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Variation of Quality-related Traits and HMW-GS of
Wheat Varieties in Shanxi Province
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Abstract:In order to provide a theoretical basis for further improvement of quality, and to excavate excellent
germplasm resources, quality-related traits and high molecular weight glutenin subunit ( HMW-GS) composition of
wheat varieties in Shanxi Province were investigated. Results showed that the medium-strong gluten wheat varieties
dominate in Shanxi,with the hardness index decreasing year by year,and other quality traits increase first then de-
crease. Allelic variation at Glu-1 locus,encoding HUW-GS ,was abundant in wheat varieties in Shanxi. Three types
of subunits(1 and 2” ,Null) at the Glu-Al ,seven types of subunits(7 +8,7 +9,6 +8,13 +16,14 +15,17 + 18,
20) at Glu-BI locus,and six types of subunits(2 +12,2 +10,5 +12,5 +10,4 + 12 and 2. 2 + 12) at Glu-DI locus
were detected. Totally, thirty-two subunit combinations were detected ,and of that,the combination “Null,7 +8,2 +
12”7 was abundant. The employment of the quality-related subunits was associated with that of quality traits. It was

found that Glu-DI contributed to the protein content,hardness,test weight,wet gluten content,extensibility and ab-
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sorption. The glutenin subunits 4 +12 and 2 + 10 positively contributed to the protein content and wet gluten con-

tent. Glu-B1 is associated with the Zeleny sedimentation, development time, stability time, stretch area and max

resistance ,and out of that,the 7 +8 and 7 +9 subunits have positive effects on stretch area.2 " of Glu-Al locus has

positive effects on Zeleny sedimentation ,development time , stability time, stretch area and max resistance. Notably,

the combinations “2” ;7 +8,4 +12” and “1,7 +9,2 +10” positively contributed to the quality of wheat varieties

in Shanxi province , China.

Key words ; Shanxi province; modern varieties; quality traits; HMW-GS; evolution
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ZAE A (HMW-GS) 711 a] LA fig B T Ay 1w 141
JE PRI T 5 R B A 45% ~ 70% , X /N 22 1T A
FEbE MOS8 R B mEAE YT, HMW-
GS A — IRk 1A 1B A1 1D K& iy
FEPRSE s ] A R G 5 AN [R] ) 3 38, 3 3 A
PESFR R Glu-1 745" 0 A [R) 37 3 5 J5i 9 5 1)
TEAE2E 5, N Glu-AT 75 By 27 5 580y (1 T A 44t
1 5 LA G, Glu-B1 7 5 1 14 + 15 W7 338 5 S 1
4 T RNE L 0 A0 TR SR AR 5, Glu-DI {3
M5 +10 W H S AL SR S0 AR
e, /INAZ i BT RO B U 0 Sk 2 B R /N A st
LB T AE 58 B A, B B B 5T AR R ) i A
A W3 K H A A 28R, T AP B A AR R
BEEREY,

H AR - o8 5 7 T - 3R D9 s Tk Y 05 e
HLJK (SDS-PAGE ) A6 il HMW-GS #1920 A%, A 26 2 AR
SRR Z N, anskeE B A b T IR E/NE K
TR AP BB TR AR HMW -GS 41T ; sk 47
SEDURIBRIE AR S5k v A0 PG A6 A AN R A 2 X
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BN AIARDREIARAE (R 1)
1.2 HENLE

145 4y 1L 75 48 € A AP T 2015-2016 4F B Al
2016-2017 4FFE 43 3l oA T 1k ¥y 17 A it ik 40 i
BEARIFIAR 2 47, 47K 1.5 m, 47H#E 22 cm, #REE
10 em, H[H)4 #5 K H A = —2L,
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BESH RIS R A1 B 5 32, SR b it
T PR M-SR TR s Tk e 26 M HEL UK ( SDS-PAGE ) 77 ¥4 I 5
HMW-GS 21/, HMW-GS iy 45 2 I8 Payne 45 i)
Jridi, XFRESFPR . EFE (Null,7 +8,2 +12) Uiz
02-1(1,7 +9,5 +10) LA LA 19(1,17 +18,5 +10) .
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Table 1 145 wheat varieties bred in Shanxi and the approval year

