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WE: [ B8 ] WA A E Triticum aestivum 35 F 5% G A HMW-GS) A5 2R kes Xz, [F&] A
106 o Z SR G &AM, BEERHEANAGRE ARG HMW-GS £, LB e SR, KA+ ek immn- Ak
B 8 X ¥, 7k (SDS-PAGE) Av 4 FAR1E4 K, #| AL Lo B AL, 8 A A= & A ) 8 LS aF L 347 HMW-GS %5 %
Fode fiteml, [ 4% ] 106 4k & A% T 8 f HMW-GS £ & F= 7 # HMW-GS A4, Glu-Al 1258 3 7 B4, 5
# A x1(24.53%) x-mull(57.55%). x2*(17.92%), Glu-BI 1% 5.7 x7+y8(64.15%) = x7+y9(34.91%) 2 # £ & | Glu-DI 1% .
H x2+y12(43.4%). x5+y10(42.45%). x5+y12(15.09%) % 3 A+ £ &, 7TH A MBS XA, HFHH 5~10%, £ F
2%/7+9/5+10 A= 1/7+8/5+10 LA LB AIF % &, B A 10 o A R4F R A4 XA B (PCR) 2 F 17t 3 HMW-GS +
# Ax1. Ax-null, Dx2. Dx5. Dyl0. Dyl2. Bx7 #= By8 ki 47% 2, 5 SDS-PAGE #, ik 5T &R L&, Ho&E 455
# 100%. 100%. 91.83%. 96.69%. 97.78%. 100%. 100% %= 76.92%; %I HMW-GS 4% % 5 & J MR 34748 £ o 47 &
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Null/7+9/2+12 L K A5 R AK £; R HREASBRAFTHABIN AR ESH LI S RABREAEZFHEF
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Abstract: [Objective] The aim of this study is to investigate the relationship between the composition of high
molecular weight gluten subunits (HMW-GS) in wheat (Triticum aestivum) and wheat quality traits. [Method]
Using 106 high-generation wheat lines as materials, the potential quality of each line was predicted by

identifying the HMW-GS subunit type. Using SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel
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electrophoresis) and molecular marker techniques, HMW-GS identification and quality assessment were
performed by near-infrared grain analyzer, flour texture analyzer, and gluten tester. [Result] A total of 8 types
of HMW-GS subunits and 7 HMW-GS subunit combinations were identified in 106 wheat lines. There were 3
subunits at the Glu-A1 locus, namely x1 (24.53%), x-null (57.55%), and x2* (17.92%). At the Glu-BI locus,
there were 2 types: x7+y8 (64.15%) and x7+y9 (34.91%). At the Glu-D1 locus, there were 3 types: x2+yl12
(43.4%), x5+y10 (42.45%), and x5+y12 (15.09%). There were 7 types of subunit combinations, with quality
scores ranging from 5 to 10 points. Among them, the 2*/7+9/5+10 and 1/7+8/5+10 combinations had the
highest scores of 10 points each. The specific polymerase chain reaction (PCR) molecular markers were used to
identify the Ax1, Ax-null, Dx2, Dx5, Dy10, Dy12, Bx7, and By8 subunits within the HMW-GS subunits. The
results were compared with those obtained by SDS-PAGE electrophoresis, and the agreement rates were 100%,
100%, 91.83%, 96.69%, 97.78%, 100%, 100%, and 76.92%, respectively. Correlation analysis between HMW-
GS subunit positions and quality traits revealed that the 2*, 7+9, and 5+10 subunits exhibited higher protein
content, flour sedimentation value, and water absorption capacity compared to other subunits (P<<0.05). The 1,
7+8, and 5+10 subunits had significantly higher flour sedimentation value, dough formation time, and dough
stability time than other subunits (P<<0.05). Among them, the 7+9 subunit exceeded the 7+8 subunit in protein
content, dry gluten content, wet gluten content, and flour sedimentation value (P<<0.05). Correlation analysis
and principal component analysis of HMW-GS subunit combinations and quality traits revealed that the
1/7+8/5+10 and 2*/7+9/5+10 combinations exhibited superior comprehensive quality characteristics and
contributed significantly to quality traits, while Null/7+8/2+12 and the Null/7+9/2+12 combinations performed
poorly. Meanwhile, heat map analysis and cluster analysis of high-generation lines found that there were
extremely significant differences among various quality traits (P<< 0.01), which could be clustered into 5
distinct groups. [Conclusion] The impact of subunits at each position on the quality traits varies, with
significant effects on sedimentation value, dough formation time, dough stability time, and wet gluten mass
fraction. [Ch, 6 fig. 5 tab. 39 ref.]
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B R ERCRTY, SR R A 40%~60%""7, LR S BT R SCEERE 4 . HMW-GS 19 4% i R 437
FUe i N A — R PR Y AR B KB AR, AR Glu-Al . Glu-BI Fl Glu-D1 %5 3 NFER B, FEARST X I,
FEO R E—3, A Glu-1 73968 2 AN BEERIR L B PEIEN, 43 BIgis X BIA Y ROV 3L, T35
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A, 510 MEFERIN T S BR A0N B 2 T 5+12 WA 2412 EHE . RF sy i BN 1 5 22, 1E Glu-Al
B NKEINA 1, 2% Null; 78 Glu-BI A s WK BN R 17+18, 7+8. 7495 FE Glu-DI i s K F /)N
5410, 5+12, 2+12. HAlAHSCHFFTRIAUSC 21 S BN MK E)/NA Glu-DI . Glu-BI . Glu-Al.
BEEAN WX, 749, 17+18 Ml 5+10 A SR e ko, WHEEALA 1, 7+9. 5+10 HAT i K A i i
2% 749, 2412 F1 1, 749, 2.2+12 B B AP A AE R M . ASHF S R A SDS-PAGE 5 Fl o Fhric ik, Xt
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HEAD B A T AR R AR I B 44 08 B T i R I P /N2 = i &R, MRS h kd176. 116-117.
NST1-NSTI 3, NSIII-NSTI5, NC I -NCII, 3106 f3fh&R. ke, 2L Rk 1026”  ‘Keda 1026’
B 587 ‘Xinmai 58”7 FERXTHR (ck)o A5 HR HH RLR BURSS B BRI, 2 FHWIRZ R AKX
TR E R, BAEHAR I T T XOGR, ZAUBR L SR R A A S A R
1.2 Ak
1.2.1 DNA #BAFw kst mi R FaERFET R, REWHWMN A, SHHEED Wk,
PEHU/NE FE N 240 DNA, MR LIU %P9 MA S50 LEI % P )38 09 58 55 70 FAnid #6147 PCR &3,
SSR B1¥anse 1. XEeq| Yy TAY TR (R) A RA R4 .

