MOLECULAR GENETIC CAUSE
OF ACHROMATOPSIAIN TWO
PATIENTS OF CZECH ORIGIN

SUMMARY
MOLECULAR GENETIC CAUSE OF ACHROMATOPSIA IN
TWO PATIENTS OF CZECH ORIGIN

Introduction: Achromatopsia is an autosomal recessive retinal disorder
with an estimated prevalence ranging from 1 in 30.000 to 50.000. The
disease is caused by mutations in six different genes. The aim of the study
was to perform molecular genetic analysis in 11 unrelated probands with
a clinical diagnosis of achromatopsia and to describe clinical findings in
those that were found to carry biallelic pathogenic mutations.

Methods: All probands and their parents underwent ophthalmic
examination. Mutation detection was performed using Sanger sequencing
of CNGB3 exons 6, 7, 9-13, which have been found to harbour most disease-
causing mutations in patients with achromatopsia of European origin.

Results: Three known pathogenic variants in CNGB3 were identified in 2
probands. Proband 1 was a compound heterozygote for the c.819_826del;
p.(Arg274Valfs*13) and c.1006G>T; p.(Glu336*). Proband 2 carried the
c.1148del; p.(Thr383llefs*13) in a homozygous state. The best corrected
visual acuity in proband 1 (aged 19 years) was 0.1 in both eyes, in proband
2 (aged 8 years) 0.05 in the right eye and 0.1 in the left eye. Both individuals
had nystagmus, photophobia, and absence of colour discrimination.
Fundus examination appeared normal however spectral-domain optical
coherence tomography revealed subtle bilaterally symmetrical structural
changes in the fovea.

Conclusion: Molecular genetic analysis of Czech patients with
achromatopsia was performed for the first time. Identification of disease-
causing mutations in achromatopsia is important for establishing an early
diagnosis, participation in clinical trials assessing gene therapies and may
be also used for preimplantation genetic diagnosis.
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INTRODUCTION

Achromatopsia is a congenital autosomal recessive
pathology of the retina, with an estimated prevalence of
1 per 30 000 to 50 000 of the population. It is clinically
manifested by nystagmus, photophobia, colour sense di-
sorder, eccentric fixation and reduced visual acuity, which
in the majority of cases is within the range of purblind-
ness (23, 36).

The biomicroscopic finding on the retina appears nor-
mal in the majority of affected individuals, only in some
cases is it possible to detect slight pigment shifts or atro-
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phic changes in the macula (31). Upon electroretinogra-
phic examination, the cone responses are substantially
reduced or missing, whereas the function of the rods is
normal or only slightly reduced (3, 25).

Until recently, achromatopsia was considered a sta-
tionary pathology (26), but more recent studies incline
toward the opinion that this constitutes a slowly pro-
gressing disease (1, 13, 30-33). Analysis with the aid of
spectral domain optical coherence tomography (SD-OCT)
has defined 5 different stages (9, 27). Mild forms are cha-
racterised by a breach of continuity to absence of the elli-
psoid layer of the internal segments of photoreceptors in
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the fovea, which gradually progresses to more pronoun-
ced atrophy, in which the most severe stage is accompa-
nied by atrophy of the pigment epithelium (9, 27).

A correlation with the finding on SD-OCT was demon-
strated with the aid of further imaging methods of fundus
autofluorescence (1, 9). In the first stages, the signal is
more intensive, probably as a sign of increased metabolic
turnover accompanying the transitional stage before cell
death. In the more advanced phases there is a decline of
autofluorescence in the fovea as a consequence of atro-
phic changes. There was no significant demonstration of
a correlation between structural and functional changes
and age (1, 27).

Achromatopsia is caused by mutations in a total of 6 ge-
nes: ATF6 (19), CNGA3 (17, 34), CNGB3 (14, 28), GNAT2 (2,
15), PDE6C (29) and PDE6H (16).The gene CNGB3 (cyclic
nucleotide gated channel beta 3) predominates, in which
there is a causal mutation in approximately 50% of patients
of European origin (18). CNGB3 codes the sub-unit modula-
ting the function of CNG (cyclic nucleotide gated) of the cha-
nnels in the cytoplasmatic membrane of the cones, which
contribute to the process of phototransduction (18, 21).

In the Czech population, the molecular genetic cause of
achromatopsia has not yet been studied. The aim of this
study was to conduct screening for the presence of the
most common causal mutations on 11 mutually unrelated
patients with suspected clinical achromatopsia, as well as
to describe in detail the clinical ocular findings in indivi-
duals with achromatopsia confirmed on the level of DNA.

