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Effects of SSTI -1.SBE3 and PUL on Eating and Cooking Qualities of
Rice under the Background of Backcross Inbred Lines

XU Shunju, XIANG Xunchao”* ,KANG Cuifang, LONG Xiaolin,SU Wenli, YANG Bowen, WU Jiafu

(Lab of Plant Molecular Genetics and Breeding, Southwest University of Science and Technology » Mianyang, Sichuan 621010, China)

Abstract: Rice is one of the major cereal crops and eating and cooking qualities are very important for im-
proving commodification of rice and people’s life. We used backcross inbred lines(BILs) of BC, F,, generation
as materials which were constructed by two parents of indica photo-thermo-sensitive gene male sterile(PT-
GMS)line Guangzhan 63S and rice potential restorer line CG173R and they contained the same alleles of
starch synthase]] a gene(SS ][ -3)and granule bound starch synthase gene(Wx") ,and their hybrid by back-
crossing and selfing for several generations. Furthermore, the genotypes, the eating and cooking qualities
(ECQs)and RV A profiles were measured among the lines of BlLs so that genetic effects of the minor genes
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were analyzed. The results showed that:1)Five different starch synthesis-related genes ADP-glucose pyro-
phos-phorylase large subunit ADPG (AGPlar), starch branching enzyme [l (SBE3), Pullulanase gene
(PUL) ,Soluble Starch Synthase | gene(SS | )and Soluble Starch Synthase [[[-1 gene(SS [l[ -1) existed
difference for two parents. 2)SSII[-1,SBE3 and PUL genes had single gene separation,and two genes sep-
aration of SS[[[-1 and SBE3 genes,SS]l[-1 and PUL genes in lines of BC,F,,. 3) Their different effect of
genotypes,and interaction had significant influence at 0. 05 level or at 0. 01 level on apparent amylase con-
tent(AAC) ,the gel consistency(GC)and part indices of RVA profiles. 4) Effects of SSIII -1 had significant
influence on AAC at 0. 01 level. Interaction effect of SBE3 and SSI[ -1 had significant influence on AAC at
0. 01 level and had significant influence on Peak time(PeT) ,Pasting temperature(PaT)and GC at 0. 05 lev-
el. Interaction effect of PUL and SS [[[ -1 genes had significant influence on PeT,PaT and consistence value
(CSV)at 0. 01 level and had significant influence on peak viscosity (PKV), hot paste viscosity (HPV),
Breakdown value(BDV),Cool paste viscosity (CPV), Setback value(SBV), AAC and GC at 0. 05 level. In
the background of Wa’ and SS I -3 genes, the results demonstrated that effects of SSI[ -1 and the genes
interaction between SBE3 and SSI[[ -1 have significant influence on AAC at 0. 01 level;Interaction effects
between SBE3 and SS[I[ -1 and between PUL and SSII[ -1 have significant influence on GC at 0. 05 level;
Interaction effect between PUL and SSII[ -1 has significant influence on PaT at 0. 01 level. The studies have
importance for improving the rice eating and cooking qualities and accelerating the research on rice quality
breeding.

Key words: rice(Oryza sativa L. ) ;backcross inbred lines(BILs) ;soluble starch synthase [[[-1 gene(SS [l -

1) ;starch branching enzyme 3 gene(SBE3) ; pullulanase gene( PUL)
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Table 1 Molecular markers used to amplify starch synthesis-related genes in rice
HE A 4y FhRid R Fric 2 Al
Gene Molecular marker Sequence of primers(5'—>3") Marker type
Wax PCR-Acc 1 F.GCTTCACTTCTCTGCTTGTG ;R:ATGATTTAACGAGAGTTGAA CAPS(Acc 1)
SSI -3 SSII-3 M1 F.:CCAATACCGTAAACTAGCGACTATG;R: TACAGGTAGAATGGCAGTGGTG STS
AGPlar AGPlar M1 F.CGTTCAGGTTCAGGCAATCA;R:GGAAGGGTGGTGATGTGGAG STS
SST Ml F.GGTAGGGTAGGTCAATCTGGC;R: ATAGAGAAGACAATGTGGCAACC CAPS(Nru D
551 SST M2 F.CTTCTATCCATTCCTTAATCCCA;R:ATGCTATTGATGTTAAGAGGGC STS
SSII-1 SSII-1 M1 F.:AAGAAGGGAAGGGAGTCAGC; R. GCCATCTCCATTGCCAGC SSR
SBE3 SBE3 M2 F.GTGGGGTTCTCAACTTAGC;R:CATCAGCATTGTTAGGCAG STS
PUL M1 F.:AGAGAAGGAGAAAGAAGTGGAGA;R:GTCCAAACTGAATCACTCAATCG STS
Pk PUL M2 F.GACAACCGTCCGCTTTAGTTTC;R:GCATTTGAGAGGGTTTGGATTC STS

960 r/min ¥ gl , Z J5 ORFFLE 160 r/min; G A il B2 A8
R 250 ‘CA£4E 1 min, L 12 °C/min FHE 3] 95
C,95 CAEHE 2.5 min, FF- LA 12 °C/min FFIEF] 50
C.50 CARHF 1.4 min, K B 57 02 BE HL 2 AL
(RVA arbitrary unit,RVU), EEME 3 K,
LS SHithHE

