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	 Autism spectrum disorder is a group of neurodevelopmental disorders with still 
unknown causative mechanisms. Recent findings implicate a complex etiology with multiple 
genetic and epigenetic factors. The disruption of vital gene-gene interactions has been proposed 
to be one of the contributing factors for the disease. NPAS (neuronal PAS domain proteins 1 and 
3) have been recognized as critical regulators of neuropsychiatric development and function.  
In the present study, a genetic network association with NPAS3 and the highest interacting gene 
CRKL has been mapped for ASD and analyzed to decipher the complex genetic basis of Autism 
spectrum disorder. CRKL encodes a protein kinase with SH2 and SH3 (SRC homology) domains 
which activate RAS and Jun signaling pathways. The CRKL gene sequence was retrieved and 
compared using BLAST homology search. The physiological and chemical features of CRKL 
protein was studied using Uniprot Database and Protparam followed by homology modelling 
by constructing a phylogenetic. Physio-chemical properties of CRKL protein was studied by 
Protparam which gave insight into the role of other interacting proteins involved in this process. 
Further analysis, a conserved region of intersecting protein of CRKL were identified using 
multiple sequence alignment. The gene interactions data revealed that CRKL as one of the key 
genes associated with Autism spectrum disorder. CRKL defects in the deleted region of 22q11. 
2 of the human chromosome 22 have a strong correlation with several of the birth defects as 
it can hamper the development of the brain along with behavior and cognitive function. This 
may lead to neurodevelopmental disorders like autism spectrum disorder or schizophrenia, 
depending on which particular region in the gene is affected. CRKL gene could be a potential 
biomarker for many In-borne diseases. An investigation in current study was done to find out 
the genetic network and decipher the complex genetic basis of Autism spectrum disorder. 

 Keywords: Autism spectrum disorder, CRKL, Gene-gene interactions, 
biological network visualization, RAS/MAPK.

	 Autism spectrum disorder (ASD) are 
known to have an exceedingly complex multigenic 
neuro-developmental disorder. It manifests as 
impairments in growth and differentiation of 
central nervous system which ultimately results 
in difficulty in speech, communication and social 
behavior, abnormal response to stimuli, poor eye 

contact, and repetitive behavior in kids (Bonnet-
Brilhault 2017; Hagerman, Rivera, and Hagerman 
2008; Kaufmann et al. 2004; Rogers, Wehner, 
and Hagerman 2001). Autism spectrum disorder 
shows prevalence of 1 in 68 children affecting 
male more than females (1 in 42 boys and 1 in 
189 girls). Male to female gender ratio came out 
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to be 4:1, as reported for Autism spectrum disorder 
(Fombonne 2009). The phenotypic variations in 
Autism spectrum disorder are inherited unlike the 
environmental factors (Abrahams and Geschwind 
2008). It has been reported to be associated with 
parental hereditary factors, stress, improper uterine 
environment and other biological causes. These 
factors have also been correlated with various 
other disorders such as schizophrenia, fragile X 
syndrome and mitochondrial disorders.
	 Several genomic studies were conducted 
worldwide on the autistic families to discover the 
genetic association of ASD (Beaudet and Arthur 
2007). The studies highlight the baffling genetic 
as well as phenotypic heterogeneity in ASD.  
Genome-wide association studies involve screening 
to identify deletions, duplications, CNV (copy 
number variations) and SNPs (Single Nucleotide 
Polymorphism) that could be correlated with ASD 
phenotype. Genetic linkage and mutation studies 
have reported multiple mutations responsible for 
ASD (Sykes and Lamb 2007). This was seen in a 
great number of autistic individuals accompanied 
with their unaffected family members. It could 
have been a consequence of a sum of variations 
and impetuous changes in the genetic material 
during meiosis (Beaudet 2007; Gai et al. 2012). 
Non-syndromic autism has been shown to be 
connected to a large number of earlier unknown 
rare mutations and gene number variations. This 
was made possible through extensive Genome-
wide association studies and other genetic analyses 
which have been instrumental in throwing light on 
various associations between these mutations and 
the pathology. However, the complete mechanisms 
and cure still remain elusive to the scientific world. 
	 Previous studies indicated a significant 
amplification in ASD as seen in Mendelian disorders 
of the Ras/MAPK pathway or (RASopathies). 
They have all the upregulated typical symptoms 
of ASD (Zuk et al. 2012) (Consortium and The 
International Schizophrenia Consortium 2009). In 
a recent study, RASopathy gene SNPs testified for 
presence in the Autism Spectrum Disorder patient 
with GWAS through various pairwise interlinkages 
of genes that met the standards of genome wide 
criteria for significance (Shihab, Dawood, and 
Kashmar 2020). Lastly, an orthogonal approach 
provided confirmation for the influence of epistasis 
in Autism spectrum disorder which revealed that 

