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Effects for Interaction of Wx and SS [ -2

on Rice Eating and Cooking Qualities

YANG Bowen, XIANG Xunchao” , XU Shunju, XU Liang, WANG Xi
(Laboratory of Plant Molecular Genetics and Breeding, Southwest University of Science and Technology, Mianyang, Sichuan

621010, China)

Abstract: In order to investigate the genetic effect of allelic variation of Wa and SSII[ -2 on rice quality, we
used a F; population, which came from a hybrid combination of indica restorer line CG133R with high am-
ylose content and a glutinous rice variety ‘javanica 22”. And plants with polymorphism on Wz and SSI|I[ -2
loci in the F; population were selected as materials. Furthermore, the physicochemical indexes and RVA
profile characteristics of each material were analyzed. The results showed that; (1) the first intron poly-
morphism of Wx had a significant effect on AAC at 0. 01 level under background of type I of SSII-2.
When SS[I[-2 was type [l , the first intron polymorphism of Wx had a significant effect on AAC and PaT
at 0. 01 level. (2) SSII-2 had no significant effect on rice quality under background of Wx“. However,
there had significant difference on GT and PKV, BDV and PaT of RVA profile at 0. 01 level under back-
ground of Wa’. (3) Interaction of Wa and SSII[-2 had significant effect on rice AAC, GT, PKV, BDV
and PaT at 0. 01 level. Therefore, Wz had interaction with SSI[ -2, and Wx was dominant epistatic to SS
Il -2. The expression of Wa masked the expression of SSI[ -2.
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KR EEMREEN Z —. B E
FE AR EY) . KT RS K E M E
HAs, B 2] 2030 4F 42 5k K fif 75 5K & L BL7E 42
4000, FTAFRE 2= J2 AT Jk AR 4 i AR 34 1 1oy 6 7K
A T E R T SR, B AR K 0 & BT
ANBETS 2 AT EESR . AR AL B AP A T R G
TR K T AL ML A SR R E R R e T b
B0 TR S B PR AN TR b R B AL ER AT SR
ZH ERRROK B F A R TR T
A 902 . PRIL, JE H I BEAL 35 btk P T REOK
R BRI AR . E Ry B0 BRAL FE AR AL 3
ANTJ7TH - FE W E 55 JE 8 & & (apparent amylose con-
tent, AAC) | &K T8 & (gel consistency, GC) FIi{k iz
B (gelatinization temperature, GT)™, i 4F 3k,
b BE Y (rapid visco-analyser, RVA) T 44 1F T
i e K 2 2 A R T TP R R R N RE T I
e K T AR N 8 A0 AR ok B Y 8 Ak I i
HLA R /b ELER AR R B i R

TE M R LB E Ry RN SCHE VE A PR o . W
FERAAL T4 6 e i, H g 1 iy MUK M 25 G IE B &
Ji{ i (granule-bound starch synthase, GBSS) i 3%
ELAEVERY 00 A . BTN R W SR AR
il AAC.GC K ZH RVA &6 b5 iy FROEH
Huli & BAE Wa 5l B D AFAE 5 FhSE AL 5L K W |
Wax? Wz Wz Fll w278 Hi Wa Wa Hi
Wk 7R T Wor S ST R B
XL SR B MR GBSS (1 35 1 DT -5 B 0E #3445 1) 1Y
AE, Bl W 551 9 (Int]) 5 3 5 Y17 4%
B G Wa” B i ALy T 3k A HAZ T R
% &M (single nucleotide polymorphisms, SNPs)
HEZWE 1 NE TIHIEE. W Afga b &
9 mRNA, I 80 GBSS ik & AR, e 4
45 B ELBE VE By B RN L A W A
%6 4h T (Ex6)A/C 2351 45 10 48T (Ex10)
C/T Z 25 R R RE R T A 83 R L
BB R W T4 2 5 ¥ 14> 23 bp i Beiy i
AN PECA TR AR wr BEAREIEW &
I GBSSH A P T L E A A . SHE TE R
B RGBSR 2 5 A R AL 5 T IR TE R A
Bl (soluble starch synthase, SSS) . € ¥y 43 37 [
(starch branching enzyme, SBE) FlJE ¥y B 73 3 Ff
(starch debranching enzyme, DBE) , Jf- H &5~ fiifi E.
A LA T A SSI & W] i o T b A Bl 2
—,SSI-1(SSMb)H N FZAEM i hf k&R Ik

i SST-2(SS M a) A 3 2 Ak fRFLF K 0157 06k
VERYHPOREE B A Y AT S R BAE XS SSHIT-2
UG KR SCBEVE B h R B LR T 30 B K SCHEVE ¥y
KLY 60 26 o I Xof T MW Ak Tl B2 A — 2 1 s e
AW LIANAE W T SSII -2 Fe P AE7E 22 251 i E 40
A S RMRHE W FER B 73 B Wae F1 SSIIT-2 B A
Z A PEXTRE K A BT 52 . TR L R 58 PR 3 I ELAE AL
BELo VAR 73T Anic il B & Fh 4R A BSR4
L BPRA
1.1 SEIgH#

