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ABSTRACT
Pre-mRNA splicing is the most critical process in gene expression regulation across
eukaryotic species. This reaction is carried out by the spliceosome, a large, dynamic, and wellorganized ribonucleoprotein complex. The spliceosome is composed of five major small nuclear
RNAs and an excessive number of associated protein factors. Many protein splicing factors bind
and release during splicing to assist the assembly and the modulation of many RNA structures
and proteins within the spliceosome. CWC25 is a splicing protein factor that functions in
modulating the conformational structure of the spliceosome at the first transesterification
reaction. CWC25 binds with its N-terminus to the major groove of the catalytic spliceosome
triggering the spliceosome activity. Here, we employed CRISPR/Cas9 genome engineering system
for targeted mutagenesis to generate CWC25 functional knock-out mutants to understand its
molecular function, contribution to splicing regulation and implication in fine-tuning responses
to abiotic stress in rice. Our genotyping analysis of the OsCWC25 locus revealed the presence of
two mono-allelic and 18 bi-allelic mutant lines. Phenotypic analysis of these mutants, including
germination and root inhibition assays, showed that the cwc25 mutants are oversensitive to
abiotic stresses such as ABA and salinity. Our data demonstrate that CWC25 plays an important
role in regulating plant responses to abiotic stresses.
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Chapter 1
Introduction
Many environmental fluctuations and stresses affect the agriculture growth, development,
biomass and crop yields, either in a direct way such as mechanical stress, chemicals and heavy
metals or in an indirect way such as biotic and abiotic stresses [1-4]. Naturally, plants can adjust
and tolerate environmental stresses and survive by having a defense system at many layers of
regulation. In plants, the intercellular balance initiated by transcription, post transcription in the
nucleus, and post translation regulation in the cytoplasm. Transcriptional regulation conducted
by controlling many transcription factors (TF) that functions either as an activator, repressor, or
regulate signal transduction and gene expression through binding to the promoter region of
specific DNA [5]. In addition, transcription is regulated by nucleosome positioning, DNA
methylation, and chromatin modifications which vary in response to many intercellular and
extracellular signals [6]. For example, in Arabidopsis thaliana basic leucine zipper (bZIP)
transcription factors are activated in response to stresses, which leads to recruit specific
COMPASS H3K4 methyltransferase complex [7]. Thus, the chromatin structure is modified, and
the accessibility of the gene is changed.

Splicing as a Regulatory Mechanism Against Stresses
An essential post-transcriptional mechanism called splicing, defines as a nuclear-localized
process which excises many intervening non-protein coding sequences called introns from the
pre-mRNA sequence. Introns are known to be variant in their proportions and sizes, based on the

12
species type. For example, animal introns are long in comparison to plant introns, which can
average 300 bp-500 bp [8] but at the same time, plant introns are specific and cannot be
transferred to other types of organisms [9]. Splicing also allows the protein-coding sequences,
known as exons, to be ligated together after removing introns. Pre-mRNA is used to create an
essential, mature mRNA and then sufficient proteins that could have a structural, catalytical or a
robust regulatory function. In addition, it regulates many biological pathways, such as energy
transfer in metazoan and plants, signal transduction and apoptosis [10, 11]. Splicing serves as
one of the most important mechanisms that occurs within the living organism, specifically
eukaryotic organisms. Such a reaction takes place by a large ribonucleoprotein particle, called
spliceosome, which can recognize exon/intron boundaries called splice sites. The spliceosome is
comprised of five small nuclear uridine rich RNAs (snRNA) U1, U2, U4, U5 and U6 and comprise
small nuclear ribonucleoprotein particles (snRNPs). In addition, it has many unique protein
factors which are called non-snRNPs, and require for the assembly, regulation and modulation of
the spliceosome. Such a structure is highly dynamic and organized. The assembly of spliceosome
complex on the transcript orientates the pre-mRNA substrate into the correct splicing direction.
The construction of such a complex on the precursor mRNA, starts by base pairing the 5’ end of
U1 snRNP to the 5’ splice site of the transcript regardless of the ATP. The U1 snRNP is conserved
in most eukaryotes, specifically in the first ten nucleotides [12]. This is followed by U2 snRNP
assembly at the branch site of the transcript near the 3’ end of the intron (3′ splice site; 3′SS),
where the lariat structure forms in an ATP dependent manner. Such a step in mammalian cells
requires a non-snRNP protein splicing factor called U2AF, which is made from two protein parts
and then bound to the transcript at a pyrimidine-rich sequence [13]. U2 snRNP also requires other
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protein factors such as SF1 and SF2, which helps the binding of U2 snRNP and make it more stable
and sufficient. As a result of the binding of U1 and U2 snRNP, a pre-assembled tri-snRNP U4/U5
and U6 are recruited to the complex, making the spliceosome encountered for many structural
rearrangements. Then, releasing U1 and U4 and forming new base pairs between U6 and the 5’
splice site and then between U2 and U6 snRNP. Like U2, the tri-snRNP (U4, U5 and U6) requires
ATP and a non-snRNP protein factor called SF4 [14]. Such a factor is defined as a heat-labile
protein which requires sulfhydryl groups for its activity. It also appears to bind directly or
indirectly in conversion of an inactive splicing complex to active and productive spliceosome
complex [14]. In humans there is an extensive number of other additional proteins that assist the
regulation of alternative splicing (AS), and can detect essential sites for the machinery [15]. The
splicing process is mainly divided into two main transesterification reactions where the lariat
structure and mature mRNA is formed, respectively [11]. Before starting the first
transesterification reaction, spliceosome components assembled and activated through binding
with Prp19 (Precursor RNA Processing 19) in the core of the Nineteen Complex (NTC), which
stabilizes the interaction between snRNPs within the spliceosome [16]. ATP has an essential role
for either releasing or inserting some additional protein factors. The DEAH-box ATPase (Prp2) is
required to release U2 components (SF3a and SF3b) and to recruit other splicing protein factors
known as Yju2 and CWC25, which are later found to be necessary for forming the lariat structure,
as a final step for the first transesterification reaction [11]. Moreover, Prp16 functions in releasing
the splicing factors Yju2/CWC25 and finally, Prp22 uses ATP to make a complex and disassembled
from the transcript in the form of Prp22/Prp18/Slu7 leading to release of a mature mRNA [17].
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Alternative Splicing
In eukaryotes, a single gene can produce multiple transcripts by alternative splicing (AS) process.
Where many splice sites alternatively selected by the spliceosome complex. AS reaction
conducted by the interaction of many splicing factors, which directs the complex into multiple
locations on the transcript. AS occurs in average 33% to 48% in rice and about 40% in Arabidopsis
[18]. AS has a beneficial role in both humans and plants; since it allows the organism to have
sufficient protein isoforms that can have different structures, domains, and functions from the
same pre-mRNA. It can save a large amount of processes, cofactors and energy from being
consumed. Moreover, many studies proved that alternative splicing has a central role in the
activity of stress-response components, such as plant biotic and abiotic stress tolerance [19]. The
balance and control of protein levels occurs through introducing a premature termination codon
(PTC) which leads to degrade the sequence in the cytosol by mRNA surveillance system called
Nonsense-Mediated Decay (NMD) pathway [20]. AS can be detrimental for humans in the case
of any defect in splicing mechanism or having some types of mutations in splicing factors that
assist the machinery [17]. For example, cystic fibrosis and myotonic dystrophy appears because
of splicing mutations in CFTR and non-coding parts within the gene, respectively which affect
splicing activity [17, 21]. Moreover, muscular atrophy and retinitis pigmentosa are caused by a
mutation in specific splicing factor genes [17]. In the case of plants, the damage is considerably
lower compared to humans. However, specific mutations within AS machinery can change the
phenotype of the plant in response to some environmental conditions. For example, Waxy gene
(Wx gene), which controls the amylose content in grains, has two cryptic splice sites in the 1st
exon that can change the quality of grains after cooking [22]. Splicing can be either constitutive
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(CS) where the spliceosome complex removes introns and ligate the flanked exons and then
release a mature mRNA or it can be alternative (AS) where alternative splice sites are used under
different conditions and elevates the chances to have many transcripts from the same gene.
About 95% of human genes are alternatively spliced [23]. There is a rare splicing type called transsplicing, which occurs in eukaryotes, defined as an event where a chimeric RNA made from two
or more exons from different loci and it can proceed into splicing machinery as a single mRNA
transcript [24]. The alternative spliced transcripts could either survive as a functional protein or
degraded by the NMD pathway. The major known types of AS are exon skipping, intron retention,
alternative 5' splice site and alternative 3' sites. There are some minor types of AS such as
mutually exclusive exons, alternative first exons, and alternative last exons which are considered
to be part of an exon skipping event. In exon skipping a single exon, usually the middle one,
skipped by the spliceosome and removed with the excised introns (Figure 1). and this event
presents as the most frequent AS event in human genes Sometimes an intron is retained in the
mature mRNA termed as intron retention, about 40% AS events in Arabidopsis are intron
retention [18]. Alternative 5’ or 3’ splice site shows a competition at the boundaries of an exon,
in the final outcome (Figure 1). A mutually exclusive exon event is able to change the final
transcript outcome by taking one exon from two to be a part of the mature mRNA (Figure 1).
Alternative first exons and alternative last exons are known to be a sub-class of the exon skipping
type[20, 24].

