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Absiract- Introduction: High-throughput sequencing facilitates
the diagnosis of Usher syndrome and other conditions
involving deafness and blindness that are genetically related,
with improvements not only in accurate diagnosis, time
savings, and genotype-phenotype correlation. Advances in
genomic sequencing also makes it possible to approach
isolated or remotely located populations with community
genetics methodologies.

Material and methods: A remotely located and highly
endogamic family with Usher syndrome with four affected
members were ascertained with USH, by one ophthalmologist
and several undergraduate medical students. Eye fundus
diagnostic and audiometry tests were made to the index
patient. Following an informed consent adapted application,
several family members were sampled for WES analysis. The
sequencing and detection of variants was also performed from
the sample of affected patients and from five healthy relatives,
by means of a multigenic panel based on exome.

Results: A pathogenic variant in the ADGRV1 NM_032119.4
€.6819dup T gene in homozygosity was identified in those
affected. This variant is a new mutation for this gene and it
causes an early stop codon NP_ 115495p.Ala2274Cysfs*4
that coincides with the familial segregation pattern of those
affected.

Conclusion: Whole exome sequencing allowed to identify a
new pathogenic variant for Usher Syndrome type 2C in an
inbred family located in a remote region of Colombia.

Keywords: usher syndrome, ADGRV1, usher syndrome
type 2C, autosomal recessive inheritance, inbreeding.

[. INTRODUCTION
is a rare autosomal

sher syndrome (USH)
recessive condition characterized by

degenerative vision, sensorineural hearing loss
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and, sometimes, vestibular dysfunction [1]. USH is
classified into four main types and at least 16 genes
have been implicated in their etiology.

High-throughput sequencing (HTS) and whole
exome sequencing (WES), are the preferred molecular
diagnostic tools for USH diagnosis, as well as for other
retinal dystrophies and hearing loss disorders in which
genetic heterogeneity is present [2]. HTS has made it

possible to identify candidate genes, pathogenic
variants,  genotype-phenotype  correlations,  rare
undiagnosed diseases and information on the

phenotypic spectrum of the disease [2].

This article presents as WES was performed to
evaluate and precisely diagnoses a highly inbred family
group affected by Usher type 2C syndrome, those who
had not been able to be adequately studied, because
they are located in a place of Colombia with scarce
health resources, near a low complexity hospital, in a
context of community genetics.

II. MATERIALS AND METHODS

a) Subjects

The index case (lll,2) was ascertained by
blindness and hearing loss into the hospital
departmental San Vicente de Paul de Garzén (Huila),
Colombia, the regional hospital facility located from the
family's habitual residence. A genealogy was
constructed showing that there were other affected
members in the place of origin (Ill,1 deceased, Il 4, IIl,6
and IV,1), including an inbreed union between siblings
with an affected child (Figure 1A). A team was then
organized with the ophthalmologist, undergraduate
medical students with the support from geneticists
located in a molecular genetics’ laboratory in the capital
city of Colombia. The team went to the nursing home
and Pitalito (Huila), and evaluate the rest of the affected
and healthy relatives. In summary, three more patients
were identified, evaluated and sampled, so, they did not
have any access to other additional functional tests.
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Figure 1A. Genealogical Tree
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Figure 1B. Index Patient right Figure 1C. Index Patient Tonal Audiometry
eye funduscopy
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Figure 1D. BAM Archives

Figure 1B. Index patient right eye funduscopy. Pink optic disc, with 0.2 excavation, with defined edges, attenuated I
retinal vessels of central emergence, speckled pattern with granulation of the retinal pigmented epithelium, presence
of bone spicules towards the equator, clear vitreous. Figure 1C. Tonal audiometry of the index case. Right ear:
anacusis. Left ear: severe sensorineural hearing loss. Figure 1D. BAM file showing the patient homozygous for the
mutant allele (US04) and homozygous for the Wild Type allele (US02).
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b) Diagnostic Tests

All  clinical evaluations, procedures and
diagnostic tests had the approval and signature of an
informed consent, accompanied by a witness. Given the

location of those affected, 1ll,2, lll,4, lll,6 and IV,1, only
diagnostic eye fundus tests were performed on (lll,2,
11,4, 11I,6 and IV,1), which data was shown (Figure 1B)
and/or audiometry on lII,2 (Table 1).

