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Several hereditary disease loci have been geneti-
cally mapped to the chromosome 1q24-qg31 in-
terval, including the hereditary prostate cancer 1
(HPC1) locus. Here, we report the construction
of a 20-Mb yeast artificial chromosome contig and
a high-resolution 6-Mb sequence-ready bacterial
artificial chromosome (BAC)/P1l-derived artificial
chromosome (PAC) contig of 1925 by sequence and
computational analysis, STS content mapping,
and chromosome walking. One hundred thirty-
six new STSs, including 10 novel simple sequence
repeat polymorphisms that are being used for
genetic refinement of multiple disease loci, have
been generated from this contig and are shown to
map to the 1925 interval. The integrity of the
6-Mb BAC/PAC contig has been confirmed by re-
striction fingerprinting, and this contig is being
used as a template for human chromosome 1
genome sequencing. A transcription mapping effort
has resulted in the precise localization of 18
known genes and 31 ESTs by database searching,
exon trapping, direct cDNA hybridization, and
sample sequencing of BACs from the 1g25 contig.
An additional 11 known genes and ESTs have
been placed within the larger 1g24-q31 interval.
These transcription units represent candidate
genes for multiple hereditary diseases, including

HPC1. © 2000 Academic Press

Sequence data from this article have been deposited with the
EMBL/GenBank Data Libraries under Accession Nos. AF172072—
AF172082, AQ761940-AQ762052, AQ797399-AQ797430, and
AF181666—-AF181679.
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INTRODUCTION

Our laboratory performed a genome-wide scan of
families at high risk for prostate cancer and revealed
evidence of a major prostate cancer susceptibility locus
(HPC1; OMIM 601518) on 1g24-q31 (Smith et al.,
1996). Prostate cancer linkage to markers from the
1g24—931 region has been confirmed by additional in-
dependent data sets (Cooney et al., 1997; Hsieh et al.,
1997). Interestingly there is significant genetic heter-
ogeneity in prostate cancer as several other prostate
cancer susceptibility loci, including Xq27 and 1g42,
have been reported by us and others (Xu et al., 1998;
Berthon et al., 1998). As part of a positional cloning
effort toward the isolation of the HPC1 gene, we have
constructed a detailed physical map of the 1g24—q31
interval using yeast artificial chromosomes (YACS),
bacterial artificial chromosomes (BACs), and P1l-de-
rived artificial chromosomes (PACs) (Shizuya et al.,
1992; Kim et al., 1996; loannou et al., 1994; Dausett et
al., 1992). Genomic clones have been identified by da-
tabase searching and PCR screening of commercially
available library DNA pools. These genomic clones rep-
resent reagents for mapping and identifying HPC1
candidate genes.

In addition to HPC1, several other hereditary dis-
ease loci have been genetically mapped to 1q24-q31.
Examples include the camptodactyly arthropathy peri-
carditis syndrome (CACP; OMIM 208250) locus, which
was mapped to this interval by linkage analysis (Ba-
habri et al., 1998). This autosomal recessive disorder is
characterized by congenital flexion contractures, non-
inflammatory synovial hyperplasia, and pericarditis
(Athreya and Schumacher 1978; Ochi et al., 1983; Mar-
tinez-Lavin et al., 1983). CACP patients have also been
diagnosed with coxa vara, a rare hip joint deformity
(Bulutlar et al., 1986). Additionally, the hyperparathy-
roidism/jaw tumor syndrome (HPRT2; OMIM 145001)
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has been genetically mapped to a 14.3-cM interval
encompassing 1q24—-q31 (Teh et al., 1996; Hobbs et al.,
1999; Williamson et al., 1999). This autosomal domi-
nant disorder, similar to but distinct from MENL1, re-
sults in hyperparathyroidism associated with an in-
creased risk of parathyroid adenomas with some
affected individuals developing rare “fibro-osseous” tu-
mors of the mandible and maxilla (Jackson et al., 1990;
Fujikawa et al., 1998). Renal hamartomas and cystic
kidney disease have also been reported in HRPT2 kin-
dreds (Teh et al., 1996). Loss of heterozygosity has been
reported for some HRPT2 kindreds, suggesting the
possible role of a tumor suppressor gene in the etiology
of this syndrome (Teh et al., 1996).

To date we have completed a 20-Mb YAC contig by
database searching, STS content mapping, and chro-
mosome walking spanning the interval flanked by
D1S212 to D1S412. Also, a 6-Mb BAC/PAC contig of
1925 has been constructed and is currently being used
as a resource for human genome sequencing by the
Sanger Genome Sequencing Centre Human Chromo-
some 1 Sequencing Project. A number of known genes
and potential novel transcripts have been precisely
mapped by sample sequencing, exon trapping, and
cDNA hybridization (Kupfer et al., 1995; Church et al.,
1994; Connors et al., 1994). These genes as well as any
new transcription units identified from this physical
map serve as candidate genes for multiple human dis-
eases.

MATERIALS AND METHODS

YAC database search. A database search was performed against
the Whitehead Institute for Biomedical Research/MIT Center for
Genome Research (MIT-WICGR) human physical mapping database
(Hudson et al., 1995). All published markers within the 1g24—q31
interval were cross-referenced against the MIT-WICGR whole hu-
man genome YAC contig database. A subset of YACs was selected
from this database based upon known STS content of the YACs.
YACs having any unambiguous hits to markers known to map out-
side of the 1g24—qg31 interval were excluded to decrease the number
of possible chimeric YACs in the pool.

Polymerase chain reaction (PCR). All PCRs were carried out us-
ing 10 ng of template DNA with 2.25 mM Mg?**, 250 nM dNTPs, 333
nM each forward and reverse primer, PCR buffer 1l (Perkin—Elmer),
and 0.6 units of AmpliTaq Gold Polymerase (Perkin—Elmer) in a
15-ul total PCR volume. All PCRs were carried out in either a Model
9600 or a Model 9700 Thermocycler (Perkin—Elmer) using the fol-
lowing cycling protocol: initial denaturation of 94°C for 12 min; 94°C
for 15 s, 55°C for 15 s, 72°C for 15 s for 35 cycles; along with a final
extension at 72°C for 10 min. All PCRs were separated by agarose gel
electrophoresis using 2% agarose gels.

YAC DNA isolation. YAC DNA was isolated by spheroplasting as
described previously (Carpten et al., 1994). Briefly, single-colony
purified YAC clones were grown in 30 ml of SD medium at 30°C for
48 h. Following centrifugation, pellets were resuspended in sorbitol
buffer with zymolase 100T (ICN). Spheroplasts were pelleted and
lysed at 68°C in 10% SDS. Following treatment with potassium
acetate, DNA was cleaned up with Strataclean resin (Stratagene).
DNA was precipitated at room temperature with isopropanol,
treated with RNase, and reprecipitated. Purified YAC DNA was
resuspended in 100 pul of TE buffer, pH 8.0. This protocol typically
yields approximately 10-15 ug of yeast DNA.