WF5E B A5 508 % Excel 2003 1 DPS 9. 50 4¢
VA EAT B 2R J7 22 3 M AR 4k ik DR A, T 45 2R
XF Bl #EAT 23 36, M T DPS 9. 50 A7 — IR R IX
WK G810 B A 6] Bk I 7E A [F] ZE B AAC, GC
S RV A G5 19 22 L FFAE o

2 AR5

2.1 BCF GEEZEREKNERSE

FIH LR 5 A b 50 AH 56 3% R A 8519 2 F AR ic
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PARRTE R — AL B SN S B AR T
63S” — B Ay L K AR Ry k) 63S AL, 5 ER

G
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C G C

CG173R —3¢ iy BI 2 CG173R A, &5 {7 5L [ 4% 4 1
FEH BRI R 28 50, A BRRTE SSTI-1 A a5 i A
BT b 63S B CG173R Bl Jz 24 4 B} 43 S b5l
S G RL.C BUR H B, BARRAE SBE3 {i s K H Yy
J7i 63S 8 CG173R B e 44 BB 43 Sl bnic k1
BT RUAT I Y, BARRAE PUL g 3RO
63S A1 . CG173R BILL J2 Z% & BUBF 43 Bl bR ic o 1 A8,
2 I 3 A,

BC,F, 1A 2 HBRAE Wa', SS Il -3, AG-
Plar.SS1 .SBE3 #l PUL JEPR {3 5 fit 5 K B kA [
¥ AE SSTT -1 7S &4 T HIE R 5. Bk, X 2
AN FRPR B Bl 7€ BC Fo Bl bR R 15 S10 1 S134, 2
KRR BRRAE SSTIT -1 7 S FEAE 3 Bl JE R 8 4y
B G HC R H AL, 5546, R4 B 3 AP B
SBE3 JEH Ak Hogx & FE BV 50 36 A 1) — B0, Bk R
S10 Ht SBE3 £ 24 11 Y, ¥k & S134 H SBE3
FERER T 7, Bk Z& S10 f SSTI -1 3 5 43 2 1 i
5k G BT KR C B3 Bk H OB bR R
S 134 SSII - 13K 43 8516 Oy - S8R A GHYL L 7Bk

SS 1T M1

SSIII-1 M1

BT 22500 TARIC AR I 45 R
G. "k 63S;C. CG173R

Fig.1 The testing results of different molecular markers with polymorphism in parents

G. Guangzhan 63S;C. CG173R
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Table 2 The genetic characteristics of different gene loci in BC, Fy, lines

FEA L

BC Fiotk & Sample FEAE S AL 53 85 1 HE TR AR Ay B B R
BC, Fyp line »amp Allele of separation Allele of no separation
number
S10 15 SSI-LCG RS Bk, CRT fkH R S B W', SS 11 -3, AGPlar, SBE3
SSTI -1(G-type 5 plants, C-type 7 plants, H-type 3 plants) (%) .SST .PUL
S134 17 SSI-1(G A 5 ¥k .C 7 #k . H A 5 ) Wx'. SS 1l -3. AGPlar, SBE3
h SSII -1(G-type 5 plants,C-type 7 plants, H-type 5 plants) (I 7%).SST .PUL
SBE3CT A 12 # ., 11 4 15 #k) SBE3(I-type 12 plants, [[ -type 15 plants) ) .
$63 29 SSII-1CG A5 bk .C M 11 bk H 3 B ‘;’&‘SSH’B‘A(’”““ SS1.
SSII -1(G-type 5 plants,C-type 11 plants, H-type 3 plants) .
S52 19 PULC1 %15 k.2 A9 11 #k) PUL(1-type 5 plants,2-type 11 plants) Waxt SS 11 -3, AGPlar,SS 1 .

SSII-1¢C #4 5 # .H # 11 #) SSII -1(C-type 5 plants, H-type 11 plants)

SBE3

C GGHGGHGGTCHC

SBE3 M2

1 2323233121133

Bl 2 oy Fhmicfe il o ik b ) 2 2451
G. ] 1% 638;C. CGL73R: H. I 63S Ml CG173R 24

Fig. 2 Polymorphism of molecular markers in
partial materials tested
G. Guangzhan63S;C. CG173R; H. Heterzygote of
Guangzhan 63S and CG173R

Sy C RS Bk H AL BCFy 5 1A BARRAE W'
SSI -3.AGPlar .SS 1 Fl PUL %[N {if s (it 5 K 8
HIE 78 SSTI -1 F1 SBE3 {3 j5, [6) 5} 47 76 43 55, 16
BC, Fyo F ik R 15 S63. % bk RTE SBE3 i S /715
2 FpIEE A . T AR A5 SSTT-1 i S A 7E 3 b
FEHECK .G R C BIFT H B, SBE3 J: N7k &
S63 Har B OL R 12 ROy T BLL15 Bk 11 &5 SS
-1 FEH Ay g1 o0 R 5 Bk G B 11 Bk C 54,3
el H B, BC,F, i 1 AN kkfE Wa? . SSTI -3,
AGPlar .SS T Fl SBE3 3 K v 4 fi 5 K 70 4 7] , 76
SSII -1 1 PUL K& PR v g [8] A7 7 43 85 . 78 BCFy,
TRk R 13 S52. %tk RTE PUL fi A7 7E 2 Fl 5k
PRI A <1 TR 2 70, SSTIT -1 3 5 A7 7E 2 B S 1R 2%
By CRIA H AL, PUL B 73 23500 : 5 bR A
LRI BRy 2 B, SSTI-1 HE 8 43 B Ig 0Ll - 5 Bk
Jp CRLIL #ko9 H B, Z5R5)F 3% 2. 18 2 5 A8
g oRlEE S RS LY ¢ - B N D S I

