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Abstract:In order to provide a reference for the genetic improvement of wheat quality, 17 specific mo-
lecular markers were used to analyze the main quality-related genes such as HMW-GS, LMW-GS,
flour color and 1BL/1RS translocation in the wheat varieties(lines) selected in Henan Province in the
past 10 years. The results showed that: (1) A total of 9 allele variants and 19 gene combinations
were detected in HMW-GS, among which the majority genes at Glu-Al, Glu-Bl and Glu-DI1 are
Ax1(80.20%), By8(44.42%) and Dx2-+Dyl12(69.54%), respectively. The main combinations were
Axl1/Bx7+By9/Dx2+Dy12(29. 44%) and Ax1/Bx7+By8/Dx2+Dyl12(23.60%). (2)A total of 8§ al-
lele variants and 12 gene combinations were detected in LMW-GS, and the majority genes at Glu-
A3 and Glu-B3 are Glu-A3c (53. 30%) and Glu-B3d (23.35%). The main combination is Glu-
A3¢/Glu-B3d (14.47%). (3) Among the genes related to flour color, Ppo-Ala (63.45%) and Psy-
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Ala (73.60%) are the main genes with high yellow pigment content. (4) The proportion of 1BL/1RS

translocation varieties(lines) is high, and the frequency is 71. 07%. In conclusion, the quality-related

genes of wheat varieties(lines) in Henan Province have rich diversity, the frequency of different gene

combinations is very different. It is suggested that in wheat quality breeding, genes with complemen-

tary subunit effects should be selected according to the improvement goal for polymerization, and the

selection and application of Ppo-Alb and Psy-Alb should be strengthened.
Keywords: Wheat; HMW-GS; LMW-GS; Flour color; 1BL/1RS translocation
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Table 1 PCR primers and their related information
., - 2]l B KR FBIRAN 4y g
I\ZFLE((% )) Sequence Annealing Fragment I:’ fJ Sk
akertgene (5'—3" temperature/C  size/bp clerence
UMNI9 F:CACGACGTTGTAAAACGACCGAGACAATATGAGCAGC 60 s14/362 (19
(Ax1/Ax2 %) R:CTGCCATGGAGAAGTTGGA ¢
F: ACGTTCCCCTACAGGTACTA
AxNull R: TATCACTGGCTAGCCGACAA 64 920 [20]
MAR F:CCTCAGCATGCAAACATGCAGC . _
(Bx7/Bx79E/Bx20) R:CTGAAACCTTTGGCCAGTCATGTC o8 520/563/800 [21]
7SBySF5/R5 F.TTAGCGCTAAGTGCCGTCT 6 7 [21]
(By8) R: TTGTCCTATTTGCTGCCCTT 52
ZSBy9F1/R3 F. TTCTCTGCATCAGTCAGGA .
(By9) R:AGAGAAGCTGTGTAATGCC 59 s6z/707  [21]
Xri2 F.CTCGCTCGACGGTGTTGAA .
(Dx5 +Dy10/Dx2 +Dyl2) R:CCTTTGGCCCAGATAAAGTG 29 128/1028  [22]
LAIF/SAIR F:AAACAGAATTATTAAAGCCGG " - C21]
(Glu-A3a) R:GGTTGTTGTTGTTGCAGCA o
LA3SF/SA2R F: TTCAGATGCAGCCAAACAA - g0t C21]
(Glu-A3b) R:GCTGTGCTTGGATGATACTCTA o ‘
LATF/SA3R F:AAACAGAATTATTAAAGCCGG s s C21]
(Glu-A3a/c) R:GTGGCTGTTGTGAAAACGA o
LA3F/SA4R F:TTCAGATGCAGCCAAACAA - 067 C21]
(Glu-A3d) R: TGGGGTTGGGAGACACATA 5
LATF/SA6R F: AAACAGAATTATTAAAGCCGG 5 s C21]
(GIu-A3F) R:GCTGCTGCTGCTGTGTAAA o5
SBAF/SBAR F:CACCATGAAGACCTTCCTCA - oo [21]
(GIu-B3d) R:GTTGTTGCAGTAGAACTGGA o
SB6F/SB6R F: TATAGCTAGTGCAACCTACCAT - 012 C21]
(Glu-B3f/g) R:CAACTACTCTGCCACAACG 5
SB7F/SB7R F:CCAAGAAATACTAGTTAACACTAGTC - 05 C21]
(Glu-B3g) R:GTTGGGGTTGGGAAACA g
. F:GGAGACATCATGAAACATTTG r
HZ0(1BL/IRS) R:CTGTTGTTGGGCAGAAAG 60 1598 [21]
PPO18 F:AACTGCTGGCTCTTCTTCCCA o 685/876  [21]
(Ppo-Ala/Ppo-Alb)  R:AAGAAGTTGCCCATGTCCGC 0 o
YP7A F:GGACCTTGCTGATGACCGAG o5 loa/231  [21]
(Psy-Ala/Psy-Alb) R: TGACGGCTGAAGTGAGAATGA 8
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Table 2 Statistical result of the quality-related genes

