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JE& R A — A B r A, R — X R
Cho AP R B, JKREHRAZEAETACINSE I, 5 it 41 21
Fi 5 M £ 3k & B, OsCIN1, OsCIN2, OsCIN4 5
OsCINTEE S I kR b ik, i i 26 JE A 5 7k
WE I o3 B i i AN 38 .

o 200 e BE e R il A0, Gl 55 7K R R R R OC Y
DRI Bl 8 5 % 3, SossoZs A iF 58 SWEETHE 4 12 15
FIE S fE b R I, SWEETACHE N 7E /K 78 5 £ K (Zea
mays L.)AFFRLE S o R i o GBI, R
PRI FE K7V 3R 00 e AR a0 JRE W ) F b h iz, SR
RN A K EfE S S8 s R, SunfE AP
8 T — 40 A% 3 K OsNF-YB1 (nuclear factor Y),
123 R R IR L S e R [N, I 3 IR | Gk
2> B M 008 R DG R A R A AR Ak, AT
AR FIIRFL & T B AR 1. Bai % A58 i Xt OsNF-
YBLEE N HEA T i B AR IR T, R IIZIE I fe B 42
K AEAT RO I FVE M LR, I H OsNF-YBLRE H #
SE4 3N HERE R 12 5 11 OsSUT2, OsSUT350sSUT4HY
i PR 2R R 45 DX DA T 9 4 T (] IR L F% 12 . Manima-
ranZ: N\ A 7E BF 5 45 44 51 80 4 14 B4 OsCPK 31 (cal-
cineurin B-like-interacting protein kinase gene 31)Y i3
FErfr, %) OsCPKILAE A it 47 i 2 38 5 T BRI 2 Bl
B I 5 K R AT R SR A 3 DI &R

TEKFBHES AT L QTL (quantitative trait locus)Bif
FEO5 M, Liugs A% 954 7K AR i A 7E T 48 5 A [ st
B B MR 70 2 S R HT, & BRLAE KRS o 26 T e A 41
P4y Al e £ 4 |- 00 RE A 2] 5 7K e bR VEE SRR DG 1Y)
QTL, - H.A H 435 15 18 KRG HE 2 1 3 A~ i 1 AR
BRI, BN AP LL N VR LK R Milyang 46
FR R IR AU /K RS FICD A A T 41 A 38 R AEHE K I
S B X 2R R A T QT L 8l 25 1 v M PR35 BAEWT
7%, LRI R 104 I tEQTLs, Hih A 378 I # 38
B HAERON . Takai % AL Milyang 235 Akihikari
WM R, RIMAE KRS8 125 Y Ak 4 24
QTLSHEIG N AF KL iy FE S B, JF HL4EI 55 8°5 4 (A, 14
LHQTL e HiEZS S R4t Kb & ety 5
AT RSz, M QTLIR A Z, Bk THH5E
MBHMFAE 225, A E LA RIS k45 5, S8t
R AT,

AR SRS B R R UK RS SR AR ST, 3T JLAR
R SBG 5 DRI R B A 1B Sk B A A3 o Y i iR
Z T (ethyl methane sulphonate, EM S)i& 25 41l T+ 43

FH BURRE R AL, IR T F 8 AL PRI
e 2K, P RARR R T2 Rk S (k
L e B 2 BERE) | BEESROE L (ER T
MU | HEIK . BTeBi)RF, HRA T SANXT e, A
SCHGIE T oK % 578 A 1 — AN IR RS R R RE % 578
Roefl, XfHPEAT TR 2RI A | A P A AR
E . HA NI R RIA T | e b
VAR EE E AL AR T . S5 R RT, gefl)e— IR Ak
B OFPRIE SRR, SRAEMEIRBERR E 1R, LT
A S Aoy B IR Rt — X B R
e, JERE AL KRR 3 ik b, Sk — b
FERFEREI 3 THLH ST 45 B8 5E T JE ;.