the Ras/MAPK pathway plays a pivotal role in 
idiopathic Autism Spectrum Disorder (Mitra et al. 
2017).
	 Receptor tyrosine kinase is an enzyme 
responsible for transmitting signals from adjacent 
cells, particularly activate RAS activity. This 
successively promotes rapid events leading to 
energize one or more isoforms of the RAF kinase, 
accompanied by MEK and ERK kinases activation 
and, eventually, the expression of target genes. 
Naturally, this ‘linear’ pathway is submerged in a 
web of other pathways, as well as enzymes such as 
mTOR and PI3K. As such, changes in the activity 
of this matrix affect the product of the ‘canonical’ 
or standard, RAS pathway. Mutation in the network 
is an elementary syndromic form of autism, the first 
suggestive evidence showing that the RAS pathway 
might be essential in autism.
	 Recently, string of discoveries has shown 
that ASD is distinguished by mutations in various 
genes in the RAS pathway, each of which leads to 
a gain-of-function of ERK signaling their review 
of these disorders. Gary Landreth and his fellow 
workers observed that the collection of phenotypes 
linked with 16p11.2 deletion — obstruction in the 
central nervous system, heart and brain, along 
with facial dysmorphology, is also seen in the 
RASopathies, comprising DiGeorge syndrome 
that is caused by the 22q11.2 chromosomal 
region 4 deletions. If 16p11.2 deletion results in 
a RASopathy, then one would say the classical 
RASopathies to demonstrate a high liability to 
autism (Samuels, Saitta, and Landreth 2009).
	 Neuronal transcription factor family 
PAS (Per-Arnt-Sim) domain has two distinct PAS 
domains that are protein 1 (NPAS1) and NPAS3. 
These are highly conserved structural sites of 
multi-ligand binding, responsible for physiological 
and potential pharmacological modulation in the 
brain (Zhou et al. 1997; E. W. Brunskill et al. 1999; 
Rutter et al. 2001; Dudley et al. 2003; Taylor and 
Zhulin 1999; Wu et al. 2016). Several studies have 
stated that gene NPAS3 is responsible for human 
evolution since it comprises of a huge number of 
human-specific, conserved, fast-evolving and non-
coding elements (Kamm, Pisciottano, et al. 2013; 
Kamm, López-Leal, et al. 2013). It was found to 
be one of the 27 potent genes revealing repetitive 
double-stranded DNA break clusters into the neural 
stem cells. (Wei et al. 2016). The FGFR1 regulates 
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the proliferation of hippocampal granule neurons 
in the mature hippocampal region of the brain in 
mouse where NPAS3 regulates the expression 
(Pieper et al. 2005). On the contrast, we understood 
from our study that NPAS1 prevents augmentation 
and plays a pivotal role in MAPK signaling in CGE 
and MGE progenitors, except not in the regulation 
of FGF receptor expression, but the process is not 
yet well known. Preclinical models illustrated the 
strong inclination towards NPAS3 and NPAS1 
which had affected physiologic functioning of the 
neurons in the brain (Eric W. Brunskill et al. 2005; 
Erbel-Sieler et al. 2004; Yang et al. 2016). It also 
revealed the postnatal hippocampal neurogenesis 
by NPAS3 (Pieper et al. 2005) and significant 
impediment by NPAS1 (Pieper et al. 2005; Stanco 
et al. 2014). Many neuropsychiatric conditions are 
responsible due to several variations in Postnatal 
hippocampal neurogenesis (Nurnberger et al. 
2014; Pieper et al. 2005; Kempermann, Krebs, and 
Fabel 2008). Studies have shown that mutations in 
NPAS1 in a set of individuals resulted in autism 
spectrum disorder (McKnight 2007). Whereas, 
NPAS3 anomalies were possibly implicated in 
several neuropsychiatric conditions, including 
neurological conditions like schizophrenia 
(Gonzalez-Penas et al.2015; Macintyre et al. 2010; 
B. S. Pickard et al. 2009; Ben S. Pickard et al. 2005; 
Kamnasaran et al. 2003; Benjamin S. Pickard et al. 
2006), bipolar disorder (B. S. Pickard et al. 2009; 
Huang et al. 2010; Nurnberger et al. 2014), severe 
depression (Huang et al. 2010; Weber et al. 2011), 
attention deficit hyperactivity disorder (ADHD)
(Weber et al. 2011) and hindrance in intellectual 
disability (Ben S. Pickard et al. 2005; Visser et al. 
2010; Phelps et al. 2017).
	 In an experiment of the gene expression 
using microarray samples, it was seen that 
NPAS3 was overexpressed in HEK293 cells. 
HEK293 cell line had an unusual upregulation 
of NPAS3 which revealed that transcriptional 
targets differed according to two main factors; 
circadian rhythm context and Subsequent 
C-terminal deletion. Ultimately, the NPAS3 
gene is highly overexpressed. After processing, 
The VGF and secretory peptides are known to 
have roles in neurogenesis and neuroplasticity 
which is related to learning, memory, cognition, 
depression, and schizophrenia (Sha et al. 2012). 
The Pathophysiology of NPAS can be noticeable 