3RS H . ) 63S.CG173R BIFIZ 45,

2.2 BEREIREK GRS H

2.2.1 SST-1 ERAMBEARABRAZM HEK3 A
ML, B R S10 bk &R S134 H AAC,7E SSII -1 %%
R DR Y W) A7 A 1 35 Pk 25 R (AR bR &R 1) AAC HE
SIVIMER/NANTE . Bk Z S10 v 3 i IR ) AAC
W R/MER N CHRI<<H <G R, H BAEEA K
AACH FWEAR KR ZE,G B AAC & F C
BRI BRR S134 rp 3 FpAL AL AAC BI{E K /MK IR
A H R <<C BI<<G ®,H BMFEAR AAC /.G Bl
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FER 0 B AR AR 2R R A RVA 5% 4 B AE A DL K X
GC WM/,

XfRk &R S10 Fl S134 R A B — 1~ K BER UE 1750
Mromi 2 3 Ar AL, SST -1 F£HTE AAC I+, 45 3 5 7Y
(IR 3 T A G R 22 5. 3 ML AL AAC ¥{E K
MBI CBI<<H 8 <G #,G ®y AAC & T C
B, HA B AL HE bR B RVA FREE 6 AR g SS
I -1 PR A 2 ] Rk 3] @ & MK 7. f skl A1 SS
IM-1 R P4 s %t AAC A B 270, i xF RVA
T AR A GC AR 3 880
2.2.2 SBE3 1 SSTI -1 £ E X3 %8 K & R %

(1)SBE3 #= SSIII -1 & B R & 4~ & B £ K B 2
AR RWFH R PR 4 ATHL SBE3 [R5 A
RN B PKV S 78 AAC Fil GC Rz H Al 1y 45 AL
febr L3k B 0 st B 2 5K, Hob g
HPV.CPV.CSV.SBV.PaT.PeT fl GC I ik F#%
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% HPV,CPV,CSV,SBV 1 PeT | I < 1I; %
PKV.BDV .PaT .PeT,AAC fI GC - TT<<1., SS
I -1 A [m] % 55 R B 24 0 B PRV Fil AAC 5k 78 GC
S A 1) 2% B F8 bR b X3k 3] 8 3 B B 22 S K
e, Ho g HPV,CPV,CSV,SBV, PaT, PeT A
GC f& 5 ik Bk 3% K F . 76 BDV | ik 5] 8 3% K
-, 7E PKV.BDV,PaT #1 GC |- G<C<H, £
HPV.CPV.CSV.SBV Ml PeT |1 H<C<G, fF
AAC | C<<H<<G., EKWITEAE Wa" B H Kk
kKRG H SS T -1 F1 SBE3 3L [ X 7% ok 76 . £ Ik
A A B . T SSIT-1 M SBE3 3£ H 7 bk R
S63 rft [ ) A7 A6 S R 43 B R BE A A6 & 22 8] ) BLA

(2)SBE3 #2 SSI -1 AW 22 B 54 H
PSS -1 A1 SBE3 JE A [a] (1) B AEZL N . H2 45 A%
F L RN Y 3 B A A O 2 R bR R SR
MBS R 5 26 (3 5) ik AR SSTIT -1 Hil SBE3 J
PR R0 2 1 R K B B (B B 25 S R LR S
H 2 5 AfHIEAF 4G 77X HPV Al AAC £
25 SRR ) A7 76 i 35 25 55 CPV (SBV  PeT . PaT,
CSV # GC 745 M I B Al AR B & 1k 25 5% . 78
ANTF] SSTI-1 e PR 388 % 75 50 F 45 B AL 48 5
BDV . PaT Il GC tf SBE3 Je[H %y [ #4141 K
F 1L #, 0 HPV.CPV.SBV.PeT fil CSV # SBE3
SRR I R ES KT LA, il SSII-1 A0
SBE3 H:HAEAEAH HAE M .

F4 SBE3MSSM-1 AEAEFEEBABRAERNIEREREEZR
Table 4 The means of quality traits and their significant test of different SBE3 and SS[[ -1 genotypes

RVA i 4 45 GE fi SBES SSII-1
Index of 1 IR G Cm H
RVA profiles Genotype | Genotype [l Genotype G Genotype C Genotype H
PKV/RVU 327.21+4.85 324.3345.43 316.974+11. 50 326.07+5.04 329.07+5.56
HPV/RVU 131.9641. 41cB 142.1741. 93aA 139. 63+4. 43abAB 139.05B+2. 14abcA  135.30+2. 60bcAB
CPV/RVU 230.87+2.10bC 274.5041. 98aA 274.87+3.27aA 260.36+6. 45aAB 240.88+6. 63bBC
BDV/RVU 190. 7642, 55a 182.16=+4. 10ab 177.33=+7.54b 187.024+4.09 ab 188.87+3. 60a
CSV/RVU 98.914+1.31cC 132.3441.99abA 135. 2344, 18aA 121.31+4.83bAB 105.58+4.57¢BC
SBV/RVU —96. 3545, 28¢cB —49, 8245, 18aA —42.10410. 17aA —65.714+6.75abAB  —88.20+9. 02bcB
PaT/C 80.7840. 18 aA 75.48+0.17bC 75.547+0.50 bC 77.25C+0. 74bB 79.46B+0. 82 aA
PeT/min 5.5840.02cC 5.93+0.02 aA 5.8940. 04aA 5.81740.06abAB 5.6840. 06bcBC
AAC/% 15.19+1. 29a 10.514+0. 94b 13. 29+ 1. 06ab 11.78+2. 06ab 13.08+0. 67ab
GC/mm 12.174£0. 90aA 5.64+0.37cB 5.39+0.80cB 8.78+1.30bcAB 9.73+1.19abA