1 MRSk

(1) fealpr Rt f EZAZERMAE. MR
(Oryza sativa L. subsp. indica) {7 & i Fl B & 1B, 3K
BN EET LR =B, ZEMSEE, 1EM 31T
— IR AR | R AR KR A IR gefl, it kg2t
H 22, A MRaR R e L. DL AR R gef Lo Bk
A, MRS AR 1B . B i Rl K itaake102428°4 AL
AT SR P A7 E A . 20134F & BT A3 41 B A ¢
T 7 D )] V06 R B K R, RS A i) R A
RAFR G E AR R B AR, SfEtkE . K
TBERL . R, RLYE . TORLEL DL R G5 SRR,

(i) KFEERXRERHNE. SBEHENLE
NP5, FRREIF A6, ded A K& 57— 2 (U
Tl 2 emh A o) 19 B A 78 5 58 A8 fR PR 4% 601,
FHEARIC. AJFAER 3 dS— R, 5 AERm3 dil
BE—, HRBOGRME R, K IBOE T 14 9:00~
9:30, R HUEERIE] —rh L&Ak AL 508:, JFAEVK
FLFise, PRHEGEE, SA/5105C F A7 30 min, £
80C T HEMET-48 h, FRH T, BRI, HULFHY
(EL AT RFRLHE SR S A S HT

(i) AR AT b i SR R SR
. SR O] RS i i I SR FH AL Eb 22,
FARIE J7 2 IRAR R 2T, KRR M 3 d
WE—IR, HZKFERER, BB Bl £ iR 2R 5
B A TR ) 0 S 10KE . KRS R B v i R S 0 I
S vk, BT S Bk —8, D
ghE R E A 3R, HOFH(E.

(iv) AL e mes. K REmmi, Sma
G- 12 Tk AR B, 43 T AR R 5 T A R
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4 % B & 20165FE98 H£61% F25

7¢, TEAREHEH R T BB (FEl, QUANTA 450, 3%
) T LRI AR IR AEOK RS LA, o R AR R 5
BF AR R BT W Ah 7, B A R RREK, 1E
Hor b iy, (A A ARRE TR m WL,
A2 mmZe A R UD I, ARIR BRI, W
SR BV R D HES 54548, TEOKREHESR M, [
ef B2 AR 4 5 B A AR AR A 38— 1) ) e S
Al 1 e U0 D AR TR 2 2 R, AR U (OLY MPPUS,
PM-10AD, HAS) TSR oA L5+ S H 22 5.

(V) MRERMFRIL S, KR AT AL
W1, Rl AR 5B AE R IFAEIR 3, 6, 9 dif iR,
K H Trizoli 5 (Invitrogen, & [H)HEHUERNA, {#H
Wi KR & HiScript Q RT SuperMix for gPCR
(+gDNA wiper)(Vazyme, H1H), Hf B RNAZIIL % A,
cDNA. )10 ng pL™" cDNA Jgfsits, XF ek i i a
H:[H0sSSlla (starch synthase 111a) (Os08g0191433)5%
7K T B A B 3 [F SUS3 (sucrose synthase 3)
(Os07g0616800) | - k1 o P i 287 A £ ol R Tk il K
WP HEHE [ OsAGPL2 (ADP-glucose pyrophosphorylase
large subunit 2)(0s01g0633100)-5 /i 3 %k [A
OsAGPS2b (ADP-glucose pyrophosphorylase shrunk-
en-2b)(0s08g-0345800) 14 47 /E 34T, 51 WE 51
WL AR R B W fR P 5 RV azyme/A 7] SY BR
Green Master MixiiH] 45, J 1 7EBIO-RAD CFX96™
Real-time System %)t #PCR{Y (BIO-RAD, 3£ [H)

F1 EREEMSFHIC 5 R aRT-PCRE| #1751

AT

(vi) A4 HT.  20144F B AF DY) IR T DL AR {4
gef LN BREAS, 43 5] 5 B /E B A5 1B . Kitaake#102428
ZRAE, B WAR B PRl 7 201445 Bk R A T 16 e s K
F 2215 8 P, T 20154F B ¥ gefl/ B 77 1B, gefl/
Kitaake, gef1/02428113/>Ffif A Ff T U IR, X
Fo b P fE A 17 32 8 8 A 4y B, JF FH gef1/02428 5
gefl/Kitaakeft F A HEAT 15244 5 2 73 Hr