PCR W Z 7 10 uL, 4245 1 uL DNA (50 ng-uL™"), 5I4ZE4E B Y 4i4ES 0.5 uL, 4 uL 2xTagq
Master Mix Y48, FH ddH,O %M % 10 uL. PCR #3447 ¥ 3 3oF o 5 40 4% 1.5% Bii S W 68 J0e v Tk k4746
W, 7€ 130 V B R HPK 45 min, 352707, 18R,

122 £%&8693 5 SDS-PAGE Wik o1 U1 R A i A EK R 2 mL B8, BEOE
A T AEKER 5 mm /VAER, XTELCE G S 8 bmic, TERHE AP B 2 Z S5 IR A (1 mL /AR
S 50% FNEE), WHE 10s, 65 C 7K 30 min, B[R 2~3 ¥, 12000 r-min~' E§.0> 3 min, F IR
Jo, BRI R, BOERTEED P AA 200 uL $2B0E B[50.0% 5 EE+0.04 mol- L' Tris-HCI (pH 8)+
10.0%SDS+2.0% Bt AEEE ], 65 C /KA 30 min, HEHRY 2~3 K, 12000 r-min~' &0 5 min; HX 200 pL
B, FEREIS— A 15 mL B0, A 200 pL $EEBUK C[0.625 mol - L' Tris-HCI(pH 6.8)+20.0%
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Table 1 Molecular marker primer sequence and its fragment size

