
Case of Stargardt Disease
Caused by Uniparental
Isodisomy

Stargardtdisease is themostcommon
form of juvenile macular degenera-
tion, with an incidence of 1 in 10 000
persons.Clinically, it ischaracterized
by pisciform flecks at the level of the
retinal pigment epithelium and a
bull’s-eye maculopathy.1 A variant of
Stargardt disease, fundus flavimacu-
latus, demonstrates a more periph-
eral distribution of flecks.2 In 1997,
mutations in the ABCA4 gene on
chromosome 1 were associated with
bothStargardtdiseaseandfundus fla-
vimaculatus.3 Stargardt disease is an
autosomal recessive condition. Con-
sequently,patientsareexpectedto in-
herit 1 copy of a mutant ABCA4 gene
from each parent. However, we re-
cently identified a patient affected
with Stargardt disease who inherited
2 mutant alleles of the ABCA4 gene
fromher father throughamechanism
known as uniparental disomy.4,5

A femalepatientaged15yearswas
diagnosedwithStargardtdiseasewith
visual acuities of 20/200 OD and
20/150 OS and characteristic retinal
findings (Figure1). Goldmann vi-
sual fieldsconfirmedbilateral central
scotomas, and a standard electroreti-
nogram was normal. The patient was
tested for ABCA4 mutations using
standard methods6 and was found to
be homozygous for an ABCA4 muta-
tion of proline to leucine at position
1380 (P1380L). Interestingly, only
the patient’s father is a carrier of the
P1380L mutation. Her mother does
notharbor thismutation(Figure2).
Maternity and paternity were con-

firmed by genotyping the family
members with genetic markers in-
cluding X and Y chromosome mark-
ers and 3 short tandem repeat poly-
morphisms locatedonchromosomes
4, 5, and 11. Quantitative polymer-
ase chain reaction experiments con-
firmed that the patient was truly ho-
mozygous for P1380L (data not
shown), suggesting that both copies
of this mutation were paternally in-
herited due to uniparental disomy.

An error in chromosome sorting
(nondisjunction) may lead to off-
spring inheriting 2 copies of a chro-
mosome from one parent and none
from the other parent (uniparental di-
somy). In uniparental isodisomy, the
offspring inherits a pair of identical
chromosomes derived from only 1 of
a parent’s 2 homologous chromo-
somes. In uniparental heterodi-
somy, a portion of the inherited chro-
mosomes is derived from both of a
parent’s homologous chromosomes
and the other portion is derived from
only 1 of the parent’s chromosomes.

Nondisjunction during meiotic
cell division leads to gametes with ab-
normal numbers of chromosomes
(nullisomy or disomy). When these
abnormal gametes form a zygote,
either trisomy or monosomy oc-
curs, which may lead to uniparental
disomy by loss of the extra chromo-
some in early mitotic cell division (tri-
somy rescue) or by duplication of the
monosomic chromosome (mono-
somy rescue). If a nullisomic ga-
mete and a disomic gamete fortu-
itously combine to form a zygote, no
such rescue is necessary to achieve
the proper number of chromo-
somes (gamete complementation).
Recessive alleles on the involved

chromosome in uniparental disomy
may become homozygous in off-
spring. Consequently, uniparental di-
somy may result in expression of a
recessive disease inherited from only
1 parent. This non-Mendelian mecha-
nism of disease inheritance has been
observed in rod monochromacy,7

retinitis pigmentosa,8-11 and Leber
congenital amaurosis.10

We investigated whether the pa-
tient inherited both P1380L alleles
of the ABCA4 gene from her father
by genotyping the patient and her
family at 24 short tandem repeat
polymorphism genetic markers
distributed across chromosome
1 using standard techniques12

(Figure 3). For all of the 24 mark-
ers, the patient was homozygous for
a marker allele possessed by her fa-
ther, and 16 of these markers dem-
onstrated nonmaternal inheritance
of chromosome 1 alleles (neither
marker allele was of maternal ori-
gin). The other 8 marker geno-
types, although uninformative, were
consistent with nonmaternal inher-
itance of chromosome 1. The pa-
tient’s sister, however, exhibited nor-
mal Mendelian inheritance of
chromosome 1 alleles from both par-
ents. These data suggest that the pa-
tient is homozygous for the P1380L
ABCA4 mutation as a consequence
of inheriting 2 identical copies of
chromosome 1 from her father (uni-
parental paternal isodisomy).

The frequency of uniparental iso-
disomy in Stargardt disease was as-
sessed by screening a panel of 830 un-
related patients for homozygosity at
chromosome 1 markers. Forty of the
830 patients were homozygous at
markers closely flanking ABCA4;
however, none were homozygous
across all of chromosome 1, ruling
out the possibility of uniparental iso-
disomy (data not shown). There-
fore, uniparental isodisomy occurs
rarely in Stargardt disease at a fre-
quency of less than 0.12% (1/831) of
cases. Although unlikely, it remains
possible that some of the 40 sub-
jects in this experiment are homo-
zygous for markers near the ABCA4
gene as a consequence of uniparen-
tal heterodisomy.

Uniparental disomy of chromo-
some 1 has been inadvertently de-
tected in studies of recessive dis-
ease.9,13-18 Estimates of the prevalence

Figure 1. Fundus photograph of the patient’s left
eye shows macular and extramacular pisciform
yellow flecks characteristic of Stargardt macular
dystrophy.
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Figure 2. Family pedigree and genotypes at the
ABCA4 gene. The proband (filled symbol) has
Stargardt disease and is homozygous for the
P1380L mutation (mutation of proline to leucine
at position 1380) in ABCA4. However, only 1 of
her parents, her father, carries the mutation.
Wt indicates wild type; square, male; and circle,
female.
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of uniparental disomy have been
made by extrapolating data from
such studies; however, these fig-
ures vary dramatically.5 Currently,
the prevalence of chromosome 1
uniparental disomy is unknown, but
this phenomenon appears to be a
relatively rare occurrence. These ob-
servations are consistent with our
findings in which no additional cases
of uniparental isodisomy were de-
tected in a cohort of 830 patients
with Stargardt disease.

To our knowledge, this is the first
reported case of Stargardt disease
caused by uniparental isodisomy. Al-
though uncommon, this mode of in-
heritance should be considered in
patients with Stargardt disease and
an apparently homozygous muta-
tion of the ABCA4 gene.
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Figure 3. Chromosome 1 genotyping of the patient and her family, who were all typed at 24 short tandem repeat polymorphism markers distributed across
chromosome 1. For the patient and her sister, maternal chromosome 1 alleles are indicated with black shading, paternal alleles are indicated with gray shading,
and alleles of indeterminate inheritance are unshaded. For each individual, alleles at each marker are shown arbitrarily in numerical order (parental haplotypes
cannot be deduced from this small pedigree). For all of the 24 markers, the patient is homozygous for a marker allele possessed by her father. Sixteen of the
24 markers are informative (asterisks) and demonstrated nonmaternal inheritance. Two markers are completely uninformative in this pedigree and are not shown.
This pattern of inheritance is consistent with uniparental paternal isodisomy. cM indicates centimorgan; L, leucine; and P, proline.
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