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RESEARCH 

Transcriptional Analysis of the Candidate 
Region for lncontinentia Pigmenti (IP2) 

in Xq28 
Ute C. Rogner, 1 Nina S. Heiss, 1 Petra Kioschis, Stefan Wiemann, 

Bernhard Korn, and Annemarie Poustka 2 

Deutsches Krebsforschungszentrum, Abteilung Molekulare Genomanalyse, 
D-69120 Heidelberg, Germany 

The hereditary form of incontinentia pigmenti (IP2) is a rare disorder characterized by abnormalities of the 
tissues and organs derived from the ectoderm and neuroectoderm and has been linked to Xq28 distal to the 
factor VIII gene (F8C). Four YAC clones covering the l.I-Mb candidate region at the telomere of Xq28 were 
subjected to direct cDNA selection and Alu long-range PCR. The products of both methods were 
subsequently used to isolate 154 cosmid clones that were assembled into five cosmid contigs. This 
first-generation cosmid map covered the region almost entirely and was used as a basis for constructing a 
transcript map that was in turn integrated with the physical YAC and cosmid maps. To isolate specifically 
coding sequences, exon trapping and cDNA selection methods were combined. Exon trapping was carried out 
on YAC AIu-PCR products, YAC Alu long-range PCR products, and on pools of cosmids. The region-specific 
enriched cDNA library was then screened by using the exon trap products as complex probes. To ensure a 
more complete analysis, the products from cDNA selection experiments were also used to screen 
conventional oligo(dT} primed cDNA libraries. Twenty overlapping cDNA contigs were assembled and 
computer analyses were performed to identify EST hits, open reading frames, protein motifs, and protein 
sequence homologies. Five of the cDNA contigs corresponded to known sequences such as the factor VIII, 
c6.1A, and c6.1B genes, and both distal copies of the factor VIII intron 22 repeat sequence. Expression 
patterns of the 15 new cDNA contigs were analyzed by Northern blot and RT-PCR studies and these data 
were integrated with expression data obtained from known EST sequences. Although a more detailed analysis 
of this 1.1-Mb region with respect to the structure and function of the genes will only ultimately be possible 
by a global sequencing approach, an analysis of all novel transcripts as candidate genes for incontinentia 
pigmenti is already in progress. 

Incontinentia  pigmenti, also known as Bloch- 
Sulzberger syndrome, is a rare genodermatosis 
that  usually appears at birth or shortly thereafter. 
The disease is characterized by swirled patterns of 
hyperpigmentat ion that are also evident in biop- 
sies of the streaks that  show pigment within der- 
mal macrophages ("incontinent  pigment"). As- 
sociated findings include seizures, mental retar- 
dation, strabismus, cataracts, and delayed or 
impaired dentit ion (Carney 1976; Isselbacher et 
al. 1994). The pigmentary lesions disappear with 
aging and this can be interpreted as a selection 
against cells in which the mutation-bearing X 
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chromosome is active (Migeon et al. 1989, Cole- 
man et al. 1993). Several sporadic cases exhibit- 
ing an X-autosomal translocation with the break- 
point located at Xp11, indicated that the gene for 
incontinentia pigmenti (IP1; McKusick 308300) 
may lie in Xp11.12 (Gorski et al. 1991; Reed et al. 
1994). Linkage analyses of 12 families assigned 
the gene for the familial form of incontinentia 
pigmenti (IP2; McKusick 308310) to Xq28 (Sefi- 
ani et al. 1991). This was further confirmed by 
Smahi et al. (1994) who presented a study with 
21 additional families and were able to reduce the 
candidate region to an area between F8C and the 
telomere. 

The human  chromosomal region Xq28 is in 
the focus of medical and scientific interest be- 
cause of the large number  of disease genes that 
have been mapped here. At least 10 of the more 
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than 20 disease genes remain still uncloned. In 
the course of a systematic analysis, a physical 
map covering the 12 Mb of the terminus of the 
long arm of the human  X chromosome was con- 
structed (Poustka et al. 1991; Dietrich et al. 1992). 
YAC contigs spanning 7.5 Mb between the idu- 
ronate-2-sulphatase gene (IDS) and the telomere 
were assembled and compared with the genetic 
and physical data (Palmieri et al. 1994; Rogner et 
al. 1994). So far, transcriptional maps were de- 
scribed in the regions around the L ICAM and 
G6PD genes (Korn et al. 1992; Sedlacek et al. 
1993), the candidate region for the MTM gene 
(Kioschis et al. 1996), and the region around the 
polymorphic DXS52 loci (Heiss et al. 1996). 

The composition of the telomeric region of 
Xq28 is in itself most interesting. A second pseu- 
doautosomal region was described at the Xq and 
Yq telomeres (Freije et al. 1992), which encom- 
passes -400 kb proximal to the telomere and was 
obviously a result of an ectopic recombination 
mediated by long interspersed element (LINE) se- 
quences (Kvaloy et al. 1994). Furthermore, the 
largest intron of the factor VIII gene (Gitschier et 
al. 1984; Wood et al. 1984), intron 22, harbors 
two smaller factor VIII-associated genes, F8A 
(Levinson et al. 1990) and F8B (Levinson et al. 
1992). One of the two genes, F8A, is part of the 
9.5-kb intron 22 homologous sequences (int22h) 
that has two more copies located close to the 
telomere (Naylor et al. 1993, 1995). Intrachromo- 
somal inversions between the intragenic and ei- 
ther one of the two extragenic copies are respon- 
sible for almost half of the cases of severe hemo- 
philia (Lakish et al. 1993; Naylor et al. 1993). To 
date, only two other genes are mapped distal to 
factor VIII, c6.1A and c6.1B (Kenwrick et al. 
1992). Both genes are associated with T-cell pro- 
lymphocytic leukemia in patients with ataxia tel- 
angiectasia (Fisch et al. 1993; Thick et al. 1994). 

