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Abstract: Soybean oleic acid content is one of the important indexes to evaluate the quality of soybean oil. In the synthesis pathway of soybean fatty acids, the FAD2 gene family is the key gene that regulates the production of linoleic acid from soybean oleic acid. In this study, CRISPR/Cas9 gene editing technology was used to regulate FAD2 gene expression. Firstly, the CRISPR/Cas9 single knockout vectors GmFAD2-1B and GmFAD2-2C and double knockout vectors GmFAD2-2A-3 were constructed. Then, the three vectors were transferred into the recipient soybean variety Jinong 38 by Agrobacterium-mediated cotyledon node transformation, and the mutant plants were obtained. Functional analysis and comparison of the mutant plants of the T2 and T3 generations were carried out. The results showed that there was no significant difference in agronomic traits between the CRISPR/Cas9 single and double knockout vectors and the untransformed CRISPR/Cas9 receptor varieties. The oleic acid content of the plants that knocked out the CRISPR/Cas9 double gene vector was significantly higher than that of the single gene vector.

Keywords: Soybean; FAD2 gene family; CRISPR/Cas9; oleic acid content



1  Introduction

Soybean oil is the main source of human edible vegetable oil and the largest vegetable oil for food in the world after palm oil [1]. It is also an indispensable part of people’s healthy daily life. The most important determinant of soybean oil quality is fatty acid composition and the proportion of soybean fatty acid determines the quality of soybean oil. Soybean fatty acid is mainly composed of palmitic (C16:0), stearic (C18:0), oleic (C18:1), linoleic (C18:2) and linolenic acids (C18:3) [2]. As a monounsaturated fatty acid, oleic acid has strong antioxidant activity and high stability [3]. It has also a health effect by lowering cholesterol, blood lipids and maintaining a high density of lipoprotein [4]. Soybean oil improvement is one of the important concerns of soybean chemical quality improvement, mainly by reducing the ratio of palmitic acid to linolenic to increase the ratio of linoleic acid to oleic acid [5]. Its high oleic acid content plays a significant role in improving the stability and nutritional quality of soybean edible oil [6]. This is because oleic acid concentration is only 20% and linoleic acid concentration is 55%. Increasing oleic acid content and reducing linoleic acid content is an important goal of soybean breeders.

Composition of soybean fatty acids is mainly regulated by the FAD2 gene family. In the metabolic pathway of soybean, saturated fatty acids are desaturated to form unsaturated fatty acids, such as oleic, linoleic and linolenic acids, under the catalysis of various desaturases. Among them, under the catalysis of the fatty acid dehydrogenase (FAD2 enzyme), and the oleic acid dehydrogenates to polyunsaturated linoleic fatty acid [7]. The activity of the FAD2 enzyme is the main factor affecting the synthesis of various unsaturated fatty acids in plants, and FAD2 gene is the coding gene of FAD2 enzyme. Therefore, the FAD2 gene is the key gene to control the conversion of oleic to linoleic acid [8]. It directly determines the proportion of fatty acid components and plays an important role in fatty acid metabolism. The regulation of the function of the FAD2 gene family can change the composition of soybean oleic acid. At present, FAD2 genes have been cloned on other studies in peanut, cotton, perilla, and Camellia oleifera plants [9–13]. Combs used RNAi technology to inhibit the expression of FAD2-2 genes in soybean seeds and obtained 81.9% transgenic soybean with oleic acid content [14,15]. Demorest and his collegues used TALENs technology to target GmFAD2-1A and GmFAD2-1B genes in soybean and knock out them. In the offspring of homozygous mutants, it was found that the fatty acid content of seeds changed, the oleic acid concentrations increased from 20% to 80%, and the linoleic acid concentration decreased from 50% to 4% [16]. Therefore, in the synthesis pathway of soybean fatty acids, the genes of the FAD2 gene family play an important role in reducing the formation of linoleic acid by inhibiting the expression of each gene in the FAD2 gene family, thus increasing the content of oleic acid. This provides a molecular basis for the cultivation of high oleic acid soybean.

