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ABSTRACT

Whole exome sequencing (WES) is an innovative, precise procedure established on the next generation sequencing
and has rapidly become esteemed in medical genetics. We have used WES to study patient with suspected genetic
conditions with no apparent recognizable familial hypercholesterolemia (FH). In the tested proband, multiple causative
mutations were identified in LPL, EPHX2, PCSK9, APOB, ABCAT and ABCG8 genes. The identified mutations in the LPL
gene were heterozygous mutation [c.106G>A, p. (Asp36Asn)] in exon 2 and another heterozygous mutation [c.1421C>G,
p.(Serd74*)] in exon 9. EPHX2 gene of the proband showed a novel heterozygous mutation [c.1644delC, p.(Pro549fs)] in
exon 19. In addition, heterozygous mutations were identified in exon 1 of PCSK9gene [c.158C>T, p.(Ala53Val)] and exon 4
of APOB [c.293C>T, p.(Thr98lle)]. Likewise, homozygous mutations were found in exon 35 of ABCAT gene [c.4760A>G,
p.(Lys1587Arg)] and exon 13 of ABCGS8 gene [c.1895T>C, p.(Val632Ala)], a common mutation highly associated with
hypercholesterolemia based on the p-value by phenolyzer prioritization method. All causative mutations were validated
by capillary sequencing method and confirmed the presence of homozygous and heterozygous mutations detected in
the proband. All the causative mutations were functionally predicted to be deleterious including a novel frameshift and
common missense mutation. Further investigations of the common mutation using Molecular dynamic (MD) simulation
with solvated condition confirmed the functional and structural impact of the changes on the mutated proteins.
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phenotypic analysis, Low-density lipoprotein cholesterol (LDL-C).

INTRODUCTION

The genetic run through conventional molecular diagnostic systems has
limitations for efficient FH diagnosis due to the wide variety of types and
locations of mutations in known genes,’ as well as due to the existence of
undiscovered or potential FH-causing genes.” Next-generation sequenc-
ing (NGS) is a remarkable technique for identifying genetic alterations
in considerably large genomic areas and among novel disease-related
genes. Several studies have demonstrated the utility of NGS in the diag-
nosis of FH.>* Whole exome sequencing (WES) is a type of NGS, used
for sequencing of the whole coding region of the genome (whole exome)
to detect variations that could cause a genetic disorder. Familial hyper-
cholesterolemia (FH) is a genetic disorder, characterized by high levels
of serum low-density lipoprotein cholesterol (LDL-C) and an increased
risk of premature coronary artery disease.’

FH is commonly caused by loss of function mutations in LDLR, mu-
tations in APOB or less-frequent gain of function mutations within
PCSK9.¢ Tt has recently been reported that patients with severe, primary
hypercholesterolemia with (LDL) cholesterol (=190 mg/dL) are often
assumed to have FH.” FH is associated with dysfunctional clearance of
LDL-C particles. It is however unknown that how much FH contributes
to severe hypercholesterolemia in the general population and its impact
on coronary artery disease (CAD) risk beyond LDL-C levels. Khera et al.”
recently utilized the whole exome sequencing for three causative genes
i.e., PCSK9, APOB and LDLR on five prospective cohorts (1=11,908 par-
ticipants) and seven case-control cohorts (#=8577 without CAD and
n=5540 with CAD). Many clinicians believe that individuals with very
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high levels of LDL-C probably have a FH mutation, which is not true.
Only about 2 % of such individuals will have a FH mutation. However,
CAD risk is much higher in FH mutation carriers than non-carriers.”

In Saudi Arabia, there are inadequate numbers of reports available for
prevalence and molecular characteristics of FH.***> The disease may
have a higher prevalence in Saudi Arabia than in other neighboring
countries because consanguineous marriages exceeding 55%'¢'” and due
to the lack of national registries and genetic screening programmes for
FH, the disease is under diagnosed and under estimated.