A A5 R R (5'—3") FrBeR/IMop Sk || £ JPA1 5 I R R (5'—3") FrBeRK/Mop 3Ciik
Axl/Avnull F: CGAGACAATATGAGCAGCAAG 362 F: CGTCCCTATAAAAGCCTAGC
Ax2* R: CTGCCATGGAGAAGTTGGA 344 [26]1Px3 & AGTATGAAACCTGCTGCGGA 478 [8]
Bx7 F: CGCAACAGCCAGGACAATT 630/766 F: GCCTAGCAACCTTCACAATC
Bxl7 R: AGAGTTCTATCACTGCCTGGT 669 11IP¥ R, GAAACCTGCTGCGGACAAG 450 [8]
F: TTAGCGCTAAGTGCCGTCT F: GGGACAATACGAGCAGCAAA
Bys R: TTGTCCTATTTGCTGCCCTT 527 7VIP*¥2 R CTTGTTCCGGTTGTTGCCA 2991281 [26]
F: TTCTCTGCATCAGTCAGGA Dy10 F: CGCAAGACAATATGAGCAAACT 397
B9 707/662  [27] [26]
R: AGAGAAGCTGTGTAATGCC Dy12 R: TTGCCTTTGTCCTGTGTGC 415
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HiH+2.0%SDS+0.2% IR % 1, B dRG MIHIRS), #8 30 min J5 99 C iI#VEYE 5 ming BHIE, HE
=20 C RAF#8 .
SDS-PAGE i3k : >R 10% T 243 B MK Fl 5% 1 )2 e 45 B X RE S db AT B bk 43 88, L S EER’

‘¢ Zhongguochun” (Null/7+8/2+12), ‘#BZ 366’  ‘Zhengmai 366" (1/7+8/5+10) il ‘Neepawa’ (2*/7+
9/5+10) AxF AR, AT SR HIBEE
1.3 hEmBERE
131 MELEE PCRY ML, EIMHYIK G (WD-94038). SDS-PAGE fi& i WLEAT . T £L4h i
1 (DA 7250 #Y), SEEGE R HL (LRMMB8040-3-D). HEAF . Perten T ffi U & 4% (2200 AL 1L) . CAU-B #!
DUTEEDE X IO /NA2 93 0 I 7 { (Mlicro-dough L AB 7).,
132 #m ik FFITLL AN ORI A 135 K B RV 1 B 8. IRy . BREAS S R FPF 120 g,
FEIENY/T1094.1—2006 (/N SR HI0 55 13y Bea . RESL I AN ZE YA TRE il & A2, K/ INAE )
KA E RN 14%, 1972 12 h, FHASCIEMILEN, Bl /NZ e sy, & Wi i i
S3EIN E 2 I8 GB/T 5506.2—2008 /N2 Fl/INZ oy 1A 4513 2 40265 2 30 ASCHS o 00 2 1 9 ) FH AR vl
RE T 0 AT 5 4 203 B LS/T 6102—1995 /0N 22 H3 1 T 7377 Joi 2 0 5 T 2% T A3 48 B0 )l ,
Perten [ I AL S8 . TSI 22 I8 GB/T 21119—2007¢/N& IIEFE BN E Zeleny 36 ) i,
INZE R TR 2 SGHEATINAE 5 /NZE R /K 43 E B KR GB 5009.3—2016CE f K 2 I I e )il , R
FHELHETHRYE [(105+2) °C) #E4T; B B PE S8 GB/T 14614—2019 CHUIMAG IR /N2 85 T P 3 A8 2 e v I
MBS ) , FEA A S 52 T PR Js et ] L o AT AR e B ] B T B e K %6
1.4 FIESH

4R H] Excel 2016 F1 SPSS 22.0 #4788 58114504, JFRIH PS 1 Origin #471ER] .
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21 106 P ERBEMBH S FIRIEENERE SDS-PAGE £ RLELE
R R A TR 3 (O e S 5 A I & 30 (8] 1) 78 Glu-D1 {575 |, #3ic Dx5. Dx2 fE5%
W3 Dx5. Dx2 f & 2 d ] LAY 58 450 1299 bp B9 554 (K] 1A~B), #ric B Dyl0/Dyl2 7£ 7 . 5

B
M 123456 7809101112131415161718192021222324
2000 bp

1000 by
750 b

A
M 12345678 9101112131415161718192021222324
2000 bp s I e -

1 000 bp

750 b bp
100 bp 100 bp

CM 1234567 89101112131415161718192021222324 DM 1234567 89101112131415161718192021222324
2000 bp 2000 bp
750 b ; P
500 bp [ = e 750 bp

