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ABSTRACT

Soybean (Glycine max (L.) Merr.) is an important cultivated crop, which requires much water during its growth,
and drought seriously affects soybean yields. Studies have shown that the expression of small heat shock proteins
can enhance drought resistance, cold resistance and salt resistance of plants. In this experiment, soybean
GmHsps_p23-like gene was successfully cloned by RT-PCR, the protein encoded by the GmHsps_p23-like gene
was subjected to bioinformatics analysis, and the pCAMBIA3301-GmHsps_p23-like overexpression vector and
pCBSG015-GmHsps_p23-like gene editing vector were constructed. Agrobacterium-mediated method was used
to transform soybeans to obtain positive plants. RT-PCR detection, rehydration experiment and drought resis-
tance physiological and biochemical index detection were performed on the T2 generation positive transgenic soy-
bean plants identified by PCR and Southern hybridization. The results showed that the overexpression vector
plant GmHsps_p23-like gene expression increased. After rehydration, the transgenic overexpression plants
returned to normal growth, and the damage to the plants was low. After drought stress, the SOD and POD activ-
ities and the PRO content of the transgenic overexpression plants increased, while the MDA content decreased.
The reverse was true for soybean plants with genetically modified editing vectors. The drought resistance of the
overexpressed soybeans under drought stress was higher than that of the control group, and had a stronger
drought resistance. It showed that the expression of soybean GmHsps_p23-like gene can improve the drought
resistance of soybean. The cloning and functional verification of soybean GmHsps_p23-like gene had not been
reported yet. This is the first time that PCR technology has been used to amplify the soybean GmHsps_p23-like
gene and construct an expression vector for this gene. This research has laid the foundation for transgenic tech-
nology to improve plant drought resistance and cultivate new drought-resistant transgenic soybean varieties.
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1 Introduction

During growth of soybean, the demand for water is high, and drought seriously affects soybean yield.
The annual loss of soybean yield and quality in China is immeasurable [1,2]. As a major grain producing
area, the cultivation and production of soybean in Northeast China is greatly affected by extreme weather
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events, such as high temperatures and drought [3]. Improving plant drought resistance through transgenic
technology has shown great application and economic value. Cloning of genes related to drought
resistance and transferring them into the genome is one of the most effective methods to cultivate
drought-tolerant soybean varieties.

sHsps are a class of low molecular weight heat shock proteins (12–40 kDa). In plants, sHsps are more
diverse in sequence similarity, cell localization and biological function than other Hsps families. However,
under unfavorable conditions of the external environment, especially when stimulated by heat stress, the
structure is conservative. sHsps have a molecular chaperone function and play a vital role in protecting
plants from stress and rebuilding cell homeostasis [4–6]. Plant sHsps can deal with various environmental
stresses, including heat, cold, drought, salinity and oxidative stress. sHsps also interact with thylakoid
membranes and participate in plant resistance [7]. Maize (Zea mays) mitochondrial sHsps showed
protection against NADH and improved mitochondrial electron b transport during salt stress [8]. The
accumulation of SlHSP21.5A can increase the tolerance of rice (Oryza sativa) to salt stress [9];
overexpression of CaHSP25.9 can enhance pepper (Piper nigrum) tolerance to heat, salt and drought
stress; CaHSP16.4 is related to pepper (Piper nigrum) heat and drought tolerance [10,11]; overexpression
of KSlHSP21.5A can enhance tomato (Solanum lycopersicum) tolerance to heat stress [12]; the expression
of CvHSF30-2 can improve the heat resistance of clematis (Clematis tibetana) [13]. More and more
studies have shown that there is a strong correlation between the accumulation of sHsps and the stress
tolerance of plants.

CRISPR/Cas9 is an acquired immune defense mechanism evolved from bacteria and archaea, which can
cope with the constant attack of viruses and plasmids [14]. In recent years, CRISPR/Cas9 (Clustered
Regularly Interspaced Short Palindromic Repeats)-mediated gene editing technology has become more
and more mature, and has become one of the more popular technologies in the field of life sciences.
Knocking out the ZmCEP1 gene through CRISPR/Cas9 significantly increased the ear height, grain size and
yield of corn plants [15]. CRISPR/Cas9-mediated genome editing improved wheat grain quality, successfully
transformed soft wheat into durum wheat, and increased the genetic resources for wheat (Triticum aestivum)
grain hardness improvement [16]. CRISPR/Cas9 technology is used in soybean (Glycine max) to specifically
design double sgRNA/Cas9 to induce targeted deletion of the soybean GmFATB1 gene. This system is
conducive to gene function research and improves soybean molecular breeding [17].