23k oy F bR M E L R B L BEVE M IR A &R
CG133R HUREME N ARG 227 fF W . SSTI -3 #1 SS
11 S P I VA a7 N i < A Al R P S N D
CG133R FkGM: < KRG 227 2 6 A 47 4% 28 4R 15
ZeFPF L, R4 A 2 ARAS Fo BEAR 2 3L PR 7Y 55 ik
WALAE W 1SS Il -2 & R AEAE 2 8 PE 0 bk ik 47
FiiE . 28 B 2215 3 68 4> Fs BBRAE N At ilAr B, F,
MOEET 2015 4E1E =R AE T 74 i BHE R 22 A 2 S
b S 36 T R BT ) A A B SRR A o TP
RFEE S5 I E .
1.2 A &
1.2.1 ERBEFE RMBE SDS %M E; 1Q
MR 3k B4l DNAMS, R 2 75 3 %57 Dobo
L5 Tran 259V RN R B S I L0 4 FARic 4
SR Wa BEHE 1 & F(nt)HG/T 285
6 SN T (Ex6)A/C 2251 5 10 S 27 (Ex10)C/
T Z&MEM SSII -2 W Z M. PCR Y] N
AT . A FhRCsI iy s Lk 1.
1.2.2 BELIERNE S NY147-88 PE GT.
Z M GB/T15683-1995 #Ef1 AAC Al GC [l 5 ,
GT FI5# 74 {8 Calkaline spreading value, ASV)FE /R,
A AEPRE M E 3 K.
1.2.3 RVAENZE SR KFH T Newport Sci-
entific {X#8A F 4 77 B RVA 4500 3#: 18 AACC #
VE R D 2 T oK U2 M Kb i 1% . RV A 385 R AIE (8 AL 45
3A—RAG by« B = A JE (peak viscosity, PKV) (#4
I% Kb BF (hot paste viscosity, HPV) I ¥ I k5 BF
(cool paste viscosity, CPV) ;3 4> "2 F5 5 . A fg(H
(breakdown value, BDV) . 4 78 {& ( setback value,
SBV) #1 [\l & {E (consistency value, CSV), DA B
{E I} 8] (peak time, PeT) F B # i5. B (pasting tem-
perature, PaT), HKififf 45 ME{H P Rapid Visco U-
nits(RVU) Jg #L{7
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Table 1 Primer sequences of Wx and SSIl[ -2 when amplifying
WEfs k@ JTRIE SI#/F Y Sequence of primer i 7

Gene locus ~ Chromosome marker iF 1 Forward % 1] Reverse Marker type
PCR-Accl  GCTTCACTTCTCTGCTTGTG ATGATTTAACGAGAGTTGAA CAPS (AccD

WXEX6A CCATACTTCAAAGGAACTTA TTGTCCTTGCTAGGATCC STS

e ‘ WXEX6C CCATACTTCAAAGGAACTTC TTGTCCTTGCTAGGATCC STS
WXEX10 GCATCACCGGCATCGTC GCTCCGGCCATGATGAGATG CAPS (ApaD)

SSII-2 2 SSII-2 M2  GAACTTGTGCCTTAAGCTGACTG GAATAGTAAGCCGAAGGACTT STS

1.2.4 SEitstr SCE s Excel 2013 #E4T
it 25l F DPS 7. 05 X 5 P4 4 Ja) Y 2 S 9k 47
J7 2245387, Duncan (R EM LR EIT L2 E LK, A
DX 143 A 32 BR8] B AR R

2 AR5

2.1 EREEKMNERSSR

OTHERS 2276 Wa 25 1 N & F(Inth) 2 T &L,
96 NEF(Ex6) R AL 10 4 F(Ex10)R T
A, CGI33R7E Wa 5 1 W& F(Inth) hy G #5656
W F(Ex6)h A LA 10 4h i F (Ex10) K T #,
CNMERE 2274 SSII -2 55 4 b+ (ExD A7 1 4>
20 bp B, R 2 WAL LR 68 AN bk, A
56 MNELMRTE W JEHSE 1 W& F28M N G B (R
W Wa)  J34h 12 DBk AE W RS 1 NG+
ZAMEN T B (&R W', H 68 A HkkfE Wa
FEHE 6 AhE TN A RS 10 MR T T B,
P kR SSIIT-2 JE < RS Al sk CG133R AUAY
ralbRic s LA, (K 68 A~ Btk b A 32 A~
Bk SSII-2 F£ W K T AL, 36 A~ Hkk SSI-2 3£ K
1AV (R 3) . A4 7 JHE At 3 b 5 1 AR G 35 [X] o7
P W 2y
2.2 Wx EREREX &R
2.2.1 SST-2 T & Wx ERE 1 IEFESHM
HMBKBROFW ZE ST R GE 3L
B W JEREE 1 & T (Int]) 280 H X0 B 5%
VER & (AAC) H M 3% 5 m, Wae 1) AAC
(30.99 4+ 3. 41) % & &, Wa” #y AAC (15, 45 +
3 AR (K 3, HHX GC.GT Fl RVA i F§
(X EPHTE S AN
2.2.2 SSII-2 TEBMARE Wx EEXFERMBEH
Bo0m fhFE 4 AlLSSI-2 JEF N 1T BIE), W 3t
Intl Z&MEXT AAC R E M . We 5 AAC
(29.7642.92) %#m Wa" i AAC(17.79+1. 85) %

