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SUMMARY 

 

Rice (Oryza sativa L.) production on acidic drylands needs optimization through breeding to develop 

drought-resistant cultivars. The rice cultivar Inpago-5 showed moderate tolerance to drought stress. 

However, further enhancing this tolerance can proceed by precise gene editing of the DREB 

(dehydration-responsive element binding) gene, utilizing the CRISPR (clustered regularly interspaced 

palindromic repeats) /Cas9 system. The presented study aimed to engineer the single-guided RNA 

(sgRNA) targeting the DREB gene in rice cultivar Inpago-5 using the CRISPR/Cas9 approach. The use 

of the pRGEB32 plasmid harboring the Cas9 gene helped facilitate the cloning of sgRNA-DREB through 

the Golden Gate cloning technique and heat shock transformation. The sgRNA-DREB confirmation 

succeeded through colony PCR (polymerase chain reaction), followed by plasmid isolation and 

subsequent validation using PCR with specific primers and sequencing primers targeting the pRGEB32 

vector. The latest analysis revealed the pRGEB32-sgDREB_sg1 and pRGEB32-sgDREB_sg2 

transformed bacteria proliferated on LB+Kanamycin selection media, indicating successful insertion of 
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sgRNA-DREB into the pRGEB32 plasmid. The verification through colony and plasmid PCR with specific 

primers confirmed the presence of a 425-bp amplicon. Sequencing data showed the correct insertion 

of sgRNA-DREB sequences at the designated site. 

 

Keywords: Rice (O. sativa L.), cultivar Inpago-5, plant breeding, CRISPR/Cas9, gene editing 

 

Key findings: The gene encoding rice (O. sativa L.) drought tolerance DREB4 succeeded integration 

into the pRGEB32 vector, with the sgRNA-DREB accurately inserted at the targeted site. 

 

 

INTRODUCTION 

 

Recent past studies revealed local Indonesian 

rice (Oryza sativa L.) cultivars, particularly the 

upland cultivars like Inpago-5, exhibited the 

suboptimal drought tolerance despite high 

productivity under ideal soil conditions 

(Fendiyanto et al., 2019, 2024). Under 

suboptimal and arid conditions, the upland rice 

cv. Inpago-5 productivity displayed a 

significant decrease compared with its 

performance under optimal soil conditions. 

Under drought stress conditions, reports on 

cultivar Inpago-5 productivity losses stated as 

much as two tons per hectare. The drought 

tolerance profile of cv. Inpago-5 on dry and 

acidic soils was moderate compared with other 

rice cultivars, such as Hawara Bunar, IR64, 

Inpago-4, Inpago-7, Inpago-8, and Limboto 

(Fendiyanto et al., 2019; Miftahudin et al., 

2021). Consequently, enhancing the drought 

tolerance of the cultivar Inpago-5 through 

genetic engineering of drought-responsive 

genes presents a viable approach. 

Genes involved in plant resilience to 

abiotic stress conditions encompass a diverse 

array, including SOD, OsGERLP, OsDREB1, 

OsDREB2, OsDREB4, and OsFRDL4 (Fendiyanto 

et al., 2019, 2024; Miftahudin et al., 2021; 

Satrio et al., 2019, 2021, 2023). Among these, 

the OsDREB gene encodes a transcription 

factor pivotal for drought response in rice. The 

said gene has emerged to bolster plant 

resilience against drought and other abiotic 

stress factors (Tian et al., 2005). The OsDREB 

functions as a crucial transcriptional regulator 

under drought conditions, facilitating the 

upregulation of downstream genes, such as 

PLS1 and PLS2. The OsDREB exhibited 

substantial homology with TaDREB in wheat, 

DREB in barley and rye, and zmDREB in maize. 

Furthermore, the DREB gene in rice was 

evident as a significant hotspot within 

quantitative trait loci (QTL) regions governing 

the drought stress mechanisms (Tian et al., 

2005). 

In the OsDREB gene, the genetic 

modification can progress through 

contemporary gene-editing technologies, such 

as, CRISPR/Cas9. However, a paucity of 

research exists involving the application of 

CRISPR technology to manipulate the DREB 

gene in rice cultivar Inpago 5. Most studies on 

CRISPR technology in rice cultivar Inpago-5 

and other crops have focused only on in silico 

analyses (Halim et al., 2021; Pratami et al., 

2022; Fendiyanto et al., 2023). To date, the 

efforts to enhance plant drought tolerance 

have largely centered on conventional breeding 

methods, such as cross-breeding, which have 

proven to be ineffectual (Tanaka et al., 2023). 

Consequently, the presented study aimed to 

engineer a vector carrying sgRNA-DREB for use 

in rice cultivar Inpago-5, utilizing the 

CRISPR/Cas9 system in Escherichia coli 

bacteria. This research represents a critical 

initial step in the genetic engineering of the 

drought-resistant rice cultivar Inpago-5. 