FLRAL AR HH I IES) MR H GRS
Gene locus Gene Representative variety(line) Number Frequency/ %

A 1835, M%& 1923, #i%& 1926
Zhengmai 1835, Zhengmai 1923,Zhengmai 1926

N = il 17 =]
T B 49,185 50, £ fEAF % 20 5 12 10. 66

Luomai 49, Luomai 50, Fengdecunmai 20

Glu-Al Axl 316 80. 20

AxNull Zhoum?i%lz;lzﬁcrifrf:igé l‘zg,zi;fogmai 53 36 9.14

Glu-Bl Bx7 ZhounEJi%GS.%Lilif;nlj%‘?l?,%ulfriai 127 377 95. 69
Bx20 Shang;‘]alilé?7l?§§mlfi8f %11111151111 118 17 4.30

By8 Xinmi??é 1§hﬁfa526%flioi§nal 48 175 44.42

By9 BainEle%O;. ’F(dzmzndgl ? éfhlifg?nlj 49 134 210 23. 30

Bx7 +By8 Tunmaliﬁllf7}%{1’ej1§[;§ail i%%b%@%egzgn?m 0989 167 42.39

Bx7 +By9 zhengmﬁligigg?ifﬁfmi? ?g(’);élf?hijéiai 1926 210 53. 30

Bx20 +By§ FF 0017, FH4 118, B 167 8 2. 03

Chunfeng 0017, Danmai 118,Shangmai 167
HF 1923, 857 9188, 4k 7 588

Glu-DI Dx5 +Dylo Zhengmai 1923 . Zhengmai 9188 » Zhumai 588 120 80. 46
FRF 2001, FBF 818, K/ # 158 ) _
Dxz +Dyl2 Zhengmai 2001, Zhengmai 818,Zhengmai 158 274 69. 54
. . ; A 2008, M % 369,487 817 _
Glu-A3 Glu-Asa Zhengmai 2008, Zhengmai 369,Zhengmai 817 14 3.55
el 4 i X822 1906, KBA} 137, %5 % 186
Glu-A3b +Glu-Ase Zhengmai 1906, Zhengke 137 ,Chunxiao 186 13 8.30
Glu-A3b +Glu-A3f K 12 ¥ Taixuel2xuan 1 0. 25
o B4 906, 8 65, B4 901
Glu-A3c Yunong 906, Xinmai 65, Yunong 901 175 44. 42
. . B 82, % 518, % % 158
Glu-A3c +Glu-A3d Luomai 82.Pingan 518 Zaoxiang 158 21 5. 33
Glu-A3c +Glu-A3f FRA 1833 Zhengmai 1833 1 0. 25
e JA % 36,587 004,58 % 1926
Glu-A3d Zhoumai 36 ,Zhengmai 004 ,Zhengmai 1926 161 40. 86
) AEE 101, KR 185, /5% 69
Glu-A3f Nonghan 101, Tianmin 185, Xinmai 69 4 1.02
- o J1 269, #8863, 4 22
Glu-B3 Glu-B3d Wanfeng 269, Xinmai 863, Xinmai 22 92 23.35
- %5 30,48 3 5288, H 4k 607 L
Glu-B3f Luohan 30, Zhengmai 5288 , Bainong 607 18 4.57
Glu-B3g I 101,72 % 65 Huaichuan 101, Fanmai 65 2 0.51
HF 5288, M F 005, A% 36 R
PPO-A1 Ppo-Ala Zhengmai 5288 ,Zhengmai 005, Zhoumai 36 250 63. 45
A 1860, M H 6687, & 48
Ppo-Alb Zhengmai 1860, Zhengmai 6687, Zhoumai 48 19 80.20
. . JA 2 48, 8 136,454 1905
Psy-Al Psy-Ala Zhoumai 48, Zhengmai 136, Zhengmai 1905 290 78.60
] A 925,814 38,4 7698
Psy-Alb Zhengmai 925, Xinmai 38, Zhengmai 7698 104 26. 40
NN } .
13%%5?@” 1BL/1RS 5 i1 & JEl 4 36, B & 38, X8 % 1860 250 L or
- N 1BL/1RS translocation Zhoumai 36, Xinmai 38,Zhengmai 1860 '
translocation
Ik 1BL/1RS 5 & I 9189, M2 158, H % 6694 114 28. 93

