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Abstract: Zhengda 181 is a novel nationally approved wheat variety developed by the Henan Key Laboratory of lon-Beam
Green Agriculture Bioengineering, and School of Agricultural Sciences, Zhengzhou University. This variety was created
through sexual hybridization combined with ion-beam mutagenesis, molecular marker—assisted selection, and multiple years of
pedigree selection. To analyze the superior alleles of functional genes controlling important traits in Zhengda 181 and explore

excellent allelic variations, in this study, genotyping was conducted using 58 molecular markers of functional genes associated
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with key agronomic traits, including dwarfism, yield, quality, adaptability, disease resistance, and stress resistance. The
results showed that Zhengda 181 possessed several dwarfing genes, such as Rhz2, Rht4, Rht12, and Rht25, which contributed
to its semi—dwarf stature and robust lodging resistance. Regarding 15 yield-related genes, such as those influencing grain weight
and grain number, Zhengda 181 contained eight favorable alleles, namely AWN, TaGS2-Al, TaGS2-B1, TaSus2-2B,
TaCWI-4A, TaGW2-6B, TaTGW7 and TaSus1-7A, accounting for 53.3% , which may result in its high and stable yield
performance across various field trials. For quality—related genes, Zhengda 181 showed high molecular weight glutenin subunit
type only in Glu-A3d, Glu-A3g and Glu-B3f, which was also consistent with the results of SDS-PAGE analysis of high
molecular weight glutenin subunits. The subunit composition of Zhengda 181 was characterized as Null, 7+9 and 5410,
categorizing it as a medium gluten wheat variety. Concerning adaptability and resistance genes, vernalization genes of Vim-Al
and Vrn_5A were identified as winter types alleles, while Vin-D3 was a spring type allele, and a photoperiodic gene TaELF3
was a late flowering type allele. In addition, Zhengda 181 harbored a pre—harvest sprouting tolerance gene VpI1B1 and a drought
resistance gene TaDreb-B1, as well as a stripe rust resistance gene Sr36 and a leaf rust resistance gene Lr34. However, for the
Fusarium head blight, Zhengda 181 belonged to the susceptible type. Overall, Zhengda 181 exhibited comprehensive

advantages in key agronomic traits through the pyramiding of superior alleles of functional genes associated with dwarfism, high

yield, superior quality, and multiple resistances.

Keywords: wheat; functional gene; molecular marker; Zhengda 181; yield; quality; stress resistance
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Tab.1 Primer sequences and amplified fragment length of functional molecular marker for different dwarfing genes

FEB Gene 4y FFRiE Molecular marker I8 F51(5—3")  Primer sequence(5'-3") Jr Bt B /bp  Fragment size

Rht4 WMS317-F TGCTAGCAATGCTCCGGGTAAC 170
WMS317-R TCACGAAACCTTTTCCTCCTCC

Rht5 BARCI102-F GGAGAGGACCTGCTAAAATCGAAGACA 200
BARCI102-R GCGTTTACGGATCAGTGTTGGAGA

RS WMC505-F GCAATAGTTCCCGCAAGAAAAG 225
WMC505-R ATCAACTACCTCCAGATCCCGT

Rht8 Xgwm261-F CTCCCTGTACGCCTAAGGC 192
Xgwm261-R CTCGCGCTACTAGCCATTG

RAt9 BARCI151-F TGAGGAAAATGTCTCTATAGCATCC 220
BARCI51-R CGCATAAACACCTTCGCTCTTCCACTC

Rht12 WMS291-F CATCCCTACGCCACTCTGC 114
WMS291-R AATGGTATCTATTCCGACCCG

Rht13 WMS577-F ATGGCATAATTTGGTGAAATTG 130
WMS577-R TGTTTCAAGCCCAACTTCTATT

Rh125 PlzA-F2 CTGTATATGCATGTGTGTCTC 141

PlzA-R1 GAGGCAGCAAAAGTGGAAGG

<103



DREE B AR /N S A R 181 A T e A R 2 B A T

1.5 A

F] ] Microsoft Office LTSC 2021 #k 4 A
IBM SPSS Statistics 25.0 #F XF 2 5 504 iF 17 %
MGETT 517

2 HRGA

2.1 FMKRISIAIEE T SHFEHFHE
KI8T LAFEE 4 5 BEA, LLAB A 17 &L
A CRA RSB 8RB AE S Finic i B
VEFE 2 AF Rk F Mk 2012@?%}?%@?1:
X1 5 o 3 B M T R 24 A A BORLRE A AR
(1 5~ (F ) {5 FH v [ B 22 B ﬁﬁ%}ﬁﬁﬁﬁﬁ:ﬂl
OB T AR AR W) 2 um F AT BRI, AR RO
JPCT L BB 80 MeV /u, BT 5 2 30 nA |, F it
%0 80 Gy/min, §i B & 4 80 Gy, i f iy = P4 I
JER YR 20 °Co 5 MRS M Fp 7 SoR0 3% Fl, FL AL BE
TEZR G PR R4 AR 34T J5 2k Z MRS

2oyt ZAE RIS R, 2017 4F 6 H kR kR E B &
(A10-9) X80 M 27 & R 57, 77 & ST R P
2018 4F 10 H 2 fin [l ¢ o 4 22 DX B 1 /K 20 ik
¥, bR 44 AR K 181, 45T 2018—2019.2019—
2020 4F 3k 2 a fh R AR, 2020—2021,2021—
2022 4E 3k 2 a X B K |, 2022—2023 4F JE A4 77 ik
55, 2024 473 o [5G AR AR W) ol b o E T B S e
(FH 7 %« [ 42 20241041) .