In this experiment, the soybeanGmHsps_p23-like gene was successfully cloned by RT-PCR technology,
and the function of the gene was analyzed by molecular biology detection and drought resistance analysis of
the positively transformed soybean plants. This research lays the foundation for the use of genetically
modified technology to improve the drought resistance of soybeans and cultivate new lines of drought-
resistant genetically-modified soybean.

2 Materials and Methods

2.1 Materials
We worked with the Ji Nong 18 Soybean (‘JN 18’), Escherichia coli strain DH5α, Agrobacterium strain

EHA105 and plant expression vector pCAMBIA3301 from Jilin Agricultural University Corn and Oil Crop
Germplasm Resources Innovation and Molecular Breeding Innovation Team Laboratory.

2.2 Cloning of Soybean GmHsps_p23-like Gene
Refer to the recommended procedure of RNAiso plus (Bao Bioengineering (Dalian) Co., Ltd., China)

for total RNA extraction from soybean ‘JN18’ seven-leaf stage. Soybean cDNA was obtained using All-
in-Onetm First-Strand cDNA Synthesis (Gene Copoeia), and primer p23s/p23As was designed using
Primer Premier 5.0 software (sequences are shown in Table 1, synthesized by Jilin Changchun Kumei
Biotechnology Co., Ltd., China). The cDNA was used as a template for PCR amplification. The

1184 Phyton, 2022, vol.91, no.6



amplification procedure was pre-denaturation at 94°C for 5 min, denaturation at 94°C for 30 s, annealing at
55°C for 30 s, extension at 72°C for 30 s during 32 cycles, extension at 72°C for 8 min, and storage at 4°C.
The fragment of the gel-removing recovery was sent to Changchun Kumei Biotechnology Co., Ltd. of Jilin
Province for sequencing, and the sequencing results were compared. The correct target fragment was ligated
with the cloning vector pMD-18T to transform competent cells of E. coli DH5α.

2.3 Bioinformatics Analysis of Protein Encoded by GmHsps_p23-like Gene
A different software was used to analyze the protein encoded by GmHsps_p23-like gene, such as

SignalP analysis of protein signal peptide and Softberry analysis of protein subcellular localization. In
addition, TMHMM server 2.0, ExPASy-protSCale, and SOPMA models analyzed protein transmembrane,
protein hydrophobicity and hydrophilicity, and protein secondary structure, respectively.

2.4 Construction of Plant Overexpression Vector pCAMBIA3301-GmHsps_p23-like
The plant expression vector pCAMBIA3301 plasmid was double-digested with BGL II and BstE II

endonuclease according to the double digestion system recommended by the Double Digest Calculator of
Thermo Scientific. The incubation was carried out at 37°C for 4.5 h, the digestion reaction was
terminated by 80°C for 5 min. The double-digested large vector fragment and the target gene fragment
were ligated using T4 DNA Linking Enzyme, and then transformed into E. coli DH5α competent cells.
After the extracted monoclonal colony plasmid was subjected to PCR and double enzyme digestion
verification, sequencing alignment was performed. The T-region structure of the plant overexpression
vector is shown in Fig. 1.

2.5 Construction of Plant Gene Editing Vector pCBSG015-GmHsps_p23-like
The construction was carried out using the CRISPR/Cas9 vector construction kit of Baige

Biotechnology, and the construction process was carried out in strict accordance with the instructions.
The construction process consisted of designing Oligo primers, preparation of Oligo dimers, linkage of
the CRISPR/Cas9 vector backbone and transformation of E. coli. The plasmid was extracted, and the

Table 1: Primer sequence

Name Primer sequence (5′→3′)

P23 S GGGAGATCT ATGTCTCTGTTTGCACCCCTGTTGT

P23 AS TTTGGTCAACCCTAAGATTTGCAGCAAACAAAACGA

YP23 S CAAGACATACAGTGCTCCGACACG

YP23 AS ATTCCTTCACATCCGCAGGTGTTG

BAR S AAACCCACGTCATGCCAGTT

BAR AS GTCTGCACCATCGTCAACCAC

CRI CCCAGTCACGACGTTGTAAA

35 S TAG AGT ACC TAA GAG AAC

35 AS CCC TGT TCT CAC CAA ATG

Figure 1: T-DNA structure of plant overexpression vector
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constructed CRISPR/Cas9 vector was subjected to PCR detection using the vector-labeled marker Bar gene
primer and the promoter 35S primer, and then sequenced (see Table 1 for the sequence).

