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2FAE Wx FENERBKBHURENARRTRMEA
M Z= =

R RAFT, kE&EE, AwWE, R OkY, FIMH, RKRE, K A,
IR, ko O4AE, Wk P, EAH!?

(LA KA 2 E B/ TSR B VE S A 7 B [l G 3 PO TTJR BT 2100955 29T 904 4V Bl 2 B M & VE My ik 52 i/ 1T
FE MK RS TR ARPISE AL/ B KR B O 540 TEH B AT 210014)

FE. DU Wam SRR T 0145 SAHEAS  HE3HF Wi BE IR B aRas BB 21 XA LAY B, R0 R BEACH AR, R
ST FHRC TR AT ZE R T 328 I AR TR BT it | BB T & B R B 2. RVA 1B RRIEAE S5 MR AR 437 A [F]
Wi (R RIAMR(E A 22 52, S5 Wx™ Wx" 5 Wx"Wx" %P 7 8] -4 5 e RIS M 28 2 2 Wk i BRIk 1

S8R EN KT b Wk Wix” JHE IR (4 R OK TR R | B R e OB RO B R RS B K T

Wx " Wx™ 5L R Y TT A (/N T Wx™ Wik 5 R s AH OGRS AT 4 SR 2R I MR I it 5 T A VE A & i 2 A S8 3 1EAH
Ko NP AN [ 35 PR 280 (1% Y A AR A 200 235 K NS 0 2 58 0000 2 SR I, D A 8 25 57 T B R R BT R B R R i R 2
BRI, #Ea W™ Wx™ 5 R 8 A R oK TR LA A R B U M o o TSR | BICHORN B ¥ JBORY B8 3 el M | a2 L
W (P FSF 1), 455 oy R A (1L, T B0 R R 22 T 2 A TR P S A 1R i TR R

R KAE; Wa SN, TR, HEETHSR,; BEAWRE

FESES. S511 XEkFRIRAD . A XEHS: 1000-4440(2017)05-0961-07

Differences of grain weight and eating and cooking quality between two
different Wx alleles in rice

HU Qing-feng'?, ZHAO Chun-fang®, ZHANG  Shan-lei'*, ZHOU  Li-hui’, ZHAO Ling’,
LIANG Wen-hua®, ZHAO Qing-yong”, CHEN Tao’, ZHANG Ya-dong’, ZHU Zhen®, YAO Shu’
WANG Cai-lin'"?

(1.College of Agriculture, Nanjing Agricultural University/ Jiangsu Collaborative Innovation Center for Modern Crop Production, Nanjing 210095, China;

2 b

2. Institute of Food Crops, Jiangsu Academy of Agricultural Sciences/ Jiangsu High Quality Rice R&D Center/ Nanjing Branch of China National Center for
Rice Improvement , Nanjing 210014, China)

Abstract: Rice Ning 0145 carrying Wa™ allele and Wuyunjing 21 carrying Wx"allele were used as parents to con-

struct the F; and F, generations. Through detecting the
e H #1:2017-04-15

EETE LA R A B EEFT RS HE [ CX(14) 5107 ] ;7T
AR SR H (BE2015355) 5 AL Ik B A &
R AL I ( CARS-01-47)

TEZ B AKIE(1991-) , 55 VLo st A WL A, EZEMFK of different Wx alleles on grain weight and eating and cook-
TG 5 & b B 55, ((Tel) 025-84390317; ( E-mail ) ing quality ( ECQ ) were studied. The results show that
446899328@ qq.com there were significant differences in TGW and ECQ be-

genotype, measuring the thousand-grain weight ( TGW) ,
the value of amylose content (AC) , gel consistency ( GC)
and RVA profile of the F; and F, generations, the effects

WIAEE : A, (Tel) 025-84390307 ; ( E-mail ) clwang@ jaas.ac.cn tween different Wx alleles. The thousand-grain weight and
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the value of amylose content, gel consistency, hot paste viscosity (HPV) and cool paste viscosity ( CPV) of the rice with

Wx"Wx" genotype were greater than those with Wx™Wx™ | but the value of breakdown value ( BDV) was smaller. A signifi-

cant positive correlation was shown between grain weight and amylose content value. The differences in starch density might

be responsible for the differences in TGW. Rice with Wx""Wx™ genotype had a lower value of amylose content, gel consis-

tency, hot paste viscosity, cool paste viscosity, setback value, peak time and pasting temperature and a higher breakdown
Y, p Y, p ) , P p: 2 p g

value, which have contributed to the good taste quality represented by sofiness and elasticity.

