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Purpose: To examine rhodopsin gene mutations in Japanese patients with retinitis pigmentosa.
Methods: We performed a mutational analysis of the rhodopsin gene in 42 patients from 40
families with retinitis pigmentosa. Genomic DNA was amplified by polymerase chain reaction (PCR) and the PCR products were sequenced. Restriction enzyme analysis was performed in family members of 1 patient with a rhodopsin gene mutation (Gly106Arg) and in
100 normal individuals.
Results: Among the patients with retinitis pigmentosa, 3 patients in one family had a heterozygous Gly106Arg mutation of the rhodopsin gene. They had night blindness and sectorial retinal dystrophy (predominantly at the inferior fundus) in both eyes. None of the 100 individuals with normal fundi had the Gly106Arg mutation of the rhodopsin gene.
Conclusion: The Gly106Arg mutation of the rhodopsin gene has been found in Japanese patients with sectorial retinitis pigmentosa. Jpn J Ophthalmol 2000;44:610–614 © 2000 Japanese Ophthalmological Society.
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Introduction
Retinitis pigmentosa is a genetically heterogeneous disease. Several pathogenic genes have been
previously reported to be implicated in retinitis pigmentosa: the mutations of the rhodopsin gene, the
peripherin/RDS gene, and the phosphodiesterase
beta subunit gene have been found in Caucasian patients.1–4 The Gly106Arg mutation of the rhodopsin
gene has been previously reported in American,
British, and Spanish families with autosomal dominant retinitis pigmentosa.5–8 We report here that the
Gly106Arg mutation of the rhodopsin gene was
found in three members of a Japanese family with
autosomal dominant retinitis pigmentosa.
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Materials and Methods
Patients
We analyzed the rhodopsin gene in 42 Japanese
patients from 40 families with retinitis pigmentosa,
including 7 cases from 5 independent families with
an autosomal dominant trait, 6 patients with autosomal recessive inheritance, and 29 patients with sporadic type; and in 100 individuals with normal fundi.

DNA Sequencing
Informed consent was obtained from all subjects.
Genomic DNAs were extracted from peripheral
blood leukocytes of each subject and amplified by
polymerase chain reaction (PCR) with a GeneAmp
PCR system 2400 (Perkin Elmer, Foster City, CA,
USA). Each amplification of the rhodopsin gene was
performed using 100 ng of genomic DNA in 20 L of
a mixture containing 10 mM Tris-HCl (pH 8.3), 50
mM KCl, 1.5 mM MgCl2, 200 M of each dNTP, 1.25
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U of Ampli Taq DNA polymerase (Perkin Elmer,
Branchburg, NJ, USA) and 10 pmol of each primer.
The coding region of the rhodopsin gene was amplified by using six pairs of primers, as reported by
Dryja et al,9 and incubation of the reaction mixture
according to the following conditions: 2 minutes at
94⬚C followed by 30 cycles at 94⬚C for 30 seconds
(denaturation), at 59⬚C for 30 seconds (annealing),
and at 72⬚C for 1 minute (extension). All of the amplified PCR products were directly sequenced with
an automated DNA sequencer (ABI 310, Perkin
Elmer, NJ). The sense and antisense DNA sequences were confirmed in all subjects.

Restriction Enzyme Analysis
To test for the Gly106Arg mutation, restriction
enzyme analysis was performed. A 320-bp fragment
containing the 3⬘ end of exon 1 was amplified using
genomic DNA from three affected members in a
family with retinitis pigmentosa associated with the
Gly106Arg mutation and from 100 normal individuals. The PCR products were digested with Apa I
(Takara, Shiga) and electrophoresed on 3% agarose
gels. When the PCR products harbor the Gly106Arg
mutation, the 320-bp band remains undigested due
to the abolition of an Apa I recognition site.