(vil) PR E O S a R . s
oy A TR R L1255 Y (4K 1 195104 SSRERIE, PAH &
1B4) 51l 5 Kitaakef102428/ ) DNA M54, PCRY" 1 43
M 51 e B AR [ A7 2 5 FRiE. S B Michelmore
4 NBARIBSA (bulk segregation analysis)i % £ 251
Fruc B4 T 8404, R 0 % HB A9 3 Bl bR 10 X gef 1/
Kitaakeft) P 1 v H AT 98 78 e U 1) B RR 547 40) 5 £or.
i 3 i — DA RE AL, ] SSRARIC LA B A Ak
& (InDel)Fric %t H bn & K A7 #k— 22 g Ao . A
fifF 5% % H B9 SSRARIC FF 41 F 2% A Gramene$U ¥ ¢
(http://www.gramene.org/), i AfkJEhRic (InDel)5 |4
MR IERGP(http://rgp.dna.affrc.go.jp/), NCBI(http://
www.ncbi.nlm.nih.gov/) LA & RIS(http://rice.genomics.
org.cn/ricelindex2.jsp) /> B4 e $E AL i R A 93115
BEFE H A W 7 51 B0 #E 4T HxE, iz 1 AR W 3
Primer 5.083 1M (1), Fr FH BS54 %51 2 it i i
BRIV HEARARA G, DNARKZS R

Tablel The sequences of molecular makers used for gene mapping and gRT-PCR makers

Bk B2 ERGIHIFI1(5'—3) 5 ¥ 781 (5—3)
RM5474 AAAGTGTTGGTGAGCATAGC TTTGTGTTTGGAGAGACGAG
RM7576 CTGCCCTGCCTTTTGTACAC GCGAGCATTCTTTCTTCCAC
A3-7 CTCCTTCCTCTCGTCCTC CAACGGCATAACACCATT
A3-8 ACAAGCATCCCTATGAAAGA ATCACCGATATGAGCAATTC
RM14614 GCACGCATTGTTCGTGATAGG GAACCGAACGCAAAGCTAATACC
InDel3-1 TGTTGGTGATTTGGGTTGCC AGACAGCCGCATATATCCCC
InDel3-2 TCTTGCAGTGTTCTTCAATC GACTCCTTCTCGCCTACTTA
OsSSllla GCCTGCCCTGGACTACATTG GCAAACATATGTACACGGTTCTGG
SUS3 TCAGCGCATCGAGGAGAAGT GGCCAATGGAACGGTGGTAG
OsAGPL2 TCTTGAGGACTATTACAAGCA GTCCATAGTCAGATGCTCGA
OsAGPS2b TCTATGACCGGTCTGCTCCA CAGAAATGCAGGACCGGAGT
Actin ATCCATCTTTGGCATCTCTCAGC CACAATGGATGGGCCAGACT
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MccouchZi: A B )51, PCRIZ W K 6l 2 & Panaud
iz NPT .

2 RS0

2.1 SUBRIIBEFE K 2 2R SRR b

7 H ) IE 8 AR 45 10 F, 38 o o 8 AR 1A 5 B A=
BRI A 2R 5 R B (1, 322), fEMIES i
GEAR A Y A R 2 (R BR AR R S AT RURE AL, B S5
R RSO RS ERR Z R A R
G g A R R 4 0 24 12%, 45 SR BRI 2 24%, 5
FEITRL B0 /D 29 41%. 16D T K/ T, ZEAR R G Fh
F 1R 3G N 11.4%, K TE 1S 1 9.9% Al T ki B 3G
20%, hr A 557 B A B AR 58 FLC B B AR R, iF
TSI 98 A8 IR 07 A0 2R 1T 23 M AN B0 1) BRE
1 A R R B AR R . ZEREOK S T I, 5 A AR
t, AR RgefLi iR 25, IWHWE . ARG &
RO R FBENERY), Hh Ry
ML 70%, M K 175 B B2 1K

2.2 Ak gef L2 ANl 25

IKFRAERE o) R G R VR-PE 2 DA Rk iz fa i)
T AR, DA W R A R 4 K R B AT Rz e
e FAL Y A IE Bk OG. BE AR BVE FAB S R AR A
gef LA (K12(a), (d)) . 31— 15 18] (& 2(b), (e))FE =7
[ (E2(c), (F))AH ) &B A 4 D) 1 A WA 45 R o, 58
5 A gefA7E | R 3SR R 4k A TR Y S 244 12.5,
15.3, 32.2, i B A= BT L A9 K 4R 45 - 394 50k

%2 FBikgell SHEBARRREERERY

Table2 Comparison of agronomic traits between gef1 and its wild type?

