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Composition of Glutenin Subunits and Quality Analysis in 92 Wheat Varieties(Lines)
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Abstract: To clarify the composition of glutenin subunits in wheat varieties developed in the Huang-
Huai wheat region and their relationship with quality traits, this study used 92 new wheat varieties
(lines) as materials to systematically analyze the distribution and combinations of high-molecular-
weight glutenin subunits(HMW-GS) and low-molecular-weight glutenin subunits(LMW-GS), as well
as their relationships with some quality indicators. The results showed that among the 92 varieties
(lines), a total of 9 types of HMW-GS subunits and 15 subunit combinations were detected. The
combination with the highest occurrence frequency was 1/7+9/2-+12, accounting for 19. 57 %, while
the occurrence frequency of the high-quality subunit combination 1/7 4+ 8/54 10 was 8. 70%. For
LMW-GS. 9 types genes of subunits and 40 combination types were identified. Among them, 72 ma-
terials belonged to moderately complex combinations consisting of 2 to 4 subunits genes, and the com-
bination A3d+D3-21 had the highest occurrence frequency(16. 30%). Correlation analysis indicated

that Glu-B3d was significantly positively correlated with protein content, sedimentation value, and
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wet gluten content. Cluster analysis classified the materials into three groups, and Group [I exhibited

superior overall quality. The occurrence frequencies of multiple high-quality subunits in Group I
were higher than those in Group I and Group Il , including 14415 at the Glu-Bl locus and 5+ 10 at
the Glu-DI locus of HMW-GS, as well as Glu-A3a (8.33%), A3a/c (54.17%) ., B3d (37.50%), D3-
23(54.17%) , and D3-32(66.67%) of LMW-GS. In addition, 2410 at the Glu-DI locus and D3-22 ,
D3-31 at the Glu-D3 locus were only detected in Group . These results had important reference for

wheat quality breeding and genetic improvement in the Huang-Huai wheat region.
Keywords: Huang-Huai wheat region; Wheat; HMW-GS; LMW-GS; Quality
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Table 1 Code and name of materials in this study