500 bp

250 bp 250 bp

100 bp

Emi
2000 bp [

1 000 bp
750 bp
500 bp

250 bp
100 bp

A.Dx5; B.Dx2; C.Dyl0/Dyl2; D.Bx7; E.AxI/Ax-null; F.By8, M.DL2000; I.NCI-2; 22.NC1-3; 3.NC1-4; 4. NCI-5;
5.NCI-8 6.NCI-11; 7.NC1-12; 8 NCI-14; 9.NC1-15; 10.NCI-16; 11.NCI-17; 12.NC1-18; 13.NC1-20; 14.NC
[-22; 15.NC1-23; 16.NC1-34; 17.NC1-36; 18.NC1-38; 19.NCI-41; 20.NC1-42; 21.NC [ -45; 22.NC [ -46; 23.NC
[-47; 24.NC 1 -48.
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Figure 1 Amplification of HMW-GS of some materials
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Dy10/Dy12 () f & H ] LAY 3G i 397, 415 bp B 4547 (Bl 1C); 7E Glu-BI i i b, Frid Bx7 Al By8 765
EHE Bx7 1 By8 (4h 2 FR ] LI 34 630, 766, 669 F1 527 bp FI 455 (Kl 1D~F); 1 Glu-AI iS5 b, #5
it Ax1/Ax-null 76 2 5 Ax1/Ax-null {95 2R AT A9 3G 344, 362 bp 95541 (& 1E). 344 455 1 b
HEMA

FIH] PCR FE 551 9400, Dx5 Al Dx2 WEAEERES 4t 450 #1299 bp 1 Beiy i 24 58 #1149 4y, Il
WA 50.94% F1 49.07%. Dyl10/Dy12 WEIEREY 1 397, 415 bp H BRI R A 44 A1 61 1y, HBUFR
53 3 h 42.45% F1 57.55%. Bx7 Fll By8 WAL BEH 34 630, 766. 669 Fll 527 bp F BL ¥ i & A 106 Al
91 i, HZFA 100% F1 85.85%. Ax1/Ax-null WIEREY 1S 344 362 bp B Sh RA 26 F161 17, Ml
I3 9Ih 24.53% F1 57.58% . FE5EE PCR FRicd 4% 5 SDS-PAGE HL K% @ 45 B G H (£ 2): Axl, Ax-
null, Dx2. Dx5. Dyl0. Dyl2. Bx7 #l By8 W4 () W) & % 53 5l 24 100%. 100%. 91.83%. 96.69% .
97.78% . 100% . 100% F1 76.92%. if it PCR F¢ 52t 5| W9 #4845 19 8 A& 70 1 & 4 B 1 30 S Al (1) 95
sr45 55 SDS-PAGE MUK M HTAAAE—E 22 5%, (HLEAM) & 3R 505 .

®2 106 35 F HMW-GS i PCR #U5 SDS-PAGE | 45 R Lh &
Table 2 Comparison of PCR detection and SDS-PAGE detection results of 106 lines of HMW-GS

PCR SDS-PAGE PCR SDS-PAGE
A WA
AR PR WEREGEMY R% mARGEMY W% WREEM BER%
Axl 26 24.53 26 24.53 Dyl0 44 42.45 45 42.45
Ax-null 61 57.58 61 57.58 Dyl2 61 57.55 61 57.55
Dx2 49 49.07 45 42.45 Bx7 106 100 106 100
Dx5 58 50.94 60 56.60 By8 91 85.85 70 66.04

2.2 XA HMW-GS AR R 5w RE

BB /NE = AR & HMW-GS (1) SDS-PAGE Hi Uk %88 25 3 LIl 2. 106 173 i RAE 3 s B3RS E
WS FPAVFER AL 435k 1Ax], 1Ax-null, 1Ax2*%. 1Bx7+1ByS8, 1Bx7+1By9. 1Dx5+1Dyl0 il 1Dx2+
IDy12. 1Dx5+1Dy12(% 3). 1E Glu-AI {5 b, x-null WHEFH B RPR R, & 57.55%, x1 il x2*1F
FE B AR Ry 24.53% F 17.92%;5 FE Glu-B1 {7 55, I, Kol iy 2 FhlF L4 & x7+y8 Al x7+y9, HELEII
FON 64.15% M1 34.91%; TE Glu-DI {1 5 1, Kl 3 #3414 . Dx2+Dyl2, Dx5+Dyl0 fl Dx5+
Dyl2, HEAYSR N 43.40% , 42.45% F1 15.09%.

