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CASE REPORT

Genetic tool used to diagnose 
achromatopsia: first case report from India
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Abstract 

Background  Achromatopsia is an autosomal recessive disease characterized by poor visual acuity, lack of color 
vision, nystagmus, and marked photophobia. The symptoms can be extremely disabling, and at present, there is no 
cure available. Mutations in the CNGA3, CNGB3, GNAT2, PDE6C, PDE6H, and ATF6 genes have been identified as associ-
ated with this disease. The genetic approach for these patients is currently an important issue, and gene therapy is an 
ongoing therapeutic option already being studied in clinical trials.

Case presentation  We report the case of two siblings (8 and 5 years old) affected by achromatopsia. They carry com-
pound heterozygous mutations in the CNGA3 gene at positions 1306 and 1279 in exon 8 (c.1306C > T, p.Arg436Trp 
and c.1279C > T, p.Arg427Cys). The parents were found to have one of the variants in a heterozygous condition. This is 
the first reported case of achromatopsia in India.

Conclusion  This report emphasizes the importance of genetic testing in such patients, which can aid not only in 
the diagnosis and management but also in providing counseling to parents regarding the significance of prenatal 
diagnosis in future pregnancies, helping them make informed choices. Due to its variable presentation, the diagnosis 
of achromatopsia may be challenging, and exome sequencing has proven to be a crucial diagnostic tool.
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Background
Achromatopsia is a rare congenital ocular disorder 
primarily involving cones and inherited in an autoso-
mal recessive manner, with an estimated prevalence of 
1:30,000 individuals [1]. Patients typically present in 
infancy with photophobia, followed by low visual acuity, 
nystagmus, and an inability to discriminate colors. Elec-
troretinography (ERG) reveals little to no cone function 
with normal rod function. Fundoscopy is usually normal, 

although macular pigmentary changes and atrophy have 
been described [2, 3]. Achromatopsia is caused by muta-
tions in six genes: ATF6, CNGA3, CNGB3, GNAT2, 
PDE6C, or PDE6 [4–6]. These genes encode proteins that 
are specifically expressed in cone photoreceptors and are 
crucial for cone phototransduction.

Most individuals present with complete achromatopsia 
where there is a total lack of function of all three types 
of cone photoreceptors. Rarely, individuals have incom-
plete achromatopsia, in which one or more cone types 
may be partially functional along with the rods, resulting 
in milder symptoms [1]. The majority of individuals with 
biallelic pathogenic variants in ATF6, CNGA3, CNGB3, 
GNAT2, and PDE6C exhibit complete achromatopsia 
with similar clinical features.

Here, we report the cases of two siblings (8 and 5 years 
old) who were diagnosed with achromatopsia after 
genetic analysis.
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Case presentation
Two sisters, aged 8 and 5 years, were referred to our 
department for genetic consultation. They were born 
to non-consanguineous parents with no significant 
family history. The main reason for referral was their 

photophobia (Fig.  1). They recently underwent vision 
testing and were prescribed spectacles. Fundoscopy 
revealed normal findings.

Given the presence of a similar disorder in both sib-
lings, a genetic disorder was suspected, and exome 
sequencing was recommended for the elder sibling. The 
exome sequencing identified compound heterozygous 
mutations in the CNGA3 gene at positions 1306 and 1279 
in exon 8 (c.1306C > T, p.Arg436Trp, and c.1279C > T, 
p.Arg427Cys). Sanger sequencing was performed on the 
other sibling and the parents to evaluate the same vari-
ants (Figs. 2, 3). The parents were found to have one of 
the variants in a heterozygous condition, while the 
affected sibling had the same compound heterozygous 
variants as her elder sister (Figs. 2, 3).

