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ABSTRACT 

The group of proteins containing the VQ motif (named VQ proteins) is a family of plant-

specific proteins with a FxxhVQxhTG conservative VQ-motif region. VQ proteins regulate 

many developmental processes, including responses to biotic and abiotic stresses, and seed 

development. The VQ9 protein has an interaction with the WRKY8 factor, when this 

interaction occurs, it causes a decrease in the DNA binding ability of WRKY8 to 

DNA, which plays a role in the regulation function of the plant to stress. Some mutations in 

the VQ9 gene increase salt tolerance in plants, suggesting that VQ9 acts antagonistically to 

regulate responses to salt conditions. This antagonism is consistent with an increase or 

decrease in the Na+/K+ ratio. Ipomoea aquatica is commonly grown and used as a vegetable 

in Southeast Asia. The research involved RNA extraction from I. aquatica leaves, followed 

by PCR sequencing to confirm the presence of the IaVQ9 gene. Subsequently, a specific 

guide RNA (gRNA) was designed using CRISPR-P ver.2.0 and inserted into the pRGEB31 

vector, optimized for CRISPR/Cas9 applications. The gRNA-inserted vector was 

successfully transformed into E. coli DH10B and then into Agrobacterium tumefaciens 

EHA105, verified through colony PCR and restriction enzyme analysis. This process created 

a delivery system capable of editing the VQ9 gene in I. aquatica. This research represents a 

significant step towards improving crop resilience to salinity, addressing a critical challenge 

for agriculture in salt-affected regions. Future studies will focus on transferring the construct 

back into I. aquatica plants to assess its impact on enhancing salt tolerance, potentially 

contributing to sustainable crop production in adverse environmental conditions. 
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INTRODUCTION 

The group of proteins containing the VQ 

motif (named VQ proteins) is a family of 

plant-specific proteins with a FxxhVQxhTG 

conserved VQ-motif region. VQ proteins 

regulate many developmental processes, 

including responses to biotic and abiotic 

stresses, and seed development (Buscaill P, 

2014). The VQ9 protein has an interaction 

with the WRKY8 factor, and this interaction 

causes a decrease in the ability of WRKY8 

to bind DNA. The physical interaction 

between VQ9 and WRKY8, which overlaps 

with the DNA-binding domain of WRKY8, 

was found to diminish WRKY8's capacity to 

bind to W-box sequences (Hu et al., 2013; 

Tian et al., 2024). This was shown through 

electrophoretic mobility shift assays 

(EMSA), where the presence of VQ9 caused 

the complexes formed by WRKY8 and W-

box DNA to exhibit reduced migration. As 

VQ9 increased, WRKY8's DNA-binding 

activity was further inhibited, demonstrating 

that the WRKY8-VQ9 interaction directly 

affects WRKY8's role in salt-stress response 

pathways by decreasing its DNA-binding 

activity.  The VQ9 protein was determined 

to be present in the nucleus and expressed 

strongly when Arabidopsis plants were 

treated with saline conditions. Some 

mutations in the VQ9 gene increase salt 

tolerance in plants, suggesting that VQ9 acts 

antagonistically to regulate responses to salt 

conditions. This antagonism is consistent 

with an increase or decrease in the Na+/K+ 

ratio (Hu et al., 2013).  

WRKY is the largest of the transcription 

factor family, which is found in many 

species, especially in higher plants (Ulber 

and Somssich, 2004). In plants, the WRKYs 

have long been known to participate in 

responses to biotic and abiotic stresses 

(Dong et al., 2003; Hu et al., 2012). In 

Arabidopsis, WRKY8 transcription factor is 

expressed mainly in roots and increases 

strongly under saline conditions. Under 

saline conditions, WRKY8 directly binds to 

the W-box on the RD29A promoter (a 

RD29A gene is related to abiotic stress 

resistance). Removing WRKY8 makes the 

plant susceptible to salt stress, slow 

germination, and leaf yellowing.  

 In recent years, by genome-wide analysis, 

the VQ family has been identified in many 

species, such as Arabidopsis, which includes 

34 genes (Hu et al., 2013), Eucalyptus 

grandis includes 27 genes, in which EgrVQ5 

and EgrVQ9 are homologous to AtVQ9 and 

also tend to respond to salt stress (Yan et al., 

2019). In each of the 4 species of the genus 

Gossypium, there are over 40 VQ genes per 

species (Chen et al., 2020); in maize, 61 VQ 

genes have been discovered and show that 

many genes respond to drought and salt 

stress, such as ZmVQ1, ZmVQ11, ZmVQ25, 

ZmVQ37, ZmVQ51, and ZmVQ52. These 

genes all respond to the factor ZmWRKY 

transcription (Song et al., 2016).  

