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Studies on Cooking and Eating Quality of F,
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Abstract; A rice F, population was obtained from a hybrid cross of the indica restorer line CG133R with high

amylose content and the glutinous rice variety javanica 22. The variation and their correlation between the cooking
and eating quality and starch RVA characteristic values were analyzed and the genetics of the major genes ( Wx* and
SSI1-3) controlling the physicochemical indexes in the F, population were examined. The results indicated that the
physicochemical indexes and RVA profile characteristics widely separated in F, population, among these indices,
setback with the maximum variation, followed by gel consistency and amylose content. A correlation of physicochem-
ical indexes of materials with high amylose content were not significant with RVA profile characteristics. RVA profile
characteristics in materials with medium,low amylose content and glutinous rice groups had significant or extremely
significant correlation with the physical and chemical indices. In materials with medium and low amylose content,
there also had significant or extremely significant correlation with gelatinization temperature ( GT'). Separation of
Wx® and SSII-3 genes in F, population was detected using molecular marker and showed that the two molecular
markers existed partial separation and deviated to two parent types, respectively. There was more variation in the F,
population except for the materials with high amylose content. RVA profile characteristics could be used for assisted-
selection for quality rice breeding.
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1.1 iIe et

FIFHANY =5 B4 VE MK 2 52 CG133R (AAC ~
28% ) AN TUHERS 22 (AAC ~0. 7% , 3k [ IS
FRIRAFRLY [ AR5 AR ) N R AL 4L G, 4480 F,
H 23R4 11 109 A FRRRA R T, AR, JR) 45 2L
PR H AT . REAT BT BRI AL, F AR R
T, 76 50 ClERMtAE 48 h fFi & H . 4 TR-
200 HL 8 Z AL ( H AR Kett) Bt 72 B RE K, H
AHO00121 355 H/NEDRG K AL ( H AR Kett) 5 BURS K
J& 22 Lm3100 = o i =X F Ry 6 B (B B
Perten ) B JSCKHS , 3 100 F 575 HI T 55N 5E
1.2 BABAEBRIBERNE
1.2.1 BIERNE W DIRIEE (ASV)
FOR , WAL TELRE AR AR B Fie Al AR E NY 147-88
Wit U B T A R R P e R
S0 [ [ F AR GB/T 15683-1995 HEAT M 27,
HAME 2 IR,
1.2.2 FEKIEHMFEUNE RABAFE New-
port Scientific {#R/A R Az 1 “3D” BUZE BE HUMAL, K
TCW ( Thermal Cycle for Windows ) FCE K, #% AACC
(EEBPF R ) BV ERRE (1995 61-02) 4T
SELT R SRR 12. 0% I HURE 3..00 g, 281K
25.00 mL, InFHEN, (UETTRIETT)E A fe i ih
10 s NEL960 v/ min 531, Z JGRAF7E 160 1/ min; HEN
REAMEANT .50 CARFr 1 min, A 12 °C/min FHREF]
95 °C,95 CA-FE2.5 min, FELL 12 °C/min IS0 °C,
50 CAAFF 1.4 min, RVA SERHE(E AR (PKV,
peak viscosity ) FIK B (HPV  hot paste viscosity ) 1%
JEEZHE (CPV , cool paste viscosity ) If#{E (BDV , break-
down value ) | 8 ¥ {E ( SBV, setback value ) | [7] & {H
(CSV ,consistence value) \WE{EF}[E] ( PeT, peak time ) Fll
JAIREE (PaT, pasting temperature ) 37~ . Zhir PHERFIE
{ELA “Rapid Visco Units” (RVU) A 547, &2 I &
21K,
1.3 DNA #REUAIE FE B4

RH CTAB AR IBUKRE | SE R 24 DNA, Il %K
FMEES TE & (53 FARIC PCR-Acel KilZEA Wx 3
REE— T + 1 ALAR3EZEAY, R P. Bundock 2
FF &5 14 SNP2FF&SNP2FR&SNP2RS  SSIIAFF1 &SSIT
AFR1&SNP3F2 SSITAFF1&SSITAFR1&FNPR3 43+ 5146
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Table 1 Molecular markers used to amplify starch synthesis-related genes in rice

