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Abstract

Purpose: To evaluate genetic testing platforms used to aid in the diagnosis of inherited retinal
degenerations (IRDs).

Design: Evaluation of diagnostic test or technology
Subijects: Targeted genetic panel testing for IRDs

Methods, Intervention, or Testing: Data collected regarding targeted genetic panel testing for
IRDs offered by different labs were investigated for inclusion of coding and non-coding variants
in disease genes. Both large IRD panels and smaller, more focused disease specific panels were
included in the analysis.

Main Outcome Measures: Number of disease genes tested as well as the commonality and
uniqueness across testing platforms in both coding and non-coding variants of disease.

Results: Across the three IRD panel tests investigated, 409 unique genes are represented, of
which 269 genes are tested by all three panels. The top 20 genes known to cause over 70% of
all IRDs are represented in the 269 common genes tested by all three panels. In addition, 138
noncoding variants are assayed across the three platforms in 50 unique genes. Focused disease
specific panels exhibited significant variability across 5 testing platforms that were studied.
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Clinical genetic testing of inherited retinal disease (IRD) patients is essential for proper diagnosis and management. This work details
the comprehensive and disease-specific IRD panels available to highlight the commonalities and differences among these tests.
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Conclusions: Ordering genetic testing for IRDs is not straightforward, as evidenced by the
multitude of panels available to providers. It is important that there is coverage of both coding
and non-coding regions in IRD genes to offer a diagnosis in these patients. This paper details the
diversity of testing platforms currently available to clinicians and provides a thorough explanation
of genes tested in the different IRD panels. In a time of increased importance for clinical genetic
testing of IRD patients, knowledge of the proper test to order is paramount.

Approximately 1 in 1000 people are affected with genetic eye disease worldwide?. Inherited
retinal degenerations (IRDs) are a heterogeneous group of predominantly monogenic
disorders that feature loss or dysfunction of photoreceptor cells as a primary or secondary
event and have a prevalence of ~1 in 2,000 to ~1 in 3,000 individuals23. In the pediatric
population, IRDs are a major cause of visual impairment# and can be one of the first
presenting features of a syndromic condition®. Early genetic diagnosis of such conditions
minimizes potential extraocular morbidity®. Nearly 300 genes are implicated in IRDs’,
however approximately 70% of those with IRDs can be attributed to 20 genes®°. Compared
to adults, there is a higher proportion of those with X-linked inheritance in the pediatric
population, and there are distinct genes involved in adult onset versus pediatric onset IRDs®.

Genetic testing using next generation sequencing (NGS) can deliver a definitive diagnosis,
which provides patients and families with accurate recurrence risks. Furthermore, genetic
testing provides a molecular diagnosis to guide treatment decisions'® and potential access

to FDA approved treatment or clinical trials or approved treatments in the future. The
American Academy of Ophthalmology advocates for genetic testing in patients with
presumed genetically caused retinal degeneration, with potential benefit to at-risk family
members as welll1, Genetic testing is carried out with patient DNA, typically isolated from
saliva or a peripheral blood sample (Figure 1). NGS methods range from targeted gene panel
sequencing (TS), to exome sequencing (ES), to genome sequencing (GS). NGS approaches
sequence multiple short DNA fragments2, which are then bioinformatically aligned to the
human reference genomel3. Each sequence variant compared to the reference genome is
identified by bioinformatic processing and analyzed to establish its possible association with
the disease phenotype and classified accordingly!?.