YAC end isolation. YAC end sequences were generated by a
modification of the protocol described by Riley et al. (1990). Briefly, 1
ng of YAC DNA was digested with 20 units of Rsal, Alul, or EcoRV
according to the manufacturer’s recommendations (BRL, Life Tech-
nologies). All subsequent steps were as described by Riley et al.
(1990) to attain end sequences for both the left (T) and the right (U)
ends of all YAC clones. YAC end PCR products were sequenced using
either the left or the right YAC vector-specific primers 1207 or 1208,
respectively, or with the universal vectorette primer. Cycle sequenc-
ing reactions were carried out using fluorescent dye terminator
chemistry and AmpliTaq FS as described below. Sequencing reac-
tions were separated using an Applied Biosystems 377 XL auto-
mated DNA sequencer (Perkin—Elmer).

BAC/PAC library screening. Human BAC and PAC clones were
identified by PCR screening DNA pools representing commercially
available BAC or PAC libraries. Libraries screened were human
(CITB) BAC and human (RPCI1) PAC libraries (Genome Systems) or
the human (CITB) BAC library (Research Genetics). Libraries were
screened according to the distributor’'s recommendations. PCR was
performed as described above.

BAC/PAC DNA isolation. Forty-microliter cultures of single col-
ony purified BAC/PAC clones were used for DNA isolation. DNA was
isolated by alkaline lysis with an AutoGen 850 automated DNA
isolation system using the manufacturer's recommended protocol
(Autogen). Subsequently, the BAC/PAC DNA was resuspended in
600 ul dH,0, treated with RNase (Ambion), and purified over a
Microcon 100 column (Amicon).

Sizing of BAC/PAC inserts. Approximately 1 ug of BAC/PAC
DNA was digested for 2 -3 h with 40 units of Notl (Boehringer
Mannheim). Restriction fragments were separated by CHEF gel
electrophoresis using a CHEF MAPPER gel electrophoresis system
(Bio-Rad). The Auto Algorithm feature was programmed for the
separation of fragments ranging in size from 50 to 500 kb on a 1%
agarose gel in 0.5X TBE at 14°C for 18 h with an included angle of
120°. Lambda concatamers were used as a DNA size standard (Bio-
Rad). Gels were stained with ethidium bromide for UV detection of
DNA bands.

Restriction fingerprinting of genomic clones. BAC/PAC clones
were fingerprinted as previously described (Gregory et al., 1997).
Briefly, fingerprinting reactions were carried out by concurrent en-
zymatic reactions using Hindlll and Sau3Al restriction endonucle-
ases for digestion and Taq FS (Perkin—Elmer) for fluorescence end
labeling of restriction fragments using ddA fluorescently modified
with one of three individual dyes: HEX, NED, or TET (Perkin—
Elmer). Separate fingerprinting reactions were carried out for the
different dyes. Samples were mixed and incubated at 37°C for 1 h.
Following ethanol precipitation, all three dye-labeled reactions were
pooled for each BAC DNA sample. Samples were mixed with a
fluorescently labeled DNA standard, and fragments were separated
on an Applied Biosystems 377 automated DNA sequencer (Perkin—
Elmer). Following gel data collection and analysis, fragment analysis
and contig assembly were carried out using FPC (Soderlund et al.,
1997).

Exon trapping. Exon trapping was performed as previously de-
scribed by Church et al. (1994) and Connors et al. (1994). Following
PCR analysis, putative exon traps were sequenced using Applied
Biosystems Big Dye d-rhodamine terminator chemistry (Perkin—
Elmer). Sequencing reactions were separated using Applied Biosys-
tems Model 377 automated DNA sequencers (Perkin—Elmer). Data
were subsequently tracked and analyzed with Applied Biosystems
DNA Analysis Sequencing Software 3.2 (Perkin—Elmer). Sequences
were edited and assembled using Sequencher sequence analysis
software (GeneCodes). Sequences from the exon traps were com-
pared to the nonredundant nucleotide and dbEST databases using a
PowerBlast sequence homology algorithm (Altschul et al., 1997;
Zhang & Madden, 1997).

cDNA selection. BAC inserts were removed from vector se-
quences by digestion with Notl and separated by CHEF gel electro-
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phoresis as described above. Bands representing BAC inserts were
excised from the gel using a sterile razor blade. DNA was purified by
treatment with p-agarase (BRL Life Technologies) using the manu-
facturer’'s recommendations. One hundred nanograms of purified
BAC DNA was labeled with [-**P]dCTP by random priming using
the MegaPrime Kit (Amersham). Probes were suppressed with Cot-1
DNA and the oligonucleotides (CA),o, (GA)1,, and (GATA)g, for 2 h at
65°C. IMAGE Consortium high-density cDNA library filters obtained
from Genome Systems, Inc. were screened with suppressed BAC
insert probes using the manufacturer’'s recommendations. Positive
clones were obtained from Genome Systems, and ends were se-
quenced as described above. cDNA inserts were also used as probes
on BAC Southern blots to confirm proper mapping of cDNAs to the
correct parent BAC clones.

Southern blotting. Southern blotting was performed as described
elsewhere (Sambrook et al. 1989). Briefly, 2 ng of BAC DNA was
digested with EcoRI (BRL Life Technologies) and separated on a 1%
agarose gel in 1X TBE buffer. DNA was transferred to Genescreen
nylon membranes (NEN Life Sciences) by capillary transfer.

BAC/PAC insert terminal end sequencing. BAC/PAC DNA was
isolated as described above. BACs were sequenced using M13 for-
ward and reverse primers, and PACs were sequenced using T7 and
SP6 primers as per the manufacturer's recommendations. Then 2X
sequencing reactions were set up using the Big Dye Terminator
Chemistry (Perkin—Elmer) as follows: 500 ng BAC DNA, 375 nM
primer, 16 ul Big Dye Terminator Reagent Mix in a 40-ul total
reaction. Cycle sequencing was performed in an MJ Tetrad Thermo-
cycler (MJ Research) using the following cycling conditions: 95°C for
5 min, followed by 35 cycles of 95°C for 30 s, 50°C for 20 s, 60°C for
4 min. Sequencing reactions were cleaned using Centri-Sep columns
according to the manufacturer’'s recommendations (Princeton Sepa-
rations), dried in a Speed Vac (Savant), redissolved/denatured in 3 ul
of loading buffer (95% formamide/50 mM EDTA) at 90°C for 3 min,
and analyzed with an Applied Biosystems 377 XL automated DNA
sequencer (Perkin—Elmer). Gel files were tracked and analyzed using
Applied Biosystems DNA Analysis Sequencing Software 3.2 (Perkin—
Elmer).

Shotgun library construction and single-stranded DNA isolation.
BAC DNA was isolated as described above. BAC DNA was sent
to SegWright Corp. (Houston, TX) for shotgun library con-
struction in M13 phage vector. We picked approximately 1400
individual M13 plaques, which were gridded into 96-well microti-
ter plates and inoculated with Escherichia coli strain JM101 in
2X-YT medium for single-stranded DNA isolation and library
storage. Single-stranded DNA was isolated in a 96-well format
using the high-throughput preparation of M13 DNA (THERMO-
MAX DNA Preparation Protocol from the Washington University
Sequencing Center, St. Louis, MO, http://genome.wustl.edu/gsc/
index.shtml).

