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Abstract

Background: Retinitis pigmentosa (RP) belongs to pigmentary retinopathies, a generic name for all retinal dys-
trophies with a major phenotypical and genotypical variation, characterized by progtessive reduction of photo-
receptor functionality of the rod and cone. Global prevalence of RP is ~ 1/4000 and it can be inherited as au-
tosomal dominant (adRP), autosomal recessive (atRP) or X- linked (xIRP). We designed this study to identify
causative mutations in Pakistani families affected with arRP.

Methods: In 2019, we recruited two unrelated Pakistani consanguineous families affected with progressive
vision loss and night blindness from Punjab region. Clinical diagnosis confirmed the; bone spicule pigmenta-
tion of the retina, and an altered electroretinogram (EGR) response. Proband and healthy individual from each
family were subjected for whole-exome sequencing (WES). Various computational tools were used to analyze
the Next Generation Sequencing (NGS) data and to predict the pathogenicity of the identified mutations.
Results: WES data analysis highlighted two missense homozygous variants at position c.T1405A (p.S469T) in
PLCET and ¢ T11C (p.V4A) in HPS7 genes in proband of both families. Healthy individuals of two families
were tested negative for p.S469T and p.V4A mutations. The variant analysis study including molecular dynamic
simulations predicted mutations as disease causing.

Conclusion: Compound effect of mutations in ratrely linked PLCE7 and HPS7 genes could also cause RP.
This study highlights the potential application of WES for a rapid and precise molecular diagnosis for hetero-
geneous genetic diseases such as RP.
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Introduction

Retinitis pigmentosa (RP: MIM26800) belongs to
pigmentary retinopathies, a generic name for all
retinal dystrophies with a major phenotypical and
genotypical variation, characterized by progres-
sive reduction of photoreceptor functionality of
the rod and cone (1). Approximately, 1.5 million
people worldwide lose eye sight every year due to
retinal degeneration (2). The disease is a particu-
larly heterogeneous with a global prevalence of ~
1/4000 and it can be inherited as autosomal
dominant RP (adRP), autosomal recessive (arRP)
or X- linked (xIRP) (3). The first symptoms of
RP, often noted in adolescence, are night vision
disturbances and loss of the mid peripheral visual
field. Secondary, the loss of cone photoreceptors
may result in central vision deficiency and, even-
tually, leads to legal blindness. In advance stage
of disease, the retinal vessels are attenuated, and
the optic nerve head appears pale and waxy (4,5).
Over recent years, tremendous efforts have been
made in research leadings to an early detection of
retinal degeneration.

Surprisingly, the great success of discovering RP-
causing genes and mutations over the past two
decades has revealed the extent of the uncertainty
and complexity. On the other hand, being a mo-
lecular level disease, rather than a clinical level, its
treatment is comparatively easy. At present, ac-
cording to the RetinoGenetics database
(http:/ /www.retinogenetics.org/) more than 66
genes have been identified with non-syndromic
RP. Several approaches are being used to classify
genes and the underlying mutations. Majority of
genes were identified by sequencing the candi-
dates’ genes in selected patient populations. A
retina gene may be a candidate for the disease
due to its functional properties, or it is identical
with a gene known to cause retinal disease, or
because it is the cause of retinal disease in animal
model (6). Most cases were observed due to mu-
tations within a single gene. Now a days, whole-
exome sequencing (WES) has been proven the
most effective tool to identify autosomal reces-
sive RP (arRP) genes and mutations.
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Due to the relatively high level of consanguinity,
large number of siblings in families and the pres-
ence of isolated subpopulations, family based
gene analysis is highly effective in sub-continent
population (7). This study presents WES analysis
of RP patients (Pakistani families) to identify
causative mutations(s). In additions, this study
also deals with the MD simulations prediction
and the fate of causative mutations in the target
domain.

Materials and Methods

Subjects

The study protocol was approved by the Ethical
Committee of Virtual University of Pakistan
(Ethical#2019/A1021) and adhered with the
principle of the declaration of Helsinki.