as it perhaps triggered by an entirely new molecular 
pathway or maybe by a combinative effect of 
upsetting original pathways that are related to 
neuropsychiatric disorders.
	 Our present work focuses on visualization 
of gene-gene interactions of Neuronal Per Arnt 
Sim domain protein (NPAS) which is known to 
be associated with basic helix-loop-helix family, 
which is characterized as Npas1, Npas2, Npas3, 
and Npas4 (Ooe et al. 2004). This Neuronal family 
has been implicated to play a pivotal role in the 
epistasis of Autism Spectrum Disorder. Neuronal 
transcription factor family PAS (Per-Arnt-Sim) 
are mainly expressed in the brain Neuronal 
transcription factor family PAS (Per-Arnt-Sim) has 
two distinct PAS domains protein 1(NPAS1) and 
NPAS3. These genes have been identified to play 
a critical role in the development and maintenance 
of neurons in the brain (Jain 1999, Brunskill et 
al. 1999) Therefore, substantial studies were 
conducted using the UCSC browser as a filtering 
tool in which the top 24 high interacting genes 
with NPAS3 were identified. Among which only 8 
genes showed maximum interlinkage with NPAS3. 
NPAS3 is known to have a role in Autism Spectrum 
Disorder and many other neurological diseases. The 
highly repeating interactions were screened. This 
study revealed that NPAS3 might not be the only 
one responsible but instead gene-gene interactions 
with CRKL might hold the key.  The CRKL gene 
had the highest interacting gene among all the 
genes. Therefore, the CRKL gene emerged as the 
best possible candidate gene for ASD. Deletion or 
duplication of the CRKL gene can affect multiple 
genes leading to various birth defects such as 
Autism Spectrum Disorder, schizophrenia, heart, 
hearing, or autoimmune defects (Walz, Fonseca, 
and Lupski 2004). CRKL is a type of substrate 
created by BCR-ABL tyrosine kinase which is 
accountable for oncogenic transformations in 
fibroblast transformation. Computational tools 
had been used to predict a strong coherence for 
CRKL and its mutations, which later proposed that 
CRKL defects in the deleted region of 22q11. 2 of 
the human chromosome 22 hold the main key for 
several birth defects. It can change the development 
of the brain along with the behavior and cognitive 
functions leading to neuro-developmental disorders 
like autism spectrum disorder or schizophrenia, 
which might turn on a particular region of the 
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Fig. 1. Graphical illustration of the workflow in the Visualization of Gene-gene Interactions in Autism Spectrum 
Disorder Genes

Fig. 2. Visualization by UCSC Browser of the highest interacting 24 genes and their Gene-Gene Interactions with 
NPAS3. The nodes are the hub protein with multiple interactions the edges show the interactions

gene and can cause further changes. The Action-
Mechanism of the same is still not known. 
Homology search was performed using the human 
protein sequence of CRKL and it showed maximum 
homology with the horse (Figure 5).

