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Abstract

The HLA-DRBI gene encodes a protein that is essential for the immune system. This gene is important in organ transplant
rejection and acceptance, as well as multiple sclerosis, systemic lupus erythematosus, Addison’s disease, rheumatoid arthritis,
caries susceptibility, and Aspirin-exacerbated respiratory disease. The following Homo sapiens variants were investigated:
single-nucleotide variants (SNVs), multi-nucleotide variants (MNVs), and small insertions—deletions (Indels) in the HLA-DRBI
gene via coding and untranslated regions. The current study sought to identify functional variants that could affect gene
expression and protein product function/structure. ALL target variants available until April 14, 2022, were obtained from the
Single Nucleotide Polymorphism database (dbSNP). Out of all the variants in the coding region, 91 nsSNVs were considered
highly deleterious by seven prediction tools and instability index; 25 of them are evolutionary conserved and located in domain
regions. Furthermore, 3| indels were predicted as harmful, potentially affecting a few amino acids or even the entire protein.
Last, within the coding sequence (CDS), 23 stop-gain variants (SNVs/indels) were predicted as high impact. High impact refers
to the assumption that the variant will have a significant (disruptive) effect on the protein, likely leading to protein truncation
or loss of function. For untranslated regions, functional 55 single-nucleotide polymorphisms (SNPs), and 16 indels located
within microRNA binding sites, furthermore, 10 functionally verified SNPs were predicted at transcription factor-binding
sites. The findings demonstrate that employing in silico methods in biomedical research is extremely successful and has a
major influence on the capacity to identify the source of genetic variation in diverse disorders. In conclusion, these previously
functional identified variants could lead to gene alteration, which may directly or indirectly contribute to the occurrence
of many diseases. The study’s results could be an important guide in the research of potential diagnostic and therapeutic
interventions that require experimental mutational validation and large-scale clinical trials.
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Introduction their protein products have been divided into three classes on

. . the basis of their tissue distribution, structure, and function.
The hu.man. leukocyte .at.lt.lgen (HLA) system is the name of MHC class Il antigens encoded by genes HLA-DM, HLA-DO,
the major h1§t0compat1b111ty complex (MHC) in human, gen- HLA-DP, HLA-DQ, HLA-DR loci, and their products are
erally inherited from parents as a set name haplotype. H[fA involved in list of the immunoglobulin supergene family*>.
genes are located on chromosome: 6p (short arm) in the dis- The HLA-DR gene encodes two distinct subunits, DRA

tal portion of the 21.3 band'. The HLA system spans a 4 (alpha chain) and DRB (beta chain). HLA-DRBI is a
Megabyte (4 X 10° nucleotides) region of the human genome,

one of the most polymorphic and gene-dense regions®. HLA
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protein-coding gene that belongs to the HLA class II beta
chain (approximately 26-28 kDa) paralogs, and it is found
on the cell surface®®.

The HLA-DRBI gene is located in GRCh38 (Genome
Reference Consortium Human Build 38) coordinates
32,578,775 to 32,589,848, has five introns, and is encoded by
six exons. Exon 1 encodes the leader peptide; exons 2 and 3
encode the two extracellular domains; exon 4 encodes the
transmembrane domain; and exon 5 encodes the cytoplasmic
tail” (https://www.ncbi.nlm.nih.gov/gene/3123). Compared
with its paralogs DRB3, DRB4, and DRB5, DRBI is expressed
at a level that is five times higher®. HLA genes region is the
most polymorphic in the human genome, and the HLA-DRB1
gene is the most polymorphic in class II of this system®!?. The
HLA-DRBI locus had 3,196 alleles in May 2022, according to
the IPD-IMGT/HLA database'' (https://www.ebi.ac.uk/ipd/
imgt/hla/about/statistics/). Many HLA-DRBI alleles (a gene’s
variant forms) have been associated with various diseases.
HLA- DRBI*¥1501'>13,  DRBI1*03'¥, DRBI1*0404',
DRB1*04:05'6, DRB1*13'7, and DRB1*04!%!° alleles have
been associated with multiple sclerosis'>!3, systemic lupus
erythematosus'#, Addison’s disease'®, rheumatoid arthritis'®,
caries susceptibility!’, graft survival in organ transplant recip-
ients'®, and Aspirin-exacerbated respiratory disease!. The
1,000 genome project revealed that single-nucleotide poly-
morphisms (SNPs) account for the majority of human genetic
variation®.

SNPs are single-nucleotide variants (SNVs) in DNA
sequence with a population allele frequency of 1% or higher.
It normally occurs throughout the genome with the frequency
of about one of each 600 to 1,000 nucleotide, which is con-
sidered the simplest and common type of genetic marker
leading to DNA variation among individuals?'?2. Non-
synonymous SNPs (nsSNP) are a type of SNP that represents
amino acid substitutions and protein variations in humans.
Previous research indicates that nsSNPs account for roughly
half of the mutations involved in various genetic diseases?.
Other important types of genomic variation are indels, which
are insertions or deletions of one or more nucleotides in the
DNA sequence?.

The SNP Database (dbSNP) is one of the NCBI’s subdi-
vided databases that contain human single-nucleotide varia-
tions, microsatellites, and small-scale insertions and
deletions. SNP database contains 1,076,992,604 Homo sapi-
ens variants as of May 28, 2022. There were 957,193,110
SNPs, SNVs, or MNVs (multi-nucleotide variants) among
the total number of variants, and 29,620,962 Indels (single or
small length insertions—deletions). (https://www.ncbi.nlm.
nih.gov/snp/). Functional variants within coding regions may
affect protein structure and function, whereas non-coding
variants may have an impact on protein expression®°,
Pathological non-coding variants could have an alteration
role in various regulatory functions within the genome, such
as interacting with transcription factors (TFs), and microRNA

(miRNA)?’. Identification of variants responsible for pheno-
typic changes is considered difficult, as it necessitates mul-
tiple tests for different variants in candidate genes®*"*%. One
possible solution would be to prioritize variants based on
their structural and functional significance using various bio-
informatics prediction tools. The use of computational meth-
ods for gaining biological insight is well established®33.
Thus, the current study aimed to in silico analyze all human
SNVs, MNVs, and short Indels in the HLA-DRBI gene’s
coding and untranslated regions to significantly predict func-
tional variants that could affect gene expression and protein
product function/structure.

