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Abstract
The present study provides evidence for a
possible case of non-penetrance in Best's
disease. We have analysed the at risk
members of a three generation family
with an established history of Best's dis-
ease by ophthalmoscopic examination,
electrophysiological tests, and genetic
analysis. The clinical examination
identified 10 affected and five unaffected
persons in this family. Genetic linkage
analysis strongly supports linkage of the
disease locus to DNA microsatellite
markers from proximal llq. The geno-
typing data were used to construct the
familial haplotype associated with Best's
disease. One person was identified who
has inherited the Best's disease haplotype
from his affected mother. Fundus exami-
nation and electrophysiological tests
have repeatedly been performed in this
patient but failed to show any signs of the
disease. Based on these findings we have
jointly estimated the most likely order of
the Best's disease locus relative to the
closest flanking markers at various pene-
trance values. A maximum likelihood es-
timate for the heterozygote penetrance
was reached for the locus order DllS903-
Best's disease-PYGM at a penetrance
value of 0-96.

(J Med Genet 1994;31:388-392)

Best's disease (BD) (vitelliform macular dys-
trophy, MIM No 153700) is an autosomal
dominantly inherited macular degeneration
with juvenile onset.' The early fundus picture
consists of a well demarcated, subretinal lesion
that classically resembles an egg yolk. The
visual acuity at this stage is often normal. With
time, the egg yolk-like material undergoes
several changes. Initially, disruption of the
"egg yolk" results in a pseudohypopyon stage.
Forming a fluid level, the yellowish material
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Figure 1 Localisation of the Best's disease locus relative to loci
Microsatellite markers from these loci have been used for the get
(fig 2). The data are taken from Weber et al.'3
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appears to shift with gravity in the subretinal
space. Further disruption results in multiple,
irregular yellow clumps which resemble
scrambled egg. At this stage, the vision is
moderately impaired. Eventually, the yellow
material disappears and subretinal scars and
choroidal neovascularisation may develop,
severely impairing vision. Histopathology of
the "scrambled egg" stage of the disease
suggests that BD is a generalised disorder of
the retinal pigment epithelium (RPE) that is
associated with the abnormal accumulation of
yellowish material (lipofuscin) in the RPE and
the subretinal space.2 Variable expressivity of
the disease, even between each eye of an
affected person, has often been noted.6 Many
affected persons never show fundus abnormal-
ities and are diagnosed as asymptomatic car-
riers by electro-oculography (EOG).78 An
EOG measures the standing potential that
exists between the cornea and the retina which
is primarily generated by the retinal pigment
epithelium.9 An abnormally low EOG ratio
comparing the potentials recorded in the light
and dark adapted state has been accepted as a
characteristic electrophysiological sign of
Best's disease.'°0"

Essentially, it is the availability of the EOG
test that has led to the assumption that the
penetrance in Best's disease is complete. In
fact, no case of incomplete penetrance has been
reported to date. More recently, the defective
gene causing Best's disease has been mapped
genetically to the proximal long arm of chro-
mosome 11 by showing linkage between the
BD locus and several (CA)L dinucleotide
markers from the region.612 Subsequently, the
localisation of the Best's disease gene in proxi-
mal 1 lq has been refined to a 3 7 cM interval
between the markers at D 1 1 S903 and PYGM"3
(fig 1).
We have now identified a 37 year old male

from a three generation Best's disease family
who has inherited the BD haplotype from his
affected mother. Repeated examination and
EOG testing have not indicated any signs of
Best's disease in this person. To our know-
ledge, this case is the first documented ex-
ample of non-penetrance in Best's disease.
Based on our results we have estimated the
maximum likelihood for the heterozygote
penetrance at a value of 0-96.

6-8 2-2 cM Case report
Subject III.14 was born in 1955 as the first of

1 1qter -_ two children. He was at 50% risk of inheriting
ithe Best's disease gene from his affectedirom proxtmal llq. mother, II.3 (fig 2). He developed insulin

dependent diabetes mellitus in 1978. He was
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Figure 2 Pedigree of the family. Constructed haplotypes are indicated. The haplotype associated with Best's disease is in brackets. The unaffected
person III.14 has inherited the BD haplotype from his affected mother (arrow).

first examined in 1987 when his family was

being recruited for pedigree analysis of Best's
disease. At that time his vision was correctable
to 6/6 OU with a moderate myopic correction.
His intraocular pressures were normal. Elec-
trodiagnostic studies were performed. The
EOG light/dark ratios were normal at 2 1 RE
and 1 9 LE (fig 3, table 1). Colour vision
testing with the Farnsworth Munsell 100 Hue
Test was slightly abnormal with a predomi-
nantly yellow/blue error and with an error

score of 128 RE and 160 LE (normal < 120).
The photopic and scotopic ERG, 30 Hz
flicker, and oscillatory potentials were normal.