Sample sequencing. We sequenced single-stranded DNA using
the DYEnamic Direct Energy Transfer fluorescently labeled M13
forward sequencing primer (Amersham). Briefly, 200 ng of single-
stranded template DNA was used in an 8-ul reaction for ddA/ddC,
and 400 ng of template DNA was used in a 16-ul reaction for ddG/
ddT with Thermo Sequenase (Amersham Pharmacia). Sequencing
reactions were carried out on an Applied Biosystems CATALYST 800
Molecular Biology LabStation (Perkin—Elmer) using the following
protocol (95°C for 5 s, 55°C for 10 s, 72°C for 60 s for a total of 15
cycles). The four dye primer reactions were subsequently pooled and
precipitated with 132 ul of 95% ethanol and 5 ul glycogen (Boehr-
inger Mannheim), dried by vacuum, and resuspended in 3 ul of
loading buffer. Following brief denaturation, sequencing reactions
were electrophoresed on an ABI 377 XL Automated DNA Sequencer
using the manufacturer’s protocols. Gel files were tracked and ana-
lyzed using Applied Biosystems DNA Analysis Sequencing Software
3.2 (Perkin—Elmer).

RESULTS
YAC Contig Construction

A database search against the MIT-WICGR human
physical mapping database was performed to identify
megaYAC clones covering the interval flanked by
D1S212 and D1S533. All YACs from MIT-WICGR sin-
gly linked contigs WC-1.16 and WC-1.17 were cross-
checked against the MIT-WICGR human YAC data-
base to eliminate possible chimeric clones. Any clones
that had unambiguous hits to markers not specific to
chromosome 1 were considered to be chimeric and were
eliminated from consideration unless a chimeric clone
was absolutely necessary for linking two markers in
the contig. Forty human megaYAC clones were se-
lected for inclusion into the YAC contig (Table 1). Over-
laps were confirmed by STS content mapping of these
YACs by PCR using markers from WICGR singly
linked contigs WC-1.16 and WC-1.17 and novel STSs
generated by YAC end sequencing (Table 1). Of the
initial set of 48 YAC clones, 47 clones were believed to
be nonchimeric and were confirmed as being nonchi-
meric by YAC end isolation and mapping of end se-
guences to a chromosome 1-specific somatic cell hybrid
(data not shown). Table 2 lists primers derived from
YAC ends.

Several doubly linked contigs (WC-1274, WC-929,
WC-919, and WC-651) flanked proximally by D1S212
and distally by D1S533 were identified within singly
linked contigs WC-1.16 and WC-1.17, suggesting
that there were gaps in the WICGR YAC contig
representing this area of the genome. We used chro-
mosome walking facilitated by YAC end isolation to
close gaps between adjacent doubly linked contigs.
One such gap was observed between WC-1274 and
WC-929. DNA markers flanking this gap were
D1S117 proximally and D1S466 distally. One YAC
clone, y954D4, was positive for the marker D1S466
and was a good candidate for anchoring the distal
chromosome walk with respect to this gap. The novel
STS y20Ta (Table 2), which represents the left end of
the y954D4 insert, was used to screen the CEPH
megaYAC library DNA pools (data not shown). Two
YACs that were not represented in the WICGR da-
tabase, y615F2 and y662C9, were identified. Upon
STS content analysis, these two YACs were shown to
be positive for a novel STS derived from the end of
y807D7 (Table 2), which is also positive for the
marker D1S117, suggesting that this gap was closed.
Although one gap remains between markers
AFMB330XE9 and D1S533, 20 Mb are complete. We
have isolated ends from YACs flanking the gap, and
we are in the process of closing this gap in the YAC
contig.

1925 BAC Contig Construction

For the construction of a BAC contig of 1925, a total
of 31 total markers (Table 1) including YAC end-
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TABLE 2
Novel STSs
GenBank Product