5 WA (R w5 WA 45 WG

Code Variety(line) Code Variety(line) Code Variety(line)
1 H1 % 698 Zhongmai 698 32 R F 1905 Luofeng 1905 63 ‘W # 916 Fumai 916
2 FEF 1051 Zhongyu 1051 33 #% M 136 Yuzhou 136 64 #% M 121 Yuzhou 121
3 %% 45 Luomai 45 34 %% 44 Luomai 44 65 3} 5% 592 Zhumai 592
4 4 23 Xinnong 23 35 #:# 17106 Xumai 17106 66 ¥8F 22 Zhengmai 22
5 HEH 1702 Zhongyu 1702 36 4 7011 Luofeng 7011 67 Frfe 539 Zhongnong 539
6 Ji 4 16 5 Zhoumai 16 37 Ji 4 32 %5 Zhoumai 32 68 #% 4 26 Luomai 26
7 177 35 Cunmai 35 38 K 360 Tianmin 360 69 9} 548 Zhumai 548
8 A 38 Xinmai 38 39 04 1 36 04 Zhong 36 70 Jf1% 18 Zhoumai 18
9 V& 44 Jimai 44 40 JAZ 36 5 Zhoumai 36 71 333 591 Zhumai 591
10 Ji# 22 % Zhoumai 22 41 P 4¢ 586 Xinong 586 72 F#4E 519 Ruihua 519
11 ¢ 1928 Annong 1928 42 FrAe 9799 Xinnong 9799 73 FA 21 Zhengmai 21
12 BEAR 1029 Shaanhe 1029 43 P4 979 Xinong 979 74 HifE 4 16 Zhongzhimai 16
13 JAl 2 52 5 Zhoumai 52 44 YERE 108 Xuke 108 75 BE 3 762 Zhumai 762
14 %7 28 Luomai 28 45 Ei# 16 Fumai 16 76 3} 3 305 Zhumai 305
15 FBF 618 Zhengmai 618 46 4 49 Luomai 49 77 F#BF 113 Zhengmai 113
16 Fi4e 867 Zhongnong 867 47 o # 828 Zhengmai 828 78 & 827 Zhengmai 827
17 Hit#E 3 513 Ruihuamai 513 48 P 58 Aikang 58 79 Pi4 162 Xinong 162
18 FRHWF A 182 Zhengyanmai 182 49 # 4 905 Yunong 905 80 B4 726 Zhumai 726
19 FEfHE A 55 Saidemai 5 50 #1413 Zhongjin 13 81 P4k 1125 Xinong 1125
20 i3 1 5 Zhongyuanfeng 1 51 ¥4 15 Yangmai 15 82 17 # 26 Fanmai 26
21 2%} 1704 Anke 1704 52 th i # 13 Zhongzhimai 13 83 Vi 579 Xinong 579
22 #F 163 Zhengmai 163 53 i # 65 Xinmai 65 84 #4 917 Yunong 917
23 Pi4e 1155 Xinong 1155 54 FRF 825 Zhengmai 825 85 R E} 6 5 Liangke 6
24 B A 25 Zhengpinmai 25 55 T4 207 Bainong 207 86 B 26 Xinmai 26
25 K5 FtZ 11 Tianyikemai 11 56 A% 859 Annong 859 87 #EZ 12 Lianmai 12
26 FRAK 181 Zhengda 181 57 WEF 404 Huaimai 404 88 FRA 823 Zhengmai 823
27 ¥ 45 Zhumai 4 58 3} 7 586 Zhumai 586 89 #4 914 Yunong 914
28 B K 116 Keda 116 59 4F# 596 Zhumai 596 90 FBF 518 Zhengmai 518
29 P§4 20 Xinong 20 60 o # 136 Zhengmai 136 91 B} 328 Zhumai 328
30 Fi4¢ 031 Zhongnong 031 61 3F % 256 Zhumai 256 92 3F % 598 Zhumai 598
31 FRA 826 Zhengmai 826 62 FRA 366 Zhengmai 366
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1.4 LMW-GS TFE 284547

K H CTAB 42 BU/NE DNA, 2% WL 4|
ST 22 X RS RS R I LMW-GS 4
I, b Glu-A3 7 85 7 XF 514 s Glu-B3 7 15
10 Xt 519, Glu-D3 {3 5, 5 Xt 5%, PCR K B 14
% 20 pL, 1% 2XFast Taq Premix 10 pL.,1E R
519 (0.2 pmol » L)% 1 pL, Btk DNA (100
ng+ pl D1 pL.ddH,O 7 pL, P HERF.94 C
A5 PE 10 min; 94 “CAETE 50 s,54~64 °C (7] 3CHL)
Bk 30 5,72 ‘CEZEAH 1 min, 35 MEH ;72 CALGE
i 10 min, PP R 1 %0 BEARBE BE K LK (200
V,150 mA,30 min) #1743,
1.5 Sitahr

FH Excel 2013 #FA47 £ 46 48 i1 5 4L 2, H
RStudio(version 4. 2. 1) #Ef7 B 08, F H
SPSS Statistics 26. 0 #E474H &M 5047 .

2 HEREAMN

2.1 HMW-GS AR5 fiFiE

92 Gy /N MR Glu-1 v 5 SR F) 9
Flr HMW-GS 2681 (] 1 f13 2), Hd, Glu-Al
P75 ARG 2 A 2R, 43 ) 1(71. 74%.66

CK1 1 2 3 4 5

3 F Null(28. 26 %, 26 13) s Glu-BI1 {3 j5, K H
3 Bl T, SR 7T+9(65. 22% .60 43) .7+
8(29.35%,27 f3) F 144-15(5. 43%,5 ) sGlu-DI
A A 4 A B 5350k 2412038, 04%6,35
f3).5-+12(31.52%,29 f3).5-+10(29. 35% .27
) A 24+1001.09% .1 63),
2.2 HMW-GSHAEXBE5RRB/H

