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SG: strong gluten; MSG: medium-strong gluten; MG: medium gluten;

the front and back of “+” respectively indicate the results of two years

regional test. The same below.
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Fig.1 The number of national approved strong and
medium-strong gluten wheat varieties in the Huang-
Huai Wheat Region from 2020 to 2024
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Table 1

Analysis of breeding methods and units of national approved strong gluten and

medium-strong gluten wheat varieties in the Huang-Huai Wheat Region from 2020 to 2024

e S5 E’gﬁll‘ﬂJ B Wéﬁﬁéi Ei LA RN 1 BT o ﬂﬁéfﬁ
; Single cross Stepwise  Multiple Recurrent Research . Research institutesx
Code Type S . . L Companies . .
between varieties single cross  cross  population nstitutes companies cooperation
1 2 R 8 4 2 1 0 8 6 1
21 FERRIE 1 AR 10 4 4 2 1 12 2
3 1 R 1 S 3 0 1 0 0 0 3 1
4 2 FEHIER T 15 9 11 3 0 15 16 7
5 LAFEHRR 1 20 16 3 1 2 19 20 3
4l Total 56 33 21 7 3 54 52 14

“ETER A FORIRAS A AR E HI/INAE S RIEAT LSS B R

“HREIEAR” R R B A BOR B A BRI T B

“Stepwise single cross” indicates the varieties bred by single cross with unapproved wheat lines; “recurrent population” indicates the varieties bred
from the dwarf male-sterile recurrent population or the Taigu genic male-sterile recurrent population.
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Fig.2 Determination of optimal cluster number
using silhouette coefficient analysis
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Fig.3 Cluster analysis and quality heatmap of national approved strong gluten and medium-
strong gluten wheat varieties in the Huang-Huai Wheat Region from 2020 to 2024
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Table 2 Names and combinations of national approved strong and medium-strong

gluten wheat varieties in the Huang-Huai Wheat Region from 2020 to 2024

%5 Code  fhFl Variety 2H 4 Combination %5 Code  fh#h Variety 2Hl 4 Combination
1 AR 112 A 18/5F 22 50 M3z 336 B 416/754% 979
2 HrF2 55 AR 18/ 3 22 51 1E4F 306 PEA% 979/%.4% 416
3 ZERIE 45 FA 18/ A 66 52 P 629 P& 979-005/754 501
4 8% 366 ZEA 8968/F 4% 18 53 BY95 TR 207/754 979
5 815 AR 18/3 4] 5766 54 7= 851 P54 979/19121-1
6 AR 100 FeAC 8681/7E4% 18 55 5 88 PR 979//3E 018
7 2R} 1802 JEZZ 181522 22 Rik 56 % 425 JAZ 22/ % 23
8 &KkFE1S JHZE 16/573 22 57 PR 235 HFz 366/8237 159//f1F7 22
9 32 6032 BFEE 22/%% 20 58 ZRAE 116 HFz 366/8237 159//f137 22
10 R 32 B3 22/)fi 38 02-1 59 %} 1804 JAZ 16/ 0226
11 W3 0435 10 % 0435/)1iZE 02-1 60 ZHE 1904 & 18/AE 16
12 thEiE 2 5 (9634AZ5/55 77 22(2))F1A//02099 61 A 1833 (FBZZ 7698/4% 366) FS5/HIZE 1290
13 B 1722 B3 22/HRHE 6172 62 HF 918 FE 366/ 7 065050//%5 3 7698
14 5 52 AR 22/ 22 63 M 1835 HHE 0943/04H439-6-7//4 % 7698
15 W 40 B 22/GF18 64 BZ 36 3 7698/123F 6010
16 24306 YG2413/5F % 22 65 iz 521 W 20/8% 85
17 R 578 W2 255/5F % 22 66 HwRETS FRPT S8/MESE 18
18 T A 68 EHFE 29/5F % 22 67 LWFE 195 W 18/H % 26
19 REFR 1S 5 Trdz 22183 16//5737 22 68 13z 44 1% 7048/18 % 32
20 pt R 22 08ELT235/5F % 22//55 %% 22 69 MEREE 15 JA3 16/7#0 5 S//AK 0818
21 KR 318 JAZ 161454 366 70 Wi 38 J 3 32/%7 4 28
22 R 158 Bigeaz-250-96/f8 %7 16//413% 366 71 &oliFE 45 KA 99/ % 27
23 FgR 1125 FaAR 20/ 43 7698 72 Az 132 FHAEE 1 5/ 416
24 &k 719 ik 20/ % 895 73 RFEZE 168 FRZZ 895/%& 47T 58
25 PR 20 HFZ 366/BAk 981//43 366 74 1 1695 KRBT 58/ 0927
26 24 FEHFE 15 S 366 75 FR13 5 SR 58Nl 24 5
27 A% 335 i 366/ 58 76 HHEIT AR 0144/ 21
28 162 FF 366/1114 2149 77 ik 49 JHA 19/TiZ8 02-1
29 137 688 HF 366 RINFEAZ Bk 78 %z 37 FRAC 184 19
30 Ak 95 (H 3 366/13 34) FO IRSHFHA 79 F#E 21 M 13714 19
31 ik 2836 TaA% 294/371 7 26 80 HiHEE 519 AR 1956457 516
32 BER 1028 PR 294/H7 5 26 81 % 33 A& 055843/1E4L 361
33 GrEE 44 954072/ 17 82 MHZE 126 FEW/INZE 02-1
34 183 41 32 34/55F 17/ %2 26 83 HF USO KB EMELINZE 02-1
35 KPR 15 ¥ 34/ 17 84 HF U6 KB E BEAE/INZE 02-1
36 Mz% 3 5 B 26/ (PUAR 979/%&HT 58) F4 85 HF 765 KB E BEA/INZE 02-1
37 B 29 PEAR 97937 26 86 2R 157 ZZil 21 /P64 1718
38 JiFE 269 HZE 26//754% 979/5F 22 20 87 ZRE 1303 =il 21 5/P4 1718
39 WiF 45 B 26/57% 20 88 BiREE 179 A% 2612 85
40 27152 B 2604918 17 89 ZH#E 20 2% 5 5/PH82-2-2//7 7 8 Sk 4
41 BRI 9918 B A< 5847/ 26//#1% 26 90 FFE 21 FEFE 5 5/FFE 21
42 B 19 NHAR 1975558 17//81 %2 26 91 ZF 369 Z A% 578/WF15
43 HHE 916 B 26//H 7 32 92 BEK 1026 #3 46/555 9405
44 Wi S8 J 3 32/%7% 26 93 “ZF 1803 s 875/09ELT158
45 PETARF 11 JAFZ2 2201837 21118177 26 94 P4 609 06RS10-1-1/754% 822
46 A< 905 (¥17% 26/J87% 28) DHiES 95 I 302 PR 822/F5.4% 165
47 HF=77 206 JHZE 18/ % 26 96 w47 S 19/8: 8901
48 B9 S B AR 207/P64% 979/ )82 36 97 3 9134 BiEE 22/4857 0943
49 45 305 BRI R 979/184% 416//F54% 9718 98 HiZ7 9088 FF 15/3% 9428/ 7 15/54k 2018
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%:3 2 Table 2 (continued)