KR I8 24k , rh i A, 2 1 228.8 d,
Fooxd BEG AR 2 18 Rk 2 d; 4 kA L & B K
PO & A TEPUIE TR RAT 5 M TR SR, 0 R T

;L B2 KGE G B4 79.4 em,
ZEAFRDH: , b 4 B2 8 5% 5 R KR, A
Fe, KT G5 SRR s FURL, FFRLY: A T, AR
B AR S AT T AR, B A 5 R A I
T KL 584.1 J7 f4 , UK KL 36.7 Kr, T BL T 2 46.0 g;
JE R R R A (B 1) .

1cm

El1 2024 EMKRISIAHEEE (A) SEKKRE (B)
Fig.1 Population (A) and individual (B) phenotypes of Zhengda 181 in the field in 2024.
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Tab.2 Yield performance of Zhengda 181 across different field trials used to register new wheat varieties

LG BB 1873/ W mR/ %

= = N J =% =
K0 ERM/A R/ em B/ T %ﬁﬁ THER/ g FEE/Z Yield increasing rate Proportion of ex-
Growth pe-  Plant . Grainnum-  Thousand (kg/hm*) ) .
Year od heicht Spike num- ber per spike ain weicht  Grain vield compared to the control  perimental points
! '8 ber per ha berspt 8T g y Zhoumai 18 with increasing yield
2018—2019 233.8 80.1 595.5 37.7 44.6 8 868.0 2.6 81.8
2019—2020 226.0 81.5 588.0 34.9 47.2 8538.0 5.4 95.0
2020—2021 231.3 82.1 579.0 35.6 45.7 8242.5 4.4 82.6
2021—2022 223.3 77.1 574.5 37.4 48.0 9492.0 4.4 73.9
2022—2023 229.5 76.1 583.5 38.1 4.7 8481.0 3.7 90.9
FHE 228.8 79.4 584.1 36.7 46.0 8724.3 4.1 84.8
Average
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Tab.3 Quality performance of Zhengda 181 across different field trials used to register new wheat varieties

EG R/ (g/L) MM &5/ % T T A 7 /6 Fe S M) /min WK/ %

Year Unit weight Crude protein content ~ Wet gluten content ~ Dough stable time  Flour water absorption rate
2018—2019 13.9 29.3 2.5 56.1
2019—2020 12.7 26.6 1.6 60.0
2020—2021 808.0 13.4 32.5 1.9 58.0
2021—2022 841.0 13.0 30.1 4.0 60.0

XA Average 824.5 13.2 31.3 3.0 59.0
1 2 3 4 5 6 7 8 9 10 11 12 13
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Fig.2 SDS-PAGE analysis of high molecular weight glutenin subunits for Zhengda 181
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Tab.4 Resistance analysis of Zhengda 181 across different field trials used to register new wheat varieties

BT EAY PUIEEEAN B PR
P Lodging resistance evaluation Cold resistance evaluation Disease resistance evaluation
7 AR E R % K FHUIENE MR FEE ) OB REER SORiA
Year . . . . -5 .
Proportion of experimental ~ Cold resistance in ~ Low temperature tol-  Yellow Powdery Fusarium  Sheath
. . . . . . Leaf rust . . .
points without lodging winter erance in spring rust mildew head blight  blight
2018—2019 100.0 g et [CR/ S R it ek e
2019—2020 100.0 Bbf bt mit P G G 4
2020—2021 91.3 Bl o R 3 8 R o Jk
2021—2022 95.7 Tk R 1+ 1 1+ 1 R
2022—2023 100.0 by By
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Fig.3 Detection of functional molecular markers for different dwarfing genes

F5 K181 KFEZEFEEKN
Tab.5 Detection of different dwarfing genes in Zhengda 181

PR Trait JEFTHLE Dwarfing gene Yetafk  Chromosome FEAH Genotype FKHH Phenotype

ki Plant height Rhtl 4B Rht-Bla FF
Rhe2 4D Rht-D1b FERT

Rhi4 2B Rht4 JERE

Rht5 3B rht5 e FF

Rht8 2D rht8 i FF

Rht9 7B rht9 i FF

Rht12 5A Rht12 &R

Rht13 78 rht13 i FF

Rht25 6A Rht25 K
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Tab.6 Analysis of functional genes associated with yield and quality in Zhengda 181