92 /N R R AR M Y 15 M HMW-GS
WEHEMGR3, Hh,1/7+9/2+12 A&
Wi R, o 19,57 % s HROE 1/74+9/5+12 M
1/7+9/5410, H AR A& 14, 1306 F1 13. 04 %,
R A 1/74+8/5+10 F11/7+8/54+12 4
K Ry 8. 70% . 15 Fhdl & 28 B A 3F 40 N
5~1143, PEJr e 10 0 A B G264 4 Fh,
it 20 A oRE G IR RS 21, 7400, Hi,
WHEH AR K 1/144+15/5+12 (5 Fh (R
KRR 360, K8 % 827 MR A 828. 41 & 4 1/14
+15/5+10 M d R (OB ZE 823, L& 1/7
+8/5+ 10 MR SR (RO A TFE 44 1%
366,913 305 0 & 26 % 8 Iy A BL AL AR 1/7
+8/5+12 SR (RO KA 136 & Hi 58,12
# 26 % 8 Iy AR,

6 7 8 9 CK1 CK2

CK1: P EEF;CR2: PEA 97919857 26329837 283 F0FF 2254 . A3 37 618;5: #8FF 13636 - F 1905; 7 . Fi M 513;8: 127 698981

4 9799,

CK1: Chinese Spring; CK2: Xinong 979; 1: Luomai 26; 2: Luomai 28; 3: Zhengmai 22; 4: Zhengmai 618; 5. Zhengmai 136; 6.
Luofeng 1905; 7. Ruihuamai 513; 8: Zhongmai 698; 9: Xinnong 9799.

B 1
Fig. 1

& 43 #1 8 HMW-GS A9 SDS-PAGE H ik B
HMW-GS composition of partial wheat materials analyzed by SDS-PAGE

£2 2B (R)H HMW-GS B K §fi %
Table 2 Statistical frequency of HMW-GS at each locus from 92 varieties(lines)

L £ A B e (A= WA GRS (A= Kk 1y $ LIES
Locus Subunit No Frequency/ % Locus Subunit  No  Frequency/% || Locus  Subunit No Frequency/ %

Glu-Al 1 66 71.74 Glu-Bl1 748 27 29.35 Glu-D1 5410 27 29.35

Null 26 28.26 749 60 65.22 5412 29 31.52

14415 5 5.43 2410 1 1.09

2412 35 38.04
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Table 3 HMW-GS composition types, frequencies and scores of the 92 wheat varieties(lines)

414258 Composition type

1% R i ETRE
Glu-Al Glu-Bl Glu-p1  Number Frequency/%  Score Code
1 14415 5+12 3 3.26 11 38, 47, 78
1 14+15 5+10 1 1.09 10 88
1 7+38 2+12 3 3.26 8 11, 43, 51
1 7+8 5+10 8 8.70 10 9, 22, 56, 62, 63, 76, 77, 86
1 7+38 5+12 8 8.70 11 7,21, 23, 44, 48, 60, 75, 82
L wm o ma o ReREEmmmgges
1 7+9 5+10 12 13.04 9 8, 14, 29, 36, 42,53, 64, 65, 68, 71, 79, 85
1 7+9 5+12 13 14.13 8 5,19, 30, 31, 32, 55, 58, 59, 66, 67, 69,89, 92
Null 14415 2+12 1 1. 09 6 54
Null 7+8 2+12 6 6.52 6 2, 25, 27, 28, 57, 87
Null 7+8 5+10 2 2.17 8 12, 81
Null 7+9 2+10 1 1. 09 < 6 72
Null 7+9 2+12 7 7.61 5 6, 15, 17,24, 34, 83, 91
Null 7+9 5+10 4 4. 35 7 35, 41, 45, 49
Null 7+9 5+12 5 5.43 8 16, 18, 26, 33, 73

45 # 1, Code is same in table 1.