III.14 was last examined in 1993. At that
time his vision was correctable to /6 RE and /6
LE. The anterior segment examination and
intraocular pressures were normal. The fun-
dus examination showed the presence of a

mild, non-proliferative diabetic retinopathy.
The EOG was also repeated (fig 3). Excellent

11-3 (age 56) UD ratio 1-2 RE 1-3 LE 111-12 (age 30) UD 1-4 RE 1-3 LE
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Figure 3 EOG tracings from III.14 aged 32 and 37 (bottom), his mother (II.3
(upper left), and his sister (III.12) (upper right). Only the lowest dark peak an

highest light peak recordings are shown for the right (RE) and the left (LE) eye,
respectively.
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recordings were obtained. The minimum dark
response and the maximum light response
were used to calculate the light/dark ratios of
2-1 RE and 2-5 LE (fig 3, table 1).

Family history
The mother (II.3) of subject III.14 (fig 2) was
started on Timoptic 0-25% eye drops in the
left eye in 1986 because of raised intraocular
pressure (IOP) (23mm Hg RE and 28mm Hg
LE). Her 1OP is now controlled at 17mm Hg
in both eyes. On her latest examination in 1987
the vision was correctable to 20/40 in both eyes
with + 1-00 spherical lens. Excellent ERG
recordings were obtained. The 30Hz flicker
and oscillatory potentials were normal. The
FM 100 hue scores in the colour vision test
were slightly abnormal at 164 RE and 196 LE.
Fundus examination showed "egg yolk"
lesions in both macula, typical of Best's dis-
ease. EOG light/dark ratios were definitely
subnormal at 1 2 LE and 1-3 RE (fig 3, table 1)
and support the diagnosis of Best's disease.
ERG recordings of III.12 (daughter of II.3)

were obtained in both light and dark adaption;
30Hz flicker and oscillatory potentials were

normal. Scores on the FM 100 hue test were in
the normal range (76 RE and 96 LE). Fundus
examinations were normal. The EOG light/
dark ratios were definitely subnormal bilater-
ally (1-4 RE and 1-3 LE) (fig 3, table 1).
Extended pedigree analysis has identified an

additional eight members of family N with
distinctly subnormal EOG light/dark ratios of
1-4 or less (table 1). Except for II.9 (brother of
II.3), whose fundus examination showed
macular scars in both eyes, all other persons
with depressed EOG ratios showed normal
fundi (table 1).

In summary, the mode of inheritance, the
ophthalmoscopic examinations, and the elec-
trodiagnostic tests strongly support the dia-
gnosis of Best's disease with juvenile onset in
the family.

1187 Materials and methods
CLINICAL EXAMINATION AND
ELECTRODIAGNOSTIC TESTS
The clinical and electrodiagnostic tests were

) performed at the Eye Care Center, Vancouver,
d the Canada (Department of Ophthalmology,

UBC). Subject III.14 was also seen by one of
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Table 1 EOG data and fundus appearances of at risk persons in the family

Subject* Age at Fundus appearance EOG L/D ratio: Diagnosis
examination (yJ RE, LE

11.3 56 "Egg yolk" lesions in
both macula 12, 1-3 Best's disease

11.5 58 Normal 14, 1 3 Best's disease
11.7 46 Normal 1 3, 14 Best's disease
11.9 49 Macular scars ND Best's disease
III.12 30 Normal 14, 1 3 Best's disease
III.14 32 Normal 21, 19 Unaffected
H11.14 37 Normal 2 1, 2 5 Unaffected
11I.15 33 Normal 2 2, 2 3 Unaffected
III.16 19 Normal 1 9, 2 5 Unaffected
III.17 9 Normal 1 9, 2 1 Unaffected
III.18 12 Normal 2 4, 2 2 Unaffected
111.19 32 Normal 13, 14 Best's disease
H11.20 27 Normal 15, 1 5 Best's disease
III.21 26 Normal 1 3, 1 3 Best's disease
IV.24 11 Normal 1 6, 1 6 No diagnosist
IV.25 9 Normal 14, 1 3 Best's disease

* Same pedigree numbers as fig 2.
t Poor quality EOG tracing.
ND = not dotie.

the authors (DW). Ganzfeld ERGs were
recorded using the international standard for
electroretinography.'4 Colour vision testing
was done using the Farnsworth-Munsell 100
Hue Test (Munsell Colour Co, Baltimore,
MD, USA). The EOG was performed using a
modified Arden technique.'5 The pupil was
not dilated. A Ganzfeld adaption luminance of
118 foot-lamberts (405 cd/m2) was used. Hori-
zontal sweeps at a rate of 18 per minute over an
excursion of 30 degrees were recorded by skin
electrodes. Sample recordings under light and
dark adapted conditions were done for 15
minutes each at one minute intervals.'6