415 Code  fhfl Variety 204 Combination 415 Code  fhFl Variety #H4 Combination
99 065 L 2018/47 U09-4366 109 PR 364 A 558/99319
100 827 257 Al 2018/37271 110 1k 116 WO080068/F 4185
101 RF 32 HAR 7911/HEHE 6172 111 HFE 713 KK Bk
102 ZF} 1801 OSELT279/HR¥E 6172 112 Kb 1087 224 1106/Z64 18
103 %R 1704 #EF 25/07ELT203 113 W 49 KEIZHR RI B
104 ZH 1701 6B2169/07ELT203//07ELT203 114 HEFZ 48 KB R BE A
105 LA 859 FtEEE 5201123 11 115 7§56 151 2000H363/01333
106 ZF} 1602 08ELT235/07YT212 116 FaAe 161 N0237-2-4-1-2/06804-2-3
107 PaAk 172 N9436/754¢ 529 117 it 62 5 LS2734/LS6045
108 HEF 43 KRBT FER LU 1 & F N5 b A
F=3 AREE/NEZLTHRRIBIRATRE
Table 3 The compliance rate of quality indexes of wheat varieties in different groups %
o Szbﬁ‘mﬁ HER ﬁ% W& %éiﬁf Ji8] ﬂ&?k?-?ﬂ E;'d:ﬁﬁﬂ FH A1 %ﬁﬁﬂﬁq Al o
Group Quality Protein Wet gluten Stgblhty Mmsture Maxlmum Extension Total
standard content content time absorption rate tensile resistance area
I Gy 333 66.7 25.0 50.0 58.3 41.7 458
i 58.3 25.0 58.3 41.7 16.7 25.0 37.5
S} 83 8.3 16.7 8.3 16.7 25.0 13.9
Il R I 78.6 67.9 57.1 85.7 67.9 39.3 66.1
rh a5 21.4 28.6 35.7 14.3 32.1 53.6 31.0
g 0.0 3.6 7.1 0.0 0.0 7.1 3.0
I R I 80.0 75.0 60.0 80.0 65.0 70.0 71.7
LR 15.0 20.0 40.0 20.0 35.0 30.0 26.7
S} 5.0 5.0 0.0 0.0 0.0 0.0 1.7
v R 76.5 70.6 70.6 76.5 73.5 70.6 73.0
Ry 14.7 14.7 29.4 14.7 26.5 23.5 20.6
g 8.8 14.7 0.0 8.8 0.0 59 6.4
A R I 75.0 81.3 50.0 100.0 81.3 56.3 74.0
Hh a5 25.0 18.8 438 0.0 12.5 37.5 22.9
w5 0.0 0.0 6.3 0.0 0.0 0.0 1.0
R 72.5 60.0 72.5 75.0 80.0 52.5 68.8
VI L) 22.5 32.5 15.0 22.5 10.0 32.5 22.5
o 5.0 75 12.5 25 25 75 6.3
VII R A 41.7 66.7 41.7 83.3 41.7 25.0 50.0
Hh a5 58.3 25.0 41.7 16.7 41.7 41.7 37.5
w5 0.0 8.3 16.7 0.0 0.0 16.7 6.9
VI 3 7 100.0 100.0 62.5 87.5 75.0 75.0 83.3
rh a5 0.0 0.0 37.5 12.5 25.0 25.0 16.7
o 0.0 0.0 0.0 0.0 0.0 0.0 0.0
IX R A 81.3 62.5 65.6 64.1 76.6 50.0 66.7
i 18.8 34.4 25.0 28.1 18.8 40.6 27.6
S} 0.0 3.1 9.4 7.8 0.0 4.7 42
Mt TR 74.4 67.9 61.5 75.2 72.2 53.4 67.5
Total rh a5 22.6 26.1 30.8 20.5 222 35.9 26.4
g 3.0 6.0 7.7 43 13 6.4 48