Non 1BL/1RS translocation Zhengmai 9189, Zhengmai 158,Zhengmai 6694
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M:DL2000;1~10: MKW N A 36 H A 307 4 1860 % 136, JF & 48 &K 78 B 26 . J7F 269 K84 9188 . H & 207, T,
M. DL2000; 1-—10: Zhoumai 36, Bainong 307, Zhengmai 1860, Zhengmai 136, Zhoumai 48, Yunong 78, Xinmai 26, Wanfeng

269, Zhengmai 9188, Bainong 207.

1 1BL/1RS I REB S # N E R

Fig. 1 Detection results of some materials with the 1BL/1RS translocation
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175 3 il () S A ByS AR Jy 44. 42 %5210 4y
il (R & A By 3R 53. 3000 5 A A I 2] %
HBx7F [ SR (R 5 [H B 54 Bx7 FByS 1Y i F
(MFOH 167 MR Ny 42, 39% . FEGlu-DI i1
J I 3 Dx2 + Dyl12 #1Dx5 -+ Dyl10 W fl 28 54,

274 iy Fh A (R) NMDx2+Dyl2, 8% K 69. 54 % ;
120 13 b B () WDx5+Dyl0 A% K 30. 46 %,
1E 394 A At K o RE b, 2R % 19 A
HMW-GS 4 & 368, Hop i iR WL 3k 3. Ax1/
Bx7+ By9/Dx2 + Dyl2 M Ax1/Bx7+ By8/Dx2 +
Dyl2 25 J R LR85, 43 ) i Al p ok
#y 29. 44 % F1 23. 60 % ;s He ¥k N Ax1/Bx7+ By9/
Dx5+Dyl0 F1Ax1/Bx7+ ByS8/Dx5+Dyl10, 43 %
mi 14,4706 9. 39 %0 s Hoa Al A 2 A 1 0 i A
AR, Hovp Ax1/Bx20 + By8/Dx5 +Dyl0 . Ax2 "/
Bx20/Dx2 + Dyl2 ¥ AxNull /Bx20/Dx5 + Dyl0
SRR A LR, T 0.25%

R3 ik HMW-GS BE LB R ESHITE

Table 3 HMW-GS combinations and the frequency of wheat varieties(lines)

£ R HAERR
HMW-GS combination

1 Ax1/Bx7 +By8/Dx2 +Dx12
2 Ax1/Bx7 +By8/Dx5 +Dx10
3 Ax1/Bx7 +By9/Dx2 +Dx12
4 Ax1/Bx7 +By9/Dx5 +Dx10
5 Ax1/Bx20 +By8/Dx2 +Dx12
6 Ax1/Bx20 +By8/Dx5 +Dx10
7 Ax1/Bx20/Dx2 +Dx12

8 Ax1/Bx20/Dx5 +Dx10

9 Ax2* /Bx7 +By8 /Dx2+DxI12

10 Ax2* /Bx7 +By8 /Dx5+ DxI10
11 Ax2 " /Bx7 +By9 /Dx2-+ Dx12
12 Ax2* /Bx7 +By9 /Dx5 +Dx10
13 Ax2* /Bx20 /Dx2 +Dx12

14 AxNull /Bx7 +By8 /Dx2 +Dx12
15 AxNull /Bx7 +By8 /Dx5 +Dx10
16 AxNull /Bx7 +By9 /Dx2 +Dx12
17 AxNull /Bx7 +By9 /Dx5 +Dx10
18 AxNull /Bx20 +By8 /Dx2 +Dx12
19 AxNull /Bx20 /Dx5 +Dx10