Results
Of 42 Japanese patients with retinitis pigmentosa,
3 patients in one family had a heterozygous substitution of guanine to adenine at nucleotide position
610, as shown by DNA sequencing (Figure 1). This
mutation changes amino acid at codon 106 from glycine to arginine. Restriction enzyme analysis showed

Figure 1. Nucleotide sequences around codon 106 of
rhodopsin gene. (a) sense DNA sequence of normal control; (b) and (c), sense and antisense DNA sequences of
patient II-2, respectively; substitution of guanine to adenine at nucleotide position 610 results in change of amino
acid at codon 106 from glycine to arginine. Sequencing of
DNA from patient II-2 indicated same heterozygous mutation at codon 106 of rhodopsin.

Figure 2. Gel electrophoresis patterns showing Apa I restriction enzyme analysis. Lane 1: DNA markers; Lane 2:
normal control shows doublet bands (174 and 146 bp) (arrowheads); Lanes 3: (Patient II-2), 4: (Patient III-1), and 5:
(Patient III-2) show 320-bp (arrow), 174-bp, and 146-bp
fragments, which indicate heterozygous rhodopsin mutation.

that the abolition of the Apa I recognition site
(GGGCCC) was heterozygous in the proband (Figure 2). Two daughters of the proband also had heterozygous Gly106Arg mutation (Figure 2). No loss
of the Apa I recognition site was observed in the 100
individuals with normal fundi.

Case Reports
Family. The pedigree of the family with the
Gly106Arg mutation of the rhodopsin gene is shown
in Figure 3. No parental consanguinity was noted.
Two daughters (patients III-1 and III-2) of the male
proband (patient II-2) also complained of night
blindness without loss of central visual acuity.
Patient II-2. The proband, a 66-year-old man, had
complained of night blindness and a gradual loss of
vision in both eyes during the previous 5 years. His
past medical history was unremarkable. He had had

Figure 3. Family tree. 䊐 Male with normal fundi, 䊊 female with normal fundi, 䊏: affected male, 䊉 affected female, ➚ proband, / deceased, √ examined in this study.
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Figure 4. Patient II-2. Fundus photographs of proband
show mottled retina, visible choroidal vessels, and pigment
around macula in right eye (a), and retinal degeneration
around inferior vascular arcade in left eye (b).

good visual acuity of 1.0 in both eyes until age 55. In
July 1999, his visual acuity was 0.04 with hyperopic
correction (⫹1.5 diopters) OD and 0.5 with correction (cyl ⫺1.0 diopters, axis 75⬚) OS. His intraocular
pressure was 16 mm Hg OU. The corneas and anterior chambers appeared clear. Cortical opacities
were seen in both lenses. Liquefied vitreous bodies
were visible bilaterally. Ophthalmoscopically, normal optic disc, discoloration of the fovea, mottled
retina with pigmentation and visible choroidal vessels around the macula, and attenuated retinal vessels were seen in the right fundus (Figure 4a). Normal optic disc and mottled retina with pigmentation
in the inferior midperiphery were observed in the
left fundus (Figure 4b). Fluorescein angiography
showed visible choroidal vessels at the lesion in both
fundi, and cystoid macular edema in the right fundus
(Figure 5). Goldmann visual field testing showed
ring scotoma in the right eye and isolated superior
defects in the left eye (Figure 6). Color vision, tested
by Farnsworth-Munsell panel D-15, showed a tritan

Figure 5. Patient II-2. Fluorescein angiograms show retinal pigment epithelial and choriocapillaris atrophy in right
(a) and left (b) eyes. Hyperfluorescence is seen at fovea in
right eye (a).

Figure 6. Goldmann visual fields of Patients II-2, III-1,
and III-2.

defect in the right eye, and was normal in the left
eye. Electroretinograms revealed subnormal rod responses in both eyes (Figure 7). Cone response was
normal in the left eye but reduced in the right eye.
Patient III-1. The proband’s 44-year-old daughter
presented with mild night blindness. Her visual acuity was 1.2 OU. The corneas, anterior chambers, and
lenses appeared clear bilaterally. Vitreous liquefaction was noted in both eyes. Subtle retinal lesions
along the inferior vascular arcade were visible in
both fundi (Figure 8). Goldmann visual field testing

Figure 7. Electroretinograms of normal control, and Patients II-2, III-1, and III-2.
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Figure 8. Patient III-1. Fundus photographs show mild
retinal mottling along inferior vascular arcades in right (a)
and left (b) eyes.