We recruited two consanguineous families after
obtaining a written consent. Pedigrees were
drawn and patients were diagnosed clinically by
an ophthalmologist. RP patients were diagnosed
with progressive vision loss, night blindness,
overall bone spicule pigmentation of the retina,
and an altered electroretinogram (EGR) re-
sponse. Blood samples were collected for molec-
ular analysis. One proband diagnosed with RP,
one phenotypically unaffected member from
each family was selected for whole-exome se-
quencing (WES). The pedigree was drawn ac-
cording to detailed interview with affected fami-
lies as shown in Fig. 1A & 1B.

Genomic DNA Isolation

Approximately 3 mL peripheral blood samples
were collected from the recruited participants for
genomic DNA extraction. Whole DNA was ex-
tracted using GeneJET genomic DNA purifica-
tion kit (CAT # K0721) according to the manu-
facturer’s protocol. The extracted DNA was
quantified with NanoDrop spectrophotometer
(Thermo Scientific, US). The DNA was stored at
-20 °C for further use.
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Figure 1A: RP-12H-313
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Fig. 1: Pedigrees of Pakistani families RP-12H-313 and RP-12H-314, (A) Arrow indicates the proband IV:2 in family
RP-12H-313. (B) Arrow indicates the proband 1V:3 in family RP-12H-314, solid symbol indicates affected individual
and open symbols indicate unaffected individuals

Library Preparation and Whole-exome Se-
quencing

In the process, 3 pg of pure and high molecular
weight genomic DNA was used for exome librar-
ies preparation. Target enrichment was per-
formed to construct the exome-library using the
Agilent Sure-Select all exon Ver5 kit (Agilent
Technologies, Inc. Santa Clara, CA, US) accord-
ing to the manufacturer’s instructions, which tar-
gets 50Mb of the exonic regions of human ge-
nome. QIAxcel Advanced System (Qiagen, Hil-
den, Germany) was used for libraries validation
and Qubit Fluoremeter (Thermo Fisher scien-
tific) was used for libraries quantification. Whole-
exome paired end sequencing for the affected
individual and a healthy family member was per-
formed with average read length of 100 bp using
Illumina HiSeq 2000 platform (Illumina, Inc. San
Diego, CA, United State) according to the manu-
facturer’s instructions. Exome sequencing was
performed commercially at the BGI Tech Solu-
tions Co., Ltd. (Hong Kong, China).
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Whole-exome Sequencing (WES) Data anal-
ySIS

Quality of reads was assessed using FastQC.
High-quality sequencing reads were mapped with
BWA - Burrows-Wheeler Alignment tool to hu-
man reference genome (GRCh37.p13/hgl9 —
Genome Reference Consortium Human Build 37
patch release 13 - NCBI) (8). Sequences marked
as PCR duplicates were discarded from the BAM

file by using Picard tool
(https:/ /broadinstitute.github.io/picard/).
SAMtools and GATK (Genome Analysis

Toolkit) were applied for the variants calling pro-
cess (9,10). High-quality variants were filtered as
follows; (a) Base-quality = 30 (b) Depth = 10.
ANNOVAR was used for annotation of variants
and further downstream analysis (11). For priori-
tization of variants three majors steps were taken;
(a) excluded intronic and synonymous SNVs (b)
Variants were filtered and selected on the basis of
frequency (AF < 5% in 1000 Genomes Project
Database, Genome Aggregation Database (gno-
mAD) and National Heart, LLung and Blood In-
stitute (NHLBI) Exome Sequencing Project Da-
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tabase; (c) Six different tools SIFT, PolyPhen-2,
LRT, MutationTaster, MutationAssessor and
PROVEAN were used for predicting the func-
tional effects of variants (12-16). Further, Ge-
nomic Evolutionary Rate Profiling ++ (GERP)
Rejected Substitution has estimated the sequence
conservation of candidate variants (17).

Mutation Validation

After read calling and filtration against multiple
databases, genomic variants were identified. Vali-
dation of the mutations in patients was per-
formed by comparison of WES of un-affected
members of RP-12H-313 and RP-12H-314 fami-
lies.