1 23 45 cklck2ck36 7 8 9 10111213 141516 17 181920 21 22 23 2425 26¢ck1ck2ck3272829 3031 32 33 34 353637 3839 40 41 42

5 1 2%

] .
i ol /
Eiboy 89/
12410 107
2

v

ckl. ‘P EF; ck2. ‘Neepawa’; ck3. ¥#366°; 1.NSI1-6; 2.NSI1-9; 3. NSI1-11; 4. NSI[1-54; 5. NS 1-55; 6.NSII5-13;
7.NST5-17; 8. NSIM5-18; 9.NSM5-20; 10. NSTM5-23; 11.NSI5-26; 12.NSTI5-31; 13.NSI5-32; 14.NSM5-37; 15.NSTI5-
40; 16.NSI5-41; 17.NSM5-50; 18. NSII5-54; 19.NSM1-28; 20. NSTI1-29; 21.NSIMI1-31; 22. NSTI1-37; 23.NSI3-1; 24.
NS13-12; 25.NSI3-13; 26.NS13-20; 27.NS13-22; 28.NSI3-26; 29.NSI13-49; 30.NSI3-65; 31.NSI[3-67; 32.NSII
3-68; 33.NSI3-70; 34.NSI3-71; 35.NSI13-72; 36.NSI3-74; 37.NSI3-75; 38.NSI[3-83; 39.NSII3-84; 40.NSII3-85;
41.NST3-88; 42.NST3-94, [ AR RKmn I i o T 73 B A WL AR T BT RS R

A2 FHpd &% HMW-GS % SDS-PAGE H
Figure 2 SDS-PAGE diagram of the HMW-GS of some wheat lines
H 2 4 AT AT : 106 63 = AR 5 R HMW-GS JERGI 7 A7 2l & 28 8, o 1/7+8/5+10 il Null/7+
QI2+12 41 A KAt ML M R B, o B 2 iR M B9 24.53% F1 39.62%, H Uk A 2%/7+9/5+10,
Null/7+9/5+12 Fl Null/7+9/2+12 4H-& KR, 435 16.04% . 12.26% F1 3.77% . HiAx 2 125K Null/7+9/5+
10 Fll Null/7+8/5+12 H U AEAR, 2A 2 Ak, dikh 1.89%.
4 PAYNE 25028 fg3E4) , 3138 GB 1351—2008 (/N E F R EAREY), XA R 540 & HEAT 1T
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e MR AR KM BERASHTETESN  £3 106 /NERE Glu-1 TEMERERR

5~10 43, P34 7.91 5y, H oW HEH A 1/7+8/5+10 R
*ﬂ 2%/74+9/5+10 ﬂzﬁ%% ﬂi] 10 ﬁj\ 5 H: 40.57% Table 3 Alleles and frequencies of Glu-1 loci in 106 wheat lines

T GOEA | W AR B
W 341 4 Null/749/5410. Null/7+8/5+12 il Null/7+ b HOHEA ik RECY  HeR%

O/5+12 RIRVEAMEI N 8 4, AL 16.04%, BAEGE ﬁ; TZ i;

SYTE8ATLATNIA 2 R, (HE R 43.4%, AT L . N . el

F R R HMW-GS 418 89 5 T 2 — 2K LU

=84, ML A GluBl 1Bx7+1By8 68 64.15

2.3 HMW-GS i 257 R Ex /N E @B R0 ¢ PR 37 3491
& 3 AJH: 7F Glu-A1 fi5 b, 0 2+ 5ebt a 1Dx2+1Dy12 46 43.40

BHIOE AR MR A RS kR DT 4 IDARIDYIO e as a8
I 0 0 59 10 Null S 3 1 1 v orve B PP
(P<0.05), T A1 JEG OB T FOBGLE I 1 90 96 13350

£ 4 106 H/NZE R HMW-GS HE X Glu-1

%%Eﬁﬁﬁ *Eﬁiﬁ%%? 1 2 (P<0'05)’ Table 4 HMW-GS subunit combinations and Glu-/ quality scores of
A TR U (R0 3 DM 22 S A L35 LR GO E, 106 wheat lines
A T DY AP T AR 19 5 06 K 20 g 2% BB i o i s R

1. Null; £ Glu-BI {575 1, 2 Fpp et i ik iy Glu-Al Glu-BI Glu-DI
WA —FE, HEH 7+0 WM R B sy 1 T 10 00 M

o A i 5 Sk L 7\ & Null 748 2+12 b 42 39.62 6
Koo EDRUIREE . WA RS kM o
o - N 2% 749 5+10 bed 17 16.04 10
T 1A Y W E e T 78 I A (P<<0.05), M
- .o N ~ Null 749 2+12 cca 4 3.77 5
TSR A WM A R
[ RAT I B ONE 5 T 7+9 W dE 5 7E Glu-DI i 1 Null  7+8  5+12 cbh 2 1.89 8
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Figure 5 Correlation heat maps of 106 wheat lines’ quality traits
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Figure 6  Cluster analysis of quality characteristics of 106 wheat lines
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