16

Figure 1: Types of different alternative splicing events.

CWC25 as a Protein Splicing Factor in Splicing Machinery
NTC complex and many associated splicing factors are required for spliceosome activation,
assembly or modulation during the two catalytic reactions. CWC25 is a splicing factor known to
be associated with another splicing factor called (Cef1) in NTC complex. CWC25 action depends
on the activity of the DEAH-box ATPase (prp2), which destabilize U2 components and allow
CWC25 to interact stably to the spliceosome. Another splicing factor called Yju2 assists the
binding of CWC25 during the first transesterification reaction [25]. CWC25 binds tightly to the
active spliceosome, near the branch site. More interestingly, CWC25 binds with its N-terminus
to the major groove of the catalytic spliceosome leading to trigger the spliceosome activity. Also,
it modulates and stabilizes the spliceosome complex before initiating the second
transesterification reaction through forming the lariat structure. Without its disassembly from
the spliceosome complex, the process will pause in the first catalytic reaction [25]. Another
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DEAH-box ATPase, Prp16, is required to mediate the release of these protein factors to allow
other ATP independent splicing protein factors and NTC components named Slu7, Prp18, and
Prp22 to add and facilitate the second transesterification reaction [16]. As a result, a mature
ligated mRNA and recycled spliceosome is released as a leading products [8],(Figure 2)

Figure 2: Spliceosome complex assembly during the main transesterification reactions od Splicing
machinery.
.

Targeted Mutagenesis using CRISPR/Cas9
Many genome editing tools have been used in the last few decades, such as the engineered DNAbinding proteins zinc finger nucleases (ZFNs) and the transcription-activator-like effector
nucleases (TALENs) tool. ZFNs generally comprised of three to six ZF domains that recognize more
than 24 bp in the target DNA sequence. However, ZFNs are proteins that engineered by fusing a
zinc finger DNA binding domain to FokI endonuclease [26]. TALEN engineering tool arises from a
pathogenic bacterium called Xanthomonas which functions as a plant transcription factor,
creating DSBs within the genome. It targets the plant cell nucleus leading to cell divisions and cell
enlargement [27]. TALENs used for various purposes such as increasing the gene expression in
tobacco [27]. Also, it has been used as a DNA‐binding module that integrated to different
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functional domains for various genomic manipulations [28]. Despite their applications and the
successful targeting in different species, ZFNs and TALENs have many limitations in comparison
to CRISPR/Cas9 [26]. CRISPR/Cas9 has higher efficiency, feasibility, precision while targeting and
simple to be designed, where only 20 nt of gRNA able to guide Cas9 forming DSBs. However, ZFNs
and TALENs are required to be coupled first with FokI endonuclease, in a nonspecific catalytic
center and the cleavage domain, respectively [28]. Moreover, both are difficult to design related
to their large size, and have an off-targets more than CRISPR/Cas9 [29]. The CRISPR/Cas system
is one of the most successful genome editing technique employed in the last few decades.
CRISPR/Cas9 refers to Clustered Regularly Interspaced Short Palindromic Repeats/ CRISPRassociated protein 9. This genome editing system brings revolution in the field of biology [30]
[31]and biotechnology [32]. It has many genome engineering applications within majority of
species starting from microbes and extended to mammalian cells and plant species. CRISPR/Cas
system was discovered in archaea as a form of adaptive immunity against any invading viral gene,
pathogen or foreign nucleic acid sequences [33]. During the first exposure to any foreign gene,
a small fragment serves as a copy and integrate into the CRISPR repeat-spacer array which
contain multiple spacer sequences. A single spacer functions as a recording memory for specific
pathogen within the host chromosome. Subsequently, during the second exposure, the organism
can defend against such an invader through transcription of the CRISPR array with the help of
tracrRNA (trans-activating crRNA) and RNase III, which arise by the action of CRISPR/Cas9 (Figure
3). As a result, the mature CRISPR RNA (crRNA) is formed, which constitute of spacer sequence
at the 5’ end, short RNA sequence complementary to the foreign sequence and a conserved
CRISPR repeat sequence [33]. Usually, the crRNA and tracrRNA sequences are combined in a
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single synthetic gene to create a single guide RNA (sgRNA) that functions in the same way as the
separate crRNA and tracrRNA, while targeting particular genes via CRISPR/Cas9 [34].
Additionally, the 20 nucleotides of the guide RNA are sufficient to increase the specificity of the
system, by guiding Cas9 complex to the desired target, precisely. Binding of gRNA to the foreign
sequences “non-self-sequence” depends on the protospacer adjacent motif (PAM) sequence. In
most cases, type II CRISPR/Cas system has PAM is a guanosine-rich sequence (NGG). The
CRISPR/Cas9 system recognize the PAM sequence and cut three-nucleotide upstream of the
PAM. However, cutting the invading gene and increasing the immunity within the host organism
is accomplished by Cas9 protein. The Cas9 protein consists of HNH and RuvC endonuclease
domains that cut the templet and the non-templet strands, respectively. sgRNA guides Cas9
protein to a specific target sequence and binds by Watson and Crick base pairing (Figure 4) and
results in a double-strand break (DSB) of the targeted genomic sequence [35]. The DSB are
repaired by two main intracellular mechanisms, either by the imprecise, error-prone nonhomologous end joining (NHEJ) or by the precise homologous directed repair (HDR) pathways.
NHEJ known as the imprecise repair mechanism that cause indels either by random insertion,
deletion or substitutions in which the trimmed parts are repaired by rejoining them using DNA
ligase IV [36]. Therefore, many mutations can be created in comparison to the actual native genes
as Indels. The NHEJ repair system is more frequent than the HDR specifically in eukaryotes [37].
On the other hand, HDR is the most accurate repair mechanism, since a repair template (donor)
sequence is provided either naturally from the sister chromatid or delivered experimentally to
the targeted region (Figure 5) [35].
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Figure 3: CRISPR/Cas9 adaptive immune system.

