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Abstract: The fatty acid dehydrogenase gene plays an important role in regulating the oleic acid content in soybean. Genome-wide association study screened out soybean oleic acid related gene Gm15G117700. A fragment size of 693bp was obtained by PCR amplification of the gene and, it was connected by seamless cloning technology to the pMD18T cloning vector. Based on the gene sequence cloned, bioinformatic analysis of gene protein was performed. The overexpression vector of Gm15G117700 and the CRISPR/Cas9 gene editing vector were constructed. The positive plants were obtained by Agrobacterium-mediated transformation of soybean cotyledon nodes and T2 plants were identified by conventional PCR, QT-PCR and Southern blot hybridization. 10 copies of high and low oleic acid seeds were selected for QT-PCR to identify the expression content of Gm15G117700 gene in different soybeans, and finally near-infrared spectroscopy analyzer was used to identify the oleic acid quality of soybeans. T2 RT-PCR identification showed that overexpression was reduced by 3.94%, and gene editing was increased by 3.49%. It is determined that the Gm15G117700 gene may belong to a regulatory gene, a minor gene that can promote the conversion to linoleic acid content in soybean oleic acid synthesis. The gene cloning and its functional verification was not reported yet. This is the first report by PCR amplification of soybean Gm15G117700 genes and gene expression vector. Improving the content of oleic acid in soybean lay a foundation for researchers. Therefore;this study clearly identified the function of soybean Gm15G117700 gene and its role played in oleic acid synthesis and metabolism.
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1  Introduction

Soybean [Glycine max (L.) Merr] is one of the economically important oil crop with high quality vegetable oil. China is considered to be the origin and diversity of soybeans [1]. Many of the vegetable oils and protein ingested by the human body are derived from soybeans. With the improvement of the economy and quality of life, people are not only pursuing enough food, but also focusing on quality and health. Therefore, people’s pursuit and demand for high quality soybean are increasing. So, cultivating high quality soybean in soybean breeding is one of the important goal. Soybean oil is one of the main edible oils in the world, accounting for 1/3 of the global total [2]. Soybean mainly contains five major fatty acids, almost constituting all fats and oils. Its composition consists of 12% palmitic acid (16:0), 4% stearic acid (18:0), 21% oleic acid (18:1), 53% linoleic acid (18:2) and 8% linolenic acid (18:3) [3]. Unsaturated fatty acids mainly contain linoleic acid, linolenic acid, and oleic acid whereas saturated fatty acids mainly contain stearic acid and palmitic acid. Saturated fatty acids are less healthy for the human body and are not easily absorbed by the human body, causing obesity and cardiovascular disease [4]. Linolenic acid and linoleic acid have poor stability and weak oxidation resistance. They are easy to be oxidized when exposed to air and high temperature processing. Their nutritional value is affected, which reduces the quality of oleic acid. In industry, hydrogenation can be used to avoid this phenomenon. The side effects are trans fatty acids, which are harmful to health [5]. Oleic acid is stable in nature and has strong antioxidant capacity. The proportion of fatty acids was adjusted to increase unsaturated fatty acids and decrease saturated fatty acids. In unsaturated fatty acid, the content of oleic acid increases, and the content of linoleic acid and linolenic acid decreases, which will improve the quality of soybean fatty acid. At present, the improvement of soybean oleic acid content has become one of the most important goals in breeding. A large number of studies have shown that oleic acid can effectively reduce blood pressure and cholesterol content in plasma [5–7]. As Mediterranean people have more foods rich in oleic acid in their diet, the incidence of cerebrovascular disease (CVD) is much lower than that of people in European countries [8,9], so it can be seen that long-term consumption of oleic acid can improve the incidence of CVD.