' m A W || #T m A B AR ' fn A BB
Code Variety Year Code Variety Year Code Variety Year
1 HE15 1973 50 B 60 5 1999 99 I %> 8050 2007
2 HE55 1973 51 B 6l 5 1999 100 4835 2007
3 HHL 5 1973 52 HE 65 1999 101 B 520410 2007
4 EHE3 Y 1974 53 EE 635 1999 102 KF 6686 2007
5 HE 115 1980 54 HE#65% 2000 103 hZ 175 2007
6 HE 125 1980 55 2 66 5 2000 104 K 5902 2008
7 B 135 1980 56 B 615 2000 105 B84 5 2008
8 B 165 1982 57 T 68 5 2000 106 HH 855 2008
9 BEITS 1982 58 TS 2001 107 K 6135 2008
10 HEI8 S 1983 59 HE 705 2001 108 HH 865 2008
11 HH#19 5 1983 60 Tk 207 2002 109 K 9923 2008
12 HE#20 %5 1984 61 BETS 2002 110 K 5222 2009
13 HHE2 5 1985 62 HEY 2002 111 It Y7287 2009
14 B 2025 1985 63 B 145 2002 112 H4 815 2009
15 TH 235 1985 64 I 615 2002 113 BE 719 2009
16 HH 245 1987 65 K 6878 2002 114 W88 5 2009
17 HE25 5 1988 66 A 170 2002 115 1 129 2009
18 H#21% 1989 67 K35 5608 2002 116 K 13606 2009
19 28 1989 68 110 2002 117 K 5973 2009
20 HE29 %5 1989 69 HBE155 2002 118 NC206 2009
21 T30 5 1990 70 k6172 2002 119 i 8 = 2010
22 W&31 %5 1990 71 I 145 2003 120 £ F 251 2011
23 HF 325 1990 72 ¥y 138 2003 121 K 8744 2011
24 HE33 5 1990 73 K 6154 2003 122 WF 90 T 2011
25 HH35 5 1990 74 B 21-30 2003 123 HE T 2011
26 HE 365 1991 75 75 TX-006 2003 124 iz 7 805 2011
27 TH 3715 1991 76 K 65 2003 125 32k 16 2011
28 #4385 1991 77 3= 2004 126 TEH 1718 2011
29 39 5 1991 78 iz 3158 2004 127 HE902 5 2013
30 T 40 5 1991 79 It 11 2004 128 A 182 2013
31 EHE 45 1992 80 T2 5 2004 129 K 4853 2013
32 HE 45 1992 81 iz 28 5 2004 130 HH o4 5 2014
33 T a4 = 1992 82 4L 2018 2005 131 HH 955 2014
34 HH43 5 1992 83 I 2069 2005 132 K 102 2014
35 HH455 1993 84 I3k 2035 2005 133 T4 9715 2014
36 Hk 465 1994 85 B 52335 2005 134 HHE o85S 2014
37 B 415 1995 86 K 6359 2005 135 W99 5 2015
38 BT 485 1995 87 £ 4640 2005 136 K2 67 2016
39 HH 49 5 1996 88 K 5079 2005 137 iZ 137 2016
40 T4 50 5 1996 89 £ 6452 2005 138 TAE 80 2016
41 TE51 %5 1996 90 565 2006 139 K 1310 2016
42 B2 5 1996 91 HE11 % 2006 140 & 7080 2016
43 HE 535 1996 92 B# 218 2006 141 1 6990 2016
44 EHHE13 5 1996 93 HH 185 2006 142 K 6794 2016
45 B 545 1997 94 HET19 5 2006 143 F 4086 2017
46 HH 56 5 1998 95 HH 80 5 2006 144 M 23 2017
47 W57 5 1998 96 W81 5 2006 145 W Y8161 2017
48 Tk 58 5 1998 97 £ 7016 2007

49 HH 595 1998 98 HHE 825 2007
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1.4 GRS
K DAT200 AR 45 B 3 30T 21 A 3 AN ( Sty B
Perten) #E4T S B AAT . AL ZLAMETEAL AT A 700 ~
2500 nm ITLLANERE A C-H \N-H ,0-H il S-H
A2 F R W SOET , FF Simplicity 4574 n] 75 208 1F
i<k, I AIAS T i 2 05 FF i B9 AS [R) o B A,
JE [/ INAZ it B b G5 2 1 o i D 7 i\ DU
WEAE WK 3 7R R 2R A R I IE) I Jista] |
T RATHERH 7 JE J P AN e i AR A% | B0 R R i
5K,
1.5 HESHT

FH SPSS B A3- 47 I 26 Al A 22 S S M LR A
KT 2T ) B RL (GLM) T3 AT
25X AR R AR 0

2 HRESH

P& E R mFE SRR S
W 5t ST TR 23 SR SO T & O A TR AT
45 3 RAGHRHAT AT (3R 2) , G R R WIKPRL A BT
s @O B K 774.54 /L, A5 5 R B /D
(1.63% ) , KEB 4> di Ffr ik 31 [ 5K & /N2 i s v
i LA S 5 WiAR i ( =770 g/L) 2B A S B RIAE i
()78 S R B, B T i P 4(E R 13.30% , 8 R
JEEA 10. 41% ~17.23% 85 2500 10. 13% ;A&
FRECEME R 57.13% , 28 5+ R ECH 13.39% , TH K
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Table 2 Quality characters of wheat varieties in Shanxi

