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Abstract: Granule Bound Starch Synthase I is the key gene of amylose synthesis. The expression of this
gene affects amylose content and final processing quality. In this study, RIL populations with different Wx
protein subunit combinations were used to study the effects of different combinations on amylose and
amylopectin content and texture of dry noodles and cooked wet noodles. The results indicated that there were
8 kinds of combinations in the population. Different Wx protein subunits deletion had a certain effect on
amylose and amylopectin content of wheat, and the influence degree was different. There was no significant
difference in amylose content between double deletion types, but significant difference was found in mutant
and total deletion types compared with other combinations. For the texture parameters of dry noodles, the
deletion of Wx protein subunits mainly affected the breaking strength of dry noodles. Under the condition of
double deletion type, when there was Wx-B1 deletion site in the combination, the noodle breaking strength
was greatly affected, and it was not easy to break. Under the condition of single deletion type, the severity of
tensile parameters of cooked noodles was Wx-A1 deletion type = Wx-B1 deletion type > Wx-D1 deletion
type. Under the condition of double deletion, both Wx-B1 and Wx-D1 deletion showed best. When the three
loci were deleted at the same time, the stretching distance of cooked noodles was mainly affected, followed
by the curve area and tensile force. These results provide a reference for the cultivation of new wheat
varieties with high quality and special use.

Key words: wheat, amylose and amylopectin content, noodle quality; granule bound starch synthase I

(GBSS 1)

295 2021 & B2 HA

NSRS BT R R AR, 20 B, xR B R R i AR R

A 40% 0 A HHE gt i A R . FRIEZ /N E
PR RN PR E . /NZHREFIRIFCR 24 507.99 T
oS, 25 R 20.77%, 7R 13 433.39 T,
2y AR E RS 20.30%, /NERIRES
FTMEAEY, 0 HIRFRI N A LA il i A
FE, HAP R EE R 72 A E
B BlE TR E N RRE AR T FIK T (S B
PErm, NATTREZINZZ 77 i PR 3 % 183 R AU s JB )
BORWAEAW P o FERUE - A IEAE -, H5F
PR IS /N B R, R TR /NS S A
i FE Tz,

TEM R AL /N TR ) BNy, 2 i
HNPRLEH Y 75%, 530 BELAETE M F SCHEVE R
VE B T B UE B O i R 5 1A T 4% i J5 Y A
R, SWAME . e, StitE . mEmgS
PEAM SR SRR DR NG BT
B i TN S VE By SORE B 43 A0 X VE AR B A A

BB S BE(SBEYY L AT M TR A I i (SSS) Al
TEA 224 SCRE(DBE) §71 7 3 S e A 1 A 15 1 4
br 25 A R BE K A WA (GBSS) 2 5 BB T M & Il
FLHEAT A G, TR 25 TR S AT A
i) TG, AR LR AR 3 B X ol JkL &5 &
RIGENT A B T SR 25 5 e by A il 1, H:
T UL 25 A TUSE K & L 1 (GBSS 1)kl wx
B M FARZE A S R a8 B Y H A
B B IR 25 B R TE A A U 111, Wx 2R (i
3RV IEL AL, S BIAE Wx-Al, Wx-B1, Wx-D1,
Wx-Al i F 7A Yotk AR I, Wx-B1 i T 4A
PR KA . Wx-D1 T 7D YL@k -,
Wx HEA5EHEEER NG RE VMG, Hparks
AR KPR A TR A R R, RS RM
FHMEM T ES Wx EAMH S EESEEH
Ko BRI Wx TR B S
Miura" B BFE R L, Wx-B1 &[N EHEETER &




SE295 2021 & E2H

ﬁ%ﬁmﬁﬁmf“

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

ROEE

WK . FERERETER & 5, SR TERmRRE,
A DL DA B T 2 TS P2, A
XPANTR] Wx B SRR 0 18 2% 5T A S 450U
B S R S e L . IR, ARFSE
LA AN Wx AR R EH AR
(RILYFEA A RE, RGN Wx 25 (B4R, JExt
AN AN . SRS I AT AT
[T, VT A LA T T A S s
BIFE 45 S0 T 2% T ol R AT B 1 S %5 (L
1 #MRlER=E