Key words :

IKAE (Oryza sativa L.) MR i EE R E
ez — Wi E 2 — IR e e, i m ™ —
FR KR E R ERO7 0, BEE A T K 4 s
T4 28 0 & 0 3 728 AT et oK R ol JBi R
P2 ZE A AR S B ( Cooking and eating quality )
SRR RURTE 28 B T A rh R & R A SRy
Rt — B o V2 K Y BEAL 2 BB L BE VE R A A
(AC) MWHEIRIE (GT) EBIBE (GC) LK TEH A
WETE RVA ST LR AT DY b AC 25 25
R B i EE AR

IR FFHE DA Wi 2 478 B oy 3 I )
FEIN XA K 28 A B R R D E A T, AR B
W H PP R 22 PS50 A8 S A 3t JlC 1 /K e SIE A i) A
ST A A ELBETE R A (AC) 28 53 ATITSE e K PR
WRaR T, —BORUL, RIRE N Wa' ,AC 1 20% LA E, K
TRBTT T4 B OR 25 A Wa', AC At T 15% ~
20% , K ARER TR, | B IR AL KGR A wx B AC <
2% AKVKPER . BR T DL b Wa S50 FE P LA, i
RIT 2 5 FhAEAAR SRR a0 Wa Wa™  Wa™ |
W™ B Wa T e AT R R R R AC S [ R
FERIREAR, W™ 2 H AR 27 AR 5 FP Koshi-
hikari 287 A i r i 18 3 i — A W' 5878 BRI LA
K AC AT 8% ~15% , KYAA BKMIALE |5 A i
PE FHE T VA AR SRR R, HATE T Wa™ X
TR 2 28 B R o JB 52 el 1) BIF 5 A BR T 20 $ i A
) it e i 3R U0 R 3kt £ T AR R AR S A
RGHESE D B R st A AR R SR T Y
Wx™Wx™H Wx"Wx" A [[] 5 B B Ag oK 728 & &
st PR A 22 S %o ok RORE K B OR A BT LA 4R
B,

Wi s RO R OK 2 B IRt Bk T e VR T, (B
RLCREA —E RN, 51 wx FE DR ARG RS AEAE
FE AR AR et 1 TR R LR A W S50 5
N2 5 52 e T R ot & i 4l 1, AS BF 5T LA

rice; Wx allele; thousand-grain weight; amylose content; cooking and eating quality

Wx™Wx™ 3 R BI )T 0145 MEEA WxPWx" FE K 5
AIRIZRE 21 AR AT 25T A S AT FL AT F,
THEACHEA S RL, R BE X 43 Wa™ R Wa® JE 1 1) 53
THRCO AR THE AL 0 4L, 75 F, 7R, R P 23
5ol 3853 BT A [ PR AU T 8 e oAk e Z8 38 B oR
FAH SRR 22 5, IFRT T W AS[] 45 A7 56 A 7Y
L5 2 S 1 SR LIS DI I i 7 7K e ot e
LR e e

1Bk

1.1 kA

PLT 0145 NREA s 21 MACAR 22389+ H
ARG H 437 A F R R A 184 4 F, Bk R il i+
B, FHE,5390F 2015 451 2016 4 IE ZE MR TETT
AN BB B VE Y58 il ge 1, B4k &R
1A/NX FIAE 3 47, BT 10 Bk, F7AREE 20 emx 17
em, 5 A 10 HEE#P,6 H 9 HEHL, B#ERAW
FURR B L
1.2 DNA £E