 

 

MATERIALS AND METHODS 

 

Plant and vector materials 

 

The plasmid pRGEB32 served as the vector for 

the construction of the CRISPR/Cas9 cassette. 

The sgRNA targeting the DREB gene underwent 

synthesis in rice (O. sativa L.) cultivar Inpago-

5 with two distinct variants, each comprising 

23 base pairs. In the promising study, the 

additional material utilized included the liquid 

Luria-Bertani (LB) medium (Sezonov et al., 
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2007), the Luria-Bertani agar (LA) medium, 

and antibiotics, such as, kanamycin and 

streptomycin. Reagents comprised annealing 

oligonucleotides from NEB (USA) and Golden 

Gate cloning reagents, also sourced from NEB, 

USA. Furthermore, utilizing a 0.1 M CaCl2 

solution combined with 15% glycerol, 

nuclease-free water (NFW), and 70% ethanol 

also occurred. For polymerase chain reaction 

(PCR) amplification, the use of MyTaq™ HS 

Red Mix (Bioline, USA), along with agarose and 

TAE buffer for gel electrophoresis, ensued. The 

GeneJET Plasmid Miniprep Kit (Thermo 

Scientific, USA) and the M13 Reverse Primer 

(5’-CAGGAAACAGCTATGAC-3’) were also 

integral in the said research. The bacterial 

strains used included Escherichia coli strain 

TOP10 and Escherichia coli harboring the 

pRGEB32 plasmid. 

 

CRISPR/Cas9 vector construction and 

sgRNA-DREB generation 

 

The engineering of CRISPR/Cas9 editing 

vectors using sgRNA oligonucleotides involved 

several critical steps, including 

phosphorylation, annealing, digestion, and 

vector ligation. These procedures adhered to 

the methodology outlined by Kusumawati et al. 

(2023). Initially, 1 µl of sgRNA oligo pairs (100 

µM), combined with 2 µl of T4 ligase buffer, 1 

µl of T4 polynucleotide kinase (PNK) enzyme, 

and 15 µl of nuclease-free water (NFW), 

facilitated the phosphorylation. The reaction 

mixture then sustained incubation at 37 °C for 

one hour to activate the enzyme, followed by 

inactivation at 95 °C for three minutes and 

cooling to 25 °C. The resultant double-

stranded oligonucleotides served for ligation 

with the pRGEB32 plasmid. In this phase, 1 µl 

of oligo duplex’s incorporation into the Golden 

Gate master mix reaction comprised 1 µl of 

pRGEB32 plasmid (75 ng/µl), 1 µl of T4 ligase 

buffer, 1.25 µl of T4 ligase enzyme, 0.5 µl of 

BsaI-HF®v2, and 5.25 µl of nuclease-free 

water (NFW). Conducting the Golden Gate 

assembly used a Select Cycler-II PCR machine 

(Select BioProducts, USA), with 25 cycles 

alternating between restriction at 37 °C for two 

minutes and ligation at 16 °C for three 

minutes. Consequently, the integration of the 

CRISPR/Cas9 vector into the pRGEB32 plasmid 

ran through a meticulously structured protocol 

(Kusumawati et al., 2023), ensuring both 

efficiency and precision in the process. 

 

Introduction of recombinant vectors into 

E. coli TOP10 

 

The transformation process commenced with 

the preparation of competent E. coli TOP10 

cells, following the protocol as outlined by 

Chan et al. (2013), with slight modifications by 

Kang et al. (2013). Initiating, the procedure 

comprised 200 µl of E. coli TOP10 overnight 

culture inoculated into 2 ml of C-Medium 

combined with 3 ml of the LB medium. Then, 

the culture’s incubation continued in a shaking 

incubator at 37 °C for 3.5 hours. 