Figure 4: The mechanism of CRISPR–Cas9–mediated genome engineering.
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Figure 5: Double strand break (DSB) repair mechanisms.
(NHEJ) non-homologous end-joining pathway which cause indels at the targeted site, or (HDR) homologydirected repair mechanism which requires a donor templet to repair the targeted DNA precisely.

Since each domain of Cas9 protein can cut a specific DNA strand, any mutation within these
endonuclease domains can lead to a dead Cas9 (dCas9) which can cut only a single strand. dCas9
can used as a DNA targeting module to tether either different enzymatic activities or DNA
deaminases [38]. Furthermore, dCas9 can change the state of the genome, by either activating
the gene expression (CRISPRa) or inhibiting it (CRISPRi) [39]. From a therapeutic point of view,
base editing which defines as a site-specific modification of some DNA bases during the DNA
repair machinery, is used to cure Alzheimer’s disease which is associated with mutations in
APOE4 and TP53 [38, 40]. Human immunodeficiency virus (HIV) genes were targeted using
CRISPR/Cas9 guided with many gRNAs, where HIV genome mutated and deactivated within
infected cells. Therefore, the resistance against HIV elevated within the infected organism
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successfully [30]. CRISPR/Cas9 has also significant applications in agriculture that led to improve
the nutritional value and enhance crop yields in addition to increase the resistance against biotic
and abiotic stresses [41]. For example, multiple sgRNA designed to target viral sequences
infecting Nicotiana benthamiana. As a result the accumulation of the viral DNA reduced, and
symptoms of the virus significantly depleted within the targeted plants [42]. Acetolactate
synthase (ALS), an essential enzyme targeted by many herbicides, repaired using CRISPR/Cas9
system to enhance herbicides resistance in targeted rice plants [41]. In the last few decades,
environmental changes caused a massive loss of essential crops such as maize, wheat, and rice.
Many of these stresses can negatively alter the intracellular mechanisms directly or indirectly,
thus causing a reduction in plant growth, development and production. Soil salinity, high or low
temperature, chemicals and heavy metals, water depletion, and mineral deficiency are the major
threats for food security [43]. Rice is one of the major food crops, which belongs to family
Poaceae and genus Oryza. About 90% of rice is produced and consumed in Asia [44] while China
and India being the largest producers of rice [43]. Although the production is increasing over
time, it still does not cover the demand and the consumption of the population. Rice production
is expected to be depleted more than 25 % in the upcoming few years [45]. Rice has a small
genome size that can reach approximately 440 Mb. Based on the cultivar type, rice can be either
diploid or tetraploid [43] which make it an ideal plant for genome engineering studies.
In this project, CRISPR/Cas9 system is used, as a genome engineering tool to target a splicing
factor CWC25. The objective of this study is to investigate the role and importance of CWC25
within splicing machinery and to analyze its function in plant growth and development under
biotic and abiotic stresses.
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Chapter 2
Material and Method
2.1 Plant Material and Growth Conditions
Oryza sativa L. ssp. japonica cv Nipponbare was used for all experiments. Rice is grown at
seedling stage on ½ MS solid media in growth chambers at 28/24 C 0 under 16h/8h day light
conditions. Mature plants are grown in greenhouse under controlled temperature 28/24 ᴼC
and 70% humidity.
2.2 Designing and Cloning of sgRNA in Binary Plasmid
2.2.1 Design and Construction Small guide RNA “sgRNA”
The OsCWC25 splicing factor (LOC_Os08g39090) was used as a target locus. The expression
of Cas9 was driven by OsUbiquitin promotor, and the gRNA was expressed under
the OsU3 promoter in pRGEB32 vector [46].To generate CWC25 mutant variants sgRNAs were
designed to target 2nd exon (Table 1). The oligos were commercially synthesized with BsaI
overhangs compatible to BsaI digestion sites in the pRGEB32 vector. As showing in (Table 1),
PAM sequences are underlined.
Table 1:Oligonucleotide sequences for Guide RNA (sgRNA)

Guide RNA 1

3' CCTCTACGAGTCAGGGTTGGCTG 5'

Guide RNA 2

3' CCATCTGCCCCAGCAGCTGCTGC 5'

Guide RNA 3

5' CTTCTGCCCAAGCGAGTGCCGG 3'
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2.2.2 Vector Construction and Confirmation

The pRGEB32 vector was digested with BsaI restriction enzyme at 37 C0 for 6 hours. The digested
vector is purified from the gel. The sgRNAs were phosphorylated and annealed at 37 C0 for 30
minutes. The annealed oligos were ligated in BsaI digested pRGEB32 plasmid (at 24 C0 for two
hours, 16 C0 for two hours and 4 C0 for four hours). 2uL ligation products were transformed into
TOP10 E.coli cells by heat shock method. The cells incubated for 10 minutes on ice, heat shock
for 30 seconds at 42 C0 and incubated again on ice for 2 minutes.250 µL of SOS medium was
added for cell recovery and incubated at 37 C0 with shaking for one hour (200 rpm). The cells
were spread on LB agar plates containing Kanamycin 50mg/L, and then the plates were incubated
at 37 C0 incubator overnight. Liquid culture was done of Kanamycin resistant colonies in LB broth
containing Kanamycin 50mg/L and incubated with shaking at 37 C0 (200 rpm). Plasmid miniprep
was done using QIAprep Spin Miniprep Kit (Cat No./ID: 27106). The manufacturer’s protocol was
followed. The eluted samples were digested with BsaI and ApaI. to confirm the clones. The
positive clones were later confirmed by Sanger sequencing using M13-rev primer.