REEEFE LR 1802 55 14 AN Fh, FEUBF  FIGFEE 0435 8 “ @ S Fi /AR o s Fl 7 1948 & 75 5K
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T4 2020-2024 FEAEXXE BT IERE /D ERMEOFEERDIN
Table 4 Analysis of the core parents of national approved strong and medium-
strong gluten wheat varieties in the Huang-Huai Wheat Region from 2020 to 2024

@5 MOSEAR  EARKA FT A il RrAE SRR
Code Core parents Parent type Derived variety Number of derived varieties
1 B 26 W PHA 2836, BROK 1028, VEFE 41, WiZFE 35, REiE 29, JiF 269, 15
B 45, HFE 7152, FiRlE 9918, BHFE 19, B 9l6, FiE 58,
EEARFE 11, Ak 905, Hi=EF 206
2 BrEz 22 mrE B/ 112, FFESS, Wk 1802, &k 15, dhE 6032, R 32, 15
e 25, BT 1722, FEE 52, B 40, BE 26, T 578, &
hidz 68, HIREE 155, EF 22
3 3 366 W BKR 318, 158, PR 20, WH 24, HFE33 G, HFE 162, H 12
# 688, FMIL 9T, POk 235, 116, K F 1833, K 918
4 PiAk 979 W WEZE3 S, BiE29, HF269, LA 95, EMi305, B 336, 11
46 306, THAK 629, B 95, FFH 851, HF 88
5 RA 18 mrE B’ 112, FEESS, R4S, 18F 366, EFE 1S, RS 100, 5 7

# 37
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%:3% 4 Table 4 (continued)

ELRE) BOsEA SRARZEA AT HE ol AT A A B
Code Core parents Parent type Derived variety Number of derived varieties
6 JiZ 16 ErE o &AkFE LS, PEER 1SS, KR 318, AFE 158, wF 1804, %2 7
#1904, EBRIEZE 15
7 JfiZE 02-1 SR 332, BFF 0435, fRik 49, MHFE 126, I USO, I U6S 6
8 EHLSS W %3S, WZE3S, ERETS, KEL I8, K 1695, 6
R135
9 MR 19 MR BHIE 19, ik 49, W37, FE 21, itk 519 5
10 7698 TR T PR 1125, #6537 1833, #2918, 3 1835, 187 36 5
11 JAZ 22 P MERE 1, AF 425, Tk 235, KE116 4
12 B4 416 mrE o M 305, B 336, 1306, KBAhE 132 4
13 WFE 17 SRAR W44, WBFE4, KTE1S, /19 4
14 JA% 32 MR EF 916, HiFE 58, HiF 38 3
15 B 1k 2018 SR 329088, L2k 6'5, [ 257 3
16 % 34 W AR 98, WFE4L, KTFE1E 3
17 HR#s 6172 B BURF 1722, SRF7 32, 2R} 1801 3
KA il Nz
Bk #H#E25 HR3199 Thinopyrum Triticum
Aimengniu Yumai No.2 Baiquan 3199  ponticum aestivium

l\V II“V | ]

