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PURPOSE. To investigate the clinical and genetic characteristics of occult macular dystro-
phy (OMD) based on a Chinese patient cohort.

METHODS. Fifteen Chinese OMD patients from nine unrelated families underwent genetic
testing, and all of them harbored a pathogenic RP1L1 variant. Comprehensive ophthalmic
examinations were performed in nine probands, including spectral-domain optical coher-
ence tomography (SD-OCT), near-infrared reflectance (NIR), fundus autofluorescence
(AF), and multifocal electroretinography.

RESULTS. The RP1L1 variants p.R45W and p.S1199C were identified in 13 patients and
two patients, respectively, and one was a de novo mutation. Among the nine probands,
the median ages at onset and examination were 25.0 years (range, 6–51 years) and
27.0 years (range, 14–55 years), respectively. The median decimal visual acuity was 0.20
(range, 0.04–0.5). Foveal photoreceptor thickness and visual acuity showed a significant
correlation (r = 0.591; P = 0.01). All eyes presented with an absent interdigitation zone
and blurred ellipsoid zone of photoreceptors when examined by SD-OCT. In addition,
central round lesions with low NIR reflectance were observed in 66.7% (12/18) of eyes
by NIR reflectance imaging, corresponding to the regions with abnormal photoreceptor
microstructures observed by SD-OCT. Of the 18 eyes, only four eyes showed ring-like
faint hyperfluorescence around the macula by AF.

CONCLUSIONS. To the best of our knowledge, this is the largest study in a cohort of Chinese
OMD patients with RP1L1 mutations. Our findings revealed that the two recurrent RP1L1
variants are related to OMD in the Chinese population. Furthermore, multimodal imaging
combined with genetic testing is valuable for diagnosing and monitoring OMD progres-
sion.

Keywords: occult macular dystrophy, RP1L1, multimodal imaging, next-generation
sequencing, early diagnostics

Occult macular dystrophy (OMD, OMIM 613587) is a
hereditary macular dystrophy that was first described

by Miyake et al. in 1989.1 Patients present with bilateral
or sequential progressive visual decline. The characteris-
tic clinical finding is reduced amplitudes on focal macu-
lar electroretinography (ERG) or multifocal ERG (mfERG)
tests,2 whereas full-field ERG (ffERG) results, fluorescein
angiogram (FA) results, and fundus appearance are usually
normal. In addition, spectral-domain optical coherence
tomography (SD-OCT) shows the absence of the interdig-
itation zone (IZ) and blurring of the ellipsoid zone (EZ) of
photoreceptors at the macula.3,4

Retinitis pigmentosa 1-like 1 (RP1L1, OMIM 608581) is
the only confirmed gene associated with OMD.5 It is mapped
to human chromosome 8p and spans 50 kb of genomic
DNA; it is composed of four exons, but exon 1 is noncod-
ing.6 Immunohistochemical analysis revealed that this gene
is expressed in the retinal rod and cone photoreceptors
of cynomolgus monkeys.5 Some studies found that RP1L1
appeared to be involved in maintenance of the morphol-
ogy and function of photoreceptors.7–9 To date, the Human
Gene Mutation Database (HGMD) has recorded 24 variants
of RP1L1 related to OMD. Of the 24 variants, c.133C>T
(p.R45W) is the most common variant and is found in all
populations, indicating a mutation hotspot.4,10,11 In addi-
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tion, there is another mutation hotspot that includes six
amino acids (1196–1201) downstream of the doublecortin
(DCX) domain.12 Other phenotypes associated with RP1L1
mutations are autosomal recessive retinitis pigmentosa,
autosomal recessive cone dystrophy, and possibly a digenic
form of syndromic retinal dystrophy.10,13,14

To date, numerous studies describing OMD patients with
RP1L1 mutations have been reported, but limited data are
available for the Chinese population.4,15,16 Thus, this study
aims to investigate the clinical and genetic characteristics of
a small cohort of Chinese OMD patients.

METHODS

Subjects

A total of 15 Chinese patients with OMD were included in
this study between 2016 and 2019. The study was performed
in compliance with the tenets of the Declaration of Helsinki
and approved by the Ethics Committee of the Eye and ENT
Hospital of Fudan University. An informed consent form was
obtained from all the subjects or their guardians. The clinical
diagnostic criteria for OMD were as follows: (1) progressive
decrease in central vision with normal appearing fundus and
normal ffERG results, and (2) reduced foveal mfERG ampli-
tudes. Patients with a clinical diagnosis of OMD or harboring
a heterozygous pathogenic RP1L1 variant were included.