Subsequently, 1.5 ml of the E. coli TOP10 

culture reached centrifugation at 4 °C and 

4000 rpm for six minutes. The resultant cell 

pellet’s careful resuspension in 100 µl of 0.1 M 

CaCl2 solution proceeded, then incubated on 

ice for five minutes. Following re-

centrifugation, the cell pellet’s meticulous 

resuspension continued in 100 µl of CaCl2 

solution supplemented with 15% glycerol and 

subsequently preserved at -20 °C (Panja et al., 

2006; Li et al., 2010). The insertion of the 

recombinant pRGEB32 plasmid into E. coli 

TOP10 took place via the heat shock method, 

adhering to established protocols (Sambrook et 

al., 1989; Patigu et al., 2021). A 10 µl aliquot 

of the Golden Gate reaction mixture, as 

combined with 50 µl of competent cells (Zhou 

et al., 2018), attained incubation on ice for 30 

minutes. Afterward, a heat shock treatment at 

42 °C for 45 seconds followed, with the cells 

immediately returned to ice for a 10-minute 

incubation. Subsequently, the introduction of 

800 µl of LB medium continued with the 

mixture shaken at 37 °C for 1.5 hours. The 

transformation culture’s spreading ensued on 

LB agar plates containing 50 ppm kanamycin, 

and incubation at room temperature took 48 

hours. In conclusion, the transformation 

process of E. coli TOP10, starting from the 

induction of competency to the insertion of the 

pRGEB32 plasmid, transpired through a series 

of steps, ensuring the efficacy and reliability of 

the transformation. 
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Selection of positive recombinant colonies 

in E. coli 

 

Screening of colonies of E. coli potentially 

harboring recombinant plasmids employed the 

colony PCR technique. Two colonies’ sampling 

from each plate used a pipette tip and 

inoculated into selective media containing 50 

ppm kanamycin. The pipette tip, then 

resuspended in a PCR tube, contained 10 µl of 

nuclease-free water (NFW). This colony 

suspension subsequently received 12.5 µl of 

MyTaq™ HS Red Mix PCR master mix (Bioline, 

USA), 1.25 µl of specific primers for the 

pRGEB32 vector (10 µM), and 1.25 µl of the 

reverse oligo corresponding to the sgRNA 

insert (10 µM). The procedure commenced 

with cell lysis at 96 °C for five minutes, 

followed by 35 amplification cycles, consisting 

of denaturation at 95 °C for 15 seconds, 

annealing at 60 °C for 30 seconds, and 

extension at 72 °C for 30 seconds. A final post-

extension phase at 72 °C for five minutes 

proceeded. The PCR products then sustained 

electrophoresis using a 1% agarose gel in 1x 

TAE buffer at 100 volts for 30 minutes. 

Visualization of the DNA bands continued using 

a UV transilluminator to confirm the presence 

of recombinant constructs. 

 

Plasmid isolation and insertion 

verification 

 

Transformed E. coli TOP10 cells’ inoculation 

into 20 ml of the LB medium supplemented 

with 50 ppm kanamycin progressed in a 100-

ml Erlenmeyer flask. The culture, incubated 

overnight at ambient temperature under 

continuous agitation at 200 rpm, used a shaker 

incubator. Plasmid isolation commenced with 

the GeneJET Plasmid Miniprep Kit (Thermo Sci, 

USA) following the manufacturer’s protocol. 

Plasmid concentration quantification continued 

by calculating the absorbance ratio at 260 nm 

and 280 nm using a Nanodrop 

spectrophotometer (Blue-Ray Biotech, Taiwan). 

Successful integration of the sgRNA sequence 

into the pRGEB32 plasmid gained verification 

via the plasmid PCR, employing the M13 

reverse primer (5’- CAGGAAACAGCTATGAC -3’) 

alongside the reverse sgRNA oligos for each 

construct, namely, DREB_F1 (5’- 

TAGGGGAAGCCGCCTGCCCTGACA -3’) and 

DREB_R1 (5’- 

AAACTGTCAGGGCAGGCGGCTTCC-3’).  

 The PCR protocol commenced with an 

initial denaturation at 95 °C for one minute, 

followed by 35 amplification cycles, each 

comprising denaturation at 95 °C for 15 

seconds, annealing at 60 °C for 30 seconds, 

and extension at 72 °C for 30 seconds. The 

process concluded with a final extension at 72 

°C for five minutes. The PCR products’ 

subsequent visualization engaged 

electrophoresis on a 1% agarose gel in 1x TAE 

buffer, applying a voltage of 100 volts for 30 

minutes. The presence of the DREB sgRNA in 

the positive recombinant plasmid was positive 

through sequencing at the sgRNA insertion site 

using the universal primer M13R-pUC (-26), 

conducted at PT Genetika Science, Jakarta. The 

resulting sequencing data, encompassing 

chromatograms and nucleotide sequences, 

reached sampling to validate the successful 

incorporation of the sgRNA into the pRGEB32 

plasmid. 

 

Data analysis 

 

The verification of sgRNA integration into the 

pRGEB32 plasmid gained meticulous 

confirmation through colony PCR, plasmid PCR, 

and sequencing methodologies. Electrophoresis 

on 1% agarose gel helped analyze the results 

of both colony and plasmid PCR, with the 

outcomes visualized as electrophoregram 

images. For plasmid sequence analysis, 

applying the UGENE software version 34.0 

continued, with the findings presented in 

graphical form (Okonechnikov et al., 2012). 

