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Construction of gene regulatory network in response to
drought stress and analysis of key regulatory genes for
drought resistance in Fraxinus mandschurica

Xu Xuefei
(Shenyang Agricultural University Shenyang 110000)

Abstract: In this study, a three-layer Gene Regulatory Network (GRN) was constructed based on bottom-
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up Ga-up GGM algorithm, and five key genes related to drought stress were screened and identified. They are
FmLOBI, FmLOB2, FmbHLHI, FmbHLH?2 and FmAP2/ERF-ERF2, all of which are located at the top layer of the
regulatory network. Overexpression vector with fused Flag label was constructed for the above 5 genes, and then
ChIP-PCR and RT-qPCR were performed after instantaneous transformation of F. mandschurica. More than 67% of
the regulatory relationships were found to be correct, which verified the reliability of the gene network. The drought
resistance function of FmbHLH? at the top of the network was analyzed. Through the construction of regulatory
network and the verification of regulatory relationships, this study laid a foundation for the subsequent research on
the gene function and molecular genetic improvement of F. mandschurica. The comparative experiment included:

(1) Athree-layer Gene Regulatory Network (GRN) was constructed by screening 265 genes responding to drought
stress in  F. mandschurica. The first layer was the top layer, containing 10 Transcriptionfactors (TFs) and regulating
22 downstream transcription factors. There were 88 regulatory relationships; The second layer has 22 transcription
factors that regulate 195 downstream structural genes, with a total of 2273 regulatory relationships. These 195
structural genes participate in eight GO classifications, namely, responding to water scarcity, regulating stomatal
movement, responding to osmotic stress, responding to reactive oxygen species, responding to abscisic acid
stimulation, responding to ethylene, responding to jasmonic acid, and responding to salicylic acid. (2) Over
expression (OE) plants were obtained using Agrobacterium mediated efficient instantaneous transformation
technology of F mandschurica, and the regulatory relationship between the top transcription factor and the
downstream transcription factor was verified by ChIP-PCR. The experimental results showed that the first layer
transcription factor had a direct regulatory relationship with the second layer genes. Accounting for 67% of the
regulatory relationship. (3) The results of nitroblue tetrazole (NBT), diaminobenzidine (DAB) and Evans blue
staining showed that FmbHLH?2 had the strongest drought resistance among the 5 transient overexpressed plants.
Under normal growth conditions, the data of electrolyte permeability, POD enzyme activity expression and
chlorophyll content of transient expression plants and control plants showed the same trend. Compared with the
control, the instantaneous infection of F mandschurica could effectively increase the POD enzyme activity,
decrease the electrolyte permeability, and decrease the chlorophyll content at the lowest level, indicating that
FmbHLH?2 had the strongest drought-resistant ability among the five genes. (4) The physiological indexes of stress
resistance of eight-week old manchu salix were analyzed. The results showed that the malondialdehyde and
electrolyte permeability increased significantly after FmbHLH?2 elimination, and the activities of SOD and POD
decreased significantly. After FmbHLH2 gene was knocked out, the drought resistance of F. mandschurica plants

decreased, indicating that FmbHLH2 gene positively regulated the drought resistance of F. mandschurica.
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