The most commonly used approach to genetically diagnose IRD patients is panel-based
targeted sequencing. These panels are custom designed to target exons and flanking intronic
regions of genes implicated in IRDs. The benefit of this approach is that it is an economical
method of focusing sequencing capacity in smaller genomic regions, therefore maximizing
the coverage of clinically relevant genes. Panel-based NGS techniques have a detection rate
of 60-70%15, but these rates can vary depending on the type of IRD8. Exome sequencing
approaches can capture all coding regions from gene panels and can aid in diagnosis of
complex monogenic phenotypes’. However, both NGS and exome sequencing approaches
have the ability to identify secondary or incidental medically actionable genetic risk, such
as increased risk for hereditary breast cancer or cardiac arrhythmia which can also impact
other family members such as parents or siblings without retinal disease. Providing accurate
and complete pre-test genetic counseling for all genetic testing approaches, including the
option to decline unrelated secondary findings is essential to obtaining written informed
patient consent for NGS, exome or genome sequencing in both the clinical and research
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setting!®. Comparatively, genome sequencing approaches are superior in detecting a wider
spectrum of genetic changes including large structural variations, non-coding variants
excluded from targeted NGS analysis regions, and variants in genes excluded from targeted
capturel®, However, the cost is approximately five times higher for GS on a per-sample
basis than exome-based approaches 20. A tiered testing strategy, starting with panel-based
testing, can reduce cost and false genotype rate?L. In some cases, however, exome and
genome sequencing is now recommended as a first line (or second line, according to
clinical judgment) genetic test for patients with intellectual disability or multiple congenital
anomalies?? or complex phenotypes for which the differential diagnosis is broad?3.

Unfortunately, genetic testing is not a straightforward process for eye care providers such
as retina specialists who care for IRD patients. There are multiple targeted NGS panels

for IRDs as well as numerous smaller, more focused panels for specific IRDs (i.e. retinitis
pigmentosa). Blueprint Genetics, Invitae, and Prevention Genetics each offer large retinal
dystrophy-specific panels. Blueprint Genetics has partnered with the Foundation Fighting
Blindness (FFB) to offer a 351-gene retinal dystrophy panel as part of the My Retina
Tracker open access, no-cost testing program. Establishment of the My Retina Tracker
Genetic Testing Study?* sponsored by the FFB has increased access to genetic testing for
patients2°. Invitae has a similar no-cost testing program with 1D your IRD through Spark
Therapeutics that encompasses a 329-gene retinal disorders panel. Prevention Genetics
offers a 321-gene comprehensive inherited retinal dystrophy panel. Each of these three
companies, along with others such as GeneDx and Molecular Vision Lab (MVL), also

offer focused panels for specific retinal diseases. These numerous testing options can create
difficulty for clinicians and genetic counselors to decide on the best course of action for
their patients. This paper details each of the comprehensive IRD panels and disease-specific
panels available to highlight the commonalities and differences that separate these tests. We
also discuss the importance of partnering with genetic counseling as genetic testing should
only be provided in the context of pre- and post-test genetic counseling. This information
should be used as a resource for the vision science community in a time of increased
importance for clinical genetic testing of IRD patients.

The study adhered to the tenents of the Decleration of Helsinki. This study did not require
IRB approval.

Analysis of IRD panels

The three retinal dystrophy-specific panels offered by Blueprint Genetics, Invitae, and
Prevention Genetics were investigated. The list of genes assayed by each IRD panel as
well as inclusion of any non-coding variants was documented. The genomic location and
name of each disease gene was documented across each panel. If non-coding variants were
tested it was documented for the gene in question. This curated list was then compared to
examine overlapping and unique genes across testing platforms.

Ophthalmol Retina. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mustafi et al.

Page 4

Analysis of focused disease specific panels

Results

Analysis of focused disease panels included those offered by Blueprint Genetics, GeneDx,
Invitae, Molecular Vision Labs, and Prevention Genetics. These panels were chosen as they
utilize next generation sequencing and are most commonly selected by our clinics due to
their broad coverage. However, these panels do not represent a complete list of labs that
offer excellent disease specific panels. Similar to the overarching IRD panel analysis, the
genomic location and name of each disease gene was documented across each panel. This
curated list was then compared to examine overlapping and unique genes across testing
platforms.

Genetic variant identification in targeted IRD panels.