This rigorous and systematic process ensured 

the successful incorporation of the sgRNA into 

the pRGEB32 plasmid. All the analyses 

engaged the R software package (Wickham 

and Grolemund, 2017; Chang et al., 2021), 

further validating the robustness of the data. 
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RESULTS 

 

sgDREB and transformation of E. coli 

 

The synthesis of sgRNA-DREB in recombinant 

Escherichia coli harboring the pRGEB32 

(CRISPR/Cas9 vector) was successful, as 

carried out in this investigation. The same 

reached validity by the PCR for sgRNA-DREB, 

which yielded E. coli colonies on Luria-Bertani 

agar (LA) selection media supplemented with 

50 ppm kanamycin and streptomycin (Figure 

1A). In this experiment, the positive control 

was the concentrated pRGEB32-cassette, 

devoid of sgRNA-DREB. The E. coli harboring 

the pRGEB32-cassette was able to proliferate 

on the selective medium, as it possesses the 

kanamycin resistance gene, thereby conferring 

antibiotic tolerance.  

 In the presented study, by using E. coli 

strain TOP10, the bacterial strain also exhibited 

resistance to streptomycin, inherently carries 

kanamycin resistance. The negative control 

employed comprised E. coli that had not been 

transformed with either recombinant vectors, 

thus, failing to survive when cultured on LA 

media supplemented with kanamycin and 

streptomycin (Figure 1). The sgRNA-DREB 

construct map revealed its proximity to the 

M13 reverse priming site and the Cas9 coding 

sequence, along with the kanamycin resistance 

gene fixed within the pRGEB32 cassette 

(Figure 1B). 

 

Transformation and PCR of positive 

colonies 

 

With colony PCR, the transformation efficacy 

confirmation revealed the presence of colonies 

harboring the recombinant vector with the 

DREB sgRNA insert. In the analyzed colonies, 

10 (designated as sg1–sg10) displayed 

apparent insert bands, while the sg11 colony 

lacked the insertion (Figure 2). The colony PCR 

 
 

Figure 1. Transformation and construction of sgRNA-DREB within recombinant Escherichia coli 

harboring the pRGEB32 (CRISPR/Cas9 Vector). (A) PCR amplification of sgRNA-DREB colonies; (B) 

schematic representation of the sgRNA-DREB construct in the pRGEB32 vector. Abbreviations: Kan R-

kanamycin antibiotic resistance gene; LB-left border; Hyg R-hygromycin antibiotic resistance gene; 

CaMV-strong plant promoter; M13R-M13 marker segment; attB1-clonase homologous site; Cas9-a 

gene encoding the Cas9 protein. 
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results’ visualization used 1% agarose gel 

electrophoresis, with two negative controls—

ddH2O (to verify the absence of contamination 

in the PCR reagents) and non-recombinant E. 

coli. The colonies selected for plasmid isolation 

were sg1 and sg2, both of which were 

successfully cultured on LB media 

supplemented with kanamycin and 

streptomycin. Plasmid PCR subsequently 

confirmed the presence of the sgRNA insertion 

in the recombinant pRGEB32 plasmids isolated 

from the sg1 and sg2 colonies, as also 

confirmed by the appearance of divergent 

positive bands (Figure 2). 

 

Validation of sgRNA-DREB insertion 

sequence 

 

The successful insertion of sgRNA-DREB into 

the pRGEB32 vector’s further substantiation 

through sequencing analysis authenticated the 

presence of the sgRNA-DREB insertion site 

within the recombinant. The sequencing 

analysis also demonstrated that the pRGEB32 

vector was congruent with the designed sgRNA 

sequence (Figure 3). Moreover, the expected 

CCTGT cleavage motif was clearly evident 

within the recombinant pRGEB32 vector, 

further claiming the accuracy of the insertion 

(Figure 3B). 

 

 

DISCUSSION 

 

Dehydration-responsive element binding 

(DREB) genes encode a cohort of transcription 

factors pivotal in regulating plant responses to 

environmental stresses, including drought, 

salinity, and extreme thermal conditions 

(Yamaguchi and Shinozaki, 1994). In past 

studies, the DREB, as categorized within the 

Apetala2/Ethylene Responsive Factor 

(AP2/ERF) family (Liu et al., 1998), exhibited 

affinity for a specific DNA motif known as the 

Dehydration-Responsive Element/C-repeat 

(DRE/CRT) (Sakuma et al., 2002) and the 

situated upstream of genes linked in stress 

responses (Agarwal et al., 2006). These genes’ 

 
 

Figure 2. Verification of sgRNA-DREB insertion employing colony PCR and plasmid PCR utilizing M13R-

forward and DREB reverse primers: (A) Colony PCR analysis of 11 recombinant E. coli colonies, 

depicting the sgRNA-DREB region. M: 1 kb DNA ladder; sg1-sg11: individual colonies of recombinant 