Materials and Methods

Variants Dataset

HLA-DRBI gene variants were discovered using the NCBI
SNP database (https://www.ncbi.nlm.nih.gov/SNP/) on April
14, 2022. The HLA-DRBI variants (SNPs, SNVs, MNVs,
and INDELs) were retrieved from the SNP database build
155 and mapped on genome assembly GRCh38 using
Variation Viewer (https://www.ncbi.nlm.nih.gov/variation/
view/). Variants in coding and 3'/5" untranslated regions have
been identified for computational analysis of their effect(s).
Several tools have been used to improve the accuracy and
reliability of identifying pathogenic variants and their effects
on the structure, function, and expression of HLA-DRBI

(Fig. 1).

Coding Variants Analysis (nsSNPs/nsSNVs, Indels,
Stop Gain, and MNVs)

To identify the most deleterious missense or nsSNVs, seven
distinct bioinformatics tools, namely, SIFT (Sorting
Intolerant From Tolerant), PolyPhen, PredictSNP, Panther
(Protein Analysis Through Evolutionary Relationships),
SNP&GO (Gene Ontology), PROVEAN (Protein Variation
Effect Analyzer), and SNAP2, have been used*°, All nsS-
NVs identified as harmful by the previous seven tools and
predicted as instabilities by the I-mutant server are catego-
rized as high risk (Table 2)*!. Among the total high-risk vari-
ants, nsSNVs with high evolutionary conservation and
located in domain sites were chosen (Table 4). InterPro data-
base and the Consurf server were used to identify domains
and high evolutionary conservation (grade = 6) amino acids
(Table 3 and Fig. 2)***. To understand the effect of nsSNVs
on protein structure, HOPE tool using sequence and mis-
sense-3D server using structure model were used (Tables 5
and 6 and Fig. 3)*%. The related protein sequence was
(accession number: PO1911) obtained from Uniprot database
(http://www.uniprot.org). Phyre2 and Swiss-Model servers
were used to predict the protein models*®*7. To select the
high-quality model, two evaluation tools [PSICA (Protein
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Figure |. Flowchart for the in silico analysis of variants in the HLA-DRBI gene and their biological consequences. The black shapes
represent the type of data, while the blue shapes represent the names of the prediction tools. SNP: single-nucleotide polymorphism;
SNV: single-nucleotide variant; MNV: multi-nucleotide variant; INDEL: insertion—deletion; SIFT: Sorting Intolerant From Tolerant;
PANTHER: Protein Analysis Through Evolutionary Relationships; GO: Gene Ontology; PROVEAN: Protein Variation Effect Analyzer.

Structural  Information  Conformity  Analysis) and
ModFOLDS] were used (Figs. 4 and 5)***°. For more inves-
tigation in the coding regions, indel was entered into the
SIFT algorithm to anticipate their functional effect (Table
7). Furthermore, SN'Vs/indels that result in a premature stop
codon (stop gain) and MNVs were submitted to Variant
Effect Predictor to assess the impact of this change (Table
8)%;  https://www.ensembl.org/info/docs/tools/vep/index.
html. The ProtParam server was then used to assess the
impact of conserved and domain-located nsSNVs on protein
physicochemical parameters (Table 9)°!.

SIFT server. Make an alignment between an order sequence
with a large number of homologous sequences to predict if
an amino acid substitution will have a phenotypic effect. The
Residual’s score ranges from zero to one. If the score is less
than or equal to 0.05, the amino acid substitution is predicted
to be harmful; if the score is greater than 0.05, the substitu-
tion is tolerated™*; https://sift.bii.a-star.edu.sg/.

PolyPhen-2 (Polymorphism Phenotyping v2) server. A tool uses
simple physical and comparative considerations to predict
the impact of an amino acid substitution on the structure and
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Average Conserved

? i
Variable

- An exposed residue according to the neural-network algorithm.
- A buried residue according to the neural-network algorithm.

A predicted functional residue (highly conserved and exposed).

n Hh oo
|

- A predicted structural residue (highly conserved and buried).

Figure 2. Evolutionary conservancy of HLA-DRB/ produced by Consurf server.

function of a human protein. A mutation is classified qualita-
tively, as benign, possibly damaging, or probably damag-
ing. http://genetics.bwh.harvard.edu/pph2/.

PredictSNP tool. The server was developed by combining six
disease-related mutation prediction programs. The predicted
effect is color-coded: Neutral mutations are green, while del-
eterious mutations are red*®; https://loschmidt.chemi.muni.
cz/predictsnp/.

PANTHER (Protein Analysis Through Evolutionary Relation-
ships). This classification system was designed to classify
proteins (and their genes) to facilitate high-throughput analy-
sis. Proteins have been classified according to family/sub-
family, molecular function, and biological process. The tool
assesses the functional effects of nsSNPs, with three possible
outcomes: probably benign, possibly damaging, and

probably damaging’’. PANTHER computes the length of
time (in millions of years) that a given amino acid has been
preserved in the lineage that led to the protein of interest. The
longer the preservation time, the more likely it is that func-
tional impact will occur. The method is known as PAN-
THER-PSEP (position-specific evolutionary preservation).
The preservation time outputs are classified as >450,
between 200 and 450, and <200 million years, correspond-
ing to probably damaging, possibly damaging, and probably
benign®’;  http://www.pantherdb.org/tools/csnpScoreForm.
Jsp

SNP&GO (Gene Ontology). The server is based on Support
Vector Machines (SVM) and has been optimized to predict if
a given single-point protein variation can be classified as
disease-associated or neutral’®; https://snps.biofold.org/snps-
and-go/snps-and-go.html
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Figure 3. (continued)
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Figure 3. Structural alteration by HOPE server. The protein is shown in gray, the wild type residue in green, and the mutant residue in

red.