25| Category PR Trait HEPH Gene Ytk Chromosome LA Genotype KA  Phenotype
PR Yield £ Awn AWN 5A AWN+ A1
BiFiE Grain weight TaGS-D1 1D TaGS-D1b IR TR
TaGS2-A1 2A TaGS2-Alb w3 T RL
TaGS2-B1 2B TaGS2B1-Hap-H i TR B
TaSus2-2A 2A Hap-G I T L
TaSus2-2B 2B TaSus2-2B-Hap-H 1o R
TaGS5-Al 3A TaGS5-Alb AV T AL 5T
TaTGW6-A1 3A TaTGW6-Alb I T L i
TaCWI-4A 4A Hap-4A-T BT
TaCWI-5D 5D Hap-5D-G AR T 5 o
TaGW2-6B 6B GW2-6B-Hap-1 (SRR A
TaTGW7 7A TaTGW-7Aa 1o TRE B
TaSus1-7A 7A Hap-2 1R TRL BT
TaSus1-7B 7B Hap-C I T Lo
¥i%r  Grain number TaMoc-7A 7A Hap-L I kE R
A Quality  FPRLTBT Grain quality Glu-A1 1A Hap-G I fif5 24
Glu-A3b 1A Hap-C (IS R g SIS
Glu-A3d 1A Hap-A TR R W
Glu-A3g 1A Hap-A 153 T P A
Glu-B3e 1B Hap-A {507 R T = S
Glu-B3f 1B Hap-T TR AR
Glu-B3g 1B Hap-T IR 53 T4 4% 2 1 AR
Tamybl10-B1 3B R-B1b FaR 2
NAM-A1 6A NAM-Alb/Ald LdShhig s
Gpe-B1 6B GCP EHE AR A &
MR i Flour quality Psy-Al 7A PsyAlb I # 0 2R F i
Psy-B1 7B Psy-Bla/B1b R ERE &
Ppo-A1l 2A Ppo-Alb 1% 2 B S Ak 1 7
Ppo-A2 2A Hap-T 1% £ By 4 ATt T
Pds-B1 4B TaPds-Bla m RS
TaALPb-7A 7A Silent alleles AV THT A 5
2.5.3 i BTARSCHEPR A3 AT /INEE (R RERL i JBT N T M /1N 22 T AT Sk R A e P (R 42 ) i PR 5 45 A6

3 i BT 5 /0N 2 R 6 R BE T A S L TR AT R

BB R i D K 2 Wy AR T T AR
K A T EARE AW A RL S TR AR
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Tab.7 Analysis of functional genes associated with adaptability and resistance in Zhengda 181

2 %] Category PR Trait M Gene  Befafk  Chromosome ZHA  Genotype ZFIA  Phenotype
JENPE Adaptation JF4E  Flowering TaELF3 1D Cadenza type 5 I 44 724
#Ak  Vernalization Vin-Al 5A Vm-Alb Ak
Vrn_5A 5A vrn_5A A
Vin-D3 7D Vrn-D3a Ak
JEFW Photoperiod TaPpdDD001 2D Deletion Ot 1 U
TaPpdDD002 2D Wild type Ot A 39 Uk
TaPpdDIO01 2D Wild type O Ji 3 Uk
Ptk Resistance ZREHE  Fusarium head blight Fhol 3B Fhbl- S 7Y
X550 Yellow rust Sr36 7D Sr36-+ B 1
MR Leaf rust Lr34 7D Lr34+ By 1
%2 Pre-harvest sprouting ~ TaMFT-Al 3A CS-type AR 2
VplBI 3B Vp-Blc HiiE & 2 A
TaSdr-B1 2B TaSdr-B1b TR R 2
Y2 PE  Drought resistance TaDreb-B1 3B TaDREB-Bla A
I-FEH w3 6B 1-feh-w3 TR
HifElPE  Lodging resistance TaCOMT 3B TaCOMT-3Bb AT % & &

2.5.5 BUHEMCER B FIH 94 KASP UG
B2 M R 7 R RO I 7115 N 11 5 - S /) R N W 2 R 2
MR AT, E . G5RBR, BRI AT
Fho1¥id% 3N, KASP #5ic 5 TaHRC-GSM #3id
G — B (K 4.8 7). #E Sr36 Rl Lr34 5 J5
T, KRR 181 34 #5415 Bt s 55 67 i [ 5 B A & 2 B 1A

2000 hp —— hJ
1500 bp —— [ T —

Sumai 3

E 4

Zhengda 171

Zhengda 176

Ji T, VpIBI R Ry bu i & 2R 2 B i TaMEFT-
A1M TaSdr-B1 5N J& T IR B & 2R A0 i 5 5
PR 7 1, FB K 181 %4 TaDreb-B1 4T 5 %5 i1 48 5
FH I-FEH w3 K& PR 2 SRR Bt 5% Jr 1,
TaCOMT 2 % & 25 £ WM AT R & & K
B(RT)

Zhengda 181 Zhengda 182

Zhengda 196

Chinese spring

AR BHERE Fhbl IThEEFRIC TaHRC-GSM 1) 4 R

Fig.4 Detection of functional molecular marker TaHRC—-GSM for Fusarium head blight resistance gene Fhbl
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