CRISPR/Cas9 gene editing technology is a favorable tool to control gene expression. It has been applied to maize, rape, soybean, Arabidopsis, rice and other crops, which has brought new opportunities in the field of plant gene manipulation [17–21].

2  Materials and Methods

2.1 Materials

The plant material soybean Jinong 38 was provided by the Plant Biotechnology Center of Jilin Agricultural University. In the growth cycle, Jinong 38 has early maturity, good lodging resistance, higher oil content among all local varieties and good adaptability. Therefore, we chose this material to carry out our experiment.

2.2 Construction of CRISPR/Cas9 Carrier

The gRNA target sites of genes were designed by the CRISPR-P website (http://crispr.hzau.edu.cn/CRISPR2/), and the CRISPR/Cas9 vector was constructed in the Biogle Biotechnology Company by using the CRISPR/Cas vector.

2.3 Genetic Transformation

We transferred the constructed CRISPR vector plasmid into the soybean Jinong 38 cotyledon node by using the Agrobacterium-mediated method. First, seeds with uniform size were selected and sterilized with 5 mL concentrated hydrochloric acid (12.27 mol/L) and 25 mL sodium hypochlorite (25.54 mol/L) for 16 h. Three days after germination, the cotyledon nodes of the germinated seeds were cut in half on the aseptic operating platform, pre-cultured for three days, and co-cultured with Agrobacterium tumefaciens for three days. The primary screening was performed after 15 days, and 1 mg/mL herbicide was used on the second screening for 15 days. The selected callus was transferred to an elongation medium and it was cultivated for 15 days. Then, it was transferred to a root induction medium until the root system was strong and well-developed. Thereafter, the seedlings were refined and transplanted, and the generation was increased indoors to obtain the gene-edited soybean offspring.

2.4 Genome Extraction and PCR Detection

The first group of three composite leaves of soybean V1 was selected as the material for extracting the soybean genome. The NuClean Plant Genomic DNA Kits were purchased from the Beijing ComWin Biotech Co., Ltd., China; we followed the company’s instructions for extraction. The primer 5.0 (Primer design software) software was used to mark the Bar specificity primer and Cas9 primer screening. The specific primers for the Bar gene were S: TCAAATCTCGGTGACGGGC, and AS: ATGAGCCCAGAACGACGC, the annealing temperature was 58°C. The specific primers for the Cas9 gene were S: CCCAAGAGGAACAGCGATAAG, and AS: GTCGATGGTGGTGTCAAAGT, and the annealing temperature was 64°C.

2.5 Detection of Target Mutations in Mutant Plants

From the T2 gene-edited offspring seeds obtained by the Agrobacterium-mediated cotyledon node method, 5 plants for each knockout vector were randomly selected for sequencing, and comparison with the target sequence of unmutated plants.

2.6 Fluorescence Quantitative PCR Detection in the Gene Editing Offspring

RNAiso Plus kits (TaKaRa) were used to extract the total RNA of soybean roots, stems, and leaves that were positive by PCR in the T2 and T3 generations. RNAlater® kit (Thermo Fisher, AM7020, China) was used to reverse transcribed into cDNA. Prime-ScriptTM RT Master Mix (Fermentas) reagent was used for qRT-PCR amplification. The amplification conditions were: 94°C pre-denaturation for 4 min; 94°C denaturation for 10 s; 60°C annealing and extension for 40 s; 40 cycles. The 2-ΔΔCT calculation method was used to analyze the expression and relative expression of the target gene and it was repeated twice, the average value was taken.

2.7 Determination of Fatty Acid in Gene Editor’s Fluxes

NIRSTM DS 2500 (Foss, Hillerod, Denmark) was used to determine the contents of oleic acid and four other fatty acids (stearic, palmitic, linoleic acid and linolenic acids) in transgenic soybean seeds after harvesting.

2.8 Analysis of Agronomic Characters in the Gene-Editing Generation

The agronomic traits and phenotype analyses of the gene-edited progeny plants were conducted. Investigate the leaf shape, flower color and growth period of the plant. After the plant matures, investigate and measure the plant height, number of main stem nodes, number of branches per plant, seed coat color and seed umbilicus color. Finally, SPSS 23.0 was used to analyze the data.

