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Abstract

Large-scale sequencing of genomic regions and in silico gene trapping together represent a highly efficient
and powerful approach for identifying novel genes. We performed megabase-level sequence analyses of two
genomic regions on human chromosome 8p (8pll.2 and 8p22—»p21.3), after covering those segments with
sequence-ready contigs composed of 74 cosmids, 14 BACs, and three PAC clones. We determined continuous
nucleotide sequences of 1,856,753 bases on 8pll.2 and 1,210,381 bases on 8p22—>p21.3 by combining the
shotgun and primer-walking methods. In silico gene trapping identified four novel genes in the 8pll.2
region and, in the 8p22-»p21.3 region, six known genes (PRLTS, PCM1, MTMR7, HCAT2, HFREP-1 and
PHP) and three novel genes. The distribution of Alu and LINE1 repetitive elements and the densities of
predicted exons were different in each region, and Alu-nch portions contained more exonic sequences than
LINEl-rich areas.
Key words: large-scale DNA sequencing; physical and transcriptional maps; human chromosome 8pll.2;
human chromosome 8p22—>p21.3

1. Introduction

Large-scale sequencing of genomic regions, and find-
ing genes within those sequences by means of com-
puter software and database searches, is a highly effi-
cient and powerful approach for identifying novel genes.1

Recent improvements in sequencing technologies have
made high-throughput genomic sequencing possible, and
computational gene-finder programs such as GRAIL2

and GENSCAN3 can identify putative exonic fragments
present in anonymous genomic sequences.4'5 These data
can be integrated via the Internet with partial cDNA se-
quences that have been archived as expressed sequence
tags (ESTs, i.e., exonic fragments), which have been
generated with ever-increasing velocity by the Human
Genome Project. In addition, whole genomes of several
bacterial strains,6~8 of yeast,9 and of C. elegans10 have
already been sequenced, presenting us with clues for un-
derstanding critical features within the human genome
through comparative genomics.

Human chromosome 8 appears to be about 135 Mb
long and to contain 4000-5000 genes. As part of the Hu-
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man Genome Project and to investigate the biological im-
portance of this chromosome, we previously constructed
physical maps that included a 10-Mb YAC contig on
8pll.2 (ref. 11) and two cosmid contigs on 8p22-»p21.3
that encompassed a region commonly deleted in hepato-
cellular, colorectal, and non-small cell lung carcinomas.12

In those experiments we isolated dozens of exon-like se-
quences by exon-trapping. To complete our understand-
ing on the two loci, and to isolate genes more efficiently
from the regions in question, we constructed sequence-
ready contigs and performed large-scale sequence anal-
yses. We report here the isolation of several genes
from these megabase-level, continuous genomic DNA se-
quences, by means of in silico gene trapping.

2. Materials and Methods

2.1. Construction of sequence-ready contigs
To construct a large-scale sequence-ready contig for

8pll.2, cosmid contigs were constructed from two over-
lapping CEPH YAC clones (854.L6 and 937_b_9). Cos-
mid libraries were constructed from each YAC, and clones
containing human DNA inserts were isolated by hy-
bridization selection as described previously.13 Contigs
were constructed by repeated colony hybridization exper-
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388 Large-scale Sequencing of Human 8p [Vol. 6,

iments using PCR fragments derived from end-sequences
of the cosmids.12 To fill the gaps in the cosmid contigs de-
rived from the YACs, we screened BAC and PAC libraries
(Genome Systems, St. Louis, MO) by PCR according
to the manufacturer's protocol, using STSs (sequence-
tagged sites) designed from cosmid DNA sequences.

For 8p22—>p21.3, cosmid contigs reported previously12

were connected with BAC and PAC linking clones. The
BAC and PAC clones were obtained by means of the
Genome Systems PCR-screening system.