In the present study, we performed WES of FH patient, shown to be
negative for LDLR mutation. Further this paper also deals with the MD
simulation prediction and the fate of deleterious mutations in the target
domains. All the possible non-synonymous SNP were analyzed and MD
simulations were generated to assess the distortions caused by single-
amino acid alteration. The results discussed are the probable pathological
outcome of mutations, which will assist an initial diagnosis and FH
therapy.

MATERIALS AND METHODS
Patient and Ethics statement

This study was part of an in-depth study focusing on the screening of
FH mutations using targeted exome sequencing in the Saudi population.
A total of two unrelated subjects (patient and another control with no
lipid abnormalities) samples were analyzed using WES. The patient was
a 19-year old female, clinically diagnosed as FH using Simon Broome
Criteria,'® the value of total and LDL-C were found to be 6.82 and 4.61
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mmol/l respectively, considered high compared with the optimal level
[<2.59 mmol/l (LDL-C)] and also had family history of elevated total
cholesterol and myocardial infarction. She is taking lipid-lowering drugs
Atorvastatin and Ezetimibe. She was initially screened and shown to be
negative for mutations in known highly FH associate gene LDLR. The
sample collection and study were accomplished in accordance with the
Research Ethics Committees regulation at Prince Sultan Cardiac Centre,
Riyadh, Saudi Arabia. Informed consent was obtained from all individu-
al participants included in the study.

Whole exome sequencing

Whole exome sequencing was performed on Ion Proton system (Ion
Torrent) using the Ion AmpliSeq Exome RDY Kit, according to the
manufacturer’s protocol. The DNA libraries and exome enrichment were
attained using Ion AmpliSeq Exome RDY panel 1x8, Ion AmpliSeq
Library Kit Plus and Ion Xpress bar-code adapters 1-16 kit (Life Tech-
nologies). Emulsion PCR based template preparation and high throughput
sequencing was done using Ion PI Hi-Q OT2 200 Kit and Ion PI Hi-Q
sequencing 200 Kit (Life Technologies), respectively.

Whole exome sequencing data analysis

NGS data assessment was accomplished with CLC Genomics Workbench
v9, USA (http://www.clcbio.com). The Binary Alignment/Map (BAM)
binary format sequence data raw reads was finalized using adapter
trimming, i.e. reads shorter than 20 bp and duplicates were removed.
The pre-processed reads were aligned with the reference human genome
(Hg 19) sequences subsequent to the targeted genes, duplicate fragments
were marked using Picard and GATK was then used to recalibrate base
qualities. We used the human genome assembly Hgl9 (GRCh37) as a
reference. The single nucleotide variant (SNV) and indel were identified
and all variants observed within the exons of the targeted genes were
studied for succeeding evaluation through fixed ploidy variant detection
procedure.

Phenotype-disease prioritization method

Filtering of exonic candidate’s variant and prioritization gene network
was performed by wANNOVAR (http://phenolyzer.usc.edu).” The
procedure resulted in some candidate genes for hypercholesterolemia,
which is depicted by high cholesterol levels as a result of abnormal lev-
els of low-density lipoprotein (LDL) in the blood along with premature
cardiovascular illness.

Finding coding SNPs prediction

Single amino acid polymorphism database (SAAP)* and dbSNPs were
utilized to identify the protein and for the crystal structure analysis of
ABCG8 gene and identification of single point mutation residue loca-
tion. The particular mutation residue damaging effects were confirmed
with PolyPhenv2?! and SIFT programs.” Furthermore, deleterious vari-
ants correlation for genotypic to phenotypic analysis were in different
population by Ensemble.