15.8, 18.6, 34.9, Wi = [H)XF oL &R A 445 oA B 22
SEAR AV R FE Ry 2~74>, Tl B RS R RE () JE G B
A Ak, B TR AN, BB AE G A TR Az
IWARAEAE IR 058 N 3R M B A A R AR
B, SEFA A bEr, SRARRE ST N RGN, i
[0 1 050 A N L= 2 R N N TR o R VAT A
P AN A 3G (1812(g), (h)). TEBM AR 45 R R,
SAFRBTER R ZBRIE, HEGIRAHL, 1B A 2 3 by 4
REITCHN 20T, HEF R (E23), ().

- Wi
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o
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gef1 A e Y T G T -

NWT e wa ————  c a —  -—
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Figure 1 (Color online) Plant phenotype and grain shape of gefl and
WT. (a) Plant phenotype of 25 d after flowering; (b)—(€) Grain shape

ok P =i (cm) R B (em) 45T (%) WEERE RK(mm) RS (mm) K5 TR
H#&1B 11644207  8.4+1.14  28.8:£0.71 90.96x0.02 196.2+7.60 9.70£0.07  2.72#0.11  3.57x0.12 29.53+0.48
gefl 115+1.22 7+1.00 25.26x0.86" 68.98+0.06" 115.2+7.26" 10.81+0.05° 2.99+0.04° 3.61+0.04 35.45+0.05"
a) *, ** TR 5 AF R gef 115 B A U B A 1BJA] 19 22 5 431 150.05, 0.014% 3 /K F
%3 kel 5HEFA R AYRE K& B E B
Table3 Comparison of rice quality between gefl and its wild type®
L VRS (%) KGR (%) T R (%) (%) JEEH £ (mm) ELHEVE R (%) & 15T (%)
HA1B 78.9 72.6 1 0.1 82 14.7 11.6
gefl 77.8 46.9" 69" 7.6" 66" 15.4 9.5

a) *, ** F o 52 AR (K gefl 5 B AL 78 BT F 1B il 1)

% 543 W13450.05, 0.01 % % /K -
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B 2 (M4 ()R A R gefl SEFERIEE 1IBAZIAEAEWER. WA 1 (a) 5 28 A8 (R gef L ()b B U ThT L A, B2 A () 5 98 28 (AR gef1(e)F] 1
5 TR DI LA, A TR ()5 2 AR PRk gef L (f) (8] 2 T RIS DI e g%, BPAE TR ()5 28 A8 (R gef L ()R N 36 B AR At b A, BEF A4 8 (1) 5 8 A5 TR gef 1) Ve
WHARZER U, 2878 egefl 55 7 AL BURS5E P 3 B AN MR B () . A 5 (1) S A/ IN(m) ) B4

Figure 2 (Color online) Histological observations of gefl and wild type plants. Cross section of the rhachis in wild type (a) and gefl (d) plants, re-

spectively; cross section of top first internodes in wild type (b) and gefl (€) plants, respectively; cross section of top second internodes in wild type (c)
and gefl (f) plants, respectively; cell number and size of inner epidermis in wild type (g) and gefl(h) plants, respectively; structure of amyloplast in

wild type (i) and gefl (j) plants, respectively; comparisons of cell length (k), cell width (1) and cell size (m) between gefl and its wild type

2.3 Ak gef I HESR o & o b

MBI KT HRFE (K3@)), 272K NI 2+
BT 28 5 R sk ] He S AR BUGR 30 dAE A, 24 R AR Y
M2, RARFRATNE T ZE, KB E2REKR
PRI 2912 d. LA SR AR IR 5 W AR R A I R
BL(F3(b), (c)), BFAERIFETT AL 18 o= fif b T e sk
KW, KRz 2R d, BT, ffE
FEE N, s AR R PR I 4E R 436 d, JFH
GEAGAFE AL ) E R B AR TP A AL 28 R,
RAFRATRL R B 2L | i 20 5 58 U8 i 24 B
B L B A R 2 1
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Figure3 (Color online) The characterization of grain filling in gefl and its wild type. (a) The seed morphology and growth of gefl and wild type; (b)
time-course of caryopsis fresh weight increase; (c) time-course of caryopsis dry weight increase
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Figure4 (Color online) Dynamic changes of soluble sugar content (a) and chlorophyll content; (b) in caryopsis with different days after flowering in gefl