2.1

T TR (A S S R K, R 22. 619% 5 TR IR 7 1
AR RHEYIN, N 10.23% , FHIME N 28. 51% R IR
FEIH 22.69% ~37.08% ., 1 1A it JoT IR K A8 5 3R
B/ A 6. 20% JLUCHIEMITE(10. 72% ) s AKRT
YIE A 56.75% 2506 A 49. 00% ~68. 53% , JEAHPEF-
YIE K 154. 15 mm, £ 5@ B 6] SE (N 7. 71 min, 48
fE 4 3. 67 ~11. 80 min, F2 € I [AI7E 6 ~8 min Z[A] i
P H %, i BB 52%

MR8 [ br & FH /N 22 b Bl BT (GB/T 17320-
1998 ) FAR X 1L P /N 22 i Bl 43 25 05 & B, 33% 1)
A AN AR T EARER (=770 ¢/L) , R H E &
KPR i A R RSB 5 T A1 RS P ] 3K A 1
68 % 15 3R fifj /N AE i B bR 5 A T Bk R R K
AT 25% 5 DTREAEL 01T A3 7 S MR AR AR (R
F7K 435014 10. 42% 10. 42% F11 14. 58% |, i ik 55
7N 22 BB SR Y 4 SO 22.92% | 34.38% FI
40. 63% ) . BT i W A R A E L DI
(B WK SR FIRRE 0] 6 T 48 A 43 1 5 577 i Joi 22
KEUH 4. 17% , 5545 3. 10% B 5 Fl K 258 AR T
770 g/ L A fg Ik 58 7 5 BT 5K ;6 AR Ik i
B SRR 30. 2% 1A 6 TS AR 238 55 75 i T
TR R, R EE LT/ B R UL
RS LI E NN S AT DR B R
Sy R A  hAARAE (AR PR IR TER
FEIP, B A AN S5 AR S IS,

Ei=ga 28 PN R/ ME SS brifE 2 5 5 R
Index Parameter Max. Min. Average SD (%)CV
R L T HHFEER(%) 17.23 10. 41 13.30 1.35 10. 13
Grain quality T REHEE (% ) 81.18 39.23 57.13 7.65 13.39
RHE(g/L) 802. 00 740. 33 774. 54 12.65 1.63
T VLA (mL) 62.67 19.77 37.53 8. 48 22.61
Flour property TR I B (% ) 37.08 22.69 28.51 2.92 10.23
T AT it 5 WK (% ) 68.53 49. 00 56.75 3.52 6.20
Dough quality FEE A (mm ) 197. 10 123. 50 154. 15 16. 52 10.72
Fa s i A] (min) 11. 80 3.67 7.71 1.50 19.42
& B H] ( min ) 6.90 2.03 4.76 0.87 18.19
LA (em?) 191. 00 37.67 113. 05 26. 61 23.54
WARPHERL S (E. U. ) 1094. 67 278. 00 586. 70 133.13 22. 69

2.2 WAENEER R HMW-GS TR E R
XHLPEE F /NE S Fl HMW-GS %8 58 45 I 5%
B, Glu-Al . Glu-BI F1 Glu-DI i 5 258 LR A

(13 Fh) FNBEVE 4 (15 F) &, HFH 16 Fh (AR
S b Glu-AI 1 54 3 FhAE( 28 5 Glu-BI 7 5
F7 L Glu-DI 7Sk 6 Fi(E 1. 3R 3)
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1 BHr@MEIFEEAEQLEM SDS-PAGE 537
Fig.1 SDS-PAGE of HMW-GS in selected wheat varieties

£3 WANZERGT HMW-GS EARRM AT RAER
Table 3 Allele frequencies of HMW-GS in wheat varieties
at the Glu-1 loci

A AR

FENI . R W B (% )
Locus Allele subunit P queney
materials

Clu-A1 a 1 64 44.14

b 2 5 3.45

¢ Null 76 52.41

Clu-BI b 748 68 46.90

¢ 749 56 38.62

d 6+8 4 2.76

e 20 4 2.76

f 13+16 3 2.07

h 14 +15 8 5.52

i 17 +18 2 1.38

Clu-DI a 2412 73 50. 35

e 4412 5 3.45

d 5+10 17 .72

e 2410 6 414

f 2.2+12 1 0.69

5412 e 29. 66

A TIEH BT RTE , Glu-AT {3 55, Null W%
BR R, M 52. 41% 1 W3y 44. 14% 2 W Hx
D AUH 3.45% . Glu-BI i 4t 7 AR S
A% 7 +8.7 +9.6 +8.20 .13 +16.14 + 15 Hil
17 + 18 W3, Horp 7 +8 17 +9 WP 75 H BT R

