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Figure 1 Multipoint linkage results from chromosome 3 in Af-
rican Americans, showing a peak LOD score of 4.66 at 66 cM.

Table 1

Peak Multipoint LOD Scores in African Americans

LOD SCORE (POSITION [cM]) INa

Sample 1 Sample 2

CHROMOSOME

Minimally
Adjusted

Maximally
Adjusted

Minimally
Adjusted

Maximally
Adjusted

3p 2.50 (58) 1.78 (58) 4.66 (66) 3.82 (65)
3q 2.31 (213) 3.61 (215) 1.35 (191) 1.03 (191)

a Sample 1 was used in the previously published report (DeWan et
al. 2001) and consists of one half of the total HyperGEN sample;
sample 2 is the complete HyperGEN sample available for the genome
scan; “Minimally Adjusted” and “Maximally Adjusted” refer to the
type of residual-phenotype model used for the analysis.
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Refined Mapping of Suggestive Linkage to Renal
Function in African Americans: The HyperGEN Study

To the Editor:
Our recent article (DeWan et al. 2001) reported sugges-
tive, but not statistically significant, results of a genome-
wide quantitative-linkage analysis for creatinine clearance
(CRCL), a common measure of renal function. The
strongest signals were in regions on chromosomes 1, 3,
and 6 in whites and in two regions on chromosome 3 in
African Americans. The sample that we studied included
every genotyped family from the first half of the Hyper-
GEN study sample, a total of 215 African American sib-
ships ( ) and 265 white sibships ( ).n p 466 n p 634

To confirm these findings, once the remaining sibships
were genotyped, we repeated, on the entire HyperGEN
study sample, the analysis of linkage to CRCL. All re-
cruiting, phenotyping, genotyping, and linkage-analysis
methods were performed as previously reported (DeWan
et al. 2001)—by using adjusted CRCL levels in a mul-
tipoint variance-components linkage analysis in GENE-
HUNTER2 and allowing for dominance at the trait
locus—except that 11 new markers were added to the
chromosome 3 region near that having the highest LOD
score. Table 1 presents the results for linkage on chro-
mosome 3 in African Americans, both for the smaller
sample of the previous study and for the complete
HyperGEN genotyped sample. In the complete sample,

we found significant linkage, in African Americans
( in 503 sibships), between chromosome 3pn p 1,124
(LOD score 4.66 at 66 cM) and CRCL in our minimally
adjusted residual-phenotype model (i.e., CRCL adjusted
for age and age2). In the maximally adjusted residual-
phenotype model (i.e., CRCL adjusted for age, age2, lean
body mass, pulse rate, pulse pressure, hormone-replace-
ment therapy, educational status, and physical activity),
the evidence for linkage was slightly weaker (LOD score
3.82 at 65 cM). In our previous report, the LOD scores
in this region were 2.50 and 1.78 for the minimally and
maximally adjusted phenotypes, respectively.

To narrow the region, we added 11 new linkage mark-
ers between 49 cM and 86 cM and conducted both sin-
gle-point and multipoint linkage analyses on the com-
bined marker panel. The highest single-point LOD score
(3.72) was obtained at 71 cM for the minimally adjusted
CRCL, and, with the addition of the 11 markers, the
highest multipoint LOD score increased from 4.31 at 67
cM to 4.57 at 66 cM, in the complete African American
sample (see fig. 1).

In the original genome scan, our best result for linkage
was on the q arm of chromosome 3 in African Americans
(LOD score 3.61 at 215 cM), for the maximally adjusted
residual-phenotype model. In this complete sample, the
LOD score was reduced in this region (LOD score 1.03
at 191 cM). There were no other regions, throughout the
genome, that exceeded a LOD score of 2.0 (the Lander
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and Kruglyak [1995] threshold for suggestive linkage).
We were also unable to replicate any of the linkage results
on chromosomes 1, 3, or 6 that were observed in the
original genome scan in whites.

Our LOD score of 4.66 for the confirmation of linkage
to chromosome 3p exceeds the statistically significant
threshold of 3.7 implied by Morton (1998) for 2-df tests
of linkage (ours was a 2-df test, because we estimated
both additive and dominance effects at the QTL). In the
original, smaller sample, the LOD score of 2.50 was
merely suggestive of linkage. As with any complex ge-
netic trait, it is encouraging to observe replication of a
linkage finding. Replication by an independent team—
with a different population, sampling method, or anal-
ysis technique—would further strengthen the evidence
that a locus on chromosome 3p contributes to variation
in CRCL.
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Mode of Inheritance and Susceptibility Locus
for Restless Legs Syndrome, on Chromosome 12q

To the Editor:
We read with interest the report by Desautels et al.
(2001), who have described a susceptibility locus for
restless legs syndrome (RLS), on chromosome 12q, in
a family with putative autosomal recessive inheritance
of RLS. RLS is a movement disorder characterized by
a desire to move the extremities, often associated with
motor restlessness, paresthesias/dysesthesias, worsening
of symptoms at rest with at least temporary relief by
activity, and worsening of symptoms in the evening or
night (Walters 1995). A positive family history can be
found in 140% of the idiopathic cases. Most reports of
familial cases, as well as twin studies, suggest autosomal
dominant transmission (Winkelman et al. 2001) with
high penetrance (Trenkwalder et al. 1996; Lazzarini et
al. 1999; Ondo et al. 2000).

To evaluate the role of the described chromosome
12q locus for RLS, we ascertained two large South
Tyrolean families (E and LA) with clinically definite
RLS. Inheritance followed a classic pattern of auto-
somal dominant transmission. Pedigrees of the fami-
lies are shown in figure 1. The diagnosis was estab-
lished according to the criteria of the International
Restless Legs Syndrome Study Group (Walters et al.
1995). Genomic DNA was isolated from 51 family
members (family E includes 9 [7 female and 2 male]
affected individuals, with mean age at onset 31 � 7
years; family LA includes 10 [7 female and 3 male]
affected individuals, with mean age at onset 37 � 9
years). Genotyping of the following DNA markers
that span the candidate region containing the recently
described locus on chromosome 12q was performed on
an automated-sequencing machine (Li-Cor): D12S1064
(95.03 cM), D12S1044 (96.54 cM), D12S393 (104.12
cM), and D12S78 (111.87 cM). The marker-map po-
sitions are based on the sex-averaged maps from the
Center for Medical Genetics, Marshfield Medical Re-
search Foundation. Linkage analysis was conducted
using the FASTLINK (Schäffer et al. 1994) and VI-
TESSE programs (O’Connell and Weeks 1995). For
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