As a prerequisite to the positional cloning of 
the gene responsible for the familial form of in- 
continentia pigmenti (IP2), we constructed yeast 
artificial chromosome (YAC) (Rogner et al. 1994) 
and cosmid contigs covering the 1.1-Mb region 
between the factor VIII gene and the telomere of 
Xq28. Direct cDNA selection (Lovett et al. 1991; 
Parimoo et al. 1991; Korn et al. 1992) and exon 
ampli f icat ion me thods  (Buckler et al. 1991; 
Church et al. 1994) were combined with screen- 
ing of oligo(dT)-primed cDNA libraries to iden- 
tify novel transcripts in the region. The resulting 
contigs of overlapping cDNAs were mapped to 
the cosmids and YACs, leading to the first inte- 

NOVEL TRANSCRIPTS IN CANDIDATE REGION FOR IP2 

grated transcriptional map within the candidate 
region for incontinentia pigmenti (IP2). 

RESULTS 

Construction of Cosmid Contigs 

Cosmid clones were isolated from an Xq28- 
specific cosmid library (Kioschis et al. 1991), from 
flow-sorted X chromosome libraries (Nizetic et al. 
1991), and from the Lawrence Livermore Labora- 
tory library by using Alu-PCR, Alu long-range 
PCR, and direct cDNA selection products from 
YACs I011, I792, C869, and I234 (Rogner et al. 
1994). This facilitated the identification of a total 
of 154 cosmid clones corresponding to a sixfold 
coverage in the 1.1-Mb region. The cosmids were 
first assigned to seven intervals of overlap on the 
YAC map. Five DNA markers from the region 
(St35.549, DXS115, St35.955, St35.617, and 
DXYS64; Palmieri et al. 1994; Rogner et al. 1994) 
and five YAC end probes (CA2-91, 869-89, 138- 
91, 869-91, and 497-91; Rogner et al. 1994) were 
then used to assemble one-third of the cosmids 
into five bins. The probes F85' (Gitschier et al. 
1984; Wood et al. 1984) and TelBam3.4 (Brown 
et al. 1990) did not  detect any cosmids, but  
mapped to the YACs ACA2 and I011, respectively 
(Fig. 2, below). 

Deleted cosmid clones were eliminated at 
this stage of the analysis and the 78 remaining 
unassigned cosmids were hybridized individually 
to gridded filters carrying all region-specific cos- 
mids. Seventy cosmids were analyzed further by 
EcoRI and HindIII double digests to estimate their 
extent of overlap. In addition to comparing di- 
gestion patterns of the cosmids and to confirm 
the extent of the overlaps, corresponding South- 
ern  b lots  were hyb r id i zed  wi th  CA-repeat  
(polydA-dC, Pharmacia), Alu-repeat (Perlino et al. 
1985), and Ll-repeat (Kpn 1.2, 1.5, 1.8 kb; Shafit- 
Zagardo et al. 1982) probes (see Fig. 1). Hybrid- 
izations for all three repeat probes were different 
and overlaps were detectable in all cases, espe- 
cially for the Alu probe (Fig. 1). Hybridization of 
the complex cDNA selection and exon trap prod- 
ucts onto the cosmid digests provided further 
confirmation of cosmid overlaps at a high reso- 
lution (data not  shown). The overlaps of the cos- 
mid contigs were also verified by hybridizing 22 
individual newly isolated cDNA clones and four 
PCR-amplif ied sequence tagged sites (STSs) 
(DXSll08, DXYS154, DXYS225, and DXYS227; 
Kvaloy et al. 1994; Li and Hamer 1995). The STS 
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Figure 1 Blots carrying EcoRI and Hindlll double- 
digested DNA of cosmids from the region between 
the YAC end CA2-91 and DXYS154 (see Fig. 2). The 
same blot was hybridized to a polyCA probe (top 
panel), an Alu-repeat probe (middle panel) and a 
Ll-repeat probe (bottom panel) to confirm cosmid 
overlaps. 

JXYQ mapped to the YACs I011, I792, and C869. 
However, because this marker was not amplified 
from any cosmid, it was positioned in the gap 
distal to DXSl l08  according to results described 
previously (Kvaloy et al. 1994; Li and Hamer 
1995). Finally, a first-generation cosmid map as 
depicted in Figure 2 was constructed. Because at- 
tempts to isolate cosmids within the gaps failed, 
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the exact size of the gaps could not  be deter- 
mined but were estimated to be relatively small 
according to the previously established pulsed- 
field gel electrophoresis (PFGE) and YAC maps 
(Fig 2.; Poustka et al. 1991; Palmieri et al. 1994; 
Rogner et al. 1994). 