Clinical Evaluations

Nine probands underwent detailed clinical evaluations,
including evaluations of medical history and family history
and complete ophthalmic examinations. Chief complaints,
onset of disease, and duration of disease were recorded
in detail. The ophthalmic examinations included determina-
tion of best-corrected visual acuity (BCVA) in decimal units;
color vision examination (Ishihara color plate test); slit-
lamp examination; dilated fundus examination and photog-
raphy; SD-OCT and fundus autofluorescence (FAF; Spec-
tralis HRA+OCT, Heidelberg Engineering, Inc., Heidelberg,
Germany); ffERG and mfERG (VERIS Science 6.0; Electro-
Diagnostic Imaging, Inc., Redwood City, CA, USA; accord-
ing to the standards of the International Society for Clinical
Electrophysiology of Vision); and Humphrey perimetry (Carl
Zeiss Meditec, Inc., Dublin, CA, USA).

Genetic Analysis

Peripheral blood samples were collected from the nine
probands and their family members. Genomic DNA was
extracted from blood with the Qiagen FlexiGene DNA Kit
(Hilden, Germany) according to standard procedures. The
capture panel was custom designed and produced by the
Beijing Genomics Institute (Shenzhen, China) for this study.
It contained the exon sequences of 792 genes (Supplemen-
tary Table S1), as well as 30 bp from either side of the exonic
region. Enriched libraries were sequenced with the Illumina
Hiseq 2000 platform (Illumina, Inc., San Diego, CA, USA).
Reads were aligned to the hg38 human reference sequence
using the Burrows–Wheeler Aligner, version 0.7.10 (BWA-
MEM).

The following four databases were used for annotation to
eliminate the benign variants with minor allele frequency >

0.1%: 1000 Genomes Project (http://browser.1000genomes.
org/), dbSNP (http://www.ncbi.nlm.nih.gov/projects/SNP),

ESP6500 (http://evs.gs.washington.edu/EVS/), and ExAC
(http://exac.broadinstitute.org). All identified variants
were analyzed using four online prediction tools:
MutationTaster (http://www. mutationtaster.org/), Sorting
Intolerant from Tolerant (https://www.sift.co.uk/), FATHMM
(http://fathmm.biocompute.org.uk/), and Polymorphism
Phenotyping v2 (http://genetics.bwh.harvard.edu/pph2/).
Previously reported variants were determined according to
ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/) and HGMD
Professional version 2019.2 (http://www.hgmd.cf.ac.uk/ac/
index.php). We combined total coverage depth, quality
score, potential deleterious effects, and mutation reports
in HGMD, ClinVar, and Online Mendelian Inheritance
in Man to perform variant prioritization. Finally, Sanger
sequencing and cosegregation analyses were performed
within family members to verify the candidate variants. The
cDNA NM_178857.5 and protein NP_849188.4 sequences
were used for RP1L1 mutation nomenclature. For DNA
numbering, +1 corresponded to the A of the ATG transla-
tion initiation codon. Variants were classified according to
the American College of Medical Genetics and Genomics
guidelines.

Data Analysis

All images were evaluated independently by two authors
(DW and FG), who were blinded to the BCVA and symp-
tom duration information. If there was any disagreement
between the two authors, it was resolved by a senior reti-
nal specialist (GX). The thickness of the foveal outer nuclear
layer (ONL), between the internal limiting membrane (ILM)
and the external limiting membrane (ELM) at the center of
the fovea; the thickness of the foveal photoreceptor, between
the inner borders of the ELM and the retinal pigment epithe-
lium (RPE) at the center of the fovea; and the thickness of
the central fovea, from the ILM to the RPE at the center of
the fovea, were measured manually using the digital caliper
tool in the Spectralis OCT system (Heidelberg Engineering).
All statistical analyses were performed using SPSS Statistics
20.0 (IBM, Armonk, NY, USA). Correlation parameters were
calculated using Pearson analysis; P < 0.05 was considered
the threshold of statistical significance.

RESULTS

Demographics

The pedigree charts and genetic characteristics of the nine
families are shown in Figure 1. Of the 15 patients with
OMD, the clinical characteristics of nine probands (Table)
were analyzed. Some data obtained from patient 7 have
been published elsewhere.17 There were six affected males
(66.7%) and three affected females (33.3%). The median
age was 27.0 years (range, 14–55 years). Autosomal domi-
nant family history was clearly reported in five probands
(55.6%), whereas three probands were sporadic (33.3%).
One proband had no family history, and genetic testing
confirmed a de novo mutation (11.1%) (Fig. 2).

