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CRISPR/Cas9 system is one of the most advance technologies for efficient genome editing in plants. The guide
RNAs (gRNAs) 20 bp long were designed using the online platform CRISPR-P v2.0 for the rice transcription factor
OsMADS26. Best three gRNAs were selected after evaluating their features such as on-score value, GC content,

potential off-target sites, and location in genome. The binary vector, pRGEB32, with rice codon optimized Cas9
under the control of rice ubiqutin promoter has been utilized to clone the gRNAs. The gRNAs were annealed and
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ligated to the pPRGEB32 vector, cloned into E. coli strain DH50., and then mobilized into Agrobacterium tumefaciens
strain EHA 105 for their further mobilization into rice.

1. INTRODUCTION

Rice (Oryza sativa L.) is the most widely consumed staple food of
the world’s population belonging to Asia and Africa. Being a semi-
aquatic annual plant, rice is highly prone to losses due to various
environmental stresses. Many studies had revealed the need for
developing varieties tolerant to abiotic and biotic stresses [1].
Methods such as marker assisted breeding, mutation breeding, RNA
interference, antisense technology, ZFNs, and TALENs were in use
to develop elite traits for abiotic stress tolerance in crops like rice.
However, very recently, the, Clustered Regularly Interspaced Short
Palindromic Repeats — associated nuclease (CRISPR/Cas) system
had come into the limelight as an efficient tool for the development
of heritable genetic manipulations in crops [2]. After the successful
development of genome-based editing in the model plant Arabidopsis
using CRISPR/Cas9 in 2013 [3], numerous agronomic trait-related
genes have been edited successfully in various crops. This advancement
has paved way for many new possibilities for researchers, including
the ability to gain a quicker understanding of the biological plant
systems. CRISPR systems are used mainly to achieve enhanced yield
efficiency, biofortification, biotic, and abiotic stress tolerance in
different crops [1].
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Genetic studies in rice have identified OsMADS26 transcription factor
as a negative regulator of drought tolerance [4]. OsMADS26 gene is an
ortholog of AGL12 and is found to be expressed in roots, shoot, leaf,
and panicle throughout all the developmental stages in rice [5,6]. The
OsMADS26 overexpression resulted in development of a severe stress
phenotype in rice that led to plant death and pigment accumulation.
The overexpressed plants showed defective growth, chlorosis, cell
death, pigment accumulation, spotted leaves, and senescence [6].
When expressed under the control of a dexamethasone-inducible
promoter, differential expression of the genes involved in jasmonic
acid biosynthesis as well as regulation of the production of reactive
oxygen species was induced [6]. Down-regulation of OsMADS26 was
through RNAi showed no dramatic changes in the plant development
and the transgenic plants were found to have developed tolerance
to drought stress as well as gained resistance toward Magnaporthe
oryzae and Xanthomonas oryzae pv oryzae [4]. In these plants, the
expression of two drought responsive genes, namely, RAB2] (a rice
dehydrin) and SALT STRESS-INDUCED PROTEIN [7] was found
to be higher [4,6]. Other stress-related transcription factors were
also expressed differentially in accordance with the down regulation
of OsMADS26 [8]. In addition to this, it was also identified that the
transcript levels of OsMADS26 were higher in older leaves and roots
depicting its role in senescence or maturation process [6].

CRISPR/Cas was initially identified as an adaptive mechanism in
bacteria for defense against pathogens. In the CRISPR loci, there are
repeats that flank the spacer sequence and this, in turn, matches with
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the sequences of virus, plasmid, or any pathogen genome elements [9].
An A-T rich leader sequence is present upstream of the CRISPR array
and it has conserved genes coding for the Cas proteins at the end of
the loci [10]. It also includes a single guide-RNA (SgRNA) along with
the Cas proteins, which forms the assembly for genome editing. The
SgRNA which is customizable is used to guide the Cas endonuclease
enzyme to the target site for cleavage [11]. The Protospacer Adjacent
Motif (PAM) is present just downstream to the target DNA. Cas9
from Streptomyces pyogenes utilizes “NGG” as the PAM sequence
[12]. SgRNA recognizes the PAM sequence and binds to that region
in target. The Cas9 protein cleaves the target at region around 3-4 bp
upstream of the PAM sequence. The double stranded break in the DNA
is repaired by the natural repair mechanisms like Non-homologous
End Joining (NHEJ) which is highly error prone and the homology
dependent repair (HDR). The error prone repair creates mutations at
the target that leads to either activation or knock out of the gene.

