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Abstract

Background: Genetic eye diseases (GEDs) comprise a heterogeneous group of hereditary
and de novo disorders that involve all ocular structures, including the retina, optic nerve,
vitreous, anterior segment, and ocular development. Their marked clinical and genetic
heterogeneity frequently delays diagnosis and access to genetic counseling, multidisci-
plinary management, and emerging gene-based therapies. Although ophthalmic deep
phenotyping remains essential, we propose an approach that prioritizes genetic analy-
sis, particularly in under-resourced healthcare settings with limited access to advanced
imaging and electrophysiological tests. Methods: We conducted a retrospective obser-
vational study of 101 consecutive patients with suspected genetic eye diseases. All were
evaluated at a tertiary referral center in northeastern Mexico between January 2020 and
August 2023 through comprehensive ophthalmologic examination supplemented by opti-
cal coherence tomography, visual-field testing, and fundus photography when clinically
indicated. All patients were offered early molecular testing while awaiting future tests,
such as electrophysiological testing or further referral visits. Molecular testing consisted
of an ophthalmology-focused next-generation sequencing multigene panel. Results: The
primary outcome was molecular diagnostic yield. A clinically actionable molecular di-
agnosis was established in 45 patients, corresponding to an overall molecular diagnostic
yield of 44.6%. A total of 165 variants were identified, including 70 pathogenic, 16 likely
pathogenic, 43 variants of uncertain significance, and 36 likely benign variants. Usher syn-
drome was the most frequent molecular diagnosis (10/45, 22.2%), comprising nine patients
with USH2A-associated Usher syndrome type 2 and one patient with MYO7A-associated
Usher syndrome type 1B, followed by Stickler syndrome (8/45, 17.8%), oculocutaneous
albinism (3/45, 6.7%), and Alstrém syndrome (2/45, 4.4%). Autosomal recessive disorders
represented the predominant inheritance pattern (68.9%). Conclusions: Our findings sup-
port ophthalmology-focused multigene panels as an effective first-line diagnostic strategy
for patients with suspected genetic eye diseases. Early molecular testing may shorten
the diagnostic odyssey, optimize resource utilization, facilitate precision diagnosis and
genetic counseling, and guide future targeted deep phenotypic evaluation, prognosis, and
eligibility for emerging gene-specific therapies.
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1. Introduction

Genetic eye diseases (GEDs) comprise a broad and highly heterogeneous group of
disorders affecting all ocular structures, including the retina, optic nerve, vitreous, lens,
anterior segment, and ocular development. Although individually rare, these conditions
collectively represent a major cause of childhood blindness and irreversible visual impair-
ment in young adults. Their clinical burden extends beyond vision loss because many GEDs
are syndromic and may involve hearing impairment, neurological disease, renal abnormali-
ties, skeletal manifestations, or multisystem dysfunction. An accurate molecular diagnosis
is therefore essential for comprehensive management and genetic counseling [1-4].

Advances in genomic medicine have substantially expanded our understanding of
the molecular basis of ocular disorders. Hundreds of genes have been implicated in GEDs,
encompassing all Mendelian inheritance patterns as well as de novo pathogenic variants.
This genetic heterogeneity is accompanied by phenotypic overlap, incomplete penetrance,
and variable expressivity, which often complicate purely clinical diagnosis. Conversely,
pathogenic variants in the same gene may produce distinct phenotypes, whereas clini-
cally similar disorders may result from variants in different genes. These complexities
have shifted ophthalmic genetics from an exclusively phenotype-driven discipline toward
an integrated genotype—-phenotype approach in which molecular testing plays a central
diagnostic role [2,5-8].

Inherited retinal dystrophies (IRDs) constitute the largest and most extensively studied
subgroup of GEDs. However, ophthalmology clinics evaluate a broader spectrum of
conditions, including inherited optic neuropathies, vitreoretinal disorders, congenital ocular
malformations, developmental anomalies, albinism, anterior segment dysgenesis, and
syndromic ciliopathies. Restricting testing to narrow disease-specific panels based solely
on the initial clinical impression may therefore miss atypical presentations and disorders
with overlapping phenotypes. Comprehensive ophthalmology-focused multigene panels
provide simultaneous assessment of genes associated with diverse ocular phenotypes while
retaining high analytical sensitivity and practical clinical applicability [5,9-15].

