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ABSTRACT

Rice (Oryza sativa) is a staple food consumed by the majority of the world’s
population. Climate change, however, has created a significant threat to our food
security as it posed severe effects on rice production. The emergence of genome
editing technology has opened a new era in crop improvement. Hence, this study aims
to develop the CRISPR/Cas9 construct of drought tolerance for O. sativa subsp. indica
cv. IR64 using Golden Gate cloning method. For this purpose, the generation of
CRISPR/Cas9 constructs involved several stages, i.e., characterization of SUMO E2-
Conjugating Enzyme (OsSCE1) gene, single-guide RNA (sgRNA) design and vector
construction. FGENESH, GeneMarkS, InterProScan, and Blast2GO programmes —
were used for the OsSCE1 gene characterisation. The putative OsSCE1 gene isolated
from IR64 was then verified by sequencing, and the gene was 585 bp long and showed
99% identity with O. sativa on chromosome 10. In silico analysis concluded the gene
is involved in abiotic stress regulation. The 20 bp sgRNA was designed manually with
the aid of gRNA prediction programmes including CCTop, and Benchling. The virtual
vector was validated using the Golden Gate Cloning approach and later confirmed
through sequencing. The assembly involved separate vectors containing the OsSCE1
sgRNA sequence, plant selectable marker, and Cas9 cassette to construct standardised
elements for hierarchical modular cloning (MoClo). This study demonstrated that our
format, as the gene insertion are achievable, resulting in a speedier and more efficient
assembly process which may contribute to improve drought tolerance in indica rice.
Further study on the Agrobacterium-mediated transformation using the developed
construct may be conducted to determine the efficacy of knocking out candidate genes
in improving drought tolerance ability O. sativa.
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Introduction

Rice is one of the world’s important staple
foods, consumed by half of the global population.
In taxonomy, rice belongs to the order Poales and
the family Poaceae [1]. Cultivated rice can be
either Oryza sativa (Asian rice) or O. glaberrima
(African rice) and the genus contains both diploid
(2n=24) and tetraploid (2n=48) species.
Archaeological and historical sources pointed out
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that O. sativa originated from Southeast Asia and
derived from perennial Oryza rufipogon and
annual Oryza nivira. It comes from diphyletic
origin and consists of two subspecies, O. sativa
subsp. indica (adapted to the tropics), and O.
sativa subsp. japonica (adapted to tropical uplands
and temperate regions) [2, 3]. Genetically, rice
genome studies started when the International
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Rice Genome Sequencing Project (IRGSP) was
established, and they successfully released a high-
quality finished genome sequenced of japonica
rice and initially became the first monocot plant
that had a complete genome sequence in 2005. In
addition, efforts were also made to sequence the
indica rice using the same whole-genome shotgun
sequencing method. Consequently, the highly
accurate and public IRGSP sequence of japonica
ricek has opened doors for functional
characterisation of the rice genome and allowed
the identification of genes underlying complex
agronomic traits such as drought-related genes
including  Arginine decarboxylase (ADC),
polyphenol oxidase (PPO), transcription factor
AP37 (AP37) and rice salt and drought-induced
RING finger1 (OsSDIR1) genes, and recently the
rice SUMO-conjugating enzyme (OsSCE1) [4, 5].
This is highly useful in the research of unveiling
the biological function of rice genes along with the
genetic improvement of rice yield and quality.
Due to the rising need, extensive research in
genetic, biochemistry and physiology have been
done to enable further improvement in rice
production.

Despite its huge demand, rice faces a major
abiotic threat in the form of climate change - the
drought [6]. Drought stress impact on plants can
be described by water content reduction,
diminished leaf water potential, turgor pressure,
stomatal activity and decreasing in cell
enlargement and growth. In severe water stress,
photosynthetic arrest, metabolism disturbance and
eventually, plant death could occur [7]. According
to [8], drought significantly decreases the
agronomic traits of rice, with the largest decreases
in biomass and yield. Previous study by [6],
indicated that yield reduction of drought
susceptible mega rice variety IR64 (O. sativa
subsp. indica) was recorded to be more than 85%
as compared to under normal well-watered
conditions. Therefore, there is a growing need for
drought tolerance in rice, a trait that allows the
crop to withstand water deficit conditions [9]. This
can be made possible through diverse methods and

technologies,  including genome  editing
technology [10].
The advancement of genome editing

technology i.e., zinc finger nucleases (ZFNs) and
transcription activator-like effector nucleases

(TALENSs) provides precision in targeting any
gene of interest for crop improvement
programmes. Recently, the CRISPR/Cas system
has been discovered to induce DNA double-strand
breaks (DSB) that stimulate error-prone
nonhomologous end joining (NHEJ) or
homology-directed repair (HDR) at specific
genomic locations [11]. For instance, the
CRISPR/Cas system has been previously applied
to improve many crops such as tomatoes and also
rice [12-14]. Hence, utilizing genome editing
technology such as CRISPR/Cas system, the
manipulation of rice genes to create drought
tolerance can be achieved. In addition, CRISPR
system is considered highly advantageous
compared to other genome editing technologies
due to its ability to target any gene locus by just
replacing 20 to 25 nucleotides (nts) using single
guide RNA (sgRNA) sequence and has been used
in not only plants but also other eukaryotic
organisms including humans and mice [15-17].
Other than that, the system is efficient since Cas9
enables the targeting of multiple genomic loci
simultaneously by co-delivering a combination of
sgRNAs to the cells of interest [18].

The OsSCE1 gene is categorised as a SUMO
Conjugating Enzyme (SCE) and acts as one of the
major stress proteins. SUMO refers to Small
Ubiquitin like Modifiers and the enzyme is
involved in SUMOylation which is a multistep
process mediated by E1 (SUMO activating
enzyme), E2 (SUMO-Conjugating Enzyme or
SCE) and E3 (SUMO ligase) enzymes [19].

SUMOylation is essential in plants for
development, = hormone  signalling, light
regulation, flowering time, biotic and abiotic
stress  responses [20]. The  functional

characterisation of SUMOylation had been
previously performed in Arabidopsis thaliana and
was recently studied in monocot plant (rice). [5]
conducted gene functional analyses through gene
knockdown and over-expression studies and it was
evident that the knockdown of the OsSCE1 gene
could serve as a solution to drought stress in
japonica rice. Thus, in this current study, we
developed a CRISPR/Cas9 expression vector to
target the OsSCE1 gene, particularly for O. sativa
subsp. indica cv. IR64 in hopes to confer drought
tolerance in the cultivar.

JTLS | Journal of Tropical Life Science

258 Volume 13 | Number 2 | May | 2023



Md Yusof AA, Tamizi AA, Zim NAM, et al. 2023 / Development of CRISPR/Cas9 Construct in Rice

Material and Methods
OsSCE]1 gene prediction and annotation

Oryza sativa subsp. indica gene prediction
was conducted using several web-based interface
gene prediction software namely FGENESH
(http://www.softberry.com/berry.phtml?topic=fge
nesh&group=programs&subgroup=gfind)  and
GeneMarkS (http://exon.gatech.edu
/GeneMark/genemarks.cgi) [21, 22]. Then,
homology search was conducted with BLAST
DIAMOND and proceeded with the BLAST2GO
tool by utilising OmicsBox. The OmicsBox
software allows for functional gene annotation
utilities such as high throughput BLAST,
Mapping, InterProScan, and Gene Ontology (GO)
annotation [23, 24].