225 B E RN A— 4 RVA BERRAE (4 78 A [ 56 K8 18] (9 b4 . SBE3 A A7EAE 2 FIE R T 63S AT CG173R MU, 43 5l b ic
g UFIIL 5SS -1 7 S AF7E 3 R LRI . 1 b 63S 1, CG173R MU FIZ% 4 0, A3 S %30l G 8 C B H 8. R [E

Notes: The significance was tested in different genotypes of every RVA profile characteristics. SBE3 gene locus exists two kinds of geno-

types: Guangzhan 63S type and CG173R type; They are marked as I and 1[I ,respectively. SSTI -1 locus exists three kinds of genotypes: Guang-

zhan 63S type,CG173R type and heterozygous; They are marked as G type,C type and H type,respectively. The same as below.

£S5 AESSI-1%# SBE3 BERBASTEARRHBYEREREZS

Table 5 The means of quality traits and their significant test of different combinations of SBE3 and SS|| -1 genotypes
RVA i 2% FEE (O IH %Y nG# ncH IH®
Index of RVA profiles Genotype 1C Genotype TH Genotype [| G Genotype ][ C Genotype [[ H
PKV/RVU 322.81+5.51 329.4246. 84 316.97411.50 327.9447.51 328.174+11.35
HPV/RVU 133.03=+1. 64b 131.4242.00b 139. 6344, 43ab 142.4942. 41a 145. 6443.59a
CPV/RVU 234.97+1. 30bB 228.814+2.87bB 274.8743.27aA 274.8743.45aA 273.04744.09aA
BDV/RVU 189.7845. 31 191.2543.03 177.33+7.54 185.45+5. 89 182.53+11.15
CSV/RVU 101.94-+1. 10bB 97.40+1.67bB 135.23+4. 19aA 132.38+2. 13aA 127.404+5. 42aA
SBV/RVU —87.85+4.47bB —100.60+7.33bB —42.10410. 17aA —53.07+6. 35aA —55. 12415, 37aA
PaT/C 80.31£0. 24aA 81.0240. 20aA 75.54+0.50bB 75.51+0.11bB 75.32+0. 24bB
PeT/min 5.594+0.03bB 5.57+0.02bB 5.89+0. 04aA 5.93+0. 04aA 5.99+0.01laA
AAC/% 13.13+£0.79a 13.72%+0.78a 13.29+1.06a 9.58+0.96b 11.38+0. 68ab
GC/mm 13.98+0. 55aA 11.26£1.21aA 5.3940. 80bB 5.8140.52bB 5.6540.79bB

FE 225 W PR IR A — > RVA 35 57 0 8 76 A [ 2 R84 ) By HL %

Note:; The significance was tested in different genotypes of every RVA profile characteristics.
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it —2H4 SBE3 JEHTIAE R FHE.SSI -1 3
EVE MBI &R, 047 R XG5 73 Hr . #4898 SBE3 SEH
1SS -1 K5 A EAERON 45 R WK 6. H13K 6 7]
H1,SBE3 3 %} HPV.BDV #1 AAC 1% i 5
Wi % K, SSII-1 3 A X% SBV, PaT., CSV,
AAC BN IR B 2% /K. SBE3 B 1 SSII -1
S EAEX AAC [ 8500 3k B 2 3 K P, XF
PeT . PaT Fl GC WY& ik B & K
2.2.3 PUL 1SS -1 & B> 78 K & R A 20

(DPUL #2 SS Il -1 A& B B & 4 & of £ & & 4f
ERBRW H R FRR S52 & RRAE Wa' | SS

Il -3.AGPlar.SS 1 #1 SBE3 K[ {7 s 1t 2 5 750 4
[f.7E SSII -1 1 PUL i s [FI B AFAE 0 85, 3R 7
AT ANFY PUL LK A% SBY Fl PeT L A77E B3
PE2E 5.0 B AE SBV $8b5 FHIE N 2<<1,7E PeT
febr EHIE R 1<<2. KRFA SSII -1 K [F £ 1
SBV il PeT {77 M 22 5 7 SBV ¥ {H
KR H<C,HfE PeT FHMWE K/ H<C, H
F SSII-1 F1 PUL SEFH FE bk R S52 o [A] i) A7 46 K&
K53 B9, o] BEAE P Z R A2 A HAERLN .