Accession size

Marker name No. Forward primer sequence Reverse primer sequence (bp)
y22U AQ797414 CACATTTATAGCTGAGGG TGTGGATCTCAGTCATCC 126
y20Ta AQ797412 CACTTTGTAACCTCCGCA CCTGGTGCTCATCAACAT 135
456G14cR AQ762022 TTTCTCAAGCATCTGGGC AAAGGTGGGTCTCCTTAG 135
33602cR AQ762017 CCATAACCTGAGACAGAC CTGTGAGGAGTTACATGG 235
55C10cR AQ762025 TATCTGACCAGTTCACCG AGAAGAACAGGCTTAGG 187
23P11cR AQ761988 TCTAAGGCTCGTGAGTTCG TGATGCAGTCCAGGAATGC 199
33602cF AQ762016 TCAGTGCCGAAGAGAAAC GAAAGGTCTCAGCTCTTC 203
333A6¢cR AQ762015 GCTTTGGGTTTATGAGATCC TCTTGTTAGCAACATGCTGG 202
122H1cR AQ761952 TACCTCAGTGGGATTCTG CACTGGAGCATGAATCTC 154
313H7cF AQ762012 CCTTCCCATCTCACAAATG GGTTCTTTGGAAATCCCAG 243
333A6¢cF1 AQ762014 TTGGGATTCAGACAGATCTGG GGCCACTCAAAAGTTATCAC 156
362E18cF AQ762019 TGGCTCCTAGAAAGGTAG TACCCTGGGTATTGCATG 107
285P16¢cF AQ762009 ACAGGGAGTGAATGATGAGG GTCTTAGGTTTCTCGCTTGG 168
122H1cF AQ761951 CAGATATACAGGTCACAGG AAACATGGTGAGAAGCAG 171
278C23cF AQ762002 CAATGCAGAGAAGTTGGTC GGGTGTTAAAGTGCTGAAC 155
223H12cR AQ761981 ATCATCAGGACCTCACTC AGCCATGACTGAGAGAAG 144
285P16¢cR AQ762010 TAATGGCTCTCCGCCATTGTTG ACTTCAGGATGATCCTCTTGGG 226
278C23cR AQ762003 ATGTCCAAAAGGCTTTCCTATG GTAAGCTACAATCTCATCTTGC 225
180A9cF AQ761964 TAAAGAACGGTCCTTGGTGC GCTATTCTCCACTACTGAGG 134
y20Ur AQ797413 CATGAGGACAGGAATGCA TCAGTCAAGTGGGAGAAG 135
24J24cR AQ761994 TTCCAGGCATGACGTATG GTTGACTCCTTGAGACTG 233
223H12cF AQ761980 AAAATGGTGTTCCCAAGTCTC GAGTTTAGAGCATGGATATCC 148
270B19cR AQ762001 TATCTGGTCTTCAGACCC AACAGAGAGCAAGGTCAC 180
24J324cF AQ761993 GAGAAGCCAGTACCATAAG AACCTGGAGAATAGCAAGG 106
105G1cF AQ762043 TGGTGGTAGTGTAGTGTG TAAGCCTAACCCTAACCC 262
245D23cR AQ761989 AACCCTCCAAGATGGTACAG ACTAGAAGCCATGGCATACC 222
53H18cR AQ762052 AGATCATGAGTGGGACTG TTGAGGGAAGCTATCCAC 175
112B20cF AQ762044 TAGAGTCCACCTGAACAG TCAACTAGTTAGTGGCCC 120
y19Ta AQ797410 CCTGCAGCAAAACCCACAG GTCCTCTGTTCTCACCTCA 98
y13Tr AQ797405 CAACAGGACTGAGTTCAAGTC TGTATCCACCACTTCGAG 129
187H3cR AQ761966 TTAACTCAGGCTCAGCTTCC ATATAACAGGGCAAGTGGGC 128
211P21cR AQ761974 TATCCACATGATGGACTGGC TAGGAAGAGACAGTGTACCC 116
536E3cF AQ762023 AGGCCAGAAAGGACTTTGAC GAAGGCTTTGATCTGCAGAG 128
338D11cF AQ762018 CTTTAAGGTGACCCAGAGTTGC GAGTTTTATCTGGGCATGTGCC 118
187H3cF AQ761965 CTAAGATTGGGAAGGTGG CATCTGAAGTGACCTGAG 151
107A4cR AQ761940 CAGCAGATGTGGAACTAGAG GATGACATTGGCATCTCAGG 144
229A1cF AQ761984 AAGACCCAGATCAACAGCCAAC TCTTCACATCAGCCAGAATCCC 126
536E3cR AQ762024 CAGAATTACAGAGACGTGCC CCACACTTGGTATTGCTGAC 131
324G22cF AQ762013 GAAACAAACGCGCGATAAG GGTGGATGCTGAGTGAATAG 273
57P8R AQ762029 GCTCGATACAGAAACCAG TTGACAGGTCCACTCACC 89
127C7cR AQ762047 ATCTTCGACTTTGTGGCTTG CTGCAAAGGGACATTACAAG 89
y14Ur AQ797407 AGGTGTGCTTCTAGTCAGTG AGGTGTGCTTCTAGTCAGTG 207
127C7cF AQ762046 CACACTAAGCTTAAGAATCTTTG TGACCACTTGATTTAGAGTAATG 153
y16Tr AQ797408 GAAACTGAGTTCCCAGAG GAAACTGAGTTCCCAGAG 129
110011cR AQ761945 GAGCCTTTTGTGATTGGC CCATGTTGAGAAGCACAG 129
yl2Ta AQ797403 TGCTTGCTTATGGTGCAGAG CTGATTGAATGTTTCTGAGC 169
110M15cF AQ761943 AGTCCACTATGCTGTGTG CTTGGAGTAAATGCTCGC 129
96P8cF AQ762040 GGAAAGAGATTACCAACCACAG GGAGAATCTACCAGTTCTTGAG 127
8J24cF AQ762038 TGAATTGGTTGGAGGAGCAC TGCAGTCTCCTAAGGAAGTC 113
110011cF AQ761944 AAAGGCCAGCATGATTGG CTTACCATGGCCAGAATG 105
215N23cF AQ761975 ATGGCAAAAGCAGGAGTGAGAGAG GGGTAAATCCTTCATGGCTGAGTG 119
8J24cR AQ762039 GCAAAGGAGCAATTTGGTATATGG ATACACTCAGCCATCTTATCTGAG 121
80M18cF AQ762036 TGCCAATGACCGAGATTG TGTAACTTGGCCAAGGTG 238
178P9cF AQ761962 TGAGATACGTGCAACTCC CTCTTCCTCACCTCAGGC 116
215N23cR AQ761976 ATGGCAAAAGCAGGAGTGAGAGAG GGGTAAATCCTTCATGGCTGAGTG 179
233G14cR AQ761986 TCTTCTCCAAGCTGCACACC ATTAGCTGCTACTGGTGGCC 115
178P9cR AQ761963 ATGCCCAATGGAATTCCG GGATTTCACTCTTCTGGG 136
233G1l4cF AQ761985 AAGAGGCATGTATCACCAGG AGAATTGCAGCTGGAGGATG 156
35013cF AQ762048 TCCATATCTGTCACCTGAAG CAGCACACAGAATTATGACC 96
y11Tr AQ797401 GATTCCAGTGTCACCACT CCATGCTAATTGTGCACTG 171
35013cR AQ762049 CCTCTGAGTTTGCATCTC GGTCAATTAGAGCTGGAC 111
238N13cF AQ761987 ACCCTCTTCTTAGGGTAGAG TGTTCTTCTGAGGACAGCTG 136
193G4cF AQ761967 TTTGTATGGCTCCTGTGCAC TAAAGGGTTACAGCGGACAC 109
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TABLE 2—Continued