2.2. Sequencing of contigs
Nucleotide sequences of cosmid, BAC and PAC clones

that comprised minimal tiling paths were determined
by combining the shot gun and primer-walking meth-
ods. DNAs were prepared from the clones with Qia-
gen plasmid-purification kits (Qiagen, Hilden, Germany).
A 10-̂ tg aliquot of each DNA was mechanically frag-
mented by sonication (UD-201 Sonicator; TOMY Co.,
Tokyo, Japan) and electrophoresed in a 0.8% agarose
gel. DNA fractions 2.5- to 6-kb long were recovered from
the gel and subcloned into plasmids; pBC was used as
a cloning vector for cosmid DNAs, and pBluescriptll for
BAC and PAC DNAs. DNAs from plasmid subclones
were prepared with an automated plasmid-isolation ma-
chine (PI-100, Kurabo, Osaka, Japan). Plasmids con-
taining cosmid-vector sequences were identified by hy-
bridization with vector DNA and eliminated from subse-
quent analysis. Sizes of the inserts in the subclones were
determined by electrophoresis in 0.8% agarose gels; plas-
mid subclones containing inserts of more than 1 kb were
sequenced by a dye-terminator method with T3 and T7
universal primers using an ABI 377 automated sequencer
(Applied Biosystems, Foster City, CA). End-sequences of
more than five shot gun subclones per 1-kb insert were de-
termined for each cosmid, BAC, or PAC clone. Sequence
data from the shot gun clones were assembled by means
of the "Phred", "Phrap" and "Consed" programs.14"16

Any gaps that remained in the assembled sequences
were filled with sequences of linking clones by the
primer-walking method, using primers synthesized on
the basis of assembled sequence. DNA sequencing for
primer-walking was performed according to an ABI dye-
terminator protocol. Plasmid subclones were used as
templates for subclones spanning gaps; otherwise, cos-
mid, PAC and BAC DNAs served as the templates.

2.3. Computational sequence analysis
The continuous sequences on 8pll.2 and 8p22—>p21.3

were examined for the presence of repetitive DNA ele-
ments including Alu, LINE1 (LI), and THE, using the
RepeatMasker program (http://ftp.genome.Washington.
edu/RM/RepeatMasker.html). For computational trap-
ping of genes, repetitive sequences were removed by
the RepeatMasker program, and exon prediction was

then performed using the GRAIL (GRAIL2)2 and
GENSCAN3 programs. For the GRAIL analysis, only
"excellent" scores were considered significant.4 We used
the BLAST algorithm to search for sequence matches
against public DNA and EST databases, and FASTA pro-
grams against dbEST.

3. Results

3.1. Large-scale, sequence-ready contigs in 8pll.2 and
8p22->p21.3

By assembling cosmid libraries from two YACs on
8pll.2, we obtained four independent cosmid contigs.
To fill gaps between these contigs, BAC or PAC li-
braries were screened using STS sequences corresponding
to DNA sequences at the ends of each contig. This strat-
egy allowed us to construct a single 1.9-Mb contig consist-
ing of 42 cosmids, 10 BACs, and 1 PAC (Fig. la). In the
8p22->p21.3 region, two gaps in the previously reported
contigs12 (between cosmids 3054 and A266, and between
A254 and A014) were filled with BAC and PAC clones.
A single contig consisting of 32 cosmids, four BACs, and
two PACs, then covered a 1.2-Mb region (Fig. lb).

3.2. Sequencing and characterization of contigs
On average, the subcloned sequences after removal of

vector sequences were ~550 bp long. More than 10 se-
quences per 1 kb of genomic DNA were determined;
hence, the data were considered to be equivalent to
more than five-fold redundancy. The sequence of each
clone was integrated into a single assembled sequence
by comparing overlapping sequences between neighbor-
ing clones. In all, we obtained 1,856,753 nucleotides
for the 8pll.2 region and 1,210,381 nucleotides for the
8p22-»p21.3 region (DDBJ accession No. AP000065-
AP000083).

The nucleotide composition of the two regions was sim-
ilar. The 8pll.2 and 8p22—>p21.3 sections contained re-
spectively 29.1% and 30.1% of adenines, 30.1% and 30.4%
of thymidines, 20.3% and 19.8% of cytosines, and 20.5%
and 19.5% of guanines. In contrast, the two contigs dif-
fered with respect to their content of repeat sequences:
the 8pll.2 genomic segment contained 572 copies of Alu
and 290 copies of LI, accounting for 8.4% and 16.6%,
respectively, of its entire DNA sequence, while in the
8p22—>p21.3 region we identified 491 copies of Alu and
147 copies of LI, which accounted for 9.2% (Alu) and
10.1% (LI) of the DNA at this locus.