(2)PUL # SSTI-1 A B 6§ A3 5 54 i
bk 2 HSSI -1 F1 PULJE R R4 4 7 AR

%6 SBE3EES SSI-1 EAMAERBZITHTER
Table 6 The results of split block design for SBE3 gene and SS [l -1 gene

RV A 3 % 55 1 i SBE3 SSI-1 SBE3XSSII-1
Index of RVA profiles F p p F P
PKV/RVU 1. 055 0.334 3 2.227 0.1551 0.138 0.715 2
HPV/RVU 27.679 0.000 8 0.125 0.728 4 1.615 0.222 0
CPV/RVU 1 057.194 0.000 0 1. 740 0.2057 1.735 0.206 3
BDV/RVU 13.706 0.006 0 1. 470 0.243 0 0.705 0.413 4
CSV/RVU 630. 989 0.000 0 4.926 0.041 3 0. 257 0.619 0
SBV/RVU 155. 235 0.000 0 4.621 0.047 2 0.026 0.873 3
PaT/C 684. 880 0.000 0 3.490 0.080 2 1. 055 0.061 2
PeT/min 208. 899 0.000 0 0. 366 0.553 6 3.850 0.067 4
AAC/% 13. 338 0.006 5 7.639 0.013 8 14. 479 0.001 6
GC/mm 100. 432 0. 000 0 5.003 0.1850 9.241 0.063 0

X BT AT 45 R P i F (B P (B — A RVA JERRE (72 A 7] 56 DI AR A EL

Note: F and P values of split block design came from the comparison of different genotypes of every RVA profile characteristics.

x7 PULFASSM-1ARAEFREBREAERNAEREREEE
Table 7 The means of quality traits and significance of difference for different PUL and SS]][ -1 genotypes

PUL SSII-1
RVA 46 454 fi
Index of RVA profiles 17 21 cn H 7Y
Genotype 1 Genotype 2 Genotype C Genotype H
PKV/RVU 302. 64+36.63 322.714+2.78 326.49+5.96 311.534+15.77
HPV/RVU 121.29414.13 131.96=+1.41 132.76+2.17 126.67+6. 31
CPV/RVU 236.15+1. 84 230.8642.10 235.10+1.05 230.434+2.57
BDV/RVU 181.35+23.62 190. 68+2. 59 193.74+7.43 184.77+9.71
CSV/RVU 90. 96410. 30 98.9141.31 102.34=+1. 46 93.4344.47
SBV/RVU —113.72+14.41b —91.8642.58a —91.4046.08a —102.05+6. 85ab
PaT/C 72.99+8.16 80.784+0.18 80.5940. 26 77.34+3.70
PeT/min 5.00%0. 55ac 5.5840.02a 5.5840. 04ab 5.3240. 25abc
AAC/% 14.40+0. 38 15.19+1.29 17.07+2. 20 13.840.57
GC/mm 10.73+1. 42 12.17+0. 90 13.07+0. 92 11.024+1.01

T 255 BEER IR — A RVA RS 45 AE 8 75 A [5] 35 K % 18] 19 b %%
1 RUA 2 B, SST -1 7 fAFAE 2 R 3L R . CG173R B % & /Y

PUL i SAFAE 2 FpIE R AL ) Y 63S BUAI CG173R AU, 23 Gl kRic N

SbRIE Sy C R H AL, TR,

Notes: The significance was tested in different genotypes of every RVA profile characteristics. PUL gene locus exists two kinds of geno-

types: Guangzhan 63S type and CG173R type; They are marked as 1 type and 2 type,respectively. SS[ll -1 locus exists two kinds of genotypes:

CG173R type and heterozygous; They are marked as C type and H type,respectively. The same as below.
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Table 8 The means of quality traits and significance of difference for different combinations of PUL and SS[[ -1 genotypes

RVA 45 F¢fiF 1C # 1H #4 2C # 2H &
Index of RVA profiles GenotypelC Genotypel H Genotype 2C Genotype 2H
PKV/RVU 333.86+16. 40 281.83+61.99 322.81+5.51 322.67+3.42
HPV/RVU 132.2147.38 114.02424. 11 133.03=+1. 64 131.5442.00
CPV/RVU 235.36+2.53 196. 86440. 14 234.97+1.30 228.80+2.87
BDV/RVU 201.65+23.77 167.82437.98 189.78+5. 31 191.1343. 10
CSV/RVU 103. 1544. 86a 82.84416.22b 101.9441. 10a 97.274+1.67ab
SBV/RVU —98.50418. 92 —84.984+23.13 —87.8544.47 —93.8643.07
PaT/C 81.1640.41a 67.537413. 5%ac 80.3140. 24ab 81.0340. 20a
PeT/min 5.55740. 15ab 4.64+0.91ac 5.59+0.03a 5.5640.02ab
AAC/% 14.96+0. 39 14.0340. 49 13.13+0.79 13.73+0.78
GC/mm 11.26+£2.43 10.38+2.15 13.98+0.55 11.28+1.21
22 5 W E YA B — > RVA SRR IE AR 78 A [ 35 R 20 [ 7 B4
Note: The significance was tested in different genotypes of every RVA profile characteristics.
#9 PULEESSST-1ERAMNIIREHTHTER
Table 9 The rsults of split block design for PUL gene and SS [l[ -1 gene
RVA 14 15 T fi PUL SSI-1 PULXSSII-1
Index of RVA profiles F p F p F p
PKV/RVU 2.381 0.161 4 7.508 0.014 5 7.424 0.015 0
HPV/RVU 7.401 0.026 2 7.644 0.013 8 5.356 0.034 3
CPV/RVU 7.335 0.026 7 14. 142 0.001 7 7.411 0.015 1
BDV/RVU 0. 750 0.411 6 6.291 0.023 3 7.376 0.015 3
CSV/RVU 6.131 0.038 4 25. 381 0. 000 1 10. 210 0.005 6
SBV/RVU 0. 046 0.835 4 0.677 0.422 8 4.588 0.047 9
PaT/C 10. 457 0.01 2 10. 815 0.004 6 13. 320 0.002 2
PeT/min 15. 030 0.004 7 12. 141 0.003 1 11.087 0.004 2
AAC/% 4. 849 0.058 8 0. 244 0.627 8 4,784 0.043 9
GC/mm 2.954 0.124 0 14. 469 0.001 6 3.820 0.068 4