PROVEAN (Protein Variation Effect Analyzer). 1t is a software
tool that predicts whether an amino acid substitution or indel
will affect a protein’s biological function. PROVEAN can be
used to filter sequence variants to identify non-synonymous
or indel variants that are predicted to be functionally impor-
tant®. The PROVEAN prediction score classifies the

substitution as having a deleterious or neutral effect on pro-
tein function; http://provean.jcvi.org/index.php

SNAP2 server. A trained classification algorithm based on a
machine learning device known as a neural network. SNAP2
predicts the impact (effect) of single amino acid substitutions
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Figure 4. Protein models evaluation using PSICA server. The illustration on the left represents the PHYRE2-server model, while the
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Figure 5. Protein models evaluation using ModFOLDS. The illustration on the left represents the PHYRE2-server model, while the
right represents the SWISS-MODEL structure. The upper number represents the global model quality score, while the lower represents

the confidence and P value.

on protein function. The prediction score ranges from —100
(strong neutral) to +100 (strong effect). According to the
findings, the prediction score is to some extent correlated to
the severity of effect®’; https://www.rostlab.org/services/
snap/

I-mutant server. I-Mutant v3.0 is a suite of SVM-based pre-
dictors integrated in a unique web server. It offers the

opportunity to predict the protein stability changes upon
single-site variations from the protein structure or sequence.
The [-mutant result is either decrease/increase stability or
neutral®'; http://gpcr2.biocomp.unibo.it/cgi/predictors/I-
Mutant3.0/I-Mutant3.0.cgi

InterPro database. It performs functional protein analysis by
categorizing them into families and predicting domains and
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key locations. InterPro employs prediction models, known as
signatures, offered by several databases to categorize pro-
teins in this manner*?; https://www.ebi.ac.uk/interpro/

Consurf server. It is a bioinformatics tool that uses phyloge-
netic relationships between homologous sequences to esti-
mate the evolutionary conservation of amino/nucleic acid
positions in a protein/DNA/RNA molecule. Position-spe-
cific conservation scores are computed using the empirical
Bayesian or ML algorithms. For illustration, the continuous
conservation scores are grouped into nine categories, rang-
ing from the most changeable places (grade 1) in turquoise
to the most conserved positions (grade 9) in maroon®;
https://consurf.tau.ac.il/

HOPE server. An automatic mutant analysis server can pro-
vide information about a mutation’s structural effects. HOPE
gathers information from a wide variety of sources. Data are
stored in a database and used in a decision scheme to deter-
mine the effects of a mutation on the protein’s 3D structure
and function. HOPE’s final report includes discovered data
on contacts (metal, DNA, hydrogen bonds, ionic interactions,
etc.), structural locations (motifs, domains, transmembrane
domains, etc.), non-structural features (post-translational
modifications), known variants at that position, and amino
acid physicochemical properties (size, charge, and hydropho-
bicity). HOPE creates an easy-to-use and understandable
report with text, figures, and animations*; https://www3.
cmbi.umen.nl/hope/

Phyre2 and Swiss-Model tools. Protein structure prediction
automated servers. Both algorithms are based on compara-
tive modeling methods. Phyre2 uses the alignment of hidden
Markov models via HHsearch to significantly improve accu-
racy of alignment and detection rate. Phyre2 also could use
AB-initio method to determine the tertiary structure of pro-
tein in the absence of experimentally solved structure*®4’;
http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.
cgi?id=index, https://swissmodel.expasy.org/.

PSICA and ModFOLD v.8. Both are protein structure quality
assessment servers. PSICA is the official implementation of
MUfoldQA S and MUfoldQA C methods. It is designed to
evaluate how much a tertiary model of a given protein pri-
mary sequence conforms to the known protein structures of
a similar protein*®, ModFOLD8 combines the strengths of
multiple pure-single and quasi-single model methods to
predict global and local quality of 3D protein models. The
global model quality scores range between 0 and 1. In gen-
eral, scores less than 0.2 indicate there may be incorrectly
modeled domains and scores greater than 0.4 generally
indicate more complete and confident models, which are
highly similar to the native structure. Depending on the P
value, each model is also assigned a score confidence level.

CERT, HIGH, MEDIUM, LOW, and POOR are the confi-
dence levels from best to worst*’; http://qas.wangwb.
com/~wwr34/mufoldqa/index.html, https://www.reading.
ac.uk/bioinf/ModFOLD/.

Missense3D tool. It predicts the structurally damaging change
in the mutant structure®’; http://missense3d.be.ic.ac.uk/~
missense3d/

ProtParam server. A program that calculates various physical and
chemical parameters for a protein sequence. Manual variants
were applied to the reference protein sequence separately and
resubmitted to calculate the properties changed by variant to
detect the impact of the nsSNVs. The calculated parameters
include the molecular weight, theoretical pl, atomic composi-
tion, extinction coefficient, instability index, aliphatic index, and
grand average of hydropathicity (GRAVY)*.

Untranslated Regions Variants Analysis (SNPs/
SNVs and INDELs)

The PolymiRTS database and the SNP Function Prediction
tool were used to predict functional variants based on genetic
changes (SNPs/SNVs and INDELS) within 3'/5" UTRs of the
HLA-DRBI gene (Table 10). PolymiRTS (Polymorphism in
microRNAs and their Target-Sites) is a database of naturally
occurring DNA variations in the seed regions and target sites
of miRNAs. SNPs and INDELs in miRNAs and their target
sites may have an impact on miRNA-mRNA interaction, and
thus miRNA-mediated gene repression®2?. SNP Function
Prediction (FuncPred) was used to predict the effect of
SNVs/indels at transcription factor-binding sites (TFBSs;
Table 11). Functional variants in the previous region may
affect gene expression level, location, or timing®; https://
compbio.uthsc.edu/miRSNP/, https://snpinfo.niehs.nih.gov/
snpinfo/snpfunc.html.