Y BERRIAAE S /N RIAT A 2 BRIF IR, AR
HUS A~ Bk 8 B 4l it A, D CTAB 351 42 B
DNA, % H,
1.3 k78 wx EEE R

R AV ELAE Ve # o s SE D Wam e W 7 R
497 PiREHR B G B A BRI AR S R U514
P34 27 BH 58 A (AR SRV RIS W 0 W™ i) e i
PRI, IE 4851 9 51 Wa-mq-O-F 2 5'-AT-
GTTTGTTCTTGTGTTCTTTGCAGGC-3", FZ [i] 4h 51 ¥
J¥ %1 Wx-mg-O-R N 5'-GTAGATCTTCTCACCG-
GTCTTTCCCCAA-3', IE[a] N 59T 5] Wa-mg-1-F
5'-GGGTGAGGTTTTTCCATTGCTACAATCG-3", JZ [f]
W5 #1551 Wx-mq-1-R 3 5'-GTCGATGAACACACG-
GTCGACTCAAT-3", i L3R A= YR A PR A H]
A, PCR KNA RS MR Chen 2517 ()07 1k, W& A
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Bek, 10 pwl PCR W& R A4 1 pl DNA (50
ng/wl), 0.4 pl Primer(4 pmol/ul),1 wl 10xBuffer
(% MgCl,),0.2 pl dANTP (2.5 mmol/L),0.2 wl Tag
fii (5 U/wl) A1 7.2 wl ddH,0, PCR JZJ% 7E MJ Re-
search PTC-200 #AGIMY L3547, I iR P U0 F 2 94
CFHAEPE 5 ming 94 °C FAEME 30 5,63 C ik k
30 5,72 °C NZEH 1 min, 3 35 MER; FJ5 72 CF
FEMH 10 min,4 C FRAFRFH . PCR P79 H 3
REWH AR FEL UK A3 255, 30 0 BB I L 2R A 2%
1.4 HNREREMREHERNE

TR BRI, 76 FH [A] 8 A 28 56 P ARURG I 119 5 A
PR B AR S AR SR S OIR 5 S ERR KUT
J5 R AR I B R  — OB A IR A
B RSB 23 R BOR TR T SRR, A
PRI 10 Wz b0 i A 28 FH T s = RO S 4 s 58 FIDRE
JEEERIRIPEAR , L 10 BRh 1A S (EAE R B kR GE T
1H .
1.5 ZERKRMBRMNE

T REAT RS J5 TR BORE K, R FOSS e XU %
KIHL(CT 193 Cyclotec™ ) il KK , 32 100 H M i 45
FH o ARAEA AT O BR ECNY 147-88 K S5 %E 7
TR R K A VA B (AC) B R R AT
E ol DL EBEVE RS i B A 4 A BRI A Y I
JEAE B X R AC (43 31 R 1.50% . 10.40% |
16.20% ,26. 50% ) il 1 4 #E M e, AR 48 b v fih £ 11
BAMEA AC, KK F| Perten 2\ w] ) Tec-
MASTER % 7k J3 3 1 { &% TCW ( Thermal cycle for
windows ) FLE AT, M5 38 H A W b2 K h 2 14k
A (1995 61-02) XF Rk RVA 3 HEF I
1.6 FEREZEINE

FREL 3 ¢ KiKiE &N m, , [FATIE5E 25 ml
HEBTER m, , BAORMA S B2 2T, 1T
KOBERESS e R i M, AR 0, =25-
(M=m,—my) /py THAFE KA, H% p, =m /v, THE
1.7 Sitsrth

K JH SPSS 20 Xt Bl AT S8 1T A F 2 H L

2 RS

2.1 BHK wx™Fin wx' EE B
FIFH Wa DUS |18 52 BH AR 22 %) F, A1 F B

TRIEAT Wal B W SE 43 AL, PCR 934 7= ) B

OB I FEL ORGS0 235 1 S 7 | A4S B bk A 3L
3 PSRN SR, 45017 KNG i R 439 bp 292 bp il
200 bp(#l 1), £ HBRER T #BRED 1 th 439 bp 4%
AL, RIS 21 SHEHE Wa LT Y SRR B 1
1 25200 bp Y4547, T 0145 S5 Wam LK (1) 41
BHRED 4 1 1 2% 292 bp MARHT, 226 SL AL A4 R
AT 3 A, X R I 25 SR AT S, 25 AR L
#1,

M1 23 456 78 9101112

750 bp

500 bp 439 bp

292 b,
250 bp 390 bp
100 bp

M:DL 2000 bp Marker; 1: 5% 0145; 2 i i B 21;3 ~ 6. ¥ 4>
Wx"Wx"BR R ;7 ~ 10 354 Wx™ Wx™ #k F; 11 ~ 12360 24 &
Wx"Wx™HRF