R o SR F Y (57-3") Fric el A B (bp)
A Gene
Molecular marker Primer sequence Tupe Predicted fragment
SS llla SSII-3 M1 [ F]CCAATACCGTAAACTAGCGACTATG STS 90
[ RJTACAGGTAGAATGGCAGTGGTG 81
Wx Wx M1 [F]CACAGCAACAGCTAGACAACCAC STS 275
[R]JCACGACGACGGAGGGGAAC 252
Wax PCR-Accl [F] gCTTCACTTCTCTGCTTGTG CAPS(Accl ) 460
[R] ATGATTTAACGAGAGTTGAA 403 +57
S lla SNP2FF [ F]JAGAACGACTGGAAGATGAACG SNP2(A/G) 100 ~300 Z[A]
SNP2FR [RJGATGTCCACACCTTTCTGCC
SNP2R5 CTTGCACCGCGGCTTGCC
SSITAFF1 [F]GGGTGGGTGGGGTTCTCG SNP3(A/G) 350 ~450 Z ]
SSIIAFR1 [R]CACCATTGGTACTTGGCCTTG AC
SNP3F2 GCGGGCTGAGGGACAGCA
SSITAFF1 [F]GGGTGGGTGGGGTTCTCG SNP4(GC/TT) 350 ~450 Z ]
SSIIAFR1 [R]CACCATTGGTACTTGGCCTTG AC
FNPR3 GCCGCGCACCTGGAAA

PCR JZ W 7E Bio-Rad DNA Engine Dyad 51T,
PCR S Z A 10 wl:2 x Reaction Mix (500 wmol/L
dNTP each,20 mmol/L Tris- HCI(pH 8.3),100 mmol/L
KCI,3 mmol/L MgCl, , HAth A2 7 f3E 58 77 ) S ul,
5 U/pL Tag DNA Polymerase 0.3 plL,1 wmol/L Fijf5
514 1 wL; 25 ng/pl DNA #Ht 1 uL; ddH, O
1.7 pl, B 24 & AR i e AR A= fe B4 (db
50 A BR S w) F LR T G A R AR FR A ]

S FhRic PCR-Acel M4 3R 4,94 C Fil Az
P55 min;94 CZ5% 1 min,55 CiEK 1 min,72 °C %t
i1 min,35 PMEFF,72 CHEM 10 min, 3 1= Y)TH
B — WU EAIE

15 pL BEUIR R .10 pL 735729 + 1.5 pL
10 x BEVIZZE h i + 0.5 pL NI +3 wl ddH, 0,
37 CORMR 2 h Je  JEE YT 2% S IR0 F Uk AG N

Iy TARIC WxMI F1 SSI-3M1 Ay PCR 4 1 2 %
94 CHEE4 min;45 MER (94 C7Z2PE 1 min,58 °C
iHK 1 min,72 CCZEMH 1 min) ;55 72 CHEfH 10 min,

SNP2 P4 #E .94 C TAEYE 5 min;35 MEIHR
(94 C7AEME 30 5,62 CiR k30 5,72 CHEff 1 min) ;
5 72 CHEMH 7 min,

SNP3 .SNP4 4" 34 2 /¥ .94 C WA 5 min; 35

MG (94 C7AE1PE30 5,68 CiE K 1 min, 72 °C ZEfH
1 min) ;5J5 72 CIEMH 7 min,

P14 71 3% 00 B R W BRE I P Dk A T
1.4 SitHh

% JH Excel 2003 .IBM SPSS Statistics 1 DPS 7.5
B AL B FR GERT R AT AL H 5

2 HERES

2.1 FEXERZLNEEHDELEES

2.1.1 EAEFERKLN WRIEHEZSE AL
B4y T FRic WxM1  SS T1-3M1 46 I 35 72 i) W F11
SS I-33EA R EER AL, J3FFRic WxMIL BEHE 5P 1
FREAE ML B X A3 ok o 250 FhrRic Rl 5
ARLERULE 1, FEREHA —A 23 bp EEITIE
AR 275 bp B4R, CG133R 2y 252 bp
MRFIERT . MR 2 7535 % P B4R IE PCR-Accl
K Wa FERER— &7 + 1 (BRI | 460 25 T
WK 2, CGI33R EIMH G/G B (15— Accl i
YA B S 153 403 bp 157 bp By F B, T
FEFEIA T/T B (TC Acel BEVINIAS) B G HA 1
A 460 bp 1 H B ; CG133R M AR kR K, 35 (K 58k
Wa" W ek T 75 JIHEARS SR b s 26 7 LI (R 7y
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Fig.1 The results of the molecular markers WxM1