The biosynthesis of fatty acids takes place jointly in the cytoplasm and endoplasmic reticulum in plants, and mainly in the cytoplasm in animals [10]. Sucrose as a carbon source for biosynthesis, through EMP(Embden-Meyerhof-Parnas pathway) approach breaks down sugar into important intermediate metabolites. Pyruvic acid, the process takes place in the cytoplasm. After the catalysis of pyruvate dehydrogenase form the three important energy carbohydrate, protein, lipid intermediate metabolite acetyl COA. Acetyl COA as a precursor of the synthesis of fatty acids, transported to the cytoplasm corresponding position. Acetyl COA carboxylase—catalytic formation of Malonyl-COA under the effect of fatty acid synthase, catalytic synthesis of acyl chain, is a the process every time increase 2 carbon. The process is con-tinuous, until 16 to 18 carbon (16:0/18:0) catalyzed by desaturase. Saturated fatty acids generate unsaturated fatty acids like oleic acid, linoleic acid and linolenic acid. Under the effect of deltaΔ12-fatty acid dehydrogenase catalyzed, oleic acid (18:1Δ9,12) dehydrogenase polyunsaturated fatty acid linoleic acid, linoleic acid in deltaΔ15-fatty acid dehydrogenase generated linolenic acid under catalysis (18:3Δ9,12,15) [11]. Stearic acid in soybean fatty acids is the precursor of oleic acid, which is regulated by the only soluble desaturase, and it is stearoac-ACP-desaturase (SACPD) gene family. SACPD plays a major role in metabolic regulation [12] and can increase the content of oleic acid through overexpression of SACPD gene family. In fatty acid biosensation, the catalytic conversion of stearic acid (18:0) to oleic acid (18:1) by the protein encoding stearyl (SACPD), the defects of npr1–5 (ssi2) mutant and the ASCPD gene encoding the salicylate insensitive inhibitor have been confirmed in a variety of plant genomes [13,14]. Linoleic acid is the downstream of oleic acid biosynthesis, which is controlled by the main regulatory gene fatty acid dehydrogenase (FAD2) gene family. The inhibition of the gene of FAD2 gene family can achieve the purpose of increasing oleic acid content. The variation of oil content in soybean is subject to genetic additive effect, and there are both superior and dominant effects [15].

In the laboratory early in the spring, 260 soybean germplasm resources for whole genome sequencing association analysis (GWAS) [16] were used to select Gm15G117700 genes involved in soybean oleic acid. Oleic acid biological metabolism of the gene of the mechanism is not clear. By using agrobacterium mediated transformation of soybean cotyledon section was restrain the carrier, and the expression vector into soybean to obtain T2 seeds and verified by the conventional PCR, Southern blot hybridization and QT-PCR. 10 copies of high and low oleic acid seeds each was used for QT-PCR to identify the level of Gm15G117700 gene expression in different soybeans. Near infrared spectrum analyzer was used to measure soybean oleic acid content change, to explore the soybean Gm15G117700 gene function.The effect on the quality of the oleic acid modified laid a certain foundation.

2  Materials and Methods

2.1 Plant Materials and Carriers

In this experiment, plant materials such as soybean JN28, JN38, Escherichia coli DH5, Agrobacterium EHA105 and overexpressing pCAMBIA-3301 were used which were provided by the Biotechnology Center of Jilin Agricultural University.

2.2 Experimental Reagents

The main reagents and their commercial sources were listed in Tab. 1. Gene primers for synthesis and sequencing were provided by Kumei Biotechnology Company (Changchun, China).

Table 1: Main reagents and sources
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2.3 Genomic DNA Extraction

The young leaves of soybean JN28 after three leaf stage were extracted by DNA kit produced by Kang Wei Reagent Company (Jiangsu, China). The quality (purity and concentration) of the extracted genome was measured by nucleic acid protein detector and used as the template for subsequent tests. The leaves were stored at –20°C for later use.

2.4 Cloning of Soybean Gm15G117700 Gene

Nucleotide sequences of oleic acid regulatory genes screened in the laboratory in the early stage were used to design upstream and downstream primers 8A/8As (Tab. 2). The PCR system was 25 μL: template 2 μL, upstream primers 1 μl, down-stream primers 1 μL , ddH2O7.5 μl and PCR master mix 12.5 μL. PCR conditions were: pre-denaturation at 95°C, denaturation at 95°C,annealing at 58°C, extension at 72°C, and extension at 72°C for 5 min, 35 s, 40 s, 30 s, 8 min respectively about 35 cycles. After PCR amplification, 1.0% agarose gel electrophoresis was used to identify the position and purpose stripe bands of DNA. Gel recovery on purpose using cloning technology, seamlessly connected PMD18-T-Gm15G117700. Heat shock method was used to connect the product into DH5 alpha coated board, at 37°C for 15 h. Extraction of plasmid sent to Changchun kumei of Jilin province biotechnology laboratory company for DNA sequencing.

