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the altered mRNA. Therefore, a thorough
mutation analysis of MSH2 should include
the examination of its genomic structure
by Southern analysis.
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Allelic variation in ABCR associated with Stargardt
disease but not age-related macular degeneration

Age-related macular degeneration
(AMD) is a potentially blinding dis-

ease that has been estimated to affect as
many as 30% of people over age 65 (refs
1,2). Clinical manifestations of AMD
include deposition of debris within and
beneath the retinal pigment epithelium
(RPE), atrophy of the RPE and haemor-
rhage and exudation beneath the retina
from aberrant choroidal blood vessels.
The latter complication (sometimes
referred to as ‘wet’ AMD) occurs in
approximately 10% of eyes with AMD
overall, but is present in approximately
90% of eyes that have become legally blind
from this condition3. There is no evidence
at this time that patients with this compli-
cation have a pathophysiologically distinct
form of macular degeneration.

Recently, mutations in a gene (ABCR)
encoding an ATP-binding transmembrane
transporter protein have been associated
with Stargardt disease4–6, an autosomal
recessive retinal disease that, similar to
AMD, affects the central retina (macula).

Mutations in ABCR were later reported to
be associated with up to 16% of AMD
(ref. 7), although the methodology used in
this study was controversial (http://www.
sciencemag.org/cgi/content/full/279/5354/
1107a). To further investigate the role of
ABCR in Stargardt disease and AMD, we
studied three populations: (i) 215 individ-
uals with a clinical diagnosis of Stargardt
disease; (ii) 182 patients with AMD diag-
nosed at the University of Iowa; and (iii)

96 unrelated subjects also from Iowa. The
latter group was chosen to represent an
ethnically matched sample of the popula-
tion which would be expected to develop
the population rate of AMD. Despite the
loss of power, we decided not to choose an
elderly, ‘AMD free’ control group, as this
would require the subjective differentia-
tion between the retinal changes involved
in normal ageing and early AMD, a dis-
tinction which remains poorly under-
stood. Sixty percent of the AMD group
had, by the time of the study, developed a
choroidal neovascular membrane in at
least one eye. This rate of choroidal neo-
vascularization is typical for a retina spe-
cialty clinic of a tertiary care hospital, and
reflects the fact that the more severely
affected AMD patients in a population are
more likely to be cared for in such a venue
than their less affected family members.
Our study was designed to compare the
three groups with respect to the propor-
tion of non-conservative nucleotide

Table 1 • Distribution of ABCR sequence variants among three study groups

Controls AMD Stargardt Total
(n=96) (n=182) (n=215)

non-conservative changes 26 59 204 289
conservative missense changes 12 20 92 124
synonymous codon changes  96 177 316 589
intronic changes  49 82 188 319
total 183 338 800 1321

51 Primer pairs4 were used for SSCP analysis of the entire coding sequence as well as all exon-intron
boundaries of the 50 exons of ABCR in 493 individuals. Amplimers showing a band shift were reamplified
and sequenced using an ABI 373 automated sequencer. Non-conservative variants were defined as those
that would be expected to cause a change in the charge, polarity, or number of amino acids of ABCR.

Table 2 • Individuals harbouring non-conservative ABCR variants

Controls AMD Stargardt 
(n=96) (n=182) (n=215)

all non-conservative changes 26 57 137
(P=0.49) (P<0.0001)

rare non-conservative changes  2 3 82
(P=1.0) (P<0.0001)

The number of AMD and Stargardt patients harbouring one or more non-conservative ABCR variants was
compared with the number of control subjects with such changes. P-values were calculated with Fisher’s
exact test. The 52 ‘rare variants’ were all present in less than 1% of controls. The 3 common variants
(Asn1868Ile, Arg943Gln and Ser2255Ile) were all present in more than 4% of all 3 groups.
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changes present in each group. These were
the same criteria we used in a similar study
of MYOC in glaucoma8.

We observed a large degree of sequence
variation in all three groups (Table 1). We
identified 1,321 instances of 147 different
variants in exons or near exon-intron
boundaries, corresponding to a mean
rate of 2.7 variants per person (range
0–11). Using non-parametric analysis of
variance, the median number of total
variants per person was significantly dif-
ferent in the three groups, being higher in
the Stargardt group (P<0.0001). How-
ever, there was no significant difference in
the median number of variants per per-
son overall, or for each variant class sepa-
rately, when comparing AMD patients
with controls.