1 FIADS| ¥t Wx A E&EAEE RGN

Fig.1 Detections of Wx genotypes with Tetra-primer ARMS-

PCR in different rice varieties

£1 F,FF,wWx EERESIT
Table 1 Statistics of Wx genotypes in F; and F, of rice

e 4
F, F,
W Wx™ 162 79
WxPWx" 190 83
Wx>Wxmd 85 22

22 ARERZEFEHEXERNER

Pz L RGP 25 5 X6 B 0 F, 45 ik R AR
K= MR 25 R L% 2, 255 WM
L, Wx™Wx" 5 Wx"Wx" JE P R [R] B T TR i
o LR BT 1Y 22 A B B 2EOKF (P<0. 05) A1,
RPEIR I AR IR B W K- (P>0.05) , B B Wam K&
PR RE BT A J 2 S0 (B TR A, AN [ i A
RU[A] F AR TR A7 AR B 25 57 AERK R 58 Bk
R 22 I B AS AR A 7] 3 R AL ], — vk
REAEH T4 o e RO TR bR A 28 SR I 3 A 3%
T, OB T T R e R SR K AR
R AEAE B35 25 5 (P<0. 05) |, Ui 5 % 32 BRI 5
MK o
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x2 F#MFAREFEMTERZMHRILER

Table 2 Comparison of main agronomic traits in different genotypes of F; and F, generation

F, F,
Wx™a W™ WxWx" W™ W™ wxPwx"
AR 8.7+2.7a 8.742.3a 5.7+1.1b 6.1£1.2b
— IR AEL 11.3£1.9a 11.3£1.0a 11.2+1.2a 11.3+1.4a
TR 26.9+7.4a 28.2+5.4a 21.3+6.2b 21.35.8b
B SORLAL 147.3+37.2a 141.7+25.8a 125.3+14.8b 122.9+15.3b
ERIRIR TR 131.0+34.4a 126.6+26.0a 114.4+10.3b 112.9+11.2b
L5502 (%) 88.9+5.1a 89.0+5.9a 91.3+4.3a 91.8+3.2a
Rk (g) 31.7£9.9b 33.8+10.3a 19.3+3.4d 20.3+3.7c
ThRFTHE (g) 27.3+2.1b 29.7+2.7a 28.2+1.4b 29.7+1.8a
KK (mm) 7.420.1a 7.420.1a 7.50.2a 7.4%0.2a
AL FE (mm) 3.3+0.1a 3.3+0.2a 3.3+0.2a 3.340.1a
FLIE (mm) 2.4+0.1a 2.4+0.2a 2.4+0.1a 2.4+0.2a
] — 4788 J5 AN IR Bk 433 2678 25 57 0.05 2K,
2.3 AE Wx EEREERRERARERLER 0.01) , A [F] T AR [F] 56 A A8 () 22 S S W 2 %o

F, FIlF, bR 28 AS [) 2 DR 780 e oK B4 3 B 75 1
(AC) Wy =2 25 5 (& 2A) & B, F, fil F, BEfE
Wx"Wx™ 5 R B RE oK B9 AC 4 51 A 10. 45% Fil
10. 68%, 1 Wx"Wx" % Kl B % K 19 AC 43 51
16. 98% 1 16. 42% , AR ) AC Wx"Wx" 5 H A1 1)
KF Wx™Wx" 3 B H ok 2 )3 K F (P<

251 A
S e .
e L -
e 15
= L
13 10
=
fm

0 F F

FREHRBE SRS, By T B, B A o W™ W™ 5 R 780 114 43 31
549 mm Al 52 mm, 7 Wx"Wx" 5 ALK 10
BE4358 63 mm 1 59 mm, FHHEACH Wx"Wx" LA
T e T Wi W™ 3 DR | FL 3K S B 3 K F (P
0. 01) , T A [m) TH AR AR [7] Jk P 280 i) 2 S5 O g 2% (A&l
2B),

1001

B
80( o

~ *k

é 60

2 401

EE

2 20f
0 F F

m e O et

A FS I E, AR W SEALH IR T B BETE R & it B Fy Rl B ANIR] W S5 (B DS TU AR BE 5 s 0 [ — HHARUAS 7] S5 07 8 [X 8 1] 2 536 0.01 835K