Methodology

	 Top 24 interacting genes were efficiently 
screened by UCSC browser and several genes 
associated with such as- RPH3AL, SP1, TLX3, 
PATZ1, LEPREL4, PKN2, CFHR4, WWP2, 
MAP2K6, ADIPOR1, REST, SLC5A12, AMHR2, 
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Table 1. The significance of highly interacting genes in neurological disorders

S.	 Genes	 Role in Neuropathology 	 References 
No

1	 SYN1	 Idiopathic epilepsy and autism	 (Paonessa et al. 2013b)
2	 TLX3	 Tlx3 mutations shown to affect the expansion of mostly 	 (Hernandez-Miranda  
		  non-overlapping neuronal populations.	 et al. 2017) (Storm et al. 
			   2009) (Qian 2001)
3	 WWP2	 WWP1/2performs various roles in synaptic function and 	 (Kishimoto-Suga 2011
		  development of neurons in the mammalian brain. Impairment 
		  of function can lead to neurological disorder
4	 REST	 It has as an important element connecting neuronal intrinsic 	 Paonessa et al. 2013a)
		  homeostasis and re-establishing a physiological level of activity 
		  in the complete neuronal web. Dysfunction is published cause 
		  for neurological disorders.
5	 MED12	 Member of the large Mediator complex which synchronizes 	 (Graham and Schwartz 
		  signals involved in cell growth, development, and differentiation.  	 2013)
		  Extra neuronal gene silencing. 
6	 CRKL	 CRKL has a crucial role in the growth of embryo, kidneys and 	 (Rapin and Katzman 
		  testes development. Deletions or duplication cause multiple 	 1998) (Haller et al. 
		  birth abnormalities.	 2017)	
7	 JARID2	 Formation of neural tube Necessary for normal heart function. 	 (Ramos et al. 2012),
8	 PDLIM5	 Bipolar disorder, schizophrenia and major depression PDLIM5 	 (Barh, Blum, and 
		  exists in the postsynaptic density, where it encourages reduced 	 Madigan 2016) 
		  size of dendritic spine head and longer, filopodia-like morphology.	 (Herrick et al. 2010)

MED12, JARID2, ZNF787, RBBP7, PDLIM5, 
PINK1, CARD6, ARHGAP26, CCNE2, INHBE, 
and CRKL. 
	 The workflow has been explained in 
Figure 1 and the gene-gene interactions have been 
visualized in Figure 2.

RESULTS AND DISCUSSION

	 Through UCSC browser, these eight 
genes were known to be related to NPAS3 that 
are involved in neurodevelopment and other 
anomalies. They have been stated for its direct 
or indirect   connection with Autism Spectrum 
Disorder- SYN1 (Paonessa et al. 2013b), TLX3 
(Hernandez-Miranda et al. 2017) (Storm et al. 

2009) (Qian 2001) , WWP2 (Kishimoto-Suga 
2011), REST (Paonessa et al. 2013a), MED12 
(Graham and Schwartz 2013), CRKL (Rapin and 
Katzman 1998)(Haller et al. 2017)   , JARID2 
(Ramos et al. 2012), PDLIM5 (Barh, Blum, and 
Madigan 2016)(Herrick et al. 2010) (Figure 2 and 
Table 1). 
	 Interestingly notable, gene CRKL came 
out to be most interacting (4 out of 8 genes) among 
the highlighted genes (Table 2). The table marks 
the involvement of CRKL with TLX3, WWP2, 
JARID2, and PDLIM5. Hence, it clarifies the 
direct or indirect connection with neurological 
disorders as these eight genes are highly susceptible 
for neurological disorders especially with Autism 
Spectrum Disorder. Although its proper mechanism 

Fig. 3. Sequence of Human CRKL protein collected from Uniprot Database
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Table 2. The Prominent eight genes and their gene-gene interactions using UCSC browser