InterPro-Scan

InterPro annotations in OmicsBox software
allows for the retrieval of domain/motif
information in a sequence-wise manner.
InterProScan was executed and run in OmicsBox
via the public web service at EBI
(https://www.ebi.ac.uk/). The public EMBL-EBI
InterPro web-service search the sequences against
InterPro’s signatures. Member databases available
were all selected and the InterProScan was saved
in XML file format.

Gene Ontology (GO) Mapping and Annotation
using BLAST2GO

Mapping refers to the process of retrieving GO
terms associated to the Hits obtained by the
BLAST search. Mapping was run and assigned to
the BLAST results in the OmicsBox interface.
Graph drawing configuration was done for three
different GO categories; biological process,
molecular function and cellular function and the
mapping statistics graphs were saved. The GO
annotation refers to the process of selecting GO
terms from the GO pool obtained by the Mapping
step and assigned them to the protein query
sequences, using the most specific annotations
with a certain level of reliability. The annotation
was performed wusing default annotation
configuration.

Validation of OsSCE1 gene by Polymerisation
Chain Reaction (PCR) and Sequencing

The putative sequence of the OsSCE1 gene
was validated using young leaves of O. sativa
subsp. indica var. IR64 as plant material. The

CTAB  (cetyltrimethylammonium  bromide)
method was used to extract all plant materials [25—
28]. PCR amplifications were performed in a total
volume of 25pl containing 1pl of DNA template,
1.5pl of 10uM forward and reverse primers, 12l
of Q5 High-Fidelity 2X Master Mix and 9 pl of
nuclease-free water. PCR was initiated by initial
denaturation step at 95°C for 3 minutes, followed
by 35 cycles of 94°C FOR 30 seconds, 59°C for 45
seconds, 72°C for 1 minute and a final extension
at 72°C for 10 minutes. To ensure the
amplification’s specificity, the gene specific
primer (GSP) pair was created from the predicted
sequence of the OsSCE1 gene and it was used to
amplify the extracted DNA. The primer's forward
and reverse sequences are 5'-
CCTGCTACCACTACAACGCT and 5'-
GGAGTCACGGGCACAGTTAT, respectively.
Amplification products were electrophoretically
separated on 1.2% agarose gels with 1X TAE
buffer, stained with GelRed® loading dye, and
photographed under UV light. A 1 kb DNA ladder
was used to estimate the molecular size of the
fragments. Then, the PCR products were purified
and sent for sequencing.

SgRNA Design

A specific sequence within the gene was
chosen to represent the guide RNA (gRNA) to
represent the gene of interest (GOI), OsSCE].
Selection of target region in the gene sequences is
done by selecting a 20 bp within OsSCE1 gene, on
either sense or antisense DNA strand. This
selected 20 bp target regions must be located in the
first exon of the gene, have a minimum melting
temperature (Tr) of 58°C and contain 5° GNNNN
NNNNN NNNNN NNNNN NGG 3’. Besides,
since Cas9 will cut towards the 3' end of the target,
it must overlap with a restriction site in the target
sequence. The sgRNA forward and reverse
primers were generated manually as well as using
the sgRNA prediction tools i.e.,, CC-Top and
Benchling.

CCTop - CRISPR/Cas9 Target Online Predictor

CCTop (https://cctop.cos.uni-
heidelberg.de:8043/), enables the users to select
specific gRNA predictions based on protospacer
adjacent motifs (PAM) site, target organisms,
target length, promoters, and other factors [29,
30]. In order to predict the sgRNAs within the
OsSCE1 gene, the putative OsSCE1 genomic
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sequence was uploaded, the Arabidopsis U6
promoter (U6 or AtU6) was chosen, and most of
the default settings were applied. The generated
sgRNAs with scoring were downloaded in a
spreadsheet format.

Benchling

Benchling (https://benchling.com/) provides a
variety of utilities in their informatics platform,
including vector construction and gRNA design
[31]. The GOI sequence was uploaded to the
programme in FASTA format by using the
parameters, that were set to ‘single guide’ with 20
guide length and PAM site ‘NGG
(SpCas9,3’side)’. The target sequences were then
selected.

Vector Construction

The vector construction was executed and
visualised using SnapGene and Benchling.
Besides, gRNA design, both programmes allow
for in silico molecular cloning, such as Golden
Gate Cloning. Additionally, the vectors used and
constructed can be easily visualised in the form of
both linear and circular plasmid. Using the
selected gRNA, Level 1 (pICLS01009::AtU6p)
was assembled into the destination vector
pICH47751 with the use of Bsal restriction
enzyme. Next, Level 2 was assembled
(pICH47732::NOSp::NPTII-OCST, pICH47742::
35Sp::Cas9-NOST, pICH47751::AtU6::sgRNA,
pICH41766) into the destination vector
(pPAGM4723). The cut-ligation reaction was
performed using Bpil (BbsI).

Validation of Constructed Vector

As in the Golden Gate Cloning method, there
are three modular cloning levels of plasmid
assembly that need to be done accordingly to
insert the sgRNA sequence of the GOI along with
Cas9 enzymes. Each of the levels was validated
using PCR approach and sequencing to ensure the
sequence obtained matched with the designed
gRNA as well as the sequence of the Cas9
enzymes.

Results and Discussion
OsSCE1 Gene Prediction and Annotation

Gene prediction is a method of gene discovery
and is intended for genome-wide annotation and
discovery research [32, 33]. To our knowledge,
there has been limited literature involving the

OsSCE1 gene, particularly in O. sativa subsp.
indica. To fill this gap, gene prediction and
annotation were carried out to identify the
OsSCE1 gene sequence in indica subspecies and
its underlying function. In this study, ab initio
approach was used to predict genes directly from
nucleotide sequences i.e., FGENESH and
GeneMarkS [21, 22]. The program uses statistical
models to differentiate the promoter, codon or
noncoding regions, as well as intron-exon
junctions in genomic sequences. For instance,
most common model used in these programmes is
the Hidden Marcov Model (HMM) [34]. Based on
the outcomes, predicted genes from FGENESH
were selected as trustworthy and proven, with a
total hit of 3,853 sequences.

Following that, further analysis of the
predicted genes proceeds with BLAST. Regarded
as one of the most common and efficient
bioinformatics tools ever developed, BLAST
allows for homology search, enabling users to gain
insights into the function and regulatory signals of
gene sequences. The 3,853 query sequences were
blasted using DIAMOND, a program deemed best
for high-throughput settings to find high-scoring
segment pairs (HSP). In a comparison study
involving another widely known sequence
comparison tool, BLASTX, it was revealed that an
analysis which took one month with BLASTX
took only a few minutes with DIAMOND,
indicating the high level of efficiency [35].