2.6 Genetic Transformation of Soybean
In this experiment, Agrobacterium tumefaciens was used to infect the soybean cotyledonary node

method, and plant expression vectors were genetically transformed into the recipient soybean variety
(JN18) to finally obtain transformed plants.

2.7 PCR Detection of Transgenic Plants
The genomic DNA of the transformed plant leaves was extracted. Because GmHsps_p23-like gene is

derived from the receptor soybeans, so the bar, 35 s sequence (Table 1) was subjected to PCR detection.
The PCR reaction procedure was: pre-denaturation at 94°C for 5 min; denaturation at 94°C for 30 s,
annealing at 58°C for 30 s, extension at 72°C during 30 s for 32 cycles; extension at 72°C during 8 min;
storage at 4°C. The bar gene amplification product had a size of 552 bp, and the 35 s gene amplification
product had a size of 500 bp.

2.8 T2 Generation Plant Southern Bloting Detection
For soybean plants that were tested positive by PCR in T2 generation, the leaf genomic DNA was

extracted by the SDS method, and the genomic DNA of control soybean plants was extracted. The
extracted DNA was digested with Hind III restriction endonuclease overnight. Probes were prepared with
the bar gene as the target. Southern blot detection was performed using DIG DNA Labeling and
Detection Kit I.

2.9 T2 Generation Transformed Plant Gene Editing Test
In order to determine whether the CRISPR/Cas9 gene editing vector can effectively edit the target site of

soybean Gm_Hsps23-like gene, the transformed plant DNA was used as a template to sequence the PCR
products, and the DNAMAN software was used for sequence comparison.

2.10 T2 Generation Plant Fluorescence Quantitative PCR Detection
RNA from T2-transformed positive soybean plants and untransformed plants was separately extracted

for reverse transcription. Using cDNA as a template, soybean actin (designed according to β-soybean
actin gene sequence, Gen Bank ID NM_001252731.2) was used as the internal reference gene, and
Yp23S/Yp23AS was used to quantify the target gene primer for qRT-PCR. According to the qPCR Mix
manual produced by Kangwei Company, in the Mx 3000P real-time PCR, the two-step method was used,
and each sample was repeated three times. When the program was finished, the result was output and
saved. Relative expression levels were calculated and analyzed according to the 2−△△Ct method.

2�DDCt ¼ 2�½ðtb target�tb internal reference geneÞ � ðcontrol target gene � control internal reference geneÞ�

2.11 Identification of Drought Resistance of Genetically Modified Soybean

2.11.1 Rehydration Test
T2 transgenic soybean and receptor ‘JN18’ soybean were planted in the same potted nutrient soil in the

artificial climate chamber, and the water was cultured normally. When the soybean plant grew to the three-
leaf-leaf stage, the water supply was stopped to simulate natural drought stress, and the growth of the
transgenic material and the control were observed. Water supply was restored after 10 days of the drought
stress treatment. Growth recovery status was recorded on the genetically modified material and the
control soybean.
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2.11.2 Determination of Physiological and Biochemical Indicators Related to Drought Resistance
For the soybean leaves before and after simulated drought stress, the kits of Suzhou Keming

Biotechnology Co., Limited Company were used to detect the drought-related physiological and
biochemical indicators, including superoxide dismutase (SOD), peroxidase (POD), malondialdehyde
(MDA) and proline Acid (PRO).

3 Results

3.1 Cloning and Identification of Soybean GmHsps_p23-Like Gene
The extracted total RNA of soybeans was detected by 2% agarose gel electrophoresis (Fig. 2), and the

good quality total RNA was reverse transcribed to generate cDNA. The specific band obtained after PCR
amplification using cDNA as a template is shown in Fig. 3. The band size was 480 bp, which is
consistent with the size of soybean GmHsps_p23-like gene. PCR (Fig. 4) and double digestion
identification (Fig. 5) of the recombinant cloning vector proved that the GmHsps_p23-like gene was
successfully cloned, and the cloning vector of the gene was recombined.