Table 1: Main Usher Syndrome Type 2A (USH2A) Clinical Features

USH2A AGE SEx USH MAIN ,SETFL%A(: FEATURES DEBUTING

AFFECTED BLINDNESS LOSS VESTIBULAR AGE

Uso4 (1ll-4) 68 F + + - CHILDHOOD

US05 (lll-6) 67 F + + CHILDHOOD "

CHILDHOOD - S

US06 (IV-1) 25 F + + ADOLESCENCE S

USso7 (Ill-2) 52 F + + + CHILDHOOD ;
c) Exome Sequencing and Data Analysis variants; and family segregation, assuming an

Genomic DNAs from four affected individuals autosomal recessive inheritance model.
(US04, US05, US06, US07) and four healthy relatives ~
(US01, US02, US03, US08) was extracted from whole [1I. RESULTS ;
blood using standard procedures. Sequencing libraries , , . , R
were prepared using 1.0 ug of genomic gDNA oer ' The pedigree identifies f[ve members who :
sample and the Agilent SureSelect Human All Exon kit mamfested USH, tWO,Of them were identified as hgalthy ©
(Agilent  Technologies, CA. USA) following carriers of the mutatlon for the ADQRW gene (F|gure z
manufacturer’'s recommendations. Briefly, genomic DNA 1A): Fou'r of the patlentg were interviewed to identify the ;
was fragmented by hydrodynamic shearing to generate clinical signs as shown in Table 1. , , , %
180-280 bp fragments. Next, overhang ends were , WES showed a new pathqgemc vqnant which ><
converted into blunt ends and 3’ ends were adenylated. was identified in those affected_wnh USH in .ADGRW £
Tren DA sgnens wee oot siater W 021104 0 51S0T g 1 emgnsi i
oligonucleotides, and these were enriched by PCR. ~ -
Exon capture was performed by hybridization using stqp_ codqn NP_115495p.AIa2_2_74Cysfs 4, . th?t >
biotin labeled probes and purification by the AMPure XP coincides with t_he pattem of familial segregation in =
system (Beckman Coulter, Beverly, USA). Finally, those affected (Figure 1C). . . 5
captured libraries were enriched in a PCR reaction and There were . no _cher_ pathogenic or - likely 5
index codes were added to each sample. Sequencing pathogenic variants .'de”“f'.ed n ADG.R.W and other g
was performed in an lllumina HiSeq 2500 equipment _Ushe_r_knqwn genes, in add|t|on, no modifier alleles were
generating paired-end reads. Library preparation and |dent|f|_ed in pther genes in the whole exome sequencing g
sequencing was carried out by Novogene (Beijing, analysis. Five homozygous ADGRVI NM_032119.4 5
China). c.65_319dupT NP_115495p.Ala_2274Cysfs*4 affected =

Raw reads were trimmed, and mapped to the patients in _the _present family _showed the same 9
human reference genome (GRCh37) using the Burrows- phenotype W'th b.||ndness and hearing loss, even thQUQh i
Wheeler  Aligner  v0.7.8-r455 (BWA) [3] (doi: there were I|m|ta_1t|ons Qf resources for the detailed visual 2
10.1093/bioin formatics/btp698). Duplicate reads were anql hearing diagnosis, for which  only tW.O affected RS
marked in BAM files with Picard v1.111 and variant patients were fesied because of their isolated =
calling was performed using the GATK v3.8 [4] (doi: geographic settlement. ;
10.1101/gr.107524.110). The percentage of reads IV. DISCUSSION =,
mapped to the reference genome for all the samples =
was above 99.9% and the fraction of the targeted region Usher syndrome (USH) is a clinically and =
covered with at least 10X was above 95%, for all genetically heterogeneous hereditary condition which is <
samples. Variant call format (VCF) files were annotated ~ Classified into four different main types, USH1, USH2,
and analyzed using the VarSeq v2.2.3 software. Variants USH3 and USH4, depending on the age of onset,
were filtered using a multigene panel: ADGRV1, ARSG,  severity, progression of the symptoms and the presence
CDH23, CIB2, CLRN1, CRTAC1, ESPN, HARS1, MYO7A, or absence of vestibular dysfunction [1]. USH also B

PCDH15, PDzD7, USH1C, USH1G, USH2A and WHRN;
minimum allele frequency (MAF)<0.01 according to
gnomAD genome and exome variant frequencies v2.1
[5] (doi:10.1038/s41586-020-03174-8); protein effect,
including missense, indels, frameshift and splicing site

presents genetic heterogeneity with at least 16 genes
involved and further into different subtypes: USH1 is
caused by the mutation of six different genes: MYO7A,
USH1C, CDH23, PCDH15, USH1G and CIB2; USH2 is
caused by the mutation of five genes USH2A, ADGRV1,
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WHRN, PDzD7 and DFNB37; USH3 is related with
mutation of two genes, CLRNT and HARS and USH4 is
caused by mutations in ARSG gene. In addition,
ABHD12 gene is related with hearing loss, retinitis
pigmentosa, cataracts and ataxia; CEP78 and CEP250
genes mutations causes two forms of cone-rod
dystrophy with hearing loss [6]. This genetic
heterogeneity implies difficulties in obtaining an
accurate diagnosis in USH and also in no syndromic
hearing loss and no syndromic retinitis pigmentosa
forms [6], and the adequate correlation between the
genotype and the phenotype. USH also has digenic,
biallelic and polygenic inheritance, which adds difficulty
to establish the precise diagnosis [6].