The basic protocol for the CRISPR/Cas mediated genome editing
has been developed in various crops through cumbersome trials.
A protocol for this platform in rice was developed by Shan et al. [13]
which shed light for further research in this area. The credibility of
this system of editing genome was found more efficient in rice with
less off-target effects by carefully studying the pattern, specificity, and
heritability of the gene modifications. The results of the study showed
that about 11 target genes of two subspecies of rice used for the study
inherited the mutations induced through CRISPR/Cas following the
Mendelian laws in further generations, reinstating the credibility of
using this system for successful and stable genome editing [14].

In the present study, gRNAs were designed and cloned in E. coli to
target the OsMADS26 gene in rice. The gRNAs were cloned into
the pRGEB32 binary vector [2] and successfully mobilized into
Agrobacterium strain EHA105, the protocol of which is outlined
here.

2. MATERIALS AND METHODS

2.1. CRISPR/Cas9 Binary Vector

The rice specific CRISPR/Cas9 binary vector pPRGEB32 was procured
from Addgene, the non-profit plasmid repository (CAT # 63142). The
culture was obtained as stab culture. Culture was revived on LB agar
medium supplemented with 50.0mg/L. Kanamycin. For long-term
storage, 15% glycerol stocks were prepared and stored in deep freezers.

2.2. Bacterial Strains

E. coli strain DH50 and Agrobacterium tumefaciens strain EHA105
were used in the study. The bacterial strains used in the study were
obtained from DBT-National Institute of Plant Genome Research,
New Delhi, India. The cultures were maintained on LB agar plates
with suitable antibiotics as well as glycerol stocks.

2.3. Retrieval of Gene Sequence Data of OsMADS26 Gene

The sequence information of the rice transcription factor gene
OsMADS26 was obtained from the “Rice Genome Annotation Project”
(http://rice.plantbiology.msu.edu). The genomic sequence was saved
as FASTA file and used for guide RNA design.

2.4. Designing of Guide RNAs (gRNAs)

The guide RNAs (gRNAs) of 20 bp long, for editing of OsMADS26
gene, were designed using the free online tool CRISPR-P v2.0 (http:/

crispr.hzau.edu.cn/). Best three-guide RNAs were selected based
on the on-score values, GC content, number of off-target sites, and
location in the genome. Oligos were synthesized as top and bottom
strands of high purity desalted oligos with Bsal restriction sites to
facilitate cloning [Table 1].

2.5. Designing of Primers

Primers for amplification of partial gene sequences of OsMADS26
gene (~450 bp) and hygromycin (spt) resistance gene (1.0 kb) from
the vector pPRGEB32 were designed manually and analyzed for their
features using “Oligoevaluator” tool (Sigma-Aldrich).

2.6. Confirmation of OsMADS26 Gene in Rice Genome

The rice genomic DNA was isolated from the seedlings of Oryza
sativa ssp. japonica cultivar Nipponbare following the CTAB
method [15]. The target region for CRISPR/Cas9-mediated editing
of OsMADS26 gene was amplified using polymerase chain reaction
(PCR) using gene specific flanking primers. The PCR reaction and
cycling conditions are described in Tables 2 and 3. The PCR product
was checked on 1.2 % gel and sequences were confirmed.

Table 1: The gRNAs selected for OsMADS26 gene editing.