and wild type

FERL AT PR ) R R AR 5 5 B B I o T AR A
T30 diF, gefLFFRLH By AT 3 T bE 7 2 SR,
WA 1] Bk pr b i) 5 P i A R SRR B B o i
WA AR, AR 4(0) T WL, AR ARER 4t %
FRTEIFAEA0 dfF A TP IR 20 T, LR 8 J +F
SREFIRECH, TP R RE LR B 1] 132 i D) R

2.5 HEIROVIIREFCHAHOC S PR iR 2235 23 #

TEREARTTFAE ST, 43 BT A8 )5 3, 6819 dit 7 L 43
B A C ) A 56 3 PR G 263k % B (K1 5), A HE B AR Y
SU ST 28 A8 (A T 2 40 A 1) A8 Ak i BE R BH ), 1T SUS3
XoF VR SR 0T A3 O EL AT v e AR A, BRI TR A R AL
YIAEATF R (R 43 BOACR B AIG. OsSSIHa5 SUSBZALL,
OsSSIHafe: 7K FF JE K3 A B0 565 24~ S R i, 8 2 0 30
TE A8 R T ) 0k BR A A R A S — B IR, i AE
B AR R T . AN, DA R L
VE M O AR R — A BRSO /N T 3

OsAGPL 25 OsAGPS2b7E %€ 745 {4 55 1 A= K1 W 3% 41 9]
() IR AF A0 I i 25 5, e SR AR MR o (1) 2 R 4 1K T 1
AR, I H A IR W R A, UL R T
9932 2 78 ARERE HP TE 93 Y B TR TR AR T 2 AR

2.6 S mB LS Pr

PLgef LN HEAR, B A7 1B, 02428F1Kitaakeh 5L A
SR EE T gefl/H % 1B, gef1/02428F/1gefl/Kitaake 3
AREA, BAF AR SRR MR, 453K, 31
A M FAE R R BUIE 5, UL 2748 PR 27 ik
SR, FAhORE LA P A v 58 748 2 AL Bk 5L
5 IEH R R B s o R, IEE R S %R
AR AR B AT A 3: 1 LA R4 SRR iZ R AR
PR AZ PR M A I PR o

27 SeASTRHETRSE R i F e BTy Ry e
K HIBAS (bulk segregation analysis)ik 4 i 5848
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® 5 W EE18 0 geft - 3
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Figure5 Expression analysis of glycometabolism-related genesin the early stage of grain filling
F 4 TAIKgefl BIBIEHIT
Table4 Genetic analysis of the mutant gefl
PN F Fe A3
o ' HOBR 15 G (R AL A W) B R A G
gefl/'H 7 1B 1E A 596 137 459 1.29
0ef1/02428 1EH A 1340 348 992 0.67
gefl/Kitaake IEH R 280 65 215 0.48

K5 I H BE 3K () DNAh 45 — 4~ IRl gef L/K itaake
F28F P v i 654 Bk SRR AR w0 o BEAR . I FE
RAAFAE Z 25 B350 0 A T KRR 122k e o ik I
(341X FRicxF F iR P DNAM BT 2 5400y, 45
KR, FEKFEH 3 IR K B (A5 I RM 5474,

RM7576, A3-7H1A3-87EDNAIR I Al fA1E 2 54, ¥
H Rz HAR A T4 3
X BARIE AT R L 4B, AR X (R ) F-HRSSRZ
APERRIC LA R AR P ARG H AR g FORIAE 931 1% 3 itk —
AT InDelbric, 5K 348 Btk bk it 47 2 7,

ek b (&e). b T i —

RM5474 RM7576 A3-7 A3-8
A chrd ] | | | /2—
7 i I 7
11 “,,-" 4 2 H"""'-.. g9 Recombinant
RM7576 _-="" RM14614  InDel3-1 IDel3-2  ~~~aL AT
B n=348
12 7 ’,/; 2 ‘\‘ 6 Recombinant
o A
// ‘\‘
~ geft %
c W \
Gommmennnneees 198 KD —-mmmmmmmmmmeeee ”I