revealed isolated scotomas consistent with retinal
lesions in both eyes (Figure 6). Results of a Farnsworth-Munsell panel D-15 test appeared normal bilaterally. Fluorescein angiography showed hyperfluorescence along the vascular arcade, predominantly in
the inferior region of both eyes (Figure 9). Electroretinograms revealed moderately reduced rod responses and normal cone responses in both eyes
(Figure 7).
Patient III-2. The proband’s 40-year-old daughter
complained of night blindness that had begun 10
years earlier. Her visual acuity was 1.2 OU. The corneas, anterior chambers, and lenses appeared clear
bilaterally. Vitreous liquefaction was noted in both
eyes. Retinal degeneration accompanying the pigmentation along the inferior vascular arcade was visible in both fundi (Figure 10). Goldmann visual field
testing revealed isolated scotomas consistent with
retinal lesions in both eyes (Figure 6). Results of a
Farnsworth-Munsell panel D-15 test appeared normal bilaterally. Electroretinograms revealed moderately reduced rod responses and normal cone responses in both eyes (Figure 7).

Figure 9. Patient III-1. Fluorescein angiograms show hyperfluorescence along inferior vascular arcades in right (a)
and left (b) eyes.

Figure 10. Patient III-2. Fundus photographs show mottled retina, visible choroidal vessels, and pigment around
macula in right eye (a), and retinal degeneration along inferior vascular arcade in left eye (b).

Discussion
We performed a mutational analysis of the rhodopsin gene in 42 Japanese patients with retinitis
pigmentosa, and found the Gly106Arg mutation in 3
patients from one family. The retinal lesions in this
family were autosomal dominantly inherited. None
of 100 Japanese individuals with normal fundi had
the Gly106Arg mutation. This mutation has been reported in Caucasian families with autosomal dominant retinitis pigmentosa. It is possible that the
Gly106Arg mutation may also cause retinitis pigmentosa in the Japanese population.
Patient II-2 with the Gly106Arg mutation had sectorial, asymmetric retinal visual field and electroretinographic findings in both fundi. The visual acuity
in the right eye was reduced by cystoid macular
edema. Patients III-1 and III-2 showed inferior degeneration of the retina in both eyes. Fishman et al6
and Ayuso et al8 have reported that the Gly106Arg
mutation was associated with the sectorial phenotype of autosomal dominant retinitis pigmentosa,
which exhibits a distinct predilection in Caucasian
families for pigmentary change in the inferior retina
that correlates with impairment of the superior visual field. The predominantly inferior involvement
in our patients was similar to the findings described
in previous reports.6,8
Sung et al10,11 analyzed 34 mutant rhodopsins from
patients with autosomal dominant retinitis pigmentosa by cell transfection assays and divided these mutations into two classes. Class I mutants (6/34, 15%),
which encoded proteins that resemble the wild type,
located at the extreme carboxyl terminus and in the
first transmembrane segment. Class II mutants (28/
34, 85%), which are clearly defective in protein folding and/or stability, are located in the transmembrane or extracellular domain. The Gly106Arg mu-
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tation is thought to be one of the class II mutations,
because the mutation is located in the intradiscal
loop. Several Class II mutations have been reported,
mainly in Caucasian patients with the sectorial phenotype of autosomal dominant retinitis pigmentosa.6,8 Our study indicated that the Gly106Arg mutation is also associated with the sectorial phenotype
in the Japanese patients. Sectorial retinitis pigmentosa is also caused by other Class II mutations, including mutations in codons 15, 17, 23, 58, and 182.12–18
Most of the patients with sectorial retinitis pigmentosa retain good visual acuity.12–18 In our study, Patient II-2 had cystoid macular edema and a decrease
of visual acuity in his right eye. Sullivan et al19 reported a 67-year-old woman with an Asn15Ser mutation and macular pigmentary changes whose visual
acuity in the left eye was 20/200.
It seems likely that the genetic background of retinitis pigmentosa differs between Japanese and
Caucasian populations. However, the Gly106Arg
mutation of rhodopsin gene appears to cause sectorial retinitis pigmentosa in Japanese as well as in
Caucasians.
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