3.3. Computational gene trapping and identification of
known genes

To identify expressed sequences within the two ge-
nomic fragments of chromosome 8p, we subjected the
entire three megabases of sequenced DNA to computa-
tional analysis. The GRAIL program predicted 158 tran-
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Figure 1. Physical map of a 1.9-Mb region on 8pll.2 (top) and a 1.2-Mb region on 8p21.3 region (bottom). Each figure shows the
centromere on the left and the telomere on the right. Cosmid, BAC and PAC clones are shown by transverse lines; locations of
exonic fragments predicted by the GRAIL2 program, Alu and LINE/1 repetitive elements, and human ESTs are indicated by vertical
lines above and below the horizontal lines to indicate presence on the plus and the minus strands (directing centromere to telomere),
respectively.
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scribed DNA segments from the 8pll.2 region with "ex-
cellent" scores. Thirty-nine segments matched archived
human ESTs, of which, 19 had also been predicted by
the GRAIL program. No previously known genes were
present.

In the 8p22->p21.3 region, GRAIL predicted 144 ex-
onic elements, and 196 segments matched sequences in
the human EST databases. Sixty segments were identi-
fied by both GRAIL analysis and EST search. Six known
genes were found within this contig: PRLTS (PDGF-
receptor beta-like tumor suppressor),17 PCM1 (autoanti-
gen pericentriolar material I),18 MTMR7 (myotubularin-
related protein 7),19 HCAT2 (cationic amino acid trans-
porter 2),20 HFREP-1 (fibrinogen-related protein)21 and
PHP (putative heart protein).22

3.4- Identification of novel genes
In the 8pll.2 region, six exons (GR61-66; Table la)

showed significant similarity to the Drosophila ash2
gene.23 GR69 showed significant similarity to C. elegans
hypothetical protein F09E5.8, which is highly homolo-
gous to a bacterial proline synthetase-associated gene.24

Eight predicted exons (GR71-78) were highly homolo-
gous to a C. elegans C42cl.9 gene,25 and ten (GR119-
128) to a murine pH-sensitive K+ channel gene, Slo3
(ref. 26).

From the 8p22—>p21.3 region (Table lb), fragments
GR230-232 were highly homologous to the murine
CAF-1 (CCR4 associated protein 1) gene.27 Fragments
GR280-283 showed a high degree of homology to hu-
man KIAA0774 (ref. 28), and GR212-214 to a C. el-
egans C56A gene.25 The nucleotide sequences of these
fragments were also identified in the dbEST archive.

4. Discussion

We have determined and characterized the genomic
DNA sequence of a 1.9-Mb segment on chromosome
8pll.2 and of a 1.2-Mb segment on chromosome
8p22->p21.3. The GC content of the two regions is
almost the same, but the numbers and proportions of
repetitive sequences are different. The 1.9-Mb region
at 8pll.2 carries fewer Alu than the 1.2-Mb region on
8p22->p21.3 (8.4% vs. 9.2% of total nucleotides). In
contrast, the 8pll.2 region contains more LI than the
8p22-»p21.3 region does. The inverse proportion of Alu
and LI elements has also been suggested by in situ
hybridization analyses reported elsewhere.29 Both the
8pll.2 and 8p21.3 regions belong to an R-banded re-
gion, which has been reported to be relatively rich in
Alu sequences.29 The 1.9-Mb region at 8pll.2, however,
does not have this characteristic, possibly because the
fine localization of the 1.9-Mb region is at 8pll.22 which
is a G-banded region.

The distribution of repetitive sequences is uneven as

well; in the 1.9-Mb region, the 400 kb at its centromeric
end contain more Alu than the 400 kb at its telomeric
end (1 copy in 2.0 kb vs. 1 copy in 4.0 kb), and the
opposite is true for LI sequences (1 copy in 11 kb vs.
1 copy in 2.5 kb). Interestingly, among the 39 ESTs iden-
tified in this portion of 8pll.2, 23 were located within
the centromeric Alu-xic\\ region. In contrast, Alu ele-
ments were distributed evenly in the sequenced portion
of 8p22—»p21.3, and so were the genes.

The two regions also differed in gene annotation.
GRAIL analysis identified 144 exonic candidates in the
8p22->p21.3 segment, but only 158 fragments in the
8pll.2 segment (1 exon in every 11.8-kb or 8.4-kb of ge-
nomic sequence, respectively). Similarly, the number of
ESTs was higher in the 8p22—>p21.3 region than in the
8pll.2 region (196 vs. 39).