3  Results

3.1 Construction of the CRISPR/Cas9 Carrier

CRISPR/Cas9 vectors of different targets were constructed to explore the differences of mutation efficiency and mutation types among different targets. According to the principle of target design, the target sequence was as Tab. 1.
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The carrier structure was as Figs. 1–3.
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Figure 1: Vector structure diagram of CRISPR/Cas9-FAD2-1B
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Figure 2: Vector structure diagram of CRISPR/Cas9-FAD2-2C
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Figure 3: Vector structure diagram of CRISPR/Cas9-FAD2-2A&FAD2-3

3.2 Genetic Transformation

Through Agrobacterium tumefaciens-mediated soybean cotyledon node, 9 transformed plants were obtained from the GmFAD2-1B single knockout vector, 7 transformed plants were found from the GmFAD2-2C single knockout vector, and 7 transformed plants were obtained from the GmFAD2-2A-3 double knockout vector (Fig. 4).
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Figure 4: Agrobacterium-mediated soybean cotyledon node. (A) Germination culture, (B) Pre-culture, (C) Co-culture, (D) First screening culture, (E) Second screening culture, (F) Elongation culture, (G) Rooting culture, (H) Transplanting

3.3 Detection of Mutant Plants in the CRISPR/Cas9 System

The target fragments of 15 positive plants selected from different vectors of the T1 generation were sequenced randomly. The editing sites of the CRISPR/Cas9 system were detected and compared with the sequences of the unmodified plants. A total of 8 mutant plants (numbered L1–L8) were obtained (Fig. 5). All these plants were edited at the target, and the editing sites were different. The average mutation rate was 53.3%. The mutation type was base insertion, deletion and replacement (Fig. 5). The mutant plants of three double knockout vectors were edited at both targets, in which L1 inserted one base at both targets, L2 one base at target 1 and two bases at target 2. One base was missing at both targets in L3. Two single-gene GmFAD2-2C knockout vector mutant plants, L4 inserted a base; AA was replaced with TC in L5. Three mutant plants with single gene GmFAD2-1B knockout vector, two bases were replaced in the L6. Two bases were inserted in the L7, and one base in the L8 was missing (Fig. 5).
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Figure 5: Sequencing results of each target

3.4 PCR Detection of Mutant Plants

To extract the genome of T2 and T3 mutants, untransformed strains, a DNA template was used based on the constructed CRISPR/Cas9 vector plasmid. The untransformed strain genome was controlled. The ddH2O negative was used to test for contamination. Bar screening marker genes and Cas9 genes were detected. PCR detection on Cas9 genes were done in T2 and T3 transformation plants. Specific bands were consistent with the location of the target fragment (screening marker Bar gene: 552 bp, Cas9 gene: 663 bp). There were no bands in the blank and negative water controls (Figs. 6 and 7). A transferred CRISPR/Cas9 vector was found in the transformed plants, and can stabilize heredity.
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Figure 6: PCR detection of T2 generation transformed plants
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Figure 7: PCR detection of T3 generation transformed plants

In Figs. 6 and 7, M represents the DL2000 Marker, P represents the positive control, N represents water, WT represents wild-type soybean Jinong 38, 1–4 refers to all transformed plants, 552 bp refers to the screening Marker Bar gene detection of transformed plants, and 663 bp refers to the Cas9 gene detection of transformed plants.

3.5 Fluorescence Quantitative PCR Detection

The roots, stems and leaves of the T2 and T3 generation positive plants, and of the wild-type Jinong 38 soybean were obtained and transcribed into cDNA for fluorescence quantitative PCR detection. This was done to investigate the relative expression of GmFAD2-1B, GmFAD2-2C and GmFAD2-2A-3 genes in soybean receptors. The results showed that the T2 and T3 generation positive plants containing the GmFAD2-1B, GmFAD2-2C and GmFAD2-2A-3 genes were expressed in rhizomes and leaves. The T2 and T3 positive plants were significantly lower than those of the control varieties, and the highest expression was found in leaves(Figs. 8A and 8B). There were significant differences in the expression of different genes in the same tissues of soybean. In roots and stems, the expression of the GmFAD2-3 genes was the lowest. However, the expression of the GmFAD2-2C genes was the highest (Figs. 8A and 8B). In leaves, the expression of the GmFAD2-2A and GmFAD2-3 genes was the lowest whereas the expression of the GmFAD2-2C genes was the highest (Figs. 8A and 8B). The relative expression of the GmFAD2-3 gene was the lowest in rhizome and leaf, and that of the GmFAD2-2C gene in rhizome and leaf was the highest (Figs. 8A and 8B).
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Figure 8: (A) T2 fluorescence quantification, (B) T3 fluorescence quantification