Figure 2: Electrophoresis of total soybean RNA extraction. 1–4: Total RNA of soybean leaves

Figure 3: Cloning of the GmHsps_p23-like gene. M: DL2000 Marker; N: Negative control; 1–4: RT-PCR
product
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3.2 Bioinformatics Analysis of Protein Encoded by GmHsps_p23-like Gene
Using ExPASy-ProtScale software to analyze the hydrophobicity and hydrophilicity of the protein, the

protein encoded by the GmHsps_p23-like gene is hydrophobin (Fig. 6). Online prediction of the protein
interacting with this protein through STRING (Fig. 7). According to the online prediction of the protein
transmembrane region of the TMHMM server 2, the protein does not have a transmembrane structure and
is a non-transmembrane protein (Fig. 8). Through online analysis of Signalp to predict the protein signal
peptide, the protein is a non-secreted protein (Fig. 9). Use the online website Softberry to predict the
subcellular location of the protein, which may play a major role in the cytoplasm (Fig. 10). Using SOPMA
to analyze the secondary structure of the protein online, the secondary structure of the protein accounted
forα helix (31.45%), extended chain (21.16%), β angle (6.29%) and random coil (37.11%) (Fig. 11).

3.3 Construction and Identification of Plant Overexpression Vector pCAMBIA3301-GmHsps_p23-like
The double-digested product of pCAMBIA3301 plasmid was separated by 1% agarose gel

electrophoresis (Fig. 12). The large vector fragment was recovered by gel, and the target fragment was
ligated with the large vector fragment by T4 DNA ligase, furthermore the ligation product was
transformed into E. coli. The plasmid was subjected to PCR (Fig. 13) as well as double restriction
enzyme identification (Fig. 14) with reference to the test 2.1, and the obtained band size was consistent
with the expectation. Moreover, the sequence alignment was 100% consistent, which proved that the
plant overexpression vector was successfully constructed.

Figure 4: PCR identification of cloning vector. M: DL2000 Marker; N: Negative control; 1–2: PCR product

Figure 5: Cloning vector verification by double digestion. M: DL2000 Marker; 1: Cloning vector plasmid;
2–3: Double digested product
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Figure 6: Hydrophobic and hydrophilic analysis of GmHsps_p23-like protein

Figure 7: Interacting protein prediction of GmHsps_p23-like protein

Figure 8: Transmembrane region prediction of GmHsps_p23-like protein
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Figure 9: Signal peptide prediction of GmHsps_p23-like protein

Figure 10: Subcellular localization prediction of GmHsps_p23-like protein

Figure 11: Secondary structure for protein encoded of GmHsps_p23-like protein
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3.4 Construction and Identification of Plant Gene Editing Vector pCBSG015-GmHsps_p23-like
The transformed monoclonal colony plasmid was extracted, and the plasmid was identified by PCR

using the Bar gene primer and the 35S promoter primer (Fig. 15). It can be seen from the figure that
specific bands of 552 bp and 500 bp were obtained. It was a preliminary proof that the vector was
successfully constructed. Using sequencing primers (CRI), the constructed CRISPR/Cas9 vector plasmid
was sequenced and identified. Using DNAMAN for comparison, the sequencing results were 100%
identical to the target fragment (Fig. 16), further proving that the CRISPR/Cas9 gene editing vector for
the GmHsps_p23-like gene was successfully constructed.

Figure 12: Digestion of vector pCAMBIA3301. M: DL2000 Marker; 1: Vector plasmid; 2–5: Double
digested product

Figure 13: PCR identification of overexpression vector. M: DL2000 Marker; P: Positive control; N:
Negative control; 1–5: PCR product

Figure 14: Double enzyme digestion identification of the overexpression vector pCAMBIA3301-
GmHsps_p23-like. M: DL2000 Marker; 1: Overexpression vector plasmid; 2–3: Double digested production
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3.5 Genetic Transformation of Soybean and PCR Detection of Transgenic Plants
Two sets of plant expression vectors were genetically transformed into soybean (JN18) by Agrobacterium-

mediated soybean cotyledon node method (Fig. 17), and the obtained transformed plants were subjected to
PCR detection. The results showed that 3 strains of the overexpression vector T0 generation soybeans were
positive. The transformation rate of the plants was 1.24%; 5 positive soybean plants of the T0 generation of
transgenic editing vector were obtained, and the positive rate was 2.11%. Subculture, the PCR detection
result was 14 plants, and 21 plants of T1 generation were obtained. In the artificial climate room, 21 and
13 T2 generation plants were planted in flower pots, and the PCR detection results obtained 17 and 11 T2

generation positive plants, respectively. The PCR detection results of each generation are shown in Fig. 18.
The amplified fragment showed the same size as the 552 bp of the bar gene.