Clinical Findings

The age at onset varied widely from 6 to 51 years, and the
median age of onset was 25.0 years. Among the probands,
one presented with decreased central vision before the age
of 10 years. All probands had reduced visual acuity, and
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FIGURE 1. Pedigrees of nine Chinese families with OMD. Squares represent males; circles, females; empty symbols, normal controls; and
filled symbols, affected patients. The probands are marked by an arrow.

five probands complained of photophobia (5/9, 55.6%). Red-
green deficiency was detected in five probands (5/9, 55.6%).
Seven probands had a central scotoma (7/9, 77.8%). The
median decimal BCVA was 0.20, with a range of 0.04 to
0.5. Asymmetrical visual decline occurred in one proband
with visual acuity of 0.4 and 0.05 (1/9, 11.1%). There was
no significant correlation between decimal BCVA and age of
onset (P = 0.407) or symptom duration (P = 0.783).

All probands showed reduced foveal amplitudes by
mfERG, indicating localized macular dysfunction. The clas-
sical morphological changes observed by SD-OCT were the
absence of an IZ and blurring of the EZ of photoreceptors
at the macula, observed in all probands. In addition, disrup-
tion of the ELM was noted in one proband (1/9, 11.1%)
(Fig. 3A). None of the probands exhibited abnormal find-
ings in the RPE layer by SD-OCT. All probands presented
with foveal thinning, and the mean central retinal thickness
was 183.8 ± 12.8 μm; however, decimal BCVA was not signif-
icantly related to foveal thickness (P = 0.284). The mean

thicknesses of the foveal ONL and the foveal photorecep-
tor were 93.8 ± 13.9 μm and 64.0 ± 4.7 μm, respectively.
A significant correlation was found between decimal BCVA
and the thickness of the foveal photoreceptor (r= 0.591; P=
0.01) (Fig. 4), whereas decimal BCVA was not correlated with
foveal ONL thickness (P = 0.885). The fundus near-infrared
(NIR) reflectance was determined in all probands, and the
central round lesions with low NIR reflectance was detected
in 12 eyes (12/18, 66.7%). These areas corresponded to the
abnormal IZ and EZ on SD-OCT (Fig. 3B). The AF images
showed ring-like faint hyperfluorescence around the macula
in four eyes (4/18, 22.2%) (Fig. 3D).

Genetic Findings

Two known heterozygous pathogenic variants of RP1L1
were identified in the small cohort of Chinese OMD patients:
p.R45W (8/9 families, 88.9%) and p.S1199C (1/9 families,
11.1%). To date, 26 variants have been identified in the 196
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FIGURE 2. Sanger sequencing. Sanger sequencing results of the RP1L1 variant in family 6. The arrow indicates the position of the variant.

individuals from 101 unrelated families, including the data
in this study (Supplementary Table S2). Of the 26 variants,
92.3% (n = 24) were missense mutations, and frameshift and
nonsense mutations accounted for 3.8% (n = 1 each). The
most frequent variant was p.R45W (71/101 families, 70.3%),
followed by p.S1199C (7/101 families, 6.9%), located within
two previously reported mutation hotspots.4 A schematic
diagram showing the location of all previously reported
RP1L1 variants is presented in Figure 5. Five of the 26 vari-
ants (19.2%) were located in two DCX domains (residues
33–133 and 147–228), and these domains in combination
with the RP1 domain appeared to be necessary for localiza-
tion of RP1L1 to the outer segment axoneme of photorecep-
tors.7,11,18 No variant was found in the RP1 domain (residues
307–340) of the RP1L1 protein. In addition, variants were
clustered in two regions (residues 950–960 and 1196–
1201), the latter being a mutation hotspot, as previously
reported.12

DISCUSSION

In this study, we reviewed the clinical and genetic char-
acteristics of a small Chinese cohort with OMD in detail
and identified two known RP1L1 variants, which are the
two most common variants in the East Asian population.
The allele frequencies of the variant p.R45W in East Asian,
South Asian, and European (non-Finnish) populations are
0.0001167, 0.000000, and 0.00003046, respectively. The vari-

ant p.S1199C is not found in the ExAC or 1000 Genomes
Project database, but all 12 reported patients harboring this
variant were East Asian.4,19,20 This indicated that these two
variants were more common in the East Asian population
than in other populations. Previous studies showed that the
penetrance of the variant p.R45W was incomplete, ranging
from 38% to 85%.5,10,11 In contrast, the variant p.S1199C has
never been reported in healthy individuals. In this cohort, all
genetically affected patients presented with ocular abnor-
malities. The identification of healthy carriers is vital for
determining a penetrance; however, it is unusual for asymp-
tomatic individuals to visit clinics or hospitals. Therefore,
carrier screening is helpful, and detailed clinical assessments
and long-term, regular follow-up might be considered for
asymptomatic individuals affected genetically.