Table 2: Primer sequences used in this experiment
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2.5 Sequence Analysis of Target Genes

To conduct sequence analysis of target genes, different softwares like, SignalP analyzing protein signal peptide and PSORT II analysis of protein subcellular localization were used. In addition, ProtScale, TMHMM Server 2.0, NetPhos, SOPMA and Swiss-Model was used to analyze hydrophobicity and hydrophilicity of protein, the protein transmembrane, the protein phosphorylation site, the secondary structure of the protein and the tertiary structure of the protein, respectively.

2.6 Construction and Identification of Overexpression Vectors

Using the Bgl II and Bste II pCAMBIA-3301 empty carrier for double enzyme linearization pCAMBIA-3301 empty carrier was used. PMD18-T-Gm15G117700 was used as a template to amplify the target fragment specifically by PCR. After 1.5% agar gel electrophoresis, the linearized target fragment (693 bp) was purified by DNA purification kit and connected by seamless cloning kit to obtain the overexpression vector of soybeanGM15G117700 gene. The overexpression vector was transformed into the receptive state of E. coli by heat shock method, which was screened using LB petri dishes with Kanamycin. After screening, single colonies were selected and shaken by LB petri dishes with Kanamycin liquid medium. DNA plasmids were extracted, and double enzyme digestion was performed for identification and in order to confirm whether the target gene was successfully connected to the pcambia-3301 vector (Fig. 1).
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Figure 1: Soybean GM15G117700 gene overexpression vector structure

2.7 CRISPR/Cas9 Gene Editing Vector Target Information

The target gene GM15G117700 for CRISPR/Cas9 gene editing uses single-gene double-target knockout. The two target sequences are target 1: TCTCTGACAGATTTTGAAGGTGG, target 2: TATGGTTGAAGAACAACAAGGGG, where target 1 is on the sense strand and target 2 Targeted editing of the target gene on the antisense strand (Fig. 2).
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Figure 2: Target information of CRISPR/Cas9 gene editing vector

3  Results

3.1 Objective Gene Cloning

The nucleotide sequence of soybean oleic acid related gene Gm15G117700 was obtained by designing with specific Primer 5.0 and the target fragment was amplified by PCR. The fragment was obtained by 210 V, 100 mA and 1% agar gel electrophoresis, and 693 bp fragment was found (Fig. 3). Which was consistent with the expected fragment. It was preliminarily considered that fragment was the target fragment.
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Figure 3: PCR products of GM15G117700 gene in soybean. Note: M: DL2000 DNA Marker 1–6:PCR products

The specific target band was recovered by DNA purification kit, and the method of seamless cloning was used to connect the purified target fragment DNA with pmD-18T vector through the method of seamless cloning by using seamless cloning kit. Carrier of the heat shock method connect seamlessly cloned into DH5 alpha, get into the bacterium fluid, containing Ampicillin with LB medium conditions, extraction of plasmid DNA in bacteria liquid, specific primers biological sequencing. Using DNAMNA sequence alignment analysis software with the purpose gene the result shown homology comparison analysis of homologous rate of 100% (Fig. 4). The gene was successfully cloned by gene sequence alignment analysis.
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Figure 4: Comparison of Gm15G117700 gene sequencing results

3.2 Nucleotide Sequence Analysis of Target Genes

By Blast analysis and search on NCBI website, the nucleotide sequence of soybean gene fragment was obtained. It was found that the homology of this gene with Gm15G117700 gene was up to 100%, so it can be inferred that Gm15G117700 gene was successfully cloned (Fig. 5).
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Figure 5: The predicted result of target gene

3.3 Signal Peptide Prediction and Subcellular Localization of Soybean Gm15G117700 Protein

The protein signal peptide can be predicted by online analysis of Signalp (Fig. 6). The protein encoded by the gene Gm15G117700 is a non-secretory protein, and the localization of the protein Gm15G117700 subcell is studied by using the online website PSORT II (Fig. 7), which contains 65.2% in the cytoplasm, indicating that the protein in the gene Gm15G117700 may play a major role in the cytoplasm.
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Figure 6: Gm15G117700 protein signal peptide prediction
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Figure 7: Subcellular localization of protein of soybean Gm15G117700 gene

