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Abstract: [ Objective ] The grain length, grain width, and 1000—grain weight are the important traits
determining rice quality and yield.The study of special grain shape materials can provide important genetic
resources for the genetic improvement of rice grain shape.[ Method |In this study, the functional variation sites
of nine major genes (¢GL3, GS3,qLGY3, GS9, GW2,GW5, GW8, TGW3, TGW6) in the genomes of two rice
super—large grain materials Igl and lg2 were analyzed with the conventional japonica rice variety Nipponbare
and indica rice variety Huanghuazhan as reference. [ Result] The results suggested that compared with
Nipponbare , there was a single nucleotide substitution at positions 165 bp and 382 bp in coding regions of GS3
and GW2 in lgl and lg2. The mutations resulted in the premature termination of GS3 translation and a
weakened function of GW2.A 10 bp insertion in the 5" untranslated region of GW8 were in lgl and lg2, which
weakened its function. Furthermore, a frameshift mutation occurred in the coding region of 1g2 due to a 31 bp
deletion of gLGY3.No significant functional variation was detected in other grain shape genes.In addition to the
functional variation sites of GW2 and ¢LGY3 in lgl and 1g2, a 950 bp fragment deletion was detected in the
upstream of GW5 coding region of the two materials. [ Conclusion | The Igl genome aggregated the loss—of—
function or weakened mutation sites of GS3, GW2, GW5, and GW8, and the 1g2 genome aggregated the loss—
of—function or weakened mutation sites of GS3, GW2, GW5, GWS, and qLGY3.Our results lay the foundation
for the genetic interaction of grain shape related genes and the mechanism analysis of grain shape formation in
lgl and 1g2.

Keywords :rice;grain shape; 1 000—grain weight;big grain germplasm; grain shape genes;genetic variation
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TRAF, KRB} 1g1 Tl 192 S22 & T AL B0 58 Fir i 98\ 51 78 B 8] & BT AR e 8% K R L
1.2 REHERERERE

TERAE AR AR A5 OB NIP \HHZ g1 A1 12 AEAR ERE b BRI AR, 28 50 CEiR AR ML+ RldLBE
B0 36 285 7 20 451, ol AR R R ORG 0 2] 0.0 Lo ) Y0 52 2367 (AR 7 B FIDREJE . Bk BE 200 R AR T 73
A s> Z —m ROk, e A S 453 il TR ik, A 3R
1.3 MEERMEREAR BT

FIH CTAB YL SE UK FE L) 1 BE R 2 DNA (942, HARCH BOK FE L0 B 3~4 em ZEM A TS 2
AR IMAGE & CTAB $2HUR I 78 /IR A 5], T 65 “CHE IR /K 8 o 7843 24 30 min; IR E)S N
A 600 pLEAT , 25 B TR EHEE AL L4 °C 12 000 r/min 250> 10 min, W IS, A28 i
SENTEL, =20 “COKAR YR 2 h;4 °C 12 000 r/min 550 10 min, 35 FIEW , VAT 70% 285604 2~3 1K,
FIRAT . IMAGE & ddH,0, B3R5 1% . A FH Prime Primer 5.0 50 F 5L R A9 34514, LU B
() DNA 54, #1] Fif KOD fiff (TOYOBO, KFX-101) X} GW5 1% 1 GW8 5'UTR E 4¢3l (1) 78 5 X 3 it 17
PCRY 1, ¥ A R LOL RS IUL ] Bk 1 7. A T B 1P 50 L3k 1.
14 HEEERAFRBXEFTY S

ZE R R U NIP \HHZ g il 1g2 40 RE , 78 A D RS 24 K, B 5 R FH RNA $2 3G05%) 4 (TaKaRa,
9769) HE B4 RNA , I FH 2 % 51877 £ (TaKaRa, RRO47A) il % ¢DNA . FJJH prime primer 5.0 % 4:%
T3 F 4 5 )7 371 (coding sequence, CDS) F BE (414 51 91, LLBT il £ 19 cDNA Sy B4k, A F KOD [fiff %
qGL3 .GS3 .qLGY3 .GS9 .GW2 . TGW3 FI TGW6 ) CDS X 3k £ 17 PCR ¥ 34 , I ¥ 1A 2R K A0 R 5 HR vl I A5 0k
1o FTHBIYIFSIER 1.