The three retinal dystrophy panels offered by Blueprint Genetics, Invitae, and Prevention
Genetics together test 409 unique genes, of which 269 genes are tested by all three

panels (Figure 2A). Although the top 20 genes known to cause over 70% of all IRDs

are represented in the 269 common genes tested by all three panels, it should be noted

that the coverage of RPGR in the Invitae panel is not appropriate for diagnosis of X-linked
retinitis pigmentosa as only specific transcripts are assayed. It is important to understand
genes that are unique to each panel. Blueprint Genetics has 48 unique genes, 37 of them are
mitochondrial genes, which have been implicated in inherited eye disease?%, and specifically
in retinal degenerations2”. The Invitae panel contains 25 unique genes with a subset of genes
implicated in rare retinal degenerative phenotypes as well as albinism and related ocular
disorders28. Prevention Genetics panel has 13 unique genes with a few responsible for rare
forms of retinitis pigmentosa due to structural variants2®. Overall, all three panels provide
excellent coverage of retinal disease genes listed on RetNet’. There are 43 loci listed on
RetNet that are not included in any of the panels, but these loci either have limited evidence
for harboring retinal disease variants or are not known to cause an IRD (such as #BZ, which
causes retinoblastoma3?).

Non-coding variant testing in IRDs.

An emerging consideration in the genetic diagnosis of IRDs is investigation of non-coding
variants31. Non-coding variants can be considered pathogenic if it results in a loss or gain
of function resulting in a disease phenotype. Unlike coding regions, in which the effects of
a genetic variation can generally be predicted based on amino acid structure, such hallmarks
of pathogenicity are limited for non-coding elements32. Prioritization and characterization
of non-coding variants is particularly important in patients with an autosomal recessive IRD
and whose genetic studies have revealed only one disease-causing coding variant. In such
populations, non-coding intronic regions of the disease gene can harbor the other allelic
variant and account for the missing heritability33. The three dystrophy panels described
earlier are all based on an exome backbone and target the coding exons and adjacent

10-20 base pairs from the exon-intron boundary for each gene assayed. This limits their
ability to capture deep intronic variants. To overcome this limitation, panels can include
specifically targeted known pathogenic deep intronic variants in a subset of genes in their
panels. For example, the Blueprint Genetics IRD panel captures 129 non-coding variants
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across 49 IRD genes, the Invitae IRD panel captures 3 non-coding variants across 2 genes,
and the Prevention Genetics IRD panel captures 37 variants across 7 genes (Figure 2B).
The gene with the most non-coding variants assayed was in adenosine triphosphate-binding
cassette subfamily A, member 4 (ABCA4)34, which causes Stargardt disease3®-37. This
disease is the most common macular dystrophy that is inherited in an autosomal recessive
fashion. Unsolved cases carrying no ABCA4 pathogenic alleles or one such allele can
often be explained by the presence of deep intronic variants38-3%, However, testing for these
non-coding variants differs greatly among the panels, with Blueprint Genetics targeting 31
non-coding variants and Prevention Genetics targeting 22 non-coding variants (18 common
to both panels), whereas Invitae does not provide coverage for any ABCA4 non-coding
variants. For the USHZA gene, which accounts for greater than 75% of all cases of
autosomal recessive Usher disease??, approximately 20% of patients with well-defined
clinical features consistent with the disease have only one identifiable mutation in USHZA.
Blueprint Genetics targets 7 non-coding variants whereas neither Invitae nor Prevention
Genetics target any non-coding variants in USHZA.

Disease specific panels in IRDs.