S. No. Guide RNA  Strand Sequence (5°- 3°)
name
1 OsMADS26  Topstrand GGAGCTCTCCATCCTCTGCG
gRNAT(GD)  Botom CGCAGAGGATGGAGAGCTCC
strand
2 OsMADS26  Topstrand CCGGCCTGCTGAAGAAGGCC
gRNA2(G2)  Bytiom GGCCTTCTTCAGCAGGCCGG
strand
3 OsMADS26  Topstrand ACTAGTTTGGACTAGCTTCG
gRNA3(G3)  pottom CGAAGCTAGTCCAAACTAGT
strand

Table 2: PCR reaction mixture to confirm OsMADS26 gene target in
Nipponbare.

Reagents Quantity
Rice genomic DNA (50-100 ng) 2.0 uL
10x buffer with MgCl, 5.0 uL
dNTP mix (2.0 mM each) 4.0 uL
OsMADS26 FP (10 uM) 2.0 uL
OsMADS26 RP (10 pM) 2.0 uL
Tag DNA Polymerase, GeNei (5U/uL) 1.0 uL
Nuclease free water 34.0 uL
Total reaction volume 50.0 uL

Table 3: The PCR program for the amplification of OsMADS26 gene target.

Initial denaturation 95°C 5 min

Denaturation 95°C 30s 35 cycles
Annealing 60°C 30s

Extension 72°C 30s

Final extension 72°C 10 min

Hold 4°C 0
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Figure 1: Schematic representation of the gRNA constructs design for the
study. The gRNAs are cloned in between the Bsal sites and expressed under
OsU3 promoter. Cas9 is driven by rice ubiquitin promoter. Hygromycin is
used as the plant selection marker.

2.7. CRISPR/Cas9 Vector Construction

For the development of CRISPR/Cas9 editing vector, pRGEB32
plasmid isolated using the Nucleospin® plasmid isolation kit
(Macherey-Nagel) was linearized using the restriction enzyme Bsal-
HF-v2 enzyme (New England Biolabs, UK). The digestion reaction
was set up as shown in Table 4 and incubated in thermal cycler
(Agilent, Sure cycler 8800).

The digested plasmid was analyzed for linearization on 1.0% agarose
gel and the vector was purified using Nucleospin® (Macherey-Nagel)
PCR clean-up kit. The concentration of plasmid was analyzed using
Nanodrop® spectrophotometer (Thermo Scientific, ND-1000). The top
and bottom strand oligos of gRNAs were annealed before ligation into
pRGEB32 vector. The gRNA ends were phosphorylated using T4 poly
nucleotide kinase (PNK) (Thermo Scientific) and used for annealing
[Table 5]. After incubation, reaction tubes were kept at room temperature
to cool down gradually for around 1 h. The annealed gRNAs were diluted
(1:200) before ligation. The digested vector and annealed gRNAs were
ligated together and transformed into E. coli strain DHS50: [Table 6].

2.8. Transformation of Vector Construct into E. coli

The E. coli strain DH5a was transformed with the ligation mixture
containing gRNAs ligated in pPRGEB32 binary vector. For this, the
competent cells of DH5ow were prepared and transformed using the
“Bacterial Transformation kit GeneSure™” (PureGene life sciences,
USA). After transformation, the bacterial cells were plated onto LB
agar plates supplemented with Kanamycin (50.0 mg/L) and incubated
for 16-18 h at 37°C.

2.9. Confirmation of the CRISPR/Cas9-gRNA Construct in
DHSo

The putative positive clones in E. coli were identified by colony PCR
using specific primers followed by sequencing of plasmids isolated
from the identified positive colonies. Colony PCR was performed
using forward primer specific to gRNA cloned and reverse primer
specific to vector (Universal M13 Reverse primer). The PCR reaction
and program set up are as given in Tables 7 and 8. Sequence analysis
was performed using Sequencher sequence analysis software (Gene
Codes Corporation, USA).

Table 4: Reaction set up for vector digestion.

Reagents Quantity Reaction conditions
pRGEB32 (pDNA) (1.0 ug) 25.0 uL

Nuclease free water 19.5 uL <37C for 2 h

NEB 10x CutSmart buffer 5.0 uL « Heat inactivation at
NEB Bsal-HF v2 (20U/uL) 0.5uL 65°C for 10 min
Total reaction volume 50.0 uL

Table 5: The gRNA annealing reaction with T4 PNK.