2.3 LMW-GS HiBE E AN K5 HFiE

K 2.8 4 £ ,Glu-A3 {75 BRI 3 ik
KA, Glu-A3d K 38505 B i (59. 78%6) . 55 1 4
BHE AT IE I N Glu-A3a/c K AR Ry 48, 91%
(45 1) s M Glu-A3a ALFE 5 bR A Y 458
5.43% . KA B Glu-A3h .Glu-A3e .Glu-A3f
MGlu-A3g o Glu-B3 A g AR I 3 1 o B P AY
29 AR I Glu-B3d L (5 1 31.52% s Hidy 9
3 N (Glu-B3a . B3b . B3c . B3e . B3{/g . B3g .
B3h .31 F1B3b/e/f) TE i A MR KA th . Glu-
D3 i 5 EGlu-D3-21 K 1 % fi 7 (68. 48 %6, 63 17
MED . Glu-D3-32 WK Z (61. 96 %, 57 13 # k),
Glu-D3-23 ¥ %l 43, 48% (40 1y ¥ B 5 Glu-
D3-22 MGlu-D3-31 % 4E 2 By o AL .
2.4 LMW-GS HEEERERAEGRKE

92 1y /NFE # R LMW-GS % 5 56 [ 3t A

M J marker, H A UK R #B FFP(RD .
M is marker, and others lines are partial varieties(lines).

& 2

40 PRl A 2RI (R 5)  Horp 44 1 PSR A 4
FRAEAY KA 1 A RE 547 2 PRI A A 7 Rl
B F 27 k(29,35 %) s 35 3 Fh LAY A
9 AR, f1 B 25 I bHRH(27. 17 %0) s #EHE 4 Fh LN
M4 11 Fdl & a5 20 e drkk 21, 74%0) s #5745
FREEA A 5 A, A5 11 3 AR (11, 96 20) 5
LT 6 FhEEDIAYAT 4 R AL, 3L 5 i APRH(S. 4300),
HELMGI-A3d +Glu-D3-21 15 & i (15 1
MoEE, g L 16. 30 %) s R B Glu-A3d + Glu-D3-
234 Glu-D3-32 (7 4 # K, 5 L 7. 61%) . Glu-
A3a/c +Glu-D3-21(6 {3 ¥ kL, (5 L 6. 52%) .Glu-
A3d+ Glu-D3-21 +Glu-D3-32 (5 4y ¥ BE. 5. 43%) o
[E I & A Glu-D3-23 MGlu-D3-32 W i Fh (O A
38 A4~ i M 41,30 %0, HZE AR BT 58 7 /N 22 i A (D
o H g L AN A 26 B 65 P AR 1125 5% &
44 AR 905 B F 366 AR AR (RO,