Construction and Screening of cDNA Libraries 

To construct a region-specific cDNA library we 
used gel-purified inserts from YACs I011, I792, 
C869, and I234 (Rogner et al. 1994) for direct 
cDNA selection (Korn et al. 1992) from h u m a n  
fetal brain, h u m a n  fetal liver, and h u m a n  adult 
skeletal muscle tissues. In total, 6144 clones were 
picked into microtiter dishes and gridded onto 
nylon  membranes .  To minimize  unnecessary 
analysis of unwanted clones, the filters were first 
hybridized with probes containing Alu-, LI-, and 
CA-repeat probes, total human,  and total yeast 
DNA. Only 410 clones were found to contain re- 
petitive sequences. 

As part of a combined approach for the iso- 
lation of transcripts, we carried out exon trapping 
on three different  substrates. Exon t rapping  
(Buckler et al. 1991; Church et al. 1994) was per- 
formed on Alu-PCR and Alu long-range PCR 
products (Wilgenbus et al. 1995; Heiss et al. 
1996a) of the four YACs and on pools of cosmids. 
All region-specific cosmids were used for exon 
trapping and were pooled according to the inter- 
vals of overlaps of the YACs. Finally, each pool 
covered between 100 and 200 kb and contained a 
m i n i m u m  of 8 and a max imum of 57 cosmids. In 
light of the fact that the sizes of the cosmid pools 
varied and the efficiency with which exons are 
trapped is reduced considerably with increased 
DNA complexity (Church et al. 1994), we might  
have expected a relative reduction in the recov- 
ery of exons from the larger cosmid pools. How- 
ever, because of the redundancy of cosmids in 
the larger pools, we anticipated that this effect 
would be compensated.  The use of exon trap 
products as probes on enriched cDNA libraries is 
specific and efficient (Heiss et al. 1996a) and 
hence we considered it appropriate to use prod- 
ucts of the three exon trap experiments as com- 
plex probes to screen the enriched cDNA library. 

The hybridization of YAC Alu- and Alu long- 
range PCR-derived exon trap products identified 
17 and 29 different cDNA clones, respectively. 
The majority of clones (159) however, were iso- 
lated by screening with cosmid-derived exon trap 
products. Only 10 of these clones were identical 
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Figure 2 Transcriptional map of the IP2 candidate region. Probes: YAC-ends are abbreviated by - 8 9  for left 
and - 91 for right end probes (Rogner et al. 1994). The STS JXYQ (Li and Hamer 1995) defines the proximal end 
of the pseudoautosomal region (PAR). YACs: Full names are given in Rogner et al. (1994). Cosmids: A minimal 
overlap of 35 cosmids is shown. Libraries are abbreviated as follows: Xq28 specific library (Qc) (Kioschis et al. 
1991); ICRFc104 (D); ICRFcl O0 (E) (Nizetic et al. 1991); and Lawrence Livermore library (LL). 

to clones also isolated by the Alu-PCR approach. 
No identical clones were found on comparing the 
Alu-PCR with the Alu long-range PCR experi- 
ment or the Alu long-range PCR to the cosmid 
exon trap experiment. In summary, a total of 195 
cDNA clones were found to be positive using 
exon trap products as complex probes on the re- 
gion-specific cDNA library. To obtain larger 
cDNA clones and to generate longer sequences 
we additionally used the cDNA selection prod- 
ucts as complex hybridization probes on conven- 
tional cDNA libraries. The cDNA elution products 
of the four YACs were hybridized onto gridded 
oligo(dT)-primed cDNA libraries constructed 
f rom fetal bra in  and fetal t h y m u s  mRNA 
(ICRFp507 and ICRFp508). Twenty conventional 
cDNA clones were isolated and subsequently hy- 
bridized back to the region-specific enriched 
cDNA library. In this way, a further 189 enriched 
cDNA clones were identified of which, however, 
one-third were identical to clones already iso- 
lated by the cosmid-derived exon trap products. 

Altogether, 736 clones of the enriched cDNA 

library were found to be positive in at least one of 
the experiments described above. These clones, 
plus the 410 clones that contained repetitive el- 
ements, represented 18% of the entire enriched 
cDNA library. The remaining clones that were 
not positive after the combined hybridization ap- 
proach may, in part, represent contaminating 
yeast clones, genomic clones and/or unspliced 
cDNA clones. Furthermore, the library is likely to 
contain cDNA clones that were missed because of 
their absence in the corresponding exon trap 
probes. 

Assembly of cDNA Condgs 

Our init ial  a im was to isolate a m a x i m u m  of se- 
quence per cDNA and because the isolation of 
individual  exon trap products does not  contrib- 
ute to an increase in the length  of the sequence, 
we only sequenced cDNA clones. A subset of 9,89 
cDNA clones were sequenced from both ends. 
These included 17 clones from the YAC-Alu PCR 
exon trap experiments, 29 clones from the YAC 
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Alu long-range PCR exon trap experiments, and 
149 from the cosmid exon trap experiments. 
Twenty clones were derived from conventional 
cDNA libraries and 74 were obtained by hybrid- 
izing the conventional clones back onto the en- 
riched cDNA libraries. Complete sequences were 
generated for insert sizes up to 800 bp, which was 
also the average size of inserts in the enriched 
region-specific cDNA library. Sequences were as- 
sembled using the XGAP program from the 
Staden package (Dear and Staden 1991) and this 
resulted in the assembly of 20 nonoverlapping 
cDNA contigs (Table 1). To ensure that the cDNA 
contigs exhibited no further overlap, dot-plot 
analyses were performed with the Genskipper 
program (version 1.2; EMBL, Heidelberg). 