E. coli; C1: negative control using non-recombinant E. coli; C2: negative control with ddH2O. (B) 

Selected recombinant E. coli cultures harboring the recombinant pRGEB32 plasmid grown on Luria-

Bertani Broth (LB) media supplemented with 50 ppm kanamycin. C: control with non-recombinant E. 

coli; sg1: positive recombinant colony 1; sg2: positive recombinant colony 2. (C) PCR analysis of 

sgRNA-DREB from recombinant pRGEB32 plasmid. M: 1 kb DNA ladder; sg1: recombinant plasmid 1; 

sg2: recombinant plasmid 2. Red arrows denote positive amplicons corresponding to the M13R region 

and sgRNA-DREB. 



SABRAO J. Breed. Genet.57 (3) 989-998. http://doi.org/10.54910/sabrao2025.57.3.11 

995 

 
 

Figure 3. Verification of pRGEB32 insertion through sequencing: (A) Isolation of the recombinant 

plasmid pRGEB32-sgDREB; (B) PCR verification of the plasmid in the sgDREB region; (C) Partial 

construction map of the recombinant pRGEB32 vector; (D) Sequence analysis of the recombinant 

plasmid pRGEB32 and the sgDREB insertion region. M1: lambda DNA marker; M2: 100 bp DNA ladder. 

 

activation further facilitates plant resilience 

under adverse environmental and stress 

conditions, particularly in rice. Currently, the 

employed genes function as drought-

responsive elements in rice. The construction 

of the pRGEB32 plasmid vector, aimed at the 

DREB gene, was also an achievement in this 

study (Figure 1). This vector construction bore 

validity through the confirmation of 

recombinant E. coli, colony and plasmid PCR, 

and sequencing of the recombinant vector 

pRGEB32-sgDREB. 

This study further elucidated the 

successful construction of the CRISPR/Cas9-

sgRNA recombinant vector through the 

insertion of DREB4 sgRNA into the pRGEB32 

vector (Figures 1 and 2). The successful 

integration of DREB sgRNA began with the 

synthesis of a sgRNA duplex oligonucleotide. In 

the presented process, the two complementary 

oligonucleotides hybridized to form a duplex, 

which had subsequent phosphorylation by the 

polynucleotide kinase (PNK) enzyme at 37 °C. 

Following phosphorylation, further inactivation 

of the enzyme was at 95 °C. The addition of a 

phosphate group at the 5’ terminus using T4 

PNK (NEB, USA) sought to enhance the 

efficiency of the ligation process (Si et al., 

2023). The ligation process was crucial 

because the phosphorylated 5’ end of the oligo 

duplex becomes harmonious with the cohesive 

ends of the pRGEB32 plasmid, which has been 

digested with the BsaI enzyme.  

Consequently, the nitrogenous bases 

can pair through hydrogen bonding for forming 

a stable DNA structure, facilitated by the ligase 

enzyme. The DREB sgRNA oligo duplex, as 

incorporated into the pRGEB32 plasmid via the 

Golden Gate method, facilitated coinciding 

cleavage and ligation in a single reaction. This 

cloning strategy gained fame for its efficiency 

and precision for yielding stable recombinant 

DNA. In ensuring the stability of the final 

product, the pivotal factor was the precise 

positioning of the cleavage site on the vector. 

It generated complementary sticky ends to 

facilitate the ligation of the sgRNA fragment in 

the accurate orientation during the assembly 

process. Consequently, the restriction enzyme 

BsaI, characterized by a six-nucleotide 

recognition site (5’-GGTCTC…-3’), was the 

option. This enzyme belongs to the type IIS 
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restriction enzyme group, allowing the ligation 

of sgRNA without the incorporation of 

extraneous nucleotide sequences by cleaving 

outside its recognition site (Valla and Lale, 

2014). The BsaI cleavage site within the 

pRGEB32 vector remained at nucleotide 

positions 9738-9743 on the 3’ strand and 

9746-9751 on the 5’ strand, thereby 

positioning the sgRNA attachment at nucleotide 

9737, with the same also illustrated in the 

physical map of the pRGEB32_DREB.  

The elimination of the type IIS 

recognition site following the sgRNA ligation 

precluded subsequent cleavage by the 

restriction enzyme, thereby preserving the 

stability of the resultant ligation product. The 

DNA ligase enzyme facilitated the covalent 

joining of the termini of single-stranded DNA 

within double-stranded DNA (dsDNA) 

molecules. The ligation process requires the 

presence of a phosphate group at the 5’ end 

and a hydroxyl group at the 3’ end. Notably, 

the DNA ligase exhibited better capability in 

forming phosphodiester bonds at sticky ends 

than blunt ends. All procedural stages—

including oligo duplex formation, 

transformation, colony and plasmid PCRs, and 

the sequencing—demonstrated the vector’s 

successful construction (Figures 2 and 3). 