Out of a total of 3,853 query sequences, 2674
(69.4%) blast hits were obtained. Prior to Gene
Ontology (GO) annotation, the query sequence
was subjected to InterProScan. Using the InterPro
database, it provides an integrative classification
of protein sequences into families while
identifying functionally important domains and
conserved sites. InterPro integrates 13 protein
signature databases into one central resource, such
as PANTHER, CATH-Gene3D, and
SUPERFAMILY [36]. Most of the query
sequences were categorised within the protein
kinase domain (TPR000719). The successfully
blasted sequences were loaded into Blast2GO for
annotation including GO data.

GO provides a structured controlled
vocabulary composed of terms which describe
gene and protein biological roles. As the function
of the activity of a protein can be defined at
different levels, GO can be further categorised into
three different aspects: molecular function,
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Figure 1. Gene classifactions generated using BLAST2GO software; a. Biological process, b. molecular

function and c. cellular components.

biological process and cellular component. This
three-way division is based on the following
notions: each protein has elementary molecular
functions that are usually independent of the
environment, like binding or catalytic activities;
sets of proteins interact and are involved in
cellular processes such as signal transduction,
metabolism or RNA processing; and protein could
act in different cellular localizations, such as the
membrane or nucleus [37]. The query sequences
loaded into OmicsBox were successfully assigned
based on the Gene Ontology Consortium in
biological process (Figure 1a), molecular function
(Figure 1b) and cellular components (Figure 1c).
In Figure 1a, the biological process term graph
of GO classification displays RNA metabolic
process (240 genes) as the most dominant process
within the sequences, followed by DNA
integration (210 genes), cellular macromolecule
biosynthesis process (207 genes), response to
stimulus (170), and gene expression (168). For
molecular function illustrated in Figure 1b, the

query sequences were classed into 7 categories:
transferase activity (transferring phosphorus-
containing groups), nucleic acid binding,
hydrolase activity (acting on ester bonds), protein
binding, ATP binding, catalytic activity (acting on
a protein) and zinc ion binding. Among them,
nucleic acid binding was shown to be the
dominant molecular function with 28% (470
genes). The rest of the functions were relatively
occurring in similar percentages like protein
binding (16%) and catalytic activity (14%).

While in Figure 1c, the sequences were
distributed according to its cellular component,
which consisted of 5 classes: cell periphery,
cytoplasm, nucleus, protein-containing complex,
and integral component of membrane. The
majority of the sequences fell into an integral
component of membrane with the highest
percentage of 38% (435), followed by cytoplasm
(292), nucleus (184), protein-containing complex
(110), and cell periphery (108).
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Validation of OsCE1 Gene

Among the 2,674 blast hits, OsSCEl,
encoding the E2 type SUMO conjugating enzyme
gene sequence was predicted (Supplementary 1).
The candidate gene was identified to be involved
in ubiquitin-conjugating enzyme activity (E2)
with the GO ID identified as GO:0061631. This
finding corresponds to the characteristics of
OsSCE1 as mentioned by [5]. The E2 is one of the
key enzymes in the larger ubiquitin-proteasome
system which is associated to abiotic stresses
reported in several plants including mung bean,
rice, Arabidopsis and tobacco [38]. Other than
that, the candidate sequence was categorised with
the enzyme commission number, E.C:2.3.2.23,
also known as the E2 ubiquitin-conjugating
enzyme. This finding further confirms the identity
of the candidate gene.

Additionally, the candidate gene was also
identified to be involved with other GO names
such as protein polyubiquitination, ubiquitin-
dependent protein catabolic process, ATP binding,
and nucleus with the GO IDs GO:0000209,
GO:0006511, GO:0005524, and GO:0005634
respectively (Table 1). The verification process
was further extended by cross referencing the
selected  sequence  within the  NCBI
(refseq_protein) database, which yielded 93%
identity match to ubiquitin-conjugating enzyme
E2 4 (Oryza sativa japonica  Group,
XP_015614603.1). Together, the present findings
confirm the candidate gene as the putative
OsSCE1 gene with 585 bp long and encodes for
195 amino acids.

The predicted OsSCE1 gene has been
validated and isolated from IR64 by experimental
laboratory through DNA extraction, PCR
amplification and sequencing procedures. As
mentioned in the methodology, the CTAB method
has been used for DNA extraction of O. sativa

subsp. indica var. IR64. This method has been
proven by various research where DNA
concentration yielded by this method is higher
compared to other methods even by using DNA
extraction kits [25-28]. In addition, according to

[39] this procedure  is  inexpensive,
straightforward, high throughput and PCR
compatible.

DNA concentration and its purity are crucial
parts for many applications in molecular biology.
Impurities in nucleic acid can cause erroneous
measurements of DNA concentration and could
restrict subsequent labelling responses. In this
study, concentration and purity of nucleic acids
were measured using NanoDrop™
spectrophotometer, which was evaluated by the
ratio of the absorbance at 260nm and 280nm
(Azeo/Azgo) and 260nm and 230nm (Azeo/A23o). The
concentrations of nucleic acid for new leaves 1
(NL1), new leaves 2 (NL2), and new leaves 3
(NL3) were 1916.0 ng/l, 2813.9 ng/l, and 1464.6
ng/l, respectively. These plant samples were
harvested with three replicates and were labelled
as NL1, and NL2 and NL3. Ratios of Aeo/Azgo and
Ane0/Anzp are used to determine the purity of the
extracted DNA and it can be affected by the
presence of contaminants in the biological
samples or the chemicals used in the extraction
process like CTAB [40—42]. The reading of ratio
Aneo/A2go for samples NL1, NL2, and NL3 are
2.12, 2.13, and 2.14, respectively, and the reading
of ratio Azeo/A230 for samples NL.1, NL.2, and NL3
are 2.32, 2.26 and 2.23, respectively. [43, 44]
reported that ~2.0 reading and above are
considered as common measurement and
acceptable range for DNA sample purity and all
the readings recorded were above 2.0 reading,
which reading for ratio Aoe/A2z are slightly
higher compared to ratio Ajso/Azgo for all three
samples.

Table 1. Biological description of putative OsSCE1 gene

Sequence ID Description  Length GO IDs GO Names Enzyme
(amino Codes
acids)
FGENESH_25 ubiquitin- 195 P:GO:0000209  P: protein E.C:2.3.2.23
886exon(s) conjugating P: GO:0006511 polyubiquitination;
enzyme E2 4 F:GO:0005524  P: ubiquitin
F:GO:0061631  dependant protein
C: GO:0005634 catabolic process;
F: ATP binding.
C: nucleus
JTLS | Journal of Tropical Life Science 262 Volume 13 | Number 2 | May | 2023
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Figure 2. Polymerase chain reaction (PCR) analysis of genomic DNA extracted from Oryza sativa subsp. indica
var. IR64 using gene specific primer. Lane 1, 1kb DNA marker (M); lane 3, non-template control (-
VE); lanes 4, 5 and 6, plant samples (NL1, NL2, and NL3).