Overall, 55 different non-conservative
variants were detected in the 3 groups
combined. There was no significant differ-
ence between the proportion of AMD and
control subjects that harboured non-con-
servative variants (Table 2), nor was any
single class of variant or single DNA
change significantly more prevalent in the
AMD subjects compared with controls. In
contrast, the proportion of Stargardt
patients having one or more non-conserv-
ative variants was significantly higher than
controls (Table 2). Three non-conserva-
tive variants (Asn1868Ile, Arg943Gln and
Ser2255Ile) were very common (>4%) in
all three groups. Neither inclusion nor
exclusion of these common variants
resulted in a significant difference in vari-
ant frequency between AMD and control
patients (Table 2). Of 55 non-conservative

variants, 18 would be predicted to cause
protein truncation before the carboxy-ter-
minal ATP-binding domain. All 18 of
these alleles were detected only in Star-
gardt subjects. The majority of the other
non-conservative changes were also
observed primarily in Stargardt patients.

This study illustrates the difficulty of
establishing the role of a candidate gene in
a common complex human genetic dis-
ease without a functional assay. Although
it is tempting to assume that the sequence
variants found primarily in affected
patients are those that cause disease,
selecting a subset of variants for statistical
analysis based on such a criterion will
result in a biased data set, particularly
when control and study individuals are
not subjected to identical scrutiny (ref. 7;
http://www.sciencemag.org/cgi/content/
full/279/5354/1107a (Dryja et al., Klaver et
al. and Dean et al.)) For example, Dean et
al. compared the number of variants
found in a completely screened group of
AMD patients with the number of vari-
ants found in a screen of the control group
that was only about 65% complete. This is
important because if even 2 additional
variants had been observed exclusively in
controls, their data would have shown no
significant difference between AMD
patients and controls by Fisher’s exact test
(P = 0.064). In our experiment, we
screened all the study participants equally
and we did observe 2 variants
(Pro1314Thr and Thr901Ala) that were
each present in only a single control sub-
ject. Neither of these changes was detected
by Dean et al. nor did they detect a very

common (15.8% overall in our study)
non-conservative sequence change in
exon 40 (Asn1868Ile).

In summary, the data in this report con-
firm that some variants in ABCR cause
Stargardt disease. We found no evidence,
however, to support the hypothesis that
variation in ABCR has a role in age-related
macular degeneration.
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Genetics without frontiers

No human endeavour is spontaneously
more international than science,

but few activities are more awkward when
they consciously try to be international.
Geneticists encounter this paradox in four
areas that transcend regional interests:
nomenclature, a genome database, the
legal and ethical issues raised by genetics
and the infrastructure for international
congresses and standing committees. They
are interrelated, and perhaps painful trial
and error will lead to a common solution.

Most sciences classify large numbers of
objects by rules that can be applied suc-
cessfully by any practitioner. The original
name is conserved unless it violates a rule,
and then the synonymy is clearly docu-
mented. Therefore, the role of an inter-
national nomenclature committee is

primarily legislative rather than judicial.
The International Standing Committee on
Human Cytogenetic Nomenclature is
responsible for extending the classical sys-
tem to accommodate new techniques and
data, so that the most complex observa-
tions can be communicated unambigu-
ously1. Without a standing committee,
Drosophila genetics has so far followed this
principle, with the result that names
assigned decades ago are easily traceable.
Taxonomy is even more stable, giving
transparent continuity from Linnaeus to
the present. In contrast, the Plains Indians
changed names to reflect events, and so
Laughing Boy might become Sitting Bull.
Human genetics follows this precedent,
and we are fortunate if we can trace last
year’s name. Does our science really bene-

fit when the locus controlling the JK blood
groups is renamed SLC14A1, which signi-
fies ‘solute carrier family 14, member 1’ of
an otherwise empty set not recognized in
other organisms or by UniGene? Why is
the gene encoding dystrophin symbolized
DMD for Duchenne muscular dystrophy,
but scores of other disease symbols have
been supplanted? With the greatest respect
for the devotion of the two chairpersons of
the HUGO committee, how can a nomen-
clature with ambiguous rules not be capri-
cious? Serial replacement of a familiar
symbol by one that more closely reflects
evolving information about function
requires enormous effort when the data-
base has a few thousand loci, and must
collapse before all 100,000 expressed loci
are entered. Standardization of names for
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