Over the years, the CRISPR/Cas9 system 

has been used for gene editing in many 

organisms (Jiang et al., 2013). Bacteria have 

a restriction enzyme known as Cas that 

destroys the DNA of viruses that infect them. 

This enzyme is guided by a short RNA 

molecule, called a guide gRNA, that 

recognizes a specific sequence for cutting 

(Char et al., 2016). The Cas9 enzyme, an 

endonuclease isolated from Streptococcus 

pyogenes, combines with a guide RNA 

(gRNA) molecule and destroys foreign DNA 

(Cong et al., 2013). To manipulate plants, 

the genes encoding Cas9 and gRNA have 

been modified for expression in plant cells 

(Pan et al., 2016). The CRISPR/Cas9 system 

allows scientists to design gRNAs that 
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match the target site, thereby directing the 

Cas9 enzyme to create a cutting point at a 

specific location on the gene. Gene editing 

technology using the CRISPR/Cas9 system 

has been applied by many research groups to 

create new crop varieties such as corn, 

tomato and rice (Shi et al., 2017, Wang et al., 

2017; Zhang et al., 2019).                                                          

In genome editing on plants, the Cas9 

expression structure has undergone many 

changes to suit expression. Specifically, 

sgRNA sequences of about 98 nucleotides 

are often expressed under the control of U3 

or U6 RNA promoters (Jiang et al., 2013). 

Both sgRNA expression constructs are 

usually small in size (300-600 bp) 

(Kadkhodaei et al., 2016). These cassettes 

can be directly attached to the gene transfer 

vector T-DNA region via Golden Gate or 

Gibson PCR techniques (Shan et al., 2013; 

Fan et al., 2015). In order to increase 

expression efficiency in plants, the codons 

on the Cas9 gene originating from 

Streptococcus pyogenes have been modified 

to optimize in plants (Jiang et al., 2013; Ma 

et al., 2015). The Cas9 gene coding 

sequence is often expressed under strong 

promoters such as CaMV35S or Ubiquitin 

from maize, which can enhance the editing 

efficiency of the Cas9 protein. Then, both 

the sgRNA and Cas9 expression constructs 

were recombined on T-DNA and introduced 

into plant cells via A. tumefaciens (Shan et 

al., 2013; Fan et al., 2015; Ma et al., 2015). 

Salt tolerance is defined as the ability of a 

plant to grow under salinity. In plants, salt 

stress leads to changes in physiological 

processes and metabolism. The impact can 

be reduced in resistant cultivars because of a 

network of regulatory mechanisms within 

the plant. It involves the controlled 

expression of various genes and the 

coordination of metabolic, signaling and 

regulatory pathways (Wani et al., 2020). 

Enhancing salt tolerance in crops has been 

done by gene transfer in some plants, such as 

soybeans (Nguyen et al., 2019), and rice 

(Redillas et al., 2012). However, enhancing 

salt tolerance through gene editing 

technology is not popular. 

The Ipomoea aquatica is commonly grown 

and used as a vegetable in Southeast Asia. 

This plant contains many nutrients,  such as 

amino acids, vitamins A, C and iron 

micronutrients (Guo et al., 2020). In 

particular, I. aquatica plants are highly 

resistant to heat and humidity. However, the 

plant’s salt tolerance level is quite weak. In 

this study, we designed gRNA aiming to edit 

the VQ9 gene on water spinach plants - I. 

aquatic (IaVQ9) in the CRISPR/Cas9 

system and generate A. tumefaciens 

containing the system. 

MATERIAL AND METHOD 

Material 

The Ipomoea aquatica seeds were provided 

by the Fruit and Vegetable Research 

Institute; seeds were germinated, and young 

leaves were collected for RNA isolation. 

Plasmid pRGEB31 was provided by 

Addgene (MA, USA) (Figure 1). 

Oligonucleotide primers were provided by 

IDT (Singapore) (Table 1). Bacterial strains 

E. coli DH10B and A. tumefaciens EHA are 

stored at -80oC. 
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Figure 1. Schematic diagram of the left border (LB) to right border (RB) of pRGEB31 vector containing 
the CRISPR/Cas9 system. 

Table 1: List of primers used in the study. 

Methods 

The gRNA generation experiments in 

CRISPR/Cas9 targeting the VQ9 gene 

(IaVQ9) were performed according to Xie et 

al., with minor modifications (Xie et al., 

2014). 