M )RS CG133R

2 4FHRIE PCRAccl il 45 5
Fig.2 The results of the molecular markers PCRAccl

A P. Bundock %5 JF & 9 3 Xt 4 F kR id
SNP2FF&SNP2FR&SNP2R5, SS II AFF1&SSIIAFRI&
SNP3F2,SSIAFF1 &SSITAFR1&FNPR3 4351 % 5 10 Fl
1174 SS IE3(SS lla ) £ HEE /\ ST SNP2 (A/G) |
SNP3(A/G) SNP4(GC/TT) , &5 R WLE 3, THIf) SS
IE3 BRI Ry A/ G/TT , AR AL TR R 2 A 1T
AU SS IE3 FH, HBAERIN G/G/GC, Ry il AL iR
JESAL 5 R0 R R D 2 A — B, I EE
SEBOIER 4r FHRIC SSIT-3M1 X 36 AR K J5 AR 1 38
SIRINEE R 6, JTUHERS (IT8L) 2y 81 bp IUAFIEST
CG133R(IH) 4 90 bp HIFFAFHF
2.1.2 MBS 2 DR, K86

K2 FEAEFBEIERRRRIERILEER

M(I) SNP2 SNP3 SNP4(2) SNP2 SNP3 SNP4

3 TESSHaERMTESS lla EEBBAER
Fig.3 The haplotype oftype I SS lla gene
and type I SS lla gene

TRAT W EME2E S AR BB A I B T A AR AR Y
(R 2, B 4), TE FRHAS BR T GC BEAIK
FRE,CSV W& T RGEAN, A4 F8 b #8170
ASEARZIE], 2 AL REARAS S A vh |
H(SBV) B4 55 REUE K, CV =110. 13% , AE 74
oM —122.04 ~207. 08 RVU; HK A BEHHE (GC)
I ELBETER (AAC) , AR REBL(CV) 430 A
55.77% 46. 75% , %% 5 u [ 43 % J. GC (19 ~
110 mm) ,AAC(0.60% ~27.60% ), 755/
JE MR g AT (PaT) ,CV =4.35% , 28 S35 L N
70.65 ~84. 17 C ;WEEKEEE (CV =8.03% ) , 28 34
Filoh 214.75 ~345.25 RVU, MR 028 55 KM
KA SBV > GC > AAC > ASV > CSV > CPV > BDV >
HPV > PeT > PKV > PaT,

1R AR SRR RE S A (F4) . GC,
CPV .CSV PeT i B A FE R T 1, B JLA M
AR B ES A, AR PR B A BALT &
IEA G, W WBE T 5, GC(1.55) (ASV (0.57) .
BDV (0.23) ,3X 3 AR AR 53 A 1) K728
7 Tk, LA PR A A 53 A 1 42 [l /N T F- 4K
B 77 I ik, PeT RYUEERE RT3, SR BIE /34 LU
B, WA A G, B AR S 04 4 A EL B AR b HLA Y
WEFERUIN, 3 A V-7, MRS S0 A B3 A3

