Journal of Applied Biology & Biotechnology Vol. 12(2), pp. 289-294, Mar-Apr, 2024
Available online at http://www.jabonline.in

DOI: 10.7324/JABB.2024.154893

CrossMark

< clickfor updates

Enhancing resistance to blast disease through CRISPR/Cas9
gene editing technology in OsHDT701 gene in RPBio-226 rice cv.

(Oryza sativa L.)

Shravya Mathsyaraja', Saida Lavudi'*, Prathap Reddy Vutukuri?

!Centre for Biotechnology, Jawaharlal Nehru Technological University, Hyderabad, Telangana, India.
’PRR Biotech Innovations Pvt. Ltd., Hyderabad, Telangana, India.

ARTICLE INFO

ABSTRACT

Article history:

Received on: September 29, 2023
Accepted on: January 17, 2024
Available online: February 20, 2024

Key words:

Blast,

OsHDT701,
Recombinant clone,
Mutant lines,
Wild-type plants.

Blast is the most common destructive disease affecting rice production globally. Resistance by the host organism
has emerged to be the most practical and cost-efficient method for controlling rice blasts. Recent research has
demonstrated that sequence-specific nucleases, which clustered regularly, interspaced short palindrome repeats
(CRISPR)/Cas9 technology is thought to be the most successful and potent tool for enhancing crops through gene-
specific genome editing. However, there have not been many reports of their use in improving superior rice varieties.
In this research study, we describe the Cas9-OsHDT-sgRNA-expressing gene cassette development that targets the
OsHDT701 gene in rice and increases rice’s blast resistance. The target location of these plants had a deletion
(Del) alteration, according to the Sanger sequencing method. We proved that mutant lines with the intended gene
alteration but no transplanted DNA showed OsHDT701 gene-induced allele mutation. The recombinant clone was
confirmed with M 13 primers. Phenotypic and agronomic traits such as the height of the plant, size, shape, length of
the leaf, panicle length, and leaf response were examined in the mutated homozygous plants for blast resistance. In
comparison with the wild-type plants, all mutant lines had significantly fewer blast lesions caused due to pathogen
infection. In addition, none of the mutated and the wild plants significantly differed from one another in terms of
the agronomic traits when examined visually. Our findings suggest that the CRISPR/Cas9 gene editing system is a
practical method for enhancing rice blast resistance.

1. INTRODUCTION

(PAMPs) and switch on the defense mechanism called PAMP-
triggered immunity (PTI) to combat the contagious pathogens [6,7].

Rice (Oryza sativa L.) is one of the most important cereal crops in
the world and directly feeds considerably more people than any other
crop [1]. More than three billion population worldwide consume
rice grain daily, which provides 20% of the world’s nutritional
energy [2]. The most harmful disease called blast, caused by an
anamorphic fungus Magnaporthe oryzae is mainly common in rice
fields, where it significantly lowers grain quality and productivity [3].
Increasing rice’s resistance to M. oryzae is found to be a practical and
cost-efficient process for preventing blast disease in rice plants [4].

Plants have developed complex defense mechanisms to fend off
disease invasion during evolution. Plant cells contain a group of
receptor molecules known as protein recognition receptors (PRRs) [5]
that immediately perceive pathogen-associated molecular patterns
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PTI serves as the first line of inducible protection against a variety of
pathogens and is thought to be a preserved and ancient form of plant
immune system [8].

The great pathogenic diversity in M. oryzae frequently causes
the quick deterioration of resistant cultivars, whereas traditional
rice breeding programs require about 10 years to group numerous
blast resistance genes into a single rice variety through repeated
crossing and backcrossing [9]. The establishment of a wide range of
resistance through PTI enhancement has thus been recommended to
be a successful strategy for developing rice blast-resistant types [10].
With the development of RNA interference-based breeding, Rice
transcription factor expression is downregulated and has been shown
to be an alternate method for improving rice blast resistance [11].
However, RNAi gene expression differs among transgenic plants;
therefore, it takes a lot of transgenic plants to find candidates where
the transgene is strongly carried out to many generations. In addition,
RNAi-derived plants were typically considered transgenic plants and
were subjected to stringent processes for regulation.
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Recent studies have demonstrated the efficacy of sequence-specific
nucleases (SSNs), including clustered regularly interspaced short
palindromic repeats (CRISPR) and CRISPR-associated Cas9
(CRISPR/Cas9), transcription activator-like effector nucleases
(TALENS), and zinc finger nucleases (ZFNs), for editing the genome
of plants [12]. With the use of these genome editing technologies,
desirable genes can be switched out selectively [12]. In particular,
CRISPR/Cas9 has been demonstrated to be the most sophisticated
and successful SSN for genome editing in rice yet [13]. With the aid
of CRISPR technology, several genes in rice namely OsERF922 [14],
OsHAKI1 [15], Badh2 [16], TMSS5 [17], and OsRR22 [18] genes have
been successfully knocked out and obtained the desired phenotype.
This technique presents a novel approach to rice breeding. The
study’s initial finding reveals how CRISPR/Cas9 technology was
used to specifically modify the OsHDT701 gene to increase blast
resistance.