In patients with clear clinical phenotypes or known family history of a specific IRD, a subset
of possible causative genes can be high on the clinician’s differential. In such cases, disease-
specific panels are an option for the ordering provider. Whereas many companies provide
disease specific panels, this work investigated those commonly ordered by our clinics:
Blueprint Genetics has 13 IRD disease-specific panels, whereas Invitae has 3, Prevention
Genetics has 13, GeneDx has 6, and MVL has 8. The panels, however, are composed of

a varying number of genes unique to each panel (Figure 3). For retinitis pigmentosa®!
(Figure 3A), the most common IRD*2, Blueprint Genetics offers a more comprehensive
targeted panel of 159 genes compared to that of 80 genes in Prevention Genetics. There

is some variability in coverage of disease-specific panels as well. For example, Blueprint
Genetics offers a panel to test for Usher disease (Figure 3C) that contains 21 genes including
non-coding variants, 7 of which are not tested by any other panel, whereas the other 3 panels
target fewer genes and do not contain any targets unique to their panel. It is important to
note that some genes are included in a panel to aid in the diagnosis of phenotypically similar
diseases, and not necessarily for the disease itself. An example is the inclusion of genes
implicated in the peroxisome biogenesis disorder Heimler syndrome (PEX1, PEX6)*344 in
the Blueprint Genetics Usher syndrome panel. Interestingly, there are 4 genes in the Invitae
targeted panels (Bardt-Biedl and Stargardt/Macular Dystrophy), 3 genes in a Prevention
Genetics panel (Stickler syndrome), and 1 shared between the two in the Stickler syndrome
panel that are not included in their more comprehensive IRD specific panels, possibly
because these genes have been implicated as rare causes of disease. Of the platforms from
GeneDx and MVL, only MVL targeted 3 genes in the Vitreoretinopathy panel that was

not in the larger IRD panels offered by Blueprint Genetics, Invitae, or Prevention Genetics.
These three collagen genes (COL4A3, COL4A4, and COL4A5) in the MVL panel were
likely included due to their involvement in Alport syndrome to help distinguish this disorder.
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Discussion

With the advent of gene therapy for biallelic RPE65* variants implicated in Leber
congenital amaurosis, knowledge of the specific disease-causing genetic variants in patients
plays an increasingly important role in the diagnosis and management of disease. As

clinical trials for other IRDs progress to treatment#6:47, genetic testing will be essential

to properly identify patients who may benefit from intervention. However, ordering genetic
testing for IRDs is not straightforward, as evidenced by the multitude of panels available

to providers. In addition to the IRD panels available from Blueprint Genetics, Invitae,

and Prevention Genetics, there are larger panels for general ocular disorders offered by
GeneDx and MVL. The MVL Vision Panel v6 includes 935 genes and the GeneDx Retinal
Dystrophy Xpanded Panel consists of 779 genes. In addition to inherited retinal disease
genes, these panels encompass other hereditary ocular conditions such as developmental eye
diseases and anterior segment anomalies which are outside the scope of testing required

for patients suspected to have an IRD. These larger panels may not add substantially to

IRD diagnostics. For example, of the 935 genes in the MVL Vision panel v6, there are 284
retinal dystrophy genes, and only 5 are unique compared to those in Blueprint Genetics,
Invitae, and Prevention Genetics panels. However, these 5 genes (CKAP4, CLN13, CLN14,
DGKB, and GJB2) have not been implicated as retinal disease causing genes in humans.
Thus, ordering larger gene panels does not necessarily equate to improved clinical diagnostic
success and may increase the false discovery rate?!. The main consideration should be
accurate representation of genes known to cause IRD in humans. Panels offered by Blueprint
Genetics, Invitae, and Prevention Genetics offer coverage of the 20 genes known to affect
greater than 70% of those with IRDs.

