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Oguchi disease: suggestion of linkage to

markers on chromosome 2q
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Abstract
Oguchi disease is a rare autosomal re-

cessive form ofcongenital stationary night
blindness. The condition is associated with
fundus discolouration and abnormally
slow dark adaptation. Earlier studies sug-

gested that the 48 kD protein S antigen
may be involved in the recovery phase
oflight transduction. Previous cytogenetic
and linkage studies have localised the S
antigen gene (SAG) to chromosome
2q37. 1. In the present study markers which
map to distal chromosome 2q were typed
in an inbred Oguchi pedigree. The se-

gregation data obtained suggested that the
affected subjects are homozygous by des-
cent for a region between D2S172 and
D2S345. An intragenic SAG poly-
morphism was homozygous in all affected
people and a recombination event sug-

gested that SAG maps proximal to D2S345.
Collectively, these findings support the hy-
pothesis that a defect in S antigen may be
responsible for Oguchi disease.

(J Med Genet 1995;32:396-398)
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During normal dark adaptation the sensitivity
of the visual system slowly increases, with the
rod system becoming considerably more sen-

sitive than the cone system. Dark adaptation of
the rods and cones is usually complete within,
respectively, 10 and 30 minutes of introduction
to a darkened environment. In Oguchi disease,
a rare autosomal recessive condition, dark ad-
aptation of the cones appears to proceed nor-

mally whereas rod thresholds may take several
hours to descend to normal levels. 1-3 In-
vestigation of the underlying molecular path-
ology of Oguchi disease may provide insights
into both night blindness and the mechanisms
which normally control rod dark adaptation.
A reasonable candidate gene for Oguchi dis-

ease is that encoding S antigen, also known as

arrestin. This gene encodes a 48 kD protein
which may be involved in the recovery phase
of light transduction.45 It has been suggested
that S antigen binds to and thereby quenches
partially phosphorylated activated rhodopsin
(Rh*). The binding of S antigen appeared to
stabilise Rh* and so retard the regeneration of
native rhodopsin. Because of the latter finding
it was suggested that S antigen serves as a

switch that shuts down the rod photoreceptors
during prolonged periods of bright illumina-
tion. The gene encoding S antigen has been
mapped by in situ hybridisation analysis to

chromosome 2q37.16 and by linkage analysis
between D2S172 and D2S125.7 Here we des-
cribe cosegregation of the Oguchi disease
phenotype with polymorphic DNA markers
which map to distal chromosome 2q.

Materials and methods
The pedigree of the family studied here is
shown in the figure. The three affected daugh-
ters all had night blindness since childhood
but retained good visual acuity (6/6). When
Humphrey visual field testing was performed,
two of the daughters had peripheral field con-
striction. All three daughters had an abnormal
colouration of the fundus which disappeared
after 30 to 45 minutes of dark adaptation and
extinguished scotopic (rod) and subnormal
photopic (cone) electroretinogram (ERG).
There was no evidence of the pigmentation
associated with retinitis pigmentosa. These
clinical findings were consistent with type I
Oguchi disease; in type II Oguchi disease the
fundus discolouration does not revert to normal
in darkness. Both the parents and the un-
affected son had normal visual acuity, normal
fundus colouration, no history of night blind-
ness, and a photopic ERG within normal limits.
The scotopic phase ERG was normal in the
parents but was clearly subnormal in the son.
DNA samples from the parents and children

were PCR amplified using primers from the
MAPPAIRS set (Research Genetics). In each
case, the forward primer was radioactively
labelled before amplification. The PCR prod-
ucts were then electrophoresed on 6% de-
naturing polyacrylamide gels and the gels fixed,
dried, and autoradiographed.
A previously described polymorphism at

codon 403 of the S antigen gene (GCT (Ala)
orATT (Ile))5 was detected by amplifyingDNA
samples using flanking primers (forward 5'-
GGAGTTTGCTCGCCATAATCTGAA-3'
and reverse 5'-CCAGGGGAGAACAAACA-
AGCTTTA-3'). The 223 bp PCR products
were then digested with HgaI, a restriction
enzyme which recognises the sequence
GACGC and will cleave the PCR product if
the codon 403 sequence is GCT but not if it
is ATT.
Two point linkage analyses were carried out