3.6 Determination of Fatty Acid Content in Gene Editors

The T2 mutant plants showed significant differences in palmitic acid content between the knockout GmFAD2-1B and GmFAD2-2C genes and the knockout GmFAD2-2A-3 and wild-type Jinong 38 (Tab. 2). There were significant differences in stearic acid content among mutant GmFAD2-1B, GmFAD2-2C and knockout GmFAD2-2A-3 genes. There were significant differences between the knockout GmFAD2-2C genes and the wild-type Jinong 38. There were significant differences in oleic acid content among the mutants GmFAD2-1B, GmFAD2-2C, and the wild-type Jinong 38, and the knockout GmFAD2-2A-3 genes. There were significant differences in the content of linoleic acid in the mutant plants, GmFAD2-1B, GmFAD2-2C and the knockout GmFAD2-2A-3 genes. All of them were significantly different from the wild-type Jinong 38. There were significant differences in linolenic acid content among the mutant plants, GmFAD2-1B, GmFAD2-2C and the knockout GmFAD2-2A-3 genes, and all of them were significantly different from the wild-type Jinong 38.
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There were significant differences in the content of palmitic acid among the T3 mutant plants, GmFAD2-1B and GmFAD2-2C and the wild-type Jinong 38 (Tab. 3). There were significant differences in stearic acid content between the GmFAD2-1B and GmFAD2-2C genes in the mutant plants and the wild-type Jinong 38. There were significant differences in oleic acid content among the mutants GmFAD2-1B, GmFAD2-2C, wild-type Jinong 38, and the knockout GmFAD2-2A-3 genes. There were significant differences in the content of linoleic acid in the mutant plants, GmFAD2-1B and GmFAD2-2C and the knockout GmFAD2-2A-3 genes, all of them were significantly different from the wild-type Jinong 38. There were significant difference between the knockout GmFAD2-1B gene and GmFAD2-2A-3 gene and the knockout GmFAD2-2C gene in the content of linolenic acid in the mutant plants. All of them were significantly different from the wild-type Jinong 38.
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3.7 Analysis of Agronomic Characters in the Gene-Editing Generation

There was no significant differences in plant height, number of main stem nodes, number of branches, leaf shape, color, seed coat color, umbilical color and growth period between mutants GmFAD2-1B, GmFAD2-2C and GmFAD2-2A-3 genes (Tabs. 4 and 5). However; there was no significant difference between mutant lines. It was proved that the single target knockout and double target knockout of GmFAD2-1B and GmFAD2-2C genes by CRISPR/Cas9 gene editing technology did not affect the agronomic traits of mutant plants.
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3.8 Discussion

With the increase of population and improvement of living standard, the quality and demand of soybean products are increasing. So, improving soybean quality and increasing soybean oleic acid content is one of the main objectives of soybean breeding [22]. In a previous study William and his team knocked out two genes of the FAD2 gene family and reported genetically modified soybeans with an oleic acid content of up to 80% [16]. However, in recent years, using gene editing technology like CRISPR/Cas9 system, researchers are trying to enhance the content of oleic to linoleic acid ratio. Therefore, it is one of the hotspots in soybean research in China.

Wu and her research team in China constructed single and double knockout vectors of the FAD2 family functional genes using the CRISPR/Cas9 gene editing technology. They transferred the vector to the receptor Jinong 38 to determine its oleic acid content. They also reported that the oleic acid content was higher than that of the single gene vector after knockout of the double gene vector [23].