2.3 Agrobacterium-Mediated Transformation in Rice
2.3.1 Media and Callus Transformation
Rice seeds were dehusked and sterilized by 100 % Ethanol for one minute followed by rinsing
with sterile MilliQ water once. The seeds were further incubated in 80% commercial bleach
with 1-2 drops of Tween20 for 30-40 minutes. Seeds were washed 5-6 times with autoclaved
dH2O under sterilized conditions. After sterilization, rice seeds placed on 2N6 media ( 100 ml of
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10 N6 major salts, 10 ml of 100 FeEDTA, 10 ml of 100 N6 minor salts, 10 ml of 100 N6 vitamins,
20 ml of 100 mg-1 2,4-D, 30 g sucrose, 0.1 g Myo-inositol, 0.5 g proline, and 0.5 g vitamin assay
casamino acids were added to 1 liter, pH adjusted to 5.8 and 4 g phytagel added at the end).
The plates incubated in the dark at 30 C0 for seven days. This is callus pre-induction step. The
embryonic callus cut and incubated on fresh 2N6 media in the dark at 30 C0 for ten days. This is
callus induction step.
2.3.2 Agrobacterium Mediated Transformation in Rice Callus

The confirmed sgRNA-pRGEB32 clones were transformed into Agrobacterium (EHA 105) via
electroporation and cells were recovered with 500 l LB media at 28 C0 for two hours. The cells
were spread on AB media (5g glucose and 15g agar added to 900 mL dH 2O, autoclaved and 50mL
of AB salts and 50 mL of AB buffer was added) plates supplemented with Kanamycin 50mg/L and
Chloramphenicol 25mg/L. The plates were incubated at 280C for three days. The rice callus was
cut down into small pieces and incubated on fresh 2N6 media plates for three days. This is preculture step.

The agro cells washed from the AB plates using AAM infiltration media (50 ml of 20 AA major
salts, 10 ml of 100 FeEDTA, 10 ml of 100 B5 minor salts, 10 ml of 100 B5 vitamins, 100 ml of 10
AA amino acid, 1 ml of 100 mM acetosyringone, 20 g sucrose, 10 g glucose, 0.5 g vitamin assay
casamino acids to 1 L with dH2O. pH adjusted 5.2 and filter sterilized). The OD600 set to 0.3.

The callus is collected and incubated with agro cells for 2 minutes. The callus is transferred to
2N6-AS media and incubated at 250C for three days in dark. This is co-cultivation step.

26
2.3.3 Selection and Regeneration

The callus is transferred to 1st selection media (100 ml of 10 N6K major salts, 10 ml of 100 FeEDTA,
10 ml of 100 B5 minor salts, 10 ml of 100 B5 vitamins, 20 ml of 100 mg-1 2,4-D, 30 g maltose, 0.5
g proline, 0.5 g vitamin assay casamino acids, to 900 ml with dH2O, pH-5.8. 4 g phytagel added
and autoclaved. After cooling 100mL of 10X amino acid, 0.8mL of Hygromycin-50mg/L and 200mg
Timentin were added). The callus was incubated at 32C for two weeks under light.

Later the callus is transferred to 2nd selection media (100 ml of 10 N6 major salts, 10 ml of 100
FeEDTA, 10 ml of 100 N6 minor salts, 10 ml of 100 N6 vitamins and 10 ml of 100 mg-12,4-D, 5 ml
of 100 mg NAA, 1ml of 100 mg 6BA, 20 g sucrose, 55 g sorbitol, 0.5 g proline, 0.5 g vitamin assay
casamino acids to 1L with dH2O, pH to 5.8, 5g phytagel added and autoclaved. After cooling 1mL
Hygromycin-50mg/L and 200mg Timentin were added) for five days under light and 32C.

The proliferated calli were transferred to regeneration media (50 ml of 10 N6 major salts, 10 ml
of 100 FeEDTA, 10 ml of 100 N6 minor salts, 10 ml of 100 N6 vitamins, 5 ml of 100 mg kinetin, 20
g sucrose, 30 g sorbitol, 1 g vitamin assay casamino acids, to 900 ml with dH2O, pH to 5.8, 4g
phytagel was added and autoclaved. After cooling 100 ml of 10X AA amino acids (pH-free) and 1
ml of 50 g hygromycin were added) and incubated for 2-3 weeks under continuous light at 32C.

The regenerated shoots were transferred to rooting media (50 ml of 10 N6 major salts, 10 ml of
100 FeEDTA, 10 ml of 100 N6 minor salts, 10 ml of 100 N6 vitamins, 15 g sucrose, 30 g sorbitol, 1
g vitamin assay casamino acids, to 900 ml with dH2O, pH adjusted to 5.8, 3 g phytagel, and
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autoclaved. After cooling 100 ml of 10X AA amino acids (pH 5.8) and 1 ml of hygromycin-50mg/L
were added) and keep at 32C for 2-3 weeks.

2.3.4 Transfer the Shoots into the Soil
The successful transgenic shoots were transferred to soil in pots. After transfer soil pots were
covered with plastic bag to help plants more adaptable to the new environment. After three days,
the cover was removed, and Hoagland solution was continuously added with water to each tray
every week.
2.4 DNA Extraction
Rice leaves were ground into fine powder and 500 µL extraction buffer (200 mM Tris-Cl, 200 mM
NaCl, 25mM EDTA, 0.5% SDS) was added and mixed well by vortexing. Equal volume (500 µL) of
phenol-chloroform isoamyl solution (PCI) was added to the samples and vortexed for 1 minutes.
The tubes were centrifuged for 10 minutes at 13000rpm and RT. The aqueous phase
(approximately 400 µL) was collected carefully with the help of pipette and transferred to new
tube. The DNA was precipitated by adding sodium acetate (pH=5.7, 10% volume of aqueous
phase) and isopropanol (80% volume of aqueous phase). The tubes were mixed by inverting 5-6
times and incubated at RT for 15-30 minutes. The DNA was pelleted by centrifugation for 10
minutes at 13000rpm and RT. The supernatant was discarded, and pellet was washed with 70%
ethanol for 5minutes at 13000rpm and RT. After discarding the supernatant, the DNA pellet was
air dried at RT for 5-10 minutes. The DNA was dissolved in 50-100 µL of dH2O at 37ᴼC for 10-15
minutes and stored at -20ᴼC.