H2 F,f0F,RE Wr BEREKEETH S BNRHAENES

Fig.2 Differences of amylose content and gel consistency in different Wx genotypes of F;and F, generation

RERAHG RVA (30172 T LA 5097 26
ST, W W B PR R R AR B VB B
IE (LR EIEIRLEE RO (151 T W W 3
R, T AR KT W W DR, 0% 5734 51
B (P<0.05) | THREFREIEIEI I ) 2 52
% IR R BT A7 76 2 57

(P<0.05) , F, BEIA B RVA FRAE (G 58 F, B A i I

(#%£3).

24 HRESHER|GRSRIEROEXME
ENGIRAE-SSEVETE 357 (NG TAb ST NS

AT, G DL S 2 IR A MR [ 1T RE A AE

SRECER, PHIEXT FL T, AR o e 5 2% R i R
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PEARTBI I RHSCPEREA T T 00T, S5 2RI, DIt CRE A
HOREIT -5 RS A TH L ] 32 477 o 2 it
W IEASR, MAAE Fy A A 0 B 5 5 i

JE IAIETRIE e v IR B 22 B A7 2 A
FEMRE(K 4) . VEIIROKRZE R o TR B B
HEVERY & i) R RLITU 1) M R

#*3 F,FFARERFEEFEXK RVA ZHEENES
Table 3 Differences in RVA profile of different genotypes of F;and F, generations

F, F,
RVA J5HHE(H
W Wx™ Wx Wx" Wx™ W™ Wx Wx"

R R 3345.9+311.3a 3205.9+218.5a 2 352.3+546.9h 2 404.9+442.7h
PR 1 823.3+230.8b 2 008.2+264.1a 1 133.4+302.4d 1 438.4+405.5¢
AR AL 1522.5£221.7a 1 197.7£213.8b 1 218.8+343.9b 966.8+232.1c
VIR 2 817.9+288.2h 3 380.3+370.5a 1710.8+388.9d 2 332.5+480.1¢
T -528.1£302.9¢ 174.4+294.9a -641.5£343.0¢ ~72.4+291.4b
U {EL S 1] 6.17+0.21b 6.39+0.23a 5.73+0.36¢ 6.11+0.31b
Pk Sl s 72.77+1.14b 74.04=0.77a 73.00=1.66b 74.38+1.66a

ANF/ING F R IR RTE 0.05 K 1285 3,

R4 NRESEEAWRSREREXME
Table 4 Correlations between grain weight and ECQ

B R LT () A G R K

F, F,
EHETEN & i (%) 0.443 ** 0.249 **
JBAHE (mm) 0.156 0.131
IR (cP) 0.023 -0.059
IFRE (cP) 0.209 ** 0.035
AR (cP) -0.174"* -0.137
IR (cP) 0.372* 0.097
THIAE (cP) 0.322* 0.193*

= AR ARAE 0.05 F10.01 K | B AL,

2.5 AR wx EREFERNBHENIZEEST
FESKE R Al — B OL T, Wx"Wx" 5 [ Y
A (A R 25 K T Wix™ Wik i [R5 2
LR KOK AN 2 P B AE AN S A7 A 22 5, AH O
OIRTEE RIRR IR AC (H 5K A B, B
58, REARTR] W S5 BE PRRE K B IR L UE A 25 A A 7 300
22 Wix" Wi SR BRI A K 119 3 o3 A B i, HE B 3K
% (B 3A) , Wx™ W™ 5 R U R oK 9 TE R Rl /), UE
kil AR 2 /NMLIREE R HES B ks, VT EI b &)
Jii7% (B 3B) o AN F BRI 23 3 4 Wx™ Wx™ il
Wx"Wx" FERI A B4 RE, ATGIK B A 5, e T
KRR, L5 FEFI, Wx™ W™ R K ) - 1y 2%
1,403 g/cm’ , Wx"Wx" J5k K BU g oK (1) 57 440 % i hy