1.1 KIeHR

/NZE RIL FEACOE DIEESE 8901 (XA ) HRZ
1 5 (BEA) Fe8, i SRR iR i el 5 5K
Z I RIL BER AR ZZ 15 R DAVEIR k32 ok
R 1073 B M AR/NAE mfh s Bl 8901 /&
PL<77546-27F I v & 0 5T o 57 /N 22 b il
PR ST ASTE T A it JBT R B, 10 0 By T A A o 2
5020172018 AR TE L AR ARl A i ey B b,
3ATIX, 2 WER . WRAFFRIF]H Buhler f5 i
TRy, MR RTE 70%E 4,

1.2 EFHE
12,1 Wx HH WAL E

Wx 2 RO 3 K i vk b B S A i o
Trdks Hpka SRR AR g,

1.2.2 RO 0 2 LA D A 0 S D A 7 o

C T V8 R m VA VR« 0 PR B 48 B L U
K atifh ( Sigma 2 F] ) FI S EA B S0 B YE 4l
( Sigma 2y 7] ) 0.100 0 g & 100 mL FaprHT, A
0.5 mol/L KOH 10 mL, 75 °C/Ki#4 10 min, ##
£ 100 mL FRIEP, E&ZE 100 mL,
1 mg/mL B, SCHEVE MR IR -

FHAE MO VRN B . S VE B i DU
MR S IR, 19 SR Ve DU B K
553 nm. B HIEK N 740 nm, E BRI S B K
4790 nm, ZEKH 820 nm.

AR B S Ve pn it 4, T UV-Vis
Analyst /A ET AR EM L, LYEMKCRE r=
0.996 2, ZHEEM & & C(mg/mL) = —0.002 7+
0.367 9*AA. TIVERE K EHEEmIREIh L, M
UV-Vis Analyst F {4 27 ARl 14, et AH ¢ R4

r=0.999 6, HAEVEM FE C(mg/mL) = 0.000 0+
0.220 5*AA.,
1.2.3  TH&HIE

RS FHEN 100 g (14%383E ), K E R
KR 50%. KL E KitchenAid Al —F4 171
IAKOBERE 30 s, IKJE —#45EHE 30 s, A5 4
FI4EFE 2 min, )5 2 44 HE 2 min, FIR (25 °C)
Ak 30 min, SR IMTZ-14 B ihi S AL 4R ] B
2 mm AbELTE, F=ArE IR, TS RS —IK,
SRJE K T TR R 1.0 mm (JREHEE 518 3.5,
3.0.2.5.2, 1.5, 1 mm & —IK ), A PIA 2.0 mm
S AT 45, K VI H 8 T 45— o HE 7 B R AR
b, HAEIR (2540 °C) HIE (75%) %M, T
10 h, AEHEERTE 10 h, 5—#0E T8
RO R4
1.2.4 T B2 S50 E

FIH TAXT.plus B FAG G TN E , A EF
£ HDP/90, [t A/SFR: f4F b F A4S S
W T A BCE AR BT O 2], S
FELL 0.5 mm/s FYER L2 0] TS B BF RS, Y
IR B ) wEN TO N A2 B /MY 1 (15 g))F , TR
CSEBE, SRIG SZEEAE L 2.5 mm/s MR L4k T
¥, TSR Z W i 2 th B R, TSRS
3 LA 10.0 mm/s 438 B8 3% (B BR 0 8
1.2.5 M1 AP S H0

H AR THT 2% P 28 18K 8 2 S NINAR I 2k 5 B
HH SR S I R B T A% B K b e
SR J5 A TA XT.plus BUSR(SCGHEF T A2, 7K E -
£ HDP/90, Bt A/SPR: | PANAHE 4T Y E
A MERAELL 1.0 mm/s R EZE -, hE
BN TCTERAZ R 5 g )R, TVE DL 3.0 mm/s
MRS, [FRHE BRI IR IC S BE, i sk
Z BN PL S T RE AR SZ BRI, T AR L
BEL DL 10.0 s (193 [ Bhak Il dn
1.3 #HiEaE

s 0 Hr 8 FH DPS v7.05 &2 SPSS11.5 $tdi 4t
A
2 ZBRERW
21 WxEBQTEAGEENH

HITE 1 A 1 a] g, R L85 Y 8 Fh Wix




ROEE

@%ﬁﬂ%ﬁmf”