28

2.5 Genotyping of the Oscwc25 Mutant Plants
For genotyping the PCR was done using gene specific primers (Table 2) covering the sgRNA target
site. Phusion high fidelity polymerase was used with following conditions (Initial denaturation:
98 C0 for 2 minutes, 35 cycles of denaturation: 98 C0 for 30 second, annealing: 58 for 30 second
and elongation: 72 C0 for 25 second, final elongation and 72 C0 for 10 minutes). The PCR products
were purified from gel using QIAquick Gel Extraction Kit (Cat No./ID: 28706) using manufacturer’s
protocol. The eluted samples were cloned into pJet vector using CloneJet PCR cloning Kit (K1232)
using manufacturer’s protocol. The ligated products were transformed into TOP10 E.coli cells,
spread on LB agar plate supplemented with Ampicillin-100mg/L. After overnight incubation at 37
C0 incubator, colonies were picked to inoculate in LB broth containing Ampicillin antibiotic at 37
C0 shaking incubator (approximately 200 rpm). Miniprep was performed and samples submitted
for Sanger sequencing.

Table 2 :Two sets of PCR primers that used for Genotyping of Oscwc25 mutants from rice (Oryza
sativa) leaves.

1/ The Forward Primer

3’ GGTGTAAGATTACTGCTTGC 5’

1/ The Reverse Primer

5’ TCAATGATCCACAACTAGAC 3’

2/ The Forward Primer

5’ CGCTTATGTTTTGTTTTGGG 3’

2/ The Reverse Primer

3’CCTCAGCCCATTTGCTATAA 5’
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2.6 Phenotypic Analysis of Progeny of Oscwc25 Mutant Plants

The mature rice seeds harvested and dried at 32 C0 for five days. The seeds were dehusked
and sterilized. For germination assays seeds were germinated on ½ MS media, pH-5.8 and
4.5g phytagel was added. The same media was supplemented with 125mM or 150mM NaCl
for salt stress or 1.5 or 2.5 𝜇M ABA. The plates grown vertically in the incubator at 28C 0/25C0
with 16/8 hours day night conditions. For root inhibition assays the seeds were germinated
at ½ MS media for three days and then transferred to salt or ABA supplemented plates. The
root tip was marked and grown vertically for another period of 3-4 days to observe root
growth inhibition. The images were taken and used for calculation using ImageJ software.
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Chapter 3
Results
3.1 Conservation of CWC25 Splicing Factor in Eukaryotes

Based on the full protein sequence of the CWC25 splicing factor, the phylogenetic tree was
created using the online phylogenetic website called (MAB: Méthodes et algorithmes pour la bio
informatique), which shows the relationship between 16 different species. The order and the
distance between species in (Figure 6) rely on the abundance percentage of CWC25 protein
within each organism. Moreover, the alignments between human and rice (Oryza sativa) also
created by using the full protein sequence (Figure 7). The alignment highlights the conserved
residues among both species. In (Figure 8) three protein domains of CWC25 in Oryza sativa are
shown, classified based to their position within LOC_Os08g39090. Cir_N as N-terminal domain,
the main functional domain called CWC25 and PRK12678 which serve as a termination domain
factor.
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Figure 6: Phylogenetic tree showing evolutionary relationship among different species.

Figure 7: Alignment between human and rice CWC25 protein.

Figure 8: CWC25 protein domain structure in rice (Oryza sativa).

3.2 Targeting splicing factor CWC25 in rice
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The OsCWC25 gene (LOC_Os08g39090) has four exons, 188 bp, 148 bp, 162 bp and 1044 bp that
codes for a protein of 513 amino acids. This protein involves in the final step of the first
transesterification reaction of splicing process. For targeted mutagenesis, we used CRISPR/Cas9
system and designed three sgRNAs, with BsaI overhangs, at different positions of CWC25 Exon‐2
(Figure 10). sgRNA‐1 was designed to target the start of the 2nd exon. sgRNA‐2 designed to target
the middle of the 2nd exon and sgRNA‐3 targets the end of 2nd exon (Figure 9).

Figure 9: Location of sgRNAs targeting the second exon of OsCWC25

gRNA 1

gRNA 2

gRNA 3:

Figure 10: Three single guides RNA were designed based on the target sequence with overhangs.
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3.2.2 Cloning of sgRNAs into pRGEB32 Vector Containing Cas9

sgRNAs ordered commercially as single strand oligos having overhangs compatible with BsaI sites
in pRGEB32 vector as in (Figure 10). The pRGEB32 vector has already used in several studies for
stable transformation in rice and expression Cas9 protein under Ubiquitin promoter [47-49]. The
single strand oligos annealed and ligated in BsaI digested pRGEB32 vector. The clones confirmed
first via dual restriction digestion with BsaI and ApaI, since BsaI restriction site is destroyed after
successful digestion, using the same enzyme. The ApaI restriction enzyme cutting the pRGEB32
at one site and linearize the vector. The positive clones show single bands on the gel (Figure 11).
At least three positive clones were further confirmed via Sanger sequencing (Figure 12). Positive
clones were used for agrobacterium transformation.

gRNA1

gRNA2

gRNA 3

M
15,909 bp

Figure 11: Restriction digestion of clones with BsaI and ApaI.
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pRGEB32-G1

5’- TGTGCAGATGATCCGTGGCACAGCCAACCCTGACTCGTAGGTTTTAGAGCTAGAAATAGC

-3’

pRGEB32-G2

5’- TGTGCAGATGATCCGTGGCATCTTCTGCCCAAGCGAGTGCGTTTTAGAGCTAGAAATAGC

-3’

pRGEB32-G3

5’- TGTGCAGATGATCCGTGGCATCTTCTGCCCAAGCGAGTGCGTTTTAGAGCTAGAAATAGC

-3’

Figure 12: Sanger sequencing showing the cloning of sgRNAs in pRGEB32 vector. The red letters represent
sgRNA sequence.