Gene—Gene and Protein—Protein Interactions

GeneMANIA server employed a vast number of functional
association data to build a biological network interaction of
the top 20 genes associated with our HLA-DRBI target gene.
GeneMANIA uses a guilt-by-association approach to iden-
tify the most related genes to a query gene set. Protein and
genetic interactions, pathways, co-expression, co-localiza-
tion, and protein domain similarity are all examples of asso-
ciation data®*. Inbio Discover was utilized to establish high
confidence protein—protein interactions (PPIs) network. The
inBio-Map, a comprehensive map of human protein biology
with over 6 million traceable entries, is used by InBio
Discover. The predicted trusted interaction networks are
based on experimental evidence, pathways, and other curated
resources®”; https://genemania.org/, https:/inbio-discover.
com/.
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Table I. Distributions of SNVs/MNVs and INDELs.

Molecular consequence No. of SNVs/MNVs No. of Indels Total  Has publications: Yes/No In ClinVar: Yes/No
Coding regions
Missense (non-synonymous) 375/5 — 380 15/365 11379
Nonsense (Stop gain) 31/0 2 33 Nil Nil
Frame-shift — 36 36 Nil Nil
Non-coding (untranslated) regions
3'UTR 191/0 28 219 1/218 Nil
5'UTR 77/0 12 89 Nil Nil

SNV: single-nucleotide variant; MNV: multi-nucleotide variant; INDEL: insertion—deletion.

Results

Within the data retrieval date, the HLA-DRBI gene contained
a total of 9,648 variants, including 7,159 SNVs and 1,078
indels. Except for one, none of the variants have been regis-
tered to be significantly associated with human disease,
according to the ClinVar database (https://www.ncbi.nlm.
nih.gov/clinvar/). In addition, only 26 variants have related
publications. From the total variation data, various variants
within coding and untranslated regions were chosen for the
current study. Information on selected variants is shown in
Table 1.

Seven different tools (SIFT, PolyPhen, PredictSNP,
PANTHER, SNP&GO, PROVEAN, and SNAP2) with dif-
ferent prediction algorithms were used to identify nsSNVs
with significant deleterious effects that could affect the bio-
logical structure and function of HLA-DRBI1 protein. Out of
375, 91 nsSNVs were predicted by all previous tools to be
functional (deleterious or damaging). The I-mutant server
predicted changes in stability for all 91 functional nsSNVs
identified. Following all previous analyses, the 91 nsSNVs
were classified as “high-risk” (Table 2). Most of the high-
risk variants are located in exon 2.

The Consurf server and the InterPro database were used
to predict the effects of evolutionarily conserved variants on
protein functions. The conservation analysis of the HLA-
DRBI protein predicted that 154 positions (=6 scores) out of
266 amino acids were conserved, as seen in Fig. 2. Table 3
includes the locations and domain names of the InterPro
resource that were found. Among the high-risk variants, 25
nsSNVs were identified as conserved and located in domain
regions, and they may disrupt or abolish domain function
(Table 4).

The effects of the 25 nsSNVs on protein structure were
predicted using two tools. The first is the HOPE server,
which predicts structural effects based on protein sequence,
and the second is Missense3D, which uses a protein model to
predict effects. HOPE outcomes show the change in amino
acid physiochemical properties, effects on their location, and
may disturb the core structure of the located domain (Table 5
and Fig. 3). SWISS-MODEL and PHYRE tools predicted

two HLA-DRBI protein models. Following evaluation by
PSICA and ModFOLD, the PHYRE model was selected
(Figs. 4 and 5). Using the Missense3D tool, 13 nsSNVs were
predicted to cause structural damage to the protein model.
The discovered structural damage is displayed in Table 6.

Other types of variants (MNVs and indels) were analyzed
for further analysis within coding regions to determine
whether they might have a harmful effect on protein. All
MNVs showed no significance damage appears. In contrast,
31 out of 36 indels were predicted as harmful by SIFT (Table
7). In addition, within the coding sequence (CDS), 23 stop-
gain variants (SNVs/INDELs) were predicted as high impact
(Table 8). Last, all nsSSNVs demonstrated changes in overall
protein physicochemical parameters. The properties changed
by all 25 conserved and domain-located high-impact nsS-
NVs were molecular weight, atomic composition, and
GRAVY (Table 9).

The purpose of analyzing variants in untranslated regions
is to predict the effects of variants in miRNAs and TFBSs.
Functional variants (SNVs and indels) within previous
regions could affect gene expression. The results of
PolymiRTS Database show that 16 indels and 55 SNPs in the
3'UTR have functional effects on various miRNA binding
sites (Table 10). Furthermore, no indels and 10 functionally
verified SNPs (of 5'UTR variants) were predicted to affect
the activity of TFBSs. The findings are summarized in Table
11. GeneMANIA was used to construct the gene—gene inter-
action network of the HLA-DRBI target gene and the closest
20 genes (Fig. 6). Thus, to gain a better understanding, a net-
work of PPIs was constructed using the inBio-Map resource
(Fig. 7). The PPIs network that was built predicted 25 inter-
acted proteins and 44 interactions.

Discussion

HLA-DRBI gene and its product protein are important in
several inflammatory diseases, autoimmune diseases, genetic
diversity, and tissue or organ transplantation donor—recipient
matches®. The protein generated by the HLA-DRBI gene,
known as the beta chain, connects (binds) to another protein


https://www.ncbi.nlm.nih.gov/clinvar/
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Table 3. Predicting Domains Using InterPro.