The widespread implementation of next-generation sequencing (NGS) has trans-
formed the diagnostic approach to GEDs. Targeted multigene panels offer strong diagnos-
tic performance, lower cost, shorter turnaround times, and more focused interpretation
than broader genomic approaches, making them suitable first-line tests in routine practice.
Studies from Europe and Asia have reported molecular diagnostic yields of approxi-
mately 40-70%, depending on cohort composition, pre-test phenotyping, and sequencing
strategy [9-15]. Mexican cohorts have similarly demonstrated the clinical value of NGS
while revealing population-specific variant spectra and expanding the molecular landscape
of ophthalmic genetic disorders in Latin America [16-18].

Traditional diagnostic pathways often emphasize extensive phenotypic character-
ization before molecular testing, including multimodal retinal imaging, optical co-
herence tomography (OCT), fundus autofluorescence, visual field testing, and visual
electrophysiology [19-21]. These investigations provide essential structural and functional
information; however, access to advanced imaging and standardized electrophysiological
testing remains limited in many under-resourced healthcare systems. Requiring comple-
tion of every specialized study before genetic testing may prolong the diagnostic odyssey,
delay genetic counseling and multidisciplinary evaluation, and postpone identification of
patients who may benefit from gene-specific therapies.

A comparable evolution has occurred in inherited neuromuscular disorders, where
NGS-based testing has increasingly moved earlier in the diagnostic pathway and may
reduce reliance on invasive muscle biopsy or extensive electrophysiological studies before
molecular confirmation. Functional and pathological investigations are now more often
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used selectively in unresolved cases or to refine disease severity, prognosis, and genotype—
phenotype correlations [22-24]. We hypothesized that a similar pragmatic paradigm could
be applicable to GEDs, particularly in healthcare settings with limited access to advanced
electrophysiological investigations and repeated specialist visits.

Therefore, this study aimed to evaluate the clinical utility and molecular diagnostic
yield of an ophthalmology-focused multigene panel used as a first-line diagnostic strategy
in consecutive patients with suspected genetic eye diseases evaluated in routine practice
at a tertiary referral center in northeastern Mexico. We also sought to characterize the
molecular spectrum of disease in this population.

2. Materials and Methods
2.1. Study Design and Patient Population

This retrospective observational study was conducted at the Department of Medical
Genetics in collaboration with the Department of Ophthalmology at the University Hospital,
Universidad Auténoma de Nuevo Leén, Mexico. The study protocol was approved by
the institutional Research and Ethics Committee and was performed in accordance with
the Declaration of Helsinki and national regulations governing research involving human
participants (Approval No. GN23-00001).

Consecutive patients referred from the Department of Ophthalmology between Jan-
uary 2020 and August 2023 with clinical suspicion of a genetic eye disease were considered
eligible for inclusion. Patients of any age or sex were included provided they completed
both the ophthalmologic evaluation and molecular genetic testing using the institutional
ophthalmology-focused multigene panel. Patients with incomplete clinical information or
without molecular testing were excluded from the analysis.

The study was designed to reflect routine clinical practice in a tertiary referral center,
where patients are evaluated based on clinical suspicion and broad disease categories.
Consequently, the cohort included individuals with a broad spectrum of ocular pheno-
types involving retinal, optic nerve, vitreoretinal, anterior segment, developmental, and
syndromic disorders.

2.2. Clinical Evaluation

All patients underwent a comprehensive ophthalmologic assessment performed by
ophthalmologists experienced in the evaluation of genetic eye diseases. Clinical evaluation
included a detailed personal and family history, pedigree construction when appropriate,
best-corrected visual acuity, slit-lamp biomicroscopy, dilated fundus examination, and
additional ophthalmic investigations according to clinical indication and local availability.

Complementary ophthalmic investigations were performed according to clinical indi-
cation and local availability and included optical coherence tomography (OCT), fundus
autofluorescence (FAF), visual field testing, and fundus photography. Full-field elec-
troretinography, when available, was performed in accordance with current International
Society for Clinical Electrophysiology of Vision (ISCEV) standards [21]. Electrophysio-
logical testing was rarely completed before panel testing and was generally reserved for
unresolved cases, patients with variants of uncertain significance, or situations requiring
additional functional characterization. These examinations were not mandatory for inclu-
sion, reflecting the real-world setting in which access to specialized ophthalmic testing
is limited.