3.2.3 Generation of cwc25 Mutants via Agrobacterium-Mediated Transformation

The positive clones from each guide RNA were used for Agrobacterium-mediated callus
transformation. Callus is co-cultivated with agrobacterium for three days and then transferred to
selection media supplemented with many selections such as Hygromycin. After another round of
selection, the proliferated calli is transferred to regeneration media (Figure 13, A). The transgenic
shoots were recovered after 2-3 weeks and stabilized further on rooting solid media for two
weeks (Figure 13,B). The transgenic seedlings were transferred to soil in greenhouse under
controlled temperature 28/24 ᴼC and humidity 70% (Figure 13, C).
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(B)

(A)

(C)

(C)
Figure 13: Agrobacterium-mediated transformation of Rice.
A) Regeneration step showing the hygromycin resistant shoots. B) Rooting step of multiple shoots. C)
The recovered transgenic seedlings transferred to the soil in greenhouse.
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3.3 Genotypic Analysis of T0 Generation of cwc25 Transgenic Plants
The number of transgenic plants recovered for guide 1, 2 and 3 are 36, 51 and 24, respectively.
For genotypic analysis we extract the DNA from transgenic plants and perform the PCR reaction
using gene specific primers covering the targeted region by sgRNAs (Figure 14). The purified PCR
products were cloned into pJET vector, and then transformed into E.coli. The Sanger sequencing
performed of at least 15 clones after miniprep. Our data showed that these sgRNAs successfully
produced mutants at the targeted locus. In total, 2 mono-allelic, 18 bi-allelic mutants, 6 Mosaic
and many Heterozygous mutants with wild type T0 plants were recovered.

Table 3: Mutations in cwc25 gene after targeting via three sgRNAs.
Regenerated
plants

Total
plants

Knock
out
mutants
(Biallelic

Guide 1

36

1

Guide 2

51

5

Guide 3

24

4

Mosaic
Mutants

3

In-Frame
Mutants
(Monoallelic)

In-Frame
Mutants
(Biallelic)

1

2

1

3

2

Mosaic
Mutants

Heterozygous
Not
mutants
genotyped
(No seeds)
22

10

5

20

14

1

10

11
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M 1 2 3 4 5 6 7 8 9 10 11 12 13

717 bp

M 1 2 3 4 5 6

7 8 9 10 11 12 13 M

717 bp

Figure 14: PCR reaction using gene specific primers and Phusion polymerase in 1% Agarose gel
electrophoresis.

Among the mono-allelic mutants “cwc-1” targeted by sgRNA-1 and have a single insertion of (A).
This mutation causes a pre-termination stop codon (PTC) and produce truncated protein. The
protein length after mutation reduced to 206 amino acid (Figure 15). The second mono-allelic
mutant is “cwc-2” which targeted by sgRNA-2, has a single insertion of (C) in more than 20 reads.
This mutation leads to frameshift the protein sequence that followed the insertion. The change
of amino acids in this mutant started from amino acid (Proline) number 226 (Figure 15). “cwc-3”
mutant represents biallelic mutation after targeting via sgRNA-2, it has a deletion of 60 bp. The
deletion starts after 190 amino acids from the methionine “start codon”. The other mutated
allele in “cwc-3” represents a single insertion of (T) which cause a frameshift of protein sequence
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(Figure 15). “cwc-4” exhibit two types of mutations after targeting by sgRNA-1, either (T) or (A)
single nucleotide insertion. In case of (T) insertion, it causes a frameshift and changes the entire
amino acids sequence that follows the insertion, starting from amino acid number 208. But in
case of (A) insertion, it yields a PTC which leads to produce a short peptide sequence and
truncated CWC25 protein. The “cwc-5” mutant recovered from sgRNA-1 targeting and has
biallelic mutations and both caused forming a PTC. The first allele in “cwc-5” shows a single
insertion of (A), while the second allele showed an in-frame deletion of 3 bp (Figure 15). Four
plants that were targeted by sgRNA-2 are having the same type of biallelic mutation. These
mutants named “cwc-6” showed a single insertion of (A) and in-frame deletion of 6 bp. The
insertion has changed the polypeptide sequence and the 6 bp deletion causes two in-frame
amino acid deletions (Figure 15). In some cases, it is the same type of mutation, but the trimmed
site is varied. “cwc-7” also has an insertion of (A) where the location of target and repair vary
than the previous mutant (Figure 15). “cwc8”, a target of sgRNA-2, has a biallelic mutation either
a single nucleotide insertion of (T) or out of frame deletion of 5 bp shown in (Figure 15). “cwc-9”
mutant has a bi-allelic mutation with 7 bp deletion, from amino acid number 222 to 232, and
insertion of (A) nucleotide. Leading to frame shift the polypeptide sequences that follows the
insertion (Figure 15). Many plants were targeted by sgRNA-3, for example, “cwc-10, cwc-11 and
cwc-12” all of them have the same type of mutation (Heterozygous bi-allelic without WT)
represents in deletion 4 bp and deletion of 12 bp as in (Figure 15). As a result, one amino acid
was deleted leading to change the following protein sequence, in addition to in-frame deletion
of 4 amino acids was observed, respectively. Also, “cwc-13” was targeted by sgRNA-3 which arise
4 bp in-frame deletion, and in-frame deletion of 12 bp that deleted 4 amino acids within the plant
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genome in row (Figure 15). These data show a successful and highly efficient targeting
mutagenesis of OsCWC25 splicing factor by three sgRNAs targeted the second exon.

cwc-1)
WT

5’- AGGAGGCAAGAGAGATTGGACTTCCTCTACGAGTCAGGGTTGGCTGTTGGCAAGGGGAGC -3’
R R Q E R L D F L Y E S G L A V G K G S
R Q E R L D F L * R V R V G C W Q G E
Cwc25 5’-AGGAGGCAAGAGAGATTGGACTTCCTCTAACGAGTCAGGGTTGGCTGTTGGCAAGGGGAGC 3’

cwc-2)
WT

5’- GAGGGATTCCAAGCGCTGCAACCATCTGCCCCAGCAGCTGCTGCCGCCGCCTCTTCTTCT -3’
E G F Q A L Q P S A P A A A A A A S S S
E G F Q A L Q P S R P S S C C R R L F F
Cwc25 5’-GAGGGATTCCAAGCGCTGCAACCATCTCGCCCCAGCAGCTGCTGCCGCCGCCTCTTCTTCT -3’

cwc-3)

WT
5’ATGTGCATGGTGTTATTTTTTTTCTGCAGGAGGCAAGAGAGATTGGACTTCCTCTACGAGTCAGGGTTGGCTGTTGGCAAGGGGAGCTCC3’
M C M V L F F F C R R Q E R L D F L Y E S G L A V G K G S S
M C M - - - - - - - - - - - - - - - - - - - - A V G K G S S
Cwc25 5’- ATGTGCATGGCTGTTGGCAAGGGGAGCTCC -3’