Genes	 Associated with other genes

SYN1	 SPTAN1, CALM2, MAPK4, REST, MAPK8, CALM1, MAPK7, CALM3, CA2, EPHB2, 
	 MAPK14, CYFIP1, MAPK12, MAPK3, MAPK1, MAPK11, MAPK13, MAPK6, BDNF, 
	 MAPK10, MAPK9, SLC6A4, MAPK15, NCF1
TLX3	 TLE1, NUDT21, ETS1, SF3B5, HIST1H2BJ, CCNE2, SF3A3, PTPN14, RBBP6, CFHR4, 
	 WWP2, TLE2, MAP2K6, ING4, SYNE1, CRKL, AMHR2, ADIPOR1, MOCS3, TEKT2, 
	 JARID2, LEPREL4, PINK1, GTF2A1L
WWP2	 MIB2, HIST1H4A, HSPA6, HSPA8, TUBB4B, PTEN, MYL12A, DYNLL1, BYSL, CRKL, 
	 POU5F1, WDR5, ANP32B, SMARCC1, SLC5A12, SQRDL, DHX8, LEMD3, OPA1, 
	 PSPC1, ANP32A, USP34, RNF11, UBE4A
REST	 KCNIP2, SP140, BARHL1, CAMTA1, ZNF444, BARHL2, MYT1, BDNF, EGR4, VSX1, 
	 MEIS3, NEUROG3, SF1, DAXX, GTF21, HIST1H4A, NR1H4, SIX6, GSX1, ONECUT2, 
	 MNX1, LHX4, SHOX2
MED12	 POLR2J, RPAP1, POLR2B, SELP, ITGA2B, POLR2H, GTF2F1, POLR2C, LEP, POLR2A, 
	 INS, CTDP1, POLR2I, BDNF, EPHB2, POLR2D, POLR2E, TNFSF11, POLR2L, GTF2F2, 
	 GTF2B, POLR2G, POLR2F, POLR2F, POLR2K
CRKL	 ITGAX, ITGA1, ITGAV, ITGAE, ITGA2, ITGA9, ITGA3, ITGA7, ITGAD, ITGA6, 
	 PIK3CG, JAK3, CBLC, PIK3CA, PIK3CD, JAK1, LAT, PIK3CB, ITGAM, RAP1B, 
	 ITGA8, ITGAL, MAP3K1, DBNL
JARID2	 ELL, AP1M1, WWP2, BCLAF1, CRKL, AGA, NPAS3, HIST1H3A, STK38, MORC3, 
	 EZH2, SUZ12, H3F3A, EED, HIST2H3A, TRIM35, HIST1H4A, HDAC2, MYL4, 
	 SETD1A, SOX17, RBBP7, RBBP4, QTRTD1
PDLIM5	 HNRNPDL, ACYL, ANP32B, PKM, SUMO1, DIMT1, YBX1, RPS25, NAPG, RSU1, 
	 TUBB4B, SNAP23, DIAPH1, ANP32A, CAPZB, DDX47, SUPT5H, NAPA, ELAVL1, 
	 HSPA5, CRKL, NCBP1, DLG5, PDCD1O 

is not yet understood, the involvement of these genes 
cannot go unnoticed in neurological disorders.
	 Tables 2 and 3, show that CRKL is the 
gene, which interacts most with the highlighted 

genes. These results strongly point out to the 
involvement of direct or indirect connection with 
neurological disorders especially with Autism 
Spectrum Disorder. Further work on this gene is 

Table 3. Gene-Gene interaction between screened out genes and most frequently
 interacting genes with them (black in color)
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Table 4. Analysis of Primary Features – 
Amino acid composition

Amino acid	 Symbol	 No.	 %

Ala	 (A)	 20	 6.6%
Arg	 (R)	 18	 5.9%
Asn	 (N)	 16	 5.3%
Asp	 (D)	 16	 5.3%
Cys	 (C)	 2	 0.7%
Gln	 (Q)	 12	 4.0%
Glu	 (E)	 19	 6.3%
Gly	 (G)	 21	 6.9%
His	 (H)	 8	 2.6%
Ile	 (I)	 15	 5.0%
Leu	 (L)	 20	 6.6%
Lys	 (K)	 14	 4.6%
Met	 (M)	 6	 2.0%
Phe	 (F)	 11	 3.6%
Pro	 (P)	 30	 9.9%
Ser	 (5)	 24	 7.9%
Thr	 (1)	 15	 5.0%
Trp	 (W)	 4	 1.3%
Tyr	 (Y)	 12	 4.0%
Val	 (V)	 20	 6.6%
Pyl	 (0)	 0	 0.0%
Sec	 (U)	 0	 0.0%
(B)	 0		  0.0%
(2)	 0		  0.0%
(X)	 0		  0.0%