Another consideration when ordering genetic testing is coverage of both coding and
noncoding regions in IRD genes. The majority of human genetic variation falls within
noncoding regions of the genome?*® and genome-wide epigenomic maps have highlighted
the emerging importance of cis-regulatory elements (CREs)? in retinal development and
diseases®0-53, Moving forward there will be greater importance in screening pathogenic
non-coding variants in IRDs to identify the variants in IRD patients whose genetic diagnoses
are still a mystery. The IRD panels investigated in this study did include specific non-coding
variants, albeit to varying degrees. The Blueprint Genetics panel had the most robust non-
coding variant targeting with 129 unique variants across 49 genes. While machine learning
approaches have been developed to interpret non-coding variants and possible pathogenic
effects® in the context of human disease®®, these must be confirmed experimentally as

the majority of non-coding variants have not been validated for having any functional
consequence®®. As more pathogenic variants are identified in noncoding regions, it will be
important for these sequences to be validated before being incorporated into gene panels.
Proper curation and incorporation of known pathogenic non-coding variants will be crucial
in helping to definitively diagnose patients with autosomal recessive IRDs whose testing has
only revealed monoallelic coding variants.

Another important consideration for ordering providers is to decide between ordering the
larger IRD panels or focused disease-specific panels. The focused panels have significant
variability and choosing a more robust one that includes coverage of disease-specific
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genes as well those of phenotypically similar diseases can help result in a clear diagnosis.
Otherwise, the clinician risks an inconclusive test and the potential need to order a more
comprehensive panel down the line. All large panels and genomic testing have the potential
to identify one or more variants of uncertain significance (VUS). These are non-diagnostic,
and should not be interpreted as causative of an IRD. However, the clinician must also be
cognizant of the criteria for reclassification of VUSs, and that over time, most VUSs will

be reclassified as benign/likely benign, but a few will be reclassified as likely pathogenic/
pathogenic®’. Clinicians should also keep in mind that the presentation of IRDs can be
heterogeneous in families. There have been reports of multiple IRDs in the same family
with similar phenotypic presentation. This has been seen in families with RP with causative
mutations in different IRD genes®859. Even more complex are cases where a single family
has causative mutations in multiple different genes with distinct inheritance patterns®0. Thus,
it is possible that the same disease-causing genetic variant within one family can manifest

in a wide variety of clinical phenotypes or even more rarely, multiple genetic diseases may
exist within the same family. Therefore, if the genetic diagnosis is ambiguous, it may be
preferable to order the more encompassing IRD panels rather than focused diseased-specific
panels. Genetic testing for patients with presumed genetically caused retinal degeneration
performed by a physician or genetic counselor who is knowledgeable about IRDs aligns
with the stance on genetic testing by the AAQ161,

This paper details the diversity of testing platforms currently available to clinicians. Patients
with clinical features suggestive of an IRD should be offered clinical genetic testing.

In addition, IRD patients with a negative or uncertain genetic test result in whom a

genetic etiology is supported by their clinical findings, age of onset in childhood or young
adulthood, or with a positive family history should be considered for updated genetic testing.
Our practice is to recommend genetic re-evaluation in 3 to 5 years after negative results as
there is evidence in this time span the diagnostic yield doubles with re-examination5? in line
with the rapid pace of improvement in knowledge of genetic causes of disease and advances
in sequencing technology. However, in addition to weighing genetic coverage between
panels, clinicians should also consider out-of-pocket costs to patients when deciding on
appropriate testing. Many insurance companies will not cover genetic testing of IRDs, and
while patients and families have the desire to pursue testing, the cost may be prohibitive.
For example, Blueprint Genetics has a list price of $1,650 for their large panels, such as

the Retinal Dystrophy panel, and Prevention Genetics quotes a list price of $1,740 for

their comprehensive IRD panel. Of note, many genetic testing labs have their own form of
financial assistance programs or policies that have been established with the understanding
that genetic testing is expensive. These programs can greatly reduce the cost of many of
these panels to under $400. One commercial lab in particular, Invitae, offers a reduced
self-pay price of $250 for all of their diagnostic panels, regardless of financial assistance
status or need. There are opportunities for sponsored panels that offer no-cost genetic
testing, but there are eligibility criteria that must be met for these panels. These criteria
include no previous comprehensive panel, exome, or genome test in the recent few years