5’- AGGAGGCAAGAGAGATTGGACTTCCTCTACGAGTCAGGGTTGGCTGTTGGCAAGGGGAGC -3’
R R Q E R L D F L Y E S G L A V G K G S
R R Q E R L D F L Y R V R V G C W Q G E
Cwc25 5’- AGGAGGCAAGAGAGATTGGACTTCCTCTATCGAGTCAGGGTTGGCTGTTGGCAAGGGGAGC -3’
WT

40

cwc-4)
WT

Cwc25

5’- AGGAGGCAAGAGAGATTGGACTTCCTCTACGAGTCAGGGTTGGCTGTTGGCAAGGGGAGC -3’
R R Q E R L D F L Y E S G L A V G K G S
R Q E R L D F L * R V R V G C W Q G E
5’- AGGAGGCAAGAGAGATTGGACTTCCTCTAACGAGTCAGGGTTGGCTGTTGGCAAGGGGAGC -3’

WT

5’- AGGAGGCAAGAGAGATTGGACTTCCTCTACGAGTCAGGGTTGGCTGTTGGCAAGGGGAGC
R R Q E R L D F L Y E S G L A V G K G S
R R Q E R L D F L Y R V R V G C W Q G E
Cwc25 5’- AGGAGGCAAGAGAGATTGGACTTCCTCTATCGAGTCAGGGTTGGCTGTTGGCAAGGGGAGC

-3’

-3’

cwc-5)
WT

5’- AGGAGGCAAGAGAGATTGGACTTCCTCTACGAGTCAGGGTTGGCTGTTGGCAAGGGGAGC -3’
R R Q E R L D F L Y E S G L A V G K G S
R Q E R L D F L * R V R V G C W Q G E
Cwc25 5’- AGGAGGCAAGAGAGATTGGACTTCCTCTAACGAGTCAGGGTTGGCTGTTGGCAAGGGGAGC -3’

WT

5’- AGGAGGCAAGAGAGATTGGACTTCCTCTACGAGTCAGGGTTGGCTGTTGGCAAGGGGAGC-3’
R R Q E R L D F L Y E S G L A V G K G S
R Q E R L D F L * - S G L A V G K G S
Cwc25 5’- AGGAGGCAAGAGAGATTGGACTTCCTCTCAGGGTTGGCTGTTGGCAAGGGGAGCTCC
-3’

cwc-6)
WT

5’- TGCAACCATCTGCCCCAGCAGCTGCTGCCGCCGCCTCTTCTTCTGCCCAAGCGAGTGCCG-3’
L Q P S A P A A A A A A S S S A Q A S A
L Q P S S P S S C C R R L F F C P S E C
Cwc25 5-TGCAACCATCTAGCCCCAGCAGCTGCTGCCGCCGCCTCTTCTTCTGCCCAAGCGAGTGCCG -3’

WT

5’-CTGCAACCATCTGCCCCAGCAGCTGCTGCCGCCGCCTCTTCTTCTGCCCAAGCGAGTGCC-3’
L Q P S A P A A A A A A S S S A Q A S A
L Q P S A A A A A A - - S S S A Q A S A
Cwc25 5’- CTGCAGCTGCTGCCGCCGCCTCTTCTTCTGCCCAAGCGAGTGCCGGCTCTTCC
-3’
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cwc-7)
WT

5’- AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTGCCCCAGCAGCTGCTGCCGCCGCCTCT -3’
S S E G F Q A L Q P S A P A A A A A A S
S S E G F Q A L Q P S S P S S C C R R L
Cwc25 5’- AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTAGCCCCAGCAGCTGCTGCCGCCGCCTCT -3’

WT

5’-

AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTGCCCCAGCAGCTGCTGCCGCCGCCTCT -3’
S S E G F Q A L Q P S A P A A A A A A S
S S E G F Q A L Q P S A - - A A A A A S
Cwc25 5’- AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTGCAGCTGCTGCCGCCGCCTCT
-3’

cwc-8)
WT

5’-TGCAACCATCTGCCCCAGCAGCTGCTGCCGCCGCCTCTTCTTCTGCCCAAGCGAGTGCC.
L Q P S A P A A A A A A S S S A Q A S A
L Q P S C P S S C C R R L F F C P S E C
Cwc25 5’-TGCAACCATCTTGCCCCAGCAGCTGCTGCCGCCGCCTCTTCTTCTGCCCAAGCGAGTGCCG -3’

WT

-3’

5’-AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTTTCCCAGCAGCTGCTGCCGCCGCCTCT -3’
S S E G F Q A
L Q P S A P A A A A A A S
S S E G F Q A
L Q P S - - S S C C R R L
Cwc25 5’- AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTTAGCAGCTGCTGCCGCCGCCTCT
-3’

cwc-9)
WT

5’- AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTGCCCCAGCAGCTGCTGCCGCCGCCTCT-3’
S S E G F Q A L Q P S A P A A A A A A S
S S E G F Q A L Q P S - - Q L L P P P
Cwc25 5’- AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTCAGCTGCTGCCGCCGCCTCT
-3’

WT

5’- AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTGCCCCAGCAGCTGCTGCCGCCGCCTCT
S S E G F Q A L Q P S A P A A A A A A S
S S E G F Q A L Q P S S P S S C C R R L
Cwc25 5’- AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTAGCCCCAGCAGCTGCTGCCGCCGCCTC

-3’
-3’
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cwc-10, cwc-11-cwc12)
WT

5’- AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTGCCCCAGCAGCTGCTGCCGCCGCCTCT
S S E G F Q A L Q P S A P A A A A A A S
S S E G F - - - - - - - P A A A A A A S
Cwc25 5’- AGCTCCGAGGGATTCCCAGCAGCTGCTGCCGCCGCCTCT

WT

5’- AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTGCCCCAGCAGCTGCTGCCGCCGCCTCT
S S E G F Q A L Q P S A P A A A A A A S
S S E G F Q A L Q P S R P S S C C R R L
Cwc25 5’- AGCTCCGAGGGATTCCAAGCGCTGCAACCATCTCGCCCCAGCAGCTGCTGCCGCCGCCTC

-3’
-3’

-3’
-3’

cwc-13)
WT

5’- GCAGCTGCTGCCGCCGCCTCTTCTTCTGCCCAAGCGAGTGCCGGCTCTTCCAAGGTATCG
A A A A A A S S S A Q A S A G S S K V S
A A A A A A S S S A - - - - G S S K V S
Cwc25 5’- GCAGCTGCTGCCGCCGCCTCTTCTTCTGCCGGCTCTTCCAAGGTATCG