B4 INE @R (R )Glu-A3a MGIu-D3-23 i S5 FHRig el & R

Fig. 2 Molecular marker detection of the Glu-A3a and Glu-D3-23 locus in selected wheat varieties(lines)
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Table 4 Statistical frequency of LMW-GS genes in 92 wheat varieties( lines)
A 5 % 7N 5 % 7N 5 %
Glu-A3 N{uﬁjmgger Freq?éiy/% Glu-Bs Nﬁjm%er Freqﬁj;y/% GluDs: Nﬁjmi%er Freqﬁj;y/%
5 5.43 a 21 63 68. 48
b 22 2 2.17
a/c 45 48.91 c 23 40 43. 48
55 59.78 d 29 31.52 31 2 2.17
e 32 57 61.96
/g
g
h
i
b/e/f
£S5 924 LMW-GS ZIEBERAG R SRR
Table 5 Composition types and frequencies of LMW-GS genes
KM LMW-GS i3 A Kok dilt i 5
Type LMW-GS genes Number Frequency/ % Code
1 A3a/c 1 1. 09 10
2 A3a/c A3d 1 1.09 40
3 A3a/c JA3d \B3d .D3-21.D3-23.D3-32 1 1.09 24
4 Ala/c \A3d \B3d \D3-23.D3-32 2 2.17 88, 86
5 A3a/c A3d \D3-21.D3-23 1 1.09 75
6 Ala/c \A3d \D3-21.D3-23 .D3-32 3 3.26 14, 10, 72
7 A3a/c A3d \D3-21.D3-31 1 1.09 80
8 A3a/c JA3d \D3-21.D3-32 1 1.09 32
9 A3a/c \A3d \D3-22.D3-21.D3-23.D3-32 1 1.09 87
10 A3a/c \B3d D3-21 3 3. 26 63, 8, 27
11 Ala/c \B3d \D3-21.D3-23.D3-32 1 1.09 49
12 A3a/c B3d \D3—21.D3-32 3 3.26 82, 74, 12
13 A3a/c B3d \D3-22.D3-21 1 1.09 85
14 A3a/c \B3d D3-23.D3-32 2 2.17 53, 55
15 A3a/c D321 6 6.52 43, 50, 84, 29, 5, 2
16 A3a/c D3-21.D3-23 1 1.09 6
17 A3a/c \D3-21.D3-23.D3-32 3 3.26 90, 54, 15
18 A3a/c \D3-21.D3-32 4 4. 35 70, 67, 57, 34
19 Ala/c \D3-23.D3-32 2 2.17 28, 73
20 A3a/c D3-32 2 2.17 31, 18
21 A3a \A3a/c \A3d B3d \D3-23.D3-32 2 2.17 22, 64
22 A3a \A3a/c B3d \D3-21.D3-23.D3-32 1 1.09 62
23 A3a A3a/c B3d \D3-23.D3-32 1 1.09 81
24 A3a \A3a/c \D3-23.D3-32 1 1.09 79
25 A3d 1 1.09 23
26 A3d \B3d \D3-21 1 1.09 77
27 A3d B3d \D3-21.D3-23.D3-32 4 4. 35 7,39, 36, 16
28 A3d \B3d \D3-21.D3-32 1 1.09 30
29 A3d .B3d .D3-23.D3-32 4 4.35 47, 1, 42, 41
80 A3d.D3-Zl 15 16.30 o 6o 28, 50y 00 0 58
31 A3d \D3-21.D3-23.D3-32 2 2.17 68, 17
32 A3d .D3-21.D3-31 1 1.09 61
33 A3d \D3-21.D3-32 5 5.43 48, 37, 20, 71, 65
34 A3d \D3-23.D3-32 7 7.61 9, 56, 60, 21, 44, 3, 25
35 A3d .D3-32 1 1.09 35
36 B3d 1 1.09 83
37 B3d \D3-21.D3-32 1 1.09 45
38 D3-21 1 1.09 26
39 D3-21.D3-32 1 1.09 38
40 D3-23.D3-32 1 1.09 89
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2.5 ZEREREESRBEMNEXEDT

Xof 22 4% A P TR 5 S MR A T AR DG 43 BT
S5 (5% 6) W, HMW-GS W U Glu-BI i 55 57K
Oy W IE M O (P<C0. 05),Glu-Al FIGlu-
DI 5% S BTHEpnAH OGN . LMW-GS 7,
Glu-A3 i 5, I, Glu-A3a 5% A & & 3% 1 i
R (B 38 5 B 35 0E M 3G, Glu-A3a/c 5 &
F 5 7 2 RT3 52t 8 3% 16 M 06 5 Glu-B3 v g,
1 Glu-B3d 58 5 E L DURE (8 R T A
PR FEIEA G, HeAh, 3 ) A7 7E A 8] A9 A
Xk, NGlu-Al 5GIu-D1 & B ZF 1EM %, 5Glu-
A3d 2 B F N L ;Glu-A3a/c 5Glu-A3d &% &
AN K Glu-D3-21 5 Glu-D3-23 5 1 1. 3 171 A
% 3Glu-D3-32 5Glu-D3-23 54 B F TEA 2, 5Glu-
B3d 5 5. F IEA 5Glu-D3-21 SEH 8 AkE
2.6 N2 HHRMRREBESH

