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HON B TR AR BT B S R R, BRE TR
st o PR — DR TR0, TR SEE R X N
HMW-GS 4 2 G e, (HEO 24
WAL L ) 55 8 5 i R ST 2T, KT
XI5 & R R ) HMW-GS 485 & A 5 & A
DUBEAE S O HE R TR ) R GV SCTE . WPl S i 2
FEME 10 5 2K 00 b DL B 45 I 538 A% L it T 2 1)
HMW-GS 2H jil RN AF 765 DL AR

AT FT I B E R 221X 93 ANET A BN
(R ENTFEXT S, @it SDS-PAGE HiAR % &
H HMW-GS #H i, HE&EA R &8 R E
RAYIREESE 6 TOCHE S T Fa R, 70 A A JL 2
RO AR SIS SRR R R, A RE S

BT PR 38 A% il 25 0F AR RE L, DU O % DX
HMW-GS 21 jil 454 (138 A% o [ SR (B i,
PN ZE b R 2R A e S8 I 73 7 bR il R A E
WHSERE S,

1 MR5RE

iR eSS

PR R 93 4 I B e 22 X A e BRE
SRR BN E R (R, At sk 5 ifE
A 22 X /N2 TR U A 2 AR MR, E TR R EAR
A 72 b AR R 5 B 5 25 Al Bl S AR IR R it
(£ 1) . HMW-GS W5 % € X R4 L o [E 25
(Null/7+8/2+12) FIFGA 979 (1/7+8/2+12) , 43

1.1

#z1 REMHNNERER
Table 1 Parent information of test materials
w5 W (R SRA w5 A (R A
Code Variety (line) Parents Code Variety (line) Parents
1 F 1051 04 1 36/ 16 34 Hfk 867 1E 930712 6082
2 K163 1B 9998/ F 4< AKS8//#%% 366 35 04 136 HAR 64//8 11
3 W 44 954072/ 74 17 36 Ak 539 R 1018/8 3 22 5
4 Bk 23 (JHZZ 16/573 22) Fu/ifk 979 37 HRAk 031 (04 v 36/ 4% AK58) F5/JH 98165
5 JAZ 16 JA% 9 5/JH 8425B 38 K 181 HE 45k 17
6 JAZz 22 JAZZ12/%5 49187 13 39 2% 1928 FEHFFE 1 5/ 9074
7 JAZ 32 B AKS8/AZE 24 40 1B 7011 S1012/4 3 366//1% 6073
8 JA% 52 J% 32 5/% 365 41 #4% 905 DH (¥i# 26/ 28)
9 K3 45 JEZZ 221177 07450 42 FAEZE 16 YR} 316/ R AKS8//JHZE 22
10 K3 44 JHZE 221/ 32 22113 07450 43 4 519 JHAR 19/ 516
11 % 17106 H 8 AKS8/4R:3 8083 44 R 1029 PR 979/ 9718
12 #9799 JEZZ 321457 366 45 2326 B 26/ 4% 979/ 4R AKSS
13 HZ% 698 W27 895/l % 22/ %7 895 46 FgR 1125 PR 207453 7698
14 i 513 HitEFE 516123 8 S //HiEF 518 47 HF 916 B 26/J5 5 32
15 I&F 1905 L103/i%% 18 48 %R 1704 WS 25/07ELT203
16 A# 136 TR AKS8/53 22 49 RE 65 PiA 97912 % 8 5
17 AF 618 JAZE 16/ 04115-8//8% 16 50 PEA 1155 FHEFFE 15/03011
18 HZ 22 JHZE 22/ F 4 AKSS/MERE 4110 51 Pk 162 PaAR 519/B5 159
19 577 28 W3 21/ H A AKSS 52 EF 12 X PR 98/FG A 4711//43% 6 5 /1% 38
20 B3 26 A% AK58/J13 18 53 e 404 A% 020/ 3 44
21 158 JAZ 11483 6 S/ 8960 54 A 859 Bt 52011253 11
22 WEF1S BHE/FE 125/ 13 5/m6F 008 55 M 182 JAZZ 16/ 4143 9987
23 ik 979 PE4% 2611/(918%95 3% F1) 56 ¥R} 108 HFE 9023/22% 906/ FiEHEE 1 5
24 HEFE 25 JAZ 16/ 20 57 T4 207 JAZ 16/ 54
25 17335 25 198/4F 1425/ 754615 58 JAF 18 M2 185/A% 95
26 PR 20 HFZ 366/BAk 981//43 366 59 HFE 113 AR AKSS/ERE 4110
27 #HfEF 5SS Bk 982/ % 22 60 Ji %% 36 H A< AKSS/JAZE 19/8% 22
28 1 E 1702 JAZZ 26 5/08 I 33 61 Pk 579 2001121-31/754 822
29 413 JAZ 16/7979 62 WiF 65 Wi 26//53 20/%i %% 26
30 PfEFE 13 JAl 22/E 4 AKS8 63 FaAk 586 JY08S2-1-1-1/1Y0752
31 FE4E 89 1 170/7F 8539-2 64 KE360  /ME 784/5R5 R 1-5/ 3 18/ 4 AK58///1447 20
32 HiF 38 JA % 32/ 28 65 B 16 15 553/ 21
33 M 366 ¥ 3 47/PH82-2-2 66 Bk 116 Br#2 3 5/ K 28
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%:3% 1 Table 1 (continued)
s Al (R A i Al (R SRA
Code Variety (line) Parents Code Variety (line) Parents
67 ¥ 562 5 0204-721/B £ 66 81 HF 21 242 198/ F# 22
68 RuftE 11 13 895/4E i FE 1688 82 W3 15  89-40/)11'F 21526
69 B3 49 JAZZ 2211677 07420 83 IF 57 328 H AR AKS8/5F 95519
70 #IN 136 B 109/ 15 84 457 305 JAZ 16/04 F 36
71 B 917 DH (344 904/#.4% 910) F2 85 57 762 04 91 36/H &R AKSS
72 A 827 B AKS8/%F 22 86 IF57 256 04 1 36//J8 37 16/04 1 36
73 i 828 158 fRatiAe 87 41 586 JAZZ 26/1Z 7 08206
74 B 121 REDL 404/37 72 151K N AZE T 88 4F5 726 JAZ 16/04 1 36
75 i 825 (EJE 4110/ 32 16) FO & 41548 89 IF 5 591 BE 1 5415423
76 3 826 (B 03876/>27% 198) FO 4@5HFHAL 90 IF 5 592 "HE UK T S
77 i 823 3£ 26/ 4 91 1EZ 596 04 1 36/ 13
78 A 518 WM 35/ 9944 92 4¥57 598 B 23R E 22
79 B 911 DH (JH# 26/328% 200) 93 Wi 26 B 18/5H 17
80 %A 914 DH (FH# AK58/47kE# 15)