DNA AND STATISTICAL ANALYSIS
DNA was isolated from peripheral blood and
sputum samples using standard extraction
methods.'7 DNA from fingernail clippings was
extracted as previously described. 18 Micro-
satellite markers were selected from published
reports as follows: (D 11 S905, D 11 S903,
D 11 S913),'9 D 11 S871 (GDB, Johns Hopkins
University, Baltimore, MA), D11S534,2`
D11 S527,2' INT2,22 PYGM.23 Amplifications
of the microsatellite repeats were achieved by
the polymerase chain reaction (PCR) in the
presence of 32P-dCTP using conditions as
given in the references for each microsatellite
marker. Reaction products were electro-
phoretically separated on a 6% sequencing
polyacrylamide gel, followed by drying and
autoradiography.
Two point analysis and likelihood calcula-

tions were performed using the MLINK and
ILINK routines of the LINKAGE program
package version 5 1, respectively.24 The allele

Table 2 Two point lod scores between BD and markers in proximal 1 Iq

Lod score (Z) at 0 of*

0 001 005 01 02 03 04 0 max Z max

DIIS905 2 09 2 13 2 15 2 04 1 62 1 04 0 38 0.036 2 16
D11S871 1 22 1 27 1.35 1.32 1 07 0 71 0-3 0.058 1 36
D11S903 166 1 7 1 77 1 71 14 095 041 0051 177
PYGM 0.95 1 08 1 34 1 41 1 22 0 82 0 34 0.098 1 41
DIIS913 -1 06 -0 93 -0 6 -0-37 -0-14 -0 04 -0 01 0 501 0
INT2 1 38 1 43 1.5 1 46 1.19 0 8 0 34 0-056 1 49
D11S534 -591 -2 -084 -03 009 014 006 0279 015
DIIS527 -4-61 -0 8 0.19 0-58 0 73 0 53 0-18 0 181 0 74

* Based on genotyping data from fig 2.

systems were reduced to four or five alleles per
marker to facilitate computational analysis.

Results
MOLECULAR ANALYSIS
All relevant members of family N were geno-
typed with eight highly polymorphic microsa-
tellite markers from proximal 1 lq (fig 2). The
relative order, the genetic distances, and the
localisation of the Best's disease locus relative
to these markers have been determined pre-
viously'3 and are schematically summarised in
fig 1.
Using the genotyping data, the haplotypes

for each family member were constructed
spanning an approximately 26 cM interval
between the flanking markers at [D II S905,
Dl1S871] and D11S527 (fig 2). All affected
subjects share an identical haplotype (brack-
eted haplotypes in fig 2). Two recombination
events involving the affected haplotype have to
be assumed. The unaffected person III.15 has
inherited the unaffected haplotype from
[D11S905, D11S871] to DIIS903 and the af-
fected haplotype from PYGM to DllS527,
suggesting a crossing over between DIIS903
and PYGM. A second crossing over between
markers at INT2 and DlIS534 should have
occurred in the affected person IV.24. Both
recombinants are consistent with the pre-
viously determined location of the Best's dis-
ease locus between DlS903 and PYGM (fig
1). Sibs III.12 and III.14 both inherited the
haplotype associated with Best's disease from
their affected mother. In order to exclude
possible sample mix ups or typing errors the
genetic analysis in subjects 11.3, 111.12, and
III.14 was repeated with independently iso-
lated lymphocyte DNA samples. The results
were identical with the previous typings (data
not shown). In addition, the genotypings in
subject III.14 were confirmed independently
with DNA samples isolated from fingernail
clippings and sputum (data not shown).

STATISTICAL ANALYSIS
Two point maximum likelihood calculations
using the genotyping data from our family are
highly suggestive of linkage between the Best's
disease locus and the markers used in this
study. A maximum lod score of 2 16 at a
recombination frequency of 3 6% was reached
for locus D 11 S905 (table 2). For these calcula-
tions the status of subject III.14 was assumed
to be unaffected and the penetrance value was
lowered to 0 96 (see below).
Faced with the findings in subject III.14, we

decided to test the hypothesis of reduced pene-
trance versus complete penetrance in Best's
disease by using a likelihood ratio test. The
likelihoods were estimated using the ILINK
routine of the LINKAGE program.24 For the
calculations, a larger data set with genotyping
results from 98 members from three Best's
disease families including the family presented
in this study were used.'3 This included a total
of 39 affected and 30 unaffected persons who
were a priori at risk of carrying the Best's