Table 2. Description of the selected sgRNA sequence for OsSCE1 gene

GC
8RNA OsSCE1 gene Labelled Sequence Content
tools sequence (%)
Benchling From NCBI SG1 GTCTCAGACCTCCACTCTGTCGGG 57.1
(manually) validated
CCTop From NCBI SG2 CACGGTGCGCCTGCGGCAAGCGG 65.0
validated
Benchling From putative SG3 GCTCATGATGTCCGACTACAAGG 50.0
(manually) OsSCE1 gene

These three samples were proceeded with
PCR analysis by using a gene specific primer
(GSP) pair and the PCR products were separated
electrophoretically along with 1kb DNA ladder
(Figure 2). The fragments size obtained for three
samples were similar which were 981 bp and the
sequences obtained from sequencing were shown
in Supplementary 2.

The amplicon intensity on the gel and
spectrophotometer results led to the selection of
NL2 for sequencing since it had the highest DNA
concentration for further experiments. The primer
pair that was created from the predicted sequence
of the OsSCE1 gene was used to amplify the
homologous gene from IR64 using forward and
reverse primer; 5'-
CCTGCTACCACTACAACGCT and 5'-
GGAGTCACGGGCACAGTTAT. The sequence
obtained was confirmed with NCBI blast. The
sequence blast result showed the closest hit with
O. sativa subsp. indica Group cultivar Teqing
SUMO E2 conjugating enzyme SCE1- like protein
(Os10g0536000) with an identity value of 99%.

sgRNA Sequence Design

As plants require a long generation time, it is
critical to select an efficient sgRNA that could
effectively target the desired site. This study aims
to generate gene knockout by disrupting exons that
are shared by all transcript variants of the OsSCE1
gene. In order to do so, targeting functional protein
domains is necessary to result in the loss-of-
function mutations. Once the selected sgRNA
targets the protein-coding region, it results in
frame-shift mutation and subsequent premature
stop codons, leading to mRNA elimination by
nonsense-mediated mRNA decay [46].
Furthermore, it is necessary to target the early
exon in the putative OsSCE1 gene in order to
ensure frame-shift mutation and no protein is
going to be translated.

The CRISPR/Cas9 system could be
programmed to virtually cleave any sequence
preceding a 5’-NGG-3° PAM sequence.
Nevertheless, the success rate is not always
guaranteed with regard to all sites predicted to be
targeted [47]. Therefore, to overcome this
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obstacle, the use of gRNA prediction tools was
incorporated to design an efficient sgRNA. In this
study, the sgRNA sequence was predicted using
gRNA prediction tools, namely, CCTop and
Benchling. The top hit sgRNA sequence
demonstrating the high-efficiency score was
retrieved and analysed. The candidate sgRNA
sequence was selected based on its respective
efficiency score to reduce potential off-targets.

The sgRNA must contain the following
sequence pattern:
“GNNNNNNNNNNNNNNNNNNN”, The
finding suggests that since the sequence was close
to the predicted sgRINA sequence site from CCTop
and Benchling, the manual site could be an
excellent choice of sgRNA in this study. The
selected sgRNA sequence had a PAM sequence
bolded nucleotide base in Table 2. Besides the
sgRNA sequence adhered to a characteristic
essential to sgRNA effectiveness in plants by
having a G/C composition of greater than 50%.
According to [47], 97% of sgRNA have a G/C
content between 30% and 80%, indicating it as an
important efficiency criterion.

Vector Construction

The vector construction was first executed
virtually using Benchling, which applied the
concepts of the Golden Gate Cloning method. The
cloning method relies on the use of type II
restriction enzyme and allows for the assembly of
several DNA fragments in a defined linear order
in a vector in a single step. In addition, this cloning
technique is characterized by great cloning
efficiency and the ability to ligate up to 24
fragments in a single cloning procedure [48]. In
the DNA assembly prior to Level 1, the
amplification of sgRNA is required, where the
sgRNA needs to be amplified with
pICH86966::AtU6p::sgRNA_PDS construct as a
template in Figure 3, as this construct carry guide
RNA scaffold for CRISPR/Cas9 systems. This
procedure aimed in producing single guide RNA
(sgRNA) as a guide for Cas9 endonuclease
activity, as it contains 5’-NGG-3’ PAM sequence
that can reduce the off-target site.

Guide RNA designed in forward direction (20
to 25 bp) was annealed to the scaffold and
amplified producing PCR product of size almost
to 200 bp (Figure 3). The obtained results were in
the range of the expected band size, which is in
between 150 to 200 bp, thus, it indicates that the

200bp

180bp
150bp

Figure 3. Polymerase chain reaction (PCR) analysis
of Level 0 CRISPR. Lane 1, 100bp DNA
marker (M); lane 3, non-template control
(C); lane 4, 5, and 6, gRNAs labelled
SG1, SG2, and SG3, respectively,
amplified with pICH86966::AtU6p::
sgRNA_PDS construct.

three gRNAs were successfully annealed with the
scaffold in the pICH86966::AtU6p::sgRNA_PDS
construct.

Then, the resulting PCR product and vector
pICSL01009::AtU6p (SpecR) were delivered into
Level 1 destination vector pICH47751, producing
Level 1 AtU6p::sgRNA, with the sgRNA placed
under the Arabidopsis U6 promoter. The cut-
ligation reaction utilised the Bsal restriction
enzyme and T7 DNA ligase. Once the cut-ligation
process was done, the products were incubated
overnight in 4°C before being transformed into the
competent cell E. coli strain DH5a. The mutation
of recAl and endAl in competent cells DH5«a
functions to support blue-white screening since
the destination vector pICH47751 contain LacZ
alpha gene fragment that is used for the screening
of transformant colony. The mutation of those
genes can increase the stability and promotes
better transformation efficiencies [49]. Figure 4
showed single colonies that grew after the
transformation product, with different volumes,
on Luria Bertani (LLB) media supplemented with
carbenicillin antibiotics and X-gal for blue-white
screening. As a result, the colour of the colonies
will serve as a marker for the existence of the GOI
[50]. All of the plates showed many white colonies
and only a few blue colonies appeared after being
incubated overnight at 37°C. As white colony
indicated that the colony contained construct with
insert (recombinant) while blue colony contained
construct without insert [50].
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Figure 4. Single colonies on LB media
supplemented with carbenicillin
antibiotics and X-gal. LB agar plate was
spread with 100ul of DHb5a cells
transformed with ligation products of
CRISPR Level 1 constructs.

Figure 5. Bacterial colonies formed after
transformation of CRISPR Level 2 vector
and incubated at 37°C overnight in the

The single white colonies were picked and
proceeded with plasmid purification and PCR-
analysed using the same forward and reverse
primers used in PCR of CRISPR plasmid Level 0.
The purified PCR products were separated on
1.2% 1X TAE gel electrophoresis for 65 minutes
at 100V. Then, all of the PCR products were sent
for sequencing to confirm the insert
(Supplementary 3-6). After sequencing result
analysis, three plasmids were picked and
proceeded with cut-ligation for CRISPR Level 2.