Tool Domains’ name and accession numbers Position

InterPro MHC_II_b_N (MHC class I, beta chain, N-terminal) IPRO00353 42-116
Ig_Cl-set (Immunoglobulin Cl-set) IPR003597 128-212
Ig-like_dom (Immunoglobulin-like domain) IPRO07110 126-214

SMART MHC_II_beta (Class Il histocompatibility antigen, beta domain) SM0092 | 42-116
IGcl (Immunoglobulin C-Type) SM00407 141-212

Pfam MHC_II_beta(Class Il histocompatibility antigen, beta domain) PF00969 43-115
IGcl (Immunoglobulin C-Type) SM00407 141-212

PROSITE IG_LIKE (Ig-like domain profile) PS50835 126-214

Table 4. Non-Synonymous SNPs That Are Highly Conserved and Located in Domains’ Sites.

Serial no. Variation 1D Chromosome location Exon no. Codons A.A change CLIN_SIG

| rs1261426119 6:32581593 3 Cac/Tac H206Y —

2 rs1204850358 6:32581605 3 Tgc/Cgc C202R —

3 rs1472398065 6:32581646 3 gTg/gGg V188G —

4 rs1219391595 6:32581656 3 Cag/Aag QI85K —

5 rs1265251973 6:32581661 3 aCc/aAc TI83N —

6 rs759467362 6:32581665 3 Tgg/Ggg W182G —

7 rs1236785022 6:32581668 3 Gac/Cac DI8IH —

8 rs1457558927 6:32581670 3 gGa/gAa GI180E —

9 rs1335525050 6:32581713 3 Gaa/Aaa El66K —

10 rs2308767 6:32581720 3 aaC/aaA N163K —

I rs748235111 6:32581752 3 Cca/Tca P153S —

12 rs2308765 6:32581757 3 tTc/tGe FI5IC —

13 rs2308765 6:32581757 3 tTc/tCe FI51S —

14 rs707941 6:32581771 3 tgCltgG Cl46W —

I5 rs1254922824 6:32581772 3 tGc/tCc Cl46S —

16 rs79706935 6:32581832 3 cCt/cTt Pl26L —

17 rs79706935 6:32581832 3 cCt/cGt P126R —

18 rs779577456 6:32584156 2 tGe/tTc CI08F —

19 rs748753529 6:32584157 2 Tgc/Gge Cl108G —

20 rs17879242 6:32584293 2 aaC/aaA N62K —

21 rs1289742638 6:32584294 2 aAc/aGce N62S —

22 rs17879469 6:32584333 2 gGglgCg G49A —

23 rs61759931 6:32584334 2 Ggg/Cgg G49R —

24 rs1561818227 6:32584349 2 Tgt/Ggt C44G —

25 rs1561818227 6:32584349 2 Tgt/Cgt C44R —

The symbol “—" refers to unavailable data.

CLIN/SIG: clinical significance refers to the ClinVar database, which compiles data on genomic variation and its impact on human health; SNP: single-

nucleotide polymorphism.

produced by the HLA-DRA gene, known as the alpha chain.
They combine to produce the HLA-DR antigen-binding het-
erodimer, a functional protein complex. This complex pres-
ents foreign peptides to the immune system to activate the
body’s immunological response®. Variations in the structural
conformation of the HLA-DRBI protein during bio-molecu-
lar interactions are critical for its function. Therefore, deter-
mining the effects of harmful HLA-DRBI variants and their

association with various diseases is critical. The purpose of
this study was to use computational analysis to identify the
most harmful variants (SNVs, MNVs, and INDELS) and
their effects on the HLA-DRBI1 structure, function, and
expression.

In terms of substitution single-variants, several tools pre-
dicted that 91 missense (nsSNV) and 22 stop-gain variants
within coding regions were functional. The 22 stop-gain
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16 Cell Transplantation

Table 6. Structural Modifications Brought About by an Amino Acid Substitution Using Missense3D Tool.

Serial no. Variation ID Amino acids change Structural changes predicted

| rs1261426119 H206Y Buried charge replaced
Buried H-bond breakage

2 rs1204850358 C202R Disulphide breakage

Buried charge introduced
Buried hydrophilic introduced

Clash

3 rs|1457558927 GI80E Disallowed phi/psi angle
Gly in a bend

4 rs748235111 P153S Cis pro replaced

5 rs707941 Cl46W Disulphide breakage
Clash

6 rs1254922824 C146S Disulphide breakage

7 rs79706935 Pl26L Clash

8 rs79706935 PI126R Clash
Buried charge introduced

9 rs779577456 CI108F Disulphide breakage
Clash

10 rs748753529 Cl108G Disulphide breakage

I rs17879242 N62K Buried charge introduced

12 rs|1561818227 C44G Disulphide breakage

13 rs1561818227 C44R Disulphide breakage

Table 7. SIFT Server Functional Prediction of All Indels in Coding Regions.

Serial no. Variation ID Amino acid position change Effect Confidence score (%) Causes nonsense mediated decay (NMD)