Reagents Quantity PCR program
gRNA top strand (100 uM) 1.0 uL * 37°C for 60 min
#RNA bottom strand (100 M) 1.0 uL * 95°C for 10 min
10x T4 DNA ligase buffer 1.0 uL

T4 PNK, Thermo scientific (10U/uL) 0.5 uL

Nuclease free water 6.5 uL

Total reaction volume 10.0 uL

Table 6: Ligation reaction for phosphorylated gRNAs with pPRGEB32
vector.

Reagents Quantity
pRGEB32 digested and purified (~50 ng) 4.0 uL
Annealed gRNAs (5.0uM each) 2.0 uL
10x T4 DNA ligase buffer 1.0 uL
T4 DNA ligase, Thermo Scientific (5U/uL) 1.0 uL
Nuclease free water 2.0 uL
Total reaction volume 10.0 uL
Table 7: Reaction set up for colony PCR.

Reagents Quantity
Template colony 10.0 uL
10x buffer with MgCl, 2.5uL
dNTP mix (2.0 mM each) 2.0 uL
Forward primer (10 uM) 1.0 uL
Reverse primer (10 uM) 1.0 uL
Tag DNA polymerase, GeNei (5U/uL) 0.5 uL
Nuclease free water 8.0 uL
Total reaction volume 25.0 uL
Table 8: PCR program for colony PCR.

Initial denaturation 95°C 10 min

Denaturation 95°C 30s 35 cycles
Annealing 58°C 30s

Extension 72°C 30-60 s

Final extension 72°C 10 min

Final hold 4°C Eel

2.10. Transformation of the Positive Clones into Agrobacterium
tumefaciens Strain EHA105 and Confirmation of the CRISPR/
Cas9 Constructs in EHA105

The OsMADS26 CRISPR/Cas9 gRNA constructs confirmed in
E. coli were further mobilized into Agrobacterium strain EHA105.
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The competent cells of EHA105 were prepared by calcium chloride
method and transformed using freeze-thaw method [16]. For
transformation, competent cells were mixed with recombinant plasmids
(0.5-1.0 ug pDNA) and incubated on ice for 30 min. The mixture was
frozen in liquid nitrogen for 5 min, followed by thawing at 37°C for
5 min. The cells were incubated at 28°C for 4 h in LB broth. After
harvesting, the cells were plated onto LB agar plates supplemented
with Kanamycin (50.0mg/L) and Rifampicin (20.0 mg/L). The plates
were incubated for 48 h at 28°C. The CRISPR/Cas9 constructs were
confirmed in EHA105 using colony PCR with hygromycin resistance
gene (hpt) specific primers.

3. RESULTS

The CRISPR/Cas9 binary vector pPRGEB32 is 15.9 kb in size [2] and
contains rice codon optimized Cas9 gene under rice ubiquitin promoter,
Bsal restriction site for guide RNA (gRNA) cloning, and selectable
markers for both bacteria (Kanamycin) and plant (Hygromycin)
selection after genetic transformation. The single guide RNA (sgRNA)
cassette is cloned under the control of rice U3 promoter [Figure 1].

3.1. Retrieval of OsMADS26 Gene Sequence

The locus ID of OsMADS26 gene was identified as LOC_0s08g02070
and the gene was found to be located on chromosome 8 of rice
genome. The FASTA file of the sequence was downloaded from http://
rice.plantbiology.msu.edu for further studies. The genomic sequence
of the gene is about 2382 bp and has a CDS (Coding Sequence) length
of about 669 bp. The gene contains seven exons and six introns.

3.2. Designing of Guide RNAs (gRNAs)

The gRNAs selected from CRISPR-P v2.0 result window for targeted
editing of the OsMADS26 gene are given in Table 1. The three gRNAs
of 20 bp length were selected based on their on-score value, off-target
sites, GC content, and location in genome. The gRNAs located on
the coding sequences (CDS) toward 5° end of the gene were majorly
considered. The first two gRNAs were selected from the CDS region
and the third gRNA was selected from the 5’UTR (Untranslated
region). The first two gRNAs selected were from the plus strand and
the third gRNA was from the minus strand. The restriction sites for the
Type IIS restriction enzyme Bsal were added to top and bottom strands
at 5” end to enable cloning into the binary vector.