The level 2 assembly was executed by
introducing Level 1 construct (pICH47732::NOSp
=NPTII-OCST, pICH47742:: 35Sp::Cas9-NOST,
pICH47751::AtU6::sgRNA, pICH41766) into
Level 2 destination vector pAGM4723. The cut-
ligation reaction was done using Bpil (BbsI),
producing Level 2 (NPTII-Cas9-sgRNA). Like
CRISPR Level 1, cut-ligated product was then
transformed in the competent cells, DH5a, yet the

difference for CRISPR Level 2, the marker used
for this level exhibit different colour of the
colonies as well as the selective antibiotics used is
kanamycin [51]. The destination vector
pAGM4723 contain selectable marker known as
CRed, which is an artificial bacterial operon that
responsible for canthaxanthin biosynthesis [51].
Therefore, red-white colonies (instead of blue-
white colonies) were observed on the LB media
supplemented with kanamycin (Figure 5). Similar
to Level 1, the white colony was selected as it
should carry the intended inserts, to proceed with
the confirmation by sequencing. However, the
number of white colonies recovered for Level 2
assembly was much lower compared to that of in
Level 1 E. coli transformation plates. This was
mostly due to more plasmids self-ligated in Level
2 step, therefore the rate of successful ligation of
the intended insert reduced.

Since the amount of white colony is limited,
hence only one white colony was picked for each
plate and proceeded with the plasmid purification
and amplified the purified plasmids were PCR-
analysed with forward (5’-GGGATGAC
GCACAATCCCAC-3’) and reverse (5’-
TATGCGCCAGCGCGAGATAG-3’)  primers
designed for Level 2. The primer pair designed in
this level is meant to amplify the region between
35S promoter and Cas9 regions. In Figure 6, the
PCR product were separated electrophoretically
on 1.2% 1X TAE gel electrophoresis for 65
minutes at 100V. The PCR products for sample
SG1.201 (one single-white colony from SG1
plates with 20ul spread of bacterial broth) was

600bp ___
500bp —

Figure 6. Polymerase chain reaction (PCR) analysis
of Level 2 CRISPR. Lane 1, 100bp DNA
marker (M); lane 2, non-template control
(-VE); lane SG1 (201, 401, and 1001) and
SG3 (201, 401, 1001), plasmid of white
colonies amplified with 35S-Cas9 primer.

JTLS | Journal of Tropical Life Science

265 Volume 13 | Number 2 | May | 2023



Md Yusof AA, Tamizi AA, Zim NAM, et al. 2023 / Development of CRISPR/Cas9 Construct in Rice

4500

,‘Cs._ueaa: At

P pIcsLeldes; 4 0
 PTCHEES6G ;g iy, L
! b:,

Ea5g. <%
o

[ Level 1 Vector ||
4600 bp e

LT
STy

39

| Copy or
L
\ PICHAT Y4z, Ve
| Copy of |.lv' Cagy, O,w))
| PICHS 56, p p,o"h_,) P
‘DZD«[,»O e d ”5, (%
o,
® o
<%

| PAGHy ,_,f:ry
L]

)

3 Casy

12255 bp

L% G
< 9 v \
%" o
CRNED Neo-F
), :
<, : rce
¥ ,}’&-A,:)Ia L o 3
e, &) | o
Mopa ] 0CST (plcg_n"ﬂl\“
oA

,»\"

b

Figure 7. Circular maps of: (a) Level 1 vector pICH47751::AtU6::sgRNA, (b) Level 2 Vector (NPTII-Cas9-

SgRNA).

then sent for sequencing Cas9
validations (Supplementary 7-8).

The resulting vectors of Level 1 (4600 bp) and
Level 2 (12255 bp) intended for OsSCE1 gene
knockout are visualised in the form of a circular
plasmid map in Figure 7a and Figure 7b,
respectively. Together, with the successful
inclusion of OsSCE1 sgRNA sequence within the
Level 2 vector, it marks the completion of
CRISPR construct for Oryza sativa subsp. indica
cv. IR64 targeting OsSCE1 gene through the
Golden Gate Cloning method.

sequence

Conclusion
The CRISPR/Cas9 construct is a novel method
for systematically characterising and

comprehending the molecular function of genes.
The detailed generation CRISPR/Cas9 construct
for OsSCE1 gene in O. sativa subsp. indica was
successfully completed and represented in this
study. This study showed that our approach makes
it possible to incorporate such inclusions, leading
to a quicker and more effective assembly process,
which help to increase rice's tolerance toward
stresses. The usefulness of proposed gene
knockouts in O. sativa for drought tolerance will
be further investigated during the in vivo stage to
ensure a successful outcome.
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Supplementary 1

Putative OsSCE1 gene (From Rice Genome Chromosome 10)

Nucleotide sequence
ATGTCCTCCCCGTCCAAGCGCGCCGAGATGGACCTCATGAAGCTCATGATGTCCGACTACAAGGTGGAGATGGTG
AACGACGGCATGCAGGAGTTCTTCGTGGAGTTCCGCGGCCCGACCGAGTCCATCTACCAGGGCGGCGTGTGGAAG
GTGCGCGTGGAGCTCCCGGACGCCTACCCGTACAAGTCCCCGTCCATCGGCTTCGTGAACAAGATCTACCACCCG
AACGTGGACGAGATGTCCGGCTCCGTGTGCCTCGACGTGATCAACCAGACCTGGTCCCCGATGTTCGGCGAGATC
ACCCTCGTGCTCGTGATCATCTCCACCGACCTCGTGAACGTGTTCGAGGTGTTCCTCCCGCAGCTCCTCCTCTAC
CCGAACCCGTCCGACCCGCTCAACGGCGAGGCCGCCGCCCTCATGATGCGCGACCGCCCGGCCTACGAGCAGAAG
GTGAAGGAGTACTGCGAGAAGTACGCCAAGCCGGAGGACGCCGGCGTGACCCCGGAGGACAAGTCCTCCGACGAG
GAGCTCTCCGAGGACGAGGACGACTCCGGCGACGACGCCATCCTCGGCAACCCGGACCCG

Amino acid sequence
MSSPSKRAEMDLMKLMMSDYKVEMVNDGMQEFFVEFRGPTESIYQGGVWKVRVELPDAYPYKSPSIGEVNKIYHP
NVDEMSGSVCLDVINQTWSPMFGEITLVLVIISTDLVNVFEVFLPQLLLYPNPSDPLNGEAAALMMRDRPAYEQK
VKEYCEKYAKPEDAGVTPEDKSSDEELSEDEDDSGDDAILGNPDP
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Supplementary 2

