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Abstract Two highly polymorphic CA repeats have been
identified in the Menkes gene (ATP7A). These repeats
should be useful for prenatal diagnosis and carrier detec-
tion in families with Menkes disease and X-linked cutis
laxa. The observed heterozygosity for these two repeats
was 0.778 and 0.60 in Centre d’Etude du Polymorphisme
Humaine (CEPH) families.

Sourceldescription. Two CA repeats, a (CA), and (CA)g,
were found in the Menkes (MNK) gene (locus ATP7A,
Genome Data Base (GDB) accession nos. G00-392-040
and G00-437-244) located in introns 2 and 5, respectively
(Dierick et al. 1995). The MNK gene encodes a predicted
190-kDa copper-transporting ATPase. Mutations in the
gene are responsible for Menkes disease (Das et al. 1994;
Kaler et al. 1994) and X-linked cutis laxa (Kaler et al.
1994). Both repeats were isolated by hybridization of a
32p-labeled (CA),; probe to a gridded contig of lambda
genomic clones spanning the Menkes gene (Mercer et al.
1993).

Polymorphism. Each repeat detected six different alleles
in the Centre d’Etude du Polymorphisme Humaine (CEPH)
parents.

Polymerase chain reaction (PCR) primers.

(CA)a:

4512c: 5°-CTTAAATCTTCTGACTCCCAACCC-37
4513c: 5-TGTCATGATTGCATCTCTTTGGCT-3"
(CA)g:

1578d: 5'-GCCAAGTATTATGAAGCAAGG-3~
2181d: 5"-TACCAGTCTTGACCCCAAACA-3"
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Frequency. (CA),: The observed heterozygosity at this lo-
cus was 0.778 in 71 unrelated CEPH parents with a poly-
morphic information content (PIC) value of 0.591. The al-
lele observed for CEPH no. 133101 is 124 bp. The alleles
observed for CEPH no. 133102 are 124 bp and 126 bp.

Allele (CA), Length Frequency
Al n=16 114 bp 0.037
A2 n=20 122 bp 0.009
A3 n=21 124 bp 0.243
A4 n=22 126 bp 0.505
A5 n=23 128 bp 0.196
Ab n=25 132 BP 0.009

(CA)g: The observed heterozygosity at this locus was
0.60 in 20 unrelated CEPH parents with a PIC value of
0.446. The allele observed for CEPH no. 133101 is 190
bp. CEPH no. 133102 is homozygous for the 186-bp al-
lele.

Allele (CA), Length Frequency
B1 n=19 180 bp 0.033
B2 n=20 182 bp 0.033
B3 n=21 184 bp 0.167
B4 n=22 186 bp 0.700
B5 n=23 188 bp 0.033
B6 n=24 190 bp 0.033

PCR conditions. PCR was performed in a 20-ul reaction
with 20 ng of CEPH parent DNA using 25 pmole of each
primer (4513c and 2181d were end-labeled with gamma
3P ATP), 1.5 mM MgCl2, 0.5 mM each dNTP, and 0.1 U
of Tag polymerase (Amersham). For primer set 4512c¢/
4513c, amplification was performed in a Perkin Elmer
480 for 35 cycles of denaturing at 94°C for 45 s, anneal-
ing at 65°C for 45 s extension at 72° C for 45 s with a fi-
nal extension time at 72°C for 10 min. For primer set
1578d/2181d, the conditions of amplification were identi-
cal to that mentioned above except for the annealing tem-
perature, which was changed to 57°C.
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Fig.1 Analysis of (CA)gina
family with X-linked cutis
laxa. The 190-bp allele coseg-
regates with the mutant pheno-

type

190 186 190

Chromosomal localization. The ATP7A gene has been
mapped to Xq13.3 (Verga et al. 1991).

Mendelian inheritance. The gene is X-linked.

Comments. Both the (CA), and the (CA)g repeats can be
used to determine segregation of disease related alleles in
families with Menkes disease and X-linked cutis laxa.
Figure 1 shows a pedigree of a family where two of three
boys were clinically diagnosed with X-linked cutis laxa.
The mother carries the 186-bp and 190-bp alleles of the
(CA)g repeat. The normal son carries only the 186-bp al-

lele, whereas the affected sons carry the 190-bp allele. In
conjunction with direct mutation detection (Das et al.
1994), these repeats will be useful in carrier detection and
prenatal diagnosis of Menkes disease and its variants.
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