Three unique contigs (XAP120, XAP121, and 
XAP122) resulted from the hybridization of Alu- 
PCR exon trap products to the enriched cDNA 
library. Six of the contigs (XAP123-XAP128) were 
found using Alu long-range PCR exon trap prod- 
ucts as probes on the region-specific library. 
Screening of the same library with cosmid- 
derived exon trap products led to the identifica- 
tion of eight additional cDNA contigs (XAP 129- 
136) of which one, XAP131, also overlapped with 
cDNA clones that  had been isolated from con- 
ventional oligo(dT)-primed libraries. Three con- 
rigs (XAP137, XAP139, and XAP140) were as- 
sembled exclusively from conventional  cDNA 
clones. At least one clone from each contig was 
chosen for hybridization and mapping onto cos- 
raids and YACs (Fig. 2). 

Data-base Comparisons 

To identify homologies to known sequences we 
employed the BLASTN, BLASTX, and BLASTP 
programs (Altschul et al. 1990) of the Heidelberg 
Unix Sequence Analysis Resources (HUSAR) 
(Table 1). Known genes in the region were com- 
prised of the 5' sequence of the factor VIII gene 
(XAP132 in Table 1; Gitschier et al. 1984; Wood 
et al. 1984), and the c6.1A and the c6.1B cDNAs 
(XAP133 and XAP134 in Table 1; Kenwrick et al. 
1992). Other known  sequences that  were re- 
isolated included XAP122 and XAP124 (Table 1). 
XAP122 exhibited identity to a partial human  
cDNA derived from the microdissection clone 
GF4 (Yokoi et al. 1994), which is also part of all 
three in t22h sequences (Naylor et al. 1995), 
whereas XAP124 overlapped the int22h sequence 
itself (Naylor et al. 1993, 1995). We failed, how- 
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ever, to isolate the IL-9 receptor gene that was 
mapped recently to the Xq pseudoautosomal re- 
gion (Kermouni et al. 1995) and is known to lie at 
the telomere (D'Esposito et al. 1996) where we 
had failed to isolate cosmids. 

BLASTN and BLASTX analyses revealed that 2 
of the 15 novel cDNA contigs exhibited high ho- 
mologies to known cDNAs and proteins. XAP120 
was interesting because it showed a 94% and 99% 
homology to two h u m a n  expressed sequence 
tags (ESTs). One of these, X92396, has already 
been mapped to Xq28 (D'Esposito et al. 1996). 
Furthermore, 84% and 67% homologies to syn- 
aptobrevin and cellubrevin DNA sequences from 
Rattus sp. (McMahon et al. 1993) and Arabidopsis 
thaliana were observed in 269 and 110 bp of the 
1371-bp cDNA contig, respectively (Table 1). 
BLASTX comparisons showed that XAP120 ex- 
hibited 34%-43% identical and 53%-68% similar 
amino acids over a length of 206 amino acids to 
a Homo sapiens synaptobrevin-related protein 
(SWISS-PROT accession no. P47192). Further- 
more, this sequence demonstrated 35% identity 
and 60% similarity to 89 amino acids of a Saccha- 
romyces cerevisiae synaptobrevin homolog (SWISS- 
PROT accession no. P31109). The second cDNA 
contig that demonstrated homology to known 
sequences was XAP121, which exhibited a 96%- 
98% homology to three human  ESTs and also 
showed a 66% homology in 462 bp to a cDNA of 
the p64 bovine chloride channel protein (Table 
1; Landry et al. 1993). Moreover, XAP121 showed 
60% and 62% homology across 153 and 339 bp, 
respectively, to two Rattus cDNAs encoding pro- 
teins similar to the bovine chloride channel pro- 
tein (Table 1). At the protein level, XAP121 also 
demonstrated 66%-72% similarity and 80%-91% 
identity in 50 amino acids to the p64 bovine 
chloride channel protein (SWISS-PROT accession 
nos. P35526, pironly: A47104, Pir). BLASTN 
analyses revealed that al though seven of the re- 
maining cDNA contigs exhibited between 91% 
and 100% homology to large numbers of mostly 
redundant human  ESTs, to this point, none of 
these had been mapped previously to Xq28. Be- 
sides showing identity to many ESTs, none of 
these cDNA contigs were homologous to known 
genes or proteins (Table 1). Nonetheless, by using 
the Genskipper program to analyze the predicted 
open reading frames (ORFs) for possible protein 
motifs, we found that XAP127 and XAP130 con- 
tained possible cell at tachment sites (RGD). In 
addition, a histone H4 signature (GAKRH) was 
found in the ORF of XAP127 and a putative ty- 
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ros ine  p h o s p h o r y l a t i o n  site (KKLDEQY) in 
XAP131 (Table 1). 

