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Abstract. Fendiyanto MH, Setiawan E, Pratami MP, Kurniyanto IR, Fastanti FS. 2025. Construction of a CRISPR/Cas9-mediated 

genome editing system in manipulating OsART1 from Oryza sativa cv. Inpago 5. Biodiversitas 26: 920-927. Understanding the mechanism 

of aluminum (Al) tolerance in rice (Oryza sativa) cv. Inpago 5 can be done by mutating the ART1 gene to see which Al tolerance genes 

have decreased expression globally. This study aimed to construct a pRGEB32 vector containing sgRNA-ART1 derived from rice cv. 

Inpago 5. The construction of the pRGEB32-sgART1 vector was carried out by designing sgRNA, restriction-ligation, transformation, 

plasmid isolation, verification of target inserts, and sequencing of sgRNA-ART1. The results indicate that the construction of the 

recombinant vector pRGEB32-sgRNAART1 was carried out by combining digestion and ligase reactions. The construction of the 

recombinant pRGEB32 construction showed a high level of success in this study. The success of the ART1 sgRNA amplicon in 

recombinant Escherichia coli indicated this. Annotation studies showed that the pRGEB32 cassette plasmid sequence showed more than 

99% homology with the recombinant pRGEB32-sgART1 sequence, especially only 1% was different, namely 20 bp of sgRNA that 

appeared different. After checking with alignment on the plasmid annotation using the MAAFT alignment method, it was found that 20 

bp of ART1 sgRNA was successfully inserted into the pRGEB32-sgART1 recombinant vector. In conclusion, the construction of 

pRGEB32-sgART1 in this study was successful and showed the presence of a 425 bp band amplicon for the insertion from the region 

between M13 reverse and sgRNA-ART1.  
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INTRODUCTION 

Rice (Oryza sativa L.) is a cereal plant that has a high 

level of tolerance to aluminum (Al) stress (Miftahudin et al. 

2002, 2007). The creation of rice plant genotypes that are 

tolerant to Al stress has been successfully created in 

various ways recently, such as through conventional plant 

breeding and genetic engineering (Ma et al. 2014; Fendiyanto 

et al. 2019a; Jingguang et al. 2020). Rice from the Japonica 

subspecies is reported to have a high level of tolerance 

when compared to rice from the Indica subspecies (Kochian 

1995; Kochian et al. 2015; Jingguang et al. 2020). Tropical 

japonica rice is also reported to have a higher level of 

tolerance when compared to other rice cultivars (Kochian 

et al. 2004). One example of tropical japonica rice is cv. 

Hawara Bunar. Other rice cultivars are reported to have 

moderate levels of tolerance, such as rice cv. Inpago 4, 

Inpago 6, Inpago 7, and Inpago 10 (Fendiyanto et al. 

2019b). On the other hand, rice cv. IR64, which is included 

in the Indica subspecies of rice, is classified as rice that is 

sensitive to Al stress (Fendiyanto et al. 2019b, 2021). The 

three types of rice (Japonica, Tropical Japonica, and 

Indica), based on their tolerance levels to Al stress, are 

equally needed for the development of new rice lines that 

are more resistant to Al stress, especially for plant breeding 

(Nguyen et al. 2001; Tanaka et al. 2023; Satrio et al. 2024).  

Plant breeding with gene editing technology mediated 

by CRISPR/Cas 9 is a good choice in developing rice lines 

that are resistant to Al stress and studying the system and 

mode of action of a gene related to plant tolerance in 

dealing with Al stress (Si et al. 2023). Several genes 

reported to play a role in the level of rice tolerance to Al 

stress, such as ART1 (Kochian et al. 2015), ART2 (Che et 

al. 2018), OsGERLP (Miftahudin et al. 2021), OsFRDL4 

(Ma et al. 2014; Li et al. 2018; Jingguang et al. 2020), 

STAR1 (Yamaji et al. 2009), STAR2 (Ma et al. 2014; 

Jingguang et al. 2020), B11 (Fendiyanto et al. 2019a; 

Miftahudin et al. 2021), and OsCDT (Kochian et al. 2015). 

The ART1 protein is reported to interact closely with 

the STAR1 and STAR2 genes and regulates many other 

tolerance genes (Kochian et al. 2015). The use of the ART1 

gene in the study of rice tolerance to Al stress in rice cv. 

