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Abstract

The inherited retinal disorders are very difficult to classify due to their pro-
gressive nature and similar clinical symptoms. In this report we have demonstrated
differential diagnosis of retinal diseases that would otherwise not have been sus-
pected based on the nonspecific clinical presentation in a patient of Western Asia
origin. He was clinically diagnosed as Retinitis Pigmentosa. We observed two
pathogenic mutations associated with Bietti crystalline dystrophy (BCD) and cone-
rod dystrophy 13 (CORD13) respectively. Based on the Whole exome sequenc-
ing (WES) results, we demonstrated that patient carries mutation of CYP4)2 gene,
which might lead to BCD in autosomal homozygous recessive state. WES enabled
the identification and differentiation of inherited retinal diseases, which otherwise
would have been misdiagnosed. WES not only enhances our present understand-
ing of genetic basis of retinal disorders but also provides insight to carry out fur-
ther investigation for similar cases. Therefore, WES has very good clinical utility
and clinical significance in the differential molecular diagnosis of genetic diseases.
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Introduction

Retinal diseases are complex forms of inherited disor-
ders that worsen at different rates in each eye, and the severi-
ty and progression of symptoms varies widely among affected
individuals, even within the same family. The most common
forms of inherited retinal degenerative diseases are Retinitis
Pigmentosa (RP), Muscular Degeneration and Usher syndrome.
The inherited retinal diseases are classified depending upon the
region in the eyes damaged by disease namely choroid (Cho-
roideremia), retinal pigment epithelium (RPE, Best’s disease),
photoreceptor outer segments (Stargardt’s disease, Cone-rod

dystrophies, Bietti’s crystalline dystrophy), and bipolar and
Mueller cells (X-linked retinoschisis). Inherited retinal diseases
affect in various ways such as central retina (Best’s disease and
Stargardt’s disease) or generalized (cone-rod dystrophies and
Bietti’s crystalline dystrophy).

Bietti crystalline dystrophy (BCD) is an autosomal re-
cessive disorder in which numerous small, yellow or white crys-
tal-like deposits of fatty (lipid) compounds accumulate in the
light-sensitive tissue that lines the back of the eye (the retina).
The deposits damage the retina, resulting in progressive vision
loss. Clinical symptoms of affected patients are decreased vision,
night blindness, visual field constriction and progressive vision
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loss between third and fourth decade of life. It causes complete
blindness in fifth and sixth decades of patient’s lifet>¥. Cone-
rod dystrophies (CORD) are a group of pigmentary retinopa-
thies. Primary defect is in the cone photoreceptors, responsible
for both central and color vision followed by rod photoreceptor
degeneration leading to night blindness™..

Progressive vision loss and degeneration of the retinal
pigment epithelium (RPE)/choroid are the symptoms similar to
most forms of retinal degeneration that are categorized under
RP. Due to similar clinical phenotypes, many advance cases of
BCD have been misdiagnosed as RPPL.

Case Report

A specific case of 47 years old man of Western Asia
region was clinically diagnosed as RP by the clinician because
of typical clinical symptoms, namely, decreased night and day
vision in each eye that was exhibiting progression over years.
The patient’s blood report indicated elevated levels of cholester-
ol and triglycerides. The clinician approached Xcelris Labs Ltd.
for genetic analysis using Whole Exome Sequencing (WES).
We confirmed the availability of patient consent form for genetic
analysis with the Clinician in the hospital records.

The genomic DNA was extracted from patient’s blood
sample. WES was carried out using Illumina Nextera rapid cap-
ture exome kits, which covers ~ 37 Mb to 44 Mb targeted re-
gion. WES generated 6.0 GB of data that provided about 150X
sequencing coverage. Mean coverage of captured regions was
99% and mapping percentage was found to be 99.5% on the tar-
geted region against Human reference genome Hgl9 GrCh37
(https://genome.ucsc.edu/). Variant filtration was carried out in
order to get high confidence mutation, namely, more than 99%
of accuracy, more than 20 of minimum base quality, > 20 read
depth and more than 5 of variant confidence.