Following ophthalmologic evaluation, all patients were referred to the Department of
Medical Genetics, where clinical findings, family history, inheritance patterns, and available
ancillary studies were integrated to determine the indication for molecular testing and to
perform genotype-phenotype correlation after sequencing.
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2.3. Molecular Genetic Analysis

Peripheral blood samples were obtained after written informed consent, and genomic
DNA was extracted using standard laboratory procedures.

All patients underwent next-generation sequencing using a commercially available
ophthalmology-focused multigene panel specifically designed for the molecular diagnosis
of genetic eye diseases. The panel included more than 300 genes associated with inherited
retinal disorders, optic neuropathies, vitreoretinal diseases, anterior segment dysgenesis,
ocular developmental anomalies, albinism, ciliopathies, syndromic ophthalmic disorders,
and other hereditary ocular conditions (Supplementary Table S1).

Target enrichment was performed using hybridization-based capture followed by
paired-end sequencing on an Illumina platform. The assay achieved an average depth
of coverage of at least 50 across targeted regions and was designed to detect single-
nucleotide variants and small insertions/deletions in coding exons and flanking in-
tronic regions. Copy-number variants, including exon-level deletions and duplications,
were assessed using validated read-depth algorithms incorporated into the bioinformatic
pipeline [25].

Sequence reads were aligned to the GRCh37/hg19 human reference genome. Popula-
tion allele frequencies were assessed using gnomAD, ExAC, dbSNP, and disease-specific
databases, including ClinVar and the Human Gene Mutation Database (HGMD), together
with available peer-reviewed literature to support variant interpretation.

An ophthalmology-focused multigene panel was selected as the primary molecu-
lar diagnostic strategy because it provides comprehensive coverage of genes currently
associated with genetic eye diseases while offering lower cost, simplified interpretation,
and shorter turnaround time compared with broader genomic approaches. This strategy
reflects routine clinical practice in our institution and was considered particularly suit-
able for evaluating its implementation as a first-line diagnostic test in an under-resourced
healthcare setting.

2.4. Variant Interpretation

All identified sequence variants were interpreted according to the joint recommenda-
tions of the American College of Medical Genetics and Genomics and the Association for
Molecular Pathology (ACMG/AMP) [26]. Variants were classified as pathogenic, likely
pathogenic, of uncertain significance, likely benign, or benign.

Only pathogenic and likely pathogenic variants were considered diagnostic. Variants
of uncertain significance were evaluated in the context of the patient’s phenotype, inheri-
tance pattern, in silico prediction tools, and available published evidence. When a VUS was
identified in trans with a pathogenic variant in genes associated with autosomal recessive
disorders and demonstrated strong genotype-phenotype concordance, its potential clinical
relevance was considered during multidisciplinary case discussion; however, classification
remained consistent with ACMG/AMP recommendations.

Molecular diagnoses were established only when the identified variants adequately
explained the patient’s clinical phenotype according to the expected inheritance pattern
and current evidence supporting disease causality.

2.5. Outcome Measures

The primary outcome of the study was the molecular diagnostic yield, defined as the
proportion of patients in whom the ophthalmology-focused multigene panel established a
definitive molecular diagnosis consistent with the clinical phenotype.

Secondary outcomes included characterization of the molecular spectrum of ge-
netic eye diseases identified within the cohort, distribution of disease-causing genes,
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ACMG/AMP variant classification, inheritance patterns, zygosity, frequency of heterozy-
gous carriers of autosomal recessive disorders, and characterization of unresolved cases.
These outcome measures were selected to evaluate not only the diagnostic performance
of the multigene panel but also its clinical applicability in a heterogeneous population
representative of routine ophthalmic genetics practice.

2.6. Statistical Analysis

Descriptive statistical analyses were performed using IBM SPSS Statistics version
25 (IBM Corp., Armonk, NY, USA). Continuous variables were summarized as means,
medians, ranges, and standard deviations where appropriate, whereas categorical variables
were reported as frequencies and percentages.

The distribution of molecular diagnoses, disease-associated genes, inheritance pat-
terns, zygosity, and variant classifications was analyzed descriptively. Age at clinical
evaluation and age at symptom onset were summarized to characterize the study pop-
ulation. Given the observational nature of the study, no inferential statistical analyses
were performed.

