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Regulatory Mechanism Underlying Drought Tolerance in Wheat Seedlings via
TaAMAPK 1 Partial Homeologous Genes Knockout

Du Didi, Wu Baowei, Gong Yue, Ma Meng, Liu Xiangli, Zhao Huixian
(College of Life Sciences, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; To elucidate the functions of the wheat mitogen-activated protein kinase genes TaMAPK I-6A,
TaMAPKI-6B, and TaMAPKI1-6D in seedling drought tolerance and the additive effects among these
homeologous genes, this study utilized the spring wheat cultivar Fielder and its CRISPR/Cas9 media-
ted single-gene mutants-mapkl-aa ,» mapkl-bb, and mapkI-dd-generated in the Fielder genetic back-
ground. Through hybridization, self-pollination, and genotyping of segregating progeny, double-gene
knockout mutants and triple-gene knockout homozygous mutants(hereafter referred to as double and
triple mutants) were successfully developed. The drought tolerance at the seedling stage was system-
atically evaluated for these single, double, and triple mutants, along with the wild-type Fielder con-
trol. The results demonstrated that loss-of-function mutations in single TaMAPKI genes significantly
reduced drought tolerance in wheat seedlings, manifested as decreased leaf water retention, reduced
accumulation of osmotic adjustment substances, and enhanced membrane lipid peroxidation. Further
investigation revealed that drought tolerance was further impaired in double and triple mutants, with
the deterioration of physiological and biochemical indicators intensifying as the number of mutated
gene copies increased. In summary, the TaMAPKI gene positively regulates drought tolerance at the

wheat seedling stage, and its homeologous genes exhibit cumulative regulatory effects.
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A: Sequences of the three homeologous genes TaMAPKI-6A,-6B , and -6D. The sgRNAI site where editing occurred is highlighted
in red. B—E: Genotyping identification, WT is wild-type control(TaMAPKI-AABBDD ), C1—C3 and E1—E3 for selected F; lines from
crosses among the single mutants TaMAPK 1-aaBBDD ,-AAbbDD , and ~AABBdd » G1—G4 and H1— H4 for selected self-pollinated progeny
from the F; heterozygous lines, .1 —L3 for selected F; lines from a cross between TaMAPKI-aabbDD, and -aaBBdd double mutants, S1—

S5 for selected self-pollinated progeny from the heterozygous TaMAPKI-aaBbDd lines.
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Fig. 1 Identification of loss-of-function mutants of 7aMAPKI in wheat
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Fig. 2 Effects of TaMAPKI knockout on drought tolerance in wheat
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triple mutants before and after drought stress
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