Given the specific genetic defect identified, the 
affected sisters underwent a detailed clinical examina-
tion to assess the extent of the condition. Fundoscopy 
and electroretinogram (ERG) data were obtained for 
both sisters (Fig.  4). Visual acuity and color differen-
tiation tests using standard Ishihara plates were per-
formed. The elder sister exhibited the best-corrected 

Fig. 1  On exposure to sunlight, a the elder and b the younger sibling 
could not keep their eyes open (photophobia)

Fig. 2  Sanger sequencing chromatogram of younger sister showing heterozygous status for c.1306C > T(p.Arg436Trp) variant in the CNGA3 gene

Fig. 3  Sanger sequencing chromatogram of younger sister showing heterozygous status for c.1279C > T(p.Arg427Cys) variant in the CNGA3 gene
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visual acuity in both eyes at four meters, with defec-
tive color vision. The younger sister was less coopera-
tive, and the tests could not be accurately conducted. 
However, she also showed reduced vision and defec-
tive color vision. Both sisters were advised to use pink 
glasses to alleviate photophobia. Follow-up appoint-
ments every six months were recommended to monitor 
the progression of the disease.

Discussion
In this case report, we identified two siblings with 
achromatopsia. Although they presented with symp-
toms in their first year of life, it took seven years to 
reach a diagnosis. Achromatopsia is a rare macular dys-
trophy with variable presentation, which contributes 

to the diagnostic challenges. Both sisters experienced 
long-standing visual dysfunction accompanied by pho-
tophobia. Genetic analysis of the two sisters with retinal 
disease led to the correct diagnosis of achromatopsia.

Differential diagnoses for early-onset maculopathies 
associated with visual impairment are varied, includ-
ing Best’s disease, hypoplastic fovea associated with 
ocular albinism, inverse retinitis pigmentosa, cone/
cone–rod dystrophies, and Stargardt’s disease [7, 8]. 
Genetic testing is crucial to confirm the diagnosis in 
such cases. Molecular genetic testing approaches that 
can be considered include targeted analysis for com-
mon variants, the use of a multigene panel, or compre-
hensive genomic testing, typically exome sequencing 
[9]. In our case, known mutations were identified in 
CNGA3 (c.1306C > T, p.Arg436Trp, and c.1279C > T, 
p.Arg427Cys). CNGA3 channels play a critical role in 

Fig. 4  Fundus photograph of the right and left eyes shows a relatively unremarkable posterior segment. There is a mild hypopigmentation in the 
macula of both eyes of both the sisters. a Elder sister—Right & Left eye, b Younger sister—Right and Left eye
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cone-mediated vision, which is essential for central and 
color vision, as well as visual acuity.

To assess the extent of the disease and the requirements 
of a child diagnosed with achromatopsia, a standard 
clinical ophthalmologic evaluation is necessary, includ-
ing assessment of visual acuity and the use of spectacles 
and/or contact lenses, as well as color vision evaluation. 
Consultation with a clinical geneticist and/or genetic 
counselor should also be recommended. Although achro-
matopsia cannot be cured, it can be effectively managed 
through early intervention, such as advising the use of 
dark or special filter glasses or red-tinted contact lenses, 
which can reduce photophobia and potentially improve 
visual acuity [10].

Heterozygotes (carriers) are asymptomatic and not at 
the risk of developing the disorder. However, if both par-
ents are carriers, each pregnancy carries a 25% risk of 
the child being affected, a 50% risk of being an asympto-
matic carrier, and a 25% chance of being unaffected and 
not a carrier. Therefore, molecular diagnosis is impor-
tant to counsel parents regarding prenatal diagnosis 
or preimplantation genetic diagnosis (PGD) for future 
pregnancies.

Conclusion
Identification of causative mutations through exome 
sequencing aided in the diagnosis of achromatopsia 
in the siblings and facilitated genetic counseling for 
future pregnancies. This report further emphasizes the 
importance of genetic testing in similar cases. It high-
lights that exome sequencing is a superior diagnostic 
approach when combined with routine testing, particu-
larly for achromatopsia and other diseases where relying 
solely on clinical examinations can lead to misdiagnosis. 
This case report also presents the first reported case of 
achromatopsia in India, underscoring the significance of 
genetic testing in such cases.
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