W% 5~ CK1 Fl CK2.
1.2 it

WIE T 2023-2024 FEFELE /N A K ZE PR AE [
FNFZ P AR AR R IE SR (32.59° N,
114.2° B) (50 HHET, 104k 110 m, +3ER
RONEM L, BTEE A TR, LIER A,
BENLIX 50, 3 IREE, SR AR B 2 A
34T, BRI FERE, 17K 2.0 m, 1780 0.3 m,
PE0.1m, HIEEBERKS—FAKHAE. HRE
SR PORHE SR 3 4T B AT #E AT N TEAT IR
K5 ik o
1.3 FFRGBMIR

KH DA7200 B Z D) Reir L7853 4% (Perten,
i L) W FE A S S E, AR PR EAE S KE
WoKFR, EARSE. BEHSE. AEMIE
B, AR IEEAT 3 IRE S IGE
1.4 HMW-GS HIRBIE5LE

196 BB TR b A S ok, 2 IR S AR 24
eI kR E R EE, BE KA 10% SDS-
PAGE #t/ L IKIEAT 70 B 43 B 11.90 mL 7513
7K~ 10.00 mL 30% 4K X 7.50 mL Tris-HCI 43
B M (pH 8.8) + 0.30 mL 10% + kIR e
B4, 0.30 mL 10%id i 8 8 A1 0.01 mL P H 2, —
J 4 s AR i 6.80 mL Z&187K . 1.70 mL 30%
ARG, 1.25 mL Tris-HCl K45 200 (pH 6.8)
0.10 mL 10% 1 Kt HEBRER AN 0.10 mL 10%3d i
FRE A 0.01mL JY FHHE 2, R L Al ol e B 4% 2
53 B I S R 4 I B BLFP EE o A AR 10~