\Z
%7234 cs  HZ3577 Bdia7 PHso20 | AMEES
'Yumai 34 Xinxiang 3577  Yumai 47 Xiaoyan No.6 NS2761
]
BEANE WilNE L\ﬁl \
Poland  Triticum H#366 FAL504 J%16 BRAt225
wheat aestivum Zhengmai 366 74101 TIB359/29 Zaoyou 504 Zhoumai 16 ~ Shanyou 225
| | |

Ik v Y

{5 = > ] =k
775462 1 . . %5054 Be213 PSS JHFE24

Linzhangmai Saric | infens0s4 Fr Shan 213 Aikang 58 Zhoumai 24
V__ 248455 . \ v v /
. 5694 ¢ 213 9531 JH 4232
8455 Linfen 5694 ° Shan 213 95 xuan 1 Zhoumai 32
P4 65
\_J Xinong 65 83(2) 84(14)
[ — v v
(C5#7%3577) F3dls  Xinmai | #5064 | B313 o910, E, F,
(C5/Xinxiang 3577)F3dls  No.9 |Linfen 5064| Lumai 13

\TIXT

W18 UEE1T | BR7853 PE 4881 i 8727 #iR84019
9411 98172 Xf{ii 13 Jinan 17| Shan 7853 S0336F3 Xinong 881 Xinong 8727 86(23) 7i Rs4019
3430 51182018 26 101933 Bk229 %229 F F
Gaoyou 2018 Xinmai 26|  Yan 1933 Shan 229 Shan 229 ! !
JfiZE02-1 JHAE19 B 9531 #9405
Shiluan 02-1 Yannong 19 91(8)64-26 95 xuan 1 Zhengmai 9405 4B269
/INK33 16
8411-4 Xiaobing 33 91(8)64-26-11  F, B oumai 16
98172 642979 7698
Xinong 979 Zhengmai 7698

AEFEREZOTER, GERTNRRETRE; BOLFNAREE 2 SMLKE: AOKFKEIME 6 5iMLRE: SEOLZAEED
5064 M AT PO 8901 MZERIT.

The red font represents core parents; the green shading represents key parent; the blue lines represent the pedigree pathway of Yumai No.2; the red
lines represent the pedigree pathway of Xiaoyan No.6; the green lines represent the pedigree pathway of Linfen 5064; and the yellow lines represent
the pedigree pathway of 8901.

4 INESEERRDFEARRIEE
Fig.4 Pedigree of the strong gluten core parents in wheat
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Analysis of Quality and Breeding Strategies of Strong and
Medium-Strong Gluten Nationally Approved Wheat Varieties
in the Huang-Huai Wheat Region from 2020 to 2024

Yuan Qian, Zhao Yongtao, Zhang Zhongzhou, Zhen Shicong,
Wang Junsen, Zhang Feng, Chen Li, Liu Di, Zhou Yang

(Luohe Academy of Agricultural Sciences, Luohe 462300, Henan, China)

Abstract To understand the quality and breeding strategies of nationally approved strong and medium-strong
gluten wheat varieties in the Huang-Huai Wheat Region in recent years (2020-2024), cluster analysis based on
the coefficient of parentage was performed, combined with a comprehensive analysis of pedigree information
and quality traits. The results showed that the number of approved strong and medium-strong gluten wheat
varieties in the Huang-Huai Wheat Region showed a yearly increasing trend from 2020 to 2024. The breeding
capabilities of companies and research institutes were comparable, with their developed varieties accounting for
43.3% and 45.0% of the total number of varieties, respectively. The overall coefficient of parentage among
varieties was low, with an average of 0.0640; however, parental utilization was relatively concentrated, with
varieties primarily derived from ten core strong-gluten parents. Different parents exhibited varying focuses on the
improvement of quality indicators. The breeding of strong-gluten wheat varieties mainly adopted the single-cross
design of “high-quality variety/high-quality variety”. Breeding of strong-gluten wheat should emphasize the
utilization of exotic high-quality varieties and wild relatives of wheat to create elite germplasm in the future. In
the short term, newly developed elite strong-gluten germplasms such as Zhongmai 578 and Jimai 44 should be
more extensively utilized to broaden the genetic base.

Key words Huang-Huai Wheat Region; Strong gluten wheat; Medium-strong gluten wheat; Coefficient of
parentage; Pedigree; Quality
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