Protein Modeling and Molecular dynamic
simulations

As previously, no protein structure of identified
causative gene was reported, so for 3-D structure
prediction MODELLER 9.23 was used (18). The
protein sequence of amino acids was downloaded
from UniProtKB (Q92902) and then model pre-
diction was repaired and normalized the structure
using FOLDX 5.0 (19). PyMol 2.2 was used to
induce mutation in the native protein structure.
After the structure evaluation using ERRAT, we
performed molecular dynamic simulation of both

native and mutant structure by using GROMACS
5.0 (20). Systems were first minimized and equili-
brated in NaCl and simulated at 30ns MD at a
temperature of 300K under 1 atm pressure.
g rmsd, g rmsf, g gyrat, g hbond tools were
used to study the structural behaviors of native
and mutant protein. Solvent accessibility of ami-
no acid residues was determined using g sasa
tool to see the effect of mutation in the normal
protein structure and the impact of mutation at
hydrogen bonding residues.

Results

In order to identify causative variants associated
with disease course, proband and one healthy
individual from both Retinitis Pigmentosa (RP)
families were recruited Fig.1. Both RP patients
were presented with progressive vision loss, night
blindness, overall bone spicule pigmentation of
the retina, and an altered electroretinogram
(EGR) response. The fundus examination of pa-
tient IV:2 in RP-12H-313 family shown in Fig.2.
A flowchart summarizing the main steps of the
study including design and analysis is depicted in
Fig.3.

Fig. 2: Fundus examination of right eye Patient IV:2 in family RP-12H-313, showed typical signs of RP; pigment
formation
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Fig. 3: Systematic workflow summarizing the main steps of the study design and analysis

Whole-exome sequencing data analysis
(Landscape of identified RP associated genes
mutations)

To identify genomic mutations in disease-causing
genes associated with RP, we considered whole-
exome sequencing (WES), a typical capture array-
based method of Next Generation Sequencing
(NGS), applied to all exomic data at 100x cover-
age. The WES of Proband IV:2 (RP-12H-313
family), Proband IV:3 (RP-12H-314 family), gen-
erated 45.42 and 48.12 millions bases of sequence
with 100x coverage respectively. The 26,607
functional SNPs that may affect amino acid se-
quence were identified in proband IV:2 of family
RP-12H-313 and 25,987 SNPs that also affect
amino acid sequence were identified in proband
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IV:3 of family RP-12H-314 (Table 1). Moreover,
the maximum depth coverage was 98%, enough
to reliably identify variants within majority of the
exome regions in the genomic DNA. Complete
variants distribution and workflow of whole-
exome sequencing analysis are shown in Fig.3.
The results of associated genes were also com-
pared with the previous whole-genome and
whole-exome sequencing results accessible from
the SNPs reference databases such as dpSNP,
Ensemble. According to the established criteria,
by excluding the heterozygous variants and syn-
onymous mutations, we identified two rare muta-
tions in PLCET (exon3:c.T1405A:p.S469T) and
HPS7T (exon3:c.T11C:p.V4A) genes in each pro-
band of both families as shown in Table 2.
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Table 1: Summary of variations, Candidates SNPs filtered against several public variation databases

Feature — SNPS in Feature — SNPS in
patient IV:2 of family  patient 1V:3 of family

Variable

RP-12H-313 RP-12H-314
Total number of variations (SNPs) 26,607 25,987
Total Number of non-synonymous SNPs 12,968 12,688
Total Number of synonymous SNPs 12,750 12,448
Variations with unknown functionality 633 614
Homozygous SNPs 4382 4660
Common non-synonymous homozygous SNPs 3386
Filtered Causative variants 2

Table 2: Identified Variants by whole exome sequencing analysis in combination with Retinitis pigmentosa (RP)
gene filters in the families RP-12H-313 and RP-12H314