I rs1775322739 248-265 Damaging 0.858 No

2 rs| 178714115 234-265 Damaging 0.858 No

3 rs140357311 197-266 Damaging 0.858 Yes

4 rs1775509563 195-266 Damaging 0.858 Yes

5 rs1554124346 195-266 Damaging 0.858 Yes

6 rs1775521710 167-266 Damaging 0.858 Yes

7 rs1328066782 174-266 Damaging 0.858 Yes

8 rs35616319 134-266 Damaging 0.858 Yes

9 rs869063545 102-266 Damaging 0.858 Yes

10 rs1554126585 102-266 Damaging 0.858 Yes

I rs67187877 101-266 Damaging 0.858 Yes

12 rs9281873 100-266 Damaging 0.858 Yes

13 rs752707222 101-266 Damaging 0.858 Yes

14 rs778205073 100-266 Damaging 0.858 Yes

15 rs1561816391 98-266 Damaging 0.858 Yes

16 rs770836206 98-266 Damaging 0.858 Yes

17 rs764153503 98-266 Damaging 0.858 Yes

18 rs17878577 93-266 Damaging 0.858 Yes

19 rs1480365395 66-266 Damaging 0.858 Yes

20 rs796101477 65-266 Damaging 0.858 Yes

21 rs879122917 66-266 Damaging 0.858 Yes

22 rs1554126912 65-266 Damaging 0.858 Yes

23 rs1260282149 51-266 Damaging 0.858 Yes

24 rs1776050880 53-266 Damaging 0.858 Yes

25 rs1776051840 51-266 Damaging 0.858 Yes

26 rs770838956 41-266 Damaging 0.858 Yes

27 rs1554127069 41-266 Damaging 0.858 Yes

28 rs|1776067234 38-266 Damaging 0.858 Yes

29 rs772011591 37-266 Damaging 0.858 Yes

30 rs767010367 36-266 Damaging 0.858 Yes

31 rs1581830100 34-266 Damaging 0.858 Yes

SIFT: Sorting Intolerant From Tolerant.
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Table 8. High-Impact Stop-Gain SNVs/INDELs Identified by Variant Effect Predictor.

Variant ID Location Variant type Impact Amino acids Codons Strand
rs1218850675 6:32580762 SNP High Y/I* taC/taA -1
rs1207397234 6:32580818 SNP High G/* Gga/Tga -1
rs1561802650 6:32581602 SNP High Qr* Caa/Taa -1
rs2308777 6:32581609 SNP High Y/* taC/taG -1
rs2308777 6:32581609 SNP High Y/I* taC/taA -1
rs754428084 6:32581626 SNP High R/* CgalTga -1
rs1420364217 6:32581677 SNP High Qr* Cag/Tag -1
rs17405219 6:32581830 SNP High K/* Aag/Tag -1
rs17882084 6:32581836 SNP High Qr* Caal/Taa -1
rs1165708016 6:32584112 SNP High R/* CgalTga -1
rs756601075 6:32584155 SNP High Cr* tgCltgA -1
rsl 1554463 6:32584158 SNP High Y/* taC/taG -1
rs| 1554463 6:32584158 SNP High Y/* taC/taA -1
rs1207528230 6:32584209 SNP High W/ tgG/tgA -1
rs769883645 6:32584212 SNP High Y/I* taCl/taA -1
rs17883065 6:32584238 SNP High E/* Gag/Tag -1
rs773064485 6:32584286 SNP High E/* Gag/Tag -1
rs766505678 6:32584358 SNP High Kr* Aag/Tag -1
rs9269957 6:32584364 SNP High Qr* Cag/Tag -1
rs9269958 6:32584366 SNP High W/* tGg/tAg -1
rs9256943 6:32589646 SNP High R/* CgalTga -1
rs1309359000 6:32589730 SNP High Kr* Aag/Tag -1
rs776465322 6:32584351 INDEL High E/EV¥X gAg/sAAGTATAAg —I
The impact for the type of consequence can be High, Moderate, Low, or Modifier. High impact indicates that the variant is assumed to have a high (disruptive) impact on the
protein, probably causing protein truncation, loss of function, or triggering nonsense-mediated decay.

SNV: single-nucleotide variant; INDEL: insertion—deletion.

Table 9. The Effect of nsSNVs on HLA-DRBI” Protein Physicochemical Parameters.

Reference and Molecular Extinction  Instability  Aliphatic

variants weight Theoretical pl Atomic composition Total -ve  Total +ve coefficients index index GRAVY
Reference 29,966.14 7.64 C30MH2068N36503805 1 25 26 41,285 48.92 77.93 -0.207
H206Y 29,992.17 7.62 C345H,070N36603905 2 25 26 42,775 49.78 77.93 -0.200
C202R 30,019.18 8.26 C345H5075N37,0345S |, 25 27 41,160 49.93 77.93 -0.233
V188G 29,924.05 7.64 C330H5062N36603605 1 25 26 41,285 48.92 76.84 -0.224
QI85K 29,966.18 8.20 C343H2072N3660:455 12 25 27 41,285 48.36 77.93 -0.208
TI83N 29,979.13 7.64 C340H5067N36903895 2 25 26 41,285 48.92 77.93 -0.217
WI182G 29,836.97 7.64 C 333H,061N34703455 5 25 26 35,785 49.17 77.93 -0.205
DI8IH 29,988.19 8.21 C 544H,070N370055:5 1, 24 26 41,285 48.81 77.93 -0.206
GI180E 30,038.20 7.00 C345H,072N366050,S 1, 26 26 41,285 50.21 77.93 -0.218
El66K 29,965.19 8.51 C 343H,073N360055,5 1, 24 27 41,285 46.97 77.93 -0.208
N163K 29,980.21 8.20 C344H3074N3¢01455 1, 25 27 41,285 48.85 77.93 -0.208
P153S 29,956.10 7.64 C340H2066N36593905 12 25 26 41,285 48.46 77.93 -0.204
FI51C 29,922.10 7.61 C336H,064N36505405 1, 25 26 41,285 47.70 77.93 -0.208
FI51S 29,906.04 7.64 C336H2064N36503905 12 25 26 41,285 47.70 77.93 -0.220
Cl46W 30,049.21 7.67 C350H2073N36903455 | 25 26 46,660 48.92 77.93 -0.220
Cl146S 30,049.21 7.67 C 350H,073N3690355 5 25 26 46,660 48.92 77.93 -0.220
Pl26L 29,982.18 7.64 C 343H5075N34503405 1, 25 26 41,285 47.88 79.40 -0.186
PI126R 30,025.21 8.20 C 343H,073N37,0365 , 25 27 41,285 48.20 77.93 -0.218
CI08F 30,010.17 7.67 C 348H2072N36503898 25 26 41,160 48.92 77.93 -0.206
C108G 29,920.05 7.67 CaH066N36603698 1 25 26 41,160 48.60 77.93 -0.218
N62K 29,980.21 8.20 C344H,074N3450:455 1, 25 27 41,285 50.10 77.93 -0.208
N62S 29,939.11 7.64 C 34H,067N3470:655 5 25 26 41,285 49.93 77.93 -0.197
G49A 29,980.16 7.64 C343H3070N3650385 1 25 26 41,285 49.81 78.31 -0.198
G49R 30,065.27 8.20 C 346H,077N37,0355 5 25 27 41,285 49.81 77.93 -0.222
C44G 29,920.05 7.67 C3aH5066N36603698 1 25 26 41,160 46.04 77.93 -0.218
C44R 30,019.18 8.26 C 345H5075N57,045655, 25 27 41,160 46.77 77.93 -0.233