2. MATERIALS AND METHODS

2.1. Plant Germination

In our laboratory, we cultivated the superior /ndica rice cultivar
RP Bio-226. All transgenic plants as well as wild-type RP
Bio-226 plants were grown in the fields at Hyderabad under
typical growing circumstances in a greenhouse between 28°C
and 35°C. Rice callus was grown in a regular nutritional medium
for 25 days following germination on a 96-well plate to test for
blast resistance at the callus stage [18]. They were put in a growth
chamber with 70% relative humidity for 10 h at 20°C during the
night time and 14 h at approximately 30°C during the day time
under natural sunlight.

2.2. Construction of CRISPR Vector

The sgRNA expression vector (pRGEB31gRNA) and the plant
expression gene cassette with Cas9 (pRGEB31CRISPR/Cas9) were
purchased from Addgene company [19]. A suitable target sequence
was chosen 20 bases upstream region of the protospacer adjacent
motif (PAM), in accordance with the design guidelines of the CRISPR/
CASs technique [20]. A BLAST scan of the sequences, including
PAM, against the rice genome was conducted to establish the targeted
sequences’ targeting specificity in the rice genome. The target region
containing gRNA-forward/gRNA-reverse primers was synthesized by
the Bioserve Company (https://bioserve.in/) and both primers were
hybridized by annealing [Table 1].

Following that, the sgRNA-expressing cassette pRGEB31sgRNA
was cloned with the target region having chimeric primers using
a Bsal site [21]. The hybridized molecule is now called an insert.
In comparison with the non-targeted region in the PAM or PAM-
proximal area, the targeted specific sequence differs by one base.
Through overlapping polymerase chain reaction (PCR), the
sgRNA-expression cassette was created. The 5" ends of the primers
were inserted with the sgRNA’s target-specific sequence (target
OsHDT701).

Table 1: Primer sequence of sgRNA (forward and reverse) with restriction

sites.
PRIMER SEQUENCE
sgRNA-F 5> GGTCTC GAGGGAACTTGTCAGCTGAG GAGACC 3’

sgRNA-R 3’ CCAGAG CTCCCTTGAACAGTCGACTC CTCTGG 5’

*The green color nucleotide sequences on both ends of the target gene are the restriction
sites of the Bsal enzyme.

2.3. Development of Recombinant Vector

The total length of the CRISPR vector is 15 kb whereas the size of
the designed sgRNA is 32 base pairs. Both the CRISPR vector and
the sgRNA were subjected to restriction digestion with the BSAI
restriction enzyme. Once the plasmid and the sgRNA were properly
digested with the enzyme, a ligation reaction was set up with the vector
and insert DNA. The transformation was carried out and the ligated
product was then transferred to the top 10 Escherichia coli competent
cells through the heat shock method. The plasmid was isolated and run
on an electrophoresis unit and a PCR was set as initial denaturation —
94°C for 5 min, cyclic denaturation — 94°C for 30 s, annealing —56°C
for 30 s, elongation — 72°C for 30 s, and final elongation — 72°C for
10 min with the universal M13 forward and M13 reverse primers for
the recombinant plasmid confirmation [Table 2].

2.4. Rice Genetic Transformation with Agrobacterium

Using the heat shock method, the Cas9/sgRNA-expressing binary
vector PRGEB31 was introduced into the Agrobacterium tumefaciens
strain LBA 4404. It was done to transform the embryogenic calli
from the RP Bio-226 Indica rice variety using an Agrobacterium.
In a nutshell, kanamycin-resistant calli were selected using the
kanamycin-containing medium. After that, the selected calli were
placed on regeneration media to help transgenic plants grow [15].
After 60-90 days of culture, the transgenic seedlings are transplanted
onto a grassland area in the course of the rice harvesting period.