3.4 Soybean Protein Hydrophobicity, Hydrophilic Research and Transmembrane Domain Structure Prediction

The hydrophobicity and hydrophilicity of proteins were studied and analyzed with ExPASy-ProtScale software, and Hphob/Kyte&Doolittle were used as the prediction criteria (Fig. 8). There were many high peaks, among which the amino acids at positions 31–38, 78–87, 119–126 had obvious hydrophobic regions, and the value of amino acid at the 34th position was the largest, 2.333, where the hydrophobicity was the strongest. The value of amino acid at 143,144 was the lowest, –3.156, where hydrophilicity is the highest. The whole polypeptide chain was composed of 28% hydrophobic amino acids and 72% hydrophilic amino acids. The overall expression was hydrophilic. It was found that the protein of Gm15G117700 gene was a soluble protein. According to the online study of TMHMM Server 2.0, the protein transmembrane region was predicted (Fig. 9). The protein of soybean Gm15G11770 has a transmembrane structure, which is a transmembrane protein and migrates in the cell. TMpred Server software was used for the prediction analysis of transmembrane region (Fig. 9). According to the ordinate value in the figure, when the value exceeds 500, it can be considered as a structural domain containing transmembrane. It is shown in Fig. 10 that this gene protein has a transmembrane structure, which is a transmembrane protein and migrates in the cell.
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Figure 8: Hydrophobic and hydrophilic analysis of Gm15G117700 protein
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Figure 9: Prediction of protein transmembrane structure domain (TMpred Server)
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Figure 10: Transmembrane region prediction of Gm15G117700 protein (TMHMM Server)

3.5 Study on Protein Phosphorylation Sites of Soybean GM15G117700 Gene

Using NetPhos software, protein sequence phosphorylation sites (Fig. 11) were analyzed. Gm15G117700 protein 29 potential phosphorylation sites, including two tyrosine (Tyr), 12 threonine (Thr), 15 serine phosphorylation site (Ser) were identified.
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Figure 11: Gm15G117700 gene protein phosphorylation site research (NetPhos)

3.6 Protein Structure Analysis of Soybean Gm15G117700 Gene

Using SOPMA online analysis, Gm15G117700 gene encoding amino acid sequences and protein secondary structure prediction were analyzed (Fig. 12). Gm15G117700 gene encoding protein composition consists of four parts, the alpha helix (59.57%), extend chain (14.78%), beta angle (3.04%), and no rules curly (22.61%). Alpha helix of ratio was the largest proportion of the second random curl whereas the least percentage was beta around the corner. Thus alpha helix and random curl play an important guiding role in gene function.

SWISS–MODEL software was used for Gm15G117700 gene to sequence amino acids and protein tertiary structure (Fig. 13) which contains alpha helix, extending chain and beta curly angle, but no rules. Consistent with the protein secondary structure prediction, and Gm15G117700 gene encoding protein and the protein three-dimensional structure of the database in Arabidopsis homology as high as 55%.
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Figure 12: Secondary structure for protein encoded by soybean Gm15G117700 (A) α-helix (B) extended chain (C) random coil (D) β-turn
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Figure 13: Tertiary structure for protein encoded by soybean Gm15G117700

3.7 Construction and Verification of Overexpression Vector

Through CE design software for pCAMBIA3301 empty carrier gene Gm15G117700 sequence designed and purpose, find out the appropriate enzyme loci Bgl II and BstE II, pCAMBIA3301 double enzyme linearization. The Gm15G117700 gene overexpression vector was obtained by connecting the two linearized fragments with the seamless cloning kit, and the double enzyme digestion was used to verify whether the carrier was successfully connected. The target fragment with a fragment size of 693 bp and the vector fragment with an action size of about 9500 bp were obtained (Fig. 14), which were consistent with the prediction, indicating that the soybean Gm15G117700 overexpression vector was successfully constructed.
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Figure 14: Double restriction digestion verification of overexpression vector. Note: M: DL2000 DNA Marker P: Plasmid 1: Enzyme digestion product

3.8 CRISPR/cas9 Gene Editing Carrier to Build, Test and Verify

Using BGK053 as the basic vector skeleton, Oligo sequence was designed and Oligo dimer was prepared using online software for the target site. The Gm15G117700 gene editing vector was constructed using kit method. Due to the presence of anti-glyphosate screening sites on the vector, PCR specific amplification was performed as shown in Fig. 15, and the soybean Gm15G117700 expression inhibiting vector was successfully constructed.
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Figure 15: Verification of interference expression vector. Note: M: DL2000 DNA Marker 1–3: bar gene

3.9 CRISPR/Cas9 Gene Editing Mutation Sites

CRISPR/Cas9 gene-edited soybean mRNA was extracted and reverse transcribed cDNA. Specifically the band of interest amplified, then, gel-purified, and sent it to Kumei Biotech Company for sequencing. DNA man softwarewas used to compare sequences. On target 1, one mutation site (T changed to C) and 2 mutation sites on target 2 (G changed to A) were found (Fig. 16). Suggesting, new mutation were found.
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Figure 16: CRISPR/Cas9 gene editing mutation site