The accession number for the reference sequence is POI91 | (https://www.uniprot.org/). Total —ve: total negatively charged residues. Total +ve: total positively charged residues.
The parameters that have been changed compared with the reference are highlighted in bold.
SNV: single-nucleotide variant; HLA: human leukocyte antigen; GRAVY: grand average of hydropathicity index.
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Table 10. Functional SNPs/Indels in the 3’"UTR.

Serial no. Variant ID Variant type Function class Serial no. Variant ID Variant type Function class
| rs34839759 SNP I:.C 37 rs1732 SNP 4:.D/ 3:C
2 rs114103896  SNP I:D/ 2:C 38 rs142078339 SNP 3:D/ 6:C
3 rs35136435 INDEL 3:0 39 rs| 12871130 SNP 3:D/ 4.C
4 rs34266013 SNP I:D/ 1:C 40 rs148582499 INDEL 8:0
5 rs35413567 SNP I:C 41 rs35165835 INDEL 6:0

6 rs35513414 SNP 3:C 42 rs34160410 INDEL 2:0

7 rs200428856 INDEL I:O 43 rs35463048 SNP 2:C

8 rs3205684 SNP 15:C/ 1:D 44 rs34007709 SNP 5:D/ I:C
9 rs1064717 SNP 2:.C/ I'D 45 rs36084494 SNP 2:D/ 3:C
10 rs185448040  SNP I:D/ I:.C 46 rs34844328 SNP 5:D/ 4:C
I rs6920823 SNP I:D/ 2:C 47 rs3205692 SNP 5:D/ 3:C
12 rs35418460 SNP I:D/ I:.C 48 rs1060081| SNP I:D/ 2:C
13 rs34923246 SNP I:D 49 rs116358897 SNP I:D
14 rs35263976 SNP 2:D/ I:C 50 rs182030800 SNP I:D
15 rs34542752 SNP 4.C 51 rs3200898 SNP I:D
16 rs199703384 INDEL 5:0 52 rs71864678 INDEL 7.0
17 rs80136018 SNP 2:D/ 6:C 53 rs9269688 SNP 1:D/ 7:C
18 rs34205910 INDEL 5:0 54 rs3180268 SNP 1:D/ 3:C
19 rs1064713 SNP 2:D/ I:.C 55 rs71810699 INDEL 2:0
20 rs34981130 SNP 2:D/ 1:.C 56 rs1064699 SNP 1:D/ I:C
21 rs1064712 SNP 2:.D/ I:C 57 rs35521457 SNP 2:D/ 2:.C
22 rs1730 SNP I:.C 58 rs35236441 SNP 3:D/ I:.C
23 rs11349381 1 INDEL 8:0 59 rs36217730 SNP 2:D/ 4:.C
24 rs1060190 SNP 2:D/ 7:C 60 rs35324556 SNP 2:D/ 4:.C
25 rs71685135 INDEL 15:0 6l rs146292738 SNP 3:D/ 2:C
26 rs35306263 INDEL 17:0 62 rs36217728 SNP I:D
27 rs35195677 SNP 6:D/ 6:C 63 rs1064692 SNP I:D
28 rs1060185 SNP 4:D/ 4:.C 64 rs201375698 SNP 2:D
29 rs3208409 SNP 6:D/ 6:C 65 rs202053852 SNP 3:D/ 6:C
30 rs1064710 SNP 6:D/ 2:.C 66 rs1064691 SNP 2:D/ 4.C
31 rs1064709 SNP 7:D/ I:.C 67 rs1059920 SNP 1:D
32 rs3200047 SNP 7:D/ 4.C 68 rs41285181 INDEL 5:0
33 rs35000099 SNP 10:D 69 rs71822874 INDEL 5:0
34 rs| 13804375 SNP 5:D/ 6:C 70 rs68069105 INDEL 2:0
35 rs35716402 SNP 4:D/ 5:C 71 rs9279724 INDEL 2:0
36 rs201099263 SNP 2:.C

Variant ID: related to SNP database. Function class: the number represents the number of miRNAs that have been affected by variants. The letters stand
for the following: D: the derived allele disrupts a conserved miRNA site (ancestral allele with support > 2); C: the derived allele creates a new miRNA

site; O: the ancestral allele cannot be determined.

SNP: single-nucleotide polymorphism; INDEL: insertion—deletion; miRNA: microRNA.

variants were classified as high impact, implying that the
variant will have a significant (disruptive) effect on the pro-
tein, most likely resulting in protein truncation or loss of
function. The 91 nsSNVs were classified as high risk after
the target protein’s stability changed. Thirteen of the high-
risk nsSNVs  (rs9269957, 1517879469, 1s17879242,
rs17879432, rs17885437, rs17883065, rs41308498,
rs1059584,  rs17879230, rs41308499,  rs17885869,
1s61759934, and rs41557115) correspond to pathological
variants predicted by Hassan et al.*® The variants identified
as pathological by Hassan’s discovery but not in this study
could be due to the increased number of tools used in the

current study. The update to the SNP and tool databases may
have caused the vice versa to occur. The Consurf server and
the InterPro database were used to predict the effects of evo-
lutionarily conserved variants that are located in domains.
InterPro resource integrates signatures from the following 13
member databases: CATH, CDD, HAMAP, MobiDB Lite,
Panther, Pfam, PIRSF, PRINTS, Prosite, SFLD, SMART,
SUPERFAMILY, and TIGRfams. Among the high-risk vari-
ants, 25 nsSNVs were identified as conserved and located in
domain regions, and they may disrupt or abolish domain
function. The effects of the 25 nsSNVs on protein structure
were predicted based on sequence and model using HOPE
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Table I1. Functionally Verified SNPs at a Transcription Factor-Binding Site.