Figure 15: PCR identification of overexpression vectors. M: DL2000 Marker; N: Negative control; 1–4:
PCR product. (a) Bacteria solution PCR; (b) Plasmid PCR

Figure 17: Soybean cotyledons transformation processes by Agrobacterium. (a) Seed germination; (b) Pre-
culture; (c) Infection; (d) Co-culture; (e) Selective culture; (f) Elongation culture; (g) Rooting culture; (h)
Seedling transplanting picture

Figure 16: Sequencing alignment results of the CRISPR-Cas9 vector
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3.6 T2 Generation Plant Southern Bloting Detection
Extract the genomic DNA from the leaves of the receptor material ‘JN18’ and T2 generations transfected

with overexpression vector PCR-positive soybean plants, digest them overnight with Hind III restriction
enzymes, select the Bar gene to prepare probes, and perform Southern Bloting detection. The results
showed that among the tested T2 generation transformed plants, three plants showed hybridization
signals, and their integration sites in the genome were different. (Fig. 19).

Figure 18: Detection of generation transgenic plants with Bar. M: DL2000 Marker; P: Positive control; N:
Negative control; 1–17: PCR product. (a-1) Detection of T0 generation transgenic overexpression vector by
PCR; (a-2) Detection of T0 generation transgenic CRISPR/Cas9 vector by PCR; (b-1) Detection of
T1 generation transgenic overexpression vector by PCR; (b-2) Detection of T1 generation transgenic
CRISPR/Cas9 vector by PCR; (c-1) Detection of T2 generation transgenic overexpression vector by PCR;
(c-2) Detection of T2 generation transgenic

Figure 19: Southern Bloting detection of transgenic plants. M: Southern marker; P: Positive control; N:
Negative control; 1–2: T2 transformed plants
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3.7 T2 Generation Transformed Plant Gene Editing Test
PCR (p23 S/p23 AS) primers were used to carry out PCR on the genomic DNA of CRISPR/Cas9 vector-

positive plants. The sequencing results of CR1-1 plants are shown in Fig. 20a. The mismatch mutation
occurred in the base of this locus. The sequencing results of CR1-2 plants are shown in Fig. 20b. It can
be seen that the bases at 119 bp and 130 bp were mismatched, and the target genes of the two transgenic
plants were edited by CRISPR/Cas9 vector.

3.8 T2 Fluorescence Quantitative PCR Detection of Plants
SYBR green was selected as the dye, and the expression level of GmHsps_p23-like gene in the leaves of

transgenic plants was detected by real-time PCR; the data were sorted into a column chart, as shown in
Fig. 21. As can be seen from the figure, the relative expression level of the trans-overexpression vector
plants was 343% and 188% of the control, which proved that the gene was over-expressed; while the
gene-edited target gene expression amount was 74.65% and 86.91% of the control. The expression level
was affected by a decrease.

3.9 Identification of Drought Resistance of Genetically Modified Soybean

3.9.1 Rehydration Experiment
Watering was resumed after 10 days of drought stress, and the growth of soybean plants before and after

observation was determined (Fig. 22). Transgenic plants (OV) were rapidly diastolic, fresh green leaves, and
drought stress had little effect on their growth status. Compared with the control group, the transfected
CRISPR/Cas9 vector (CR) showed no significant improvement in leaf curl, the plant was short, and
drought stress had a significant effect on its growth status. It indicated that the plants with transgenic

Figure 20: Sequencing peak map analysis. (a) CR1-1 sequencing results; (b) CR1-2 sequencing results
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overexpression after rehydration resumed normal growth, and the degree of damage to plants was low.
However, the plants transfected with CRISPR/Cas9 gene editing vector returned to normal growth slow,
and drought stress had a high degree of damage to plants. It preliminarily proved that the expression of
the GmHsps_p23-like gene can improve the drought resistance of soybean.

3.9.2 Detection of Physiological and Biochemical Indicators Related to Drought Resistance
The physiological and biochemical indicators related to drought resistance of superoxide dismutase

(SOD), peroxidase (POD), malondialdehyde (MDA)and proline Acid (PRO) were detected by kit method
(Suzhou Keying Biotechnology Co., Ltd., China). The superoxide dismutase (SOD) and peroxidase
(POD) activities and the proline Acid (PRO) content of the transgenic plants were significantly increased
after drought stress (Fig. 23). However, the increase of malondialdehyde (MDA) content under drought
stress was not significant. Actively coping with alleviating the adverse oxidation reaction caused by
drought stress, and having a strong drought resistance; the physiological and biochemical indicators of
soybean plants transgenic editing vector showed that the plants were affected by drought; the degree of
cell damage was obvious, and the plants were highly affected by drought and plant drought resistance
decreased.