B Ay 46.90% F1 38, 62% AL HE 17 + 18
AT R A AR 1. 38% |, [R) B 3R AR FE 85 R 20 T,
B13 + 16 F1 20 SF LR FE Glu-DI i 5,
2+ 12 WEA R R, 7 50.35% , KA S + 12
WP AR B S +10 AU 11.72% ,2 +10 F14 +
12 % M 4.14% F1 3.45% ; it & 8 — 4 H A

H2.2 +12,
2.3 WANEBEHR BT HMW-GS BEEB R

HMW-GS 21 & 28 #4022 43 iy R W1, 16 #
HMW-GS 4 32 FiZH 425 A0, “Null,7 +8,2 + 12”7
HA IR EeE , A 17.93% ; Hk N “Null 7 +9,
24127 “1,7+8,5+127F1“1,7 +9,2 + 127 HE K
LAY 11.72% 11.03% i1 8. 28% ; HoAth 7. K 2H
AR BT R AR, HoA “ Null, 7 +8,2.2 + 127,
“Null,7 +8,4 +127 “Null,7 +9,4 + 12" _“Null,
14+15,5+127 “2" 7 +8,2 +127 . “1,13 + 16,
54127 “1,20,4 +12” “1,7+8,5+10” .“1,14 +
15,2 +127 F1“1,6 +8,5 + 127 2537 B2l A 2K M4 H
A1 pAe, REMRWIL2 « 13 +16.14 + 15,
17 +18 F15 +10 fiA —5& Lo, {55 A2 9 4~ LA
R AR (£ 4)

2.4 HMW-GS REML =3 @ BRIEFRRI 20

Wit Z KT 20 Glu-Al Glu-BI FI Glu-DI
AL OB B (R 5) 3 AN N 3 H
P KT T A UL (R RN R KA SE L T Y
SO 35 A 3k ) 18 3 K, Glu-AT A3 5 % ir i i AR
o IS () R g s 1) 45 1T AT & O i s 1 52 e 3 I 5
I, TTRR AR 25. 79% 33. 05% F123.61%
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x4 WWANEERSHH HMW-GS AEHRBRIHE
Table 4 The genotype and frequency of HMW-GS compositions of wheat varieties bred in Shanxi

WAL A 26 A
Subunit composition R B (% ) TR
Number of varieties Frequency Code
Glu-Al Glu-B1 Glu-DI
Null 7+8 5+12 6 4.14 1.2.19.59.,143 124
Null 7+8 2+12 26 17.93 5.12.24 25 16 20 33 42 49 53 56 .62 .60 .65 .71 .78 |
94 106 107 \114 123 (134 (137 104,103 ,108
Null 7+8 5+10 5 3.45 47.79 116 127 136
Null 7+8 2.2+12 1 0.69 135
Null 7+8 4+12 1 0.69 40
Null 749 2+12 17 11.72 31.32.27 37 43,10 .54 .55 .77 91 93 102,
133,138 .81,132.,70
Null 7+9 4 +12 1 0.69 45
Null 7+9 5+10 5 3.45 9.66 .95 113 141
Null 7+9 2+10 2 1.38 67 .85
Null 749 5+12 7 4.83 84 92 96 112 119 (122 90
Null 6+8 5+12 3 2.07 142 86,140
Null 14 +15 2+12 2 1.38 76,100
Null 14 +15 5+12 1 0.69 144
2" 7+9 5+10 2 1.38 13.14
2" 7+8 2+12 1 0.69 18
2" 7+8 4+12 2 1.38 28 .29
1 13 +16 5+12 1 0. 69 3
1 13 +16 2+12 2 1.38 34 .50
1 20 2+12 3 2.07 21,2223
1 20 4+12 1 0.69 36
1 7+8 2+12 9 6.21 6.11.26 51 .35 39 .63 .64 .68
1 7+8 5+12 16 11.03 7.17 .57 38 41 46 .73 74 89 87 .99 111 118 109 44 69
1 7+8 5+10 1 0.69 30
1 7+9 2+12 12 8.28 8.61.15.80.82 115,117 ,120,121 ,145 128 \110
1 7+9 2 +10 2 1.38 48 52
1 7+9 5+10 2 1.38 75.105
1 7+9 5+12 6 4.14 4.101,130,125 129 88
1 14 +15 2+12 1 0.69 97
1 14 +15 2+10 2 1.38 58,139
1 14 +15 5+12 2 1.38 131,72
1 17 +18 5+10 2 1.38 83.126
1 6+8 5+12 1 0.69 98
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Table 5 GLM analysis of HMW-GS loci effects on quality traits
Glu-Al Glu-BI Glu-DI
izt S8 - - X N , ~
Index Parameter I »xm@ ) SEIT A &ﬂlﬂj(f% ) Rl BN (% )
SS Effection SS Effection SS Effection
FERL 5 5 EHRETE(%) 1.10 6.70 1. 68 10.25 10.78 65. 68
Grain quality K (/L) 1.42 10. 24 2.35 16. 88 13.89 76. 61
MR R (% ) 2.188 10. 13 10. 32 47.78 11.75* 54. 41
T b o T T A (%) 0.91 6.08 1.34 8.93 10. 34 68. 92
Flour property PUREE (mL) 4.44 20.97 10. 42 49.23 5.77 27.26
T AT it 5T WK (% ) 0. 406 2.08 8. 447 43.27 11.72" 60. 04
Dough quality FEAHE (mm) 0.613 3.06 5.59 27.93 12.12* 60. 52
I ARBUIERH 1 (E. U) 5.19 26.98 11.84 61.58 1.91 9.96
PRI B (em?) 7.35" 25.79 18.87 ** 66. 22 1.88 6. 59
2 i 8] ( min ) 7.56" 33.05 14.11" 61.68 3. 64 15.93
JE BT ] ( min) 6.56 " 23.61 10.91 39.28 8. 49 30.57