Number of amino acids: 303
Molecular weight:  33776.99
Theoretical PI: 6.26

to see its physiological effects in Autistic patients.
	 The CRKL gene is situated in the typically 
deleted region of 22q11. 2. This region of human 
chromosome 22 holds the main possibility for 
many of the birth defects. It was observed that 
deletion of this region occurs in about 1 in 4,000 
births, triggering the loss or duplication of up to 40 
genes. Micro deletion or micro duplication in the 
chromosome can cause a number of developmental 
disorders that can differ in contrasting severity 
between the affected individuals. This region of the 
genes is not well understood, but the consequence 
of deleted or duplication in the set of these genes 
can create disruption in the development and 
function of the cognitive and behavioral functions 
along with heart, immune system, and craniofacial 
features. This condition is termed as 22q11.2 
deletion syndrome or DiGeorge syndrome.

	 CRKL is expressed in a diversity of fetal 
tissues, including heart, spleen, thymus, brain, 
kidney as well as in liver, lung, and skeletal muscle 
which is relevant to DiGeorge syndrome. This gene 
is expressed moderately throughout developmental 
stages, including in the development of the 
genitourinary tract in mouse and human.
	 To decode the functioning of CRKL, 
scientists prepared model of genetically engineered 
mice with one copy of CRKL gene. Another 
group of mice received one copy from the mother 
and the other gene passed on by the father, 
lacking both copies of CRKL gene can be fatal 
for the developing embryos. This highlights the 
importance of CRKL in embryonic growth. The 
male mice lacked one copy of CRKL, had a failure 
of testicular descent into the scrotum which caused 
cryptorchidism in less-than-normal number of 
offsprings per litter, and when added with the aging 
process this subfertility grew into male infertility
	 The research conclusions imply that 
patients with birth defects due to 22q11.2 
abnormalities in the gene can give rise to other 
potential birth defects as seen in patients with 
DiGeorge syndrome which can affect future 
health. The influence of CRKL in the gene’s 
region 22q11.2 affect brain development and 
behavior and cognitive function, responsible for 
neurodevelopmental disorders such as bipolar 
disorder autism spectrum disorder, schizophrenia, 
heart, hearing or autoimmune defects depending 
on which particular gene in this region is affected 
(Haller et al. 2017).
Sequence Retrieval
	 In the sequence retrieval, we used CRKL 
(UNIPROT ID P46109) as a query sequence in 
further BLASTp searches. Precisely, it showed 
that BLASTp analysis against the non-redundant 
(nr) and PDB protein database results that the 
gene CRKL shares significant substantial sequence 
individuality and resemblance to mammalian 
proteins. [Table 4]
Total number of negatively charged residues (Asp 
+ Glu): 35  
Total number of positively charged residues (Arg 
+ Lys):  32
Atomic Compositions
Carbon		  c	 1504
Hydrogen	 H	 2321
Nitrogen		 N	  419
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Fig. 4. Physical Chemical feature of CRKL protein using Protparam Sequence Similarity Analyses

Oxygen		  O	  453
Sulphur		  S	    8
Total		  4705
Formula: C1504H2321N419045358
Extinction coefficients:  4005
Abs 0.1% (=1 g/l) 1.184, assuming all pairs of Cys 
residues form from Cystines 
Extinction coefficients:  39880
Abs 0.1% (=1 g/l) 1.181, assuming all pairs of Cys 
residues are reduced
The estimated half-life: 
Mammalian reticulocytes, in vitro: 30 hours 
Yeast, in vivo: >20 hours 
Escherichia coli, in vivo: >10 hours 
Stability
The instability index (II) is computed to be 58.66 