2.5. Identification of Mutated Transgenic Plants

To find the mutation at the desired location, genomic DNA was extracted
from the transgenic plants’ leaves using the CTAB procedure. Utilizing
PCR mastermix, the isolated DNA with a concentration of 25 ng was
employed as the template to conduct PCR. With the help of a particular
pair of designed primers that surround the intended target position, PCR
was carried out with the initial denaturation —94°C for 5 min, cyclic
denaturation — 94°C for 30 s, annealing — 62°C for 30 s, elongation —
72°C for 30 s, and final elongation — 72°C for 10 min for amplifying the
genomic area that contains the CRISPR-Cas9 target site. The amplified
product was directly sequenced using the Sanger sequencing method. The
sequence obtained from both the transgenic as well as the wild-type plants
was compared to find out the mutations. The term “homozygote mutation”
was used to describe mutations with typical sequencing chromatograms.

With the aid of agarose gel electrophoresis and PCR analysis, plants
were separated into T-DNA-free and Cas9-free plants. RPBio-226 DNA
as a (+) control and sterile distilled H20 as a (—) control was employed,
together with the pPRGEB31CRISPR/Cas9 plasmids and the transgenic
plants. T-DNA-free plants were those that tested negative for Cas9.

2.6. Green House Trial for Blast Resistance

A Dblast test was conducted to assess the blast disease in plants at the
seedling stage. In the greenhouse, we assessed the blast resistance
of 4-week-old wild type and mutated homozygous plants and these
4 weeks plants were subjected to freshwater treatment. Analyzing the
plant height, leaf size, leaf shape, leaf length, panicle length, and the
leaf response to the blast resistance was measured.

3. RESULTS AND DISCUSSION
3.1. CRISPR/Cas9 Designing

A 20 basepair nucleotide sequence in OsHDT701’s exon number one
was selected as the mutation’s targeted region to create a sudden gene
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change that surely targets OsHDT701 gene sequence in RPBio-226
cv. of rice [Figure 1a]. The gene’s coding region had a predicted Cas9
cleavage site that was 28 bp downside of the start point (ATG) [Figure 2].
The twofold plasmid called Cas9-OsHDT701-gRNA [Figure 1b] was
created with the help of the CRISPR-Cas9 gene cassette reported by
Ma et al. [22]. Through Agrobacterium-mediated transformation, the
vector was employed to modify the rice variety RPBi0-226. The plant
DNA was isolated and amplified by the DNA that contains the targeted
region to assess the effectiveness of OsHDT701 in gene editing. Six
kanamycin-resistant transgenic RPBi0-226 plants yielded RPBio-226
mutants that could be identified using site-specific PCR analysis and
the Sanger sequencing method. Sequencing revealed that there could
be a deletion of a single nucleotide.

Table 2: Primer used for PCR analysis of recombinant bacterial colonies.

S. No. Construct name Selectable marker

Forward and reverse primer sequence

291

The homozygous mutant lines had shown one base pair deletion at the
174™ position in the OsHDT701 gene. Allele mutation caused by the
OsHDT701 gene was observed in the mutant lines, but the transferred
DNA was not present. As a result of this finding, it can be demonstrated
that CRISPR/Cas9 has the ability to edit the rice blast gene to produce
a mutant rice plan.

3.2. Confirmation of Recombinant Clone

The recombinant plasmid was isolated and when run on the 1.0%
agarose gel electrophoresis yielded more than a 15 kb fragment (vector
15kb + insert 32 bp) [Figure 3]. This implies that both the vector as
well as the insert have properly ligated along with the restriction sites
in the recombinant clone [Figure 4]. A PCR reaction was set up with

Annealing temperature Amplicon size

1. Escherichia coli harboring M13 F-5’-CCC AGT 56°C 32bp
pRGEB31- CAC GACGTT
HDT701-sgRNA GTAAAA CG-3°

R-5’-AGC GGA
TAA CAATTT CAC

ACA GG-3’

PCR: Polymerase chain reaction.

ATG

Target site:
GAGGGAACTTGTCAGCTGAGAGG

LB HPTU 35S UTR U3 promoter

M13R (-24)

(D]

TGA

Cas9 M13 F(-20) gRNA scafold TTTT  RB

Target

Figure 1: OsHDT701 gene alteration was caused through CRISPR-Cas9 in the RP Bio-226 rice variety. (a) Structural representation of OsHDT701 gene targeting

sequence. (b) Structural representation of transfer-DNA region of the CRISPR-Cas9 vector pPRGEB31 targeting construct along with the sgRNA targeting
OsHDT701 gene.

