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ABSTRACT

In the knowledge of the genetic origin of several complicated human disorders, single-
nucleotide polymorphisms (SNPs) play a prominent part. Also, understanding the roles of
these SNPs may explain the biology of human phenotype heterogeneity. It would still be a big
difficulty to describe the gene linked to disease, operational SNPs. We have studied the
genetically variation in this study that can affect the expression and functioning of the POLG2
gene by utilizing the in-silico approaches. Among the total of 5828 SNPs, nonsynonymous
(ns) SNPs were identified to be 341 and then 3 were recognized as pathogenic. Our analysis
was able to classify the future prospects. nsSNPs which can be utilized for certain diseases
that occur as just a genetic diagnostic tool. Perhaps a nsSNP is based on a correlation of the
stabilization sequences of native and mutant proteins (rs104894632) mitochondrial disorders
induced by the POLG2 gene may be a significant candidate.
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INTRODUCTION

Single Nucleotides Polymorphisms (SNPs) responsible for the maximum communal type of
hereditary change in humans. Regarding throughout a coding areas of mammalian genomes,
500,000 SNPs fell into it ™. Amongst, these the source of nonsynonymous SNPs (nsSNPs)
variations in the metabolites of amino acids. It is probable those are a significant contributing
factor to the structural complexity of the human population, encoded proteins . About the
nsSNPs by modifying DNA and transcription factors, gene regulation affects binding features
B3] and then preservation of a stability of the system in skins and cells [*. In addition, nsSNPs
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influence the functional functions enzymes in the visual, hormonal, and signaling transduction
as additional stimulants © ©,

Mutations in the POLG 2 gene leads to many disorders. Disorders which affect
mitochondrial maintenance DNA (mtDNA\) is characterized through degradation or numerous
deletions in mtDNA in post-mitotic regions ["®. To in combination with these medical
disorders, mutations within 12 nuclear-encoded genes were designated as date °!. Mutations
through one of those, the gene that encodes the POLG DNA polymerase gamma, the
mitochondrial DNA-polymerase catalytic sub-unit, is by far the utmost normal nuclear gene
that causes mitochondrial abnormalities. In fact, the DNA polymerase gamma mutation
repository has documented more than 170 variants %!, There are diverse medical phenotypes
correlated by POLG mutations, varying within harshness between persistent exterior
ophthalmoplegia ™ to mitochondrial heritable ataxia-syndrome ™ to progressive outside
ophthalmoplegia, syndrome of Alpers-Huttenlocher ™. Here we mention a syndrome of
hereditary adult-onset ataxia, correlated within 3 new variants of POLG nucleotides. The
numerical method POLG2 research has been carried out and shows that there is one of these is
pathogenic.

We conducted this research primarily to carry out the POLG 2 gene, a computational
study of the nsSNPs to pinpoint the mutations that are probable and suggest a model structure
with the protein from the mutant. We're reporting that the glycine mutation to glutamic acid in
the native protein at that residue location of 451 in the POLG 2 gene may be a prototype of
significant concern for the POLG2-gene-induced disease.

MATERIALS AND METHODS

Sorting Intolerant from Tolerant, Polymorphism Phenotyping v2, SNAP2, PhD-SNP, SNPs &
GO, PyMut, MUpro, ConSurf, Ensemble Learning Approach for Stability Prediction of
Interface and Core Mutations and mCSM-PPI2, respectively. The SNPs and its associated
receptor series for POLG 2 gene was reclaimed from the dbSNP (http://www.ncbi.nlm.
nih.gov/SNP/) in this in-silico study.