3. Results
3.1. Study Population

A total of 101 consecutive patients with suspected genetic eye diseases were included
between January 2020 and August 2023. All patients completed the institutional diagnostic
workflow, consisting of ophthalmologic evaluation followed by molecular analysis using
an ophthalmology-focused multigene panel.

The cohort comprised 58 males (57.4%) and 43 females (42.6%). Age at evaluation
ranged from birth to 88 years, with a mean of 36.5 years and a median of 37 years. Adults
(>18 years) represented 54.5% (n = 55) of the study population, whereas pediatric patients
accounted for 45.5% (n = 46).

The study population reflected the broad spectrum of patients evaluated in a tertiary
ophthalmic genetics clinic rather than a single disease category. The most common re-
ferral diagnoses included inherited retinal dystrophies, bilateral retinal detachment with
suspected collagen disorder, optic atrophy, nystagmus, and foveal hypoplasia (Table 1),
illustrating the marked clinical heterogeneity of GEDs.

Table 1. Demographic and Clinical Characteristics of the Study Cohort.

Characteristic Value
Total patients 101
Male, 11 (%) 58 (57.4)
Female, 1 (%) 43 (42.6)
Mean age, years 36.5
Median age, years 37
Age range Newborn-88 years
Adults (>18 years), 1 (%) 55 (54.5)
Pediatric patients (<18 years), 1 (%) 46 (45.5)
Most frequent referral diagnosis Inherited retinal disorder

Bilateral retinal detachment, optic nerve

Other common referral diagnoses atrophy, nystagmus, foveal hypoplasia

Baseline demographic and clinical characteristics of patients with suspected genetic eye diseases. Data
are presented as number (%) unless otherwise indicated. Patients were consecutively referred from
the Department of Ophthalmology to the Department of Medical Genetics for molecular evaluation.
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3.2. Molecular Diagnostic Yield

Molecular analysis identified a total of 165 sequence variants across the study cohort.
According to ACMG/AMP criteria, 70 variants (42.4%) were classified as pathogenic,
16 (9.7%) as likely pathogenic, 43 (26.1%) as variants of uncertain significance (VUS), and
36 (21.8%) as likely benign (Figure 1).

. Pathogenic
2 1_8% 42.4% (70)
(&19))
. Variants of Uncertain
Significance (VUS)
26.1% (43)
26.1% - Likely Pathogenic
(43) 9.7% (16)
- Likely Benign
21.8% (36)
Total variants: 165 ]

Figure 1. Classification of genetic variants identified in the study cohort according to the ACMG/AMP
guidelines. A total of 165 variants were identified. Variants were classified as pathogenic (42.4%),
likely pathogenic (9.7%), variants of uncertain significance (VUS) (26.1%), and likely benign (21.8%),
following the American College of Medical Genetics and Genomics/Association for Molecular
Pathology recommendations.

Overall, the ophthalmology-focused multigene panel established a clinically actionable
molecular diagnosis in 45 of 101 patients, corresponding to an overall molecular diagnostic
yield of 44.6%. In addition, 18 individuals (17.8%) were identified as heterozygous carriers
of pathogenic variants associated with autosomal recessive disorders, providing clini-
cally relevant information for reproductive counseling despite the absence of a definitive
molecular diagnosis.

3.3. Molecular Spectrum of Genetic Eye Diseases

The molecular diagnoses identified in this cohort encompassed a wide spectrum of ge-
netic eye diseases. Usher syndrome was the most frequent molecular diagnosis, accounting
for 22.2% (10/45) of molecularly confirmed cases, comprising nine patients with USH2A-
associated Usher syndrome type 2 (20.0%) and one patient with MYO7A-associated Usher
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syndrome type 1B (2.2%). Stickler syndrome accounted for 17.8% (8/45) of confirmed diag-
noses, including five patients with COL2AI-associated Stickler syndrome type 1 (11.1%)
and three with COL11Al-associated Stickler syndrome type 2 (6.7%). Oculocutaneous
albinism represented 6.7% (3/45) of confirmed diagnoses, including two patients with
OCA2-associated oculocutaneous albinism type 2 (4.4%) and one with TYR-associated
oculocutaneous albinism type 1 (2.2%). Alstrém syndrome was identified in two patients
(4.4%) with pathogenic variants in ALMS1. Detailed patient-level genotype and associ-
ated phenotype information, including transcript, detected variant(s), zygosity, phase,
inheritance pattern, and molecular diagnosis, is provided in Supplementary Table S2.