390



Molecular evidence for non-penetrance in Best's disease

Table 3 Maximum likelihood estimates with respect to
locus order and penetrance

Penetrance Order of loci - 2InL + constant*

1.00 BD-B1 1S903-PYGM 696 23
0 99 D11S903-BD-PYGM 693 14
098 D11S903-BD-PYGM 691 98
0 97 D 1S903-BD-PYGM 69145
096 D11S903-BD-PYGM 691 23t
0.95 D11S903-BD-PYGM 69149
0 90 D 1I S903-BD-PYGM 693 05
0 85 D11S903-BD-PYGM 695 82
0 80 D 1I S903-BD-PYGM 698-92
0 75 D11S903-BD-PYGM 703 34

* Denotes - 2 times the natural logarithm of the likelihood of a
given order and penetrance plus an arbitrary constant.
t Difference from penetrance value of 1 significant at the 5%
level.

disease gene. Subject III.14 was assumed to be
unaffected.
We maximised the likelihood in all three

pedigrees with respect to locus order and
penetrance (table 3). The highest -2lnL+
constant was reached for the order DI I S903-
Best's disease-PYGM at a penetrance value of
0-96 (-2lnL + constant = 691 23). The high-
est -21nL + constant at a fixed penetrance
value of 1 was obtained for the order Best's
disease-Dl lS903-PYGM (-21nL + constant=
696-23). This difference is significant at the
5% level (X2 = 5 00, 1 df).

Discussion
In Best's disease a wide range in the express-
ivity of the defective gene has often been
reported35 and is also evident in the family
presented in this study. While two members of
the family show fundus lesions characteristic
of Best's disease, another eight asymptomatic
persons were diagnosed as carriers of the
disease gene based on electro-oculography
(EOG). A subnormal and prolonged light
rise of the EOG has repeatedly been found to
be highly characteristic of Best's disease.781025
Taken together, the results from the clinical
examinations and the electrophysiological
tests clearly confirm the diagnosis of Best's
disease in our family.
We have now identified one person in this

pedigree who represents the first documented
case of non-penetrance in Best's disease. Gen-
etic analysis has shown that sib III.14 has
inherited the Best's disease haplotype. On the
other hand, fundus examinations and repeated
EOG tests have not indicated any signs of the
disease. By repeating the EOG test we have
excluded the possibility that poor quality tra-
cings or other factors might have influenced
the diagnosis previously. In addition, the two
recordings clearly document that no changes
have occurred in the EOG tracings over the
last five years. In Best's disease, it is generally
accepted that the EOG abnormalities are evid-
ent in the first decade of life and only the time
consuming recording procedure itself seems to
be a major hindrance for obtaining good qua-
lity EOG tracings from very young patients.
At his last EOG test III.14 was 37 years of age.
To our knowledge, there are no published
cases with onset of the EOG abnormalities in
the third or fourth decade of life.

Interestingly, 111.14 and his affected mother

both had slightly abnormal colour vision. It
could be argued that this abnormality repres-
ents a clinical manifestation of affectedness in
our family. However, colour vision in the
affected sister of III.14 is in the normal range.
In addition, colour defects in Best's disease
patients are generally proportional to the de-
gree of visual loss and have, to our knowledge,
never been reported in unaffected carriers.
It, therefore, appears highly questionable
whether the colour vision defect in our family
is causally linked to the Best's disease locus.
More likely, this defect might segregate as an
independent trait in the family.
The evidence for non-penetrance in our

study is based on genetic analysis and relies
upon the fact that in our family the Best's
disease locus is linked to proximal llq. In
many hereditary retinal degeneration dis-
orders genetic heterogeneity seems to be a
common phenomenon, for example, autosomal
dominant retinitis pigmentosa.2628 Genetic
heterogeneity may also be frequent in macular
dystrophies.2930 However, in contrast to the
findings in other retinopathies, the genetic
data from several Best's disease studies suggest
only one location of the defective gene in
proximal 1 q.61213 In order to test for linkage
of the Best's disease locus to proximal llq
markers in our family we have performed a two
point linkage analysis. The results are highly
suggestive of linkage although statistically not
significant.
The possibility of a double crossing over

between markers at D11S903 and PYGM
should also be considered. In this case III.14
would carry the normal gene on the Best's
disease haplotype. However, this possibility
has been refuted by the likelihood ratio test.
Instead it is statistically significant to assume a
reduced penetrance value of 0 96. The abso-
lute value of 0 96 may even be an overestimate
owing to a bias towards the collection of affec-
ted persons in the ascertainment of Best's
disease families. The definite proof that III.14
is a carrier of the Best's disease gene but is not
expressing the disease will have to await the
molecular characterisation of the mutation.
However, our study strongly suggests that the
clinical examination and, more importantly,
the electro-oculogram (EOG) may not identify
all carriers of the Best's disease gene. This may
have important consequences for the genetic
counselling of at risk persons.
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tosa Eye Research Foundation (Toronto, Canada) and the
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