Expression Sludies 

Northern blot hybridizations were performed for 
all novel cDNAs in order to determine transcript 
sizes and tissue expression, cDNA clones that  
overlapped into the ORFs of the 15 novel se- 
quences (as listed in Table 1, except for the 
k n o w n  genes  XAP122,  XAP124,  XAP132,  
XAP133, and XAP134) were chosen for hybrid- 
izations on Northern blots carrying mRNA from 
different adult tissues (Clontech; Table1; Fig. 3). 
Nine cDNAs identified ubiquitously expressed 
transcripts, whereas three were only expressed in 
muscle and heart (Table 1). XAP129 was found to 
be expressed only in placenta, and XAP131 was 
expressed in all tissues except placenta and lung 
(Table 1). It became evident that as many as eight 
of the cDNA contigs exhibited complex tran- 
scription patterns detecting more than one tran- 
script in all or only a few tissues present on the 
N o r t h e r n  b lo t  (XAP123, XAP126, XAP127, 
XAP130,  XAP135,  XAP136,  XAP139,  a n d  

XAP140) and XAP129 hybridized as a smear. Be- 
cause the data indicated that these genes prob- 
ably undergo complex alternative splicing but 
was also suggestive of the presence of multiple 
gene families possibly not mapping to Xq28, it 
was necessary to confirm and extend these find- 
ings. To this end, we hybridized cDNAs covering 
the length of each of these contigs onto panels 
bearing EcoRI-digested total genomic DNA from 
human  female, human  male, the QIZ cell line 
carrying Xq27.3-tel on a hamster  background 
(Warren et al. 1990), and a cell line carrying Xp- 
Xq27.3 (Warren et al. 1990). A lane with hamster 
DNA only was included as a control. For XAP123, 
XAP127, XAP130, XAP136, and XAP140 the hy- 
bridizations revealed identical bands in all lanes 
for each cDNA contig except in those lanes car- 
rying DNA from the Xp-Xq27.3 cell line and 
hamster control DNA. This showed clearly that 
these cDNAs map to one locus in Xq28 (data not  
shown), cDNAs from XAP135, however, hybrid- 
ized as two bands in lanes containing human  fe- 
male and male DNA, but only as one band in the 
Xq28-containing QIZ cell line, strongly indicat- 
ing that XAP135 is part of a gene family. The 

Figure 3 Northern blot analysis of 10 cDNA contigs distal of the factor VIII gene. Note that XAP125 identified 
the same transcript as XAP128, and XAP126 identified the same transcripts as XAP139. 
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hybridization results for XAP126 and XAP139 
were ambiguous in that  multiple bands were ob- 
served in all lanes. 

Besides providing data on tissue expression, 
Nor thern  hybridizations also served to verify 
whether each of the cDNAs represented a unique 
gene or different parts of the same gene. Some of 
the cDNA contigs showed identical size and ex- 
pression of the transcripts.  The two contigs 
XAP125 and XAP128, for example, detected a 
ub iqu i tous ly  expressed t ranscr ipt  of 2.3 kb. 
XAP126 and XAP139 both identified a ubiqui- 
tous transcript of 2 kb and an additional tran- 
script of 6.7 kb in muscle and heart (Table 1; Fig. 
3). In conjunction with the mapping data (Fig. 
2), this suggested that each of these pairs of cDNA 
contigs represented different parts of the same 
gene. 

Because of the importance of relating tissue 
expression of the novel cDNAs to the tissues af- 
fected by the incontinentia pigmenti  disease, it 
was of interest to correlate the tissue origin of the 
ESTs with the Northern blot data, especially for 
those cDNA contigs that  exhibited high homolo- 
gies to human  ESTs but showed no evidence of 
ubiquitous expression on Northern blots. From 
Northern blots, XAP130 appeared to be expressed 
only  in heart  and skeletal muscle (Table 1), 
whereas its homologous ESTs were derived from 
diverse tissues such as infant brain, fetal liver, 
spleen, and gall bladder.  Similarly, XAP131, 
which from Northern data was found to be ex- 
pressed in heart, brain, liver, skeletal muscle, 
pancreas, and kidney, exhibited homologies to 
ESTs that were derived from heart and brain but 
also from lung. From the Northern hybridiza- 
tions, XAP137 was expressed only in heart and 
muscle, whereas the EST expression information 
showed that it was also expressed in brain tissue. 
It was moreover informative to find ESTs derived 
from tissues that  were not covered by the mul- 
tiple tissue Northern blots. The ubiquitously ex- 
pressed XAP125 cDNA contig for example, con- 
tained an EST that was derived from a human  
breast cDNA library. Likewise, the ubiquitously 
expressed XAP136 cDNA contig was found to be 
expressed also in pineal gland tissue and XAP139 
was found to be expressed additionally in spleen, 
breast, and ovary. 

Although XAP121 did not  hybridize on a 
Northern blot, it was likely that  this transcript is 
expressed at very low levels. Therefore,  we 
checked its expression pattern by reverse tran- 
scriptase (RT)-PCR analyses. Primers were chosen 
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within the putative ORF of the cDNA contig us- 
ing the Oligo 4.1 program (Medprobe, Oslo, Nor- 
way). The primers were tested for sequence speci- 
ficity on dilutions of the same cDNA templates 
that  had been used for cDNA enrichment.  On 
performing RT-PCR on mRNA from human  fetal 
brain, fetal liver, and adult skeletal muscle (Clon- 
tech), XAP121 was found to be expressed in skel- 
etal muscle and fetal liver (Table 1). By compar- 
ing these data with the tissue expression of the 
homologous h u m a n  ESTs, its expression in liver 
was confirmed and was found additionally to be 
expressed in brain and spleen. 