3.3. Confirmation of OsMADS26 Gene Target Region in Rice

The OsMADS26 gene target sequences in the Nipponbare genome were
confirmed by polymerase chain reaction (PCR) using gene specific
primers flanking the target region [Figure 2]. The PCR product was
eluted and sequenced to check the sequences. The sequencing result
was analyzed using BLAST and Clustal Omega programs to confirm
the correctness of sequences [Figure 3]. The sequencing result showed
100% similarity of the target region with OsMADS26 gene sequences
available in MSU rice genome annotation project database.

3.4. CRISPR/Cas9 Vector Construction and Cloning into E. coli

The Bsal digested vector was electrophoresed on 1% agarose gel
to check its linearization [Figure 4]. Digested vector was further
ligated with the annealed gRNAs and were used for cloning into
E. coli. Bacterial colonies were obtained on the LB agar plates
supplemented with suitable antibiotics after overnight incubation
following transformation. Each colony was picked up to screen for
the presence of inserts using colony PCR with vector and gRNA

15 kb

1500 bp

500bp — ~450bp

100 bp

Figure 2: Gel picture of PCR amplified OsMADS26 gene target (~450 bp),
L- 1 kb Plus Ladder, 1- PCR amplified OsMADS26 gene target from rice

genome.

specific primers [Figure 5]. Clear bands of expected size of ~250 bp
were observed on 1.5% agarose gel. The constructs were labeled as
OsMADS26 #G1, #G2, and #G3, respectively, based on the gRNA
cloned. The PCR positive colonies were selected and used for further
plasmid isolation and sequencing. These isolated plasmids were then
sequenced using universal M13 reverse primer and the sequencing
result was confirmed using sequence alignment tool of Sequencher
software [Figure 6a and b]. Colony number 1 and 7 of gRNA-1
construct (pPRGEB32:0sMADS26 #G1-1 and pPRGEB32:0sMADS26
#G1-7) and colony 3 of gRNA 3 (pRGEB32:0sMADS26 #G3-3)
showed insertion of respective gRNAs within the vector backbone.
Even after multiple rounds of transformations, positive clones could
not be obtained in gRNA-2 and hence not forwarded further.

3.5. Mobilization of Guide Constructs into Agrobacterium
EHA105

The CRISPR/Cas9 gRNA construct for OsMADS26 #G1 and #G3
confirmed as positive clones after sequence analysis was further
mobilized into EHA105 strain of 4. tumefaciens. The recombinant
plasmids, pRGEB32:0sMADS26 #G1-1 and pRGEB32:0sMADS26
#G3-3, were mobilized to EHA105 using freeze-thaw method. After
48 h of incubation at 28°C, 13 and 24 colonies, respectively, were
observed on both the transformed plates.

3.6. Confirmation of the CRISPR/Cas9 gRNA Constructs of
OsMADS26 in EHA105

The positive clones were confirmed by colony PCR using primers
specific to hygromycin resistance gene. Two colonies for OsMADS26
#G1 and one colony for OsSMADS26 #G3 were taken for colony PCR.
Expected amplicon size of around 1.0 kb was observed in all colonies
on 1% agarose gel [Figure 7].

4. DISCUSSION

The existence of immense genetic variability in the germplasm
for drought tolerance in rice has been identified [17]. One of the
important transcription factors (TF) family found in rice is MADS-
box TF family. About 75 MADS-box genes were identified from rice
genome [18]. Transcription factors like OsMADS26 were found to
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OsMADS26 PCRproduct -----ccvveecmnnnnananns GCTAGTCCAAACTAGTGGGAGGTTGTC

LOC_08g02070 GGAGAAACCGCAGCAACCTCGAAGCTAGTCCAAACTAGTGGGAGGTTGTC

OsMADS26 PCR product TTTCCGGCAAGCCGGAGCCCGGAGCTATCGATCATCAAGCTTTCTACCCC
LOC_0s08g02070 TTTCCCCCAAGCCGCAGCCCGCAGCTATCCATCATCAAGCTTTCTACCCC