The soybean breeders mainly inhibited the expression of the FAD2 gene family by the RNAi and CRISPR/Cas9 gene editing technologies, and also reported the transfer of FAD2 antisense genes into oil crops through antisense inhibition technology to increase oleic acid content [8]. The antisense FAD2 gene was transferred into rape by the Agrobacterium tumefaciens mediated method and the obtained transgenic plants with the highest content of oleic acid (68.72%), which was 20% higher than that of the control. In contrast, the lowest content of linoleic acid (5.02%) was reported [24]. Liu and others used the RNAi technology to reduce the gene expression, oleic acid accumulation and linoleic acid content, and found increased oleic acid content from 18.18% to 58.92%, and linoleic acid content from 51.54% to 15.27% [25]. By using RNAi silencing the FAD2 gene in rape seed and reducing the expression of the FAD2 gene, the average oleic acid content in transgenic mature seeds (81.5%) higher than the control average (70.89%) [26]. The content of polyunsaturated fatty acids (linoleic and linolenic acids) were 5.25%, and 69.51%, respectively, that were lower than values on the control [26]. All these reports showed that, the degree of inhibition of gene expression of the FAD2 gene family was different and the increase of oleic acid content was also different, however, the content and the decrease of linoleic acid content were consistent. On the other hand, the genes of the FAD2 gene family can be expressed in many crops by inhibiting their expression. The oleic acid content can be increased and the linoleic acid content can be reduced.

In this study, 15 T1 positive plants were randomly selected to target mutation detection. The results showed that the average mutation rate was 53.3%, and the mutation types were base insertion, deletion and replacement (Fig. 5). The CRISPR/Cas9 gene editing techniques have been used in recent years to target genes of interest to increase the oleic acid content in soybean. A previous study in Jinong 38 cultivar by using Agrobacterium tumefaciens mediated-method to transfer the constructed FAD2-2 gene showed that the oleic acid concentration was as high as 65.9%, which was 48.56% higher than that on the control variety, and the linoleic acid concentration reported was decreased to 16.08% [27]. However, using the CRISPR/Cas9 technology to edit the soybean oleic acid gene GmFAD2-1A, stable homozygous soybean mutant materials were obtained [22]. Hagely et al. [22] reported that the oleic acid content of mutant plants was 23%, 15% higher than that of the control varieties, while the linoleic, palmitic and stearic acids were significantly reduced, and the linolenic acid did not change significantly. In the present study we found that the content of oleic acid in the T2 and T3 generations were different. The oleic acid concentrations that we obtained were 30.71%, 36.72%, 54.69% and 19.82% for GmFAD2-1B, GmFAD2-2C, GmFAD2-2A-3 and WT Jinong 38 respectively on the T2 generation (Tab. 2). The linoleic acid concentrations that we found were 51.25%, 45.29%, 32.86% and 57.37% for GmFAD2-1B, GmFAD2-2C, GmFAD2-2A-3 and WT Jinong 38 respectively for the T2 generation (Tab. 2). This Indicated that the oleic acid contents were increased as compared to the wild-type Jinong 38 and the linoleic acid was found to be decreased. Also was shown that CRISPR/Cas9 was the best tool to improve the oleic acid to linoleic acid ratio (O/L) in soybean. In addition, the present study found the oleic acid and the linoleic acid contents on the T3 generation. The T3 generation of oleic acid showed 30.94%, 36.59%, 54.86% and 19.82% for GmFAD2-1B, GmFAD2-2C, GmFAD2-2A-3 and WT Jinong 38, respectively (Tab. 3). The linoleic acid content we obtained was 51.44%, 45.12%, 32.50% and 57.46% for GmFAD2-1B, GmFAD2-2C, GmFAD2-2A-3 and WT Jinong 38 respectively on the T3 generation (Tab. 3). There were significant differences between the oleic acid content among the mutant GmFAD2-1B, GmFAD2-2C, wild-type Jinong 38, and knockout GmFAD2-2A-3 genes (Tabs. 2 and 3). There were significant differences in the content of linoleic acid in mutant plants, GmFAD2-1B, GmFAD2-2C and knockout GmFAD2-2A-3 genes (Tab. 2 and 3). This finding is in line with results in a previous study [23]. Agronomic traits were found consistent with those of control varieties, indicating that these traits on mutant plants were not affected by the site editing of FAD2 gene family genes. Other researchers [22,27] reported high oleic acid content and low linoleic acid content compared with the control varieties, which is in agreement with our findings (e.g., [22,27]). The morphological data obtained did not show any significant change. This might be due to the environmental factors or genetic factors. The oleic acid synthesis is greatly affected by the external environment or genetic factors, resulting in a hindered gene expression process and the oleic acid content is greatly affected [27,28].