20 uL/AL, WIEALA 100 V HLE HLUK, AR5 E3EA 2
B G EEN 160 V, B A IR 3 15 7 751200 e e
JREB I b Yk . HIKEE WG, HAE SR
R-250 VTR G tt (10~12h) , SR O EE 5
TEMT SRR SR, R JE T S AR A BT 5E
HMW-GS V241 fl 1) 45 €
1.5 HIEAE

FIHH Excel 2019 58 BRI H s # 2 54120 G it
S3H7s @i RStudio BT KRG KL M MKHE
BB HLER, 1B SPSS 26.0 XF A [FIZERER R
BRI 7 Z 9 (ANOVA) 1 Duncan £ & LA

AVAS VA

2 HERE5SR

2.1 HMW-GS HF T HF B R IHHE

93 A (R HRWE] Glu-13 Mg
ORI (B 1, &2, Glu-Al Hish b
H 2 FOE SRR, 2 1 GBR 72.04%) F1 Null
(FF 27.96%) . Glu-BI £ i b 3 Fhil LK%,
SRR 79, 7+8 FT 14+15, $HZES AN 64.52%.
30.11%F1 5.38%, 7+9 03E A H i, FLit 60
WM ELe Glu-DI A i B 4 FEEERAL, 205N
2+12. 5+12. 5+10 F12+10, 4355 H 37.63%-
32.26%- 29.03%H1 1.08%. Frf 2+10 TWIEKAY 5
Ees A%, S 1 Atk
2.2 HMW-GS T E S/ RESNERBRANEI

M#E 2 R, 7 Glu-Al fisE, &1 WM
BHE AR SEN 14.75%, W& T Null 55
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5

1
Fig.1

6

7 10 11 CKl CK2

BoMEE S FEAEBILE SDS-PAGE 1
HMW-GS composition analysis of part wheat materials by SDS-PAGE

2 HMW-GS &S K Ex = mBRAIF T
Table 2 Distribution of HMW-GS subunits and their impact on wheat quality

oo g wm  F EOAGE  wmEiAR U Wk k@ Wl
Locus  Subunit Number Frequency Protein Wet gluten ~ Zeleny sedimentation = Water absorption ~ Moisture ~ Test weight
(%) content (%)  content (%) value (mL) rate (%) content (%) (g/L)
Glu-A1 1 67 72.04 14.75 30.53 27.07 57.77 12.06 772.80
N 26 27.96 14.72 30.65 28.41 58.82 12.10 780.14
Glu-Bl  14+15 5 5.38 15.01 30.65 27.36 54.18 12.14 772.81
7+8 28 30.11 14.48 30.17 27.80 58.97 12.46 779.02
7+9 60 64.52 14.84 30.74 27.29 57.97 11.88 773.07
Glu-DI ~ 5+12 30 32.26 14.66 30.26 26.54 57.11 12.10 774.85
5+10 27 29.03 14.86 30.94 28.22 58.72 12.03 775.06
2+12 35 37.63 14.64 30.41 27.28 58.28 12.05 774.34
2+10 1 1.08 17.60 34.82 39.44 61.66 12.76 786.75

(&) o 1E Glu-Bl fr 5 b, 3 FEIEHE 14415
WHER S (R EEHBSEN 15.01%, HTH
fiby 2 FRE IR, S 7+8 LB T AR AE DTRE
B WKFE, SREMAERR, BEEARTE
AR TH 9 & B bR R A . 7E Glu-DI {1
ML B SHI0 WM BN R AN &R MR
TR UIRRE. KR, SKEMEE 6 MR

PRI T & F 5+12 F1 2+12 R M RE. 2+10 T
FBAUCH | bRk, BRI e bR, AR
GRS, BRHE—PRIE.
2.3 HMW-GS B&HEAB K BERTES

BERA R 15 M4 S (R 3) , Lfl
BRI ET 3 AL A A N 1/7+9/2+412.1/7+9/5+12
A 1/7+9/5+10, 435 S SRl (RO 1 19.35%.