or a diagnosis of a non-genetic ocular or retinal condition in the patient to explain their
phenotypuc presentation such as optic neuropathy, age-related macular degeneration or
diabetic eye disease. It also is important to note that sponsored genetic testing programs are
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limited to the cost of genetic testing, and do not cover the cost of the associated medical

or genetic counseling visit, which is billed separately. However, many of these sponsored
programs have the option of genetic counseling services through contracted companies. It

is important to consider these resources when discussing the best testing options for IRD
patients. If insurance authorization is being pursued, thorough and accurate documentation
of the patient’s phenotype (visual acuity, refraction, dilated fundus exam and imaging
findings, electrophysiological findings, etc) is needed in order to claim medical necessity for
the testing. However, it is important to note that insurance authorization for an IRD panel,
or any type of genetic testing, does not necessarily mean the testing is fully covered for the
patient.

Regardless of the choice of panel, an essential resource during the process of genetic

testing is partnering with genetic counselors. Genetic testing should be provided only in the
context of pre- and post-testing genetic counseling, and should be done by clinical providers
with expertise in clinical genetics and genetic counseling®3. Some ophthalmologists have
undergone fellowship training to gain this expertise, others refer to centers of excellence
which have access to Genetics clinics for consultation with certified master’s level genetic
counselors and physicians who are board-certified in Clinical Genetics and Genomics.
Because of the time and expertise required for counseling, and because genetic testing
requires understanding and applying genetic concepts not required in all ophthalmology
training programs including inheritance, penetrance, variable expression, segregation,
somatic mosaicism, and variant interpretation and reinterpretation, patients benefit from
interdisciplinary care with genetic professionals. In addition, patients with complex, multi-
organ syndromic retinal dystrophies such as Bardet-Biedl syndrome, Joubert syndrome, or
Usher syndrome, are often followed in Pediatric Genetics clinics as their medical home.
Thus, it is important to ensure there is proper genetic counseling available to the patient

to not only discuss the post-test results and implications, but to also meet pre-test to

prepare the patient and family for the possible results and answer any questions before
proceeding with the test. The significant burden on IRD patients and their families can

be improved with not only greater access to testing, but also to genetic counseling®4.
Patients and families value the role of genetic counseling during diagnosis®®. As the field
progresses, additional causative genes and specific regions of interest, such as in non-coding
regions, will be identified. The analyzed target genes and non-coding variants assayed in
IRD panels will have to be updated. This work provides a snapshot in time of the state of
IRD testing platforms. Current online resources, such as the NCBI Genetic Testing Registry
lists available genetic test by IRD or a specific gene, but does not provide information
about commonality or uniqueness between different panels. As testing evolves and panels
expand, we will continuously update this online resource to provide the community with an
up-to-date snapshot of the state of genetic testing for IRDs (Online Resource).

The next step in the field of genetic testing for IRDs is the more widespread use of GS.
As GS becomes more accessible in a clinical setting, we will be able to overcome the
major limitation in exome-based sequencing approaches in resolving structural or intronic
variants as well as regulatory regions to explain causative changes in rare diseases® to
potentially provide a superior solve rate of genetic disorders?267. This effort will require
continued prioritization and functional annotation of non-coding variants in IRD genes.
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The key will be proper annotation of variants as potentially pathogenic as it can then
provide diagnoses to previously unsolved cases. Refined variant classification has been

sh

own to provide molecular diagnoses in previously undiagnosed pediatric patients®8. The

rise of artificial intelligence is a potential solution to the big data problem in genomics and

ca

n enhance detection and diagnosis of disease®®. Integrating DNA sequencing data with

electronic health records can elucidate loss-of-function variants and uncover undiagnosed
phenotype-genotype associations of rare disease variants. In this way, very rare causes of
IRDs can be studied in aggregate and not in a univariate fashion’? in the future.
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Figure 1. Genetic testing paradigm for patients with IRDs.
This schematic highlights the process of genetic testing patients with suspected IRDs. The