Capillary sequencing analysis

ABI 3500 Genetic analyzer was used for capillary sequencing (Sanger
method) using BigDye 3.1° for identified deleterious variants in cod-
ing exons. PCR was done using a HotStarTaq Plus DNA Polymerase
Kit (Qiagen, Cat. No. 203605) with genomic DNA (100 ng) in a
20ul reaction mixture as follows: at 95°C for 5 min Taq polymerase
was activated, followed by denaturing at 95°C for 30s (40 cycles),
annealing for 30s at 56°C, extension for 45s at 72°C and final extension
for 5 min at 72°C. The multiplied products were resolved on agarose
gel to confirm the size and quality of the band. The PCR products were
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cleaned using magnetic beads technique with the Agencourt AMPure
XP kit (Beckman Coulter) and later exploited as templates for sequencing.
The sequencing reaction products were cleaned with BigDye X-terminator
purification kit (Applied Biosystems) then capillary sequencing was
performed using ABI 3500 Genetic analyzer (Applied Biosystems) and
the concluding assessment was completed with Sequence Analysis
Software v5.4 (Applied Biosystems) US.

Structural and functional analysis

Structure analysis was performed using Have your protein defined
(HOPE)* developed by the Centre for Molecular and Bio-molecular in-
formatics (CMBI), Department of Bioinformatics, Radboud University.
The parameters were very important to acquire factual data of actual pro-
tein structure resulting in annotated information in UniProtKB utilized
by prediction by DAS servers.* Moreover, the functional effects were de-
termined by the SNAP.>* SNAP scores varies from -100 (highly neutral)
to 100 (highly alter function); the distance is directly related to the bina-
ry determination boundary (0), which measures the reliability of the im-
pact,” which explains that the disease associated mutations will possibly
have an impact on protein interactions.? Protein function will typically
be associated with evolutionarily conserved residues” and a damaging
signal will correspond to a mutation that is predicted as being stabilizing.
Alterations in the folding free energy upon mutation (AAG) support the
concept that a mutation causes disease primarily because it impairs an
important protein. SNAP scores are related to extra functional effects.”

Solvent accessibility of amino acid residues

The protein stability was determined by Schrodinger (BioLuminate)-
Maestro.?® The structure primarily depends on the mutant stability
predictions. In the mutated form, the place of the mutated residue is
specified, in addition to the wild type and mutant amino acids. Several
known diseases with a known three-dimensional protein structure are
associated with important residues missense mutations and sites, which
structurally alter the protein and its relevant function. Disease involving
mutations generally happen within the protein (buried) and at hydrogen
bonding residues.” In protein kinases, comparisons appear to cluster
within the functionally important catalytic core,* followed by residue
scanning to fix polar and neutral residues for analysis of the protein sta-
bility and solvent accessibility.

Molecular dynamics simulation

The molecular dynamics (MD) simulations were utilized through
biomolecular simulation application CHARMM-GUI (http://www.
Charmm-gui.Org)* that is a graphical user interface to analyze in-
put data and molecular programs. Although, the simulation does not
have the solvated system either minimized or equilibrated, still 0.15
M ions can also be adjusted in the simulation field through specifying
ions (KCI) and concentration (C). Applying short Monte Carlo (MC)
simulations with a basic model, for instance Van der Waals interactions,
validated the initial arrangement of ions. Initially, the free energy
simulations were carried out with few explicit solvent water molecules
in adjacent neighborhood to the solute, while the effect of the rest of the
solvent mass was once established fully as an effective solvent boundary
potential (SSBP). Molecular dynamics simulations were achieved with
a 2fs time period at a constant temperature of 300 K and a continuous
pressure of 1-atm under periodic solvent boundary conditions.