C Posi- Ref- Mu- Refer- Mutant Gen Function- GER 1000G_ ESP6 gno-
h tion er- tant ence Amino e al Predic- P ++ ALL 500si mAD
r (bp ence Al- Amino Acid tion? RSP _AF _ALL _ALL
(hg19)) Allele lele Acid
1 958921 T A S T PLC D,P,BN, 4.84 0.017 0.03 0.031
0 29 (p-S469 E1 N,N,N
T)

1 100202 A G \% A HP D,D,P,D, 4.62 0.041 0.035 0.0313
0 987 (p.V4A) S1 DM,D

aFuntional effects predicted by SIFT, PolyPhen-2_HDIV, PolyPhen-2 HVAR, LRT, MutationTaster, Muta-
tionAssessor and PROVEAN in order. Deleterious effect was denoted as D, Probably Damaging as P, Benign as B,

M as Medium, and N as Neutral

bGenomic Evolutionary Rate Profiling ++ Rejected Substitution score (The larger the score, the more conserved

site)
Abbreviations:

Chr, chromosome; All, all populations; AF, allele frequency; 1000G, 1000 Genomes Project;

ESP6500si, NHLBI Go Exome Sequencing Project (ESP) — Exome Variants Server; gnomAD, The Genome Aggre-

gation Database

Causative mutation validation and analysis
The WES data of one phenotypically healthy in-
dividual from each family was also analyzed and
both the normal individual were tested negative
for p.S469T and p.V4A in PLCET and HPS7 re-
spectively. These finding revealed that both mu-
tations have significant association with RP dis-
ease development in two Pakistani families.

Functional and structural analysis by MD
simulations

Available at:  http://ijph.tums.ac.ir

We further studied that whether the mutation in
HPS'7T gene alters the translated regions of HPS7
protein and change the protein structural behav-
ior or not. For this purpose, we first predicted
the tertiary structure of HPS7 protein (Fig.4) and
then indicated the beta sheet where V4A muta-
tion altered the structure in Fig.4B & 4C. The
predicted protein structure had A chain contains
18 Alpha helices (41.57% of total sequence), 19
beta sheets (14 % of total sequence) and 34 coils
(44.43% of the total sequence) shown in Fig.4D.
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Fig.4: A) 3-D structure of HPS1 protein (B &C) Mutation at point V4A D) Secondary Structure of Protein HPS1

The mutation V4A was situated at beta sheet
which is outside of the transmembrane. After the
energy minimization of both native and mutant
HPS1 protein structures, we equilibrated the
structures and thermostat (NVT) and bariostat
(NPT) equilibration were performed to set the
nest orientation pf all molecules present in our
structures. Density, pressure and temperature
graphs were established using gms_grompp tool.
Fig.5A showed the density plot of both wild and
mutant structures of HPS7 protein structures at
1000 kgm™ over the time of 100 ps. Plot showed
the average density of all conformations of native
structure was 1001.261 kgm™ which is rarely close
to the actual experimental value of 1000kgm™
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while that of the mutant V4A protein structure
was 1002.141 kgm™ which showed much fluctua-
tion as compared to the normal protein. Pressure
plot (Fig.5B) depicted the fluctuation of residues
conformations over the time ranging from -125
bars to 137 bars with an average of -2.4 bars. Mu-
tant structure showed pressure plot over the time
of 100 ps ranging from -102 bars to 85 bars with
an average of -1.16 bars. Temperature plot
(Fig.5C) showed that all the conformations of
native protein residues fluctuated ranging from
298.37 K to 301.22 with an average of 300.01 K.
while that of the mutant structure was ranging
from 396.72 K to 301.32 K with an average of
299.97 K.

Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/

Babar et al.: Compound Homozygous Rare Mutations in PLCE1 and HPS1 Genes ...