OsMADS26 PCR product GACCGACGAGGAAGAAGACGACTGATCAATTGATCAAACCGATCTCTCCA
LOC_0s08g02070 GACCGACGAGGAAGAAGACGACTGATCAAT TGATCAAACCGATCTCTCCA

OsMADS26 PCR product TAGC TAGG TAGACAGGAGGAGAGGAGGAAGAAGAGGGGGAGAGGAGACTT
LOC_0s08g02070 TAGCTAGGTAGACAGGAGGAGAGGAGGAAGAAGAGGGGGAGAGGAGACTT

OsMADS26 PCR product ATCTTGATCGATGGCGCGAGGCAAGGTGCAGCTCCGTCGCATCGAGAACC
LOC_0Os08g02070 ATCTTGATCGATGGCGCCAGGCAAGGTGCAGCTCCGTCGCATCGAGAACC

OsMADS26 PCR product CGGTTCACCGTCAGGTCACCTTCTGCAAGCGCCGTGCCGGCCTGCTGAAG
LOC_0s08g02070 CCOTTCACCGTCAGGTCACCTTCTGCAAGCGCCGTGCCGGCCTGCTGAAG

OsMADS26 PCR product AAGGCCAGGGAGCTCTCCATCCTCTGCCAGGCCGACATCGGCATCATCAT
LOC_0s08g02070 AAGCCCAGGCAGCTCTCCATCCTCTGCGAGGCCGACATCGGCATCATCAT

OsMADS26 PCR product CTTCTCCGCCCACGGCAAGCTCTACGACCTCGCCACCACCGGGTACCTTC
LOC_0s08g02070 CTTCTCCGCCCACGCCAAGCTCTACGACCTCGCCACCACCGGGTACCTTC

Figure 3: Multiple sequence alignment of OsMADS26 PCR product. Sequence alignment result window of Clustal Omega is shown. Sequence of the PCR product
is aligned with OsMADS26 gene sequence available in Rice Genome Annotation Project database (LOC_0s08g02070).

B <« » 15.9 kb
1500 bp <«—
1kb <
100bp <«

Figure 4: Bsal restriction digestion profile of the binary vector pPRGEB32.
L- 1 kb plus ladder, 1- undigested vector and 2- digested vector.

have role in multiple stress responses in rice. The previous studies
have demonstrated that the rice transcription factor OsMADS26 is a
negative regulator of abiotic and biotic stress tolerance [4].

The pRGEB32 is one of the binary vector systems used for targeted
genome editing of rice using the CRISPR/Cas9 system. It was used
in the present study because of its reported high efficiency in targeted
mutagenesis [2]. The vector system is highly specific to rice. The
T-DNA region of the vector has Cas9, guide RNA cloning site and
hygromycin resistance genes required for the targeted editing and

15kb <«
1500 bp <
500bp <

100bp < — ~250bp

Figure 5: Colony PCR profile of DH5o colonies. Colony PCR was
performed with specific primers to check for the insertion of gRNAs. L- 1 kb
Plus Ladder, 1- Non-template control, 2- pPRGEB32:0sMADS26 #G3-

3, 3- pPRGEB32:0sMADS26 #G1-1, 4- pPRGEB32: OsMADS26 #G1-4,

5- pPRGEB32:0sMADS26 #G1-7, and 6- pPRGEB32:0sMADS26 #G1-9.