GenBank Product

Accession size

Marker name No. Forward primer sequence Reverse primer sequence (bp)
56G5cF AQ762028 TGCTAACTCAACTTTACAAGC AATTTGCTCATCATATGCTGC 118
193G4cR1 AQ761968 TTCAGATGGTTGGGATGC ATTACCTCTGCAGGAGAC 127
98H19cR AQ762042 AATCCCTCTTGGGCATTC CGTAGGGAAATGGATTGG 108
y13Ur AQ797406 GAAGGAGAAAGGAAGGAAGC TTAGGCAGAGACAACTGC 135
120K12cF AQ761949 ATTACTCCCTTTGAGAAGCC TAAAACCAGGCAATCCAGGG 145
250F22cR AQ761995 TCTGCACAGAGCCTTTCAC GCTGATTGCTGTCTTTGTG 153
98H19cF AQ762041 TTTCCATCTCAGACCCTTCG AGACTCTCATAGGGTTGCTG 104
y1l0Ur AQ797400 GTATGCAGGGCATATGTTC TTTCCACCTGCAGTCTGT 118
253N17R AQ761997 AGGTACTGGGTGAACAGTGGT AGTTGGCATCTCTGCCTGCCTG 275
135A22R AQ761954 AAAGGGTGTGGTTAGCACTG ATTTGTGCTCTCTGCCTGTG 200
55H19cR AQ762027 GACAACAGAAGTACCAGG TGGAGACATGTTCATGGC 114
yl2Ua AQ797404 CAATGAAGTACTTCCTGC TTCTTATTTCCCCAGGTC 83
135A22F AQ761953 CACAGTGAAGGAAACAAC CCATAAGAAAGAATGAGATC 219
253N17F AQ761996 TGAGAAATAGCAGGGGAAGC ATGTTTGAGACTAGCCTGGG 190
284A1F AQ762008 CTGTGTCAGGAAACCAGGTT ACGGACTAATGACAGTCG 119
279B7cR AQ762005 GCAACATCTATACCCACC CTGAATACGGTGGAAGTC 171
62L3cF AQ762032 ACTTGTTGGTGAGCTCTGTG AGACTGGAGTCCAATTCAGG 173
55H19cF AQ762026 GAAAGACACTGGAACTGG TTACTTCCCAAGGCTCAG 170
y1l1Ur AQ797402 GCCAAGTATGTGTCAATG TTCACTGAAGGACAGTGG 178
62L3cR AQ762033 AGAGATGTGAAAACCCTGAC CCTCTCATAGTTTTGATGGC 167
279B7cF AQ762004 CGATCCTGAGATGGAAAG CTTTCATGCTCACACTGC 125
37P10cR AQ762051 TGCCCTCATGCAGTTTACC TGCATGTAATCTGTTCCCTG 121
204112cR AQ761971 TAATACCCAAGGTGTGGTC GTGCCTGTTACTCTATG 319
279M17cF AQ762006 TTATGTGTCAGGGAGTGG TTAGAGGTACAGGTACCAGC 124
37P10cF AQ762050 CATACTGTTAGGATGGCTGC TACTTGAGGGAGAAGTAGGC 180
59014cR AQ762030 TTTTCCCTGAGCACCTAG CATGTCCCATGATGGAAG 164
20612cR AQ761973 CCAGCTGTGAACTCTTTG TTAGAATAGGGCCAGCAC 274
204112cF AQ761970 AGTGACGGAAAATCCCTG TTGGTGACTCCACCTTAC 137
110H19cF AQ761941 GGACTTTGGACAAAAGTC GAAGCCGATTTGAGTTTC 141
20612cF AQ761972 GCGAACATATTCCAGTTGTC CTCCAGGTATTTAAGGTAGC 94
59014tF AQ762031 GGTGGAATCAGTCTCTTG TTGCCTCTTGATAGGAGG 145
110H19tR AQ761942 GCCAAATAAAGAGCTCCC CATGTTCTCTCTGCATGC 103
279M17cR AQ762007 GTTAAGTCTGGCTTCTCTCC TGCTGTTGAGAGACCATGTG 122
y37T AQ797420 CTAAAGCTTGAAGTGAGAGG GGTCACTGGAAAAAGAGCACAG 183
118G19cR AQ761948 CCAGTGTAAGGTTAGGCAAG CACCTGACAGATTCTAGTGG 141
366A8F AQ762020 GGTATTGGCAGTGATATGC GTTGGCATTGTAATCTC 166
15303cR AQ761957 TGCCAGTTGAATGGTGTC GCTAGCCTAATTAGAGTGG 130
164L12tF AQ761959 TCACATTAGCCAGCCTTCTC CAAACTTGGCCTTTGCCTTC 125
268N14cR AQ762000 ATACTCAGCATGCTGTGGTG TCCATCTCTAGAGGTGAAGC 165
366A8R AQ762021 GCCAACATGAACTCCAAG GTTGCCATTTGAAGCCAC 171
15303cF AQ761956 ATGGTTTCTTGGAGGGTTCC TATCCCTAGTCTTGAGCAGG 112
248A21cF AQ761990 GTCTAGCTTTTCTAGCCATC AAGAGAGGAGTCATAGCTAG 112
268N14cF AQ761999 CAGTGCATCTTAGTTTGGAC TGGTCTAGTGTTACACTGTC 93
77J13cF AQ762034 ATTCCCAGTGCTTAGCATG AGTAACTAGTTCGGTTC 85
174L6qF AQ761961 AAAATATTCCAGTGCCTGGGCTGC GTCTTGTCCAATTGAGTGCTGAGG 101
77J13cR AQ762035 TAGTGAAGATCCGTGCAG TACCTTGCAGGTGCTAAG 167
216P5cR AQ761979 CTTCCTTGGACTATTGG ATATCACGCCACTGCATTCC 225
116D22F AQ761946 TGCTTAATAAAGCCAGCC TTTAACGGAAGTCCTGAGGAC 196
304P7cR AQ762011 ATGACAGAAGGCAAAGGG TGTTTAGGTCATGGGAGCAG 163
116D22R AQ761947 GACACCATCAACATGGTGAGT TTGCTCAAGATCCCAGAGCCA 269
y1l0Ta AQ797399 TTGAGTCATGGCAGCAGATC TTGAGTCATGGCAGCAGATC 157
168F1cR AQ761960 AAATATGCATCGCCTTCCGC TTGCTGTGACTCTGAACTGG 150
25B1cF AQ761998 GATGCCACAACCAGATAAGG TATACTGGTGCAGACTGGTG 139
202K21cF AQ761969 CTATTCAGTATGGGTGTC GTGTCCTTGCATGCCCTTGAG 238
y8Tr AQ797427 GCTGCTTTAAGATAGCCATC TATCCTGATCACACAGAGCC 225
24B12sF AQ761991 AGACTAGACTTCGAGTGCTG GGACTTGTTTACTGACAGG 130
216P11F AQ761977 ATGCTGCCTATGATCTCTTTCT CTCATAGGCTAGTCTTGAGTG 187
15609sR AQ761958 TGCACAGCTTGTTCATGG AAACACACATTGGGTGGC 235
87E12sF AQ762037 GTGCCACATGTATGTTTAC AACTGTCTCCTAACATAGG 155
y7Ur AQ797426 GGCAGATTTGTAGGTGATG TAGCAATCATGTGGACAGC 185
24B12sR AQ761992 GAACTGCAGAAGTGCAAAC TTCCTAGTGTGTGGTTTCC 124
216P11R AQ761978 TTTATGTCCCTGGAGAGGCA AGCTTCTGACACACCTCCTCT 242
13Ci1cF AQ761955 TCAGCCTAATGCTATGAAGTG GAGATTAGACTCCCAACTCTC 131
y6Ua AQ797424 CATTTGGAGAGACATCAACA CTATCTTGGTTCTATGGGTA 78
y50U AQ797422 TGCACTTTCCATTCTGC TTGAGCACTTTAAGGAG 164
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TABLE 2—Continued