MR B 0 o L T A L DR E L K
R4 AR TSR X 92 (5 bR EAT B2, DB
Ho R 3 A8 (B 3) L R [R] 28 BE 0] 5 38 A A7
EREERGRED ., K LI MEAIS®EK
L E ) 14, 68 %0 R 14, 46 % . B E & T

FHBEN (13.54%) . ZEHF 11 09 3T Ra (8 A0 I 1 A7 5
i (29. 71 mL, 31, 93%) , R S 2 BEL(28. 44
mL,31.33%), “F R Em TR, 3 MKH
(] W 7K 30 22 S 1 W 3, O i B IS AR U 2 2R I
(62.83%) KBET (57.75%) KEEIN (56.10%) ,
FERE A AR AR AR B AL B B & 366 (HR
Ji i 15. 50 % . ULREAE 31. 35 mL, {2 M 5 % &
34.65%0) PUA 20 (85 (1 T & &t 15. 36 %0, DLFRAE
33.57 mL, W& I 7 & & 32. 66%0) 4% 24 >
(F). HRZEEM T . GAEFE MEART
15. 42 % UREAA 31. 83 mL. 1A /1 & & 33. 32%) .
B 26 (EA & 15, 13% . UTFEME 31. 46 mL,
TR A 33, 23%0) 4% 52 MR (RO, BRI
&P 58 (FE M B & & 13. 53 % . ULFF{E 22. 58
mL, ST 5 i 27, 98%0) L EH AKX 207 (B & i
13.59% , TUMEAH 21. 77 mL, ¥ T 4 & & 28.52%)
16 M (R,
2.7 AEEBHNEREATELBER

X AN R B BT 5 2 W SE R AT 0 0 (3R 8) &
LB HMW-GS i W 3EGlu-BI A 15,1 14
+15 (37.50%) \Glu-DI {3 55 /) 5-+10(33. 33 %) ¥
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Table 6 Correlation analysis between glutenin subunits genes and quality traits

HMW-Glul LMW-Glu3
P M S C A T
Al DI BI A3a  A3a/c  A3d B3d D3-21 D3-22 D3-23 D3-31
M —0.29
S 0.65 —0.07
G 0. 86 —0.36"70.72"
A 0.13 —0.25" 0.39° 0.43"
T —0.09 —0.01 0.35° 0.15 0.41""
Glu-Al 0.02 0.08 0.15 0. 00 0.13 0.16
Glu-DI 0. 06 0.05 0.09 0. 00 0.09 —0.05 0.25"
Glu-B1 0. 00 0.22" 0.09 —0.03 —0.13 0.02 —0.02 —0.13
Glu-A3a 0.22° —0.06 0.21° 0.22° 0.09 0.01 —0.04 —0.02 0.08
Glu-A3a/c 0.21° —0.04 0.23° 0. 20 0.02 0.01 0.16 0.18 0.00 0.25°
Glu-A3d  —0.18 0.11 —0.16 —0.16 0.05 0.03 —0.27"° —0.07 0.03—0.10 —0.62""
Glu-B3d 0.23" —0.03 0.36°° 0.33"° 0.17 0. 20 0. 04 —0.07 0.09 0.25° 0.13 —0.11
Glu-D3-21  —0.23 0.27° 0.09 —0.16 0.17 0.10 0.07 0.07 0.02—0.04 0.15 —0.03 0.06
Glu-D3-22 —0.06 —0.03 —0.09 —0.06 0. 00 0. 00 0.01 0.15 —0.13—0.25" 0.01 —0.03—0.14 0.10
Glu-D3-23 0.05 —0.12 0.15 0. 10 0.13 0. 04 0.13 —0.01 0.15 0.27°° 0.11 0.14 0.25° 0.02 —0.44°"°
Glu-D3-31 —0.17 0.15 0.03 —0.11 0.17 0.06 —0.09 0.16 —0.10 —0. 04 0. 00 0.12—0.10 —0.02 0. 10 —0.13
Glu-D3-32 0.03 —0.23" 0.06 0.11 0.10 0.05 0.14 —0.10 0.08 0.19 0.09 0.00 0.24° —0.04 —0.34"" 0.60"" —0.19
% P<C0.05; x * ;P<(0.01, P. A& & ;MK & i ARG & ik S UIRRE T AE., K7,