1.432 g/cm’ P 2 A1 22 Rk 5 8 E /K- (181 3C)
3 9w

W 5 X e oK 78 28 6 WK i R ok o M AR
FHUST R LR A A B s ) DY ) s e A
(0 3 A% L H U JE X RVA RS E A — & 3
i AREIEEE R R [ AR B R (R R F,) RS
T AT Wae FEPEZE0 (Wx™ Wx™ T Wx"Wx" ) #4F  f
FAEEEWRMRSERNZS, LML
Wx"Wx" LD A W™ Wx™ 3 PR Y R ok B AR T
AC AR ASRORE FE V4 RS B T4 Ul L % i g 0
P ] R P 2 IR L % v ) O AT, ik 4
FREDIE T Wx ™ Wx™ 35 PR B A oK 2 A 2 0 s v
SRR AR S R AR L, SRR T 4 R — 3
Y3 B AKRE 75 i S B R B IE I Wi W™ R 7R A O
W AE 461" A 9108 RIKE 5055 SR H AT
BAF R BRI,

RAE E BE B AT R I W 55 R i)
FEA A I, I X KR P B = AR R, s 2 R
3 Xk 5 IR T A T A R D R AR T TR R A R
(wox ) Xt TR0 5 0 A5 0, & BAG A 14) Tr Jo o: EE Al
R T 7.3%~9. 7%, XI5 IR &P 1 X Wi
TP IR 560 b1 R R B, Y BLRE TE R A N 17%
CAERRYE) T IRE] 2% A 47 CREPE) B RLST & 7R [
T 6% ~8% ,Hi Ji i 5 ELAEVE A O i A 0 A
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1.36

WxmWxm-1 Wxm™Wx™a-2 WxmaWxma-3

PNl

WxPWx°-1

WxPWxb-2  Wx*Wx*-3

LN

A WxP W PRI K 9 S B ) B 2 Wik Wi i PR B R K A S B A 5 € R IR W L DRI R B B . ASTRI/ NS PR RRAE 0.05 KT L

FEREFE,

3 TR wx BEREBRENEUAREEER

Fig.3 The difference in starch structure and density of different Wx genotypes of rice

ARWFGE L 43T 2 A AR R TR R, & B
Wx™Wx™ H PR BT Wx"Wx" 35 R B K RS kb Tk
JR e A7 A 3 25 S, Wix ™ Wix™ 5 R 28 TR 5 o L
Wx"Wx" FE PRI 1.46~2.46 g, FIET 5%~8%),
(R R RN R MANAEAE 22 57 . AR HT A SR
B 5K AC B BB AR R 76 FL 0 F,
BEA 20 R 0. 443 F10. 249, PR I HE  T- J5
25 S 0 D DR AT RE 2 R K K A 45+ N R kAR
1k, TENPRLEE T # A3 AT 4 SRR, A EE Wk WX
FEPRRIRE R, Wx™ W™ PR U AR oK e Mok 5 5 5k
P, VEMTIL S B0 7 , R OK 28 B IR ARG, DT A R T
ANTR] Wi 32 PR U386 38 55 0 A K 14D A0 45 ) R 2 B i
TR R R, CA AR R, AN W
LR R K 18] 59 T8 15 K5 40 45 0 17 78 25 5, T 3 o
20 0240 S 3o Xk R I R A0 4 3 TR R B T R A
WS, & AT IOV LA K T Ky LA SR E A 3 HE)
B, 25 BREOR, HSORIVE fy 2 i A AL, 2 A TE R
IR 2B, ASHIFZE B F I Wx™ Wx™ 3k R 0 7 )
JEA TR R RIDRE K 22 8] 14 2R K, PRI i A b 45 4

FeE K g H 25 WxPWx" 3 R R K TR VE R
REHES b B 22 S BH i o0 SO 40 25 44 1) 22 5 VT RE 2
T R K 5 18 25 S ) LA DR IR, e R i TR o

JUE Wx ™ Wx™ 35 PR R 7R A T L R A1
R P 2 57 T DAAE 75 R o 3 o 1 1 RO 00 PRLpR
FRERCAE = B R R FOR TR b, T L gy A
FEIH e B sk Ah . BT LAAE 75 AR b AT DL 5
W™ 35 PR b 4 B 420 7 e AR TR B A 4K
Kt [ st 2o 7 R 7 e U s o) 3 PR A s 4
LN Gnla™> 1 Ghd7* Sy BERLN MOCT™ i i
HIE GS37Y AU ThRiC B e, T SR A1 IR
R I KR

SE
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