using the FASTLINK implementation of
MLINK. For multipoint analysis, the following
map of chromosome 2q was used: 2cen-
D2S126-(16 cM)-D2S172-(4 cM)-SAG-(8 cM)-
D2S427-(5 cM)-D2S345-(1cM)-D2S338-
(13 cM)-D2S 140-(5 cM)-D2S 1 25-2qter.' Ow-
ing to the computational complexity of the
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inbred pedigree from India. The pedigree in-
volved marriage between third cousins and con-
tained three affected female sibs and one
unaffected male sib (figure A). DNA samples
from the parents and children were typed
for seven microsatellite markers from chro-
mosome 2q and an intragenic SAG poly-
morphism (figure A, B). The alleles at SAG,
D2S427, D2S345, D2S338, D2S140, and
D2S125 formed a haplotype (s,3,3,1,6,1)
which was carried by both parents and was
homozygous both in the first and third affected
daughters. The second affected daughter in-
herited the paternal copy of the same haplotype
together with a recombinant maternal haplo-
type (s,3,1,2,3,2) such that only D2S427 and
SAG were homozygous. The clinically un-
affected son was heterozygous for all of the
tested markers; he inherited a completely
different maternal haplotype (S,1,1,2,3,2) and
a recombinant paternal haplotype (s,3,2,1,5,
1). Two point linkage analysis was performed.
If it was assumed that the two alleles at D2S427
segregating in the nuclear family each had an
allele frequency of 0.1 and that the frequency
of the Oguchi disease gene was 0-002, then a
maximum lod score of 2 19 at a recombination
fraction of 0=0 0 was obtained. These as-
sumptions seem reasonable because the marker
used was relatively informative in the Indian
population (unpublished data) and Oguchi dis-
ease is very rare.
Using the loci D2S427 and SAG, multipoint

analysis yielded a maximum multipoint lod
score of 2-65 for a location of the disease locus
right on the top of D2S427. The lod score for
a location of the Oguchi locus directly at the
SAG locus was 2A45, which was not sig-
nificantly lower (data not shown).
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Genetic mapping of the locus for Oguchi disease. (A) Pedigree of the Indian family with
Oguchi disease and segregation of chromosome 2q polymorphic markers in that family.
1-6 denote alleles detected for the D2S126, D2S172, D2S427, D2S345, D2S338,
D2S140, and D2S125 microsatellite polymorphisms; S and s denote, respectively, the
ATT and GCT sequence polymorphisms at codon 403 in the S antigen gene (SAG). The
order and genetic distance of marker loci tested are given in Materials and methods. SAG
most likely maps between D2S172 and D2S345. (B) Detection of the SAG codon 403
polymorphism by HgaI digestion. Lane 1, mother; lanes 2-4, affected daughters; lane 5,
unaffected son; lane 6, father; lane M, molecular weight marker.

pedigree, we had to resort to overlapping three
point analyses using the FASTMAP im-
plementation of LINKMAP.'°

Results
In this study microsatellite markers were tested
for linkage to the Oguchi disease locus in an

Discussion
In the current study, cosegregation of distal
chromosome 2q markers with Oguchi disease
was shown in an inbred Indian family. The
three affected children inherited the same allele
combination at D2S172, D2S427, and SAG
whereas a different allele combination was in-
herited by the unaffected child. The six markers
SAG, D2S427, D2S345, D2S338, D2S140,
and D2S125 formed a haplotype which was

carried by both parents and was homozygous
in two of the affected children. The remaining
affected child inherited a recombinant matemal
chromosome such that only D2S427 and SAG
were homozygous. These homozygosity map-

ping data suggest that the Oguchi disease locus
in this family is located between D2S172 and
D2S345. Furthermore, the alleles observed in
the affected child with the recombinant chro-
mosome indicated that SAG also maps prox-
imal to D2S345. A similar assignment of SAG
has been defined very recently by multipoint
linkage analysis in eight reference families.7
Collectively, these data are in line with our

original hypothesis that a defect in S antigen
may be responsible for Oguchi disease in this
family. In this case the parents were both het-
erozygous for a mutation inherited from one
ofthe people in generation I, that is, the affected
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offspring are likely to be homozygous by des-
cent for the mutation. The typing data were
consistent with this scenario.
The family analysed in this study is theo-

retically large enough to produce a lod score
of 3 00, the minimum value required for stat-
istically significant evidence of linkage. To
reach this value, the affected subjects must be
homozygous by descent for a sequence vari-
ation inherited from a common ancestor, and
the meioses occurring in generations I to III of
the pedigree must be used fully in calculating
the lod score. Oguchi disease is so uncommon
that it is highly probable that the affected
daughters in this pedigree were homozygous
by descent. However, a lod score of 3 00 was
not achieved on two point analysis of D2S427
because the assumed allele frequency was
too high to provide strong evidence that the
marker allele was also homozygous by descent.
Nevertheless the observation that both parents
carried the same haplotype at SAG, D2S427,
D2S345, D2S338, D2S140, and D2S125 sug-
gests that homozygosity by descent may in fact
have occurred. The segregation data presented
here are collectively suggestive of linkage and it
would be of interest to test additional pedigrees
with Oguchi disease for linkage to markers from
distal chromosome 2q. Because mutations in
other genes in the phototransduction pathway
have been implicated in both night blindness

and retinal degenerations, we are also testing
autosomal recessive retinitis pigmentosa ped-
igrees for linkage to S antigen.
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