Figure 22: Rehydration test. JN18: acceptor soybean plants; OV: Trans-overexpression vector plants; CR:
Trans-CRISPR/Cas9 vector plants

Figure 21: Relative expression level of GmHsps_p23-like gene
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4 Discussion

Drought has been considered as the most important factor limiting soybean yield among various abiotic
stresses such as high temperature, salinity, heavy metals, and freezing damage. The study of Hsps in
soybeans have been carried out for many years. Different types of Hsps have been cloned in soybeans
and their functions have been studied. Overexpression of the GmHsf-34 gene enhanced drought and heat
tolerance in Arabidopsis (Arabidopsis thaliana) plants [18]. By constructing the Hsp17.4 gene
overexpression vector and RNAi interference vector were constructed respectively, and the relevant
indexes were measured after genetic transformation of soybean. It was concluded that soybean Hsp17.4
gene was associated with high temperature resistance of soybean and could improve heat tolerance [19].
Studies on the GmHsp90A2 gene showed that the heat tolerance of the transgenic soybean was higher
than that of the receptor control. The transgenic soybean materials with higher chlorophyll content and
lower Malondialdehyde (MDA) content showed an increased tolerance to heat stress [20]. More and more
studies have shown that the expression of heat shock protein family genes can improve the ability of
plants to resist drought and heat.

CRISPR/Cas9 gene editing technology has been applied in many fields. Compared with other gene
editing technologies, this technology has many advantages such as simple and feasible experiments,
precise editing of target sites, and the ability to edit multiple target sites. For example, by editing the
OsSWEET14 promoter improved the resistance of rice to bacterial leaf blight [21]. Using CRISPR/
Cas9 technology, editing soybean GmFAD2-1A to obtain pure mutants proved that the GmFAD2-1A gene
is a key gene in oleic acid metabolism [22]. In this paper, aiming at the soybean GmHsps_p23-like gene,
a CRISPR/Cas9 plant expression vector was constructed, and U6 dicot plant promoter was used to guide
the expression of gRNA sequence. The cloning of soybean GmHsps_p23-like gene and the analysis of
drought resistance function had not yet been reported. Soybean GmHsps_p23-like gene has three
conserved domains, ACD-ScHsp26-like, HSP20, and IbpA. It belongs to a typical sHsps and has the
related function of sHsps. It is speculated that the expression of this gene is related to plant drought
resistance. In-depth research on it can be used as a candidate gene for soybean drought and stress
resistance molecular breeding. In this experiment, the soybean GmHsps_p23-like gene was successfully

Figure 23: Detection of physiological and biochemical indicators related to drought resistance at different
times (a) SOD activity (b) PRO content (c) POD activity (d) MDA content
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cloned, and an overexpression vector and a gene editing vector were constructed. Agrobacterium-mediated
genetic transformation of soybeans was used to obtain transgenic soybean plants, and PCR and Southern
hybridization techniques were used for plant identification. The T2 generation positive transgenic soybean
plants identified by PCR and Southern hybridization were tested by RT-PCR, a rehydration experiment,
and drought resistance physiological and biochemical indicators. The results showed that the
overexpression vector plant GmHsps_p23-like gene expression increased significantly. After rehydration,
the transgenic overexpression plants returned to normal growth, and the damage to the plants was low.
After drought stress, the SOD, POD activity and PRO content of the transgenic overexpression plants
increased, while the MDA content decreased. The reverse was true for soybean plants with genetically
modified editing vectors. Under drought stress, the drought resistance of overexpression soybeans was
higher than that of the control group. It shows that the transgenic plants have strong drought resistance.
The results showed that the overexpression vector plant in soybeans verified that the expression of this
gene can improve soybean drought resistance, which is consistent with previous research results on heat
shock protein family genes. It shows that this gene can be used as a candidate gene for soybean drought
resistance breeding. In this experiment, there were differences in drought resistance between different
transgenic strains. It may be due to the different insertion sites and post-transcriptional regulation of the
target gene in the recipient genome. Therefore, it is necessary to continue screening and exploring high-
generation materials, and the protein expression level needs further study.
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