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that the region is densely populated with genes (8, 9),
We have isolated a full-length cDNA corresponding and genetic linkage mapping information also placed

to the XAP5 gene in Xq28. An unusual feature of the a high concentration of disease genes in the region (6).
cDNA is that it contains runs of CCG repeats in the Recently, we sequenced a 220-kb high-GC region of the
5* untranslated region, typical of genes that exhibit X chromosome in Xq28 containing 13 known and 6 can-
anticipation. It has a striking pattern of differential didate genes between the RCP/GCP (color vision) locus
expression and is greatly enhanced in various fetal and glucose 6-phosphate locus (2). Part of one of the
tissues. This predicted protein encodes a unique 339- genes, XAP5 (also called 9F; Genbank Accession Nos.
amino-acid polypeptide that contains a large percent- X74611 and X87199), had previously been identified as
age of highly charged residues and a possible nuclear an expressed sequence tag (EST) (1). The EST, near
localization signal. A comparison to genomic sequence the center of the gene, includes the sequence of oneshows that XAP-5 comprises 13 exons spanning 6.5 kb. exon and partial sequences of two neighboring exons.An examination of the human population indicates

Another homologous segment of the gene was foundthat the longest CCG run is polymorphic and varies in
cocloned in the reverse orientation at the 5* end of alength from 8 to 12 repeats. q 1997 Academic Press
cDNA for the HEX2 gene. [HEX2 is localized to chromo-
some 2 (Z46376).] When the portion of the chimeric
cDNA that was homologous to the genomic sequenceAn increasing number of human disorders are based
was used as a guide, 80% of the cDNA/mRNA sequenceon expansion of the triplet repeats CAG and CCG and
of the gene was inferred. Further screening has nowtheir complements (7, 11, 13). The diseases show the
recovered a full-length cDNA for XAP5, revealing thephenomenon of anticipation, in which age of onset be-
5* untranslated region of CCG repeats.comes earlier and the severity of the disease increases

Subsequent analysis of the genomic sequence re-in successive generations. This pattern can be ex-
vealed a 1-kb Merck project EST (yb99a04) from aplained by the gradual increase in size of the triplet

upon passage of the affected chromosome to the off-
spring.

If the mechanism of repeat expansion leading to dis-
ease is a general one, depending primarily on initial
repeat size, then the presence of triplet repeats in a
gene is interesting as a clue to possible involvement in
inherited disorders. There are more than 40 described
genes that contain triplet-associated repeats (13). Here
we report the recovery and analysis of the full cDNA
sequence of one of the genes in a gene-rich portion of
Xq28, which shows both a series of CCG repeats in its
5* untranslated region and an unusual pattern of tis-
sue- and developmentally regulated expression.

FIG. 1. Northern analysis of the XAP5 gene. The tissues ana-In a 1.5-Mb area of Xq28, high GC content indicated
lyzed are lane 1, heart; lane 2, brain; lane 3, placenta; lane 4, lung;
lane 5, liver; lane 6, skeletal muscle; lane 7, kidney; lane 8, pancreas;
lane 9, spleen; lane 10, thymus; lane 11, prostate; lane 12, testis;Sequence data from this article have been deposited with the

EMBL/GenBank Data Libraries under Accession No. AD001530. lane 13, ovary; lane 14, small intestine; lane 15, colon; lane 16,
leukocytes; lane 17, fetal brain; lane 18, fetal lung; lane 19, fetal1 To whom correspondence should be addressed at Washington

University School of Medicine, Department of Microbiology, Box liver; and lane 20, fetal kidney. No significant differences in the
mRNA levels between the various tissues were detected with an8230, 660 S. Euclid Avenue, St. Louis, MO 63110. Telephone: (314)

362-2191. Fax: (314) 362-3203. E-mail: rich@genetics.wustl.edu. actin probe.

216GENOMICS 45, 216–219 (1997)
ARTICLE NO. GE974912
0888-7543/97 $25.00
Copyright q 1997 by Academic Press
All rights of reproduction in any form reserved.

AID GENO 4912 / 6r46$$$161 09-03-97 10:55:58 gnmxas



SHORT COMMUNICATION 217

FIG. 2. Nucleotide and deduced protein sequence of the XAP5 cDNA clone. The CCG repeats in the 5* untranslated region are underlined
and an asterisk indicates the termination codon.

lung cDNA library. It overlapped the 169-bp XAP5 detectable in some tissues. The expression pattern
showed abundant fetal expression in brain (lane 17),EST and extended an additional 350 bp in the 5* di-

rection and 475 bp in the 3 * direction. The 450-bp 5* liver (lane 19), and especially kidney (lane 20), with
little signal from the equivalent adult organs. In-EcoRI–XhoI fragment from the Merck EST was used

as a probe in Northern blot analyses of adult and fetal stead, the gene shows a differential pattern of tissue-
specific expression in the adult, with a high level ob-tissues (Fig. 1). A major band of 1.4 kb was detected in

all tissues examined, with an additional 1.8-kb band served in heart, skeletal muscle, spleen, thymus,
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FIG. 3. The genomic structure of the XAP-5 gene. A schematic representation of the genomic intron–exon structure of XAP5 is shown
at the top. Exons are depicted as shaded boxes. A table displaying the donor and acceptor splice junctions and the size of each exon is at
the bottom.

prostate, and small intestine (lanes 1, 6, 9–11, and (KKRK; Ref. 4) at amino acid positions 152–155. The
skewed amino acid distribution of the protein also in-14, respectively).