B3t Total

i RO Bk T
Number of varieties(lines) Frequency/ %
93 23. 60
37 9. 39
116 29. 44
o7 14.47
4 1.02
1 0.25
4 1.02
4 1.02
10 2.54
6 1.52
19 4,82
6 1.52
1 0. 25
15 3.81
6 1.52
10 2.54
2 0.51
2 0.51
1 0. 25
394 100
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Fig.2 Partial detection results of the HMW-GS genes

LMW-GS HH 5 J R A I 45 2R (% 2 FE 3)
KW FEGIu-A3 57 55K BN Glu-ASa \Glu-A3b
Glu-A3c \Glu-A3d Glu-A3f 5 2R, Horp 14
By 5 A (R NGIu-A3a A 3.55% 5175 £
Pl (R NGlu-ASc R F Ny 44, 42% 5161 i3 b
(R)NGlu-A3d HFFE N 40. 86 % 54 13 i Fh ()
HGIu-A3L AN 1. 02% ; [7 B & Glu-A3h
Glu-A3c B R (RO A 13 4y RN 3. 30 % ;5 [A)
& A Glu-A3b MGIlu-ASL Wb Bl (R H 1 6y,
B R 0. 25 % 5 [ B &% A Glu-A3c M Glu-A3d 1)
m R (RO 21 4y, BB 5. 3300 Al B % 41 Glu-
A3c MGIu-A3L I f R CROA 14 HE N 0. 25%,
112 63 & F () 7E Glu-B3 7 5 & 3] Glu-
B3d \Glu-B3g MGlu-B3f 3 3 A28, 92 4 5

(R NGlu-B3d A 23, 35% ;18 3 dh Fl (R
KGIu-B3f 53R Hg 4. 57% 2 43 b B () N Glu-
B3g N 0.51%,

112 63 Fh CZRO o [a] B 4G I B Glu-A3 A3 45,
MGlu-B3 i g B 5 i 12 F LMW-GS %&
K20 G 2R, A MR UL 3R 4. Glu-ASc /Glu-B3d
A A IR B R R Y 14, 47 00,
Bz 26 1548 906 R 45 % 57 iy M (RO g F
A K NGlu-ASd /Glu-B3d #1415 5. 84 %,
KR 5135 9% 2 50 FIELZE 6694 % 23 fy b Fl ()
J& T2, FoR A A 2R B A R A AIC, L
Glu-A3b/Glu-A3c/ Glu-B3f . Glu-A3c/ Glu-A3d/ Glu-
B3f . Glu-A3L/Glu-B3d 1 Glu-A3L/Glu-B3f P4 Fh 26
GRBHKA 1 HAE, S 0.25%,

F4 HIRHR LMW-GS BEXBRHEAIRE
Table 4 LMW-GS combinations and the frequency of wheat variety(line)

ETRE LMW-GS #4528 s A (RO B LI
Number LMW-GS combination Number of varieties(lines) Frequency/ %

1 Glu-A3a/Glu-B3d 7 1.78

2 Glu-A3b/Glu-A3c/Glu-B3d 2 0.51

3 Glu-A3b/Glu-A3c/Glu-B3f 1 0.25

4 Glu-A3c/Glu-B3d 57 14. 47

5 Glu-A3c/Glu-B3f 6 1.52

6 Glu-A3c/Glu-B3g 2 0.51

7 Glu-A3c/Glu-A3d/ Glu-B3d 2 0.51

8 Glu-A3¢/Glu-A3d/Glu-B3f 1 0.25

9 Glu-A3d/Glu-B3d 23 5.84

10 Glu-A3d/Glu-B3f 9 2.28

11 Glu-A3t/Glu-B3d 1 0. 25

12 Glu-A3t/Glu-B3f 1 0. 25
B3t Total 112 28.43
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M1 2 3 4 5 6 7 8 910
Glu-A3a 529bp Glu-A3f 552bp
Glu-A3b 894 bp Glu-B3d 662 bp
Glu-A3c 573 bp Glu-B3f 812 bp
10
Glu-43d 967bp  Glu-B3g 853 bp