GROMACS Energies

B GROMACS Energies

GROMACS Energies

C

1010 T T T T

1008 |- ~
100

1002 -100

o

(K)

209

297 =

40 60 80 40

Time (ps)

Native

o0

Time (ps)

200 400 600

Time (ps)

80 100 "0 800 1000

Mutant }‘

Fig. 5: Density (A), Pressure (B) and Temperature (C) versus time graphs of native and mutant HPS1 protein. Na-
tive graph is shown in black and mutant graph is shown in red color

After the equilibration of both systems, root
mean square deviation and root mean square
fluctuation of both structures were evaluated to
observe the structural variations in native HPS7
and its mutant. Fig.6A showed the rmsd of both
native and mutant where plot showed that the
overall fluctuation of native model ranged from
0.00498 nm to 0.719039 nm with an average of
0.590577 nm. The peak of the graph was found
at around 12.54 ns whereas the minimum wvalue
was recorded in the very start of the graph. Over
the course of last 10 ns, we found a streamlined

A

RMSD

Backbone after Isq fit to Backbone

RMSD (nm)

0.s

Y

1
10 Is
Time (ns)

(am)

fluctuation near to the average. Rmsd value of
mutant on the other hand showed a great fluctua-
tion for each conformation over the time with a
maximum value of 1.515 nm attained at 24.3 ns
and a least value of 0.0004975 nm at zero ns. The
average rmsd value of mutant structure was 1.41
ns which was far high from the average value of
native structure. Rmsf value of both structures
(Fig.6B) showed that net fluctuation of mutant
structure is quite higher than that of the native
with an effective difference of around 0.21 nm.

RMS fluctuation

1 1
10000 15000

Atom

1
0 5000 20000

I —— Native

Mutant

Fig. 6: RMSD (A) and RMSF (B) versus time graphs of native and mutant HPS1 protein. Native graph is shown in
black and mutant graph is shown in red color

It was notable that rmsf of mutant structure
reached up to 2.2 nm in the end and 1.75 nm at
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4.8 ns which was higher than the maximum peak
of the rmsf values of the native structure. Solvent
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accessibility of surface area (SASA) is defined as
the surface area of any biomolecule which is di-
rectly accessible to the water of the system’s box.
An increase in SASA means that protein is more
stable and exposed while a decrease in SASA val-
ue indicates that the biomolecule is shrunken,
buried and less stable. Native and mutant protein
structures (Fig.7A) showed a great variation
where in the start, SASA value of native structure
was 540 nm? whereas mutant structure had initial
value at 531 nm® Average SASA value of native
structure is 453 nm* whereas that of the mutant
structure had 450 nm?

Radius of gyration (Rg) is defined as radius of a
protein structure about an axis of rotations. It

Solvent Accessible Surface

Radius of gyration (total and around axes)

usually calculates the RMS distance of all atoms
from their common axis of rotation on the basis
of mass-weight. Higher the Rg means lowers the
stability of protein whereas lower the Rg means
the structure is more stable. Rg of native struc-
ture ranged from 3.75 to 3.195 nm with an aver-
age of 3.35 nm while the mutant structure had
the range between 3.725 to 3.16 nm with an aver-
age of 3.28 nm (Fig.7B). Fig.7C showed that
number of hydrogen bonds got reduced over the
course of time for mutant structure as compared
to the native structure of HPS7 protein. A clear
difference of 27-30 hydrogen bonds was seen
after 7 ns.

Hydrogen Bonds

me (ps) Time (ps)

1 1 o | 1 ! L ! |
0 5000 10000 15000 20000 25000 30000 30" 5000 10000 15000 20000 25000 30000 0 5000 10000 15000 20000 25000 30000
Time 5 %

Native

Time (ps)

Mutant

Fig. 7: SASA (A), Radius of gyration (B) and Hydrogen Bonds in model (C) versus time graphs of native and mu-
tant HPS1 protein. Native graph is shown in black and mutant graph is shown in red color

Discussion

Retinitis pigmentosa (RP) is a heterogenous, pro-
gressive degenerative disease leading to profound
vision loss or blindness (21). Mutational analysis
of heterogenous disorder through next genera-
tion sequencing has been proved very helpful
(22). We performed whole exome sequencing
analysis of probands of two different RP families
with autosomal recessive inheritance pattern.