Sequencing results of OsSCE1 gene (Isolated from this study)
Nucleotide sequence

PLUS STRAND
CTNCCCCCTCTTCACCCAATAACGCTATGCGCTCGTGGGAGATGAGCCGACGCCGATGCGTCCGTCCCCTCGCCT
CCCTCCCTGCTCGCTCCCTCCAAGGCCAGCCGCCACCATACGTGAGTCTCCCCGCTTCCAGCCACCCACCACCCT
GCCCAGCCGCCTCACCTCCCTCCCTCCGTCCATGTCCACTGCCTCCTCAGCTCCTCTCGCTGGCTCGGCGGCCCG
GCAACAAGGCTCTTTCTGCACAACCCCCCTGCACGGTGCGCCTGCGGCAAGCGGCAGGTGCTCAGAGTCTCAGAC
CTCCACTCTGTCGGGCAAGGAGCGGACGAGGACCTTGACAGGTGAGTTTTTCATAATCTATTTCTGGTATTCCCA
TTTCTCAAATGCCTAAATGGCCTAGATCACCTATAGATCTTCTGATTCCATTCAATTTGTTTTAAACTTAATAGA
GATAGAAGGTGAAGAGGCTTAGCGATGAAATCTATAGATGATTGATGGGGTATAAAGAGAAGAATAAAGATGACC
AGAAACATTTCAAAATGCAATTGAGACGGGTAAAACCATTCTAAATGCTTTCCGTGGAAAAAAAATCCGCCATTT
TTGTTGATGAGTATGATGGAGATGCATCTTTCAAAGAGCAAATAGCTGTCATTTTGAGGTTAGATGCTGTTTCTT
GCGTTGTTGTTTTTTTCCTTTCGAAACTATAATAATTTGTATTGTACTTATTATGTATTAGTGTGGGTCTCATTT
ATGGTATGGGATAGTAGCAATTAGATTTGGCCTAGGGCATGAAGAAATCCTGGGTCCGCCACTGAAGATTACTAT
ATATCCCCCCATATGCAAGATAAAGTGTTTTGGAAGTGATGTTGATTATGAAGACAGTAGTGATGGTGACTATAA
TCCATCTTTCAGCAACTAAATCTTACAACATTCAGATCCTTGTACCCTGTTAATTCAATACTGGCGCCNGGNANC
CAAAAA

MINUS STRAND
TTTTTGGNTNCCNGGCGCCAGTATTGAATTAACAGGGTACAAGGATCTGAATGTTGTAAGATTTAGTTGCTGAAA
GATGGATTATAGTCACCATCACTACTGTCTTCATAATCAACATCACTTCCAAAACACTTTATCTTGCATATGGGG
GGATATATAGTAATCTTCAGTGGCGGACCCAGGATTTCTTCATGCCCTAGGCCAAATCTAATTGCTACTATCCCA
TACCATAAATGAGACCCACACTAATACATAATAAGTACAATACAAATTATTATAGTTTCGAAAGGAAAAAAACAA
CAACGCAAGAAACAGCATCTAACCTCAAAATGACAGCTATTTGCTCTTTGAAAGATGCATCTCCATCATACTCAT
CAACAAAAATGGCGGATTTTTTTTCCACGGAAAGCATTTAGAATGGTTTTACCCGTCTCAATTGCATTTTGAAAT
GTTTCTGGTCATCTTTATTCTTCTCTTTATACCCCATCAATCATCTATAGATTTCATCGCTAAGCCTCTTCACCT
TCTATCTCTATTAAGTTTAAAACAAATTGAATGGAATCAGAAGATCTATAGGTGATCTAGGCCATTTAGGCATTT
GAGAAATGGGAATACCAGAAATAGATTATGAAAAACTCACCTGTCAAGGTCCTCGTCCGCTCCTTGCCCGACAGA
GTGGAGGTCTGAGACTCTGAGCACCTGCCGCTTGCCGCAGGCGCACCGTGCAGGGGGGTTGTGCAGAAAGAGCCT
TGTTGCCGGGCCGCCGAGCCAGCGAGAGGAGCTGAGGAGGCAGTGGACATGGACGGAGGGAGGGAGGTGAGGCGG
CTGGGCAGGGTGGTGGGTGGCTGGAAGCGGGGAGACTCACGTATGGTGGCGGCTGGCCTTGGAGGGAGCGAGCAG
GGAGGGAGGCGAGGGGACGGACGCATCGGCGTCGGCTCATCTCCCACGAGCGCATAGCGTTATTGGGTGAAGAGG
GGGNAG
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Supplementary 3

SG1 Forward Level 1
>SG1.FWDPRIMER
GTCTCAGACCTCCACTCTGTICGGG

>5G1.201F
CANCCGGGAACACTAGAATTCGAGCTCGGGAGTGATCAAAAGTCCCACATCGATCAGGTGATATATAGCAGCTTAGTTTATATA
ATGATAGAGTCGACATAGCGATTGTCTCAGACCTCCACTCTGTCGGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCT
AGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCATTACGC
TTTACTTGTCTTCTGCACGAG

>5G1.202F
CCCCCCGGGAAAACTAAGAATTCGAGCTCGGGAGTGATCAAAAGTCCCACATCGATCAGGTGATATATAGCAGCTTAGTTTATA
TAATGATAGAGTCGACATAGCGATTGTCTCAGACCTCCACTCTGTCGGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGG
CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCATTAC
GCTTTACTTGTCTTCTGCACGAAAA

>5G1.401F
TCGAGCTCGGAGTGATCAAAAGTCCCACATCGATCAGGTGATATATAGCAGCTTAGTTTATATAATGATAGAGTCGACATAGCG
ATTGTCTCAGACCTCCACTCTGTCGGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAA
AAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCATTACGCTTTACTTGTCTTCTGCACGA
AATT

>5G1.402F
CCCACCCGGGAAAACTAGAATTCGAGCTCGGGAGTGATCAAAAGTCCCACATCGATCAGGTGATATATAGCAGCTTAGTTTATA
TAATGATAGAGTCGACATAGCGATTGTCTCAGACCTCCACTCTGTCGGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGG
CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCATTAC
GCTTTACTTGTCTTCTGCACGA

>S5G1.1001F
ACCCCGGNAAAACTAGAATTCGAGCTCGGGAGTGATCAAAAGTCCCACATCGATCAGGTGATATATAGCAGCTTAGTTTATATA
ATGATAGAGTCGACATAGCGATTGTCTCAGACCTCCACTCTGTCGGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCT
AGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCATTACGC
TTTACTTGTCTTCTGCACGAA

>SG1.1002F
ACCCGGGAAAACTAGAATTCGAGCTCGGAGTGATCAAAAGTCCCACATCGATCAGGTGATATATAGCAGCTTAGTTTATATAAT
GATAGAGTCGACATAGCGATTGTCTCAGACCTCCACTCTGTCGGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAG
TCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCATTACGCTT
TACTTGTCTTCTGCACGAA
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Supplementary 4

SG1 Reverse Level 1
>SG1.RVS
TGTGGTCTCAAGCGTAATGCCAACTTTGTAC

>5G1.201R
TTTGTAAGAAAGCTGGGTCTAGAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT
GCTATTTCTAGCTCTAAAACCCCCGACAGAGTGGAGGTCTGAGACAATCGCTATGTCGACTCTATCATTATATAAACTAAGCTG
CTATATATCACCTGATCGATGTGGGACTTTTGATCACTCCGAGCTCGAATTCTAGTTTGTCTTCACAGAGTGGGGCCCACTGCA
TCCACCCCAGTACAA