Extrapolation of functional effect of SNPs

POLG 2 human gene SNP [Accession number QOUHN1] was reclaimed from dbSNPs of
National Center for Biotechnology Information (NCBI) and UniProt Protein Database
(http://www.uniprot.org). The assessment of the efficient impact on the POLG 2 gene due to
the harmful nsSNPs were conceded out by employing Sorting Intolerant from Tolerant
(SIFT), PolyPhen-2 and SNAP2. SIFT utilizes the PSI-BLAST database receptor thereby the
consistent functional genetic variations were extracted. Extrapolation of the impact of amino
acid replacement was used by employing SIFT input sequences, the impact was categorized as
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either tolerated or deleterious. Polymorphism phenotyping v2 (PolyPhen-2) is a website
related approach that estimates whether amino acid replacement profits in a conserved area
and whether the replacement has a destructive impact on the receptor sequence manner.
Variations were enlisted as possibly damaging, probably damaging as well as benign. SNAP2
processes SNP's functional impact utilizing neutral machine-based learning platform.
PROVEAN receptor variation impact analyzer evaluates the amino-acid replacement effects
on receptor functions via alignment-based scoring method.

Extrapolation of disorder connotation of SNPs

PhD-SNP  (http://snps.biofold.org/phd-snp/phd-snp.html) and SNPs&GO  (http://snps-
andgo.biocomp.unibo.it/snps-and-go/) were utilized for defining connotation of clarified SNPs
with disorder. PhD-SNP was an online-based server utilized to examine the relationship of
disorders by the SNPs to the precise rate of 78 percent. Categorizing the SNPs to disorder
linked or neutral it positioned in a scale of 0 to 9. SNPs & GO is precise technique that
evaluates disorder related amino acid variation within a one place within a particular receptor
like functional arrangements by total precision of 82 % predictively. The queries provided to
SNP database and gene ontology (SNPs & GO) was UniProt accession number of POLG 2
receptor and mutation location of both native and mutated amino-acid. Piezoelectric Micro
machined Ultrasonic Transducers (PMut) was established utilizing PyMut repositories. It
envisages if a SNP is either disease instigating or neutral.

Effect on receptor stability

The SNPs incline into impact receptor asset through moreover declining or enhancing the
receptor steadiness. To evaluate this impact, the pairing of techniques was utilized to exploit
the assurance of a modifications produced. I-Mutant (http://folding.biofold.org/i-mutant/i-
mutant2.0.html), envisages an effect of SNPs within fluctuating constant condition of the
receptor. The precision of the strategy goes nearly 77 percent. The query for I-Mutant was
POLG 2 protein amino-acid series and mutations of residues alongside situations. MUpro, an
assembly comprising numerous machine learning-based programs, ascertains the alterations in
receptor condition and strength owing to its effect of amino-acid mutation. The queries for
MUpro was I-Mutant but MUpro also begins the locations of replacements alongside unique
and mutated residue.

Sequence-based conservation study

ConSurf, the web-based online technique was utilized for POLG-2 receptor conservation
study (http://ConSurf.tau.ac.il/). ConSurf was the effective study for envisaging a higher-
throughput features of a goal areas of the receptors. For each residues of receptor of attention,
the conservation study was exposed on the scaling of 1-9. Within the scale, 1 to 3 score was
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mentioned as variable, 4-6 was denoted to be average and 7-9 scores were displaying higher
conserved areas. This method uses a query as FASTA protein sequence.

Stability Prediction Impact in domain-domain Interfaces and domain cores as well as
missense mutation

Ensemble Learning Approach for Stability Prediction of Interface and Core Mutations
(ELASPIC) (https://pubmed.ncbi.nlm.nih.gov/26801957/) evaluates the impact of mutations
on the receptor camping and protein-protein connections. For the meantime, the consequence
results in the variation within a Gibbs free energy (AAG) of binding and camping for each
area and edge diminished through SNP. The mCSM-PPI2 server is a user-based friendly tool
which integrates the combined and inclusive computer prototypical to examine protein-
protein-affinity impacts of missense mutations.

PDBsum for secondary structure evaluation and POLG 2 gene interactions

The PDBsum is an illustrative databank that comprises an overview of the natural
surroundings of each three-dimensional framework deposited in PDB. It displays the
substances which create a framework and their representations of interaction. For a better
considerate of gene’s function, it is significant to have an idea to its particular interacting
partners. Consequently, the STRING database (http:/string-db.org) was utilized to inspect the
genes which communicate with POLG 2.