=3 3/ ERM (R) HMW-GS tAE 2B, MRRKE

Table 3 HMW-GS composition types, frequencies and scores in 93 wheat varieties (lines)

5 HMW-GS Al (R) W5 B SIES i
Code  Glu-A1 Glu-Bl Glu-D1 Codes of varieties (lines) Number of samples Frequency (%) Score
1 1 14+15 5+12 64, 72, 73 3 323 11
2 1 14+15 5+10 77 1 1.08 10
3 1 7+8 2+12 23, 39, 82 3 3.23 8
4 1 7+8 5+10 2, 3, 33, 47, 54, 59, 84, 93 8 8.60 10
5 1 7+8 5+12 16, 21, 25, 45, 48, 50, 56, 79, 85 9 9.68 11
6 1 7+9 2+12 4, 6, 7, 8, 9, 13, 22, 29, 30, 35, 42, 58, 60, 69, 18 19.35 7
71, 78, 86, 88

7 1 7+9 5+10 12, 19, 20, 26, 32, 40, 49, 51, 62, 74, 89, 90 12 12.90 9
8 1 7+9 5+12 15, 18, 27, 28, 36, 37, 57, 67, 76, 80, 87, 91, 92 13 13.98 8
N 14+15 2+12 75 1 1.08 6

10 N 7+8 2+12 1, 31, 52, 53, 66, 68 6 6.45 6
11 N 7+8 5+10 44, 46 2 2.15 8
12 N 7+9 2+10 43 1 1.08 <6
13 N 7+9 2+12 5, 10, 14, 17, 24, 61, 83 7 7.53 5
14 N 7+9 5+10 11, 41, 63, 65 4 4.30 7
15 N 7+9 5+12 34, 38, 55, 70, 81 5 5.38 8
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13.98%F1 12.90%. 7 LW HIZHE 9 1/14+15/5+
10 N/14+15/2+12 A1 N/7+9/2+10, FNHEINA 1
MR (5 1.08%) 5 HARTEHAE & HH—E
B, TWHLHA 1/7+8/5+10 HISE N 8.6%, XfMiiF
44, FBF 366 EF 916, HFE 113, A 163,
24 859, TEFZ 305 MUF & 26 3L 8 ikl %3
SCREPIPE S AR AEEAT VRS, 15 R4 & I F
SRR 5~11 43, o R R PESLE 10 230 BL E4H
ERAAG 4R, RN 1/7+48/5+124 1/7+8/5+10.

1/14+15/5+10 A1 1/14+15/5+12, X 4HA 5% 45 5]
N 9.68% (943) . 8.60% (843 « 3.23% (3 4})
A1.08% (143) , 3&it 21 bk}, HELRARLE
) 22.58%.

24 BRPMEREHRHBRESTIRRBRES

R i 53 MR ) B X 93 a3 A kAT R
Ko, ARN3E (W2 . BHIEETHZE 16,
JAZZ 22, BEEE 762, FFE 366 FIHZ 26 55 44
bl (R) , Atk 47.3%; BBENESEZE 32,
£ 9799 HAEFEZ 513, W5 EE 26 FIPEAK 20 55 16 4>
MR (R, HE 17.2%; SEIIE & A 136
BPU 58+ HAK 207 MEZZ 36 &5 33 Mk (R,
5 B 35.5%.

6 il 5T PR B AR R R ECH 1.50%~13.95%,
P35 7.16%, UUREAE AR T R EER K (13.95%) ,
HREEAMRSE (8.07%) FMIEMHGH & &
(7.49%) ; B7KE. WOKFFIAE ML 7 R0
RTFIME, 29N 6.04%. 5.92%F1 1.50% (F
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2 ETmBEMIRX 93 B hEimit (R) HBRESF
Fig.2 Cluster analysis of 93 wheat varieties
(lines) based on quality traits

4) o WRBERSHIAT Z HLEL, 3 NRBEEATE
HEHREGE. S/KEMEE 3 MARNIEEEZER
K5 UIREAE S WRTH 2 AR K R T B
o REFIMZS B B E K T RBF IR SR,  HA %
T AR AR TR BRI S IL [7] o SRAETTIRA A)
i, HAE (77197 g) HHADL 2 NEEELF|
BEMER, AT RBRBI 8], HAafekrin
A R ANRI & R 5 MR AR . SR
MR 6 T TR bri i, HEARSE. &K
AN B T A 2 SRR