This classifies the protein as unstable.
Aliphatic Index: 70.79
Grand average of hydrophobicity: -0.582
	 Expasy (protparam) were used to predict 
physiological and chemical features of CRKL 
(Table 4 and Figure 4). It states about the molecular 
weight, theoretical pI, atomic composition, amino 
acid composition, aliphatic index, grand average of 
hydropathicity, instability index, estimated half-life 
and extinction coefficient of query protein.
	 The BLASTp query analyses the sequence 
of CRKL for genomes of related mammals. The 
results showed that at least one protein shared a 
consequential sequence uniqueness and likeness 
as well as significant values, the final outcome was 
identified in 100% of the queried. While the number 
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Fig. 5. Phylogenetic trees constructed from homologous sequence

Fig. 6. Gene-Gene interactions of CRKL using STRING tool

of CRKL genes per genome can differ according 
to species (Table 5)
Multiple Sequence Alignment
	 The primary sequence of CRKL was 
equated to a model of mammalian CRKLs by 
multiple sequence alignments and queries to 
recognize the conserved protein domains and 
to form a phylogenetic tree. From which we 

concluded that the human CRKL sequence is very 
similar to Horse CRKL sequence (Figure 5).
Protein-Protein Interactions
	 The UCSC browser tool was used to 
identify protein interactions that CRKL interacts in 
vivo by Using default parameters of the browser. 
The result from the string clearly indicates that 
the CRKL gene is clearly connected to NPAS3 
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gene and along with its interacting genes which 
is directly or indirectly connected to the Autism 
Spectrum Disorder as its proper mechanism is 
not yet understood. CRKL has a strong influence 
in the fetal tissue which gives rise to a number of 
birth defects and chromosomal disorders. Autism 
can only be detected when the offspring is born 
which makes it difficult to detect the abnormalities. 
Notably CRKL can be a good target for detecting as 
it has been a hotspot for a variety of birth defects. 
Possible understanding and gene decoding can 
throw some light in the field of autism spectrum 
disorder. (Figure 6).

Conclusion

	 This study has brought focus on 
computational analysis to predict gene-gene 
interactions that were responsible for Autism 
Spectrum Disorder. The suspected genes seen after 
several filters showed that CRKL is the key gene 
responsible for the flaws in interaction. During 
the analysis of the interactions between the genes 
CRKL along with other highlighted genes which 
are responsible for autism spectrum disorder and 
other neurological diseases. CRKL interacted 
most with 4 out of 8 highlighted genes like TLX3, 
WWP2, JARID2, and PDLIM5. This interaction 
can play a pivotal role directly or indirectly in the 
disorder. CRKL is a substrate formed by BCR-
ABL tyrosine kinase which is responsible for 
fibroblast transformation by BCR-ABL, that might 
be oncogenic in behavior. It encodes for a protein 
kinase that consists of two main domains SH2 
and SH3 (src homology). There are mainly two 
signaling pathways, the RAS and JUN kinase. They 
are known to be triggered, consequently resulting 
in the formation as changes in fibroblasts in a 
RAS-dependent form. Evidence indicating RAS 
signaling in autism attain from the effective studies 
of particular genes and from comparisons between 
autism and condition due to hyperactivation of 
the RAS pathway — the RASopathies. Gary 
Landreth and his fellow workers observed 
that the collection of phenotypes linked with 
16p11.2 deletion, obstruction in the central 
nervous system, heart and brain, along with facial 
dysmorphology is also seen in the RASopathies, 
comprising DiGeorge syndrome that is caused 
by the 22q11.2 chromosomal region 4 deletions. 

Various Bioinformatics tools were used that predict 
strong coherence for CRKL and its mutations 
it suggested that CRKL defects in the deleted 
region of 22q11. 2 of the human chromosome 22 
hold the main potential for several of the birth 
defects.  It can hamper the development of brain 
along with behavior and cognitive function leading 
to neurodevelopmental disorders like autism 
spectrum disorder or schizophrenia, depending 
on which particular region of the gene is affected. 
After performing homology study using human 
protein sequence of CRKL it surprisingly showed 
maximum homology with the horse genome. 
The role of CRKL during prenatal stages is vital 
for the growth and development of the embryo. 
Therefore, identifying any mutations during these 
phases can be a potential therapeutic intervention in 
Autism Spectrum Disorder and other neurological 
disorders. CRKL gene can be a potential biomarker 
for several birth defects.  Future studies are required 
to characterize and understand the mechanism 
of action of the CRKl gene and the biological 
roles via wet lab and dry lab studies for deeper 
understanding.
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