Serial no. Variant ID Allele Regulatory potential score Conservation score
| rs1059546 G/CIA 0.153264 0.000
2 rs17204737 C/IT 0.193148 0.000
3 rs17204744 C/IG 0.141892 0.001
4 rs17204758 A/IC 0.136889 0.003
5 rs17204765 AIG 0.071855 0.000
6 rs17211071 AIG 0.193703 0.000
7 rs17211078 G/IT 0.18866 0.000
8 rs17211105 AIG 0.054697 0.000
9 rs28366223 AIG 0.078063 0.000
10 rs9270314 G/IT 0.061302 0.000

For more information on regulatory potential and conservation scores, see https://snpinfo.niehs.nih.gov/snpinfo/guide.html#snpfunc.

SNP: single-nucleotide polymorphism.
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Figure 6. Gene—gene interaction network of the HLA-DRB/ gene predicted by GeneMANIA.

and Missense3D, respectively. The HOPE results revealed
that the amino acid properties of the 25 nsSNVs changed and
have the potential to disrupt the domain’s core structure. Two
algorithms (SWISS-MODEL and PHYRE) were used to pre-
dict the HLA-DRB1 models to use the Missense3D tool.
Following evaluation by PSICA and ModFOLD, the PHYRE
model was selected. Several factors contributed to the selec-
tion of the PHYRE model, including its coverage of the
entire protein (266 amino acids), higher overall quality

scores, and best confidence value. The Missense3D tool pre-
dicted that 13 of the 25 nsSNVs would cause structural dam-
age to the protein model.

Additional types of variants (MNVs and indels) were ana-
lyzed for further analysis within coding regions to determine
whether they might have a harmful effect on protein func-
tion. All MNVs showed nil significance damage appears. In
contrast, SIFT predicted 31 indels to be harmful, while the
Variant Effect Predictor predicted only one to lead to
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Figure 7. Protein—protein interaction network of the HLA-DRBI protein predicted by inBio-Discover. Pathway interactions are shown
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premature protein. Functional predicted Indels might affect a
few numbers of amino acids and even the complete protein
as shown. According to physiochemical properties, the
HOPE tool, as previously mentioned, revealed differences in
the level of residues between wild and new types, whereas
ProtParam indicated that variants caused changes in the
entire protein. All 25 conserved and domain-located high-
impact nsSNVs agreed to alter the protein’s molecular
weight, atomic composition, and GRAVY, but there is a
divergence in other properties. In general, high-risk nsSNVs
affect protein structure, function, and physicochemical
properties.

The goal of analyzing variants (SNVs and indels) in 3'/5'
untranslated regions is to predict the effects of variants that
may affect the level, location, or timing of gene expression
using PolymiRTS and SNP Function Prediction tools™. The
3'UTR of the messenger RNAs that serve as their targets is
where miRNAs bind”’. The PolymiRTS Database revealed

that the 16 indels and 55 SNPs have functional effects on vari-
ous miRNA binding sites. Previous variants disrupted con-
served sites of 131 miRNAs and created new binding sites for
149 miRNAs. Furthermore, no indels and 10 functionally veri-
fied SNPs (of 5'UTR variants) were predicted to affect tran-
scriptional regulation by influencing the activity of TFBSs.
Genetic interaction is the set of functional association
between genes. Gene interactions occur when two or more
allelic or non-allelic genes of same genotype influence the
outcome of particular phenotypic characters. To understand
the molecular basis of this complex biological phenomenon,
there is a need of genetic interaction mapping where the
effects on one gene are modified by one or several other
genes. The gene—gene interaction network of the HLA-
DRBI target gene and the closest 20 genes was built using
GeneMANIA. A potent tool for systematically defining gene
function and pathways is mapping genetic interactions,
accomplished by simultaneously perturbing pairs of genes
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that report how genes interact with one another®. A case of
extreme genetic interaction is synthetic lethality, in which
two mutations combine to create a lethal double mutant phe-
notype even though neither of them would be fatal on their
own*’. Most proteins work consecutively with other proteins
in living organisms. Thus, PPI studies give crucial informa-
tion for comprehending the complicated biological processes
that occur in live cells®. Thus, to gain a better understanding,
a network of PPIs was constructed using the inBio-Map
resource. Deleterious variants in the HLA-DRBI1 protein
could disrupt its interaction with confidence interaction
proteins.

Conclusion

HLA-DRBI gene plays an important role in organ transplan-
tation rejection and many other diseases. The current study
shows the in silico analysis of genetic variants within the
coding region, and 3'/5" UTRs. Pathological variants may
have a direct or indirect impact on the intramolecular/inter-
molecular interactions of amino acid residues, protein
expression, and disease risks. We discovered significant
structural and functional changes in HLA-DRBI proteins by
analyzing the conformational changes and interactions of
amino acid residues. These changes can explain the activity
deviations caused by several variants. This is the first study
to predict the effects of coding and 3'/5" UTR variants (SNVs,
MNVs, and indels) in the HLA-DRBI gene. The findings
demonstrate that employing in silico methods in biomedical
research is extremely successful and has a major influence
on the capacity to identify the source of genetic variation in
diverse disorders. The study’s results could be an important
guide in the research of potential diagnostic and therapeutic
interventions that require experimental mutational validation
and large-scale clinical trials.
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