RESULTS AND DISCUSSION

Human POLG 2 comprises a total of 5828 SNPs. Out of that, only 341 were found to be non-
synonymous, 4860 were existed in intron regions and 143 were lay out in synonymous region
whereas 3 were found to be pathogenic.

Evaluating the nature of 3 nsSSNPs

SIFT server was utilized to predict the given nsSNPs are deleterious (< = 0.05) or not. A total
of 3 pathogenic nsSNPs were given for SIFT analysis 4!, only one nsSNP like rs104894632
has come with an output as shown in Table 1. The identified nsSNP is exhibited a SIFT sore
of 0.514 in a mutation on G451E gene 7],

Prediction the disorder of SNPs

The filtered and identified polymorphism was carried forward to validate the disease related
nsSNPs 224 The reclaimed rs104894632 nsSNP was subjected to PolyPhen-2 and SNAP2
prediction analysis is shown in Figure 1. The PolyPhen-2 indexing that was depends on the
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operational idea which prophesied as probably damaging within a prediction value of 1.

PolyPhen-2 (Polymorphism Phenotyping v2) is a tool which predicts possible impact of an
amino acid substitution on the structure and function of a human protein using straightforward
physical and comparative considerations. Please, use the form below to submit your query.

Query Data
Protein or SNP identifier QOUHNA

Protein sequence
in FASTA format

Position 451

AAFWARNDCEQGHILKMEPSTWY WV

Substitution
AA,ARNDCEQGHILKMEPSTWYV

Query description mutation
Submit Query | |[Clear| | Check Status
Display advanced query options

Figure 1: Query input utilizing the PolyPhen-2 prediction.

The SNAP2 server further confirms that these nsSNP produced the damaged effect to the
body. The calculated results for the study of SIFT, PolyPhen-2 and SNAP2 were enlisted in

Table 1.

Table 1: Result of SIFT, PolyPhen2, and SNAP2 with their corresponding score.

dsSNP Varia Alle SIFT PolyPhen-2 SNAP2
ID nts les
Effect Score prediction score predicti
on
rs1048 G451 CIT Deleter 0.514 Probably 1 Effect
94632 E ious damaging

Furthermore, these nsSSNP was taken forward for PhD-SNP (Figure 2), SNPs&GO, PMut and
PROVEAN prediction to assess the functionality of deleterious nsSNP and envisage of
disorder associated mutations nsSSNP (Table 2) respectively.
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Table 2: Result of the disorder linked SNPs forecast from PhD-SNP, SNPs & GO, PMut
and PROVEAN servers.

S. Varia Allel PhD-SNP SNPs&GO PMut PROV
No nts es EAN
Predicti R Predicti R  Predicti Predict
on | on I on ion
1 G451E CIT Disease 3 Disease 6 Disease, Deleteri
0.81 ous

PhD-SNP

Predictor of human Deleterious Single Nucleotide Polymorphisms

MRSRVAVRACHKVCRCLLSGFGGRVDAGOPELLTERSSPKGGHVESH
AELEGNGEHPEAPGSGEGSEALLETICQRRHFLSGSKQOLSRDSLLSG
CHPGFGPLGYELRKNLAAEWWTSVWWFREQVFPVDALHHKPGPLLPG
DESAFRLVSAETLREILQDKELSKEQLVAFLENVLETSGKLRENLLHG
ALEHYVNCLDLVHNERLPYGLAQIGVCFHPYFDTKQIRNGVKSIGEKT
EASLVWFTPPRTSMQWLDFRLRHRLQWWRKFAMSPENFSSSDCQDEE
GRKGMKLYYNFPWGKELIETLWNLGDHELLHMYPGNVSKLHGRDGRE ™
NVWVPCVLSVNGDLDRGMLAYLYDSFQLTENSFTREKKNLHREKVLKLHP

Protein Sequence: One letter residue code

Swiss-Prot Code: | or Swiss-Prot protein code

Sequence File: [ Choose File | No file chosen or Sequence file

Position: Sequence residue number

New Residue: If only one substitution is required
Prediction: O Sequence-Based

) Hybrid Method (old version)
® Sequence and Profile_Based
Multi SVM: 20-fold cross-validation prediction

e-mail:| | e-mail address

| Submit |

Figure 2: Prediction of deleterious SNP using PhD-SNP algorithm.