G AU BT AT S A ) F P RS R — A RVA S5 RFAE (R 7 AS () 2 P B[] 79 LU

Note: F and P values of split block design came from the comparison of different genotypes of every RVA profile characteristics.

Ik R SR 43y 4 26 (GR &) L IEA R AL 19 1
LR PeT PaT 1 CSV £ F¢ ik A8 £ 45 55 P B 1] 1
AR EEZER . M PUL 3K R K 3% 5
.PeT . PaT F1 CSV & 484509 C BB EHB KT
H AL, B SSTI-1 3£ A9 CG173R J K AL ¥
IR TG RN

HE—4 PUL BERFUAE g £ R 3, SSTI -1 5
PR Ry il R 2R 14T 284 X 86 40 7 . 4 98 PUL JE
FSST -1 FEH A HARRON 45 R WK 9., B3R 9 o)
AL PUL 3 X PeT R0 15 ) M 2 3 7K F ,
HPV.CPV.PaT.CSV #l AAC F%L I 35 B B % K
S, SSII-1 3% CPV.PeT . PaT.CSV 1 GC [
RN 35 B B3 KT, % PKV  HPV #l BDV 4%k
Nk F) K. PUL JERATSS -1 B WK H
VER R X PeT PaT F1 CSV 4%k 7 35 2 4% & 2 K
SEL % PKV.HPV .BDV .CPV.SBV.AAC H1 GC i

e
3 1 ®

KA it BT R K A R A — A E S H AR A
K VE M A3 U B H 22 > 5 DN 2 [ P AR R 45 58 8 1%
T - DR 8 42 2o 8 v 198 ) i 2 A et il BT e R 1) i
$& . PR AP R ROKIE R & BRI R P i — &
A1) 5 PR X et oK B AR M 10 5 e S s A LR B
BN E S

SSII -1 F& AR AT Pk V8 M G B il 5k 1R 5% e v
) —Fh R, F LS 5 LN IE K, £ 7S5
T UL IRERG R R A, R 2 5 AR R A
(O TE A A 0 AH O R PR 0 45 BE DR &R L WF 9T R B SS
-1 FEEXF RVA {54 {5 HPV.SBV F1 CSV £
R ARG & BLAE S10 il S134 Bk &R
1A SSII -1 BFER 43 25 B 16 B0 T SS I -1 J PR X

LSIA
n
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R AAC A W 8 3 PR 2

SBE3(SBE I b) 3£ [ 2 B A6 Fp 7 v 5 5 M 3%
kL, BEELIER A BE B &M A RS IS
FEIN R SBE3 i 75 1H0RE T A I 5 B R I 5 AR
PKV . HPV 1 CPV # & 2 T B . XF HAth R A %
B2, H1E BC,F, {t.SBE1 fl SBE3 K
Bl IR BAT M L 2 R S X AR 3R R R Y PRV
M HPV & A B %8 5m, H g CPV & ¥ F [,
SBV.PeT il PaT % & 3 F B, 78 7E 25 W] %5 R
RVA THHE AR T W IKF SBE3 JEH 1 FRE, £H
SBE3 {fPE N Rt S B SE P bk R AAC B 3% 48
1o [ B 3 K BB R TR ke R LA R TR R 3 T
RS, 7E S63 KRR W AEAE SBE3 Ml SSII -1 WA
SYEHIEOLR AR BESE & B SBE3 3L X HPV
BDV %808z 3k B 2.3 K. SSTIT-1 2K % SBV .
PaT .CSV #1 AAC (&4 N ik 2 % ¥ /K F- 3 SBE3 Al
SSII-1 I EAERR X AAC & RV A 5% (193 43 F- 4
{EA 25 A S 35 1k 1 s ), L e X AAC SRR B
FIKF- % PeT PaT Fl GC 8500 35 3 B K F .

PUL VI BRI A IS4 AL IR FL b R 58 L 1
TE A A B PR e 1B AR L RE D) 2 SCRE TE R IS
WY, B R, PUL SEE X GC
AR A —E M, I LERE RS = T, PUL %
EXF RVA 3% /9 5 ) 5 oh 8 %, 55 PKV,HPV,
CPV.SBV.PeT Ml PaT £ N 1 £ A5 4E (4 # 2 2
PUL 3FH 2P, He ZF)H ‘BT 117 i1 Balilla

