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Abstract

Low-temperature stress severely restricts plant growth and development. CBF transcription factors, as
the core of plant cold resistance regulation, enhance plant low-temperature adaptation by activating
downstream cold-responsive genes COR. Previous studies have shown that the SiCBF 1, SiCBF2, and SiCBF'3
genes of Tianshan snow lotus (Saussurea involucrate), as an alpine extreme environment-adapted species,
are significantly up-regulated under low-temperature stress, indicating that SiCBFI, SiCBF2, and SiCBF3
genes are involved in low-temperature acclimatization process of Tianshan snow lotus. Therefore, exploring
the functions of SiCBF'1, SiCBF2, and SiCBF3 genes in adversity acclimation in different crops can provide
important genetic resources for using genetic engineering technology to improve the adversity tolerance of
crops.

Main methods: (1) Analyze the protein structural features of SiCBF1, SiCBF2, and SiCBF3 genes by
bioinformatics. (2) Constructed plant expression vectors of SiCBF'1, SiCBF2, SiCBF'3 genes, introduced them
into cotton by Agrobacterium transformation method, obtained cotton positive lines overexpressing SiCBF 1,
SiCBF?2, SiCBF3 genes, and verified the gene expression levels by qRT-PCR. (3) Investigate the main
agronomic traits of field-grown cotton with transgenic SiCBF I, SiCBF2 and SiCBF3 genes. (4) Using an
artificial simulation of low-temperature stress, we comprehensively evaluated the resistance functions of
SiCBF1, SiCBF2, and SiCBF3 cotton under cold stress through phenotypic observation and related
physiological measurements.

Results: (1) The sequence of SiCBF'1 gene of Tianshan snow lotus had a maximum open reading frame
of 573 bp, encoding a hydrophilic protein of 187 amino acids; the sequence of SiCBF2 gene had a maximum
open reading frame of 664 bp, encoding a hydrophilic protein of 217 amino acids; the sequence of SiCBF3
gene had a maximum open reading frame of 642 bp, encoding a hydrophilic protein of 213 amino acids. The
sequence similarity of SiCBF'1, SiCBF2, and SiCBF3 cloned from Tien Shan snow lotus with Arabidopsis
thaliana was 37.98%, 39.53% and 39.92%, and with cotton was 15.50%, 14.73% and 18.99%.(2)
Overexpression vectors for SiCBF1, SiCBF2, and SiCBF'3 genes of Tianshan snow lotus were successfully
created and transferred into cotton using Agrobacterium-mediated technology, and the corresponding
transgenic positive lines were obtained. Expression analysis showed that SiCBF I, SiCBF2, and SiCBF'3 were
significantly expressed at the transcript level in transgenic cotton.(3) At the flowering stage, the main field
agronomic traits were investigated and studied on the recipient cotton and transgenic cotton planted in the

field, and it was found that there was no significant difference between the transgenic lines and the control



group in the number of bolls and boll weight of a single plant, the number of fruiting shoots and other key
indexes, which indicated that the overexpression of the SiCBF'1, SiCBF2, SiCBF3 genes did not have any
impact on the normal growth and development of the plants.(4) Under the simulated low-temperature cold
stress environment, by observing the phenotypes and analyzing the physiological indexes, it was found that
transgenic cotton effectively enhanced the stability of the chloroplast structure as well as the water-holding
capacity of the tissues by regulating the biosynthesis and accumulation of osmoprotecting substances (e.g.,
proline, soluble sugar, and soluble proteins) under the low-temperature stress. Analysis of cell membrane
integrity revealed a decrease in the accumulation of lipid peroxidation products and a corresponding
reduction in the degree of membrane damage. In the antioxidant defense system, the activities of key defense
enzymes (including SOD, POD, and CAT) were significantly enhanced, which helped to maintain the redox
balance and improve the scavenging efficiency of free radicals under low-temperature conditions.

The results of this study indicated that overexpression of SiCBF 1, SiCBF2, and SiCBF'3 genes from Tien
Shan Snow Lotus was able to improve the cold tolerance of cotton plants.

Key words: SiCBF1; SiCBF2; SiCBF3; Gossypium hirsutum; cold tolerance
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Figure 1-1 Impact of Low-Temperature Stress on Plant Physiological Metabolism
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