Less frequently identified conditions included inherited optic neuropathies, cone—
rod dystrophy, Leber congenital amaurosis, vitreoretinopathies, anterior segment dys-
genesis, Wolfram syndrome, X-linked retinoschisis, Traboulsi syndrome, and other rare
hereditary ophthalmic disorders, illustrating the broad diagnostic scope achieved by the
ophthalmology-focused multigene panel (Table 2).

Table 2. Molecular Spectrum of Genetic Eye Diseases Identified in the Cohort.

S N
M.oleculgr Major Gene(s) Patients (n) o of.Conﬁrmed Inheritance
Diagnosis Diagnoses

Usher syndrome USH2A, MYO7A 10 22.2 AR

Stickler syndrome COL2A1, COL11A1 8 17.8 AD

Oculocutaneous OCA2, TYR 3 6.7 AR
albinism

Alstrom syndrome ALMS1 2 4.4 AR

ABCA4, ACO2, ASPH, BBS7, BESTI,
Other geneti CERKL, CNGB1, COL18A1,
¢ d.ge cuceye CPAMDS, LRP5, NDUFS4, 22 48.9 AR/AD/XL
1seases NMNAT1, OPA1, OTX2, PROM1,
PRPH?2, RPE65, RS1, TTLL5, WFS1
Total — 45 100 —

Molecular diagnoses are presented as mutually exclusive categories among the 45 patients with a
confirmed molecular diagnosis. The Usher syndrome group includes nine patients with USH2A-
associated Usher syndrome type 2 and one patient with MYO7A-associated Usher syndrome type 1B.
Stickler syndrome includes five COL2A1-associated type 1 cases and three COL11AI-associated type
2 cases. Oculocutaneous albinism includes two OCA2-associated type 2 cases and one TYR-associated
type 1 case. The “other genetic eye diseases” category comprises individually uncommon molecular
diagnoses. AD, autosomal dominant; AR, autosomal recessive; XL, X-linked. Detailed patient-level
genotype—-phenotype data are provided in Supplementary Table S2.

3.4. Variant Spectrum, Inheritance Patterns, and Zygosity

Autosomal recessive disorders represented the predominant inheritance pattern, ac-
counting for 68.9% (31/45) of all molecular diagnoses, followed by autosomal dominant
disorders (28.9%, 13/45) and X-linked disease (2.2%, 1/45).

Regarding zygosity, compound heterozygous variants confirmed in trans were identi-
fied in 48.9% (22/45) of molecularly diagnosed patients. Heterozygous pathogenic variants
accounted for 28.9% (13/45), homozygous pathogenic variants for 20.0% (9/45), and one in-
dividual (2.2%) had a hemizygous pathogenic variant associated with X-linked inheritance.
Detailed patient-level variant information is provided in Supplementary Table S2.

Analysis of variant type demonstrated that missense variants were the most common
molecular consequence, representing approximately half of all disease-causing variants,
followed by nonsense variants, splice-site alterations, and small insertions/deletions.
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3.5. Unresolved Cases

Despite comprehensive analysis using the ophthalmology-focused multigene panel,
18 patients (17.8%) remained without a definitive molecular diagnosis. Most unresolved
cases presented clinical phenotypes compatible with inherited retinal disorders, including
retinitis pigmentosa, Usher syndrome, Bardet-Biedl syndrome, cone-rod dystrophy, optic
atrophy, and oculocutaneous albinism.

Several unresolved patients harbored variants of uncertain significance or single
heterozygous pathogenic variants in genes associated with autosomal recessive disorders,
precluding definitive molecular confirmation according to current ACMG/AMP criteria.
These findings highlight the inherent limitations of current knowledge regarding variant
interpretation rather than analytical performance of the sequencing assay.

Although additional approaches such as whole-genome sequencing, transcriptome
analysis, long-read sequencing, or periodic variant reinterpretation may ultimately resolve
a proportion of these cases, the present results show that ophthalmology-focused multigene
panels establish a clinically actionable diagnosis in a substantial proportion of patients with
suspected genetic eye diseases encountered in routine practice.