Total of 30,275 single nucleotide polymorphisms
(SNPs) and 1,690 Indels were identified. Out of these about 211
SNPs and 21 Indels were associated with 70 genes related to RP.
Two pathogenic mutations without any assertion criteria were
observed related to inherited retinal disorders (Figure 1 & 2). We
detected rs1055138 a homozygous pathogenic mutation in CY-
P4V2 gene (cytochrome P450, family 4, subfamily V, polypep-
tide 2) associated with autosomal recessive BCD, a progressive
vision loss caused by deposition of small, yellow or white crys-
tal-like deposits of fatty (lipid) compounds accumulating in the
light-sensitive tissue that lines the back of the eye damaging the
retinal®. Another heterozygous pathogenic mutation without any
assertion criteria rs10151259 in RPGRIP1 gene (retinitis pig-
mentosa GTPase regulator interacting protein 1 ) was observed
to be associated with autosomal recessive Cone-rod dystrophy
13 (CORD13), loss of central vision, color vision defects, lat-

Table 1: Observed Sequence Variants.

er followed by progressive loss in peripheral vision and night
blindness. The details of genes and SNPs are presented in (Ta-
ble). We also identified 27 benign mutations, which were asso-
ciated with Non-syndromic RP, Usher syndrome, Bardet-Biedl
syndrome and Stargardt disease.

Figure 1: Representing IGV view of the mutation rs1055138 in the
patient sample.

Figure 2: Representing IGV view of the mutation rs10151259 in the
patient sample.

Gene Chromosome | DNA change | Protein change | dbSNP rsID | Association Disease Inheritance | Zygosity
CYP4V2 |4 c.64C>G p.L22V rs1055138 Bietti crystalline dystrophy®”! | Autosomal | Homozygous
recessive (GG)
RPGRIP1 | 14 c.1639G>T | p.A547S rs10151259 | Cone rod dystrophy 13 Autosomal Heterozygous
recessive (G
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Discussion

BCD is a rare autosomal recessive disease caused by
mutation of the CYP4V2 gene and characterized by retinal de-
generation leading to progressive vision loss. There are many
biochemical findings which indicate systemic abnormalities of
lipid metabolism in patients with BCD. BCD has been described
as a progressive disease which may also affect the colour vi-
sion!”81. BCD is said to be rare worldwide, but ~3% of all non-
syndromic RP and ~10% of nonsyndromic autosomal recessive
RP is reported™®. Based on the genetic findings it seems that the
patient might be in advanced stages of BCD. There might have
been misdiagnoses as RP, due to few phenotypic symptoms
like severe visual loss, extensive chorioretinal atrophy, pigment
deposition and minimal crystals®!.

In the present study, we identified two pathogenic mu-
tations without any assertion criteria in the patient, one each for
BCD and CORDI3. As cone rod dystrophy shows autosomal
recessive pattern of inheritance i.e. one copy of the mutant allele
is present, in this case the individual is a carrier of the mutation,
but does not develop the condition. So, it is suspected that the
patient is a carrier for cone rod dystrophy and will not develop
any symptoms due this disease. Based on the WES results, we
confirmed that patient carries mutation in CYP4V2 gene, which
might lead to BCD in autosomal homozygous recessive state. It
has been found in earlier studies that BCD disease due to its pro-
gressive nature of the disorder leads to central vision loss, con-
traction of the visual field and affects the colour vision also™>7*1.
There are a lot of different phenotypes among BCD with severi-
ty and rate of progression.

Conclusion

Understanding the genetic variants provides appealing
insights into the human disease for prevention strategies, diag-
nostic applications, patient management and therapeutic meth-
ods. In this study, WES has helped in the identification of mu-
tations to classify clinical phenotypes, which otherwise would
have been misdiagnosed owing to the overlapping phenotypic
symptoms of other inherited retinal disorders. More use of WES
in inherited retinal disorders will continue to expand the pheno-
type of genetic syndromes.
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