Table 2 Comparison of rice quality of parents and F, population

LR Parents F, BE{K F, population
— FTE = b2 B ERFRE(%) Wk T
JRMERG 22 CGI33R

Mean + SE Range of variation cv Skewness Kurtosis
AAC(% ) 0.70 28.10 16.17 £7.56 0.60 ~27.60 46.75 -0.59 -0.17
GC(mm) 102.50 48.00 42.69 +23.81 19.0 ~110.00 55.77 1.55 1.40
ASV 2.00 6.83 3.86 +1.49 2.00 ~6.83 38.60 0.57 -0.82
PKV(RVU) 301.54 267.54 293.84 +23.60 214.75 ~345.25 8.03 -0.88 1.24
HPV(RVU) 142.08 209.92 186.50 +£32.72 95.04 ~257.13 17.54 -0.42 0.32
CPV(RVU) 186.96 380. 67 359.80 +86.67 124.96 ~522.67 24.09 -1.01 1.02
BDV(RVU) 159.46 57.63 107.34 +24.99 58.46 ~199.33 23.28 0.23 0.54
SBV(RVU) —-114.58 113.13 65.95 +72.63 -122.04 ~207.08 110.13 -0.84 0.76
CSV(RVU) 44.88 170.75 173.30 +£56.71 29.91 ~274.58 32.72 -1.16 1.30
PeT(min) 4.19 6.15 5.67 £0.68 3.45~6.50 11.99 -2.08 3.96
PaTl 81.85 71.03 77.86 +3.39 70.65 ~84.17 4.35 -0.71 -0.55
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F, BEAAR 1) 45 28 28 5 R A 22 [R] PR A G 2R 250 L 3%
3, WAL B PaT #b, AAC 5 HAB R & 545 B AT
el A SE 1, BR 5 BDV . GC 2 A EA1, 5 HiAb
TEPR R IEADCC R, Hid  AAC 5 CPV MR
B K (0.925) ,5 GT MIX R ¥ E/N, AAC 548
B & M /NI AR Y Sl CPV > CSV > SBV >
HPV >GC > PeT >PKV > BDV >GT, GT 5 BDV .,
PaT GC & I 2 st & 2% i A ¢, 5 HPV , CPV |
SBV ,CSV PeT SH B 3 1E A 56 ; HoK /MK YA SBV
>HPV >CPV > CSV > PeT > PaT > GC >BDV, &
PaT S, GC 5 HoAth 4% F6 br HL ATt 2 5l W 8 38 AH ¢
Pk, Hrp 5 PKV _HPV .CSV .SBV .CPV PeT .GT & i
EZR A, 5 BDV 2 IEAE,

T 2 DR BB TE R & 25 R, 4l
FiAS PR HEETE R & RS £, R At
VEM i S AR P E LR R A B R IE A ) 2 2
PR BB BE 23 R R (AAC > 25% ) (1 (20% <
AAC<25% ) fK(10% <AAC <20% ) MK (2% <
AAC <10% ) FERG (AAC<2% )5 Fh" 43 BIAFSE
BB STIEF S RVA JER A 2 6] f A ek
F AR AT A U A M R A D R IR AT A M S T
HI 3 4 AT, & AR VE R & i BAPR Y RVA BERRIE(E

B, AAC 5 HPV CSV, ASV 2 W EIEM X, 5
BDV GC £ B FMAH ;5 CPV SBV 2 i3 1E
X, GC 5 HPV.,CPV SBV . PeT 2 W% 17 A
%,5 BDV 2 IEAM X, WIEES HPV,
CPV SBV [CSV  PeT S I FH el B F EAHE; 5
BDV 24 W 25 7 AH OC, A% EBE UE R A ORHER T
PKV CSV PaT JC & & AH &M A1, iR F8HR 5 AAC
ARG 34 3k 21 g 3 s 3 K OF; GC 5 PKV
PeT  PaT A1 H At 5 A5 1) AH 5C 1 15 1K 31 2 35 sl i
K ASV 5 RVA £ 48 b5 AH O 35 5 35 5ot
WEKF, KERER AAC 5 CPV SBV CSV . GC £
B A 5E; GC 5 CPV SBV [ CSV  PeT &
i 2 A 2 ARG

I DL B B i b IR KRR 4 26
TUR R ZE B VRS T HE AR 5 RVA S5 RRAEAE 9 4H
SHEST BT AT A, X T R LR VE R S AR B UE
AL XT RVA FERRIEME ISR 2 . BLAh, 76
o AR AERE Y, RVA TS RHIEE X AAC B¢ GC A i
H U R, TERRAE R, ASV X RVA JE4FAF(E
TCE MR, 5340, FEAR AT B BE TE A o S L
PITEOLT , B AT MR A TR DGR 73 #4551 L
23, RSN A R A B, R, A
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Table 3 Correlation between RVA profile characteristics and physico-chemical indices indicate indicate in F, population

PKV HPV CPV BDV SBV CSV PeT PaT GC GT
GT 0.105 0.523* 0.484™  -0.586™ 0.543™ 0.438 ™ 0.431* -0.341" -0.357" 1
AAC 0.684™ 0.874™ 0.925"  -0.499™ 0.882" 0.909 = 0.779 ™ 0.135 -0.796 ™ 0.346 ™
GC -0.604 ™ -0.827" -0.889 ™ 0.513™ -0.865™ -0.882"" -0.886"" -0.183 1 -0.357 ™