Furthermore, verification of insertions within 

plasmids in CRISPR vector construction could 

be proficient not only through conventional 

PCR but also via real-time PCR (Hou et al., 

2016). 

For plasmid DNA, the plasmid 

pRGEB32_DREB incurred subsequent 

sequencing. This executed sequencing 

employed the Sanger sequencing methodology 

with the universal primer M13R-pUC (-26) (5’-

CAGGAAACAGCTATGAC-3’). The sequencing 

results of the recombinant plasmid DNA 

indicated the presence of the DREB sgRNA 

sequence at the correct locus and in the proper 

orientation (Figure 3). Facilitating the DREB 

sgRNA detection used the sequence search tool 

within the UGENE software. The sequence 

analysis exhibited exceptional reading quality, 

characterized by pronounced and distinct graph 

peaks (Figure 3). The development of the said 

construct represents a preliminary 

investigation aimed at engineering drought-

tolerant rice, specifically targeting the DREB 

gene family, with particular emphasis on the 

DREB4-1 gene. 

The OsDREB4-1 is a gene identified in 

rice (O. sativa) that encodes a protein 

featuring the AP2 domain, which functions as a 

transcription factor binding to the dehydration 

response element (DRE). The said gene is a 

DREB transcription factor family member that 

is crucial in mediating the gene expression in 

response to environmental stressors, such as 

dehydration and salinity (Tian et al., 2005). In 

a greater analogy with these findings, several 

other genes also exhibited positive responses 

to the abiotic stress conditions in various crop 

plants, such as OsSOD in rice (Fendiyanto et 

al., 2021; Satrio et al., 2024) and LCYB in 

banana (Fendiyanto et al., 2023). The 

OsDREB4-1 gene specifically binds to the DRE 

element as a crucial component of the 

promoter regions of genes implicated in stress 

responses.  

Furthermore, the DREB transcription 

factors, including OsDREB4-1, are integral to 

the modulation of stress responses and their 

expression profiles. Notably, the OsDREB4-1 

expression, as induced under dehydration and 

high salinity conditions, underscored its role in 

aiding plant adaptation to abiotic stress. In 

contrast, other DREB genes, such as OsDREB1-

1 and OsDREB4-2, also exhibited immanent 

expression and continuously expressed 

regardless of specific stress conditions (Tian et 

al., 2005). In normally growing rice plants, 

OsDREB4-1 demonstrated the highest 

expression levels in roots, stems, and spikes, 

with diminished expression observed in leaves 

and undetectable levels in sheaths. Moreover, 

the DREB genes are integral to the stress 

response pathways (Tian et al., 2005). The 

OsDREB4-1 gene operates as a transcription 

factor within the DRE/DREB-regulated stress 

response pathway, which is crucial for 

modulating the expression of genes that 

facilitate plant survival under adverse 

environmental conditions (Tian et al., 2005). 

Collectively, the OsDREB4-1 gene serves as a 

pivotal element in the plant’s mechanisms for 

responding to environmental stress conditions, 

particularly concerning dehydration and 

salinity. 
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CONCLUSIONS 

 

The promising study has successfully 

integrated DREB-1 sgRNA into the pRGEB32 

plasmid in rice (O. sativa L.) cultivar Inpago-5. 

This achievement’s realization, through the 

Golden Gate methodology, utilized a 

temperature regimen of 37 °C and 16 °C for 

25 cycles. The verification of the insertion 

ensued by employing colony PCR and 

sequencing techniques, which confirmed the 

sgRNA sequence insertion at the designated 

locus. Furthermore, the research effectively 

introduced the recombinant vector into E. coli 

TOP10 bacterial cells. 

 

 

ACKNOWLEDGMENTS 

 

This research received support from the Research 

and Innovation for Advanced Indonesia FY 2023–

2025 grant from the Indonesia Endowment Fund for 

Education (LPDP) and the National Research and 

Innovation Agency (BRIN), Republic of Indonesia (PI. 

MPP No. 37/II.7/HK/2023). Additional funding came 

from the Ministry of Education, Culture, Research, 

and Technology (PI. ES No. 0667/E5/AL.04/2024–

5690) through the PFR scheme. 

 

 

REFERENCES 

 

Agarwal PK, Agarwal P, Reddy MK, Sopory SK 

(2006). Role of DREB transcription factors in 

abiotic and biotic stress tolerance in plants. 

Plant Cell Rep. 25(12): 1263–1274.  

Chan WT, Verma CS, Lane DP, Gan SK (2013). A 

comparison and optimization of methods 

and factors affecting the transformation of 

Escherichia coli. Biosci. Rep. 33(6): e00086. 

doi:10.1042/BSR20130098. 