GenBank Product
Accession size
Marker name No. Forward primer sequence Reverse primer sequence (bp)
y8U AQ797428 ATAGTCCTAGTCCCTTGC TTTCACCGTGTTAGCCAG 122
y6T AQ797423 CCTCATACCATAGCTAC GCCATTCACCTCACTG 97
y48T AQ797430 CGCAATAATAGCCTTAGGC CATGAAATAAAGGGAAGGG 101
y3U AQ797421 CTGTTCACATGCAGCTAC AGCAGGCATATGACCA 107
y2U AQ797416 CTTCCCAAGGTGCTAAG GATCCTCAATAAGTCCTGAG 151
yiT AQ797411 CAGCATTCTATAGCTC TTGAAGGGCAGGACAGA 94
y48U AQ797429 CACAAGGTTCATTCTAGTCATC TGTTTTCTTGCGGGTGTATGTG 165
y2T AQ797415 GGTCCCTGTTACCTTC CAGACTGTGAAGACTAC 126
y35U AQ797419 CATCATACCAAGTCACATG AACTTCCATTGGCAGAATG 108
y33U AQ797418 CAGAAAACCTACATCTTCCC AAGCCTGAGTGAGATACTGG 141
y30U AQ797417 ACAAATATACAAATGCA TTGAGATAGTGCCATGC 80

derived STSs and published STS markers confirmed
within the YAC contig between and inclusive of
D1S466 and D1S1642 were used to screen commer-
cially available BAC and PAC library DNA pools by
PCR. This starting collection of 31 markers in an ap-
proximately 6-Mb interval suggests an average dis-
tance of 210 kb between adjacent markers. The initial
screen with 31 markers resulted in the identification of
78 BAC clones. STS content analysis was performed to
generate BAC contigs; however; due to low marker
density, only small contigs were generated that were
spaced by distances of unknown length with clustering
of markers in certain areas (Fig. 1). D1S466 and
D1S2619 were both contained within three overlap-
ping BACs (b278C23, b7F19, and b285P16), and
D1S2818 was also linked to this cluster, as it was
present within BACs b278C23 and b7F19 (Fig. 1). A
total of 8 BAC clones were identified by the marker
D1S202, with 4 of these clones also being positive for
y8Tr and 1 of the 8 clones being positive for y7Ur,
suggesting clustering of these markers.

All BAC and PAC clones identified by markers
known to map to this interval were subjected to direct
end sequencing to generate new STSs primarily to
facilitate chromosome walking (Table 2). End se-
guences were compared against the NCBI nonredun-
dant nucleotide database using PowerBlast for the
identification of repetitive elements and also to identify
homologous sequences including gene and EST homol-
ogies (Ferlanti et al., 1999). STS 245D23cR had 100%
homology to the ATP-dependent RNA helicase (DEAD)
gene sequence, confirming the exact location of this
gene within the 1925 contig (Fig. 1). A total of 108 new
STSs were generated from BAC end sequencing and
were subsequently mapped to the D1S466-D1S1642
interval (Table 2). These new STSs were used to screen
BAC and PAC library DNA pools further by PCR and
resulted in the identification of 133 unmapped BAC/
PAC clones (Fig. 1). STS content mapping with these
new markers resulted in the completion of a 6-Mb
sequence-ready contig of the 1925 region as indicated
in Fig. 1.

Restriction Fingerprinting

A subset of BAC and PAC clones from this contig
have been subjected to restriction fingerprinting as a
prerequisite for genome sequencing by the Sanger Ge-
nome Sequencing Centre. Sanger chromosome 1 se-
guence contig 70 initially contained a small group of
overlapping PAC clones identified by the Sanger Cen-
tre using markers known to map to the 1925 region,
and finished sequence for several of these clones has
been archived. Overlaps determined by STS content
mapping between adjacent BAC/PAC clones identified
as part of the HPC1 positional cloning effort have been
confirmed by fingerprinting experiments at the Sanger
Genome Sequencing Centre (data not shown). To date,
clones representing the region flanked by D1S2127 and
D1S202 represent Sanger chromosome 1 contig 70.
These clones are currently in the queue for shotgun
library construction and sequencing. Clones represent-
ing the D1S466 to D1S2127 region are currently being
fingerprinted to determine the integrity of the 6-Mb
BAC/PAC contig constructed as part of the HPC1 po-
sitional cloning effort.

Identification of Novel Simple Sequence Repeat
Polymorphisms

For the genetic refinement of disease loci, we at-
tempted to isolate novel simple sequence repeat poly-
morphisms (SSRPs) from the 1925 contig. Five BAC/
PAC clones (b238N13, b277P6, b204112, b59014, and
b164L12) were used as templates to generate small
insert libraries. Libraries were probed with a pool of
radiolabeled oligos (CA,, AG,, and GATA;) for the
identification of novel SSRPs within the interval for
use in genetic refinement of disease gene loci. A total of
seven novel SSRPs were generated by this method
(Table 3) and mapped back to the contig (Fig. 1). Sam-
ple sequencing of BAC b173P17 and b77J13 also led to
the identification of seven novel SSRPs (Table 3).

Transcript Mapping and Identification

For the identification and mapping of transcription
units within the 1925 contig, we performed database
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TABLE 3
Novel SSRPs

Marker GenBank

name Accession No. Forward primer sequence Reverse primer sequence Size (bp)
238N13-3A9 AF181673 AGAAAGGGTGATGCCAGTAC ACCACAACCTTGCATGAAGG 137
238N13-2G1 AF181674 TTATTGGAGAACTAGGGGC GCCACATAAATGGCAGTAG 137
277P6-2A8 AF181675 GATCCTTCACTAGTTACTCCC TTATCCCTCGAGTTAACAGCC 118
204112-3A2 AF181676 ATCCAGGTTGCTGCAAATGC CTATGGAACCAGCCTGAATG 180
204112-1B10 AF181677 CACTTGCAAGCTTAGGTCAC ACTGGCTATTGGTCAGAGAC 154
59014-6357 AF181678 GTAATCCCAGCACTTTGGAAG CAGGTCTATCAAATGTTGTGGC 244
164L.12-7079 AF181679 TCCCGTTGATGATTTGAGAG GGGATCAAGAATCAAGGTAC 254
c84CA AF181669 AATTGAGCCACTCTCAGG GAAGTAGAATGGTGACCC 133
c114GA AF181670 CACAGAGGAGATAAACAGTG TTTCAGTGTCACTGCAATGG 178
c124CA AF181672 AGGCAGGAGAATTCTCTCTC AAGCAGATTGTCCTCCATGG 129
C117TAA AF181671 ATGCCACTATCTGAGTCC ACATCTTCCTGGAACTCC 193
c42.6 AF172081 CCAAACACCTTCCATTAGGC TTAGGAGATGGAGGTGAGAG 315
c30.6 AF172079 GTTTGCATCATGAAAATGAGTGCAG ATATGAGGTGATTCTAAGTAGCAGG 175
c51.6 AF172081 TAATTGTCTGCCACGAGTGC AGTTCGTCAGAAGTGTGTGC 162