/ 4 \

\\

I exon D intron
5 Wild type HDT gene sequence

———————— gaaccctctcagctgacaagttccctcaaatccagtttgattigg

1bp

E deletion

--------gaaccctctc-gctgacaagttccctcaaatccagtttgattigg --—-—--

Deleted HDT gene sequence

Figure 2: The target gene’s specifics. (a) Structural representation of the OsHDT gene and the targeted position on the 1% exon to develop sgRNA.
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3Kb -

Figure 3: Confirmation of plasmid DNA and insert. Lane-1: 1 kb DNA ladder;
Lane-A: Hind 11T A DNA marker; Lane-1: Plasmid DNA; Lane-2: Insert DNA.

1532 bp
1500 bp

Figure 4: Restriction digestion of plasmid and recombinant plasmid DNA on
3.5% gel. Lane-1: 1 kb DNA ladder; Lane-A: Hind ITI A DNA marker; Lane-
1,2: Plasmid DNA; Lane-3,4: recombinant plasmid DNA.

M13 forward and M13 reverse primers to double-check and confirm
the recombinant clone on 1% agarose gel [Figure 5].

3.3. Selection of Stable Homozygous and CAS Free Edited
Lines

We created the sequence targeting primers Cas9p-forward and Cas9p-
reverse [Table 3] and conducted PCR for mutant plants to evaluate the
feasibility of generating rice lines retaining the necessary alterations in
OsHDT701 gene without the T-DNA of the vector pPRGEB31 [Figure 2a].
Cas9 PCR results that were negative indicated that there were no
transgenes present. A majority of mutant plants obtained are T-DNA-
free plants. These findings demonstrated that there is a possibility of
obtaining a T-DNA-free homozygous mutant population. To identify the
traits associated with blast resistance, we identified homozygous T-DNA-
free mutant lines and named them RPBio-226 cas-1, RPBio-226 cas-2,
RPBi0-226 cas-3, and RPBi0-226 cas-4. This finding suggests that the
plants without transfer-DNA and with the necessary target sequence
changes will be obtained by CRISPR/Cas9-induced gene mutations in
the OsHDT701 gene, thus enhancing blast resistance in rice plants.

Developing desirable mutant phenotypes with traditional breeding
methods is a difficult exercise that requires producing and screening
hundreds of gene-mutated offspring [23]. Gene edition is a regulated
target-specific procedure that enables DNA edition with molecular
tools, such as ZFNs, TALENs, and CRISPR/Cas. In genome editing

32bp

Figure 5: Polymerase chain reaction (PCR) confirmation of recombinant
plasmid. Lane-1: 50bp DNA ladder; Lane-1,2,3,4: PCR confirmation of insert
DNA (32 base pairs).

Table 3: Primer sequence of Cas 9 (forward and reverse).

PRIMER SEQUENCE
Cas9-F 5’ AAGCTTTAGCTCCGCCTCCCACCT 3’
Cas9-R 3’ ACTAGTCTTGGCGGGGTGCTTGGC 5°

technology the binding of proteins and enzymes is different for ZFNs,
Talens, and CRISPR. DNA binding protein and the enzyme Fok1 bind
ZFNs and TALENS whereas the Cas9 enzyme binds CRISPR forming a
CRISPR/Cas9 system. This CRISPR/Cas9 system is a RNA-dependent
nuclease system. The whole method of CRISPR depends on the RNA
sequence and this helps to guide the breakdown of nuclease enzyme.
CRISPR nucleases and Cas9 nucleases are the two components of this
system. A CRISPR nuclease sequence consists of repeats that are <50
base pairs in length and are separated by distinct spacers of comparable
length. However, Cas9 nuclease is the CRISPR-associated protein that
promotes the events of degrading the foreign DNA [24]. The foreign DNA
is identified during the pathogen attack and the sequence is incorporated
into the CRISPR sequence. A type of bacterial genome impression is
developed as a result of this. The CRISPR sequence recognizes the
foreign DNA and degrades with the assistance of the Cas9 enzyme [25]
when attacked for the 2™ time. This entire DNA degradation process
was assisted by the Cas9 enzyme. Given its capacity to cause double-
strand breaks in the genome, the CRISPR-Cas9 system is a fantastic tool
for use as genomic scissors during gene editing. The preparation of the
CRISPR/Cas9 system in the laboratory requires.

a. 20bp guide RNA sequence that is complementary to the target

gene sequence
b. A cas9 enzyme that imparts a double-strand break after PAM
region (PAM sequence) [26].