Sk

R SEAS G AT B AR R AR 45 Ny PUL A
XFAAC.GC Al GT B A 8t A5 %005 16 * I8 kG 7 X
Pk 4 SO AR F, BEAA S PUL B X AAC
1 GC EH8hr 1WA WA, H kM PUL 5 SS
lla Z 181 77 76 T AE, X PaT W74 34 & & 5%
M, RRESR Y AT Y &k BLAE BCF, AR 305 B
FZH L HE PUL 3L & A5 B, PUL 3 PRUHRG K
) AAC A B E R m . AWUF5E k3. 7 BCFy,
FRHY S52 Bk &t AETE PUL F1 SS I -1 A H: PR 43 2
(915 5 » PUL 3 B %} HPV.,CPV.,PaT.CSV #I
AAC P8R A & i, X PeT A i) 8 & 5% i,
SSII -1 3 F X PeT \HPV # BDV £ & 2 510, Xf
CPV.PeT.PaT.CSV Hil GC £ i % &, I H
PUL #1 SS1I -1 B B AEXF PKV,HPV,BDV,CPV,
SBV.AAC.GC A & % %0, %} PeT.PaT fl CSV
R ETE S Al

T Wa FISS I -3 HHH 5T, FH A2 H A
B AR X2 5k & 8 n SSII-1,SBE3 Fl
PUL %5100 AR 1 BiF 5%, 2 B SSTIT -1 3 A
RO B SBE3 FSS -1 #) 5 AE % R 4 K F6 )
AAC H e 8% 520, SBE3 I SSI -1 1) H.AF 4% h;
J PUL 1SS I -1 49 BAE O X /K FF 1) GC A i
F5m, PUL A SS I -1 /) B AE SO0 X K A5 ) PaT
A R 3X 2 T A X 0 R R K i B R PR
KAE A A R EEE L.

[1] WU H KRB, LIANG G HCZEE) ,GU Y JUBMELE) et al. The effect of the starch- synthesizing genes on RVA profile character-
istics in rice(Oryza sativa 1..)[J]. Acta Agronomica Sinica (YEY)#3R) ,2006,32(11):1 597—1 603(in Chinese ).
(2] % A, BOKUE A A AR DG R X it 0 1) 5 W) B2 43 SC T HE TRl Sbel \Sbe3 5B 5 43 BT D1 YLIR M - MM K2, 2004,

[3]

(4]

[5]

(6]

7]

(8]

9]

[10]

OHDANT,FRANCISCO PB JR,SAWADA T,et al. Expression profiling of genes involved in starch synthes is in sink and source organs
of ricel J]. Journal o f Experimental Botany ,2005,56(422) ;3 229—3 244,

PANDEY M K,RANI N S.MADHAV M S,et al. Different isoforms of starch-synthesizing enzymes controllingamylose and amylopectin
content in rice(Oryza sativa L.)[]J]. Biotechnology Advances ,2012.,30(6) .1 697—1 706.

GAO Z Y,ZENG D L,CUI X,et al. Map-based cloning of the ALK gene,which controls the GT of rice[]]. Sciance China (Ser C),2003,
46.661—668.

UMEMOTO T, AOKI N. Single-nucleotide polymorphisms in rice starch synthasella that alter starch gelatinization and starch as-sociation
of the enzymel J]. Functional Plant Biology ,2005,32;763—768.

UMEMOTO T,YANO M,SATOH H,et al. Map-ping of a gene responsible for the difference in amylopectinstructure between japonica-
type and indica-type rice varieties[ J]. Theoretical and Applied Genetics,2002,104:18.

BAO J S,CORKE H,SUN M. Nucleotide diversity in starch synthasella and validation of single nucleotide polymorphisms in relationto
starch gelatinization temperature and other physicochemicalproperties in rice(Oryza sativa 1..)[]J]. Theoretical and Applied Genetics,
2006,113:171—1183.

NAKAMURA Y.FRANCISCO JR P B,HOSAKA Y,et al. Essential amino acids of starch synthasella differentiate amylopect in structure
and starch quality between japonica and indica rice varieties[ J . Plant Molecular Biology ,2005,58:213—227.

TAN Y F,LIJ X,YU S B,etal. The three important traits for cooking and eating quality of rice grains arecontrolled by a single locus in



1988 odr oY % R 35 &

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]
[34]

[36]

[37]
[38]

an elite rice hybrid,Shanyou 63[J]. Theoretical and Applied Genetics +1999.99:642—648.

BAO J S,ZHENG X W,XIA Y W,et al . QTL mapping for the paste viscosity characteristics inrice(Oryza sativa 1.)[]]. Theoretical
and Applied Genetics ,2000,100:280— 284,

WANG L Q,LIUW J,XU Y,etal. Genetic basis of 17 traits and viscosity parameters characterizing the eating and cooking quality of rice
grain[ J]. Theoretical and Applied Genetics,2007,115:463—476.

WAN X Y,WAN J M,SU C C,et al. QTL detection for eating quality of cooked rice in a population of chromosome segment substitution
lines[J]. Theoretical and Applied Genetics,2004,110,71—79.

FAN C C,YU X Q.XING Y Z,et al. Themain effects,epistatic effects and environmental interactions of QTLs on the cooking and eating
quality of rice in a doubled-haploid line population[ J]. Theoretical and Applied Genetics ,2005,110:1 445—1 452,

HE Y,HAN Y P,JIANG L,er al. Function alanalysis of starch-synthesis genes in determining rice eating and cooking qualities[J]. Mo-
lecular Breeding ,2006,18.277—290.

