Test Information Sheet
Cone-Rod Dystrophies Panel
CRD Panel Gene List: ABCA4, ADAM9, AIPL1, BEST1, C8ORF37, CABP4, CACNA1F,
CDH3, CDHR1, CEP290, CERKL, CNGA3, CNGB3, CRX, DRAM2, ELOVL4, GUCA1A,
GUCY2D, PAX6, PITPNM3, POC1B, PROM1, PRPH2 (RDS), RAB28, RAX2 (QRX), RDH5,
RIMS1, RPGR, RPGRIP1, SEMA4A, TTLL5
Clinical Features:
Cone-rod dystrophy (CRD) is a group of inherited eye disorders affecting the cone and rod
cells, or light sensitive cells, of the retina.1 As these cells deteriorate, individuals with cone-rod
dystrophy experience progressive vision loss.1 CRD has an estimated prevalence of 1 in
40,000 individuals1 and is characterized by predominantly cone impairment, later followed by
rod involvement.1 In some cases, the retinopathy affects both cones and rods simultaneously.
The clinical signs of CRD reflect the predominant involvement of cones, presenting as
decreased visual acuity with or without nystagmus in the first decade of life. Patients also
experience progressive central vision loss, photophobia, and color vision abnormalities. When
cones and rods are affected, individuals have both night blindness and loss of visual acuity.1,8
Later in life, patients become legally blind even though large parts of the peripheral visual field
may remain preserved.
Visual field testing shows central scotomas while the periphery is spared. Fundus examination
shows pigment deposits and retinal atrophy in the macular region. The electroretinogram
(ERG), is distinguished by a more distinctive reduction of the photopic cone b-wave amplitude
than the scotopic rod b-wave amplitude, compared to rod degeneration.1
CRD frequently presents as non-syndromic, but it is also associated with disorders such as
Bardet-Bieldl syndrome, spinocerebellar ataxia 7, and Jalili syndrome.8 Clinical and genetic
overlap also exists between CRD and other inherited retinal disorders. At advanced stages, as
both cone and rod impairment occurs, diagnosis mimics that of rod-cone dystrophy, or Retinitis
Pigmentosa (RP). Moreover, many genes causing CRD also cause RP, Leber congenital
amaurosis (LCA) and achromatopsia.
The CRD panel may clarify a clinical diagnosis or identify a genetic diagnosis for CRD or a
CRD-related disorder. If a genetic diagnosis is found, genetic testing and recurrence risk
information would be available for at-risk family members. In addition, having an identified
genetic diagnosis may or may not impact medical management or treatment of the condition.
Genetics:
Autosomal recessive, autosomal dominant, or X-linked.
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Test Methods:
Using genomic DNA extracted from the submitted specimen, the complete coding regions and
splice site junctions of the genes tested are enriched using a proprietary targeted capture
system developed by GeneDx for next-generation sequencing with CNV calling (NGS-CNV).
The enriched targets are simultaneously sequenced with paired-end reads on an Illumina
platform. Bi-directional sequence reads are assembled and aligned to reference sequences
based on NCBI RefSeq transcripts and human genome build GRCh37/UCSC hg19. After
gene specific filtering, data are analyzed to identify sequence variants and most deletions and
duplications involving coding exons; however, technical limitations and inherent sequence
properties effectively reduce this resolution for some genes. Alternative sequencing or copy
number detection methods are used to analyze or confirm regions with inadequate sequence
or copy number data by NGS. Reportable variants include pathogenic variants, likely
pathogenic variants and variants of uncertain significance. Likely benign and benign variants, if
present, are not routinely reported but are available upon request.
The technical sensitivity of sequencing is estimated to be >99% at detecting single nucleotide
events. It will not reliably detect deletions greater than 20 base pairs, insertions or
rearrangements greater than 10 base pairs, or low-level mosaicism. The copy number
assessment methods used with this test cannot reliably detect copy number variants of less
than 500 base pairs or mosaicism and cannot identify balanced chromosome aberrations.
Assessment of exon-level copy number events is dependent on the inherent sequence
properties of the targeted regions, including shared homology and exon size.
Test Sensitivity:
According to a recent meta-analysis, autosomal recessive, autosomal dominant, and x-linked
CRD make up an estimated 77%, 22%, and 1% of all CRD, respectively.9 In addition, ABCA4,