The IZ absence and EZ blurring of photoreceptor
microstructures observed by SD-OCT are classical changes
in OMD patients and were observed in all probands of
our cohort. However, Kato et al.20 found that central foveal
microstructures could be spared in some patients carrying
pathogenic RP1L1 variants; the visual acuity of these patients
was generally well preserved, and mfERG results could even
be normal, but SD-OCT revealed abnormal microstructures
in the parafoveal regions. This finding demonstrated that
SD-OCT is more sensitive in detecting pathologic changes
of OMD than other examination methods and contributes to
the improvement of early diagnostics. In addition, SD-OCT
is useful for monitoring the progression of OMD. Consistent
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FIGURE 3. Multimodal images in the probands with OMD. (A) Focal disruption of the ELM (arrow). (B) Fundus near-infrared (NIR) reflectance
showed the central round lesions with low NIR reflectance, corresponding to the abnormal IZ and EZ on SD-OCT. (C) A normal infrared
reflectance image. (D) The AF image revealed ring-like faint hyperfluorescence around the macula. (E) A normal AF image.
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FIGURE 4. Correlation of BCVA with the thickness of photoreceptors.

FIGURE 5. Schematic representation of the RP1L1 gene, all known variants related to OMD, and their frequencies. Two DCX domains
(residues 33–133 and 147–228) are labeled in green, the RP1 domain (residues 307–340) is labeled in black, two repeat regions of the C-
terminal (residues 1278–1402 and 1836–2244) are labeled in blue, and two clustered regions of variants (residues 950–960 and 1196–1201)
are labeled in red.

with previous research,3 we found that foveal photoreceptor
thickness was related to visual acuity, whereas foveal thick-
ness and ONL thickness were not significantly associated
with visual acuity, even though thinning was observed in all
probands.

Upon fundus NIR reflectance imaging, disrupted photore-
ceptor microstructures showed lower NIR reflectance than
the surrounding fundus reflex, which was observed in 12
of 18 eyes (66.7%). Similarly, the proportion was 78%, as
reported in a previous study.3 NIR reflectance at the fundus
is mainly affected by absorption and reflection; therefore,
this finding indicates that photoreceptors are important
reflectors of NIR light and further supports the value of
NIR reflectance imaging for OMD diagnosis. In addition,
only four eyes (4/18, 22.2%) presented with parafoveal ring-
like faint hyperfluorescence on AF in this cohort, consistent
with the results of previous studies.3,21 Possible reasons for
apparent hyperautofluorescence include a window defect
due to decreased absorption of light by photoreceptor outer
segments or macular luteal pigment or a real increase in
AF due to the accumulation of a fluorophore; alternatively,
relative hyperautofluorescence may be apparent due to an
adjacent zone of hypoautofluorescence. Notably, the RPE

layer, as the main source of AF, was intact in all probands
with OMD; therefore, multimodal imaging is necessary for
OMD patients. This approach can greatly aid physicians
in diagnosing and monitoring disease progression and is
valuable for understanding the pathologic characteristics of
OMD.

In addition to the above structural parameters, visual
acuity is a highly significant functional parameter for moni-
toring the severity or progression of OMD. In this cohort,
visual acuity varied widely from 0.04 to 0.5; however, no
significant correlation was found between visual acuity and
onset and duration, unlike the results of previous studies.4,8

This may be related to the small number of patients included
in this study. Another limitation of our study is that it is a
cross-sectional retrospective study, and more accurate data
regarding disease progression could not be obtained. There-
fore, in the future, longitudinal large-cohort studies will be
essential for understanding the natural course and structure–
function relationship of OMD.

In conclusion, two known RP1L1 variants were identified
(p.R45W and p.S1199C) in this study, further confirming that
these two variants are common in East Asian populations
and have higher frequencies in East Asian populations than
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in other populations. In addition, we found that foveal
photoreceptor thickness was associated with visual acuity,
which is helpful for monitoring progression. Finally, multi-
modal imaging and genetic testing are recommended for
early diagnosis and accurate evaluation in individuals with
suspected OMD.
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