YAN CH J(=K ), FANG Y W EH) . LTI M(ZE ) et al. Effect of PUL allelic variation on rice cooking and eating quality[]].
Acta Agronomica Sinica (YEW)4R) .2010,6(5) ;728 —732(in Chinese ).

NAKAMURA Y, TAKWICHI T,KAWAGUCHI K. Changes in enzyme activities associated with carbohydrate metabolism during the
development of rice endosperm[]J]. Plant Physiology,1992,84:329—335.

NAKAMURA Y. Towards a better understanding of the metabolic system for amylopection biosynthesis in plants: rice endosperm as a
model tissue[ J]. Plant Cell Physiology ,2002,43:718—725.

KRISHNAN H B,REEVES C D,OKITA T W. ADP glucose pyrophosphorylase is encoded by different mRNA transcripts in leaf and en-
dosperm of cereals[J]. Plant Physiology .1986,81(2) :642—645.

MU FORSTER C,HUANG R,POWERS J R,et al. Physical association of starch biosynthetic enzymes with starch graules of maizy en-
dosperm[J]. Plant Physiology,1996,111:821—829.

BOYER C D,PREISS J. Properties of citrate-stimulated starch synthesis catalyzed by starch synthasel of developing maize kernels[]].
Plant Physiology +1979,64(6):1 039—1 042.

KREIS M. Primer dependent and independent forms of soluble starch synthetase from developing barle endosperms. [ J]. Planta,1980,
148(4) :412—416.

NISHI A,NAKAMURA Y., TANAKA N,et al. Biochemical and genetic analysis of the effects of amylose-extender mutation in rice endo-
sperm[ J]. Plant Physiology.2001,127(2) :459—472.

JAMES M G,ROBERTSON D S,MYERS A M. Characterization of themaize gene sugaryl,a determinant of starch composition in ker-
nels[ J 1. Plant Cell ,1995,7:417—429.

KUBO A,FUJITA N,HARADA K,et al. The starch debraching enzymes isoamylase and pullulanase are both involved in amylopectin
biosynthesis in rice endosperm[J]. Plant Physiology,1999.121:399—409.

FUJITA N, TOYOSAWA Y,UTSUMI Y,et al. Characterization of pillulanase(PUL)-deficient mutants of rice(Oryza sativa 1. )and the
function of PUL on starch biosynthesis in the developing rice endosperm[J]. Journal o f Experimental Botany,2009,60:1 009—1 023.
KANG C F(HE#RTFF) , XIANG X CH(J #13) , LONG X LOJE/INK) set al. Effects of the starch-synthesizing Genes SSI, SSI[[-1 and PUL on rice
(Oryza sativa 1..)Quality[J]. Journal of Agricultural Biotechnology A&\ ¥4% AR 24 . 2015,23(3) :311—319(in Chinese).

TIAN ZH X(H&=),YAN CH J= KA, QIAN Q(&  Hi) .et al. Development of gene-tagged molecular markers for starch synthe-
sis-related genes in rice[ ] . Chinese Science Bulletin (B}F#3#4R) .2010,55(26) :2 591—2 260(in Chinese).

CAI X L(#£FHFH) . LIU Q QXI5 3R) , TANG S Z(% iR 35) s et al. Development of a molecular marker for screening the rice cultivars
with intermediate amylose content in Osyza sative subsp. indical J]. Journal of Plant Physiology and Molecular Biology (Fi ¥y B 5
AW ER) . 2002,28(2) 1137 — 144 (in Chinese).

XTIANG X CHCjap ) , L1 ] H(ZEZfD . HE L BUA[57.%) , et al. Marker 2 assisted selection of ZmC4Ppc transformed rice and their
performance of yield components[ ]J]. Chinese Journal of Rice Science (Fp[E 7K FGRL2) ,2007,21(1) ;25— 30(in Chinese).

thAe NR LA E E Z A5 . GB/T15683— 2008, KK — i JE by & 9 I LS 1. bt . o [ b v U & Hh AL, 2008.

American Association of Cereal Chemists(AACC). Approved methods of the AACC. 10thed. Methods 61-02 for RVA. St. Paul, MN[S],
USA: AACC.2000.

T OF. TEM A SR OG K PRI A PR R A A R H R DK 28 A R A R AB F SR LD TSR N < 5 R A, 2007,

P2 RE IR RS KRR 38 5 0 B B0 R LML) AT W VLR A5 o R s A 1984,

WANG ] M(HEZEH) ,ZHANG J(ik 85 ,JIANG H Y(JLHETE) set al. Effects of RNA interference of SBE3 gene expression on starch
accumulation and key enzymes activities involved in starch synthesis in transgenic rice grain[ J]. Acta Agronomica Sinica (YE¥)#3)
2010,36(2) :313—320(in Chinese).

LOYD J R, LANDSCHUTZE V, KOSSMARM ]J. Simultaneous antisense inhibition of two starch-synthase isoforms in potato tubers
leads to accumulation of grossly modified amylopectin[J]. The Biochemical Journal ,1999,338(2):515—521.

P B A AGRTE 5T VE M A AR 56 B IR 35t 1% I 45 400 A0 SRT e T R SR AE (D] YL AR 40 < 4% 1 K2 . 2000,

HE Y.HAN Y P.JIANG L,et al. Functional analysis of starch-synthesis genes in determining rice eating and cooking qualities[]J]. Mo-
lecular Breeding ,2006,18(4) 277 —290.



