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Abstract: To investigate the relationship between the drought resistance of newly developed winter wheat
strains in the drylands of eastern Gansu Province and their drought-resistant functional genes, six new dryland win-
ter wheat strains were selected as experimental materials. These were planted at the Xifeng Dry Farming Agricultural
Experimental Station of Longdong University during the 2021-2022 and 2022-2023 growing seasons. Three water
treatments were set up ; rain-fed without irrigation (CK) , drought shelter to prevent rain ( drought stress) and regu-
lated irrigation. The yield was measured to evaluate their drought resistance, and the relative expression levels of
drought-related functional genes were analyzed. The results showed that the yield difference of 6 wheat strains
showed inconsistent changes under water stress and 70% of the field capcity. The yield difference between two years

of C (‘1576-2-0-2") and D ( *15119-1-0-2") was the smallest, and the differences of the other 4 strains
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were more than the average difference. In the rain—fed without irrigation experiment, the year 2022 was identified
as a severe drought year. The yields of strains C and D ranked first and third among the six tested strains, and the
drought resistance coefficients of 0.89 and 1.02, respectively. In 2023, a relatively wet year, the drought resistance
coefficients for strains C and D were 0.77 and 1.12, indicating that these two strains were less sensitive to climate
anomalies and had good drought resistance. The relative expression levels of six drought-resistant functional genes
were analyzed in the flag leaves of six wheat strains during the grain filling stage under drought stress using fluores-
cence quantitative PCR. The results showed the TaCRT-D gene had the highest expression level in these strains.
The expression levels of Wdreb2, XTH-7A, Wlipl9, and TaCRT-D in strains C and D were higher than those in
other strains. The field trial results align with the identification outcomes observed at the germination and seedling
stages under drought stress simulated by a PEG-6000 hypertonic solution. They indicate that among the six lines,
£1576-2-0-2" and ‘15119-1-0-2" exhibit strong drought resistance. Furthermore, these findings confirm that
during drought-resistant breeding of winter wheat, the expression of the drought-resistance functional gene TaCRT-
D in early flag leaves under drought stress during the grain-filling stage can serve as an effective early-generation se-
lection index for drought resistance.

Keywords; dryland winter wheat ; early generations; drought stress; drought resistant genes; variety screening
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Fig.1 Pedigree of the tested wheat lines
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Table 1

Criterion of drought resistance grade of

wheat seeds during germination

X & 2EH % P Bk gy

Relative germination rate Drought resistance grade

=90.0 5% Highly resistance ( HR)
70.0~89.9 i Resistance (R)
50.0~69.9 H1Z5 Middle resistance (MR)
30.0~49.9 55 Short (S)

<39.9 55 Highly short (HS)
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Table 2 Target genes and primer sequences
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Gene Bank B35

Gene Bank entry number
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Primer sequence (5' to 3")

TR/ bp
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Acti AK458303.1 CTCCCTCACAACAACCGC 227
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AY050316.1 GCACCTTCACTTTTAGCATTCGCTAC
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Note: Different lowercase letters in the figure indicate significant differences between different months in the same year ( P<

0.05). Values in the figure are average + standard error (n=3).
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Fig.2 Changes of meteorological elements during the period from greening to maturity in wheat
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Table 3 Seed germination rate of wheat under PEG-6000 stress

) SERE Y & =<V PNy R <V . S P

R BB R IR % ISR 5 HIA K37/ % T 2

L Germination rate Germination rate X L. X

Strain Relative germination rate Drought resistance grade

of stress culture of control culture

A 75.26+0.37¢ 91.06+0.95d 82.42+0.57¢ R Resistance
B 69.06+0.88d 99.13+0.53a 69.70+1.04d F4E Middle resistance
C 93.30+1.01a 97.01+0.21¢ 95.88+0.38a 5% Highly resistance
D 95.41+0.24a 98.17+0.50b 96.94+0.26a H% 58 Highly resistance
E 85.30+0.63b 98.29+0.37h 86.99+0.19b 5 Resistance
F 86.27+0.54b 98.12+0.62b 87.76+0.25b 5 Resistance

E : RSIARNG PR R AR/

A R 225 B3 (P<0.05) , A,

Note : Different lowercase letters in the same column indicate significant differences (P<0.05) between different wheat strains, the same as below.

F 4 A[E PEG-6000 iR E T /NERFHIKEZTHL/mm

Table 4 Changes in wheat coleoptile under different PEG-6000 concentrations

PEG-6000 4b¥ ¥ [ PEG-6000 treatment concentration/%

ES
Strain 0 (CK) 10 15 20 25
A 4.10+0.26d 3.81+0.34¢ 3.13:0.61d 2.74+0.88d 2.32+0.25d
B 3.95+0.22¢ 4.1320.27¢ 2.71£0.35¢ 2.42+0.24d 2.03:0.93e
C 4.72+0.37h 4.54=0.18h 4.14x1.02ab 3.91+0.37h 3.74+0.82h
D 4.97+0.21a 4.9120.49a 4.52+0.95a 4.1420.41a 3.91+0.37a
E 4.34£0.92¢ 4.03£0.34d 3.510.13¢ 3.23+0.56¢ 2.83:1.01c
F 4.60+0.27h 4.52+0.51b 3.93+0.61be 3.52+0.29bc 3.22+0.36h
SP-P4E Mean value 4.45:0.81 4.31:0.99 3.62+0.29 3.31:0.34 3.04+0.52
TR ZE 5 4 4 HE R
i % 0 3.15 18.65 25.62 31.69

Mean coleoptile
shortening ratio
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Table 5 Wheat yield under different water treatments in different years

2022 2023
E Fa SH0 T HLR R i R T HRRE
Strain . Dry shed Irrigation  Drought resistance . Dry shed Irrigation  Drought resistance
Rain treatment Rain treatment
treatment treatment factor treatment treatment factor
A 2005.68cd 2825.14a 7468.46b 1.41a 6881.09¢ 4095.37¢ 7607.63b 0.60c
B 1825.09d 1000.05d 6385.40¢ 0.55¢ 7939.81ab 5514.61a 8044.40b 0.69bc
C 2855.73a 2550.13b 4873.99¢ 0.89h 4195.21de 3227.33e 4787.74d 0.77b
D 2477.87bc 2527.88b 5330.85d 1.02b 4092.20e 4596.15bc 5419.85¢ 1.12a
E 1689.00¢ 2305.62¢ 7231.53b 1.37ab 9704.74a 4891.66b 8820.52a 0.50d
F 2519.54b 2397.29¢ 8218.99a 0.95b 8646.02ab 3747.85d 9027.87a 0.43¢

SERIZEAE, N IR G G 45 SR A 2021—2022
AEA T IR KB 101.10 mm, KR Z AR SFHy =
2 228.86 kg - hm™,2022—2023 4E /4 & A K &
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Fig.3 Relative expression level of drought-resistant

genes in the tested wheat strains
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