searching, direct hybridization of cDNA libraries, exon
trapping, and sample sequencing. A thorough search of
the NCBI Human GeneMap 98 (Deloukas et al., 1998)
was performed for an expanded region (D1S212-
D1S412) due to the relatively low resolution of the
GeneBridge 4 radiation hybrid panel used for EST
mapping. Primers were derived from EST or gene se-
guence and were used for mapping against the contig.
All ESTs that mapped to the contig were searched
against UniGene (http://www.ncbi.nlm.nih.gov/Uni-
Genel/index.html) to identify EST clusters to collect the
greatest amount of known sequence for each potential
transcript. In addition to mapping ESTs and known
genes from the database, we used several molecular
techniques to identify novel transcripts within the
1925 contig. Several BAC inserts were purified, radio-
labeled, and used as probes to screen the IMAGE con-
sortium high-density cDNA filters. Positive clones
were mapped back to the contig by either PCR or
Southern blotting. Also, a subset of BACs and PACs
were selected for exon-trapping experiments (Fig. 1).
A number of BACs (b260L13, b174L6, b173P17, and
b69115) were subjected to shotgun library construction
in M13 vector, and the corresponding libraries were
sample sequenced (Fig. 1). We used the PHRED/
PHRAP/CONSED suite (Ewing et al., 1998; Gordon et
al., 1998) for contig assembly and sequence editing.
Sequence contigs were searched against the NCBI non-
redundant nucleotide database using the PowerBlast
algorithm (Altschul et al.,, 1997; Zhang & Madden,
1997). Prior to gene analysis, repeat sequences were
removed using Repeat Masker (A. F. A. Smit and P.
Green, unpublished data). Sequence data were orga-
nized and initially analyzed using WebBlast (Ferlanti
et al., 1999). Sequence contigs were subsequently ana-
lyzed with several gene prediction programs including
GRAIL, GENSCAN, MZEF, and FGENES (Guan et al.,
1992; Burge and Karlin, 1997; Zhang, 1997; Solovyev
and Salamov, 1997) using an analysis workbench
called GeneMachine (http://genome.nhgri.nih.gov/

genemachine). All BLAST information and exon pre-
diction results were viewed and annotated using Se-
quin (http://www.ncbi.nlm.nih.gov/Sequin).

Several known genes and novel transcripts were
identified by sample sequencing, as were ESTs that
were also identified by other methods (Table 4). Infor-
mation derived from sample sequencing is shown in
Table 5. Sample sequencing of b173P17 resulted in the
precise mapping of two known human genes (TPR and
Phosducin) and one EST Z28464 (Table 5). The previ-
ously unmapped megakaryocyte stimulating factor
gene (MSF) was also placed within the 1925 contig by
sample sequencing (Fig. 1). MSF and the human TPR
gene share sequence at their respective 3’ untrans-
lated regions and are oriented in opposite directions.
Sample sequencing also revealed that the respective 5’
ends of TPR and the 228464 transcript are very close to
each other, and these genes are oriented in opposite
directions. This is evident as the 5’ ends of these two
transcripts are within the same b173P17 sample se-
guence contig (Table 5). Several exons from the phos-
pholipase A2 gene along with genomic sequence for
this gene were identified from sample sequence derived
from the BAC clone b69115. We have also mapped the
human homologue of the Caenorhabditis elegans hemi-
centin gene him-4 (AF074901) by sample sequencing.
This gene, which we call Z47, extends over approxi-
mately 600 kb of human genomic sequence. Table 4
shows corresponding accession numbers for those tran-
scripts mapped to the 1g24—-q31 region by our group
and the methods by which those transcripts were iden-
tified. A detailed analysis of transcripts from this con-
tig including expression profiling, tissue distribution,
and extension of partial transcripts into full-length
transcripts is under way (manuscript in preparation).

DISCUSSION

Several hereditary disease loci have been shown to
map to the 1g24—-q31 interval including HPC1, CACP



TABLE 4

Transcripts Mapped to the 1g24-qg31 Region

Unigene Accession No. Name Source Known information

Hs. 14553 L21934 SOAT DB Sterol-O-acetyl transferase; formation of cholesterol ester from
cholesterol

Hs. 7175 A006H48 LHX4 DB Similar to mouse LIM homeobox gene

Hs. 1355 J05036 CTSE DB Cathepsin E gene; aspartic protease found in the
gastrointestinal tract

None u97276 QSCN6 DB Quiescin gene; may play a role in transition into cellular
quiescence

Hs. 65441 L29384 Vol.Dep.Cal.Chan-g1E DB/ET Voltage-dependent calcium channel a-1E subunit

Hs. 126918 stsg40094 el9 DB

Hs. 170171 Y00387 D1S290E/GLUL DB Glutamine synthetase; control of normal body pH

None AA757084 AA757084 ET

Hs. 183601 u70426 A28RGS14/RGS16 DB Regulation of G protein signaling

None None RGS8 ET Regulation of G protein signaling/human homologue of rat
RGS8

Hs. 20982 H17666 c119 DB

None L10381 2-5A-dR DB 2-5A-dependent RNase; regulator of interferon action

Hs. 18033 stsg16431 el0 DB

Hs. 23756 Al042017 cl12 DB Similar to E. coli N-acetylneuraminate lyase

Hs. 36300 A009P09 e’ DB

Hs. 74578 113848 DEAD DB ATP-dependent RNA helicase

None AA431804 AA431804 ET

Hs. 87428 J03202 LAMC1 DB Laminin C1/LAMB2; cellular adhesion molecule

Hs. 54451 WI-7043 LAMC2 DB Laminin C2/LAMB2t; cellular adhesion molecule

Hs. 158244 KIAA0479 KIAA0479/e20/c47 DB

Hs. 15087 KIAA0250 KIAA0250 DB

Hs. 949 M32011 NCF2 DB Oxidative phosphorylation through the NADPH enzyme
system

Hs. 146957 KIAA0959 KIAA0959 DB/ET Homology to mouse RGL; member of the Ras pathway

None T79647 e9 DB

Hs. 26835 738864 D1S3425 DB

Hs. 192208 R48958 e4 DB

Hs. 106794 KIAA0584 KIAA0584 DB

Hs. 128769 stsg31677 el7 DB

H2.200305 stsg30862 el6 DB Manosidase gene

None A009C04 e6 DB

None WI-22797 el3 DB

Hs. 16769 A009Q28 e8/c24 DB

Hs. 48778 STSG22079 ell DB

Hs. 117788 STSG22920 c132/e12 DB

Hs. 52438 AAB57408 ge27 ET/SS

None AA469731 ge42 ET/SS Possible zinc finger protein

H2s.28441 Y10571 dinG ET/SS Possible transcription factor; has RING domain

None stgdbh191000 e5 DB/SS

Hs. 113928 stsg27101 el5 DB

Hs. 197298 AJ012449 NS1-BP DB/ET Influenza virus binding protein; Drosophila ring canal protein

None None z47 SS/IET Homology to C. elegans hemicentrin 4 protein (Z47068)

Hs. 154083 U70136 MSF SS/BH Synovium lubrication and growth stimulation

Hs. 169750 X66397 TPR SS/BH Promoter translocation to TRK to form met oncogene

Hs. 69388 728464 z28 SS

Hs. 550 M33478 PDC/PHSD SS Human homologue to rat phototranducin; retinal protein

Hs. 92309 D28235 D1S3433/PTGS2/COX2 DB/ET Involved in the inflammatory process

None AAT44170 AAT744170 Sanger

Hs. 3278 M72393 PLA2G4A DB/ Catalyzes release of arachodonic acid from membrane

ET/SS phosopholipids

Hs. 144508 R79368 1C-145842 BH

None R00375 1C-123336 BH

Hs. 65765 Cdalbe02 739494 DB

None stSG23258 M78285 DB

None sts-M78354 M78354 DB

Hs. 75256 S59049 RGS1/BL34 DB Mediate programmed changes in response to extracellular
signals

Hs. 78944 L13463 RGS2/G0S8 DB Control of proliferation and differentiation in normal cells

None AF147717 UCH37/c17 DB Thiolproteases that catalyze proteolytic processing of ubiquitin

Hs. 5722 AO005A18 c190 DB No homologies

Hs. 181353 Y15014 c78 DB B3 galactosyl transferase/brainiac?