* ;P<C0.05; * * ;P<C0.01. P: Protein content; M: Moisture content; A: Water absorption; G: Gluten content: S: Sedimenta-

tion value; T: Test weight. The same in table 7.
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Fig. 3 Cluster diagram of 92 wheat varieties(lines) based on quality traits
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Table 7 Statistical analysis of quality traits of the different types wheat

Parororer P/% S/mlL A% Nummber T o i) Freqiﬁéiy/ %
F-HJ{E Mean 14, 42 27. 82 30.97 58.79
b2 SD 0. 90 3.32 2.10 3.17
KB 1 Groupl 14. 68a 28. 44a 31.33a 57.75b 52 56.52
KB Groupll 14. 46a 29.71a 31.93a 62. 83a 24 26.09
KB Grouplll 13.54b 22.97b 28.37b 56. 10¢ 16 17.39

[ BB J5 AN ] NG 7 B3R RAE 0,05 K BRI ZEREM 22 7 35

Different lowercase letters following data in same column indicate significant differences among different groups at 0. 05 level.

OB R TR T (26.92%.28. 85%) AR Il
(26.67%.26.67%), H 2410 ¥ FE (4. 17 YA AE %
BERS L Glu-AT 7 5 A9 Null 7 JEAG H 2 (45, 83 %)
355 LMW-GS IGIu-A3a (8. 33%) .Glu-A3a/c
(54.17%) \Glu-B3d (37. 50%) \Glu-D3-23(54. 17%) .
Glu-D3-32(66. 67 %) 55 ) 57 3. F5 5 R K 4 01 6 1y
FHABIKRE, B A Glu-D3-22.Glu-D3-31
(4% 8.33%) ., KB, HMW-GS Glu-Al 7 15 1)
1WESE (76, 92%0) K 490 R 5 T 2R BEIL (54, 1720) s

Null W3 (23. 08 %) £ H 45 A T 248 11 . Glu-
DI i 5 2412 3F 5 (40, 38Y0) £ R & vy, H
FE14-+15.5+ 10 R th AR AL T 2RAE 11 s LMW-
GS DL 5T WV 5 4 48 3 AR g IG . 2SR I, HMW-
GS HIGIu-AT {7 5 b 1 W3 (86. 67 %) £ 1 F 4%
55 Glu-BI 3 5 14+15(26. 67%) \Glu-DI 13 5 5+
1026. 67 %6) 45 At 07 37 He A 3 4 AT ; LMW-GS 1)
Glu-A3a/c (33. 33%) \Glu-B3d (6. 67%) .Glu-D3-23
(26. 67 %0) S A0 o JE PR, 4 3R 8 251K 1 2R LR
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Table 8 Differences of HWM-GS and LMW-GS genes among various groups

% 1 Group | LB Group I R Grouplll

G [t TEORRGOR g BACROB g BRCROB
Numlbe‘r of Frequency/ % Numbgr of Frequency/ % N“mbe,r of Frequency/ %
varieties varieties varieties

HMW Glu-Al 1 40 76.92 13 54.17 13 86.67
Null 12 23.08 11 45. 83 3 20.00
Glu-Bl 14415 14 26.92 9 37.50 4 26.67
7+38 35 67.31 15 62.50 10 66.67
7+9 3 5.77 0 0 2 13.33
Glu-D1 5410 15 28.85 8 33.33 4 26.67
5412 16 30.77 6 25.00 7 46. 67
2412 21 40. 38 9 37.50 5 33.33