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

295 2021 & B2 HA

B I AR, H 8 IS A 5]
o A RURD Wx B O SEE T 7 iR 2 R
13.94%,. Wx & W3 4 Bl 58748 7Y B 4k Lo ]
&, 423 4, 5 11.06%, = b 2 m
77 A, il 11.54% ., 12.02%. 13.46%. —ff
XU P 5 i T AR, 3k 79 A, il oy
B 13.46%. 12.50%. 12.02%., fATHl, BEAK
Hd a5 T A AR Wx B8 R B 4 A5 2800
F1 WxEHATEAEGLXERLLG

Tablel Combination typesand proportions of
Wx protein subunits
9 ]
TR s TSR

A BtB #tD HtAB Ht AD HtBD

K
e 29 24 25 28 28 26 25 23
ol
L/k('fﬂ 13.94 11.54 12.02 13.46 1346 1250 12.02 11.06
Wx-Al % ﬂfa)
X~
/ .
T SV D1 T T WXTBI
3 iRB §
B
KD
-
Raa il S T T
#4BD
BRKAD

B 1 BEPRE wx EATEEGRKXES SDSPAGE BikE
Fig.1 SDS-PAGE electrophoretogram of different waxy
protein subunits deletion combinationsin RIL population
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Table2 Effect of different Wx protein subunits combination
on amylose and amylopectin content %
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1 T4

PR 17.558 3ab  14.44~25.48  55.802 6b 39.2~71.54
Bt A 14.483 8a 10.87~20.69 45.530 6d  29.66~56.37
5t B 13.141 2b 10~17.29 52.391 2bc  41.86~68.08
D 13.3857b 10.23~18.45  50.027 4bcd 34.96~73.92
B AB  12.762 9b 10.20~15.37 47.610 9cd 38.17~65.35
it AD 12.870 4b 10.10~15.53 46.518 5d  30.55~57.75
B BD  13.000 8b 10.26~16.53  50.730 8bed 31.71~70.88
RAFAL 1524 3¢ 0~3.30 70.068 7a 50.05~96.35
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Table3 Effect of different Wx protein subunit
combinations on the dry noodle quality

M WRBEE kg BRVERKg  HME/mm AERERE/mm

A Y 33.7bcB 22.04~63.34  46.6ab  36.96~56.93
i A 38.0abAB  24.59~64.97 457ab  36.56~52.71
B 35.4abcAB  24.59~52.55  46.7ab  40.73~53.7
#D 33.6bcB 20.42~66.55  47.6a 36.22~53.72

I AB 36.6abcAB  25.29~53.30  46.lab  36.16~54.21

t AD 32.8cB 22.91~48.61 46.7ab  38.16~51.92

it BD 38.6aAB 26.51~7836  46.1ab  36.82~54.34

AR 39.8aA 27.96~66.42  44.6b 35.84~54.60




SE295 2021 & E2H

ﬁ%ﬁmﬁﬁmf“

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

ROEE

T 25 T 45 2
24 AEWxEATEARENEEZHHESH
oA

M1 2 4 WA, SEE AE AP OIS Wx-Al
BRI Wx-D1 #GZRAE . Wx-Al fil Wx-Bl
B ARZEHY  Wx-A1 il Wx-D1 [R]Af flde 25 71
FRAFIIIR 5% W EMW R, 5 HAMER KL
EMER, REITIZA], Wx-ATl BRI
Wx-B1 SRR To B EW 2R, #5 Wx-DI
BRI IR 5% b Pk 25 5 5 WU R S R 2 ) G Jd
EHER,

F4 AEAWxBOTEASMERAMHS MM LR

Table4 Effect of different Wx protein subunit combinations
on the tensile parameters of cooked noodle
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