>5G1.202R
TTTGAAANAAAGCTGGGTCTAGAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT
GCTATTTCTAGCTCTAAAACCCCCGACAGAGTGGAGGTCTGAGACAATCGCTATGTCGACTCTATCATTATATAAACTAAGCTG
CTATATATCACCTGATCGATGTGGGACTTTTGATCACTCCGAGCTCGAATTCTAGTTTGTCTTCACAGAGTGGGGCCCACTGCA
TCCACCCCAGTACAAA

>S5G1.401R
CTTTGTCAGAAAGCTGGGGTCTAGAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAAC
TTGCTATTTCTAGCTCTAAAACCCCCGACAGAGTGGAGGTCTGAGACAATCGCTATGTCGACTCTATCATTATATAAACTAAGC
TGCTATATATCACCTGATCGATGTGGGACTTTTGATCACTCCGAGCTCGAATTCTAGTTTGTCTTCACAGAGTGGGGCCCACTG
CATCCACCCCAGTACAACNT

>SG1.402R
TCCTTTGTAAGAAAGCTGGGTCTAGAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAA
CTTGCTATTTCTAGCTCTAAAACCCCCGACAGAGTGGAGGTCTGAGACAATCGCTATGTCGACTCTATCATTATATAAACTAAG
CTGCTATATATCACCTGATCGATGTGGGACTTTTGATCACTCCGAGCTCGAATTCTAGTTTGTCTTCACAGAGTGGGGCCCACT
GCATCCACCCCAGTACAAA

>SG1.1001R
TCCTTTGTNAGGAAAGCTGGGTCTAGAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTA
ACTTGCTATTTCTAGCTCTAAAACCCCCGACAGAGTGGAGGTCTGAGACAATCGCTATGTCGACTCTATCATTATATAAACTAA
GCTGCTATATATCACCTGATCGATGTGGGACTTTTGATCACTCCGAGCTCGAATTCTAGTTTGTCTTCACAGAGTGGGGCCCAC
TGCATCCACCCCAGTACAA

>SG1.1002R
TTTGTNAGGAAAGCTGGGTCTAGAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACT
TGCTATTTCTAGCTCTAAAACCCCCGACAGAGTGGAGGTCTGAGACAATCGCTATGTCGACTCTATCATTATATAAACTAAGCT
GCTATATATCACCTGATCGATGTGGGACTTTTGATCACTCCGAGCTCGAATTCTAGTTTGTCTTCACAGAGTGGGGCCCACTGC
ATCCACCCCAGTACA
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Supplementary 5

SG3 Forward Level 1
>SG3.FWD
GCTCATGATGTCCGACTACAAGG

>5G3.201F
CGNGNAAACTAAGAATTCGAGCTCGGAGTGATCAAAAGTCCCACATCGATCAGGTGATATATAGCAGCTTAGTTTATATAATGA
TAGAGTCGACATAGCGATTGCTCATGATGTCCGACTACAAGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCC
GTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCATTACGCTTTAC
TTGTCTTCTGCACGA

>5G3.202F
NCGGGANCAACTAGAATTCGAGCTCGGAGTGATCAAAGTCCCACATCGATCAGGTGATATATAGCAGCTTAGTTTATATAATGA
TAGAGTCGACATAGCGATTGCTCATGATGTCCGACTACAAGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCC
GTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCATTACGCTTTAC
TTGTCTTCTGCACGA

>S5G3.401F
ACCGTGNAAACTAAGAATTCGAGCTCGGGAGTGATCAAAAGTCCCACATCGATCAGGTGATATATAGCAGCTTAGTTTATATAA
TGATAGAGTCGACATAGCGATTGCTCATGATGTCCGACTACAAGGGGTTTTAAAGCTAAAAATAGCAAGTTAAAATAAGGCTAG
TCCGTTATCAACTTGAAAAAGGGGCACCGAGTCGGGGCTTTTTTTCTAAACCCACCTTTCTTGTACAAAGTTGGCATTACCCTT
TACTTGTCTTCTGCAGGAA

>S5G3.402F
ACCGGGNAAACTAGAATTCGAGCTCGGAGTGATCAAAAGTCCCACATCGATCAGGTGATATATAGCAGCTTAGTTTATATAATG
ATAGAGTCGACATAGCGATTGCTCATGATGTCCACTACCAGGGGGTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGGTAGTCC
GTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAAACCCAGCTTTCTTGTACAAAGTTGGCATTACGCTTTAC
TTGGCTTCTGCACGGA

>SG3.1001F
ACCGGGAAAACTAGAATTCGAGCTCGGAGTGATCAAAAGTCCCACATCGATCAGGTGATATATAGCAGCTTAGTTTATATAATG
ATAGAGTCGACATAGCGATTGCTCATGATGTCCGACTACAAGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTC
CGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCATTACGCTTTA
CTTGTCTTCTGCACGAA

>SG3.1002F
ACCCGGGAAAACTAAGAATTCGAGCTCGGAGTGATCAAAAGTCCCACATCGATCAGGTGATATATAGCAGCTTAGTTTATATAA
TGATAGAGTCGACATAGCGATTGCTCATATGTCCGACTACAAGGGGTTTTAGAGGCTAGAAATAGCAAGTTAAAATAAGGCTAG
TCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCATTACGCTT
TACTTGTCTTCTGCACGA
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Supplementary 6

SG3 Reverse Level 1
>SG3.RVS
TGTGGTCTCAAGCGTAATGCCAACTTTGTAC

>5G3.201R
GNNAGAAAGCTGGGTCTAGAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCT
ATTTCTAGCTCTAAAACCCCTTGTAGTCGGACATCATGAGCAATCGCTATGTCGACTCTATCATTATATAAACTAAGCTGCTAT
ATATCACCTGATCGATGTGGGACTTTTGATCACTCCGAGCTCGAATTCTAGTTTGTCTTCACAGAGTGGGGCCCACTGCATCCA
CCCCAGTACAAA

>5G3.202R
NTTTGTCAGAAAGCTGGGTCTAGAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACT
TGCTATTTCTAGCTCTAAAACCCCTTGTAGTCGGACATCATGAGCAATCGCTATGTCGACTCTATCATTATATAAACTAAGCTG
CTATATATCACCTGATCGATGTGGGACTTTTGATCACTCCGAGCTCGAATTCTAGTTTGTCTTCACAGAGTGGGGCCCACTGCA
TCCACCCCAGTACAA

>5G3.401R
TCNTTTGTAAGAAAGCTGGGGTCTAGAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTA
ACTTGCTATTTCTAGCTCTAAAACCCCTTGTAGTCGGACATCATGACCAATCGCTATGTCAACTCTATCATTATATAAACTAAC
CTGCTATATATCACCTGATCGATGGGGGACTTTTGATCACTCCGAGCTCGAATTCTAGTTTGTCTTCCCAAAGTGGGGCCCACT
GCTTCCACCCCAGTAAAAA

