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Likewise, to cross-verify and build the mutational pro-
file further, summary files generated from PolyPhen2 were
also  analyzed.  A  total  of  89,466  variants  were  benign,
10,005 were possibly damaging, and 13,177 were found to
be probably damaging (Fig. 4C). Moreover, 1901 possible
damaging  mutations  and  2461  probably  damaging  altera-
tions were noted in SRR15987795, most among all other ex-
omes.  Further  comprehension  into  these  might  reveal  the
possible and probable genes that could be involved in col-
orectal  tumors.  This  mutational  profile  sheds  light  on  the
types  of  mutations  and  exomes  that  must  be  looked  at  in
much more depth and can help in unearthing rare or com-
monly overexpressed genes for  better  cancer prognosis.  A
more detailed analysis for each exome sample is provided in
Supplementary file S2. SIFT annotations summary 1 and 2,
PolyPhen2  annotations  summary,  SNPs  and  Indels  called
during GATK processing, SnpEff annotations summary.

3.4. Analysis of Filtered Mutations and Gene Expression
Profiling

The major SNPs and their associated genes with a fre-
quency greater than 10 across all  the exomes analyzed in-
cluded  rs1041935  (  LGALS8  ),  rs16604022  (  PDE4DIP ),
rs12338 ( CTSB ), rs1045051 ( RAD17 ), rs2071307 ( ELN ),
rs11543244 ( CPNE1 ), rs1799971 ( OPRM1 ), rs11526468
( SEMA4D ), rs729593 ( MUC4 ), rs1061308 ( PDE4DIP ),
rs17855988 ( ELN ) and rs2229125 ( ADRA1A ). It was ob-
served that these mutations, as per SIFT and PolyPhen2 anal-
ysis, were categorized into non-synonymous and deleterious
variants.  Furthermore,  the  variant  rs1664022 in  PDE4DIP
was  identified  in  all  the  exomes  analyzed  in  this  study.
Table  2  shows  the  percentage  frequency  of  occurrence  of
each of the shortlisted variants, their gene names and func-
tions,  gene  symbols,  UniProt  IDs,  dbSNP IDs and HGNC
IDs.

Table 2. Mutations and their associated genes and their functions, HGNC IDs, UniProt IDs, and dbSNP IDs with the highest frequen-
cy of occurrence across the ten colorectal cancer exomes analyzed.

Gene
Symbol

HGNC
ID Gene name UniProt

ID Function dbSNP ID Frequency of
Occurrence

LGALS8 6569
Galectin 8/lectin,

galactoside-binding,
soluble, 8

O00214
A lectin with beta-galactoside-binding properties serves as a detec-

tor of membrane damage induced by infections. It hinders the
growth of invading pathogens by directing them toward autophagy

(Thurston et al., 2012; Staring et al., 2017) [35, 36].
rs1041935 80%

PDE4DIP 15580 Phosphodiesterase 4D
interacting protein Q5VU43

Serves as a tether, capturing elements of the cAMP-dependent
pathway and localizing them to the Golgi and/or centrosomes

(Mani et al., 2022) [37].
rs16604022,
rs1061308 100%, 20%

CTSB 2527 Cathepsin B P07858 A thiol protease is thought to play a role in the intracellular
breakdown and renewal of proteins (Guo et al., 2002) [38]. rs12388 60%

RAD17 9807
RAD17 checkpoint

clamp loader
component/RAD17 ho-

molog (S. pombe)
O75943

Crucial for continual cell growth, preservation of chromosomal
stability, and the activation of ATR-dependent checkpoints in re-

sponse to DNA damage. Exhibits a modest ATPase activity neces-
sary for chromatin binding. Plays a role in recruiting the RAD1-

RAD9-HUS1 complex and RHNO1 to chromatin, and contributes
to the activation of CHEK1. Additionally, it may function as a de-

tector of DNA replication progression and be implicated in
homologous recombination (Li et al., 1999) [39].

rs1045051 40%

ELN 3327 Elastin P15502

Primary structural protein is found in tissues like the aorta and
nuchal ligament, where rapid expansion and complete recovery are

essential. Functions as a molecular factor in the final stages of
arterial morphogenesis, contributing to the stabilization of arterial

structure by modulating the proliferation and organization of
vascular smooth muscle (Keeley et al., 2002) [40].

rs2071307,
rs17855988 50%, 20%

CPNE1 2314 Copine 1 Q99829
A phospholipid-binding protein activated by calcium is involved

in regulating intracellular processes mediated by calcium (Tomsig
et al., 2004) [41].

rs11543244 30%

OPRM1 8156 Opioid receptor mu 1 P35372 A receptor responsive to endogenous opioids like beta-endorphin
and endomorphin (Pan et al., 2003) [42]. rs1799971 50%

SEMA4D 10732 Semaphorin 4D Q92854
A receptor located on the cell surface for PLXNB1 and PLXNB2
plays a crucial role in mediating cell-cell signaling (Janssen et al.,

2010) [43].
rs11526468 30%

MUC4 7514 Mucin 4, cell surface
associated Q99102

A mucin anchored to the membrane, belonging to a family of
extensively glycosylated proteins that form the predominant

constituent of mucus. Mucus is the slippery and thick secretion
that covers epithelial surfaces (Moniaux et al., 2000) [44].