RESULTS
Landscape of identified FH associated genes mutations

To identify genomic DNA mutations of disease-causing genes implicated
in familial hypercholesterolemia, we considered a typical high throughput
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density whole exome sequencing capture array applied to all exome at
100x coverage. The results identified mutations in disease-causing LPL,
EPHX2, PCSK9, APOB, ABCA1 and ABCG8 genes in a FH patient.
The patient’s sample upon whole exome sequencing identified a total
of 543,366 functional variants in and along with high quality 2,009,135
maps reads. Subsequent mapping when compared with the reference hu-
man genome revealed about 90 % clean reads distinctively corresponding
to the whole exome areas covering about 98 % of the section with at least
95 % folds mean depth coverage. Moreover, the maximum depth cover-
age was 99 %, sufficient to reliably identify variants within majority of
the exome regions in the genomic DNA. Complete variants distribution
of whole exome sequencing (Figure 1A-C). The results for six associated
genes were also compared with the previous whole-genome sequencing
results that were accessible from other SNPs reference databases such as
dbSNP* cosmic,*? ensemble* and HapMap.* The variants were taken in
to account as candidate variants only if a variant sequence was confined
to more than 30 % from the total reads with a quality value more than
20-25 kb. Using filtering with the reference human genome, around 4007
variants were detected among 2953 genes when compared with a healthy
control. To establish an appropriate ratio of candidate variants in het-
erozygous genotypes, distribution ratio of candidate variants was also
compared with the 960 in common variants. The results exhibited that
the ratio of candidate variants in heterozygous genotypes was greater
than 25-30 % of the common variants. According to the established cri-
teria, a total of seven deleterious and two missense but neutral variants
were found in seven different genes in the genomic DNA samples, out of
which one was a novel variant (Table 1). The maximum predictive false
positive value of the targeted genomic DNA was 3 % (1/960). Our result
revealed a novel EPHX2 frameshift variant (c.1644delC, p.(Pro549fs) at
exon 19 and a common significant variant ¢.1895T>C, p.(Val632Ala) at
exon 13 has a significantly higher association with FH disease compared
to the other four reported variants (Table 1). This high throughput study
displayed extremely precise outcomes with a very low false-positive rate.

Prioritization and significance of disease associated
genes

The FH samples were examined to elucidate with a known cardiovascular
disease genes studied in the sequencing study (Figure 2A). The results
identified 20794 variants from a FH Saudi patient. The number of ex-
onic variants based on the wANNOVAR output following filtration
showed 3925 variants that are notable. We found that 81.2 % of the genes
were ranked as “top 17, 90.7 % as “top 10”, whereas overall 93.4 % of the
candidate 3201 genes could be identified in its ranked list by Phenolyzer

Table 1: Summary of whole exome sequencing data and variants filtration.

(Figure 2B). The wANNOVAR listed 3201 genes further analysis and
the results demonstrated that phenolyzer was proficient of finding 1150
genes, known to be associated with cardiovascular diseases. Several other
datasets were also examined to evaluate the ability of phenolyzer to
prioritize candidate genes for FH complex diseases (Figure 2C and 2D).
Furthermore, the FH disease genes observed identified 517 genes were
cardiovascular genes from COSMIC (catalog of somatic mutations in
cancer), 1150 genes strongly associated (false-discovery rate <0.05) with
FH from exome sequencing. All the reported genes were used as
positive genes, whereas all other genes were used as a negative set
(although some may still be genuine disease genes). The results
demonstrated that Phenolyzer adequately performs tasks compared to
other tools, such as for cardiovascular-associated genes that were identi-
fied from an exome sequencing study (Figure 2E), phenolyzer achieved
an AUC score above 0.85, but none of the other tools has AUC scores
higher than 0.81. In addition, we also evaluated the phenolyzer with only
the seed gene list (without the seed gene growth step) and found that
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Figure 1: Variants distribution of whole exome sequencing. A) The
graphical results illustrate variants summary. B) A consequence regions
are distributed over important genomic features. C) The coding conse-
quence features in the above pie chart are mutually exclusive (no over-
laps); thus, the sum of the percentage values is 100%.