DISCUSSION 

TO date, transcriptional analysis has been focus- 
sing on the GC-rich regions within human  Xq28 
(Korn et al. 1992; Bione et al. 1993; Sedlacek et al. 
1993) and this has led to the identification of a 
large number  of genes. Little is known about the 
content and distribution of genes in GC-poor re- 
gions, however. Rare cutter restriction sites rep- 
resenting putative CpG islands are almost absent 
within 1 Mb from the telomere (Poustka et al. 
1991; Maestrini et al. 1992; Palmieri et al. 1994; 
Rogner et al. 1994), leading to the assumption 
that the organization or the nature of transcrip- 
tional units could also be different in this region 
(Duret et al. 1995). To study the 1.1-Mb region 
distal to the factor VIII gene in more detail, we 
constructed cosmid contigs that covered the re- 
gion almost entirely. The construction of a tran- 
scriptional map necessitated the assembly of a 
cosmid map that simultaneously provided a basis 
for refined mapping and genomic sequencing. 
Cosmids were selected by Alu long-range PCR 
and direct cDNA selection products by using 
YACs as substrates. This permitted the construc- 
tion of cosmid and transcript maps in parallel 
and demonstrated that the approach can be effi- 
ciently applied to regions already covered by 
YACs but not  by cosmids. 

To identify putative genes, we employed a 
strategy that  combines direct cDNA selection 
from YACs with exon trapping that was carried 
out on Alu-PCR and Alu long-range PCR prod- 
ucts, as well as on cosmids. A combination of 
cDNA selection and exon trapping was chosen to 
overcome the different drawbacks inherent  to 
these two methods. Direct cDNA selection is very 
sensitive but frequently leads to the enrichment  
of unspliced or genomic sequences (Rogner et al. 
1995), whereas the use of exon trap libraries is 
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limited by the accumulation of cryptic splice 
products and a high redundancy factor making 
the isolation of authentic and unique exon trap 
products laborious (Brennan and Hochgesch- 
wender 1995). A combination of both methods 
has a synergistic effect and artifacts are elimi- 
nated almost completely (Heiss et al. 1996a). 
However the isolation of cDNAs is also restricted 
when using the combined approach because only 
those cDNAs that were enriched by both meth- 
ods can be isolated. To maximize the isolation of 
novel transcripts, we carried out exon trapping 
on three different templates and hybridized the 
cDNA selection products onto a conventional 
cDNA library. In this way, five of six known genes 
and 15 novel cDNA contigs were identified and 
mapped to the region. Despite using a combined 
approach when isolating cDNAs, we cannot ex- 
clude the possibility that not all transcripts were 
identified in this 1.1-Mb region. 

Because most of the novel cDNAs showed no 
homologies to known genes, proteins or protein 
motifs, a considerable amount of characteriza- 
tion will be required to understand the structure, 
nature, and function of these genes. XAP120, 
however, demonstrated significant homologies 
to several synaptobrevin-related sequences from 
different species (Table 1) and because the ho- 
mology did not exceed 84% at the DNA level and 
68% at the protein level, this suggested that 
XAP120 may represent a novel member of this 
gene family. Like the rat cellubrevin, XAP120 was 
expressed in all tissues tested, whereas other syn- 
aptobrevins are reported to be more brain- 
specific (McMahon et al. 1993). XAP121 exhib- 
ited significant homology to the p64 bovine 
chloride channel protein (Table 1) and possibly 
represents the human homolog of this gene. The 
XAP121 transcript was not detectable on North- 
ern blots indicative of its low expression in the 
tissues tested. This was in agreement with the ob- 
servation made by Landry et al. (1993) who like- 
wise found low levels of expression of the bovine 
protein in all cells. 

To verify that the identified transcripts be- 
longed to the telomeric region, each cDNA contig 
was mapped to the YACs and cosmids distal to 
the factor VIII gene (Fig. 2). Northern blot expres- 
sion studies, however, revealed that several cD- 
NAs detected multiple transcripts raising the pos- 
sibility that these could have arisen owing to 
complex alternative splicing or alternatively, ow- 
ing to the presence of multiple gene families. In 
the latter case, cross-hybridizations may have 
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contributed to a localization in Xq28. The chance 
of having isolated members of different gene 
families that do not map to Xq28 was rather low 
because of the combined approaches that were 
used in the construction of the transcript map. 
Furthermore, the many redundant sequences 
that comprised an assembled cDNA contig were 
identical and not similar. Nonetheless, hybridiza- 
tion analyses on total genomic DNA were carried 
out in order to confirm and extend the cosmid 
and YAC mapping data. A single locus in Xq28 
was demonstrated for all cDNA contigs except for 
XAP135, which exhibited one locus in Xq28 
as well an additional locus elsewhere in the 
genome. 