F1 NEEREYTE5Y

Tab.1 Primers for PCR amplification of grain shape genes

144 F% Em51H (5'—3") Bl 51y (5'—3")
Primer name Forward primer (5'—3") Reverse primer (5'—3")

qGL3 GCAGCTCCGGATCTCGAGG AGGTAAACATTTAAAGTGAGCAAGG
GS3 TTATCGGAACTTCGGAGTGACAT CTCTGCTTGCGGTTATCTGTAATT

qLGY3 ACTCTATCGTCTCGTCTCGTCTCTC GGAATAATAATTTCGTTTGATGCAC
GS9 ATGTGTTTGTCCTACTAATAATGCG CTAGCTTAGGTAGCAATCAAACTG
GW8 GTATACCACCACCTCCATCTCCA CTTCTTCTTGCCTTCATTTGAGTTA
GW2 CTACCTAACCTACTTGCTCCACAC AGCTATAGCTCTCCATTGTTATTGC
GW5 TTGCACTATGTGACTATTGCTTCTG TTGGGGACTATGTGGGATAGGA

TGW3 ACAGCGAGAATGTTCAAGACCAT GATGTGAGTGAGGTTGGAGAAGAAG

TGW6 CAAAGCCTGCAGCTGCAGCG TGAAGTTACAACTTCGGTCTGCC

1.5 FREENF ST
B 1.3 H11.4 Hh P 8945 205 PCR P22 10 o/L B fEbEGE it fo ik R 5, 326 B AE 90N R A TN , B 3R
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NIP HHZ lgl g2 NIP HHZ Igl Ig2 NIP HHZ lgl g2 NIP HHZ Igl Ig2

AFIB:NIP \HHZ gl Fil 1g2 BIRLIE LA s C~F R DRETE ORISR TRL BT SE 2T o AL T B 5 R R B R A7 A
225 (P<0.05) o K ANOVA HEATJ5 22534

A and B: Comparisons of grain shape traits between NIP, HHZ, lg]l and 1g2; C-F': statistical analysis of grain length, grain
width , grain thickness and 1000—grian weight.Bars with different letters are significantly different from each other (P<0.05).Data
were analyzed by analysis of variance (ANOVA ).

K1 NIP HHZ.lgl Fllg2 Bk JEMHAR 4T
Fig.1 Comparisons of grain shape traits between NIP,HHZ,lg1 and 1g2

2.2 PREREEENS 5

X HHZ Ig1 F11g2 FEPR2H o K AL GL3 . GS3 . qLGY3 ARt FEF BEATIN R A3 M. 459360, 5
NIP#H Y, HHZ 1g1 Flllg2 iY ¢GL3 4t ¥ 31 (coding sequence , CDS)FE 1 495 137 15, - & A Afi B i T—C ) 5 %€
A (B 2AFIE B) , BTGS2 499 (37 Z LR Hi I SRR 2 WA AR L [HI2 L i Y AR KSR A4
Ml AN 525 76 HHZ g1 g2 ZEPRZH T, GS3 1) CDS JPANFESS 165 1 b kA TR i Sl thy C—
A FECL A b e e 22 W2 ) 4 A A8 I LR 55 TG A, B2 B P B B R AT 1k (181 2C) , 55
HRIE AT REBRR Y g3 RALTT B gLGYIIMF T4 R I 162 hH: CDS FR8IAE S 658 i ik %A 31 bp
AUBRAE SRR (12D ) , T HHZ g1 7RI RAb A R A7 %5785 Z HbFoE 4l —E.
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LG FRIEH GW2 .GWS.GS9FI GWS 743 M5 5L 3 W, 5 NIPAH L , HHZ \1g1 Fil 12 FE PR 40 GW2
() CDS I 7R 5 382 (LBl AL K Az — A AR AE R 0 (G—A) B A A URAE Bz i IS 5 i 4 2
128 37 Z 1R A3 2402 (B) A2 i 20 (KD (1 3A, &I B) , SR 5E B ) gw2 I 3R EE R gw2. 1 S Lo
AR5 7EHHZ Igl Fllg2 rh GW8 4ifith X 155 320 MR AEAE LB (CGG) , S H S 5 4wy
5 170 W R IEBR N E R (A) BJS 76 S'UTR [X 1931 bp AL 7E7E 10 3E A4 A (1 3C, K 3D) , iZddi A 2>
FEOLFRBE T KRR S50 IBAFE LS SNP AR S, 3k 643 55 Z B A5 4l 1 — 3
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[Materials
NIP T G [§ GCTJACATCCACACTGATAT
HHZ C A T T \‘ - L
T \ N\
TR I S A AP
Ig2 c A T 12 GGTGACATGCACACTGATAT
Ya99H Syn Syn NPCGGTGACATGEMACACTGATAT
+1 485 +1 505
C 1 165 css+  GS3 699 D 1 qLGY3 774
\ J \ / \ / \ \ VATAY AV
HHZ CCAGATGCTGAAGAGAGGTTG HHZ GTAGGCCTGGTGATGGTGAGCATGAGGGTGATGATACCCAA