Inpago 5 needs to be done to determine the differences in 
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the transgene system in these genotypes in dealing with 

resilience to abiotic stress, especially Al stress; research on 

ART1 gene manipulation in Indica rice subspecies, especially 

rice cv. Inpago 5 has never been done before. In fact, the 

ART1 gene is reported to have an important role as a 

transcription factor for plant tolerance to Al stress in 

Japonica rice subspecies (Ma et al. 2014). The construction 

of recombinant pRGEB constructs has been previously 

carried out in rice, namely using the Tad1, OsDREB, and 

Tn1 genes in Indica rice (Halim et al. 2021).  

The pRGEB32 vector is an expression vector that has a 

gene that encodes the Cas 9 protein that is able to edit 

genes and make random mutations precisely in 

monocotyledonous plants, which is then referred to as Non-

Homologous End Joining (NHEJ). Cutting with NHEJ 

produces various types of mutations that cause changes in 

the functional region of the gene, resulting in changes in 

the level of Al tolerance from Al tolerant to Al sensitive 

(Kochian et al. 2015) in the rice cultivar cv Inpago 5. 

Therefore, this study aimed to create a pRGEB32 recombinant 

vector construct containing sgRNA-ART1 derived from the 

genomic DNA of rice cv. Inpago 5. 

MATERIALS AND METHODS 

Plant materials 

The plants used in this study were rice cv. Inpago 5. We 

got rice cv. Inpago 5 from Balai Besar Penelitian Padi 

Muara (Bogor, Ministry of Agriculture). Cv. Inpago 5 rice 

is classified as upland rice and Indica subspecies. In this 

research, Rice cv. Inpago 5 grew in acidic and dry soil to 

test the tolerance level of aluminum stress. Rice was 

planted in a greenhouse with acidic soil treatment (Fendiyanto 

et al. 2024) and using minimum nutrient culture 

(Fendiyanto et al. 2019a).  

Procedures 

DNA extraction 

Fresh leaves (5 g) of the Inpago 5 genotype rice were 

extracted for DNA using the CTAB method with slight 

modifications following the method of Fendiyanto et al. 

(2019b). The modification was the use of chloroform: 

isoamyl alcohol (C: I) thrice and precipitation using 

Isopropanol twice during the DNA extraction processes.  

The DNA of cv. Inpago 5 rice was then amplified with 

the ART1 gene to determine the homology of the gene with 

the ART1 gene from Japonica rice. The functional region 

of the ART1 gene was studied and used as a reference for 

designing sgRNA-ART1 following the method of Pratami 

et al. (2022). We used chopchop software and predict the 

sgRNA oligoduplex sgRNA-ART1 forward (5’-TAGG 

TTC AAG GTA TGG ACT AAC GG-3') and sgRNA-ART1 

reverse (5’-AAA CCC GTT AGTC CAT ACC TTG AA-3'). 

Insertion of sgRNA generation, recombinant vector 

construction, and insertion confirmation 

The production of sgRNA from ART1 (sgRNA-ART1) 

was carried out following the methods of Halim et al. 

(2021) and Fendiyanto et al. (2023). The vector used to 

perform gene editing in this study was pRGEB32 (Addgene, 

USA). The production of the pRGEB32 recombinant vector 

was carried out using the principle of ligase and restriction 

with the golden gate systems technique, where the ligase 

and digestion reactions were carried out at the same time. 

The pRGEB32-sgRNA-ART1 vector was then transformed 

into Escherichia coli strain dh5 (Zhou et al. 2018). The 

recombinant E. coli bacteria that successfully grew were 

then checked to determine whether they contained the 

recombinant pRGEB32 plasmid or not through the colony 

PCR technique and 50 ppm kanamycin antibiotic selection.  

The recombinant vector was introduced into E. coli 

using the TransformAid Bacterial Transformation Kit 

(Thermoscientific, USA) according to the manufacturer's 

protocol with slight modifications following Kang et al. 

(2013) and Li et al. (2010). The recombinant E. coli 

bacteria were verified using the PCR-colony technique, 

particularly by adding a PCR reaction mix consisting of 1 

L of M13R forward primer (5'-CAG GAA ACA GCT 

ATG AC -3'), 1 L of sgRNA-ART1 reverse primer (5'-

AAA CCC GTT AGTC CAT ACC TTG AA-3'), 5 L of 

PCR mix (taq polymerase) (MyTaq HS Red Mix, Meridian 

Bioscience, USA), and 3 L of ddH2O containing a sample 

of the recombinant bacterial colony. The PCR product was 

then run with 1% (w/v) agarose (1st BASE, SNG) using 1X 

Tris-Borate-EDTA (TBE) Buffer (1st BASE, SNG). The 

electrophoresis results were then visualized with a UV-

transilluminator under UV-B and blue light (Thermo Fisher 

Scientific, USA). 