process starts with careful clinical diagnosis by the clinician. Once a diagnosis of IRD is
suspected, the patient should be referred for genetic counseling for detailed family history
and genogram construction as well as for discussion of the implications of genetic testing.
Isolated blood or saliva can then be taken for genetic testing. The type of genetic testing will
determine the coverage and identification of pathogenic genetic variants. In targeted gene
panel sequencing, or panel testing, reads map to exons of targeted genes. In this example, the
pathogenic variant (red) in exon 2 of disease gene 1 would be identified, but not the intronic
variant in disease gene 1. Since the targets are pre-set, exonic variants in a distant (denoted
by spacers) disease gene 2 would not be captured with this test. In exome sequencing, reads
map to exons of all genes so both exonic variants would be detected, but not the intronic
variant. Genome sequencing, which has reads encompassing the entire region, would be
expected to identify both intronic and exonic variants in both disease genes.
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Figure 2. Examination of genes included in retinal dystrophy panels offered by Blueprint

Genetics, Invitae and Prevention Genetics.

(A) Of the 409 unique coding regions of genes assayed across the three different retinal
dystrophy panels, there are 269 genes in common including the top 20 genes known to cause
over 70% of IRDs. In the Blueprint Genetics Retinal Dystrophy panel, there are 48 unique
genes of which 37 are mitochondrial genes. Prevention genetics has 13 unique genes with
some indicated in rare forms of RP associated with structural variants. Invitae’s panel has

25 unique genes with a subset of those implicated in oculocutaneous albinism. (B) Of the
138 non-coding variants assayed across all platforms, 98 (across 49 genes) are unique to
Blueprint, 2 are unique to Invitae in the gene PPT, whereas 7 (across 4 genes) are unique

to Prevention Genetics, reflected in the proportionate Venn diagram. There is 1 variant in
common between Blueprint Genetics and Invitae in the gene CEP290 and Blueprint and
Prevention Genetics have 30 non-coding variants in common across 6 genes. The plot shows
the number of non-coding variants in the targeted genes, with ABCA4 having the most

variants.
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Figure 3. Not all retinal disease panels are created equal.
A survey of different retinal disease panels highlight the differences that exist between the

different platforms surveyed (Blueprint Genetics,

GeneDx, Invitae, MVL, and Prevention

Genetics). In the most prevalent IRD, retinitis pigmentosa (A), the larger Blueprint Genetics
panel, as indicated by the proportionate Venn diagram, encompasses the majority of retinitis
pigmentosa genes. There are panels specific to different inheritance patterns that exist

with Prevention Genetics, but the overarching disease specific panels include these genes.
Survey of focused panels for more common IRDs of (B) Stargardt and (C) Usher syndrome
illustrate some specific platforms may be better suited for each disease. In Stargardt disease
Invitae is the most comprehensive whereas for Usher Syndrome the Blueprint Genetics
platform is most inclusive of disease genes. Other panels available for (D) Achromatopsia,
(E) Bardt-Biedl, (F) Cone-rod dystrophy, (G) Congenital stationary night blindness (the

12 GeneDx genes are marked by asteriks in parenthesis in the diagram) , (H) Fleck-retina
disorders, (I) Leber's congenital amaurosis, (J) Stickler syndrome, and (K) Vitreoretinopathy
are shown. Interestingly, Invitae and Prevention Genetics disease specific panels included
genes that were not in their larger retinal dystrophy panels. These 8 genes are listed by

Ophthalmol Retina. Author manuscript; available in PMC 2023 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Mustafi et al.

Page 16

symbol in their respective disease specific diagram ((E) Bardt-Biedl, (B) Stargardt/Macular
Dystrophy, (J) Stickler syndrome). The only other genes unique to these panels were the 3
collagen genes listed from MVL in the (K) Vitreoretinopathy panel.
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