The distribution of identified genes was also unequal:
we identified nine genes from the 1.2-Mb 8p22-»p21.3
segment but only four from the 1.9-Mb region on 8pll.2.
These observations were similar to reports for other chro-
mosomes, in which for example only three genes were
identified from a 685 kb-sequence on 3p21 (ref. 4) but 17
were identified from a 650-kb region on 7q22 (ref. 30),
and 20 from a 223-kb region on 12pl3.3 (ref. 31). In-
terestingly, the 8pll.2 segment is rich in LI and the
8p22—>p21.3 segment is rich in Alu, in agreement with
previous assumptions that Alu-rich regions contain more
genes than Ll-rich regions.32'33 Unequal gene density is
also reported in the C. elegans genome:10 fewer genes are
present in the central parts of worm chromosomes than
in the autosomal arms. In keeping with these observa-
tions, the gene-poor human 8pll.2 region is adjacent to
the centromere.

To date, we have identified numerous genes using the
in silico method. This approach has several advantages:
1) it can detect expressed sequences independent of their
expression levels; 2) it determines the genomic structure
of a gene at the same time the gene is identified; and 3)
it is not technically demanding. Moreover, this method
is very sensitive and reliable. Previously we had screened
the 8p22-»p21.3 region by exon-trapping but isolated
only two genes, PRLTS and PCM1 (ref. 12), trapping
only 2 of the 7 exons of PRLTS and 3 of the 39 ex-
ons of the PCM1 gene. In contrast, the method used in
the present study successfully identified 4 exons of the
PRLTS gene and 19 exons of PCM1.

We have now identified a total of 13 genes in the
portions of 8p under study (4 in 8pll.2 and 9 in
8p22—>p21.3), including 7 never reported before. The
four novel genes in 8pll.2 include orthologues of the D.
melanogaster ash2 gene, the C. elegans C42cl.9 gene,
a bacterial proline synthetase associated gene, and a
murine SloS gene. Detailed characterization of those
three Drosophila, worm, and bacterial genes have been re-
ported elsewhere.34"36 With respect to the fourth ortho-
logue, it is worth noting that murine SloS encodes a pH-
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sensitive potassium channel that functions in a voltage-
sensitive manner.26 Defects in potassium-channel genes
are known to be responsible for neuronal disorders in-
cluding some kinds of epilepsy.37 Therefore, the human
orthologue of Slo3 might be involved in neuronal perfor-
mance.

The present study identified six known and three novel
genes in the 8p22-4p21.3 region. The known genes in-
clude PRLTS, PCM1, HCAT2, MTMR7, HFREP-1, and
PHP. PRLTS and PCM1 had already been isolated and
characterized by us.17'18 HCAT2 is a cationic amino-
acid transporter gene that was mapped to chromosome
8p22->p21.3 by another group.20 MTMR7 is a myotubu-
larin dual-specificity phosphatase gene, which is con-
served from yeast to human, and it has been assigned to
8p22—>p21.3 (ref. 19); at least eight human genes belong-
ing to this family of phosphatases have been isolated to
date.19 HFREP-1 is a fibrinogen-related gene that is of-
ten over-expressed in hepatocellular carcinomas.21 PHP
was originally isolated from a heart cDNA library,22 but
its function remains unclear. The chromosomal locations
of HFREP-1 and PHP were determined for the first time
in the present study.

The three novel genes we identified in the 8p22—>p21.3
region are orthologues of murine CAF-1 and C. elegans
C56A3.6, and a homologue of human KIAA0774. The
murine CAF-1 gene product interacts with CCR4, a pro-
tein that is required for regulating a number of genes
in yeast.27 CAF-1 is conserved from C. elegans to hu-
mans with a high degree of homology, suggesting that
it has a critical role in eukaryotic transcription. As the
predicted exons designated as GR230-232 showed signif-
icant homology to CAF-1 at the protein level, they may
represent another CCR4-related human gene. Charac-
terization of the remaining two genes (KIAA0774 and
C. elegans C56A3.6 homologues) is in progress. Further
study may unveil the significance of these positional can-
didates for involvement in hepatocellular, colorectal, and
non-small cell lung carcinomas.12
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