Stability evaluation impact POLG 2 Interface or Core and silico solvent accessibility

Forecasting the structural framework of proteins, ELASPIC consider into account of
homology-based study and plotting nsSNP to a multifaceted domain structure [,
Consequently, it envisages when the mutation cascades to the surface area or core region of
the area. The mutant nsSSNP G451E was exist in the core arena which can impact the
constancy of a receptor structure; exemplified in Table 3. The Table 4 unveils the AGyt, AGmut
and AAG with a value of 155.774, 158.589 and -0.308, respectively.

Table 3: Mutation effect predictions on target protein using ELASPIC
S. No. Varia Alle ELASP AGyt AGmut AAG
nts les IC

http://annalsofrscb.ro 3950



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 5, 2021, Pages. 3945 - 3954
Received 15 April 2021; Accepted 05 May 2021.

rs104894 G451 CIT Core 155.7 158.58 -0.308
632 E 74 9

Prediction of mutant impact on POLG 2 affinity

The catalytic site residues for the POLG 2 protein was prophesied through mCSM-PPI2 which
exposed the decrease affinity requisite with AAG of protein-protein interface as accessible in
Figure 3 and Table 4. G451E have exhibited a AAG affinity value of -0.128 kcal/mol,
whereas it also identifies the distance to interface value as 34.27 A, respectively.

Table 4: Effect of mutation on binding affinity of POLG2 predicted by mCSM-PPI2.

S. Variants Distance to Predicted AAG Affinity
No. Interface (A) Affinity (kcal/mol)
1. G451E 34.27 -0.128 Decrease

Overall, from all the computational analysis (!, it was identified that the screened nsSNP that
IS rs104894632 were projected to be disease related in the POLG 2 protein because of the
presence of mutation in the glycine to glutamic acid in the position of 451.

Figure 3: Binding site interaction analysis for POLG 2 prophesied by mCSM-PPI2.
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Examination of the interactions of POLG 2 gene and its presence in the STRING
database networks

In order to understand the POLG 2 gene’s function, it is essential to study the deeper
understanding of their interactions with other particular binding partners. Consequently, the
STRING database was utilized to scrutinize the genes which interact with the POLG 2
protein. The database of STRING does indispensable assessment and incorporation of both
straight (physical) and subsidiary (functional) relations to that of various protein-protein
interactions. POLG 2 has direct interfaces with POLG, C100rf2, GABPA, IFIT2, EPRS gene,
etc. respectively as demonstrated in Figure 4.

IFIT2

BBS10

Figure 4: POLG 2 functionally interrelates with other related genes by STRING
database.

CONCLUSION

The disease caused POLG 2 gene was explored in our study by assessing the impact of
functional SNPs by various computational tools. Amongst, all the 5828 SNPs within a POLG
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2 gene, 341 was originated as non-synonymous and 3 were found to possess pathogenic.
Initially, we employed 3 nsSNPs namely, rs104894632, rs397514659 and rs886037843 to
arrange the damaging nsSNPs and enhance the precision of the study. Out of 3, only one
nsSNP that is rs104894632 where found to exhibits a more deleterious amongst other two
nsSNPs . These predicted nsSNP was both diseases related and uncontrolled showing
substantial roles in instigating diverse neurodegenerative disorders 28] These nsSNP was also
convoluted in disturbing the stable and functional nature of the POLG 2 protein.
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