Chr Type Ref Zygosity DbSNP Func dbSNP AT::;:;:H Codci:gr:';gion Exon Gene SNPeffect SIFT PolyPhen2
1 C T Heter rs11583680 Missense p-Ala53Val c.158C>T 1 PCSK9  Deleterious  Tolerated Benign
2 T © Homo 1rs6544718 Missense p.Val632Ala c.1895T>C 13 ABCG8 Deleterious  Tolerated Benign
2 G A Heter rs1367117 Missense p-Thr98Ile c.293C>T 4 APOB  Deleterious  Tolerated Benign
9 T © Homo 152230808 Missense p.Lys1587Arg c.4760A>G 35 ABCAl Deleterious  Tolerated Benign
9 C T Heter rs2230806 Missense p-Arg219Lys c.656G>A 7  ABCAl Benign Tolerated Benign
Truncated
8 © - Heter Novel Frameshift p-Pro549fs c.1644delC 19 EPHX2 protein N/A N/A
8 G A Heter rs1801177 Missense p-Asp36Asn c.106G>A 2 LPL Deleterious Damaging Damaging
8 C G Heter rs328 Nonsense p.Serd74* c.1421C>G 9 LPL N/A N/A N/A
16 G A Heter rs5882 Missense p.Val4221Ile c.1264G>A 14 GENE Benign Tolerated Benign
N/A: not applicable
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Figure 2: Prioritization and Impact of familial hypercholesterol-
emia associated genes. A) Filtered variants from all genes in the vari-
ant list provided to Phenolyzer. The associated genes were identified
as the top gene for familial hypercholesterolemia. B) Number of vari-
ant filtering and keeping nonsynonymous, splice variants and keep-
ing variants with high conservation scores and low alternative allele
frequencies. C) Gene term disease network. D) Rank distribution and
generated score with the weights for each gene using a logistic regres-
sion model. E) Prioritization of human disease genes using Phenolyzer
based on disease or phenotype information.

its performance was greatly reduced, suggesting the importance of seed
gene growth to find new genes not documented in phenolyzer disease-
gene.

Identification of candidate variants by WES

In the examined patient, we identified 9 different variants in 7 genes
(Table 1). From the revealed variants, 7 were found deleterious and
others 2 variants are benign or tolerated (Table 1). WES reads alignment
showing the deleterious variants detected in the patient (Figure 3). Out
of the seven deleterious variants, there was one novel frameshift variant
c.1644delC, p.(Pro549fs) detected in EPHX2. In the LPL gene, one
missense variant i.e. c.106G>A, p.(Asp36Asn) and a common non-
sense variant ¢.1421C>G, p.(Ser474*) were identified. The ABCAI
gene showed two missense variants ¢.44760A>G, p.(Lys1587Arg) and
c.656G>A, p.(Arg219Lys), where the first one was a deleterious and
the other was benign. However, in ABCG8 gene one common variant
¢.1895T>C p.(Val632Ala) which was highly associated with FH and was
predicted as functionally deleterious from SNP effect program (Table 1).
The PCSK9 showed one variant c.158C>T, p.(Ala53Val) that was
functionally deleterious. Lastly, the APOB showed a missense variant
¢.293C>T, p.(Thr98lle) that was found to be functionally deleterious.
Capillary sequencing validated all the deleterious variants.

Functional and structural analysis by MD simulation

The results obtained were further confirmed based on in-silico MD
simulation studies to observe whether a mutation in FH associated genes
relates to the changes in the translated regions. The results indicated that
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Figure 3:Identification of the candidate variants in WES reads anno-
tated with reference human genome (HG19). WES reads alignment
using CLC Genomics Workbench v9 for all deleterious variants identi-
fied in the patient. A) PCSK9; p.(Ala53Val), B) ABCGS; p. (Val632Ala), C)
APOB; p.(Thr98lle), D) ABCAT; p.(Lys1587Arg), E) EPHX2; p.(Pro549fs), F)
LPL; p.(Asp36Asn), G) LPL; p.(Ser474%). All causative variants ensued at
a highly preserved position are highlighted in the corresponding DNA
sequences seem in red color line. The frequency coverage of each vari-
ant is shown as percentage (Freq:).