* L RN 25 55K 5% T 1% B FE KT, R IR

*

&4 RVA ESEUIERHEXED T

, ™ Represent significant at 0.05 and 0.01 levels ,respectively,the same as below

Table 4 Correlation between RVA profile characteristics and physico-chemical indices

5 B TER & i (AAC >25% ) High amylose content( AAC >25% )

PKV HPV (013Y% BDV SBV csv PeT PaT ASV GC
AAC 0.347 0.428 0.451 -0.291 0.360 0.283 0.223 0.147 0.228 -0.360
GC  -0.521 -0.470 -0.435 0.251  -0.277 -0.224 -0.299 -0.113 0.449 1
ASV  —0.049 0.323 0.317 -0.453 0.365 0.181 0.174 0.391 1 0.449
oA A TE R B (20% < AAC<<25% ) Medimu amylose content(20% <AAC<25% )
PKV HPV CPV BDV SBV Csv PeT PaT ASV GC
AAC  -0.088  0.442°* 0.556™  -0.442*  0.570* 0.537" 0.231 0.022 0.434* -0.438"
GC 0.085 -0.647" -0.569 " 0.622™ —-0.582*  -0.422 -0.622™ -0.020 -0.378 1
ASV  -0.360  0.526" 0.734™  -0.666™ 0.818* 0.746 ** 0.547* 0.208 1 -0.378
R EHETER & i (10% < AAC <20% ) Low amylose content(10% < AAC <20% )
PKV HPV CPV BDV SBV csv PeT PaT ASV GC
AAC  -0.003  0.427* 0.410™  -0.292"  0.343* 0.246 0.352* -0.484  0.337™ 0.036
GC 0.177 -0.410* —-0.484* 0.400 —-0.496™  -0.386"" —0.466"" 0.243 -0.227 1
ASV  -0.354™ 0.609  0.565°  -0.670"  0.656 " 0.321*  0.706 —0.783* 1 -0.227
KRS TIHEVER &t (AAC<2% ) Glutinous rice( AAC<2% )
PKV HPV CPV BDV SBV CSV PeT PaT ASV GC
AAC 0.209 0.358 0.742 ** -0.050  0.629* 0.854 * 0.517 0.441 0.072 0.853 *
GC  -0.169 -0.556  -0.872* 0.230 -0.785™ -0.921"  -0.659* -0.508 0.262 1
ASV 0.031 0.201 0.369 -0.113 0.357 0.411 0.129 0.010 1 0.262

2.3 F, Bk Wx'R SS -3 BEEBHHT

FR KR PR TCnE AS 22 5k R R B BE TE B
CG133R NEARLA, F, H 3K F, FHK 109 4~ 5
Bk, H A0 I & B9 4> FARic WxM1 #l SSTI-
3M1 KN F,REAR 109 A pk iy BE KA, 78 F, /5 AR
e 3 by AL, IO RE AL (1T #9)  CGI33R #Y
(1 AY) R HAGH ERa R &5 R WL E 5 6.

XFF Wt BE R F, BEARIY 109 A~ Fkk 1128
FERAIARRA 19 4, IEILHF A 37 A Hfk, 244
RIBARRAT 53 4~,3 AR SEF A 1) 4B b 510211
AP, AR X =6.03> Xo.0s0) =599 &

Xt SS IE3 BN FE F, B 109 A~ kg,
I #4536 4>, AL 17 4>, 22554 56 4, 3 XA
FIERIRA A 3 B S 1020 1 A4, R iR

X =6.71 >Xf0'05,2) =5.99,
IT# T R

: 275 bp
—~z~~==g~~~.-‘.

B 5 4 Farid WxMIL #6458
Fig.5 The results of the molecular markers WxM1
3 it
3.1 F,BERIEHIERS RVA iIHHHEENT RS
ARWFFEVL—A 5 BRI Z A — A T Y
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MI# T RIREGH

6 4 FHRiC SSI-3MI1 #ilILE R
Fig. 6 The results of the molecular markers SS II -3M1
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