T REIR 5% A 1% WK BN AR5 A A7 R L B AR S AR A i TR PRR B S e LA

*and *" indicate significance at 5% and 1% probability levels, respectively. Effection is the partial sum of squares as percentage of the total sum of

squares ,which can be interpreted as an indication of the relevance of various traits

Glu-B1 A3 5% K 5 R 18] 07 A6 1o R 40 5 0 36 . 2%
K-, BTRRZRA> 51 61. 68% F 66. 22% ; Glu-DI i
X R R AR 7K 3R A R i ) 3 I UK
o GTERERAT N 54. 41% .60. 52% 1 60. 04% , 7]
DA AN SR AN [ A s Wi A [ 6P & 5t LA R T
K73 it B A T A9 55 AR T AT 5 P S AR RN K R
BN KN« Glu-D1 > Glu-BI > Glu-AT , % Thi#53 i
JE R b FR TR AR LA B 1T A 5 PR R T B8 R
JNK Glu-BI > Glu-DI > Glu-Al , T % T P 5 oAt
FEFRAYEEN KN A« Glu-BI > Glu-Al > Glu-DI
2.5 AEIEEI R

TERAH HMW-GS AN [R5 X5F o Jo 5 M Fr) 32 i
LT 11 FRE A (n=5) 5 R AR AR Z 1A
(IR, Glu-Al {50 1545 .3 i R 5 38 b 25 5
AN 27 WAL TR (E B 2 = T 1 A Null 7
THT AT it SO s v B3 WO 7K 8 R e O Wb 25 25 S/ b
Hith4gds 27 WE B B & T 1 A Null T3,
Glu-BI 15 &7 7 +8 .7 +9 VLAY & ARz i X i
FRTEA 14 +15 WEA M, Clu-DI 745 4 +
12 55 + 12 WIEAERS B4 5 25 8 P WL [A] Az
M AR 22 5 B3 AE R 4 +12 2 +10 A1 5 + 10
ZIEFFAE % 22 7 A 4 + 12 F1 2 + 10 M2 AEfY
RS BT IR A1) el A =T i = N0 8
(%6),

HE— 25 43 BT W L 20 G 2B ST A B 180 K
L, AN 20 B 280 5 A o T 2 S AN S 3 5 RRL T
Dy, B R A R A E AU AR R 25 5 W

FEBC“1,7+9,2 +107 WA A B H T “Null,7 +
8,5+10” Fl“1,14 + 15,5 + 127 04 T A1 i oL o7
7, 25 A ] F5e KT SiE BH 77 RN s ) 22 52 K I
“1,7+9,2 + 107 KRB & = T “Null,7 +8,5 +
107 “Null,7 +9,5 + 127 FI“1,14 +15,5 + 12”7, “1,
7+9,2 +107F1“2° |7 +8,4 + 127 WiV KL 40 45 1
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Fig.2 Evolution of quality-related traits of wheat cultivars in Shanxi province
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