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Nonreplication of Linkage Disequilibrium between
the Dopamine D4 Receptor Locus and Tourette
Syndrome

To the Editor:

Grice et al. (1996) recently reported linkage disequi-
librium between the seven-repeat allele (DRD4*7R)
of the exon 3 VNTR polymorphic site at the D4 do-
pamine receptor locus and expression of chronic mul-
tiple tics and Tourette syndrome (TS). The study co-
hort encompassed 64 family trios each of which
consisted of an affected person and two parents, of
whom at least one was heterozygous for the
DRD4*7R. Fifty-two of the trios stemmed from four
large TS kindreds; the remaining 12 were indepen-
dent nuclear-family trios. Grice et al. pointed out
that confirmation of their finding depends on either
replication or the identification of a transmitted func-
tional mutation.

In the present study we evaluated different geno-
types at the D4 dopamine receptor locus of <102 TS
index probands and their parents. Subgroups of the
patients, encompassing children, adolescents, and
young adults, have been described elsewhere (Hebe-
brand et al. 1993; Nothen et al. 19944, 1994b). By
use of the transmission-disequilibrium test (TDT)
(Spielman et al. 1993), the following polymorphisms
at the DRD4 locus were investigated: (1) the DRD4*7
allele, against all other alleles at the multiallelic
VNTR polymorphism in exon 3 (van Tol et al. 1992;
Lichter et al. 1993), in 102 trios; (2) the 13-bp dele-
tion in exon 1, with 2% frequency of the deletion
allele in the German population (Néthen et al.
19944), in 102 trios; (3) the two-allele system in exon
1, encompassing an allele with a 12-bp duplication
(Catalano et al. 1993), in 102 trios (we found an
additional, third allele for the 12-bp duplication in
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exon 1, characterized by the threefold occurrence of
the 12-bp unit); and (4) the two-allele system based
on the arginine—glycine substitution at position 11
in exon 1, in 87 trios (Cichon et al. 1995). The vari-
ants tested in our study include all known variants of
the DRD4 gene that alter the amino acid composition
of the receptor and have a frequency of >1% in Cau-
casians. Genotypes were determined as described else-
where (Lichter et al. 1993; Néthen et al. 19944; Ci-
chon et al. 1995).

None of the two-sided TDTs for the investigated poly-
morphisms reached a P of <.05. Because of the attempt
to replicate the findings of Grice et al.(1996), the trans-
mission patterns of the DRD4*7R allele deserve special
consideration. A total of 58 parents were heterozygous
for the DRD4*7R allele. In these meioses the DRD4*7R
allele was transmitted 32 times and was not transmitted
26 times. This reveals a P of .26, by use of the one-sided
exact binomial TDT.

For power calculations, we took the findings of Grice
et al. (1996) as given. These investigators had performed
three TDTs based on inclusion and exclusion of inferred
genotypes and two different diagnostic models in ex-
tended pedigrees; the range of transmitted DRD4*7R
alleles from parents heterozygous for this allele was
68%-73%. On the basis of our 58 heterozygous par-
ents, the exact randomized one-sided binomial TDT has
86%—98% power to detect transmission disequilibrium
for a significance level of 5%.

The two-sided TDT for the Gly11Arg polymorphism
had a P of .06 (not corrected for multiple testing) on
the basis of the binomial test; only five parents were
heterozygous, and in all five cases the wild-type allele
(11Gly) was transmitted to the index proband.

The Gly11Arg variant is seemingly in linkage dis-
equilibrium with the exon 3 VNTR polymorphism.
The following haplotypes bearing the 11Arg allele
were observed: 11Arg-DRD4*2R (n = 2), 11Arg-
DRD4*6R (n = 1), and 11Arg-DRD4*7R (n = 2).
None of the haplotypes contained the DRD4*4R al-
lele, which is the most frequent (.69 of nontransmitted
parental alleles) among the VNTR alleles. The proba-
bility of nonobservation of the haplotype 11Arg-
DRD4%4R is low (.0033); however, on use of the two-
sided TDT, the DRD4%4R allele in itself was not linked
or associated with TS (P = .92). The two-sided TDT
for the haplotype consisting of the DRD4*4R and the
11Gly alleles revealed a P of .68. In conclusion, al-
though there seems to be linkage disequilibrium be-
tween Gly11Arg and the exon 3 VNTR polymorphism,
no indication for transmission disequilibrium in TS
was detected.

We conclude that in the families that we have stud-
ied there is no evidence that the DRD4*7R allele of
the exon 3 VNTR is linked or associated with TS.
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Thus, we were not able to replicate the findings of
Grice et al. (1996).

JOHANNES HEBEBRAND, MARKUS M. NOTHEN,
ANDREAS ZIEGLER, BIRGIT KLUG, HELGE NEIDT,
KATJA EGGERMANN, GERD LEHMKUHL, FRITZ
PoustkA, MARTIN H. SCHMIDT, PETER PROPPING,
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Exclusion of Atypical Vitelliform Macular Dystrophy
from 8q24.3 and from Other Known Macular
Degenerative Loci

To the Editor:

Atypical vitelliform macular dystrophy (VMD1; OMIM
153840) is an autosomal dominant disorder that can
lead to blindness. VMD1 is characterized by complete
penetrance but extremely variable expressivity, includ-
ing with regard to age of onset and rate of progression.
The findings for VMD1 include (1) macular and/or pe-
ripheral retinal lesions that may be small and yellow,
intermediate and white, or large and depigmented, and
(2) peripapillary abnormalities that are initially in the
temporal nerve bundle but that progress circumferen-
tially. The phenotype of VMD1 is similar to that of Best
disease (VMD2; OMIM 153700); however, the macular
lesions of VMD1 and VMD?2 are clinically distinguish-
able (Mintz-Hittner et al. 1984).

An early linkage study in one large family reported
linkage between the VMD1 locus and the soluble gluta-
mate-pyruvate transaminase (GPT) locus, with a maxi-
mum two-point LOD score of 4.3 at 5% recombination
(Ferrell et al. 1983). At that time, the GPT locus had
been mapped tentatively to chromosome 16 (Wijnen and
Meera Khan 1982). Recently, however, we have mapped
the GPT locus to the long arm of chromosome 8 and
have developed a PCR-RFLP assay for GPT typing (So-
hocki et al. 1997). All previous GPT typing was by deter-
mination of the serologic phenotype only, and, because
there are dramatic quantitative differences between the
three common GPT serologic phenotypes (Welch 1972),
GPT serotyping was difficult. Furthermore, within the
last 4 years, several other loci associated with autosomal
dominant macular degeneration (adMD) have been
mapped to chromosomal sites (table 1). Given the re-
fined localization of the GPT locus and given the addi-
tional mapped loci for adMD, it was important to re-
examine the localization of the VMD1 locus in the pre-
viously studied family.

To further characterize the VMD1 locus, we recently