METHODS

The genome DNA of 11 probands of Czech origin with
a clinical finding of achromatopsia was isolated with the
aid of a Gentra Puregene kit (QIAGEN, Hilden, Germa-
ny) from a sample of venous blood. With the aid of the
conventional method of direct sequencing, screening of
exons 6, 7, 9-13 of gene CNGB3 (referential sequence
NM_019098.4) was performed. This targeted selection
was conducted on the basis of the study by Mayer et
al. (22), which tested 1074 probands of European origin
with achromatopsia, and determined that in 41.5% of pa-
tients the illness originated upon a background of only 12
mutations in the gene CNGB3, located in the regions we
selected. The used primers and detailed conditions of the
reactions are available with the authors upon request.
The description of the mutations corresponded to the
recommendations of the Human Genome Variation So-
ciety, in which the first nucleotide coding sequences is in
position 1 (5). The research was conducted in accordan-
ce with the Helsinki declaration, the probands or their
legal representatives signed an informed consent form.
The study was approved by the Ethical Commission of the
General University Hospital in Prague.

We conducted a detailed ophthalmological examinati-
on on probands with confirmed diagnosis of achromato-
psia on the level of DNA. Best corrected visual acuity was
determined with the aid of ETDRS (Early Treatment Dia-

CZECH AND SLOVAK OPHTHALMOLOGY 5/2019

betic Retinopathy Study) Optotypes or Snellen charts, and
converted to decimal values. Testing of colour perception
was conducted with the aid of pseudoisochromatic tables
or an HRR (Hardy-Rand-Rittler) test, the visual field was
tested with a static perimeter (M-700, Medmont Inter-
national, Nunawading, Australia). Within the framework
of a biomicroscopic examination of the retina in artificial
mydriasis, the ocular fundus was photographed and au-
tofluorescence of the fundus was performed on proband
1 (Visucam 200, Carl Zeiss Meditec AG, Germany), in pro-
band 2 it was not possible to perform this due to pro-
nounced nystagmus. The individual layers of the macula
were displayed with the aid of SD-OCT (RTVue, Optovue,
Inc, Fremont, USA or Spectralis, Heidelberg Engineering
GmbH, Heidelberg, Germany).

In the case of the parents, only a basic ocular examina-
tion was conducted, consisting in measurement of best
corrected visual acuity and biomicroscopy of the fundus.
The parents of proband 2 also underwent an examination
with the aid of SD-OCT.

RESULTS

Direct sequencing determined that proband 1 was
a compound heterozygote for mutations in the gene
CNGB3: in exon 6 ¢.819_826del; p.(Arg274Valfs*13) and
in exon 9 ¢.1006G>T, p.(Glu336*), whereas ¢.819_826del
was inherited from the mother, ¢c.1006G>T from the
father (Fig. 1a). In proband 2, the scan determined in ho-
mozygote state mutation c.1148del; p.(Thr383llefs*13),
meaning that both parents were therefore a heterozygo-
te carrier for this variant (Fig. 1b).

Proband 1 was observed from the first months of life for
nystagmus and pronounced photophobia. At the age of
19 years, the best corrected visual acuity bilaterally was
0.1 with the use of edge filters and correction in the right
eye of +1.50D =-1.00 Dcyl ax 170° and in the left eye plan
=-0.75 Dcyl ax 180°. Testing of colour sense confirmed a
total dysfunction of colour perception. An examination of
the visual field determined bilateral central relative sco-
tomas, though the validity of the conducted examination
was low due to pronounced loss of fixation (Fig. 2c). Bio-
microscopically the posterior pole of the fundus appeared
physiological (Fig. 2a). The intensity of autofluorescence
in the macula was also within the norm (Fig. 2b). The qu-
ality of the images obtained with the aid of SD-OCT was
worse due to nystagmus, nonetheless they unequivocally
demonstrated breach of continuity of the photoreceptor
layer (Fig. 2d), therefore a finding corresponding to stage 1
according to Greenberg et al. (9). An examination of both
parents did not demonstrate any ocular abnormalities.