Fz4 TRLENEWNRFERES S
Table 4 Statistical analysis of wheat quality traits of different groups

mH FME brift 2 5 2 AL J5#¥ Group

Item Mean SD CV (%) 1 I I
T H i & & Protein content (%) 14.74 1.19 8.07 14.88ab 14.35b 15.22a
%7K F Moisture content (%) 12.07 0.73 6.04 12.02ab 11.72b 12.33a
VUH Sedimentation value (mL) 27.45 3.83 13.95 27.54a 26.97a 27.57a
ETHI /7 % & Wet gluten content (%) 30.56 2.29 7.49 30.59a 30.23a 31.17a
W 7K Water absorption rate (%) 58.06 3.44 5.92 57.84a 57.57a 58.62a
25 T Test weight (g) 774.85 11.70 1.50 757.46¢ 771.97b 787.13a
ZRBEN PR Number of materials within group 44.00 16.00 33.00
b7 S RIBU EL ) Proportion in total materials (%) 4731 17.20 35.48

NN FERLREHRERBE (P<0.05) .

Different lowercase letters indicate significant differences among groups (P < 0.05).

2.5 FBABNEM HMW-GS THEAMRES
AS[E) 258 6] HMW-GS (1) 30 35 20 A5 7746 2 5
(£ 5) o 1£ Glu-AI 5 F, B8N 1 WHN

ARE b EEA Null W3k iy, oy, 2RBEL. RBEIIAISE
FEIA 5109 75.00% 87.50%F1 60.61%; Null 73
B B 2R AR TR 25.00% . 12.50%F1 39.39% .
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1E Glu-BI 1755 &, ZEFETRI SBT3 53 A 55N
AEAL, 14+15 W3 (5 B2 30N 4.55%F0 6.06%, 7+8
I A 36.36%; 7+9 W% (5 L5 51 A 59.09% A1
57.58%. XEEZ T, FEHFIIA VLA B FE B —,

93.75% KA B 7+9 WAL, HA 1 AR 6.25%)
B 14+15 W, 7+8 WIHFERTRK . g6 s
Mrcdis, SEBFILNY & 9 o0 A0 I 9 & B ik £
Glu-DI1 £ 55 b, ANFEZEBEL AT £ I 2 PR,

FEREILA 2+12 W N TE (40.91%) , KEFILL 5+10
gt s (37.50%) , TR 2+12 W7 2%
(36.36%) 1 5+10 W.3E (30.30%) 434 1T, 2+10
TWIARANH L (3.03%) - ZEERE, MBI
PP BN 0 BB I AR 34, 2T IR
B2 8], HFHEETRAE EHGFERE. B
AL, BBIRAE 7+8 Wi | 5B,

R 5+10 M KE 5 & B A T2 BF 1L SRAF I 5+10

£S5 TRIZEEDEN HMW-GS THEERI =R N

Table 5 Variance analysis of wheat HMW-GS subunit variations among different groups

—_—— 2RI Group 1 A Group 11 ZETEIN Group 110

s PHRHCE ik PR ik BRI ik
Number of materials Frequency (%) Number of materials ~ Frequency (%) Number of materials ~ Frequency (%)

Glu-A1 1 33 75.00 14 87.50 20 60.61
Null 11 25.00 2 12.50 13 39.39
Glu-BI  14+15 2 4.55 1 6.25 2 6.06
7+8 16 36.36 0 0.00 12 36.36
7+9 26 59.09 15 93.75 19 57.58
Glu-DI ~ 5+12 15 34.09 5 31.25 10 30.30
5+10 11 25.00 6 37.50 10 30.30
2+12 18 4091 5 31.25 12 36.36
2+10 0 0.00 0 0.00 1 3.03

WS & B, HsEaiik 7+8 Wi,
26 BRXNMERM (R) WRIERESHF
RESERNE 6, HMOMERIMGHE EE
(Wnyz 22 26, HoRARIEH B2 26, TR 979 A
B AKS8) , R4 d7 b g i HE KT 100%. 93
Uy 2R R} 38 A S At 32 EORIE T 8425B A%
25, MR & 8425B I H A AKS8 1JE 2
11 SEATAERFIEE M EES R (R 322 4,
IS4 2 SIS A 22 SREE 13 5% 8%

KIEHE MMM (R 21 4, FHRK A 8425B
Mg 2 SMERAE 160 A% 26 Z4T4MME
BRI 23 o BT EAIX 2 ANE TR A M1 5
(R 664y, dELiE 70.96%, 780 EBL T HAE
BAE RO AN, BEEELIE K AKSS
(18 4y, 19.35%) . JAZ 225 (134, 13.97%)
FAZE 165 (1443, 15.05%) NEARIF RS
Hme MBS SR (FEAR 979, #3366
Wiz 20) MENRARZ —BRUMFT (R) 124, (hkt