Chang W, Cheng J, Allaire JJ, Xie Y, McPherson J 

(2021). Shiny: Web Application Framework 

for R. (3rd Ed.). CRAN.  

Fendiyanto MH, Kurniyanto IR, Pratami MP, Satrio 

RD (2024). Allelopathic activity of leaf and 

root extracts of Clidemia hirta to 

morphophysiological characters of rice 

(Oryza sativa) and some weeds of rice field. 

Int. J. Agric. Biol. 32(1): 87–93. 

Fendiyanto MH, Maysha DJ, Hastilestari BR (2023). 

In-silico gene editing of LCYB in Musa 

acuminata and its functional analysis related 

to lycopene beta-cyclase pathway. IOP Conf. 

Ser.: Earth Environ. Sci. 1255(1): 012055).  

Fendiyanto MH, Satrio RD, Pratami MP, Nikmah IA, 

Sari NIP, Widana IDKK, Darmadi D (2021). 

Analysis of superoxide dismutase (OsSOD) 

gene expression using qRT-PCR, its 

morphophysiological characters and path 

analysis in rice variety IR64 under 

aluminum stress. Int. J. Agric. Biol. 26: 

546–554. https://doi.org/10.17957/IJAB/ 

15.1866. 

Fendiyanto MH, Satrio RD, Suharsono S, 

Tjahjoleksono A, Miftahudin M (2019). 

Correlation among Snpb11 markers, root 

growth, and physiological characters of 

upland rice under aluminum stress. 

Biodiversitas J. Divers. 20(5): 1243–1254. 

https://doi.org/10.13057/biodiv/d200514. 

Halim I, Fendiyanto MH, Miftahudin M (2021). sgRNA 

design for DLT gene editing using CRISPR-

Cas9 and in-silico mutation prediction in 

Rice cv. HawaraBunar. IOP Conf. Ser.: Earth 

Environ. Sci. 948(1): 012083). 

Hou L, Zhang XY, Li Y, Chen S, Qu HY, Yu JZ, Zhang 

LH, Fan ZY (2016). Rapid screening of 

recombinant plasmids by direct colony 

quantitative real-time PCR. Adv. in Biosci. 

Biotechnol. 7:428–433. doi:10.4236/ 

abb.2016.710041. 

Kang F, Wang H, Gao Y, Long J, Wang Q (2013). 

Ca2+ promoted the low transformation 

efficiency of plasmid DNA exposed to PAH 

contaminants. PloS One 8: e58238. 

doi:10.1371/journal.pone.0058238. 

Kusumawati A, Unsunnidhal L, Budiyanto A, 

Setyawan AMN, Gustari S (2023). 

Konstruksi plasmid pET-15b dengan gen tat 

virus penyakitjembrana. J. Sains Vet. 41(1): 

81–87. doi:10.22146/jsv.79217. 

Li X, Sui X, Zhang Y, Sun Y, Zhao Y, Zhai Y, Wang Q 

(2010). An improved calcium chloride 

method preparation and transformation of 

competent cells. Afr. J. Biotechnol. 9(50): 

8549–8554. doi:10.5897/AJB10.105. 

Liu Q, Kasuga M, Sakuma Y, Abe H, Miura S, 

Yamaguchi SK, Shinozaki K (1998). Two 

transcription factors, DREB1 and DREB2, 

with an EREBP/AP2 DNA binding domain, 

separate two cellular signal transduction 

pathways in drought- and low-temperature-

responsive gene expression, respectively, in 

Arabidopsis. Plant Cell 10: 1391–1406. 

Miftahudin M, Roslim DI, Fendiyanto MH, Satrio RD, 

Zulkifli A, Umaiyah EI, Chikmawati T, 

Sulistyaningsih YC, Suharsono S, Hartana A, 

Nguyen HT, Gustafson JP (2021). OsGERLP: 

A novel aluminum tolerance rice gene 

isolated from a local cultivar in Indonesia. 

Plant Physiol. Biochem. 162: 86–99. 



Fendiyanto et al. (2025) 

998 

https://doi.org/10.1016/j.plaphy.2021.02.0

19. 

Okonechnikov K, Golosova O, Fursov M (2012). 

Unipro UGENE: A unified bioinformatics 

toolkit. Bioinformatics 28(8): 1166–1167. 

doi:10.1093/bioinformatics/bts091. 

Panja S, Saha S, Jana B, Tarakdas B (2006). Role of 

membrane potential on artificial 

transformation of E. coli with plasmid DNA. 

J. Biotechnol. 127: 14–20. 

doi:10.1016/j.jbiotec.2006.06.008. 