subsequent selection of the edited events in rice. In pPRGEB32, the
gRNA cloning site is flanked by Bsal restriction sites. The vector
consists of Cas9 from S. pyogenes driven by the rice ubiquitin
promoter, a custom polycistronic gRNA assembly (precursor for one
or more gRNAs) driven by the rice U3 snoRNA (Pol III) promoter
and HPTII (hygromycin resistance) driven by the CaMV35S promoter.
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L Sequencher - [Contig[0001]]
E] File Edit Select Assemble Contig Sequence View Window Help
il OverviewH SummalyH Cut Map | Find I ReAIignel|
PRGEB32 ARAAGAGTTGTGCAGATGATCCGTGGCAGGAG:AC:CGA:GGTCT:CGGTTTTAGAGCTAGAR!
OsMADS26#G1-1  |IARAGAGTTIGTGCAGATGATCCGTIGGCAGGAGCTCTCCATCCTCTIGCGGTITTTAGAGCTAGAR!
. gRNA1 GGAGCTCTICCATCCICIGCG
U Sequencher - [Contig[0001]]
] File Edit Select Assemble Contig Sequence View Window Help
ﬂ OvelviewH Summaxyl Cut Mapl Find Realigner
PRGEB32 IAGAGT’IGTGCAGATGATCCGTGGCA:GGAG:ACCGA: :GGTCTCGGTTTTAGAGCTAGARAT
OsMADS26#G3-3 AGRGTTGTGCAGATGATCCGTGGCAACTAGTTTGGACTAGCTTCGGTTITTAGAGCTAGARART
b I ACTAGTTIGGACTAGCITCG

Figure 6: Sequence alignment file showing the gRNA cloned region in the binary

vector. (a) pPRGEB32:0sMADS26 #G1-1 construct (b) pPRGEB32:0sMADS26

#G3-3 construct. Alignment of the clones with pPRGEB32 empty vector and respective gRNA used for cloning is shown. Sequencher sequence analysis software

was used to analyze the sequences.

15kb «—

1500 bp +—
—> 1kb

100 bp «—

Figure 7: Colony PCR of colonies obtained in A. tumefaciens, EHA105.
N- Non template control, P- positive control (empty pRGEB32), L- 1 kb Plus
Ladder, 1- OsMADS26 #G1-1, 2- OsMADS26 #G1-2, and 3- OsMADS26
#G3-1.

The CRISPR/Cas9 construct was made by ligating the respective
gRNAs to the vector pPRGEB32 after Bsal digestion. The top and
bottom strands of gRNAs were annealed before this. PRGEB32-gRNA
construct was then transformed into E. coli strain DH50o.. The colonies
were observed on the plates after 16-18 h of incubation at 37°C. The
transformation into DHS5o was really a constraint in the experiment.
The larger size of the vector pPRGEB32 (15.9 kb) made it difficult to be
taken up by the bacterial cells. Hence, the number of colonies observed
for both guide RNAs was less. To overcome these constraints, few
changes were made during gRNA annealing and ligation reactions.

Very recently, it was reported that while using pRGEB32 for cloning,
the transformation efficiency was found to be very low [19]. They
developed a protocol specifically for easy transformation of the large
sized vectors like pRGEB32 using heat shock method. The study
suggests that heat shock temperature of 55°C for 60 s could enhance the
transformation efficiency of pPRGEB32 compared to the conventional
conditions of 42°C for 1 min.

After cloning, the clones observed were confirmed initially by
streaking the colonies to fresh plate with antibiotics. Thereafter,
colony PCR was done with vector and gRNA specific primers.

Positive clones were identified by multiple sequence alignment
of the sequences obtained after sequencing. The positive clones
obtained in E. coli were further mobilized into A. tumefaciens strain
EHA105 [20]. The genetic transformation of EHA 105 was carried out
by freeze-thaw method [21]. About 13-24 colonies were observed
in OsMADS26#G1 and OsMADS26#G3. Even though the method
is less efficient compared to the electroporation, it is more adaptable
to most laboratory conditions. Agrobacterium-mediated genetic
transformation is accepted to be the most reliable method of genetic
transformation in rice [22]. Hence, in the present study, the constructs
developed will be transformed into rice using Agrobacterium mediated
genetic transformation in the future.

5. CONCLUSION

The gRNAs were designed and cloned in to pRGEB32 vector for
targeting the rice MADS-box gene OsMADS26 which was found to
be a negative regulator of drought tolerance in rice. The CRISPR/
Cas9 constructs were successfully mobilized and confirmed in
Agrobacterium strain EHA105. The constructs developed can be used
to transform rice to develop drought tolerant lines in rice.
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