R2 FREEEMSMWIEERT
Table 2 The genetic characteristics of different

allele loci in F,

Wa

SSI -2 1IN 64 5104k b No. of
& T o M?:rlker sample
Intl Ex6 Ex10
Muggg 221> O A oW 7
Javanica22( ) T A T Wb 5
G A T Waa 29
CG133RCI)
T A T Wt 7

£3 SSM-2(1)BESRTARE Wx FEE AAC EEE
Table 3 Comparison of AAC for different Wz alleles
under background of SSI[-2( T )

2L BEVE R

Fe (R A Apparent amylose content/ %
Genotype
P{H £ hrifEZE Mean £ SD 75 i Range
Waxa 30.99E3.41 ** 25.93~39.88
SSI-21
Wt 15.45+3.18 13.20~17.70

exx RRARBEER. TR

Notes: *x 0,01 significant level. The same as below
AR 5 X B R B (Pa D)t A5 W i & R, W JE A
HURA R} 34 EL A A v 1 O L BE (79. 04 3..86) C L iy
Wa” 5 R b ) 9 ORI B 35 A X AR (72, 36 &=
0.8 C, Xf GC.GT MHE RVA 35 L B &
o, fE 3 Ak 4 Al AE SSII-2 7 [m] 45 o B ]
SEMA T W 5 PR G K i J5T %) 5% T A ]
2.3 SSI-2 BEEXBKRARNIEM

E Wa BNt KB A SSI-2 H &
iR TR EES.

EW2" BRET,. ZEIVKE R CGE R A
] SSTI -2 4540 e X x5 34 98 fH (SBV) Fit RVA i
) B R EE (PKVD L il f# {6 (BDV) | il B iR B
(Pa D) YA B FFm ., 5 SSI-2C HAEAH L. SS
M-2CMHREK SBV 4275 T 151.10% , i PKV.BDV
1 PaT 43 SIFEA% T 14. 58 % .36. 00 % F1 7. 23 % JHX
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R4 SSM-2(N)EESTARE Wx S EREA AAC 1 PaT (LI
Table 4 Comparison of AAC and PaT for different Wx alleles under background of SS[[-2C[])

FEW BB TE B A
FEK A Genotype

Apparent amylose content /%

UM T B

Pasting temperature/ C

P £ FrifE2ZE Mean £ SD

A Range

220 Range

W =22 Mean + SD

W 29.76+2.92 %= 25.29~33.53 79.04+3.86 *x* 73.88~85.96
SSM-2 1
Wa? 17.79+1.85 15.35~19. 23 72.3640. 81 71.45~73.01
x5 W' BETSSN2ENERSSEILR
Table 5 Comparison of different SSTI[ -2 alleles under background of Wx*
S A 1H I i R it AE R Rk
Genotype Alkaline spreading value Peak viscosity/ RVU Breakdown value/RVU Pasting temperature/ C
We sspe MEERME  kw 9 i 22 % i 3 i o 2 7 i 3 {1 = e 22 i
o - Mean=® SD Range Mean=+ SD Range Mean=® SD Range Mean + SD Range
1 2.29+0.41 2.00~2.58 299.1144.45 %  293,79~304.42 113.2340.21 %% 113.08~113.38 78.28+0.60 xx 77.85~78.70
Wa'
11 5.6040.35 ** 5.20~5.85 256.4648.34 248.56~265.33 73.18+7.05 66.51~80.56 72.36+0.81 71.45~73.01

HAbgbr LB FEE W, AF Wa EHE = F.SS
1 -2 366 PRXGT 8 2K i JBT A 2% AS [] s i B Wae il SS
-2 B EAAEEAELR,