We identified two rare causative mutations
cT1405A (p.S469T) in PLCEl1 and c.T11C
(p-V4A) in HPS7 gene. Clinical investigation of
retina correlates both families with arRP. Mem-
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bers of each family without clinical sign and
symptoms were tested negative for p.S469T and
p.V4A mutations in PLCE1 and HSPlgenes re-
spectively. Both mutations were predicted to be
disease causing by SIFT, PolyPhen-2, LRT, Mu-
tationTaster, MutationAssessor and PROVEAN.
Furthermore, molecular dynamic simulation anal-
ysis predicted p.V4A in HPS7 gene as a patho-
genic variant.

Phospholipase C epcilon 1 gene
(OMIM:608414) encodes phospholipase which
catalyzes the hydrolysis of phosphatidyl biphos-
phate and generates inositol 1,4,5 triphosphate
(IP3) and diacyl glycerol (DAG). IP3 is required
for intracellular Ca*" release via IP3 receptors

Available at:  http://ijph.tums.ac.ir
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(23). The subsequent products regulate various
cellular growth, differentiation and expression
processes. Expression of PLCE1 correlates with
neural differentiation of stem cell and malfunc-
tioning leads to retinodystrophy (24). PLCE1 is a
bifunctional enzyme it also regulates small
GTPases of ras superfamily through guanine-
echange factor (RasGEF). Small GTPases are
involved in embryonic differentiation and post-
natal development of retina. Mutations in has
been described associated with onset nephrotic
syndrome, diffuse mesengial sclerosis and focal
segmental glomerulosclrerosis. Our WES data
suggest that truncated mutation at p.S469T in
PLCE1gene could also lead to autosomal reces-
sive retinitis pigmentosa (arRP).
Hermansky-Pudlak syndrome 1 (HPS1) gene
located at 10q24 position transcribes a novel
transmemberane protein, an important compo-
nent of biogenesis of lysosomal organelles com-
plex 3 (BLOC3) found in melanosomes, platelet-
dense granules organelles and lysosomes (25).
Melanosomes synthesize and store melanin pig-
ment in retinal epithelial cells. Mutations in HSP1
gene results in morphological abnormalities in
melanosomes (20). In this study, p.V4A in HPS7
gene found in affected members of two different
consanguineous families. In addition to other -
silico tools, molecular dynamic (MD) simulation
also predicted it as pathogenic. MD modeling is
helpful to predict single base change impact on
protein structure (16). Molecular dynamics pre-
dicted that V4A mutation alters the beta sheet of
tertiary structure of HPS7 protein (Fig. 4A, 4B &
4C). The predicted protein structure had A chain
contains 18 Alpha helices (41.57% of total se-
quence), 19 beta sheets (14 % of total sequence)
and 34 coils (44.43% of the total sequence)
shown in Fig.4D.

NGS technique has made a great contribution in
molecular genetic data. RP studies have attained
significant attention in the recent decades. To-
date more than 66 genes associated with non-
syndromic RP has been reported as listed on Ret-
inoGenetics (http://www.retinogenetics.otrg/).
About 30% of total reported mutations are
prevalent in RHO, USH2A4 and RPGK genes.

Available at:  http://ijph.tums.ac.ir

Ethnic variations, a set of responsible genes and
highly heterogeneous nature of RP indicates that
mutations in one population may not be the
common in other groups (27). Available data de-
picts that casual mutations in PLCE1 and HSP1
gene account very less for development of RP.
PLCE1 protein is an important enzyme which
indirectly regulates the retinal development. Simi-
larly, HSP1 is responsible for retinal pigment
storage and synthesis. Our data revealed that two
rare mutations in PLCET and HSP7 genes in two
unrelated Pakistani families have pathogenic af-
fect.

Conclusion

Identified two pathogenic mutations p.S469T in
PLCE1 and p.V4A in HPS7 genes are associated
with arRP. Exome sequence data filtration, com-
putational prediction and molecular dynamic
analysis can serve as a reference to evaluate the
association of causative mutations. Prevalence of
two mutations in unrelated RP families indicates
the potential synergistic effect of PLCE1 and
HSP1 molecules in RP development. This data
could be a valuable source for future investiga-
tions to explore the combined effect of multiple
mutations in genetic diseases.
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