3.10 PCR Identification of Transgenic T2 Plants

Plant DNA extraction kit for T2 positive soybean was used. DNA genome was extracted from untransformed plants as CK control group and CK ddH2O as negative control. The Escherichia coli containing the target gene was stored in the –80°C refrigerator. The constant temperature was 37°C, the bacteria were propagated and the plasmid was extracted as the positive control. Marker genes of 35S promoter, NOS terminator,and Bar were screened for PCR identification (Fig. 17), and 6 overexpressed positive plants and 5 suppressed expressed positive plants were obtained.
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Figure 17: A, B, and C are the over-expression bar, 35 s, and Nos gene. Note: M: DL2000 DNA Marker; P: Plasmid (positive control); N: H20; CK: untransformed plants 1–5 transformed plants

3.11 Southern Blot Hybridization Identification of T2 Transgenic Plants

Plasmid containing the purpose gene as the positive control group was constructed. CK in the control group, ddH2O negative control group, Bgl II restriction enzymes, were used using filter Bar marker genes as molecular probes to Southern Blot hybridization detection. The result indicates that there was no hybridization signal in the control group. 4 of the 6 strains showed significant hybridization signal in the overexpression and all of which were single copies (Fig. 18(A)), and 4 of the 5 strains with inhibited expression vectors showed hybridization signal, all of which were single copies (Fig. 18(B)), indicating different integration sites of the introduced genes in the genome.
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Figure 18: Southern Blot hybridization of T2 transgenic plants. Note: M: Southern dedicated Marker; P positive control; CK untransformed plants; A1-4 overexpression plants; B1-4 suppression expression plants

3.12 T2-generation Plants QT-PCR Identification

T2 transgenic soybean seed mRNAwas extracted. Oligo (dT), reverse transcription cDNA, cDNA template for PCR amplification were used. The result showed that the expression level of Gm15G117700 overexpressed plants were about 2.4 times that of CK (untransformed plants), and the expression level of gene edited plants was about 0.5 times that of CK (Fig. 19). The results were the same as expected, and the transformation was successful.
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Figure 19: QT-PCR identification of T2 generation plants

3.13 QT-PCR Identification of Different Tissues of T2 Generation Plants

DNA was extracted from the roots, stems, leaves and seeds of T2 transgenic plants. DNA was used as a template to specifically amplify gene and β-actin was used as an internal reference gene. The over-expression in the roots, stems, leaves and seeds of the plant were found. The relative expression levels in the roots, stems, leaves and seeds were found to be 1.60, 1.60, 1.32, 2.40, respectively. The relative expression levels of CRISPR/Cas9 in plant roots, stems, leaves and seeds were 0.40, 0.30, 0.20, and 0.50, respectively (Fig. 20).
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Figure 20: (A) Overexpression in roots, stems, leaves and seeds. (B) CRISPR/Cas9 expression content in roots, stems, leaves and seeds

3.14 Identification of High and Low Oleic Acid Soybean and New Gene Soybean QT-PCR

The whole genome sequencing (GWAS) of 260 spring soybean germplasm resources was performed to select 10 soybeans with high oleic acid content and 10 soybeans with low oleic acid content. Fluorescence quantitative analysis (QT-PCR) was performed on 10 soybeans with high and low oleic acid content and overexpressed new genes. High oleic acid in soybean relative expression of the gene is low. The relative expression quantity was below 1.50 (Fig. 21(A)). Low oleic acid soybean expression of the genes with high content in the highest relative expression is 1.80 (Fig. 21(B)), which can presumably the genes may promote oleic acid in the acid metabolism to linoleic acid to synthesize a kind of regulatory gene. The gene expression in high oleic acid soybean volume is relatively low. Low oleic acid in soybean has shown relatively high amount of gene expression.
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Figure 21: (A) High oleic acid germplasm and new gene QT-PCR (B) Low oleic acid germplasm and new gene QT-PCR