4. Discussion

In this study, an ophthalmology-focused multigene panel achieved a clinically ac-
tionable molecular diagnostic yield of 44.6% in a heterogeneous cohort of patients with
suspected genetic eye diseases evaluated under real-world clinical conditions. More im-
portantly, our findings support the use of comprehensive multigene panels as an effective
first-line diagnostic strategy, particularly in healthcare systems where access to advanced
ophthalmic phenotyping is limited [5-15].

The molecular diagnostic yield observed in our cohort is consistent with findings from
international studies using targeted next-generation sequencing for hereditary ophthalmic
disorders. Reported diagnostic yields range from approximately 40% to 70%, depending
on patient selection, phenotype definition, sequencing strategy, and variant interpretation
criteria (Table 3) [9-18]. Previously published Mexican cohorts have reported somewhat
higher diagnostic rates, largely reflecting more phenotypically selected populations be-
cause most focused on highly selected patients with inherited retinal dystrophies after
extensive pre-test phenotyping. In contrast, our cohort intentionally included consecutive
patients with a broad range of suspected GEDs, including retinal dystrophies, inherited op-
tic neuropathies, vitreoretinal disorders, developmental ocular anomalies, anterior segment
disease, albinism, and syndromic conditions. Our findings therefore represent the perfor-
mance achievable in routine tertiary clinical practice rather than in a narrowly selected
disease-specific cohort.

Despite differences in cohort composition, the molecular spectrum identified in our
study paralleled previous Mexican and international reports. USH2A was the most
frequently implicated individual gene, accounting for 9 of 45 molecularly confirmed
cases (20.0%), consistent with its established contribution to inherited retinal disease
across diverse populations [9-18]. The predominance of autosomal recessive inheri-
tance and the identification of Stickler syndrome and oculocutaneous albinism were
also concordant with prior observations. These findings reinforce the reproducibility
and clinical utility of ophthalmology-focused multigene panels across populations and
healthcare systems.

A principal strength of this study is the incorporation of molecular testing into a
real-world diagnostic workflow. Patients were referred according to clinical suspicion
of a GED rather than after exhaustive electrophysiological characterization. Detailed
phenotyping—including OCT, FAF, visual fields, and electrophysiological testing—remains
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essential for disease classification, functional assessment, prognosis, and genotype—
phenotype correlation [19-21]. Nevertheless, these investigations require specialized infras-
tructure and expertise that are not universally available.

Table 3. Comparison of Molecular Diagnostic Studies Using Next-Generation Sequencing in Genetic

Eye Diseases.

Diagnostic Main Clinical
Study Country Cohort (n) Yield Molecular Approach Contribution
Jespersgaard et al., o Large national retinal
2019) [9] Denmark 677 48.0% Targeted NGS panel dystrophy cohort
Colombo et al., o Nonsyndromic RP
2021 [10] Italy 591 55.2% Targeted NGS and Usher syndrome
Liu et al., 2021 [12] China 800 families 60.1% Comprehensive Large nonsyndromic
genetic testing IRD cohort
United Broad developmental
Patel et al., 2019 [15] . 1234 51.0% Oculome panel and genetic eye
Kingdom :
disorders
Zenteno et al., . o Mexican IRD
2020 [16] Mexico 143 66.0% Targeted NGS panel molecular spectrum
Villanueva- .
Mendoza et al., Mexico 144 72.9% 364-gene panel EXF;B?;: dl\s/I;xtan
2021 [17] 1%
Villafuerte-de la . N Northeastern Mexican
Cruz et al.,, 2024 [18] Mexico 126 74.6% 293-gene panel IRD cohort
Ophthalmology- Real-world
Present study Mexico 101 44.6% focused multigene heterogeneous GED
panel cohort

Diagnostic yield was defined according to each publication and may not be directly comparable
because of differences in patient selection, phenotype composition, sequencing strategy, bioinformatic
pipelines, and variant interpretation. GED, genetic eye disease; IRD, inherited retinal dystrophy; NGS,
next-generation sequencing; RP, retinitis pigmentosa. The present study evaluated ophthalmology-
focused panel testing across a broad, heterogeneous spectrum of suspected genetic eye diseases in
routine tertiary practice.