mutations in the six genes were all deleterious mutations, because all of
them were functionally deleterious however, we focused on only one
mutation that was common and highly associated with FH from the
phenolyzer ie., Val632Ala in ABCGS8. The wild and mutant protein
structures were also compared using MD simulation. The common splice
variant Val632Ala in ABCG8 showed a change in the translated protein
and regardless of whether it had an impact, there was a product of a
missense mutation in the protein. Besides, associating the results within
the coding regions of the protein structure of a FH gene, an annotation
on the missense mutations retrieved from the protein data bank (PDB)
within the gene on chromosome 2p21 was also performed to determine
the structure from the UniProtKB - Q9H221 (ABCG8_HUMAN) (PDB
ID: 5do7_B) (Figure 4A-E).

The predicted protein structure had four chains A, B, C and D, however
we focused on the “Chain B” for alignment parameters and for MD
simulations. The mutation Val632Ala was situated at beta helix of the
ABCGS8 protein domain structure. The mutations connected to each
position were accomplished using CCP4 (QtMG), which exclusively
identify to examine the altered model structures. The altered residues
as well as a helix mutation analysis for ABCGS protein were also studied
using another method called the consensus, which utilized the extra
basic residue with a hot residue to expand the thermodynamic strength
of ABCGS8 protein. It is observed that such a scheme is straightforward
in contrast to already depicted methodologies. The variant Val632 in
ABCGS and showed another thermostable site (632Val) and was a critical
residue and was substituted using Schrodinger (BioLuminate). The
energy minimization on the mutant structure with Val632Ala in ABCGS8
was performed at 300 800.706 kJ/mol and later lowered to -410 036.014
kJ/mol by BioLuminate program. Various polar and non-polar residues
were used to screen and base the energy minimization procedures that
enabled fixing a refinement cut of 0.00 A with a reasonable solvent
reduction. The consequence of diminishing the limited energy estimation
of alpha helix (Val632Ala) demonstrated that the substitution of Val to
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Figure 4: Protein structure modeling and MD simulation of ABCGS.
A) Domain architecture of full-length human sterol transporter
ABCG5/8, consisted of different domains and four chains (A, B, C and
D). The Val632Ala mutation in ABCG8 was located on the extracellular
domain ABC transmembrane type-2 (white) at chain B. B) The wild type
residue location on alpha helix has been shown in green. C) The pro-
tein stability was changed due to point mutation 632Ala and based on
the score. D) Wild type and mutant protein structures were superim-
posed. E) Molecular dynamics (MD) simulation shown with octahedron
boundary with explicit water solvated and hydrogen atoms. The figure
shown in identified the point mutation in wild and mutant residues
along with surrounding molecules hydrogen bonding.

632Ala might enhance the conserveness and increase protein folding.
Additionally, Alpha helix in the area of mutation depended on the
precise solvent as indicated by MD simulations. Amid these reenactments,
proteins ceaselessly fold and unfold and give clear understanding for
this process. The deviation of the predicted ABCGS8 protein structure
stretched from 2.0 A to 10 ns, when observed at a temperature of 300 K.
The deviation of mutation Val632Ala was retained at 1.2 A until the sim-
ulation was completed (t=10 ns). This demonstrated that Val632Ala had
achieved its folded state while the little peak at 1.2 ns showed that Va-
1632Ala settled the protein structure. The resulting evidence demonstrat-
ed that the Val632Ala mutant structure was steady and could keep up its
adaptation at 300 K, at a pressure bar of 1.00047. Besides, with a surface
tension of 5,000.0A in an aggregate simulation time (ns) of 1.2/slipped
were by 0.0 and recording intervals (ps) energy of 1.2. The results also
showed that there were inconspicuous changes that were seen between
wild type and mutant ABCGS protein (alpha helix: Val632Ala), which
was seen when the superimposed structures with an RMSD estimation

Journal of Cardiovascular Disease Research, Vol 10, Issue 1, Jan-Mar, 2019

of 1.06 A were resolved by use of MOE. Moreover, the mutation Val632
also demonstrated a higher dissolvable and accessible surface area than
the mutant 632Ala within the protein structure.