RNA extraction 

Total RNA was extracted using TRIzol 

reagent which has been innovated 

appropriately with the seedling of I. aquatica 

and the concentration of RNAs was later 

determined using NanoDrop™ One (US). 

Sequencing the IaVQ9 gene 

The IaVQ9 gene was amplified by the primer 

pairs VQ9G1 (F2-R1) listed in Table 1 at an 

annealing temperature of 61oC. The volume 

of the 20 µl reaction contained 8.1 µl H2O, 

10 µl DreamTaq Master Mix 2x (Thermo 

Fisher Scientific, MA, USA), 0.4 µl of 10 

Primer name Sequence (5’-3’) Target gene 

VQ9-G1-F         GTAACAGCAAGAAAAGAGCG Spacer of gRNA  

VQ9-G1-R         CGCTCTTTTCTTGCTGTTAC 

VQ9 F2 ACAATATCCAAACTGAAGCCCC VQ9 gene 

VQ9 R1 TTGTCGGCCGGATTGTAGAC 

OsU3-F1 GAACACTGGGTACGTTGGAAAC OsU3 promoter 

OsU3-R1 CTGGAGATTATTGCTCGGGTAGA 
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µM primer each and 0.5 µl cDNA template. 

The 30 amplification cycles included an 

annealing temperature of 61oC for 25 

seconds and a chain extension of 30 seconds. 

The purified PCR product was sequenced 

using an ABI 3500 sequencer (USA). The 

sequence reading results were compared 

with some VQ9 gene sequences of species in 

the genus Ipomoea.  

Designing specific gRNA for the IaVQ9 

gene 

The gRNA–spacer sequence was designed 

according to the web tool CRISPR-P ver.2.0 

(http://crispr.hzau.edu.cn/cgi-

bin/CRISPR2/CRISPR) with input 

information being the IaVQ9 sequence. The 

gRNA sequence was selected with a high on-

target index, a low off-target index and no 

mispairing with the CDS position of another 

gene. After selecting the target DNA 

fragments, an appropriate adapter was added 

to the 5' ends of the corresponding primers. 

Specifically, the forward primer of gRNA is 

appended with the sequence 5'-GGCA-3' or 

5'-GGC-3' while the reverse primer is 

appended with the sequence 5'-AAAC-3' 

depending on the nucleotide of the primer. 

Introduce gRNA oligonucleotides into an 

expression vector 

Each 1 µl of VQ9-G1-F and VQ9-G1-R 

primer were mixed together in 48 µl H2O. 

The reaction was carried out for 5 minutes at 

95oC and immediately cooled on ice for 20 

minutes. Then, 1 µl of the product was 

mixed with 100 ng of circularized pRGEB31 

vector. The mixture was supplemented with 

3 µl 10x T4 ligase buffer, 3 µl BSA 1 mg/ml, 

0.5 µl BsaI, 1 µl T4 ligase (Thermo 

Scientific) and adjusted by water to 30 µl. 

The ligation reaction was conducted starting 

at 37oC for 5 minutes, followed by 40 cycles: 

20oC 5 minutes, 37oC 5 minutes and finished 

with 50oC 10 minutes - then 80oC for 10 

minutes and stored at 16oC. The ligation 

product was transformed into E. coli DH10B 

then A. tumefaciens competent cells by 

electroporation. Colony PCR was used to 

check the presence of the gRNA in the 

pRGEB31 vector using two primer pairs 

OsU3-R1 and VQ9G1F; OsU3-F1 and 

VQ9G1R. Then, recombinant vectors were 

cut by restriction enzymes HindIII and BsaI.  

RESULT AND DISCUSSION 

Amplifying and sequencing the IaVQ9 

gene 

RNA extraction is the first important 

experiment for the next steps in the research. 

The total RNA from the leaves was shown 

(Figure 2A) with two clear 18S and 28S 

bands. Simultaneously, the quality of the 

total RNAs was also demonstrated by 

analysis with the A260/280 UV ratio, the 

result shown  is 1.93. The concentration of 

total RNAs was 500 ng. Thus, total RNAs 

are qualified to perform cDNA synthesis for 

further experiments. 
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                A 

 
            B 

Figure 2. Total RNAs and the PCR of IaVQ9 gene.  (A) Total RNA of two I. aquatica samples; (B) 
Optimizing conditions for amplifying IaVQ9 gene. 52, 55, 58, 61, 63: Tested temperature from 52-
63oC, respectively, M: 1kb Marker. 

A segment in the CDS region of the IaVQ9 

gene was amplified by PCR with the VQ9F2 

and VQ9R1 primers, which were designed 

based on the VQ9 sequences of some species 

in the Ipomoea genus. To optimize the 

conditions for VQ9 gene PCR, as shown in 

Figure 2B, the results show that all 

temperature conditions produced DNA 

bands with the right size, but the most 

specific and clear products with the 

theoretical size (415 bp) were at 61oC.  