Plasmid isolation and insertion verification 

Recombinant bacteria containing the recombinant 

plasmid pRGEB32-sgRNA-ART1 were then isolated using 

the GeneJET plasmid miniprep Kit (Thermoscientific, 

USA). The successfully isolated recombinant plasmid was 

then amplified by PCR (predenaturation 95C for 5 mins, 

denaturation 95C for 30 sec, annealing 55C for 15 sec, 

extension 72C for 30 sec, and post-extension 72C for 5 

mins), and the cycle was 35x from denaturation to 

extension stages (Panja et al. 2006; Hou et al. 2016; 

Kusumawati et al. 2023) using 1 L of M13R forward 

primer (5'-CAG GAA ACA GCT ATG AC -3'), 1 L of 

sgRNA-ART1 reverse primer (5'-AAA CCC GTT AGTC 

CAT ACC TTG AA-3'), and 5 L of PCR mix (taq 

polymerase) (MyTaq HS Red Mix, Meridian Bioscience, 

USA). The total volume of PCR mix used was 10 L. 

Verification of the insert orientation was also carried out 

(Sambrook et al. 1989) by comparing the sgRNA-ART1 

forward primer and the M13 primer. Plasmids containing 

the correct orientation were then sequenced using a DNA 

sequencing company (1st BASE, Singapore). 

Data analysis 

Plasmid sequencing was performed in two directions, 

namely from the positive strand using the M13R-forward 

primer and from the negative strand using the sgRNA-

ART1 reverse primer. The recombinant plasmid sequence 

obtained was then contig and analyzed for sgRNA insertion 

using the UGENE program (Uniprot, USA) (Okonechnikov 
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et al. 2012). Alignment with the pRGEB32 vector sequence 

was performed using the Ugene program with the MAFFT 

method. We compared the recombinant plasmid sequence 

with the pRGEB32 backbone plasmid sequence (Addgene, 

USA). 

RESULTS AND DISCUSSION 

Construction of pRGEB-art1 recombinant 

The construction of the recombinant vector pRGEB32-

sgRNAART1 was carried out by combining digestion and 

ligase reactions. The restriction enzyme used in this study 

was Bsa1. The construction of sgRNA-ART1 was also 

made by adding additional nucleotide regions so that the 

ligase process between sgRNA-ART1 and the pRGEB32 

vector had a high affinity. The polynucleotide kinase 

(PNK) enzyme was also added in this study to increase the 

affinity ligase process, namely in the process of combining 

the 5-P and 3-OH ends of both sgRNA and the pRGEB32 

vector. The construction of recombinant pRGEB32 showed 

a high level of success in this study. This was indicated by 

the successful presence of ART1 sgRNA amplicon in 

recombinant Escherichia coli. Of the total 7 colonies of E. 

coli bacteria that successfully passed the 5 ppm kanamycin 

antibiotic selection, there were 6 positive colonies containing 

the ART1 sgRNA insert (Figure 1.A). The control was 

nonrecombinant pRGEB32 plasmid (C1), pRGEB32-

sgDREB as negative control (C2), along with ddH2O (C3) 

showed no ART1 sgRNA band (Figure 1.A). The 

recombinant bacteria that successfully grew were then re-

selected using Luria-Bertani agar (LA) media supplemented 

with 50 ppm kanamycin antibiotic. The six positive 

bacteria successfully grew on LA + 50 ppm Kanamycin 

selection media (Figure 1.B). In addition, nonrecombinant 

bacteria containing the pRGEB32 cassette (without 

sgRNAART1, positive control) also successfully grew on 

the selection media (Figure 1C). In contrast, nonrecombinant 

E. coli bacteria failed to grow on LB selection media 

supplemented with 50 ppm kanamycin antibiotic (Figure 

1.D). 