Bl 6 gefl ZRTEKAEES 3 Ytk EiyorT e i
Figure6 Molecular mapping of gefl on chromosome 3 of rice
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x5 REERE
Table5 Candidate gene
FE P LR R FERL HE K R
LOC_0s03g12680  protein kinase, putative, expressed LOC_0s03g12810 maf, putative, expressed
LOC_0s03g12690  expressed protein LOC_0s03g12815 expressed protein
LOC_0s03g12700  expressed protein LOC_0s03g12820 rice homologue of SRO

clathrin adaptor complex small chain domain

LOC_0s03g12710 containing protein, expressed

LOC_0s03g12720  expressed protein

LOC_0s03g12730  receptor kinase

LOC_0s03g12750  expressed protein

LOC_0s03g12760 orotein, expr

LOC_0s03g12780  hypothetical protein
LOC_0s03g12790

LOC_0Os03g12900

helix-loop-helix DNA-binding domain containing

MATE efflux family protein, putative, expressed

squal ene monooxygenase, putative, expressed
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inositol 1,3,4-trisphosphate 5/6-kinase
gene

expressed protein

homeobox associated leucine zipper,
putative, expressed

expressed protein

LOC_0Os03g12840
LOC_0s03g12850
LOC_0s03g12860

LOC_0s03g12870

LOC_0s03g12879 expressed protein

aminotransferase domain containing

LOC_0s03g12890 protein, putative, expressed
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! Key Laboratory of Southwest Crop Genetic Resources and Improvement, Ministry of Education, Rice Research Institute of Sichuan Agricultural
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2Yibin Agricultural Science Research Institute, Sichuan Province, Yibin 644000, China

Grain filling is an extremely important process in rice growth and development. This process which involves complex
genetic regulatory networks and environmental interaction, is directly related to the formation of rice yield and quality. A
stable inherited mutant with grain extended filling (gefl) was identified from an EM S mutagenized population of Yixiang
1B. The investigation of agronomic traits, measurement of physiological and biochemical characteristics, histology
observation, gene expression analysis and gene mapping were performed in this study. Compared with the wild type
plants, the grain filling rate of gefl was significantly lower than that of Yixiang 1B, resulting in the grain filling time of
gefl was about 30 days delay. Meanwhile, the 1000-grain weight of gefl became bigger and seed setting rate decreased
by 22%. During the development of caryopsis, we found that the soluble sugar content in wild type showed a single peak
curve, and the content maintained at alow level throughout the grain filling stage. However, the soluble sugar content of
the gefl was significantly higher than that of the wild type, and showing a bimodal curve. It revealed that the
transportation and distribution of photosynthate, and starch synthesis were inefficiency in gefl. In addition,
histocytological analysis showed that the number of big vascular bundles in the same transection parts of rachis, the first
top internodes and the second top internodes were all decreased in gefl, and indicated that the transport efficiency of
photosynthate was one of the limiting factors in the rate of grain filling. The scanning electron microscope showed that
the glume of gefl had smooth surface and lender cells. Scanning of grain transection showed that gefl had spherical
amyloplasts and arranged loosely, but the wild type had unregular polygon amyloplasts and packed closely. These results
suggested that the changes of grain size associated with the cell number and shape of glume, and gefl had impact on rice
quality. Additionally, by analyzing the expression of the glycometabolism-related genes in developing caryopsis, we
found that all of them were keeping at a low level in gefl compared with the wild type. By analyzing the three crosses
gefl/Yixiang 1B, gef1/02428 and gefl/Kitaake, we found that the F; plants of these three crosses were al normal and
indicated that the mutant trait was controlled by a recessive gene. The ratio of normal plants to mutant plants in the three
F, populations was 3:1 and indicating that the mutant trait was controlled by a single recessive nuclear gene. gefl was
preliminarily mapped on the short arm of rice chromosome 3, and was narrowed to a 198 kb region between InDel3-1
and InDel3-2. This region has 21 open reading frames and there was no homologous gene had been reported within it,
and the further identification work of candidate genesis ongoing.

rice, grain filling, genetic analysis, gene mapping, gefl
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