Fzo6 BMIERM (R) WRIESH

Table 6 Parental pedigree analysis of 93 wheat varieties (lines)

e 2 B R (2 uﬁfiﬁﬁqﬂﬂ?ﬁi&%ﬁuﬁ (,%) B i b
Code Genetic origin Progeny varieties (lines) Number of bred vgrletles (lines) Percentage
using progeny cultivars as parents (%)
1 & 8425B HAR AKSS 18 19.35
JAZ 115, HF 125% 4 430
2 BE25 A% 2% 13 13.98
A 95, FFZ 135, A 175, & 285% 7 753
3 BF 25+ 8425B A% 165 14 15.05
JAZ 32, I 26, JHZE 24 %% 9 9.68
4 IS HF 366 430
WA 265 430
P 979 430
HAth Other BEEE . S H AN R 27 29.03
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12.90%; LAY 22 RAVFI77 Z 41 5 HAh A Aok
Az —HERSF (R) 3274, K 29.03%.
3 g

X EVER 22 X 93 4 /N2 A EHET HMW-GS 73
TR B, Glu-1 A7 fi3L% e 9 P IERAYAI 15 Fh
PAAEWN, HizEX AR, A7
KM EHEHE N N EIEFFREPHRIER) 8 Fi2k
AL 14 PP A ORI SRS RO FUI 10 FPRAY . 18
PRl GHAYI S, EIE 7 AR SO AT S (R
T HKERRRTX 714 e MPRMOAF AL s SR (13 Fh2k
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Genetic Diversity Analysis of Newly Developed Wheat Germplasm
Based on HMW-GS in Southern Huang-Huai Wheat Region

Jin Yan', Song Quanhao’, Song Jiajing', Gao Zhanning",
Ma Hongzhen', Chen Liang?, Zhu Tongquan'’

("Zhumadian Academy of Agricultural Sciences, Zhumadian 463000, Henan, China;
2College of Agronomy, Northwest A & F University, Yangling 712100, Shaanxi, China)

Abstract To clarify the relationship between high-molecular-weight glutenin subunits (HMW-GS) composition
and quality traits in newly developed wheat varieties (lines) in the Southern Huang-Huai Wheat Region, a total of
93 newly developed wheat varieties (lines) from this region were used as materials. The HMW-GS composition
was identified using SDS-PAGE, and their distribution and quality characteristics were systematically analyzed
in conjunction with grain quality traits. The results showed that nine subunit types were detected across the three
Glu-1 loci, specifically, subunits 1 (72.04%) and Null (27.96%) at the Glu-A1 locus; subunits 7+9 (64.52%), 7+8
(30.11%), and 14+15 (5.38%) at the Glu-BI locus; and subunits 2+12 (37.63%), 5+12 (32.26%), 5+10 (29.03%),
and 2+10 (1.08%) at the Glu-DI locus. Among the 15 identified subunit combinations, the most frequent
combination was 1/7+9/2+12 (19.35%), while the frequency of the combination 1/7+8/5+10 was 8.60%. Based
on quality traits, the tested materials were clustered into three groups, with Group I, Group II, and Group III
accounting for 47.3%, 17.2%, and 35.5%, respectively. Group III exhibited the best performance across all
quality indicators such as protein content, water absorption rate, and wet gluten content; the frequencies of
subunits 14+15, 7+8, and 5+10 in group III were 6.06%, 36.36%, and 30.30%, respectively. Varieties (lines)
carrying the pedigree of two founder parents, Yumai 2 and Zhou 8425B, accounted for 70.96% of the tested
materials. Eight varieties such as Zhengmai 366, Xinmai 26, Jimai 44, and Fumai 916, were screened for
carrying high-quality subunits and combinations. These results provide a theoretical basis for parent selection in
wheat quality breeding in the Southern Huang-Huai Wheat Region and serve as an important reference for
further optimizing HMW-GS composition and improving wheat quality.

Key words Southern Huang-Huai Wheat Region; Wheat; High-molecular-weight glutenin subunits (HMW-
GY); Grain quality
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