3 LMW-GS X EE Mg R
Fig. 3 Partial detection results of LMW-GS genes

2.2 BEHEXEEMNSH

2 2 A 4 A7, 394 Byt 5 R/ (B
290 My i A CFO T & A R B B R BRI Psy-Ala 4
R 73,60 % 5104y di Fl (RO TS A LB (A RO
K Psy-Alb %N 26.40% ., 250 {3 & (F)th
A E PPO EMEHE N Ppo-Ala , 5 It 63. 45%;
119 #y fb B () S A K PPO 36 M3 [N Ppo-Alb
di b 30. 20 %6525 43 Bl (RO WA B 3 21 3L i Pk
Frit PPO18 BYSRAEAT ,

A 18605 % 2 5 KB F 1906 % 45 {7 it
Rl (R A A Psy-Alb/Ppo-Alb #[H , H
KPR 22 883 818 A % 21 54 19 M ()N
4k 1BL/IRS 5 i & i & 65, K 2 136, #B %
2008 % 74 By IR 5 A (R ) WA B Psy-Ala/Ppo-
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Fig. 4

Detection results of some color-related genes
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Table 5 Aggregation of high-quality genes of 17 cultivars in Henan Province

ﬁ?ﬂ]‘ HMW-GS LMW-GS 1BL/1RS Ppo-Al Psy-Al
Cultivar
% 1860 Zhengmai 1860 AxNull/Bx7 +ByS8/Dx5 +Dyl0 Glu-A3c 1BL/1RS Ppo-Alb Psy-Alb
FRF 136 Zhengmai 136 Ax1/Bx7 +By8/Dx2 +Dyl2 Glu-A3d 1BL/1RS Ppo-Alb Psy-Ala
J& % 36 Zhoumai 36 AxNull/Bx7 +By8/Dx2 +Dyl2 Glu-A3d 1BL/1RS Ppo-Ala Psy-Alb
H14 578 Zhongmai 578 Ax1/Bx7 +By9/Dx5 +Dyl0 Glu-A3a Non-1BL/1RS  Ppo-Alb Psy-Ala
A 2 5 Guanmai 2 Ax1/Bx7 +By9/Dx2 +Dyl2 Glu-A3¢/Glu-A3d Non-1BL/1RS  Ppo-Alb Psy-Alb
{17 % 20 Fengdecunmai 20 Ax2*/Bx7 +By9/Dx2 +Dyl2 Glu-A3d 1BL/1RS Ppo-Ala  Psy-Ala
4% 207 Bainong 207 AxI1/Bx7 +By9/Dx2 +Dyl2 Glu-A3c/Glu-B3d 1BL/1RS Ppo-Ala Psy-Ala
Fr# 45 Xinmai 45 Ax1/Bx7 +By8/Dx5 +Dyl0 Glu-A3¢/Glu-B3d Non-1BL/1RS  Ppo-Alb Psy-Ala
[ 4% 307 Bainong 307 Ax1/Bx7 +By9/Dx2 +Dyl2 Glu-A3d 1BL/IRS  PpoAla  Psy-Ala
[ % 257 Tunmai 257 AxNull/Bx7 +By9/Dx2 +Dyl2 Glu-A3d Non-1BL/1RS  Ppo-Alb Psy-Ala
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FE{E A 8 5 Saidemai 8 Ax1/Bx7 +By8/Dx5 +Dyl0 Glu-A3c /Glu-B3d Non-1BL/1RS  Ppo-Alb Psy-Ala
Hile 169 Weilong 169 Ax1/Bx7 +ByS8/Dx5 +Dyl0 Glu-A3¢/Glu-B3d ~ Non-1BL/IRS Ppo-Ala  Psy-Alb
¥ 26 Xinmai 26 Ax1/Bx7 +By8/Dx5 +Dyl0 Glu-A3c/Glu-B3d Non-1BL/1RS  Ppo-Alb  Psy-Alb
H 4¢ 607 Bainong 607 Ax1/Bx7 +By8/Dx2 +Dyl2 Glu-A3c/Glu-B3f 1BL/1RS Ppo-Alb Psy-Ala
il 2 127 Tunmai 127 AxI1/Bx7 +By8/Dx2 +Dyl2 Glu-A3d 1BL/1RS Ppo-Ala Psy-Ala
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