In proband 2 the pathology was also manifested in the
form of photophobia and nystagmus from the first months
of life. A diagnosis of achromatopsia was determined at
the age of 4 years. Visual acuity at that time was 0.1 in
both eyes without correction, and cycloplegic refraction
was +3.25 D = -3.00 Dcyl ax 6°in the right eye and +3.00 D
=-1.50 Dcyl ax 13° in the left eye, but this did not improve
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visual acuity. At the age of 8 years uncorrected visual acui-
ty in the right eye was 0.05 and 0.1 in the left eye. There
was no improvement even after the use of edge filters,
nonetheless these at least significantly reduced photopho-
bia. An examination of colour sense confirmed total colour
blindness bilaterally. The biomicroscopic finding on the re-
tina was without perceptible structural changes, however
due to nystagmus and photophobia it was not possible to
obtain a quality photograph of the ocular fundus, and it
was also not possible to document autofluorescence of
the fundus. The quality of the SD-OCT images of the ma-
cula was reduced (Fig. 2e), nevertheless the layer of ellip-
soids was present, and we therefore evaluated the stage
of the pathology as 1 (9). The ocular finding of the parents
was within the norm.

DISCUSSION

We conducted a detection of causal mutations in pati-
ents of Czech origin with a clinical diagnosis or suspicion
of achromatopsia for the first time. Determination of the
diagnosis on the level of the gene has a substantial bene-
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fit in the case of achromatopsia, since especially in early
childhood it is not possible to perform a range of essen-
tial objective and subjective examinations in a valid ma-
nner, such as SD-OCT, fundus autofluorescence, examina-
tion of colour sense or electroretinographic examination.

No significant correlation between phenotype and ge-
notype was demonstrated in achromatopsia (8, 31), and
as a result it is not possible according to the clinical fin-
ding to determine a gene in which it would be possible
to locate pathogenic variants. According to the available
literature, causal mutations in the gene CNGB3 contri-
bute most to the occurrence of the pathology (18). Out
of the 10 most common pathogenic variants in this gene
occurring in individuals with achromatopsia, who were
predominantly of Western European origin (22), in 11 pa-
tients of Czech origin we located only three: c.1148del,
c.819_826del, and c.1006G>T. Mutation of c.1148del,
which was determined in proband 2, is the most com-
mon pathogenic alelle of all, in homozygote state it was
present in an extensive study numbering 1074 probands
in more than one fifth of the families (22).

The fact that we demonstrated both pathogenic vari-
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c.1148del/wt c.1148del/wt
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c.1148del/c.1148del

Fig. 1. Genealogies of both families and segregation of identified mutations in
gene CNGB3, wt indicates referential sequence (wild type). a) family of proband

1, b) family of proband 2

Fig. 2. Clinical finding in both probands with achromatopsia. a) photograph of fundus of right eye of proband 1, b) au-
tofluorescence of fundus of right eye of proband 1, c) perimeter of right and left eye of proband 1, d) optical coherence
tomography with spectral domain (SD-OCT) of left eye of proband 1, d) SD-OCT of left eye of proband 2
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ants only in two probands out of 11 (18%), as against an
expected 42%, indicates that in Czech patients the spec-
trum and frequency of causal mutations is different from
that in the previously studied populations of other Eu-
ropean countries. However, this finding may be distorted
by the small cohort of patients.

The clinical ocular finding was typical in our probands.
Achromatopsia was manifested already in the first
months of life in the form of nystagmus and photopho-
bia, and in both probands visual acuity was also within
the zone of severe visual defects, which is defined by
a range of visual acuity from 0.05 to 0.1 (11). Although
the biomicroscopic finding on the retina appeared to be
within the norm, nevertheless with the aid of SD-OCT it
was possible to demonstrate discrete structural changes
in the macula in both probands.

As yet no effective treatment of achromatopsia exists,
patients are referred only for visual correction aids. Photo-
phobia can be partially eliminated by wearing special ab-
sorption lenses known as edge filters. If causal mutations
are known, in the case of a further pregnancy the parents
of the affected child have the option of a pre-implantation

genetic diagnosis (10, 35). At present clinical gene therapy
tests are taking place on patients with mutations in the ge-
nes CNGA3 and CNGB3 (6, 7, 12). Their potential effect was
supported in pre-clinical trials on animal models, which
demonstrated an improvement of the electroretinogra-
phic findings and of visual acuity (4, 20, 24).

CONCLUSION

Although achromatopsia is a rare pathology, it may be
encountered in clinical practice. The diagnostic difficul-
ties that frequently accompany achromatopsia in small
children often represent a considerable psychological
burden for the family. In the case of suspicion of this
clinical unit, we recommend genetic testing, which may
substantially shorten the diagnostic process.

Thanks to Ing. Martin MeliSek for performing an exa-
mination with the aid of SD-OCT and processing the re-
sults. The study was supported by grants from the Char-
les University PROGRESS Q26, UNCE 204064 and SVV
260367/2017.
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