A

Igl GTAGGCCTGGTGATGGTGAGCATGAGGGTGATGATACCCAA

1g1 CCAGATGCTGAAGAGAGGTTG

‘ -31bp
s
NIP CCAGATGCTGEAGAGAGGTTG 4653 4603

+155 175
A1 qGL3 G X B Y728 F R 25 B~D : qGL3 %5 1 495 137 . GS3 55 165 117 .qLGY3 55 658 {37 (1) I 4%
A:Sketch map of variations in coding region of ¢GL3;B~D :Sequence results of 1 495th, 165th,
and 658th in coding region of ¢GL3 ,and GS3 and ¢LGY3.
2 KK I gGL3 (GS3 1 LGY3 FIA IS
Fig.2  Detection results of grain length genes ¢GL3,GS3,and qLGY3

1 GW2 1272 B
A
H]-IZTTCTGCTCTTIAAATTGTTCT
S, N 3
N 174 382 I\
Material - .
aterials gl DTCTGCTC T TIMAAAT IGTTCT
NIP C G
HHZ T G J’-‘
Ig1 C A /\
) C A 2 TTCTGCTCTTTAAATTGTTCT
Sy F128K NP TTCTGCTCTTEAAATTGTTCT
+392 +382
C 1 GwW8 1368

Al

D
\X\ HHZ vGAGCTAAGCTGAGCTGAGCTG
f
A n "

W, N 2 f \ AN N

oy 31 36 | 236 320 821 | 1092 WNAA NV AVATAYATAVAYATAVATRYAVAYAN
Materials < Igl {GAGCTAAGCTGAGCTGAGCTG.

NP | ------- C C CGG C G .

HHZ AGCTGAGCTG | T T - A T 3 AN /\/\F \ /\ /\/\ -
WYA'A J\ I\/V\ IRTRVAY AV

Il AGCTGAGCTG | T T A T 122 iGAGCTAAGCTGAGCTGAGCTG

g2 AGCTGAGCTG | T T B A T NP iGAGC T A AGCTG
+10bp Syn | P79L | AI07DEL | T274N | M3641 - 2

A:GW2 CDS P AS SR 5 B GW2 53 382 (M P45 2R 5 C: GWS IZL 57 /R B3 D - 6S8 5 AR BHIEIX -3 1 (P45 4
A :Sketch map of variations in coding region of GW2;B:Sequence results of 382th in coding region of GW2;
C:Sketch map of variations in GW8;D:Sequence results of =31th in 5"UTR of GWS.
3 ORLBE S GW2 I GW8 R 45
Fig.3 Detection results of grain length genes GW2 and GW8

GS9 PIFEEE 136 M IEAL (55 1 M E T ) A7 3 bp BRIE 4R A, Rl B 76 A B A7 2 A A
(4 SNP 7 i (P 4A) | 15 Z i F8 4 )07 1 — B H X 2878 57 57 AN S BUKFRERE B9 E , NI 2 GS9 1Y
IREAE S i HTABTFE R WT, W5 L3 5 kb 2247 XK A2 149 950 bp #1111 212 bp {ﬁ;we 2 FERRIAS
SRR R R IE B S R . A IIAE HHZ 1g] A 102 J& A7 AR IX 2 AR S 52115 | v iz IX et
T84 51 % PCR Wy EAT BROAR MR BEIC FRL UK EAT 9 1Y, 5 R R B S A7 A 1 212 bp BRI HY NIP JE K ZH AR 1L
HHZ TE% XN A K A R T L1 #1182 £77E 950 bp #9728 53 (1 4B)
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A GS9 1038 B GW5
Marker NIP HHZ lgl lg2
5000 bp
3000 bp
Sy 2000 bp
//)%/ 136 654 749 778 802

Materials 1000 bp
NIP - G C G C 750 bp
HHZ +GCG C T C T 500 bp

lgl +GCG C T C T
250 bp

g2 +GCG C T C T
100 bp

46(+A) Syn P250L | A389P | R268C

A:GS9 CDS B M2 5t /18 5 s B - WS BrREBEE I v DA 25
A':Sketch map of variations in coding region of GS9;B: Agarose gel test of GWS.
B4 RivEEER GS9 RN GWS BYHE 4k

Fig.4 Detection results of grain length genes GS9 and GW5

24 TFHRIREFHUEFRMRNS S

5 NIP FEHIAR L, TR0 5 E 80 T6W6 78 HHZ g1 Fl 192 774 8 1> SNP B 28 5, 34> g [] L5878
SASMARR X RAE  Hor 44 R 2 B RGE i3 AO7AE S , 10 55 984 (7 il 3k Al A8 S R B vk B (T SA L I 5B) .