Plasmid isolation and verification of sgART1 insertion 

Isolation of the recombinant plasmid pRGEB32-sgART1 

is important to confirm the success of the vector 

construction process. The recombinant E. coli bacteria that 

were successfully selected were then cultured on Luria 

Bertani Agar (LA) selection media (Sezonov et al. 2007), 

which was given a 50 ppm kanamycin antibiotic. The 

selected bacteria came from colonies 1 and 2. There was a 

difference in colony growth rate as indicated by the relatively 

different turbidity of the colonies from both (Figure 2.A). 

Colony 1 tended to grow faster, so it was selected for 

plasmid isolation. The results of the recombinant plasmid 

isolation were successfully carried out using the heat-shock 

isolation technique, and the plasmid band from the 

pRGEB32-sgART1 plasmid isolation results showed two 

clear supercoiled bands, indicating that the recombinant 

plasmid isolation process was successfully carried out 

specifically (Figure 2.B). The plasmid obtained was then 

selected to amplify the insert using a pair of verification 

primers and, based on the sgART1 reverse and M13r 

forward primers, showed the correct sgRNA orientation as 

indicated by the appearance of an amplicon band of 425 bp 

(Figure 2.C).  

 

 

 

 
 

Figure 1. sgRNA generation and transformation in recombinant Escherichia coli containing pRGEB32-sgART1: A. PCR of ART1 

sgRNA colonies; B. E. coli colonies transformed by ART1 sgRNA; C. Positive control E. coli containing empty pRGEB32 cassette; D. 

Negative control E. coli without pRGEB32-sgART1. ART1 sgRNA was amplified using sgART1 reverse and M13r forward primers 

with a size of 425 bp. M: 1 kb marker; A1-A7: Recombinant bacterial colonies; C1-C3: negative control 
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The recombinant pRGEB32 construction map can be 

shown with the M13 R and attB1 flanking regions (Figure 

2.D). Important sites that can be found in the pRGEB32 

vector include Kan R, LB, HygR, CaMV, M13 R, sgRNA-

ART1, attB1, and Cas 9. The Kan R site shows a sequence 

that encodes resistance to the antibiotic kanamycin. The LB 

site is a left border site, where this area is a specific 

recombination site for insertion of regions that are 

homologous to the plant genome so that the sites flanked 

by the right border (RB) can be inserted into the nuclear 

genome. The HygR site is a region that encodes plant 

resistance to the antibiotic hygromycin. The CaMV region 

is a gene that encodes a strong promoter derived from the 

Cauliflower Mosaic Virus (CMV) commonly used for 

plants. The universal M13 region is a general region found 

in plasmids in general. The sgRNA-ART1 site is a target 

region inserted into the pRGEB32 vector. The attB1 site is 

a homologous region used for the introduction of the BP-

clonase enzyme to clone a specific gene with a gateway 

system. The Cas9 sequence is a site that encodes the Cas 9 

protein that can perform gene editing on the pRGEB32 

vector (Figure 2.D). 

Sequencing and analysis of sgART1 target on 

recombinant plasmid pRGEB32 

Bioinformatics study on pRGEB32 plasmid annotation 

is important to be conducted. Annotation study showed that 

the pRGEB32 cassette plasmid sequence from AddGene 

(USA) showed more than 99% homology with the 

recombinant pRGEB32-sgART1 sequence, especially only 

1% difference, namely 20 bp of sgRNA that appeared 

different (Figure 3A, 3B). Important sites that were 

successfully mapped from the pRGEB32 sequence from 

Addgene were T-DNA RB, Cas 9, UBI p, U3p, gRNA, 

35S, HPTII, T-DNA LB, and Kan. The size of the 

recombinant pRGEB32 vector was 15.9 kb (Figure 3.A). 

The U3p and UBI p sites are important sites that encode the 

promoter and ubiquitin gene. The sgRNA site of ART1 has 

also added 5'-CAAA-3' at the 3' end for the Bsa1 restriction 

recognition site (Figure 3.C). After checking with alignment 

on plasmid annotation using the MAAFT method, it was 

found that 20 bp of ART1 sgRNA was successfully inserted 

into the recombinant vector pRGEB32-sgART1 (Figure 

3.D). 