The double-stranded CRISPR breaks can be repaired either using
a low-fidelity non-homologs end joining (NHEJ) method or a
more specialized homology-directed repair system [27]. Because
NHEJ is error-prone, it can alter the target sequence by inserting
or deleting (InDels), which causes a loss of function and results in
genetically modified plants. Transformation, screening, and molecular
characterization of the desirable trait will be done once the PAM
sequence is identified and the guide RNA is synthesized [28].

A CRISPR/Cas9 mechanism developed with a Cas9 endonuclease and
an RNA guide complex has shown significantly improved gene editing
efficiency [20]. Although TALENs and CRISPR-Cas9 are both useful
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Figure 6: Identification of blast resistance in wild-type and cas-free

edited homozygous mutant rice lines (RPBio-226 cas-1, RPBio-226 cas-2,
RPBi0-226 cas-3, and RPBio-226 cas-4).

technologies for gene alteration, they each have unique benefits and
drawbacks. CRISPR-Cas9 expressing gene constructs are substantially
simpler in construction which takes just 2-3 days for completion when
compared to TALENs which usually take 7—10 days for construction [29].
In addition, compared to TALENs, CRISPR/Cas9 causes a substantially
greater incidence of mutations, the frequency of the mutation that
was targeted using CRISPR-Cas9 ranges from a percentage of 21-66
for 11 rice genes [30]. Similarly, Ma et al. described that editing 46
target regions in the rice genome using CRISPR-Cas9 had an average
mutational rate of 85%. Corn, wheat, rice, and soybeans [31] are just a
few of the key crops that have benefited from the widespread usage of
CRISPR/Cas9 technology thus far.

3.4. RPBi0-226 rice Mutants Showed Increased Resistance to
M. oryzae

Homozygous mutant lines were exposed to the fungal microorganism
M. oryzae strain B157 during the sapling stage to identify the resistance
toward the blast trait of the mutant plants in rice. Due to its highest
pathogenic nature the isolate B157 being extremely powerful resisted
the infection whereas the wild plants being extremely vulnerable,
the leaves were almost dried with the fungal disease [Figure 6] [32].
However, in comparison to wild-type plants, all mutant rice lines had
much fewer places where the pathogen had caused lesion formation.
By quantifying the lesion regions, the differences were further assessed
and it was shown the mutated plants had an improved resistance to
the blast disease. At the tillering stage, pathogen-induced lesion
lengths were likewise shorter in mutant rice lines than in wild-type
plants, and all gene-mutated plants had significant differences from
the non-mutated wild plants, according to the lesion length formed.
This finding suggests a deletion mutation in the OsHDT701 gene
increases M. oryzae resistance in mutated rice plants and that implies
the OsHDT701 gene adversely controls rice’s blast resistance.

3.5. The Major Agronomic Features were Unaffected in
Induced RPBio-226 Mutant Rice

We examined visually the plant height, leaf size, shape, length, panicle
length, and leaf response of all homozygous mutant lines [Figure 6] to
ascertain if mutations in the OsHDT701 gene had an impact on agronomic
variables. In terms of the agronomic traits examined, we hardly found
any prominent difference when both the homozygous mutated plants and
wild plants were compared under normal growing conditions.

4. CONCLUSION

New breeding strategies enable scientists to insert the target genes
more accurately and quickly than traditional conventional breeding
techniques. In thisregard, CRISPR/Cas9-based gene editing technology
acts as a game-changing technique. The usage of genome editing tools

in the field of crop improvement to improve crop yield, nutrition
value, disease resistance, etc. will be a focus in future research. It has
been used actively over the past 5 years in numerous plant systems
for functional research, biotic and abiotic stress management, and to
enhance other crucial agronomic traits [33].

The OsHDT701 gene editing in rice was produced with excellent
efficiency by the CRISPR/Cas9 method. Studies presented here
demonstrate how the CRISPR-Cas9 system and the susceptible S gene
can be used to develop fungus-pathogen resistance. The experiment also
concludes that the mutant strains lack the T-DNA but carry the required
change in the OsHDT701 gene. The resistance to M. oryzae was
dramatically increased in T-DNA-free homozygous mutant lines. This
study is a good illustration of how CRISPR-Cas9 genome editing plays
an important role to increase rice blast resistance. Hence, CRISPR-Cas9
being a brand-new novel technology is an effective method for genome
modification. Nonetheless, CRISPR/Cas9-based genome editing will
become a popular and necessary technique for obtaining the most
suitable edited lines in the field of agriculture that will aid in achieving
the “no hunger” phase by feeding the world’s growing population.
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