The IaVQ9 PCR from the cDNA of Ipomoea 

aquatica was purified using the PCR 

purification kit and then sequenced. The 

sequencing of the IaVQ9F2 gene segment 

was compared with the reference sequence 

of the Ipomoea genus published on the NCBI 

database, with a similarity rate of about 

90.2% (Figure 3). The VQ9F2 nucleotide 

sequence was converted to the amino acid 

sequence, and the VQ motif region 

(FxxhVQxhTG) (in the yellow frame in 

Figure 4) consisted of the deduced protein 

sequence. This motif functions to mediate 

transcriptional regulation and protein-

protein interactions in the VQ9 protein 

signaling pathway (only in plants) for 

responses to biotic and abiotic stresses, grain 

growth and photochemical processes. After 

determining the VQ9 nucleotide sequence, 

the gRNA was designed as shown in Figure 

5 (frame in yellow). 
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Figure 3. Comparison sequenced VQ9F2 segment of the Ipomoea aquatica with reference Ipomoea 
sequence published on the NCBI database. 

 

Figure 4. Comparison of the deduced VQ9F2 protein with reference sequences. The yellow frame region 
is the conserved VQ9 motif, the red frame region is the gRNA region  

https://doi.org/10.15625/vjbt-19559
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Designing gRNA targeted to the IaVQ9 

gene 

The purified PCR product was sequenced, 

showing similarities with the reference 

sequences of the VQ9 gene of Ipomoea on 

the database. Based on the sequence, we 

designed a gRNA, targeting the CDS of the 

IaVQ9 gene. The spacer sequence of gRNA 

was designed according to the web tool 

CRISPR-P ver.2.0 

(http://crispr.hzau.edu.cn/cgi-

bin/CRISPR2/CRISPR). The designed 

gRNA located on the sense segment of the 

IaVQ9 gene is 5'- 

GTAACAGCAAGAAAAGAGCG -3' with 

a high on-target index and no off-target in 

the I. aquatica genome. Because this 

sequence begins with nucleotide G, it is 

connected to adapters 5'-GGCA-3' on the 

forward primer (VQ9G1-F) and 5'-AAAC-3' 

on the reverse primer (VQ9G1- R). 

 

Figure 5. The sequenced segment of VQ9F2 gene of Ipomoea aquatica. The yellow area is the 
designed gRNA sequence; The red area is the PAM location 

Creating E. coli and A. tumefaciens 

strains carrying the pRGEB31 vector 

containing gRNA 

The ligated pRGEB31 with the gRNA 

fragment was transformed into E. coli 

DH10B and cultured with 50 mg/μl 

kanamycin on LB medium. Plasmids were 

isolated from five colonies and used as 

templates for PCR using VQ9G1-F and 

OsU3-R1 primers. A recombinant 

pRGEB31 vector had positive results, the 

product was about 230 bp (Figure 6A). To 

repeat the check of the gRNA inserted into 

the vector, the OsU3-F1 and VQ9G1-R 

primers were used for the PCR with the same 

DNA plasmid and a 270 bp PCR band was 

correctly calculated for size (Figure 6B). 

Thus, the recombinant pRGEB31-VQ9G1 

plasmid was successfully transferred into 

DH10B. The plasmids are sequenced and 

have no difference in the gRNA sequence 

compared to the designed gRNA. The 

sequence of the inserted fragment on this T-

DNA was sequenced using the Sanger 

method on an ABI 3500 machine. The 

results showed that the spacers were 

correctly inserted between the two BsaI 

restriction enzyme cut sites (adjacent to the 

OsU3 promoter and just before the gRNA 

scaffold) and no nucleotide variations were 

detected, as shown clearly in Figure 6C 

when comparing the gRNA region inserted 

into the vector with the pRGEB31 vector and 

http://crispr.hzau.edu.cn/cgi-bin/CRISPR2/CRISPR
http://crispr.hzau.edu.cn/cgi-bin/CRISPR2/CRISPR
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the gRNA sequence. Thus, the RNA spacer-

scaffold structure will be expressed under 

the control of the OsU3 promoter, which is 

specifically used for RNA expression 

(Figure 6C). 