The structural discharge of Val632 created less hydrophobic properties
within the protein structure while the addition of 632Ala residue could
expand minimization in the protein structure. The evaluation of anno-
tated predicted solvent availability and pre-ascertained packing density
revealed that Val632Ala was dense and reduced the internal cavities
compared with the wild type. Consequently, the substitution of a residue
Val632 with 632Ala enhanced the packing and compactness of the
mutant structure and diminished the internal residue in the protein
structure.

DISCUSSION

The NGS has been utilized to find out causative mutations in both
known and novel genes associated with FH to be used as a competent
tool.* In this study, we utilized WES to identify FH causing muta-
tions in a Saudi FH patient and for the diagnosis of FH. It was based
on analyzing wide-ranging genetic variations that were not limited
to SNVs, small insertions or deletions and copy number variations
(CNV). Our results identified seven causative mutations in six known
associated FH genes through WES analysis. Out of the seven causative
mutations highly associated with FH, only one was a novel frame-
shift mutation Pro549fs, identified in EPHX2 gene, while the one mu-
tation was a common missense mutation Val632Ala. The obtained
results suggest that generated DNA sequences can be used for the
discovery and genetic diagnosis of novel variants in genes associated
with the FH without any additional costs. This challenge has also triggered
an improvement in the development of next-generation sequencing
technologies (NGS).

In-silico analysis of the seven missense mutations revealed that only
five were predicted to be damaging, while the rest were benign. We
discovered that one novel mutation is pathogenic and resulted in reduced
EPHX2 expression and uptake. This novel frameshift mutation was likely
to cause hypercholesterolemia because of the truncated transcript. One
nonsense mutation p.(Ser474*) have identified in LPL gene that might
be damaging because LPL gene encodes 475 amino acids and there-
fore only last amino acid affected. One study shows that this mutation
p.(Ser474*) influence plasma lipid concentrations and interact with
plasma n-6 PUFA to modulate lipid metabolism.* Although, the novel
mutation in EPHX2 showed precise association however, we were un-
able to elucidate the underlying mechanism between genetic muta-
tion and high correlation with the CHD risk. It has previously been
shown that the mutation in EPHX2 demonstrated a significant association
between haplotype and CHD risk in Caucasian population,” while the
mutation was known for functional relevance in vitro and/or haplotype
tagging properties.

Nonetheless, even a protein product would lead to impact function of
the receptor and several receptor domains would be altered such as the
crucial transmembrane region, C-terminal part of the epidermal growth
factor precursor homology domain, O-linked sugar domain, membrane-
spanning domain and the cytoplasmic domain. Apart from the mutations,
lacking these domains, have been shown to reduce the activity (~2
%) and have been classified as null allele (class 1) mutations.®® All
the causative mutations produced mRNA transcripts, however,
they were in reduced concentration,® which explains the increased risk
of FH caused due to this mutation.

We studied, another common missense mutation Val632Ala highly
associated with FH gene ABCGS8 located at the extracellular domain
(ABC transmembrane type-2). The mutation was annotated with severity
polymorphism and located in a region with known splice variants, as
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described in dbSNP (rs6544718.). The ABCG8 gene has been linked
with rare autosomal recessive disorder illustrated by enhanced intestinal
absorption of all sterols including cholesterol. The sitosterolemia develops
hypercholesterolemia due to increased amount of plant sterols in the
plasma and often result in tendon and tuberous xanthomas, accelerated
atherosclerosis and premature coronary artery disease.*” The A632V
mutation in ABCG8 has previously been observed*! where the V allele was
associated with a high plasma TC in Spanish children. It has also been
reported that the heterozygotes had higher plasma TC and APOB lev-
els than AA homozygotes, but only in the group with low cholesterol
intake.” However, no association of A632V and TC levels has been ob-
served in other studies.**** Based on the functional studies, this common
mutation probably lead to loss of interaction due to alteration in the do-
main and result in abolishing its function.