GUCY20, and RPGR are the most common causes of AR, AD, and XL CRD, correspondingly.
Many causes of CRD have yet to be elucidated, as it is reported that only approximately 25%
of CRD are genetically resolved.7,9
Autosomal Recessive
ABCA4 gene: It is estimated that ABCA4 variants account for arCRD in 16% of cases.9
Reports have been as high as 24–75% in smaller study groups.3,4,5
ADAM9 gene: ADAM9 gene variants are rare, accounting for <1% of arCRD.9,10
C8ORF37 gene: Variants in C8ORF37 are rare, accounting for <1% of arCRD.9,12
CABP4 gene: CABP4 gene variants are rare, as they have only been identified in a small
subset of families with cone-rod synaptic disorder.28
CDH3 gene: Variants in the CDH3 gene cause hyptotrichosis with juvenile macular dystrophy,
a condition characterized by CRD and sparse hair. Hypotrichosis with juvenile macular
dystrophy is rare, as it has only been reported in a small subset of families.13,14
CDHR1 gene: Variants in the CDHR1 gene are rare, accounting for <1% of arCRD.9,15
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CEP290 gene: CEP290 gene variants account for approximately 22% of Leber congenital
amaurosis cases and have been reported in individuals with Joubert, Senior-Loken, Meckel,
and Bardet-Beidl syndromes.32
CERKL gene: Variants in this gene are estimated to account for 1% of cases.9 Additionally,
they have been reported in approximately 2% of autosomal recessive cone-rod dystrophy in
patients who tested negative for ABCA4 variants.6
CNGA3 gene: CNGA3 variants causing CRD are rare.16 CNGA3 pathogenic variants are
estimated to be the underlying cause of achromatopsia in 36% of patients.9
CNGB3 gene: Variants in the CNGB3 were identified in <1% of individuals with arCRD.9
CNGB3 pathogenic variants make up about 59% of individuals with achromatopisa.9
DRAM2 gene: Variants causing arCRD are rare and have been reported in few families.17,18
POC1B gene: POC1B variants are rare and have been reported in few families.19,20
RAB28 gene: RAB28 variants were identified in <1% of individuals with arCRD.9,22
RDH5 gene: Variants in the RDH5 gene account for an unknown number of individuals with
CRD, however, in smaller studies the identification of RDH5 variants in individuals with fundus
albipunctatus has ranged from 75% to 100%.29,30
RPGRIP1 gene: Variants in the RPGRIP gene were identified in <1% of individuals with
arCRD.9
SEMA4A gene: Compound heterozygotic variants in the SEMA4A gene are rare, as they were
identified in two individuals with CRD.23
TTLL5 gene: Variants in the TTLL5 gene are rare, as they have only been identified in a small
subset of families with CRD.24,25
Autosomal Dominant
AIPL1 gene: Variants were identified in <1% of adCRD cases.9 An-in-frame deletion located in
the C-terminus of the AIPL1 protein appears to be associated with adCRD and juvenile RP.2
The AIPL1 gene variants are often associated with arLCA, accounting for 5% of cases.11
BEST1 gene: BEST1 gene variants commonly cause bestrophinopathy and vitelliform macular
dystrophy, and have been described in few individuals with MRCS syndrome characterized by,
microcornea, rod-cone dystrophy, early-onset cataracts, and posterior staphyloma.31
ELOVL4 gene: Variants in the ELOVL4 gene have been associated with Stargardt disease in a
small subset of families.33
GUCY2D gene: Variants in the GUCY2D gene have been identified in approximately 8% of
individuals with adCRD.9
CRX gene: Variants in the CRX gene account for 4% of adCRD cases.9
PAX6 gene: PAX6 gene variants cause a number of diverse ocular manifestations including
aniridia, Peters’ anomaly, and micropthalmia.34 Many occur with neurological abnormalities.34
PROM1 gene: Variants in the PROM1 were identified in about 1% of individuals with adCRD
and <1% of individuals with arCRD.9,21
PRPH2 (RDS) gene: Variants account for approximately 2% of adCRD cases.9
GUCA1A gene: GUCA1A gene variants have been identified in about 3% of adCRD cases.9
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PITPNM3 gene: Variants in the PITPNM3 gene have been identified in approximately 1% of
adCRD cases.9
RAX2 (QRX) gene: Variants in the RAX2 gene are rare, as they have only been identified in a
small subset of families with CRD.26,27
RIMS gene: Variants account for <1% of adCRD cases.9
X-Linked
CACNA1F gene: Variants account for approximately 3% of xlCRD cases.9
RPGR gene: Variants in the RPGR gene account for approximately 53% of xlCRD cases.9
Gene
ABCA4