The mapping data showed that the cDNA 
contigs were not evenly distributed along the re- 
gion. Fourteen transcripts mapped within the 
proximal 550 kb, corresponding to one transcript 
every 40 kb on average. This result is in good 
agreement to the findings in a 700-kb region 
around DXS52 (Heiss et al. 1996b) and a 600-kb 
region between DXS304 and DXS497 (Kioschis et 
al. 1996) in Xq28. A 170-kb region proximal of 
XAP125 was completely devoid of cDNA contigs 
and only five cDNA contigs mapped to the most 
distal part (Fig. 2). Considering that four contigs 
belong to only two genes, the average distribu- 
tion of genes would be one in every 130 kb for 
the pseudoautosomal region. The distance be- 
tween the two cDNA contigs XAP126 and 
XAP139 that exhibited an identical expression 
pattern was -180 kb suggestive of a gene that 
spans a distance comparable with that of the fac- 
tor VIII gene (Gitschier et al. 1984). Our results 
for the region distal to the factor VIII gene are in 
contrast  to reports for the GC-rich regions 
around the L1CAM and G6PD genes (Korn et al. 
1992; Bione et al. 1993; Sedlacek et al. 1993), 
where gene densities of up to one gene in 15 kb 
have been described. Although additional novel 
genes may ultimately fill the gaps, taking the pre- 
sent literature into consideration, the present 
map represents the most complete transcript 
map of the candidate region for IP2. Ultimately 
however, completing analyses of the enriched 
cDNA libraries in conjunction with a global ge- 
nomic sequencing approach, will facilitate iden- 
tification and integration of all the genes in this 
region. 

Because incontinentia pigmenti (IP2) is a dis- 
ease that affects the development of tissues de- 
rived from the ectoderm and neuroectoderm, all 
brain-expressed transcripts should putatively be 
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c o n s i d e r e d  as c a n d i d a t e  g e n e s  for  t h i s  disease.  
T e s t i n g  for  t h e  e x p r e s s i o n  of  t h e  n o v e l  cDNAs in  

t i ssues  t h a t  are s y m p t o m a t i c a l l y  a l t e red  in  pa-  

t i en t s  a f fec ted  w i t h  IP2 wil l  be r equ i red .  Because  

f u l l - l e n g t h  cDNA s e q u e n c e s  are n e c e s s a r y  as a 

f i rs t  s t ep  in  d e t e r m i n i n g  t h e  f u n c t i o n  of  t h e  

genes ,  t h e  p r e s e n t  cDNA s e q u e n c e s  are c u r r e n t l y  

b e i n g  e x t e n d e d  b y  f u r t h e r  s c r e e n i n g  of cDNA li- 

b ra r ies  a n d  r ap id  a m p l i f i c a t i o n  of s e q u e n c e  e n d s  

(RACE). Here  aga in ,  s e q u e n c i n g  of  t h i s  r e g i o n  

wi l l  be  r e q u i r e d  to  g a i n  be t t e r  i n s i g h t  i n t o  t h e  

s t ruc tu re  a n d  d i s t r i b u t i o n  of  t h e  g e n e s  in  th i s  re- 

g ion .  In  a n  a t t e m p t  to  i d e n t i f y  t h e  g e n e  u n d e r l y -  

i n g  t h e  f ami l i a l  f o r m  of  i n c o n t i n e n t i a  p i g m e n t i ,  a 

s y s t e m a t i c  a n a l y s i s  of  t h e  s e q u e n c e s  for m u t a -  

t i o n s  o n  p a t i e n t  DNA h a s  b e e n  i n i t i a t ed .  In  l i g h t  

of o t h e r  l i n k a g e  a n a l y s e s  t h a t  h a v e  s h o w n  t h a t  

bes ides  IP2, t h r e e  o t h e r  diseases ,  W a i s m a n n  syn-  

d r o m e  (Gregg et  al. 1991),  G o e m i n n e  s y n d r o m e  

(TKC) (Zuffardi  a n d  Fraccaro 1982),  a n d  pe r iven -  

t r i c u l a r  h e t e r o t o p i a  (Eks iog lu  et  al. 1996)  are 

l i n k e d  to  d i s t a l  X q 2 8 ,  t h e  n o v e l  t r a n s c r i p t s  

s h o u l d  also be  c o n s i d e r e d  as p u t a t i v e  c a n d i d a t e  

genes  for t he se  d isorders .  

METHODS 

Cosrnid and cDNA Libraries 

Cosmids indicated by Qc were isolated from an Xq28- 
specific cosmid library constructed from a somatic cell hy- 
brid carrying human Xq28 on a hamster background 
(Warren et al. 1990; Kioschis et al. 1991). Cosmids from 
the Imperial Cancer Research Fund (ICRF) flow-sorted X 
chromosome libraries (ICRFcl04 and ICRFcl00) are indi- 
cated by D and E, respectively (Nizetic et al. 1991). Clones 
from the Lawrence Livermore National Laboratory chro- 
mosome X library (LLOXNCO1 and LLNLc110) are indi- 
cated by LL. Oligo(dT)-primed cDNA libraries and were 
constructed at the ICRF by S. Meier-Ewert and M.-L. Yaspo 
from digest of DNA from fetal brain (ICRFp507) and fetal 
thymus (ICRFp508) RNA and ligated into pSPORT. 

