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To the Editor:

About 5% of mammalian genomes show evidence
of past purifying selection [Waterston et al., 2002].
Coding regions comprise only ~1.5% of the con-
strained sequence elements in genomes, while ~3%
of sequence space is occupied by conserved non-
coding sequences (CNCs) [Dermitzakis et al., 2005].
The conservation of CNCs suggests that these
elements are probably functional [Drake et al.,
2006]. Two classes of CNCs are of particular interest,
namely ultraconserved elements (UCEs) [Bejerano
et al., 2004], and highly conserved elements (HCEs)
[Siepel et al., 2005]. We decided to study the role of
sequence variation within UCEs and HCEs in patients
with X-linked mental retardation (XLMR).

Mental retardation affects ~2—3% of children in
developed countries, making it a major, still largely
unresolved medical problem [Ropers and Hamel,
2005]. X-chromosome linked genes are considered
particularly important for the etiology of MR, which is
based on an excess of affected males. Monogenic
forms of XLMR were estimated to affect ~10% of
males with mental retardation [Mandel and Chelly,
2004; Ropers and Hamel, 2005], and 59 genes have to
date been causally implicated in familial MR (http://
www.ggc.org/xImr.htm). For these reasons, we
decided to screen all of the known UCEs and HCEs
on the X-chromosome for sequence variants that
cosegregate with MR. The X-chromosome contains
27 UCEs, and some of them are located adjacent to

known MR-genes, such as for instance ARX [Poirier
et al., 2006]. Most other UCEs are located close to
developmental regulators, making them candidates
for MR. The two HCEs on the X-chromosome that
were included in the study are located in the 3’ UTRs
of the known MR-genes MECP2 and FMR1 [Poirier
et al., 20006].

Nine patients with idiopathic mental retardation
(IMR) were recruited at the Division of Medical
Genetics of Geneva University Hospitals, according
to a protocol approved by the local ethical commit-
tee. Patients were included in the study based on the
following features, mild to moderate MR with no or
few minor malformations, a normal karyotype at a
resolution of >550 bands, and no mutation in FMR1.
For some of the patients, subtelomeric and interstitial
insertions—deletions had been excluded by multi-
plex ligation-dependent probe amplification (MLPA)
and comparative genome hybridization (CGH). The
sample collection of the European Mental Retarda-
tion Consortium was as outlined (http://www.eur-
omrx.com). Healthy male and female controls were
recruited at the Istituto Scientifico Giannina Gaslini,
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The 27 UCEs and 2 HCRs were PCR-amplified with
primers spanning the core element plus at least
75 flanking nucleotides, followed by sequencing of
both strands on an automated sequencer (ABI
Genetic Analyzer 3100). The frequency of the A>G
UCE460 variant in healthy controls and XLMR
samples was determined by PCR-sequencing and
by PCR-pyrosequencing assays (oligonucleotide
sequences and protocols available upon request).

We sequenced all 27 UCEs and two HCEs in IMR
patients 1-9, and found only one position that
deviated from the consensus sequence, at nucleotide
275 of UC460 [Bejerano et al., 2004] in IMRS (Fig. 1.
However, we observed two known polymorphisms
at the expected frequencies, 74 bases upstream of
UC471, and 8 bases upstream of UC473. The healthy
mother of the propositus was a heterozygous A/G
carrier. IMR5 had mild MR, absent speech, and
stereotypic behavior. His karyotype was normal at a
resolution of 550 bands, he had no mutation in FMR1,
MLPA analysis for subtelomeric deletions and CGH
were normal. Deletion of the region at 22q13 and
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Angelman syndrome were excluded as possible
reasons for absent speech. Thus, the UCE460 G
variant allele represented a candidate for the
phenotype of IMRS.

We next sought to determine the population
frequency of the variant G allele by sequencing
UC460 in healthy male and female control in-
dividuals. The UCE460 G allele was identified in 3/
127 (2.3%) healthy males and in 11/207 (5.3%)
X-chromosome healthy heterozygous females. We
concluded that based on its population allele
frequency the variant UCE460 G allele was unlikely
to be pathogenic. However, it could have a modify-
ing effect on other MR-genes, analogously to known
modifier genes [Badano and Katsanis, 2002], and be
weakly associated with MR. We further screened the
euromrx sample collection (http://www.euromrx.
com) for the variant UC460 G allele using a
pyrosequencing assay. We found the variant G
allele in 7/245 (2.8%), and the wt A allele in 238/
245 (97.1%) XLMR-patients. As a control, we
typed position 601 of UCE462, using an analogous
pyrosequencing assay, and found the wt G allele in
238/238 XLMR-patients. In conclusion, these results
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Fic. 1. The UCSC-Genome Browser view of the region on the X-chromosome containing the POLA/ARX genes is shown. The UCE460-sequence is magnified, and

the variant identified in IMRS5 is

shown at the bottom. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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make it unlikely for the UCE460 G allele to play a
significant role in XLMR.

We presented here the results of a first study
addressing the potential relevance of sequence
variation in X-chromosomal ultraconserved CNCs
for XLMR. We detected a single sequence variant in
UCE460, a 275 basepair long element associated with
the 3’ ends of the POLA gene and of the develop-
mental regulator ARX. This group of UCEs was
proposed to function as cis-regulatory elements
controlling ARX transcription [Bejerano et al., 2004].
Four heterogeneous entities of isolated MR and
MR-malformation disorders are known to be asso-
ciated with ARX mutations [Poirier et al., 2006]. The
UCE460 variant G allele therefore represented an
attractive candidate for MR-phenotypes. Our study,
however, does not support an important role played
by this sequence variant for XLMR.

In analogy to nonsynonymous substitutions in
protein coding regions, at least some of the sequence
variation in CNCs is expected to be pathogenic.
However, while our understanding of the con-
sequences of sequence variation within coding
regions is well advanced, we are only at the
beginning of apprehending the biological effects of
sequence variation within CNCs, and its role in
human disease. The precise function of most CNCs is
notknown, and the insights into the biological effects
of CNC mutations are only beginning to emerge
[Richler et al., 2000]. In conclusion, our study
represents an initial step towards the promising
characterization of the biological effects of sequence
variation within CNCs for human phenotypes and
diseases.
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