AN, TGW3 G X1 bt % I 224 SNP A8 5247 5 (& 5C) , (B34 Hy [a] S 278

1 TGW6 1272
A
N SNP 258 467 534 546 651 690 791 984
Materials
NIP C T T C T G T G
HHZ G C G T G T C T
LG1 G C G T G T C T
LG2 G C G T G T C T
ARGG M156T Syn Syn Syn M2301 V264A E328D
B C TGW3
1275
W TP L)
CGAAGTEATGGATAGEAAGGATEGE ‘\
\,/v\/\/)[\ S A 5.4/ 000 | ggs | et | a2 | 1062
lgl CGAAGTGATGGATAGGAAGGATGGC Materials
NIP C T T A
W e 20 I N B
A L N
182 CGAAGTGATGGATAGGAAGGATGGC gl ¢ ¢ A G
NIP CGAAGTGATGGAGAGGAAGGATGGC g2 ¢ T A A
S S S S
971 > +996 S T e e

A:TGW6 CDS FFHI I AL 7R 75 B TGW6 5 984 R FF 4523 5 C: TGW3 CDS FF A1 Y A8 57 15
A:Sketch map of variations in coding region of TGW6 ;B : Sequence results of 984th in coding region of TGWG;
C:Sketch map of variations in TGW3.

Fl5  TRLT R TGW6 Fl TGW3 [ Kl 25
Fig.5 Detection results of grain length genes TGW6 and TGW3
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2.5 HMEERBERESHT

VATEH IRERYSE N B R 278, 458 SCHRARGE , LAk R D RE 2 75 4 A= 2k st 58 S 44l , % NIP \HHZ |
Ig1 1g2 B} 25 L DA A BE DR Y R AT L AR o B (BE DR D BB AE W A PR RS BE N D BB 4 /NS ) o &
KU, GS3 W NRETE HHZ, 1g1 Al g2 ¥ T 784k 5 I Ah 7 1g1 v, GW2 Fl GWS B D REdL & 2E 1 7284k, T
TE 182 1, gLGY3 . GW2 M GWS Ry DIREX S 2B T 284 (3 2) o Hirp TR L[N TCW6 A7 1 Y 5 A JE [A]
AL AT I RE R B H TS A TEAE , PR TC I X H AL DI B A 7 Eff i

%2 NIP.HHZ.lgl 0 1g2 1856 H i 2 R B B F 2
Tab.2 Genotype of grain shape related genes in NIP,HHZ,Igl and lg2

#18} Materials FEH Genes
NIP qGL3 GS3 qLGY3 GS9 W8 W2 gw5" TGW3
HHZ qGL3 gs3 qLGY3 GS9 gw8 W2 GWS5 TGW3
Igl qGL3 gs3 qLGY3 GS9 w8 w2 gw5’ TGW3
192 qGL3 gs3 qlgy3 GS9 w8 w2 gw5’ TGW3

BRI A PR S FoR DIRE IR, /NG Fom 5 K D R 2 B3 5 g5 Fll o543 3 3R 2K 1212 bp F1950 bp fYHEPI AL,
Gene names in uppercase indicate normal function, while gene names in lowercase indicate missing or weakened function

gw5" and gw5’ indicate the gene type with 1 212 bp deletion and 950 bp deletion , respectively.

3 i it

TEZ IS SEE 2 H gl 5388 6 5 (9311) A 8 1Y F, 3845 73 B BEAR A TR B A 54 19 QTL
FENL, KIRAE GS3 . GW2 . GWS BT XIS AEAS [ 4540 Rl BRI AR OC ) QTL. 53 4b, it WF o8 & 3L, 78
gw2.1 G F 5 b 5 —A BT R R B S EL CW2.1 8 TP R &R AR M E R (E128 K) , X R AE 2l GW2
IRewsss , MK FEAFRLAR T FEARTEGE 2B H AR gl hRBL T GW2 [RIFE AR 567 a5, [R] B s i)
BT GS3TIREHRI AN GWS . GWS Ty BEVRE 55 1) A% 57, 17 A6 0] Fr) L At 32 850K 35k PR AT & A5 Ty g el A8 11 A8
o PRI, X 4 AN HE DR A 2 BE Bl B8 55 1R 1T RE 2 g1 45 ORI JE B0 SC BRI . Gao A5°58 1 A1) il
qLGY3 1 GS3 [ FRGEAS R RIRLGE AR A, Je B 5 FE st A bR b AT RINakn; o ASWFoE o, RE R
Bl 12 FEPRZ A [FBS &A= T GS3 Fl qLGY3 TIRes R 978 5 T 7E GW2 .GWS5 Fl GW8 W F7E 5 11 AH[R] 4 A%
5, Kt gLGY3 F1 GS3 1) SN0 A] e S 12 R HE A JCEE K 22,10 GW2 . GWS F GWS 178 57 7] BB 1g2
KL GEE I RN 22— A8, 78 1g1 12 B FE AL & B gGL3 TE 1 495 v i, 2878t S 3= LR 1Y
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