2410 0 0 1 4.17 0 0

LMW Glu-A3 Ala 3 5.77 2 8.33 0 0
Ala,c 27 51.92 13 54,17 5 33.33
A3d 31 59.62 14 58. 33 10 66.67
Glu-B3 B3d 19 36. 54 9 37.50 1 6.67
Glu-D3 D3-21 33 63.46 18 75.00 12 80. 00

D3-22 0 0 2 8.33 0 0
D3-23 23 44.23 13 54.17 4 26.67

D3-31 0 0 2 8.33 0 0
D3-32 32 61. 54 16 66.67 9 60. 00

it b
AAIF G X B8 U 27 X AR R B OB 92 A
(FOHEAT T 5 53 RS DU FD 40 #r . . HMW-GS
(G Tu-1 A7 S5 LA 2] 9 Ff W7 3L A A 15 Fp oty 3
HE., ZERGWRFEED BT L K NE M
BHA K HY 8 Fhily JE S RIAN 14 P 7 L 41 &7 45 1
P2 AEAIK T A I % 22 X F o 45 S, An ok e 5
AR I ) 10 SIS RIFN 18 P lE B4 A 5 2
TSRO G I A5 B Y 22 AN FE SR 29 Fh I I
41, Kb 2 5T AR R T AL A R B R B AR
I Z e, AR AR RA S 1/7+8/
510 1 1/7+8/5+12 Mk 454k 8. 70%6,1/
14-+15/5+10 B AR 1.09% ., 5 2= 57 %07
Y UERE 22 XM /T AL RR (RO 3 A i e S5 T 3
A BB (4. 00 % F1 0. 90 %) 4 L A Fr #2 71, H
AR ZHREE CRBFSE 15 B, 2557 2 HF5E 29
FiO G T UG, S e s B 9 22 X BB R B 2 B
— B LS (H B UR s 2R BN

X LMW-GS, A R AEGIu-3 1) = A 5 3
Rl E] 9 Fp 3k B EGLu-A3 i 25 1, Glu-A3d 31
A f e (59. 78%40) » IR JEGlu-A3a/c (48.91%0)

Dai 85 "% XEBrs AN SRl (RO I IF R 45 R
Glu-A3 D7 5 B Glu-A3a/ ¢ K R e 155 (52, 90%) 5
T A5 rp [ DU R 27 X 251 4y /N 22 T I 4
ELE R R, WO L X Glu-AS3 S E N Glu-
A3d (36. 1%) MGlu-AS3a (36.8%) ., B WA [A] #F
FAEGIu-A3 (i 5 B SRR — 2 5.
TEGIu-B3 AL b AW 5 Glu-B3d (4K 455 3k
31.52% , 55 X AR O R O, L R R
SRR — B, 3 — 2P I T Glu-B3d 1 ¥ ik
27 DX e 304 AT REAIE 5 3R WO B A B0UE A2 X/
27 ot B b B RO AR T AT AR R XN 22
Bl R G 8. FEGIu-D i a5 b R F] 5
ol S0 35 g it 35 AL b5 R O 4 AR B A 5T A SR —
2, BB 5 A1 B YR AH L, B 22 IXCFE I A s [ A
Hegmk 2 SEmH. whotd & B, 350 i
li/INZ S Rl (RO ANHT 22 26 B & 65,7 4% 1125,
Ve 44 FRF 366 % LRI 4 Glu-D3-23 5Glu-
D3-32 , 3% WG 37 I A7 7] i 55 L 7 o BT REME A
HYIOCHL . AWFE S E 40 B LMW-GS i
T 56 R Al A5 2 A8, J I M A R A I 2R L i
R R I5ED A S5 e AL

A GE A K o B 4 R R B, HMW-GS 1 —
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FEACR AR B . e Ah L ZRBE T iR M A Glu-DI
BLE 2410 T 3 K Glu-D3 57 5 1 Glu-D3-22 .
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