Protein
ATP-binding cassette,
subfamily A, member 4

Inheritance
AR

ADAM9

A disintegrin and
metalloproteinase domain 9
Aryl hydrocarbon-interacting
receptor protein-like 1
Bestrophin 1

AR

Disease Associations
CRD, RP, Stargardt disease,
retinal dystrophy, fundus
flavimaculatus
CRD

AD/AR

CRD, LCA, juvenile RP

AD

Chromosome 8 open reading
frame 37
Calcium binding protein 4
Calcium channel, voltagedependent, alpha-1F subunit
Cadherin 3

AR

Bestrophinopathy, macular
dystrophy, MRCS, RP
CRD, RP, Bardet-Biedl syndrome

Cadherin-related family,
member 1
Centrosomal protein 290-KD

AR

Ceramide kinase-like
Cyclic nucleotide-gated
channel, alpha-3
Cyclic nucleotide-gated
channel, beta-3
Cone-rod homeoboxcontaining gene
Damage-regulated autophagy
modulator 2
Elongation of very long chain
fatty acids-like 4

AR
AR

AIPL1
BEST1
C8ORF37
CABP4
CACNA1F
CDH3
CDHR1
CEP290
CERKL
CNGA3
CNGB3
CRX
DRAM2
ELOVL4

AR
XL
AR

AR

AR
AD
AR
AD

Cone-rod synaptic disorder
CRD, CSNB, Aland Island eye
disease
Hypotrichosis with juvenile
macular dystrophy
CRD, RP
LCA, Joubert, Mekel, SeniorLoken, and Bardet-Biedl
syndromes
CRD, RP
CRD, achromatopsia, LCA, cone
dystrophy, CSNB
CRD, achromatopsia
CRD, RP, LCA, macular
dystrophy
CRD, RP
Stargardt disease,
spinocerebellar ataxia, ichthyosis
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Gene
GUCA1A
GUCY2D
PAX6

PITPNM3
POC1B
PROM1
PRPH2
(RDS)
RAB28
RAX2
(QRX)
RDH5
RIMS1
RPGR
RPGRIP1
SEMA4A
TTLL5

Protein
Guanylate cyclase activator
1A
Guanylate cyclase 2D,
membrane
Paired box gene 6

Inheritance
AD

Disease Associations
CRD, cone dystrophy

AD/AR

CRD, LCA, RP

AD

Phosphatidylinostitol transfer
protein, membraneassociated, 3
Centriolar protein
chlamydomonas, B
Prominin 1
Peripherin 2

AD

Peters anomaly, aniridia,
glaucoma, cataracts,
micropthalmia, keratitis,
neurologic abnormalities
CRD

AR

CRD

AR
AD/AR

Ras-associated protein 28
Retina and anterior neural fold
homeobox 2
Retinol dehydrogenase 5
Protein regulating synaptic
membrane exocytosis 1
Retinitis pigmentosa GTPase
regulator
Retinitis pigmentosa GTPase
regulator-interacting protein
Semaphorin 4A
Tubulin tyrosine ligase-like
family, member 5

AR
AD

CRD, RP, Stargardt disease
CRD, RP, LCA, Stargardt
disease, cone dystrophy, other
retinal dystrophies
CRD
CRD

AR
AD

Fundus albipunctatus
CRD

XL

CRD, RP

AR

CRD, LGA

AR/AD
AR

CRD, RP
CRD, RP
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