4  Conclusion

The four genes in the FAD2 gene family were knocked out by single target and double target by the CRISPR/Cas9 gene editing technique, and the mutant plants were obtained by genetic transformation of Agrobacterium tumefaciens-mediated cotyledon node. The function of these four genes in the soybean FAD2 gene family was verified. By inhibiting the expression of genes in the FAD2 gene family, the contents of soybean oleic acid and linoleic acids could be increased. The expression of the GmFAD2-2C gene was stronger than that of the GmFAD2-1B gene. The expression of double gene was stronger than that of single gene. The FAD2 gene family genes can regulate the synthesis pathway of oleic acid, which provides a theoretical and practical basis for the cultivation of soybean with higher oleic acid contents in the future.
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Table 1: Target sequences of different CRISPR/Cas9 vectors

Carrler

Target sequences
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GmFAD2-1B

TTGTTTATGACCTTTCAT
ATTGTTGAAACGTGCACACC
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Table 3: The contents of fatty acid components in the T3 generation mutant plants

Palmitic acid Stearic acid

Oleic acid

Linoleic acid

Linolenic acid

GmFAD2-1B 8.42+0.291 be 6.77+0.240 b
GmFAD2-2C  8.12+0353 ¢  9.69+0.179 a
GmFAD2-24-3 943+0.544ab 1.82+0.211¢
WT Jinong 38 1048+0.291a 240+0.123 ¢

30.94+0.533 ¢
36.59+0.683 b
54.86+0.336a
19.82+0.149 d

51.44+0.263 b
45.12+0.168 ¢
32.50+0.406 d
57.46+0.240 a

6.99+ 0.134 b
5.09+0.382 ¢
7.90+0.163 b
9.99+0.430 a

Note: a, b, ¢, d was used to indicate the significant level of P=10.05.
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GMUG6 Promoter 20bp TargetingSequence gRNA

GTTTATATAG CACCTGGAGA AGGAAT GGGTTGATTG TTGAAACGGT TACGCC GTTTTAGAGC TAGAAATAGC AAGTTAAAAT
CAAATATATC GTGGACCTCT TCCTTACCCA AAACGGCGTA ACCGTTTCAA CAATCA ATCTCG ATCTTTATCG TTCAATTITA
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Table 4: Agronomic fraits of the T2 generation mutant plants

Untransformed lines GmFAD2-1B GmFAD2-2C  GmFAD2-24-3
Plant height (cm) 722+3.18a 728+394a 714+314a 71.8+3.28a
Main stem nodes 14.4+0.98 a 160+0.71a 148+097a 148+153a
Number of branches per plant 2.2+0.58 a 20+032a 24+051a 22+020a
Leaves Round Round Round Round
Color Purple Purple Purple Purple
Skin color Yellow Yellow Yellow Yellow
Cord color Yellow Yellow Yellow Yellow
Growth period (day) 120 120 120 120

Note: a was used to indicate the significant level of P=0.05.
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GmFAD2-24-3:

Ll1:
Original Sequence E.IE' TTGTTTATGA CCTTTCATTGGAGGATTGTTGAAA C6TGCACACC
PTarget actual Sequence ==p TTGTTTATGARCCTTTCATTGBAGBATTETTGAAATCGTGCACACC
L2:
Original Sequence [«][J][*] TTGTTTA TGACCTTTCATTGG6AGGATTETTGAAACGTECACACC
PTarget actual Sequence ==p TTGTTTARTGACCTTTCATTGGAGGATTETTGAEELGTGCACACC
L3:
Original Sequence [«|[J][>] TTETTTATGACCTTTCATTBGAGGATTGTT6AAACGTECACACC
PTarget actual Sequence == TTGTTTATGACCTTELATTGGAGGATTGTTGAAACGTIECACACE
GmFAD2-2C:
L4:
Original Sequence [«][J][*] ATTGTTGAAA CGTGCACACCAGG
PTarget actual Sequence ==p ATTGTTGAAABICGTGCACACCAGG
L5:
Original Sequence [<][J][*] ATTGTTGAAACGTGCACACCAGSG
PTarget actual Sequence ==p ATTeTTeAlEGceTGCACACCAGG
GmFAD2-1B:
Lé6:
Original Sequence [«|[J][>] TTEGTTTATGACCTTTCATTGG
PTarget actual Sequence ==p TTeTRATATGACBIrTTCcATTGG
L7:
Original Sequence E|.|E| TTGTTTAT GACCTTTCATTGG
P Target actual Sequence ==p TTGTTTATATIGACCTTTCATTGG
L8:
Original Sequence B.E] TTGTTTATGACCTTTCATTGG

PTarget actual Sequence = | TTGTTTATGACCTTIECATTGG
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Table 2: The contents of fatty acid components in the T2 generation mutant plants

Palmitic acid Stearic acid

Oleic acid

Linoleic acid

Linolenic acid

GmFAD2-1B 839+0.206b 6.80+0.229b
GmFAD2-2C 8.11+0.345b 9.61+0.217 a
GmFAD2-24-3 9.74+0.248a 1.82+0.159 ¢
WT Jinong 38 10.50+0.273a 2.35+0.089 c

30.71 +0.564 ¢
36.72+0.229b
54.69+0.426 a
19.82+0.132 d

51.25+0291 b
4529+0.271 ¢
32.86+0.509 d
57.37+0.470 a

6.98+0.104 ¢
4.98+0.395d
7.92+0.107 b
9.99+0.430 a

Note: a, b, ¢, d was used to indicate the significant level of Z=0.05.
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Table 5: Agronomic fraits of the T3 generation mutant plants

Untransformed lines GmFAD2-1B GmFAD2-2C  GmFAD2-24-3
Plant height (cm) 72.8+2.48 a 73.0+187a 730+212a 722+1.16a
Main stem nodes 16.0+0.71 a 170+045a 158+1.07a 154+1.03a
Number of branches per plant 2.2+0.37 a 22+037a 20+045a 22+049a
Leaves Round Round Round Round
Color Purple Purple Purple Purple
Skin color Yellow Yellow Yellow Yellow
Cord color Yellow Yellow Yellow Yellow
Growth period (day) 120 120 120 120

Note: a was used to indicate the significant level of P=0.05.
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GMUG6 Promoter 20bp TargetingSequence gRNA

GTTTATATAG CACCTGGAGA AGGAAT GGGTTGTTGT TTATGACCTT TCAT GTTTTAGAGC TAGAAATAGC AAGTTAAAAT
CAAATATATC GTGGACCTCT TCCTTACCCA AAACATGAAA GGTCATAAACAACA ATCTCG ATCTTTATCG TTCAATTITA
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GMUG6 Promoter 20bp TargetingSequence  ( SG1) gRNA

ATAGCACCTG GAGAAGGAAT GGGTTGTTGT TTATGACCTT TCAT GTTT A' 'W‘T Cng ;‘; mm:% ﬁ‘s' IAAAA1TIT:
TATCGTGGAC CTCTTCCTTA CCCAA AAACATGAAA GGTCATAAAC AACA CAR

GmUG 1 cRNA _ (GIMUG

GMUG6 Promoter 20bp TargetingSequence ( SG2 ) gRNA

ATAGCACCTG GAGAAGGAAT GGGTTGATTGTTGAAACGGTTACGCC GTTTTAGAGC TAGAAATAGC AAGTTAAAAT
TATCGTGGAC CTCTTCCTTA CCCAA AAACGGCGTAACCGTTICAACAATCA ATCTCG ATCTTTATCG TTCAATTITA