3.15 Gm15G117700 Gene Identification of Oleic Acid Content

The quality and characters of soybean T2 seeds were identified by near-infrared spectrum analyzer. Palmitic acid, stearic acid, oleic acid, linoleic acid and linolenic acid were measured in 6 overexpressed plants and 5 CRISPR-Cas9 gene edited and expressed plants. Each seed was measured three times and the average value was taken to ensure the accuracy of the data (Tab. 3). There is no change in palmitic acid content from the data. There was no significant change between the overexpression vector and CK in the content of stearic acid, while the content of gene editing vector was increased by 2.51%. The overexpression vector on oleic acid content was 3.94% lower than on average CK. The gene editing vector was 3.49% higher on average than CK. The content of linoleic acid in the overexpression vector increased by 1.7% and the gene editing vector decreased by 5.61%. The change of linolenic acid content is not obvious. Thus it can be seen that Gm15G117700 gene may play a positive regulation role in the synthesis of linoleic acid. In the FAD2 family, this gene acts as an enhancer, and the content of oleic acid is increased only when the expression of Gm15G117700 gene is inhibited.

Table 3: Determination of soybean fatty acid content
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4  Discussion

Oleic acid is listed as a safe fatty acid in nutrition. Studies have shown that ingestion of large amounts of polyunsaturated fatty acids (linoleic acid, linolenic acid) and saturated fatty acids (stearic acid, palmitic acid, etc.) may have negative effects on the body [17]. Excessive intake of saturated fatty acids is prone to hypertension, coronary heart disease and cardiovascular diseases [18]. Both linoleic and linolenic acids are essential fatty acids. Can produce both beneficial and harmful cholesterol levels, which can ac-celerate atherosclerosis [19]. As for the treatment of polyunsaturated fatty acids, hydrogen reaction can be adopted in industry to make them more stable, which is not easy to be oxidized by air and has excellent stability. However, trans-fatty acids are produced, which will increase the content of cholesterol harmful to health [20]. Trans fatty acids may cause the occurrence of cardiovascular diseases (coronary heart disease, etc.) [21]. Oleic acid can reduce low-density lipoprotein in human blood, while high-density lipoprotein will not be affected. It can slow atherosclerosis and prevent cardiovascular diseases [22]. So oleic acid is very good for health, the body can’t absorb trans fatty acids, it can absorb the cis-fatty acid structure. Natural oleic acid is a fatty acid that contains only cis-structured fatty acids and is important in metabolism and in improving the elasticity of blood vessels. The human body can conduct its own biosynthetic oleic acid, but sometimes it cannot meet the demand, so it needs to absorb from the outside food. The high quality oil in food oil contains food oil which is easy to process, is not easy to be oxidized under high temperature, and avoids industrial hydrogenation, such as monounsaturated fatty acid and high proportion of oleic acid.

There were no reports about soybean oleic acid Gm15G117700 gene cloning and functional analysis. This experiment was successfully cloned and early genetic correlation analysis of oleic acid soybean gene Gm15G117700 identified by NCBI database. To identify gene Gm15G117700, the purpose gene was cloned. The gene of signal peptide and protein subcel-lular localization, hydrophobicity, hydrophilicity, protein phosphorylation sites, the secondary and tertiary structure prediction analysis were performed. Presumably the genes may be associated with soybean oleic acid. For the construction of gene vectors (the expression vector and gene editing carrier construction), agrobacterium mediated transformation method were applied and the transgenic plants were generated. The conventional PCR, Southern blot hybridization and RT-PCR were used for T2 plant identification. Ten varieties of high and low oleic acid soybean were selected from spring soybean. RT-PCR was per-formed to identify the new gene expression quantity of Gm15G117700, and then the function of this gene was preliminarily determined. Conventional PCR preliminarily verified and the gene was transferred into the soybean genome. Southern blot hybridization result showed that the gene was a single copy in both overexpressed plants and disturbed the expression plants. The overexpressed vector plants in RT-PCR seeds were about 2.4 times as much as those in CK control group, and the gene editing vector plants were about 0.5 times CK. Ten varieties of soybeans with high and low oleic acid were selected and RT-PCR was conducted. The results showed that Gm15G117700 gene expression was very low in soybeans with high oleic acid, while it was high in soybeans with low oleic acid. This result proving that this gene had a synergistic effect with FAD-2 gene. Then by using near infrared spectrum analyzer the content of fatty acid in soybean change was determined. Overexpression of oleic acid content in seeds were 3.94% while gene editing oleic acid content in seeds increased by 3.49%. This result suggests that,Gm15G117700 gene may be a regulatory gene, which can promote the conversion of linoleic acid content in the synthesis of olic acid in soybean. This findng lay a certain foundation for further analysis of the function of Gm15G117700 gene.
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