USH and other related conditions and their
clinical and genomic heterogeneity requires a
multidisciplinary team supported by complex laboratory
equipment at fixed laboratory facilities, and
sophisticated analysis to establish a precise diagnosis,
to understand genotype-phenotype correlations and
other particular issues for a rare disease. Genomic
medicine helps us to shortcut those questions and WES
analysis is ideal in cases with wide clinical and genetic
variability, particularly in cases with real or relative
geographical isolation or when it is impossible or difficult
to evaluate several patients at the same time and collect
all data and diagnostic tests of a sensory type
(ophthalmological and auditory). In the present inbreed
familial case, genomic analysis by means of WES in a
community context, through the taking of blood samples
from those affected and relatives, quickly allowed
obtaining the accurate diagnosis of USH2C in a short
period of time, highlighting how DNA sequencing
technologies are simplifying and accelerating genetic
diagnosis.

USH type 2 (USH2) is the most frequent
subtype and to date, three causative genes have been
identified: USH2A, WHRN and ADGRV1, respectively
causing USH2A, USH2B, USH2C and USH2D. The.
ADGRV1 gene has mutations in 6 to 19 % of subtype 2
cases [7].

In the present study, a highly inbred family with
five affected individuals of both genders with USH2C
was identified: nine people were clinically examined:
four women were affected, with three of them presenting
progressive sensorineural hearing loss and retinitis
pigmentosa; one, in addition, presented vestibular
alterations evidenced by vertigo and gait impairment
(Table 1), with which the diagnosis of USH2C was
proposed. In addition, attention was paid to a first
degree inbred union in which the parents and the
daughter showed homozygosity for the ADGRV1 and
USH2C gene mutation with USH2C. Directed exome
sequencing study with an Usher syndrome panel rapidly
showed a new pathogenic variant in the ADGRV1 gene,
confirming not only the accurate diagnosis of the Usher
Syndrome subtype, but also the number affected for a

© 2023 Global Journals

family in a small village of Colombia; a fact that surely as
a result of geographic isolation, facilitated the intrafamily
unions observed in the genealogy.

The ADGRV1 gene codifies an adhesion protein
that bines to the V1 receptor of the G- protein which is
part of the superfamily of polypeptides coupled to G-
protein and expressed in the central nervous system.
The ADGRV1 protein functions as a transmembrane
receptor with seven domains whose function is
conducting the normal stereociliary development in the
ear [8]. In the eye, the protein is involved in the growth of
retinal photoreceptors [7]. Mutations in this gene have
been related to four phenotypes: Usher syndrome type
2C with autosomal recessive inheritance, such as the
present familial case; Usher syndrome type 2C, along
with a polymorphism in the PDZ7 gene in biallelic
digenic inheritance, autosomal dominant isolated
sensorineural deafness and familial febrile seizure
syndrome type 4 of autosomal dominant inheritance [9-
12] ADGRV1 NM 032119.4 ¢.6819dupT gene in
homozygosis, which is a new mutation for this gene and
it causes an early stop codon NP_115495p.
Ala2274Cysfs*4. WES analysis rapidly showed they
differ because in USH type |, hearing loss is congenital
and profound, with absence of vestibular functions and
progressive retinitis pigmentosa with onset in childhood;
USH type Il has moderate to severe sensorineural
hearing loss and retinitis pigmentosa with onset in the
second decade of life; on the other hand, USH type Il
presents progressive sensorineural hearing loss and
retinitis pigmentosa with onset in the second decade of
life and variable vestibular dysfunction

Next-generation sequencing identified a new
pathogenic variant in the gene ADGRV1 NM _032119.4
€.6819dupT in homozygosity which caused an early
stop codon NP_115495 p.Ala2274Cysfs*4, which
predicts the synthesis of a short and possibly aberrant
protein that affects the function of the G- protein
complex.

In summary, a highly inbred family, located in a
remote part of Colombia was identified with a
pathogenic variant in the ADGRV1 gene which causes
USH2C in a fast way and with few resources of medical
infrastructure. In addition, a new mutation was found for
this gene. Emphasis is given to the usefulness of next-
generation sequencing for a rapid solution and
diagnosis of difficult cases.

V. CONCLUSIONS

Next -generation sequencing is a useful tool to
identify mutations and in the rapid and accurate
diagnosis of rare diseases such as Usher Syndrome
type 2C in remote places, that also was able to be
discovered because this family had a highly inbred
factor between them, which allowed a new mutation of a
recessive syndrome to take place in their genomics.
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