WT

5’- GCAGCTGCTGCCGCCGCCTCTTCTTCTGCCCAAGCGAGTGCCGGCTCTTCCAAGGTATCG
A A A A A A S S S A Q A S A G S S K V S
A A A A A A S S S A Q A P A L P R Y
Cwc25 5’- GCAGCTGCTGCCGCCGCCTCTTCTTCTGCCCAAGCGCCGGCTCTTCCAAGGTATCG

-3’
-3’

-3’
-3’

Figure 15: Sanger sequencing analysis of Oscwc25 genes after DNA extraction. Red letters represent the
amino acid sequences.
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3.4 Phenotypic Analysis of Progeny of Oscwc25 Mutated Plants

Our genotyping analysis data showed many homozygous and heterozygous mutants within
Oscwc25. Previous studies have shown that most of the mutants of splicing machinery are
oversensitive to abiotic stresses [50, 51]. To dissect the role of CWC25 in plant response under
abiotic stresses, we analyzed the progeny of confirmed homozygous/heterozygous (No WT)
mutants using many abiotic stresses. The first abiotic stress that have been used in this part of
the experiment is salt stress. NaCl used in two different concentrations, either 150 mM or 125
mM. As shown in (Figure 16), when the media was supplemented with 150 mM of salt, the
seedlings growth were extremely inhibited, and that appears in roots and shoots length.
Specifically, the germination of cwc-7 and cwc-10 is clearly affected compared to WT. The salt
effect on seed germination was clearer when the salt concentration reduced to 125 mM, almost
all of the mutants are showing oversensitivity to salt at 125 mM. Then we used abscisic acid (ABA)
which known as one of the major plant hormones that controls many intracellular pathways and
has a significant role in response to various abiotic stresses. In this part it used also in different
concentrations either 2.5 M or 1.5 M. In both concentrations, rice seedlings were oversensitive
to the media supplemented with ABA. Here, we can conclude that while the mutagenized seeds
were stressed using various abiotic stresses, in their germination stage, it shows hyper-sensitive
response compared to wild type.
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Figure 16: Comparison of primary root elongation and shoot growth of Oscwc25 mutants under salt and
ABA stresses.

3.4.1 Root Inhibition Assay

To show that the Oscwc25 mutant phenotype affected by the action of many stresses, we
tested whether treatment of Oscwc25 mutants with salt and ABA could change their root
length and phenotypes or remain the same in comparison to WT. As showing in (Figure 17).
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Figure 17: Root inhibition assay for Oscwc25 mutants (Control, NaCl and ABA stresses).

47

Relative expression level

Control
40

20

0
WT

cwc-1

cwc-3

cwc-5

cwc-7

cwc-15

Relative expression level

NaCl-125 mM
40

20

0
WT

cwc-1

cwc-3

cwc-5

cwc-7

cwc-15

Relative expression level

ABA-1.5 M
40

20

0

WT

cwc-1

cwc-3

cwc-5

cwc-7

cwc-15

Figure 18: Expression of Oscwc25 mutants and WT of both stress and normal conditions.
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Under normal conditions, rice seedlings of WT and Oscwc25 mutants were about the same
length. Upon NaCl treatment (125mM), Oscwc25 mutant roots were short, and their
germination was inhabited in comparison to WT. This indicates that Oscwc25 mutants were
sensitive to salinity stress in contrast to WT seedlings. Moreover, under ABA treatment (1.5
M), cwc25 roots were highly inhibited and reveled an oversensitive response in comparison to
WT seedlings (Figure 18). cwc-1 mutant shows a mono-allelic mutation during genotyping
experiment and reveled a considerable change in root length during phenotypic analysis and
root assay. In addition to a significant expression value compared to WT seedling. Further
analysis needed for more confirmation.

49

Chapter 4
Discussion
An essential post-transcriptional mechanism called Splicing defined as a nuclear-localized process
that occurs mainly in eukaryotes, specifically plants [52]. Splicing has a leading role in maintaining
the balance of pre-mRNA and protein levels within the cell [53]. Such a process is mediated by a
crucial protein complex called spliceosome, which comprised of five vital snRNPs. In addition,
many components that required to build the spliceosome complex and switch it into a functional
and effective. Such as Non-snRNPs (associated protein splicing factors) and DEAH-box ATPase
that used either transiently or permanently within the complex. Their presence assists the
spliceosome assembly, modulation, and activation of both catalytic reactions during the splicing
pathway [10]. During the two transesterification reactions, spliceosome complex undergoes
many changes and modulation until releasing introns, ligating the flanked exons, releasing
mature mRNA and the recycled spliceosome [54]. However, one of the essential protein splicing
factors that requires for the lariat structure formation in the first catalytic reaction in addition to
modulate the spliceosome complex before the second catalytic reaction in the splicing
mechanism is CWC25 [25, 55]. Consisting with this, the spliceosome will not proceed into the 2nd
catalytic reaction unless CWC25 splicing factor released from the complex by the action of
DExD/H-box protein Prp16 in ATP dependent manner [25]. In the present work, CWC25 splicing
factor used as an effective DNA target model to examine its role in plant growth and development
under biotic and abiotic stresses in addition to its importance in splicing mechanism. For this
purpose, we used CRISPR/Cas9 system for targeted mutagenesis of CWC25 in rice. Our results
showed that CRISPR/Cas9 has successfully produced mutants at the CWC25 locus. We generated
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two 2 mono-allelic, 18 bi-allelic “distributed between knockout, In-frame and Heterozygous
Biallelic mutation without WT”, 6 Mosaic and many Heterozygous mutations that contains WT.
Subsequently, the plant seeds were replanted as T1 generation and segregated based on its
mutation type. The Last section in this study was an evidence for the genotyping part, which
mainly focused on the effect of many abiotic stresses that applies to the mutagenized rice seeds.
Our results demonstrate the effect of salinity and (ABA) stresses on the seeds growth and
response. Where many seeds showed an oversensitive response in shoot and root parts in
comparison to WT seeds. Therefore, we were able to conclude that the target gene is a nonessential gene within Splicing/Alternative splicing machinery and by targeting such a protein
factor; growth and development of plants would be affected. Consisting with this, Knockout
mutants in many splicing genes such as HOS5 and RS40 in Arabidopsis; leads to ABA and salt
oversensitive response [20]. In addition, targeting SNW/Ski-interacting protein (SKIP) in
Arabidopsis causes lose the function of the gene and led to plant oversensitivity to salt and
osmotic stress [56]. The present study proved the role and importance of CWC25 splicing factor
within splicing/Alternative splicing within plant model.
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