Discussion 

Rice cv. Inpago 5 is an upland rice that can grow well 

on suboptimal soil. Based on physiological studies, Inpago 

5 rice has a unique tolerance mechanism in responding to 

aluminum (Al) stress, especially by making the photosynthesis 

process (Fendiyanto et al. 2024) and photosynthetic 

pigment synthesis relatively stable when stressed by Al 

(Fendiyanto et al. 2019a). Cv. Inpago 5 is a cultivated 

variety that has high productivity and is moderately tolerant 

when grown on low pH media (3-5 pH) with high Al 

content. Inpago 5 rice can have relatively high productivity, 

reaching 8 tons/ha even though it is grown on acidic soil. 

This ability is related to the tolerance mechanism of the 

rice when planted on suboptimal soil (Fendiyanto et al. 

2019a); the study of cv. Inpago 5 rice, when stressed by Al 

and its mechanisms, is important to study.  

 

 

 

 

 
 

Figure 2. Isolation of recombinant plasmid pRGEB32-sgART1 and verification of sgRNA insert: A. Colony of recombinant E. coli 

pRGEB32-sgART1; B. Visualization of recombinant plasmid pRGEB32 sgART1; C. Target band of sgART1 using recombinant 

plasmid template; D. Construction map of pRGEB32 vector containing sgRNA-ART1 insert 
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Figure 3. Sequence of sgRNA-ART1 in construct pRGEB32: A. Construction of plasmid pRGEB32 with sgRNA main region; B. 

Target sgRNA sequence from sequencing scheme; C. sgRNA cloning site region of ART1 in recombinant pRGEB32 vector; D. Position 

of sgRNA-ART1 sequence with chromatogram quality 

 

 

 

The mechanism of rice tolerance to abiotic stress is 

complex (Liu et al. 1998; Sakuma et al. 2002; Tian et al. 

2005; Satrio et al. 2019, 2021, 2023, 2024). Al tolerance in 

rice is still investigated using molecular and physiological 

approaches (Meng et al. 2017; Awasthi et al. 2019; Saha et 

al. 2019; Jingguang et al. 2020); the process of revealing 

the mechanism of rice tolerance cv. Inpago to Al stress can 

be done by having a tolerant cultivar Inpago 5, for 

example, by overexpressing the Al tolerant gene (Zhang et 

al. 2016), and a sensitive cultivar Inpago 5. Studies on the 

creation of Al tolerant rice in Indica and japonica rice have 

been widely carried out (Miftahudin et al. 2021). However, 

studies on the creation of Al-sensitive mutants have been 

very few. This study conducted the creation of ART1 

knock-down mutants to study the relationship between the 

ART1 gene and other tolerance genes (Fendiyanto et al. 

2019b; Miftahudin et al. 2021) and to find other candidate 

responsive genes in the ART1 pathway that negatively 

regulate Al stress. The study of searching for major genes 

in the ART1 control pathway has not been found 

comprehensively. This study tries to make rice cv. Al 

sensitive with a genome editing approach with the help of 

the Cas 9 protein. Al sensitive rice from cv. Inpago 5 aims 

to be a comparison in studying genes that encode repressors 

or negatively responsive genes to Al stress. The discovery 

of these new repressor genes can be a breakthrough in 

making Al-tolerant and abiotic-tolerant rice in the future. 

There are four main transcription factors in plant 

tolerance to Al stress (Jingguang et al. 2020), i.e., ART1, 

ASR1, ASR5, and OsWRKY22 (Fan et al. 2014; Jiang et al. 

2017). The ART1 transcription factor is reported to be a 

major gene related to Al tolerance. It can control other Al-

responsive genes such as OsMGT1 (Zhang et al. 2019), 

OsCDT3, OsFRDL2 (Yokosho et al. 2016a), OsFRDL4 

(Yokosho et al. 2016b), OsEXPA10, Nrat1 (Li et al. 2014; 

Xia et al. 2014), OsALS1, STAR1, and STAR2 (Arbelaez et 

al. 2017). The ASR1 and ASR5 transcription factors can 

regulate Al tolerance genes, especially Nrat1 (Arenhart et 

al. 2014, 2016). The OsFRDL4 gene can be controlled by 

the OsWRKY22, ASR1, and ASR5 transcription factors 

(Jingguang et al. 2020). Al tolerance genes have relatively 

different modes of action in regulating plant regulation to 

avoid Al stress (Jingguang et al. 2020). OsFRDL4 is a gene 

that encodes a transporter related to the release of citrate 

into the rhizosphere. Nrat1 is an Al transporter in the 

plasma membrane, and after Al enters the cytosol, putesin 

can inhibit Al (Jingguang et al. 2020). The OsALS1 gene 

plays a role in accumulating Al in the vacuole, where its 

role is as a transporter in the tonoplast in rice (O. sativa) 