>SG3.402R
CTTTGTNAGGAAAGCTGGGTCTAGAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAAC
TTGCTATTTCTAGCTCTAAAACCCCTTGTAGTGGACATCATGAACAATCGCTATGTCCACTCTATCATTATATAAACTAAGCTG
CTATATATCACCTGATCGATGTGGGACTTTTGATCACTCCGAACTCGAATTCTAGTTTGGCTTCCCAGAATGGGGCCCACTGCA
TCCACCCCAGTACAAAA

>SG3.1001R
CATTTGTAAGAAAGCTGGGTCTAGAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAAC
TTGCTATTTCTAGCTCTAAAACCCCTTGTAGTCGGACATCATGAGCAATCGCTATGTCGACTCTATCATTATATAAACTAAGCT
GCTATATATCACCTGATCGATGTGGGACTTTTGATCACTCCGAGCTCGAATTCTAGTTTGTCTTCACAGAGTGGGGCCCACTGC
ATCCACCCCAGTACAA

>SG3.1002R
CCTTTGTAAGAAAGCTGGGTCTAGAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAAC
TTGCTATTTCTAGCCTCTAAAACCCCTTGTAGTCGGACATATGAGCAATCGCTATGTCGACTCTATCATTATATAAACTAAGCT
GCTATATATCACCTGATCGATGTGGGACTTTTGATCACTCCGAGCTCGAATTCTAGTTTGTCTTCACAGAGTGGGGCCCACTGC
ATCCACCCCAGTACAA
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Supplementary 7

SG1.201 Forward Level 2 E. coli
LVL2.SEQ TCTCCGACTACGACGTGGATCATATCGTGCCCCAGTCTTTTCTCAAAGATGATTCTATTG
L2E SG1201 Forward = —— == - = oo

LVL2.SEQ ATAATAAAGTGTTGACAAGATCCGATAAAAATAGAGGGAAGAGTGATAACGTCCCCTCAG
L2E_SG1201 Forward =  —————————————————————

* K * K L R S R R o
LVL2.SEQ AAGAAGTTGTCAAGAAAATGAAAAATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCA

L2E_SG1201 Forward

KKK KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A AR A AR AR AR AR A AR A KKK

LVL2.SEQ CACAACGGAAGTTCGATAATCTGACTAAGGCTGAACGAGGTGGCCTGTCTGAGTTGGATA
L2E_SG1201 Forward

KA KA A A A A A A A A A A A A A A A A A A A A A A A AR A A A A A A A AR AR A A AR A A A AR AR AR A A AN A K

LVL2.SEQ AAGCCGGCTTCATCAAAAGGCAGCTTGTTGAGACACGCCAGATCACCAAGCACGTGGCCC
L2E_SG1201 Forward

R R R R R R R R R R R R R R R R

LVL2.SEQ AAATTCTCGATTCACGCATGAACACCAAGTACGATGAAAATGACAAACTGATTCGAGAGG
L2E_SG1201 Forward

R R R R R R R R R R R R R R R R R

LVL2.SEQ TGAAAGTTATTACTCTGAAGTCTAAGCTGGTTTCAGATTTCAGAAAGGACTTTCAGTTTT
L2E_SG1201 Forward

R R R R R R R R R R R R R R R R R

LVL2.SEQ ATAAGGTGAGAGAGATCAACAATTACCACCATGCGCATGATGCCTACCTGAATGCAGTGG
L2E_SG1201 Forward

R R R R R R R R R R R R R R R

LVL2.SEQ TAGGCACTGCACTTATCAAAAAATATCCCAAGCTTGAATCTGAATTTGTTTACGGAGACT
L2E_SG1201 Forward

AR R SRR EEE SR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE R

LVL2.SEQ ATAAAGTGTACGATGTTAGGAAAATGATCGCAAAGTCTGAGCAGGAAATAGGCAAGGCCA
L2E_SG1201_Forward

LR R R RS SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE S SRS S

LVL2.SEQ CCGCTAAGTACTTCTTTTACAGCAATATTATGAATTTTTTCAAGACCGAGATTACACTGG
L2E_SG1201_Forward BENERERR -~~~ m e

* Kk  kx  k K
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Supplementary 8

SG1.201 Reverse Level 2 E. coli

LVL2.SEQ TCTCCGACTACGACGTGGATCATATCGTGCCCCAGTCTTTTCTCAAAGATGATTCTATTG
L2E_SG1201 REVRCOMP =—=—=—=—————- TT,

KKK KA KA K A I AR I A AR FAAA I A A AR I A AR I A A A I A A A I KA AR KA A A KK

LVL2.SEQ ATAATAAAGTGTTGACAAGATCCGATAAAAATAGAGGGAAGAGTGATAACGTCCCCTCAG
L2E_SG1201 REVRCOMP

KA KA AR KA A AR KA A A I A I AR A A AR F A A A I A A A A A I AR I A A A I A A A A A I AR I A A A KA KKK

LVL2.SEQ AAGAAGTTGTCAAGAAAATGAAAAATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCA
L2E_SG1201 REVRCOMP

KA KK KA A A A A A A A A A A A A A A A A A A A A A AR A A A A A A A AR AR A A AR AA A A A AR AR A AR A KKK

LVL2.SEQ CACAACGGAAGTTCGATAATCTGACTAAGGCTGAACGAGGTGGCCTGTCTGAGTTGGATA
L2E SG1201 REVRCOMP

KKK KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A AR A A AR A A A A A AR A A AR AN A K

LVL2.SEQ AAGCCGGCTTCATCAAAAGGCAGCTTGTTGAGACACGCCAGATCACCAAGCACGTGGCCC
L2E SG1201 REVRCOMP

Rk ki kb kb kb b b b b bk b b R b b b b b b b b R b b b b b R R R bk b b b

LVL2.SEQ ARATTCTCGATTCACGCATGAACACCAAGTACGATGAAAATGACAAACTGATTCGAGAGG
L2E SG1201 REVRCOMP

Rk ki kb b b b b b b b b b b b b b b b b b b b b i b R b b R b b R R b R Rk b b b

LVL2.SEQ TGAAAGTTATTACTCTGAAGTCTAAGCTGGTTTCAGATTTCAGAAAGGACTTTCAGTTTT
L2E SG1201 REVRCOMP

KKK A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A A A AR AR A AR AN AR AR KKK

LVL2.SEQ ATAAGGTGAGAGAGATCAACAATTACCACCATGCGCATGATGCCTACCTGAATGCAGTGG
L2E SG1201 REVRCOMP

Rk kb ik b kb kb b b b b b b b b b b b b b b b b b b R b b b b b R R bk b b b

LVL2.SEQ TAGGCACTGCACTTATCAAAAAATATCCCAAGCTTGAATCTGAATTTGTTTACGGAGACT
L2E SG1201 REVRCOMP

KA KKK A A KA AKX AR A A A A AAAAAAAAA A AN A AN A KK, KKk K KKK KKK K KKKk KKKk K

JTLS | Journal of Tropical Life Science 276 Volume 13 | Number 2 | May | 2023