This EST fragment probe was used to isolate a 1311- cludes 21% acidic residues and no cysteine.
A BLAST (3) search of the SwissPro database findsbp cDNA from a teratocarcinoma library (10). The

cDNA encodes a putative protein of 339 amino acids no significant protein sequences when low-complexity
regions containing runs of glutamic acid residues arewith a molecular weight of 40,241 (Accession No.

GSDB:S:1236293) (Fig. 2). A striking feature of the se- discounted. Thus, it appears that the XAP5 gene en-
codes a novel soluble protein that may be located inquence is a group of 17 CCG repeats that occur in 75

bp of the 5* untranslated region; the longest run of 9 the nucleus.
A comparison of the cDNA with the genomic se-CCGs is separated from an additional 4 CCGs by a

single C nucleotide. The initiator methionine codon is quence shows that XAP5 comprises 13 exons spanning
about 6.5 kb (Fig. 3). All of the exon–intron boundariesan excellent start site according to Kozak’s contextual

rules (5). A consensus polyadenylation signal is also have consensus AG-GT splice junctions. The gene
starts at a CpG island, coincident with the first exonobserved about 40 bases upstream of the 3 * end, but it

is unclear whether this signal is used, since neither and extending about another 300 bases upstream. The
cDNA sequence exactly matches the genomic sequencethis clone, nor three additional isolates from the terato-

carcinoma library, nor the original clone from the lung of the region that we determined previously (2).
Another report of sequence from the XAP5 gene haslibrary contained a poly(A) tract. The predicted protein

sequence shows a distribution of highly charged resi- appeared during the preparation of this article (12).
That report, however, included no Northern data todues that precludes likely signal peptide or transmem-

brane regions. Rather, further analysis reveals fea- compare the predicted and observed size of the mRNA,
and the sequence lacks both the N-terminal 14 aminotures suggestive of nuclear localization, since the pep-

tide contains more than 23% basic residues and an acids and the 5* UTR containing the CCG repeats. We
have found in a number of experiments that the methodSV40 large T antigen nuclear localization signal
used in that study to locate a possible 5* end, RT-PCR,
often fails to cross the GC-rich 5* zone, which probably
explains both the incompleteness of the reported se-
quence and the rarity with which a full-length cDNA
is recovered. That Fig. 2 shows the full sequence of
XAP5 is more likely, since there are no ATG codons or
appropriate splice junctions for several hundred base-
pairs upstream of the 5* end, and the size of the cDNA
coincides with that observed in Northern analyses.

FIG. 4. PCR amplification across the CCG repeats in the XAP5 To examine possible triplet polymorphisms in the hu-
5* untranslated region. PCR products from 14 unrelated males con- man population in the 5* untranslated region of thetaining 8 (lane 3), 9 (lanes 1, 2, 4, 6, 8, and 14), 10 (lanes 5, 7, 9,

XAP5 gene, a PCR assay across the CCG repeat region10, 12, and 13) and 12 (lane 11) CCG repeats were fractionated on
a 4% agarose gel and stained with ethidium bromide. was developed. Reactions were performed in a final
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organization of a 450-kb region of the human X chromosome inreaction volume of 25 ml using thin-walled GeneAmp
Xq28. Proc. Natl. Acad. Sci. USA 90: 10977–10981.reaction tubes (Perkin–Elmer Cetus) containing 11

2. Chen, E. Y., Zollo, M., Mazzarella, R., Ciccodicola, A., Chen,cloned Pfu DNA polymerase reaction buffer [20 mM
C.-N., Zuo, L., Heiner, C., Burough, F., Repetto, M., Schles-

Tris–HCl, pH 8.8, 10 mM KCl, 10 mM (NH4)2SO4, 2 singer, D., and D’Urso, M. (1996). Long-range sequence analysis
mM MgSO4, 0.1% Triton X-100, 100 mg/ml BSA], 0.125 in Xq28: Thirteen known and six candidate genes in 219.4 kb

of high GC DNA between the RCP/GCP and G6PD loci. Hum.mM primer pair (5*-GCGGGGCATCCGTGCGTCTCC-
Mol. Genet. 5: 659–668.TGGTGGCTG-3 * and 5*-TGCTTCTCCCGCTTCTTCA-

3. Gish, W., and States, D. J. (1993). Identification of protein cod-TCAGGTGCATG-3 *), 250 mM dNTPs, 250 ng of geno-
ing regions by database similarity search. Nature Genet. 3: 266–mic DNA, and 1.25 units of Exo(0) Pfu DNA polymer- 272.
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Willard, H. (1992). Genome analysis and the human X chromo-An examination of 48 unrelated males showed that some. Science 258: 103–109.
this locus is polymorphic in the human population. The 7. Panzer, S., Kuhl, D. P. A., and Caskey, C. T. (1995). Unstable
most frequent allele size contained 9 triplet repeats in triplet repeat sequences: A source of cancer mutations. Stem

Cells 13: 146–157.the longest CCG run (83.3%), while less frequent allele
8. Pilia, G., Little, R. D., Aissani, B., Bernardi, G., and Schles-sizes of 8 repeats (2.1%), 10 repeats (12.5%), and 12
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