Patigu RS, Wijayanti P, Sebastian A, Purwestri YA 

(2021). Optimization of heat shock 

temperature and time on the transformation 

of pRGEB32 into Escherichia coli DH5α. J 

Biol. Trop. 21(3): 632–640. 

doi:10.29303/jbt.v21i3.2811. 

Pratami MP, Fendiyanto MH, Satrio RD, Nikmah IA, 

Awwanah M, Farah N, Sari NIP, 

Nurhadiyanta N (2022). In-silico genome 

editing identification and functional protein 

change of Chlamydomonas reinhardtii 

Acetyl-CoA Carboxylase (CrACCase). Jordan 

J. Biol. Sci. 15(3): 431–440. 

Sakuma Y, Liu Q, Dubouzet JG, Abe H, Shinozaki K, 

Yamaguchi-Shinozaki K (2002). DNA-

binding specificity of the ERF/AP2 domain of 

Arabidopsis DREBs, transcription factors 

involved in dehydration- and cold-inducible 

gene expression. Biochem. Biophys. Res. 

Commun. 290(3): 998–1009. 

Sambrook J, Fritsch ER, Maniatis T (1989). Molecular 

Cloning: A Laboratory Manual. Ed ke-2. Cold 

Spring Harbor (NY): Cold Spring Harbor 

Laboratory Press. 

Satrio RD, Fendiyanto MH, Suharsono S, Supena 

EDJ, Miftahudin M (2019). Identification of 

drought-responsive regulatory genes by 

hierarchical selection of expressed sequence 

tags and their expression under drought 

stress in rice. Int. J. Agric. Biol. 22(6): 

1524–1532. 

Satrio RD, Fendiyanto MH, Suharsono S, Supena 

EDJ, Miftahudin M (2021). Genome-wide 

SNP discovery, linkage mapping, and 

analysis of QTL for morphophysiological 

traits in rice during vegetative stage under 

drought stress. Physiol. Mol. Biol. Plants 

27(11): 2635–2650. https://doi.org/ 

10.17957/IJAB/15.1230. 

Satrio RD, Fendiyanto MH, Suharsono S, Supena 

EDJ, Miftahudin (2023). Mapping and 

identification of QTL for agro-physiological 

traits in rice (Oryza sativa L.) under drought 

stress. Plant Gene 33: 100397. 

https://doi.org/10.1016/j.plgene.2022.1003

97. 

Satrio RD, Fendiyanto MH, Miftahudin M (2024). 

Tools and techniques used at global scale 

through genomics, transcriptomics, 

proteomics, and metabolomics to 

investigate plant stress responses at the 

molecular level. In: Molecular Dynamics of 

Plant Stress and its Management (pp. 555–

607). Singapore: Springer Nature 

Singapore. 

Sezonov G, Joseleau-Petit D, D’Ari R (2007). 

Escherichia coli physiology in Luria-Bertani 

broth. J. Bacteriol. 189(23): 8746–8749. 

doi:10.1128/JB.01368-07. 

Si J, Zhou W, Fang Y, Zhou D, Gao Y, Yao Q, Shen X, 

Zhu C (2023). Label-free detection of T4 

polynucleotide kinase activity and inhibition 

via malachite green aptamer generated 

from ligation-triggered transcription. 

Biosensors 13(4): 449. doi:10.3390/ 

bios13040449. 

Tanaka W, Yamauchi T, Tsuda K (2023). Genetic 

basis controlling rice plant architecture and 

its modification for breeding. Breed. Sci. 

73(1): 30–45. https://doi.org/10.1270/ 

jsbbs.22088. 

Tian XH, Li XP, Zhou HL, Zhang JS, Gong ZZ, Chen 

SY (2005). OsDREB4 genes in rice encode 

AP2-containing proteins that bind 

specifically to the dehydration-responsive 

element. J. Int. Plant Biol. 47(4): 467−476. 

doi.org/10.1111/j.1744-7909.2005.00028. 

Valla S, Lale R (2014). DNA Cloning and Assembly 

Methods. New Jersey. Humana Pr. 

Wickham H, Grolemund G (2017). R for Data 

Science: Import, Tidy, Transform, Visualize, 

and Model Data. O'Reilly Media Inc. 

Yamaguchi SK, Shinozaki K (1994). A novel 

Arabidopsis DNA binding protein contains a 

conserved protein motif (AP2 Domain) that 

recognizes dehydration-responsive element 

in the rd29a gene of Arabidopsis. Plant Cell 

6: 251–264. 

Zhou J, Li X, Xia J, Wen Y, Zhou J, Yu Z, Tian B 

(2018). The role of temperature and 

bivalent ions in preparing competent 

Escherichia coli. Biotechnology 8(5): 222. 

doi:10.1007/s13205-018-1243-x. 

 

 