The meta-analysis results consisting of 3,364 individuals from 16 in-
vestigations® showed that the occurrence of the minor 632V allele was
associated with reduced LDL-C concentrations compared with homo-
zygosity for the 632A variant (-0.11 mmol/l, P=0.01). The other SNPs
(Q604E, D19H, Y54C and T400K) were not linked with plasma lipid
levels. The result of ABCG8 gene association Prioritization method
report showed to be clinically significant (p-value <0.01), which was
based on the filtered genes and polymorphism as well functional analysis.
The significantly associated variant A632V also exhibited an average
0.11 mmol/l decrease in plasma LDL-C levels, compared with carriers
of the other variant. It has previously been shown that a 10% reduction
of plasma LDL-C levels is associated with a 20% decrease in major car-
diovascular events.*®

To further evaluate through in-silico study, we selected one of the
common splice variant Val632Ala through MD simulations. The results
indicated that one variant represented structurally conserved mutation,
which will not cause unfolding in the protein, whereas the variant may
cause severe disruption in the protein. The protein structure having the
variant Val632Ala was predicted and simulated. The wild type of Val632
residue was located in the alpha helix of the module, in a solvent exposed
position and its side chain did not form hydrogen bonds. The in-silico
study showed that the variant Val632Ala had small rearrangements at
around 2 ns in the area of the mutated residue 632Val, otherwise it was
quite stable until the end of the trajectory (5 ns). Notably, the hydrogen
bond network connecting the two lobes remains stable and the calcium
cage was perfectly formed.

Although this study is based on single patient, but this WES approach
would be helpful for the screening of the patient who shown to be
negative for mutation/s in known FH associate genes. Similarly, using
WES method, few other studies were also reported to analyze single
patient sample belongs to other disorders.””* In our earlier study in
a single FH proband, a LDLR frameshift variant was detected us-
ing targeted NGS.* However, screening of that frameshift variant
p-(G676Afs*33) in several FH families revealed as a very common vari-
ant in Saudi FH population.® Consequently, there is possibility, the results
obtained in this study would be replicated to other patients.

In conclusion, we identified disease-associated variants in APOB,
PCSK9, EPHX2, LPL, ABCG8 and ABCAI genes in a Saudi FH patient.
The results further indicated that seven of the variants were found to
be deleterious mutations. Also, a novel frameshift mutation c.1644delC,
p.(P549fs) was identified in EPHX2. Nevertheless, the characterization of
a novel mutation and additional harmful mutations will not only assist
to find out the important role of uncommon genes in FH, but also build
up the range of FH mutations. These novel perceptions will augment the
genetic diagnosis and counseling of FH individuals.
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ABBREVIATIONS

WES: Whole exome sequencing; FH: Familial hypercholesterolemia;
MD: Molecular dynamic; NGS: Next-generation sequencing; LDL-C:
Low-density lipoprotein cholesterol; CAD: Coronary artery disease;
BAM: The Binary Alignment/Map; SAAP: Single amino acid polymor-
phism database; MC: Monte Carlo; CNV: Copy number variations.

SUMMARY

This study was part of an in-depth study focusing on the screening of FH
variants using targeted exome sequencing in the Saudi population. Stud-
ied patient was initially screened and shown to be negative for causative
variant/s in known highly FH associate gene LDLR. Using whole exome
sequencing (WES) multiple causative variants were identified in LPL,
EPHX?2, PCSK9, APOB, ABCAI and ABCGS genes in a Saudi FH pa-
tient. Out of the seven deleterious variants identified in six genes, there
was one novel frameshift variant c.1644delC, p.(Pro549fs) detected in
EPHX2 gene. All the causative variants were functionally predicted to be
deleterious. Further investigations of the common variant (p.Val632Ala)
of ABCG8 gene, using Molecular dynamic (MD) simulation with sol-
vated condition confirmed the functional and structural impact of the
changes on the mutated protein.
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