2.4 Wx fnSS -2 EH s BEIER R4 #T

H#e 6 Al R Wa R SSTT-2 JEHN4 AT,
WA B R K AAC Fil ASV 1E7EW 35 25 5.
Wz T A Wa' 11 B B 1 B AAC B b 2K F
Wz T A Wae | B AR, (B2 Wa [ il Wae
Il B AR AAC TE 25  Wa' 1 Wa'll
HALE Y AAC AHIE . W' T #RH SBY g A%
F W', 0 Wae T #1 Wee 11 9 SBV 5 iR #H 8
oW ¥ 25, GC 7 K [R5 K 4 [0 ¥y 06 W 3%
Z5,

Wt £ E R W FSS -2 40 4
TR RVA SRR AT T g R (R D IR,
KA PKV . BDV 1 PaT A5 25 5, Hrh W' [
PKV il PaT fi# . 35 10 7 H A KL P AL, Jf H H Al
SR PKV R PaT (HE A R E2ZS . Wa' T
BDV o #f i MK Wa" T {5 Wz T 1 Wae 11 19
BDV FIEANTER A 8% 22 7. (EX) H Al RVA 3
R B m, LR RW, T W Xf
SS -2 A AR . Wae 5 SSTI -2 A [a] 4 37 3
IR A 2H A (R R 3500 5 W i 35 DR R 07 AR ] 5
HIE W NELERT . Wa 5 SS Il -2 A ) 45 i & A
ML A GER D 80N A R 22 5

33 B
W e DR 5 WA oK 5t I 9 5 A0 P G

(¥ GBSS 1 57 B HEVE M 195 W . 2 BT 5 A A
o W BRI FR AAC I GC i — 2B oY

F6 FAEWxMSSN-2EFAE TELIERMLLE
Table 6 Comparison of physicochemical indexes among

different combinations of Wa and SS Il -2 gene

A A Genotype M H B Jioe A B
———— mak GC SV
Wax SSII-2 AAC/ % /mm
1 30.9943.4174 100.37+19.60 3.93+1.8648
W‘I.(l
I 29.7642.92% 96.32423.31 3.9941. 4478
1 15.45+3.18% 122.60+25.88 2.2940.418
Wb
Il 17.19+1.34% 106.46+12.06 5.60-£0.35%

U AR B2 ALK 5 8 R B kP
0.01, N[

Notes: All data show mean &= SD. Different capital letters indi-
cate significant at P<C0. 01, The same as below
x7 AEAWxFSSI-2EEHHET RVAEFEENLLE
Table 7 Comparison of RVA profile characteristics among

different combinations of Wa and SS|[-2 gene

HEPIRL Genotype o o r i A A3
We sspz PKV/RVU BDV/RVU PaT/C
1 285.49429.91*  87.67+18.05 78,6243, 47"
i 1 295.91427. 47" 96.52428.59" 79,043, 86"
W 1 299.11+4.45%  113.23+2.12% 78.2840.60"
o

Il 256.46£38. 34" 73.18+7.05"  72.36=+0.81"

KM Wx BN AEZ A0 KR 2 S M, Chen
SN Wa BN 1 N F 2 80T LU R
76.6 0 AAC AR SE . T W ZEHEE 10 b T2 54
W H AR 5 TE B AR B A A DG, Tran 852 AN
9510 AR C B 3E B i B B 4R v HOK SR K
AHBC 55 10 A2 T B Jie B8 3 5 AR ELOK SR e il
AW R MR Wae HFEHE 1 NG F G/TZE
PER MK AAC, W' Wa He K RUK A & Fl Y
AAC LT R HE B W Wa, [R50 50
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NN Wa JER R RERE L KRS GT. Tan 250058 i
BT HCR MR AL S 2 AR IS S BT R B T A 6 L
AR Wa B fig Rl B 52 i K g AAC.GC il GT,
Wang %1 5@ 1 M 38 4 [ 28 57 A R 5K & 3 Wa
FEE R GT MMt ., 2585 & NNl SS
Ma(SSI -3, ALK) 24 GT () T8 M 1 Wa
FRJEREH GT MMl 5 A4 e R
—B0A] BB AR AN TR) B R b 2 Sk R AR 1Y
W, AR R LM, SSI -2 S0 1T B W
B PaT A M 2 520, 1 SSTIT-2 JE K h T A7
BTG R . PaT 5 GT A M i 35 40 5 1k, &
i —E RS AT LU R R GTHY . X 3B
FE DA ] AR X Wa BE B R GE A — 3 W52 M, 3t mT
RERHT A BF 5 & B Wa B X GT &% 5 A [\ 1
A

SSI-2 #EFEMEH T 15 W&/ 16 A4
TLOHE 3R FHAERE T 2SS, L
SR SST-2 2 AR (R 5% & B0 3L 67 52 iR 3L 3 e
VER R BE I B B, M0 R T R T A R R &R F O
K SSII-2 FHEMRE K GT A B FEFm ., A5
RI Wa' 85T SS -2 56 B[R FE B 5 35 52 ) F
K GT, [ B % RVA i PKV . BDV ., PaT £ 1%
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