Note. DB, database searching; ET, exon trapping; BH, BAC insert hybridization to cDNA. All known information was derived from Online

Mendelian Inheritance in Man or from homology to other known proteins.
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TABLE 5

Sample Sequence Contigs Containing Gene Sequences

Sequence contig Accession No.

Clone source

Transcripts (GenBank Accession No.)

173P17-C19.8 AF172075
173P17-C20.8 AF172076
173P17-C23.8 AF172078
173P17-C24.8 AF172079
173P17-C25.8 AF172080
173P17-C26.8 AF172081
260L13-C32 AQ839801
260L13-C19 AQ839802
260L13-C39 AQ839803
260L13-C53 AQ839804
260L.13-C56 AQ839852
260L13-C55 AQ839853
260L.13-C49 AQ839811
260L13-C35 AQ839812
260L13-C33 AQ839813
260L.13-C50 AQ839814
260L13-C54 AQ839854
69115-C77 AQ839850
69115-C78 AQB839855
69115-C79 AQ839851
174L6-C69 AQ839805
174L6-C80 AQ839806
174L6-C82 AQ839807
174L6-C84 AQ839808
174L6-C93 AQ839809
174L6-C105 AQ839810

b173P17 Phosducin (M33478)
b173P17 728 (228464)
b173P17 728 (228464)
b173P17 Phosducin (M33478)
b173P17 Phosducin (M33478)
b173P17 TPR (X66397) and Z28 (Z28464)
b260L13 ge42 (AA469731)
b260L13 ged2 (AA469731)
b260L13 ge42 (AA469731)
b260L13 ged2 (AA469731)
b260L13 ged2 (AA469731)
b260L13 ge42 (AA469731)
b260L13 dinG (Y10571)
b260L13 dinG (Y10571)
b260L13 dinG (Y10571)
b260L13 dinG (Y10571) and e5 (stgdb191000)
b260L13 ge27 (AA657408)
b69115 PLA2G4A (M72393)
b69115 PLA2G4A (M72393)
b69115 PLA2G4A (M72393)
b174L6 MSF (U70136)
b174L6 TPR (X66397)
b174L6 TPR (X66397)
b174L6 MSF (U70136)
b174L6 TPR (X66397)
b174L6 TPR (X66397)

syndrome, and the HRPT2 syndrome. A 20-Mb region
flanked proximally by D1S212 and distally by D1S533
is covered in 40 megaYACs and serves primarily as a
resource for the localization of ESTs previously
mapped at radiation hybrid resolution. YAC contig con-
firmation and assembly consisted of a search of the
MIT-WICGR human physical map for clones believed
to contain a set of polymorphic markers within the
HPCL1 interval along with novel STSs generated from
YAC insert terminal sequences. Furthermore, we have
constructed a complete 6-Mb sequence-ready contig of
1925 flanked proximally by D1S466 and distally by
D1S1642 using BACs and PACs. Genomic clones were
identified by PCR screening of commercially available
library DNA pools. This physical map consists of a total
of 9 nonchimeric CEPH megaYACs, 160 BAC clones,
and 34 PAC clones.

YAC clones were selected from the database based
on the notion of being nonchimeric. However, two new
clones identified by our group to close a gap in the
contig were found to be chimeric. Interestingly, 3/160
BACs (1.9%) from the 1925 contig were found to be
chimeric (as derived from mapping end sequences to
somatic cell hybrid DNA; data not shown). This may in
fact represent an underestimate of the chimerism rate
for BAC libraries screened here, as all BAC end se-
guences were not mapped from every clone identified
due to the presence of repetitive elements in some BAC
end-derived sequence.

Physical maps serve as a resource for identifying
new polymorphic markers for genetic refinement of

disease loci. A total of 10 new SSRPs were identified by
probing BAC insert subclones with primers represent-
ing polymorphic stretches and also by the analysis of
sample sequence contigs. Several public databases sug-
gest a genetic distance of 3 cM for the region flanked by
D1S466 and D1S1642. The GeneBridge 4 radiation
hybrid data in the MIT-WICGR human physical map
database suggest a distance of 6 cR or 2 Mb based on an
average of 334 kb/cR for chromosome 1. However, we
estimate an actual physical distance of 6 Mb based
upon our contig. Three nonoverlapping megaYAC
clones from the contig, y913C9 (1140 kb), y910F9 (1530
kb), and y937B10 (1430 kb), suggest a minimal dis-
tance of 4 Mb for this interval. Although the correlation
between genetic distance and actual physical distance
is not absolute, the lack of recombination here may
suggest that this region is a cold spot for recombina-
tion.

Physical clones also serve as a means for mapping
and identifying candidate genes. All transcripts iden-
tified by exon trapping and sample sequencing turned
out to have associated ESTs in the database. These
findings suggest that EST coverage may be close to
actual gene representation for this region of human
chromosome 1. Sizing of BAC inserts using Notl gives
an estimate of CpG content for this region of the ge-
nome (Kusuda et al., 1990). CpG islands have been
shown to be associated with 60% of the known genes
throughout the genome (Larsen et al., 1992). Notl di-
gests of BAC clones within the 1925 contig revealed a
paucity of Notl sites with one identified at the distal 2
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Mb of the contig flanked by D1S254 and D1S1642.
Only 10 transcripts mapped to this area of the contig.
Similarly, the central 2 Mb of the contig flanked by
D1S158 and D1S254 contain two Notl sites with 13
possible transcripts mapping to this area of the contig.
The most proximal area of the contig flanked by
D1S466-D1S158 contains 8 Notl sites and contains 22
mapped transcription units. This finding correlates
well with reports that suggest that, in general, cluster-
ing of CpG islands is positively related to transcription-
ally active regions of the genome (Cross and Bird,
1995). A more detailed restriction map using multiple
rare-cutter enzymes is needed to support these find-
ings more definitively. It is also possible that many
more transcription units may be identified within this
interval.

All transcription units mapped to this interval rep-
resent candidate genes for several human hereditary
diseases. Recently, we have identified mutations in a
gene formerly known as MSF in patients with CACP
(Marcelino et al., 1999). We are now attempting to
identify mutations for HPC1 and HRPT2 in genes that
we have mapped to the 1g24—qg31 interval. Moreover, a
6-Mb sequence-ready BAC/PAC contig has been sub-
mitted to the Sanger Human Genome Sequencing Cen-
tre for human genome sequencing as well as confirma-
tion of contig integrity. This high-resolution 6-Mb
BAC/PAC contig should provide a major resource for
human genetics, disease gene research, and the ulti-
mate physical map; the human genome project.
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