cDNA Selection 

Direct cDNA selection was essentially performed as de- 
scribed by Korn et al. (1992). YAC inserts were excised 
from low-melting point agarose pulsed-field gels and phe- 
nol-chloroform purified. One microgram of DNA was sub- 
jected to biotinylation by nick translation using biotin-16- 
dUTP. Competition of 450-ng labeled DNA was carried out 
at 65~ for 2 hr using 50 ixg of Cot-1 DNA, 5 ixg of pYAC4 
vector and 50 Ixg of total yeast DNA in 750 mM NaCl, 50 
mM sodium phoshate (pH 7.2), and 5 mM EDTA. The cDNA 
(100 ng) was subsequently hybridized to the biotinylated 
DNA at 65~ for 16 hr. The biotinylated DNA was then 
bound to streptavidin-coated magnetic beads for 1 hr at 
room temperature. The beads were washed six times with 
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0.2• SSC at 65~ The cDNAs were eluted in TE buffer, 
PCR amplified, and size-selected on Chromaspin 400 col- 
umns (Clontech). A second round of enrichment was fol- 
lowed by amplification of the cDNAs using SK primers 
tailed with dUMP residues. The cDNA was re-size-selected, 
and aliquots were cloned into pAMPIO and transformed 
into DH5e~ cells. 

AIu-PCR 

Alu-PCR reactions were carried out using the primers Alu- 
5', Alu-3' (Tagle and Collins 1992), 517, TC-65, ALE1, 
ALE3, PDF66, and PDJ34 in separate reactions and primers 
Alu-S and ALU-J (Parrish and Nelson 1994) mixed in a ratio 
of 5:1 (Wilgenbus et al. 1995). The sequence CGGAATTC- 
GGATCCGAGG providing an EcoRI and BamHI site was 
added to the primers. Alu-PCR conditions were as de- 
scribed previously (Rogner et al. 1994). Alu long-range PCR 
(Wilgenbus et al. 1995; Heiss et al. 1996a) was carried out 
with an initial 2 min denaturation step at 94~ followed 
by 35 cycles consisting of 20 sec at 96~ 1 min at 55~ 5 
rain at 72~ and a final extension of 10 rain at 72~ PCR 
products deriving from the same YAC were pooled and 
purified over Qiaquick spin colums (Qiagen). 

Exon Trapping 

Exon trapping on Alu-PCR products was performed as de- 
scribed previously (Heiss et al. 1996a), using the EcoRI and 
BamHI restriction sites in the Alu primers for cloning into 
pSpl3b vector (Integrated Genetics). One hundred fifty- 
four cosmids were pooled according to seven regions of 
overlap of the YACs I011, I792, C869, and I234 (Rogner et 
al. 1994), digested with EcoRI and HindIII, and cloned into 
pSpl3b. After electroporation into DH5~ cells, DNA was 
isolated from 28 libraries consisting of 8,000-10,000 
clones each. Two to 3 ixg of phenol-purified DNA was 
transfected into COS-7 cells by lipofection in serum-free 
medium using Lipofectamine (Gibco). Total RNA was Tri- 
zol-extracted (Gibco). First-strand cDNA synthesis was car- 
ried out using the SA2 (ATC TCA GTG GTA TIT GTG AGC) 
primer. Primary PCR was performed with an initial dena- 
turation for 2 rain at 94~ followed by 10 cycles with 1 
rain at 94~ 1 rain at 60~ 1 rain and 3 rain at 72~ and 
a final 10 rain extension at 72~ using the SA2 and SD6 
(TCTGAGTCACCTGGACAACC) primers. PCR products 
were digested with 50 units of BstXI at 55~ for 16 hr. 
Secondary PCR was carried out using the USD2 (CUACU- 
ACUACUAGTGAACTGCACTGTGACAAGCTGC) and 
USA4 (CUACUACUACUACACCTGAGGAGTGAAT- 
TGGTC) primers under the same conditions except that 
the samples were cycled 25 times. Aliquots of secondary 
PCR products were used as complex hybridization probes 
on gridded cDNA filters, cosmid digest filters, or cloned 
into pAmplO vector (Gibco). 

Sequencing 

Plasmid DNA was extracted using the Bio Robot 9600 and 
Qiawell Ultra System (Qiagen). Sequencing reactions were 
performed with the Taq Dye Deoxy Terminator Cycle Se- 
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quencing Kit (Perkin Elmer, ABI) and run on an ABI 373A 
automated DNA sequencer. 

Southern Blotting and Hybridization 

Southern blotting, probe labeling, competition, and hy- 
bridization were performed as described in Poustka (1990). 

RT-PCR 

First strand cDNA synthesis was performed using 1 Ixg of 
polyA + mRNA and the Marathon Amplification Kit as rec- 
ommended by the supplier (Clontech). The cDNAs were 
diluted 1:20 to 1:200 for RT-PCR amplification. RT-PCR 
was carried out with a 3 min denaturation step at 94~ 
followed by 30 cycles with 1 rain denaturation at 94~ 1 
min annealing at 60~ and 1 min extension at 72~ The 
final extension was 10 rain at 72~ The same conditions 
were used for STS amplification with the exception that 
the annealing was done at 500C. 
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