(Jingguang et al. 2020). The OsMGT1 gene encodes a 

transporter whose role is to inhibit Al from entering the 

cytosol by having a high affinity for Mg ions compared to 

Al. The OsALMT4 gene is reported to act as a malate 

transporter so that it can chelate Al in the rhizosphere (Liu 

et al. 2017). The STAR1 and STAR2 genes are genes related 

to the regulation of UDP-glucose, which is transported to 

the cell wall (Li et al. 2016; Zhu et al. 2019); therefore, it 

can prevent Al from entering the cell (Yang et al. 2017; 

Yan et al. 2018). Recent reports indicate that OsPIN2 also 

plays a role in Al regulation (Adamowski and Friml 2015; 

Bai et al. 2017). 

One of the latest genes reported to be related to Al 

tolerance is OsGERLP (Miftahudin et al. 2021). The 

OsGERLP is a gene that encodes a protein similar to 

ribosomal L32. Silencing of the OsGERLP gene has been 

reported to cause rice plants to become sensitive to Al. 

Conversely, overexpression of the OsGERLP gene has 

been reported to increase the level of plant tolerance to Al 
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stress in both tobacco and transgenic rice (Miftahudin et al. 

2021). The role of OsGERLP in plant tolerance to Al stress 

is also known to be regulated by acid or low pH 

(Miftahudin et al. 2021). However, the role and mechanism 

of the OsGERLP gene are still being investigated further, 

including its relationship with the OsART1 gene. 

Genetic engineering studies, particularly generating 

transgenic and/or mutant lines to understand abiotic stress, 

Al tolerance, and yield, are quite important (Guo and Ye 

2014; Chen et al. 2017). The CRISPR/Cas 9 technique is a 

gene or genome editing technique (Agarwal et al. 2006) 

that is widely used in bacteria, plants (O. sativa, Zea mays, 

Musa acuminata, and others), animals, and fungi. In plants, 

this technique is widely used to study the regulation and 

mechanism of expression and interaction of a gene with 

other genes (Halim et al. 2021; Pratami et al. 2022). This 

technique is also used to make mutants sensitive to abiotic 

stress or to overexpress the promoter region controlling a 

particular gene. In this study, the construction of the 

recombinant pRGEB32-sgART1 vector was used to create 

Al-sensitive rice.  

The ART1 gene is a major transcription factor that plays 

a major role in plant tolerance to Al stress in japonica rice 

subspecies. The study and mechanism of Al stress 

tolerance in Indica rice are still very little studied. Random 

mutations that are non-homologous end joining (NHEJ) in 

the Cas9 protein (Halim et al. 2021) in the recombinant 

pRGEB32-sgART1 vector target the functional region of 

the ART1 gene so that the resulting rice plant mutants 

express knock-down on ART1. In this study, recombinant 

E. coli was successfully transformed using the heat-shock-

based transformation technique (Patigu et al. 2021). 

Construction of E. coli recombinant containing pRGEB32-

Art1 was successfully generated (Figure 1). PCR-colony of 

the bacteria showed all E. coli had pRGEB32 recombinant. 

We found a 425 bp band of specific primers of selected 

regions of pRGEB32, both in the E. coli colony and in the 

plasmid (Figure 2). Therefore, transformation using heat 

shock in this method was precisely optimized. Optimization 

of transformation efficiency in E. coli depends on the 

efficiency and accuracy of the transformation method 

(Chan et al. 2013). The recombinant vector construction 

process successfully inserted sgRNA-ART1 into the 

pRGEB32 vector. Verification of the pRGEB32 insert in 

both recombinant E. coli and the recombinant vector 

showed the presence of a 425 bp band amplicon for the 

insert from the region between M13 reverse and sgRNA-

ART1. The recombinant pRGEB32 plasmid sequence 

showed that the ART1 sgRNA was successfully inserted 

and inserted at a specific region at the Bsa1 restriction site 

(Figure 3). 

 In conclusion, the construction of pRGEB32-sgART1 

derived from ART1 genomic DNA of rice cv. Inpago 5 in 

this study was successful. This success is demonstrated by 

several stages of the method and by the design of sgRNA-

ART1, which was carried out in silico and in vitro.  
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