                                 A   B   

 

C 

Figure 6. Colony PCR-gel electrophoresis of pRGEB31- VQ9G1 in E. coli. (A) Test plasmids with 
VQ9G1-F2 and OsU3-R1 primers; (B) Test number 1 with two primer pairs: VQ9G1-F and OsU3-
R1 (well 1); OsU3-F1 and VQ9G1-R (well 2); (C) The insertion site of the spacer sequence and the 
sequencing results of a T-DNA fragment carrying the spacer sequence on the plasmid pRGEB31-
VQ9G1. 

The electroporation method was used to 

transform plasmid pRGEB31-VQ9G1 

into A. tumefaciens strain EHA105. The 

appearance of relatively many colonies in 

antibiotic culture is shown in Figure 7A. 

Then, six colonies were selected by 

plasmid isolation and restriction enzyme 

cutting. The results showed that the 

plasmid DNAs were clear with a length 

higher than the 10 kb band in Figure 7B. 

https://doi.org/10.15625/vjbt-19559
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            A  
B 

C 

Figure 7. Checking recombinant plasmid pRGEB31-VQ9 in A. tumefaciens. (A) Colonies after 
transformation; (B) Plasmid pRGEB31-VQ9G1 from A. tumefaciens; (C) Cutting the pRGEB31-
VQ9G1 plasmid with HindIII and BsaI. 1,2,3,4,5,6: Plasmids pRGEB31-VQ9G1 were cut with HindIII 
and BsaI; c: uncut pRGEB31 plasmid. 

In addition, the vector in A. tumefaciens was 

also checked with restriction enzymes. 

Vector pRGEB31 originally hadtwo BsaI 

cutting sites at positions 382 and 402, 

corresponding to the gRNA insertion site. 

When the gRNA sequence is inserted into 

the vector, there is no longer a recognition 

site for the BsaI enzyme. On the vector, the 

HindIII recognition site is unique, so the 

enzyme is used to cut pRGEB31-VQ9G1. 

Thus, six colonies of A. tumefaciens were 

examined for pRGEB31-VQ9G1 structure 

by cutting with two enzymes HindIII and 

BsaI. After cutting, a linear plasmid DNA 

larger than 15 kb was obtained in six tested 

plasmids (Figure 8C). It shows that the 

colonies carry the pRGEB31-VQ9G1 

construct. In summary, the pRGEB31-

VQ9G1 vector was transferred into A. 

tumefaciens strain EHA105.   

The VQ gene family has also been shown by 

many studies to have characteristics related 

to resistance to abiotic stresses such as heat 

and salinity in cotton, corn, and Eucalyptus 

(Chen et al., 2020;  Song et al., 2016; Yan et 

al., 2019). The mutated VQ9 gene has been 

shown in Arabidopsis to have a positive 

effect on salt tolerance in plants (Hu et al. 

2013). Therefore, we hope that by mutating 

the VQ9 gene we can target water spinach 
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selection. It can increase salt tolerance 

through CRISPR/Cas9 technology applied 

to the plant. Thus, by creating A. tumefaciens 

containing the pRGEB31-VQ9G1, the 

current study has created a source of vector 

material for such research purposes. The 

gene segment encoding the VQ9 gene of I. 

aquatica was sequenced and contains the 

entire conservative VQ motif, which is 

typical for the VQ gene family. All 

nucleotides of the motif were found identical 

in the compared species, confirming that the 

isolated fragment accurately represents the 

VQ9 gene of water spinach. However, the 

designed gRNA region is only specific to the 

decoded VQ9 gene of water spinach in this 

study. Because the VQ9 gene in some plants 

is one exon, it may be the same in water 

spinach. The pRGEB31-VQ9G1 was strictly 

constructed when introduced into the water 

spinach plant, will cause specific mutations 

in the target region. Off-target sites 

identified did not show any clear bias 

towards conversion or transposition 

compared to the intended target sequence 

from sequencing results. Additionally, off-

target effects have been minimized through 

the use of advanced gRNA design and 

analysis tools during the gRNA design 

process (Anthon et al., 2022). Moreover, in 

the off-target assessment process for gRNAs 

using the CRISPRs tool that do not match 

the reference, it is possible to mask the input 

and exclude from the search genomic 

regions that could potentially interfere with 

the on/off-target lists and scores.  

CONCLUSION  

In summary, the VQ9 gene segment from I. 

aquatica was isolated and sequenced. The 

sequence contains a conservative sequence 

region that is typical of plant VQ genes. A 

specific gRNA was created based on this 

sequence in order to mutation the VQ9 of I. 

aquatica by genome editing. A vector 

pRGEB31-VQ9G1 carrying the gRNA 

fragment was created and A. tumefaciens 

containing the system was generated. Future 

studies will focus on transferring the 

construct back into I. aquatica plants to 

assess its impact on enhancing salt tolerance. 
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