 R AR EAE

BEANRATT & B, 24 TD70 Hh 5828 B w2 F A
Kasalath HRES] R R/ INFIF 7 i 4388, 1 BH 2848
R GW2" HE A T REA A —E R RS & UIRE,
SEPAA GW2MEAESE SO0 F NI T4 T GW2 (1))
RE , SR AR TR ST i 11 [l 5V E AR, 0k
RIER ; MIRIA P HE 5 R i ALLSA R il an
MANIESEIA G4 A 2 GW2" SR Dy AR IX Ik A 2
PEEE GW2" BEHFGE I I P T AR X I, 253d i 4
il A SR FRIR Ay SO R K, A
RIKFEPRIAFE R SL AE TR KRR BB 52 00 1 GW2
AR RN, TG 22l B R AR T4 9
SRIEXT GW2" I AE W E DI RE A TARATT

AT S B AR} v ) TG BE DR O ik LK
T GS3 HI GW2 [BAERN T8 2 MR EHE 5T GW2
XPRFRLJTE B IO B R T 63, 4 S AT
TD70/Kasalath 2 J i RILs W45 H A9 4518 J& — 2
(1124200 R R ABIF ST KA A ) AL RN (E R
TR 5 R mlg e PR R R 0 o AT HIL ) T e T L
20 AE A g e 58, H 2 3 AL 0 1 B
1T E RO e i @ =R 7 N = S A & & VA=Y € i)
U BE PR R PR B At T S AR

SENW:

[1] SONG X J, HUANG W, SHI M, et al. A QTL for rice grain width
and weight encodes a previously unknown RING-type E3 ubiquitin
ligase[ J]. Nature Genetics, 2007, 39(5) :623-630.

[2] FAN C, XING Y, MAO H, et al. GS3, a major QTL for grain

length and weight and minor QTL for grain width and thickness in
rice, encodes a putative transmembrane protein [ J]. Theoretical
and Applied Genetics, 2006, 112(6) :1164-1171.

[3] MAO H, SUN S, YAO ], et al. Linking differential domain func-
tions of the GS3 protein to natural variation of grain size in rice
[ J]. Proceedings of the National Academy of Sciences of the Unit-
ed States of America, 2010, 107(45) :19579-19584.

[4] ZHANG X, WANG J, HUANG ], et al. Rare allele of OsPPKLI
associated with grain length causes extra-large grain and a signifi-
cant yield increase in rice[ J]. Proceedings of the National Acade-
my of Sciences, 2012, 109(52) :21534-21539.

[5] LIY, FANC, XING Y, et al. Natural variation in GS5 plays an
important role in regulating grain size and yield in rice[ J]. Nature
Genetics, 2011, 43(12) :1266-1269.

[6] WENGJ, GUS, WAN X, et al. Isolation and initial characteriza-

[10]

[13]

[14]

[15]

[20]

[21]

[22]

[24]

[25]

[26]

tion of GW5, a major QTL associated with rice grain width and
weight[ J]. Cell Research, 2008, 18(12) :1199-1209.
SHOMURA A, IZAWA T, EBANA K, et al. Deletion in a gene
associated with grain size increased yields during rice domestication
[J]. Nature Genetics, 2008, 40(8) ;:1023-1028.

AT, 2 B, TAESE, S KRG 6WS FEHAY 1212-bp Indel
AR SR RLIE B SE [ ], VLR A0 244z, 2016, 32 (6) : 1201-
1205.

ISHIMARU K, HIROTSU N, MADOKA Y, et al. Loss of function
of the TAA-glucose hydrolase gene TGWG6 enhances rice grain,
weight and increases yield[ J]. Nature Genetics, 2013, 45(6) ;
707-711.

WANG S, WU K, YUAN Q, et al. Control of grain size, shape
and quality by OsSPL16 in rice[ J]. Nature Genetics, 2012, 44
(8):950-954.

WS, 3k A E, S A, S K RDRLZ S50k & 1Y QTL 4347
[T RE ,2016,44(6) :99-103.

AR, /N KA SF L KARRLIE AR 1) 3t 1 K AR DG
RENLS FIRERTFEHERE ], 8L, 2011, 33(4):314-321.
RGPS RO S KRR E AL T STt SR (0] U7
Al 2F 4% ,2016,47(12) :2033-2040.

WRIESE, BRliAS, SBOR 55, AR SRk 32 50 Bk
MISRALT]. E#A, 2004, 30(9) :894-900.

XURESS 5k A M0 22,45 KRR A s A DG MR 1 QTL
SERLL ] ANZRAO A 2015,47(4) :8-12.

Chf T UL B XUHALL 45 R ADRIBE 52 BIL BE(K 2 LK FE 4
B FE L QTLL ] VLI 224 ,2015,31(2) :236-240.
A KRR BRI M. deat Bk aE I R, 2007

PE H4. —XTAEAL WRKY 268 st IR IR FE K R 400 52 b
A LIREAMT[ D] B AR AR RS, 2009.

TRAEAR. — RIS IORII K Rk st A% ORI AE ST [ C )/ T E A9
2 5 FAYF AR SR T FE LR B2 S IR
LERPFEMMURR S B AR R 28R HEAEY
Loy sy oA o F B RG22 5123, 2008.

T FRSKRUAR, R 5 KRR I GS3 A ¢GL3 ThREbRIC
I BT ] TR 24, 2014,30(6) < 1191-1197.

T R KEE 5 AR BUAR SCHE K Y 43 AR T I A5 RO 43 B
[D]. Fiat: BRI R, 2014,

ERE I OB ARITE SR IER AR R R T]. A
PE AR, 1999(1) :7-13.

WP, WBEE, T VL, % JKAE SL B PR 5 K R 4 R E
[J]. WA A7, 2014(8) :1159-1166.

SRR RN, R A, SF. Bk KRR TERE T cw2 1Y
FeB A FEEONE (] A EKAER, 2014, 28(6) :581-588.
ZHANG Y D, ZHENG J, LIANG Z K, et al. Verification and e-
valuation of grain QTLs using RILs from TD70 x Kasalath in rice
[J]. Genetics & Molecular Research Gmr, 2015, 14(4) :14882.
ZHANG Y D, ZHAO Q Y, ZHAO C F, et al.Distribution of seven
grain genes and evaluation of their genetic effects on grain traits

[J]. Pak J Bot, 2016, 48(4) :1073.
(WSS REMN)