rs729593 40%

ADRA1A 277 Adrenoceptor alpha 1A P35348

This alpha-adrenergic receptor exerts its effects through interac-
tion with G proteins, which in turn activate a phosphatidylinositol--
calcium second messenger system. G(q) and G11 proteins mediate
 its effects. Nuclear ADRA1A-ADRA1B heterooligomers play a

regulatory role in phenylephrine (PE)-stimulated ERK signaling in
cardiac myocytes (Wright et al., 2008) [45].

rs2229125 20%
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needed to confirm this. However, in the present multi-dimen-
sional study, we identified ten highly occurring non-synony-
mous, deleterious mutations in genes associated with these
mutations, with two genes highly expressed every stage of
the downstream expression analysis, implicating their useful-
ness in predisposing to colorectal cancer.

Additionally, Fig. (4) primarily shows the relative gene
expression data in normal and tumor samples, and the pre-
dicted survival  plots.  As pointed out,  for  ELN, CTSB and
CPEN1, the expression was higher than in normal samples
and high expression reduced the rate of survival. The same
was found to be true for RAD17 gene. However, upon fur-
ther  differential  gene  expression  comparative  analysis,  it
was  noted  that  although  all  genes  except  OPRM1  and
ADRA1A showed expression in colon and rectal adenocarci-
noma, their levels of expression were not as high as CTSB
and CPNE1, which demonstrated the maximum expression.
These results were to further confirm, shortlist and identify
those that showed high expression predictions from all con-
ducted studies so as to have more reliability and reproducibil-
ity of the outcomes, and to evidence their involvement in col-
orectal cancers. Therefore, further in-vitro studies are indis-
pensable, yet these outcomes pave the way for taking CTSB
and CPNE1 forward for prospective studies. Computational
analysis from both differential expression and survival plots
highlighted CTSB and CPNE1, and therefore, these were im-
plicated in colon and rectal cancers.

Previously, Yasuda et al., 2016 identified the mutation
rs1045051 (on RAD17) to have an effect on colorectal can-
cer  in  a  Japanese  cohort  [64].  Furthermore,  expression  of
LGALS8  in  lung,  prostate  and colorectal  cancer  is  consid-
ered to have potential prognostic capabilities, particularly in
advanced  stages  in  patients  with  distant  metastases  [65].
CTSB has also been identified as a potential target for col-
orectal cancer therapy, owing to its ability to contribute to tu-
mor development and invasion [66]. The overexpression of
CPNE1 in tumors has been implicated in promoting the pro-
gression of colorectal cancer and metastasis [67]. Similarly,
SEMA4D has also been studied to understand its role in vari-
ous human malignancies, including breast, colon and pancre-
atic cancer [68]. The missense variant, rs1664022, in PDE4-
DIP was identified in all the exomes analyzed in the present
study, suggesting the possibility of utilizing it as a potential
indicator for colorectal cancer. However, the role of PDE4-
DIP is poorly understood in the context of cancer, and fur-
ther studies are required to validate the role of this particular
SNP in PDE4DIP in colorectal cancer. With some of these
results corroborating the outcomes of the present study, our
study implicates CTSB and CPNE1 as important colorectal
cancer indicators and suggests further experimental valida-
tion  and  comprehensive  analysis  for  prospective  studies.
Our aim was to focus on the identification of variants that
could possibly point  towards the risk of colorectal  cancer.
This was thus achieved with supporting results of the high
expression of germline variants in CTSB,  and CPNE1  pre-
dicted in colorectal cancer. The present work points towards
results that will also have to be tested further in vitro to con-
clude the predictions.

CONCLUSION
Utilizing  a  comprehensive  computational  investigative

approach to identify germline mutations in colorectal cancer
exomes, this study revealed essential non-synonymous and
deleterious SNPs that could potentially predispose to colorec-
tal  cancer.  The  present  work  utilized  quality  control  tools
such as FastQC and MultiQC,and filtered the variants gener-
ated  using  SIFT  and  PolyPhen2  that  successfully  catego-
rized  the  mutations  into  synonymous,  non-synonymous,
start loss and stop gain mutations as well as marking them as
possibly  damaging,  probably  damaging  and  benign.  Our
work involved prioritizing the non-synonymous, deleterious
SNPs since these polymorphisms bring about a functional al-
teration to the phenotype. The top variations associated with
their genes with the highest frequency of occurrence includ-
ed  LGALS8,  CTSB,  RAD17,  CPNE1,  OPRM1,  SEMA4D,
MUC4, PDE4DIP, ELN and ADRA1A. An in-depth multi-di-
mensional downstream analysis of all these genes in terms
of  gene  expression  profiling  and  analysis  and  differential
gene expression with regard to various cancer types revealed
CTSB  and  CPNE1  as  highly  expressed  and  overregulated
genes in colorectal cancer. Several mutations were found to
be predicted in these two genes in 4535 colorectal cancer in-
-silico patient analysis, which further validated our findings,
warranting further experimental analysis as prospects for fu-
ture studies. Our work sheds detailed light on the various al-
terations  that  might  possibly lead to  colorectal  cancer  and
suggests  further  analysis  into  these  genes  to  conclude  the
same.
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