In Mexico and other middle-income settings, standardized electrophysiological testing
may be unavailable at some referral centers or difficult for patients to access because
of cost, travel, waiting times, and limited pediatric expertise. Diagnostic algorithms
that require complete deep phenotyping before molecular testing may therefore prolong
the diagnostic odyssey, delay genetic counseling and multidisciplinary evaluation, and
postpone recognition of candidates for gene-specific therapies. Our findings suggest that
early implementation of an ophthalmology-focused multigene panel may facilitate earlier
molecular diagnosis while achieving a clinically meaningful diagnostic yield.

Based on these findings, we propose a pragmatic workflow in which a comprehensive
ophthalmologic examination identifies patients with a high clinical suspicion of a GED,
followed by early molecular testing with an ophthalmology-focused multigene panel. Once
a molecular diagnosis is established—or when the result remains uncertain—targeted elec-
trophysiological and imaging studies can be selected to refine phenotypic characterization,
prognosis, disease monitoring, and genotype—phenotype correlation. This approach does
not diminish the importance of deep phenotyping; rather, it uses molecular findings to
direct subsequent investigations and optimize limited healthcare resources.
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A similar shift has occurred in inherited neuromuscular disorders. Historically, diag-
nosis relied heavily on electrophysiological studies and muscle biopsy before molecular
confirmation. The implementation of NGS has moved comprehensive genetic testing
earlier in the diagnostic pathway, while invasive or highly specialized investigations are
increasingly reserved for unresolved cases or for clarification of disease mechanisms and
therapeutic planning [22-24]. Ophthalmic genetics may be undergoing a comparable tran-
sition in which molecular diagnosis increasingly guides, rather than invariably follows,
advanced phenotypic investigations.

The expanding landscape of precision therapies further increases the clinical value
of an early molecular diagnosis. Approval of gene replacement therapy for RPE65-
associated retinal dystrophy and continued development of RNA-based, genome-editing,
and mutation-specific therapies demonstrate the importance of identifying the causal gene
and variant [27-30]. Molecular diagnosis also supports genetic counseling, cascade testing,
multidisciplinary surveillance for syndromic manifestations, enrollment in natural history
studies, and referral to gene-specific clinical trials.

This study has limitations. Its retrospective design limited the uniformity and com-
pleteness of phenotypic characterization, precluding detailed genotype—phenotype correla-
tions for every disorder. The study was conducted at a single tertiary referral center and
may not fully represent the spectrum of GEDs in other populations. In addition, the analy-
sis did not compare alternative sequencing strategies or formally assess cost-effectiveness.
Nevertheless, these limitations reflect routine clinical practice in many middle-income
settings. The inclusion of consecutive referrals provides a realistic estimate of panel perfor-
mance in a heterogeneous ophthalmic genetics population.

Collectively, our findings support earlier incorporation of ophthalmology-focused
multigene panels into the evaluation of patients with suspected genetic eye diseases. In
healthcare systems with limited access to specialized imaging or electrophysiological
testing, early molecular testing may shorten the diagnostic odyssey, improve resource
allocation, facilitate precision diagnosis and genetic counseling, and enable timely iden-
tification of candidates for gene-specific therapies. Advanced functional and imaging
studies remain indispensable but can be deployed more selectively after molecular testing
to refine prognosis, monitor progression, and strengthen genotype—phenotype correlations.
Prospective multicenter studies incorporating standardized phenotyping, health-economic
analysis, and longitudinal follow-up are needed to validate this workflow across different
healthcare systems.

5. Conclusions

An ophthalmology-focused multigene panel established a molecular diagnosis in
44.6% of a heterogeneous, real-world cohort of patients with suspected genetic eye diseases.
These findings support early panel testing as a practical first-line diagnostic strategy;,
particularly in healthcare systems where access to advanced ophthalmic phenotyping is
limited. Molecular testing should complement rather than replace detailed ophthalmologic
evaluation, enabling subsequent imaging and electrophysiological studies to be selected
in a more targeted manner. Earlier molecular diagnosis can facilitate genetic counseling,
syndromic surveillance, cascade testing, prognostic assessment, and access to emerging
gene-specific therapies.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/genes17091092/s1. Supplementary Table S1: Complete List of
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