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2006 Expressed-Sequence Tags Derived from
Human Chromosome 7-Enriched
cDNA Libraries

Jeffrey W. Touchman,' Gerard G. Bouffard,' Lauren A. Weintraub,'
Jacquelyn R. Idol,' Luping Wang,? Christiane M. Robbins,’
Jesse C. Nussbaum,’ Michael Lovett,? and Eric D. Green'-®

'Genome Technology Branch, National Human Genome Research Institute, National Institutes of

Health, Bethesda, Maryland 20892; “Department of Otorhinolaryngology and The McDermott Center for
Human Growth and Development, University of Texas Southwestern Medical Center, Dallas, Texas 75235

The establishment and mapping of gene-specific DNA sequences greatly complement the ongoing efforts to map
and sequence all human chromosomes. To facilitate our studies of human chromosome 7, we have generated
and analyzed 2006 expressed-sequence tags (ESTs) derived from a collection of direct selection cDNA libraries
that are highly enriched for human chromosome 7 gene sequences. Similarity searches indicate that
approximately two-thirds of the ESTs are not represented by sequences in the public databases, including those
in dbEST. In addition, a large fraction (68%) of the ESTs do not have redundant or overlapping sequences
within our collection. Human DNA-specific sequence-tagged sites (STSs) have been developed from 190 of the
ESTs. Remarkably, 180 (96%) of these STSs map to chromosome 7, demonstrating the robustness of
chromosome enrichment in constructing the direct selection cDNA libraries. Thus far, 140 of these EST-specific
STSs have been assigned unequivocally to YAC contigs that are distributed across the chromosome. Together,
these studies provide >2000 ESTs highly enriched for chromosome 7 gene sequences, 180 new chromosome 7
STSs corresponding to ESTs, and a definitive demonstration of the ability to enrich for chromosome-specific
cDNAs by direct selection. Furthermore, the libraries, sequence data, and mapping information will contribute
to the construction of a chromosome 7 transcript map.

[The ESTs and STSs are listed at http:/ /www.nhgri.nih.gov/DIR/GTB/CHR7 and http://www.cshl.org/gr.]

The systematic generation of single-pass partial se-
quences of cDNA clones (expressed-sequence tags,
or ESTs) has proven to be a powerful and useful
approach for acquiring large amounts of informa-
tion about human genes (Sikela and Auffray 1993;
Matsubara and Okubo 1993; Adams et al. 1995).
However, the value of ESTs is greatly enhanced
when they are mapped to specific chromosomal re-
gions or, preferably, to individual clone contigs
(Hudson et al. 1995). Such mapping information
can become available either by the proactive local-
ization of an EST by physical mapping methods or
by its identification during genomic sequencing of
an accurately mapped clone. Human ESTs with de-
fined map locations are extremely valuable for iso-
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lating disease genes by a positional cloning ap-
proach (Ballabio 1993; Collins 1995). Unfortu-
nately, despite the tremendous number of ESTs that
have been deposited into the public databases, only
a fraction have been mapped to individual chromo-
somes (Schuler et al. 1996).

Human chromosome 7 contains an estimated
170 Mb of DNA (Trask et al. 1989; Morton 1991),
corresponding to ~5% of the human genome. A
well-advanced yeast artificial chromosome (YAC)-
based physical map has been constructed that pro-
vides an average sequence-tagged site (STS) spacing
of <80 kb across the entire length of the chromo-
some (G.G. Bouffard, J.R. Idol, V.V. Braden, L.M.
Iyer, A.F. Cunningham, L.A. Weintraub, J.W.
Touchman, R.M. Mohr-Tidwell, D.C. Peluso, R.S.
Fulton, et al.,, in prep.). This map has been inte-
grated rigorously with the Genethon genetic map
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(Weissenbach et al. 1992; Gyapay et al. 1994; Dib et
al. 1996) and a chromosome 7 radiation hybrid (RH)
map (E.A. Stewart, RM. Myers, and D.R. Cox, un-
publ.). Together, these maps provide a highly inte-
grated framework for constructing an extensive
transcript map, which in turn would benefit efforts
to identify genes associated with genetic disorders
mapping to chromosome 7, such as Williams-
Beuren syndrome (Ewart et al. 1993), cerebral cav-
ernous malformations (Dubovsky et al. 1995; Gunel
et al. 1995; Johnson et al. 1995; Marchuk et al.
1995), Saethre-Chotzen syndrome (Lewanda et al.
1994; Rose et al. 1994), two forms of retinitis pig-
mentosa (Inglehearn et al. 1993, 1994; Jordan et al.
1993; McGuire et al. 1996), syndromic and nonsyn-
dromic forms of hearing loss (Baldwin et al. 1995;
Van Camp et al. 1995; Coyle et al. 1996; Sheffield et
al. 1996), and several others. To date, only 212 genes
(Genome Database, September 1996) have been as-
signed to chromosome 7, and even fewer to more pre-
cise subchromosomal locations. This represents only a
small fraction of the estimated 3500-5000 genes pre-
dicted to reside on the chromosome (Fields et al.
1994). Although efforts to map ESTs and other cDNA
sequences to various physical maps of human chro-
mosomes have been successful [e.g., the study re-
ported by Schuler et al. (1996)], the methodologies
and levels of resolution have varied widely (Polyme-
ropoulos et al. 1992, 1993; Hudson et al. 1995; Koren-
berg et al. 1995; Schuler et al. 1996).

To facilitate the construction of a chromosome
7 transcript map, we have established a set of chro-
mosome 7-enriched cDNA libraries using the tech-
nique of direct cDNA selection (Lovett et al. 1991;
Del Mastro et al. 1995). Single-pass sequences were
generated from large numbers of clones derived
from fetal brain, placenta, HeLa cell, and thymus
primary cDNA. Here we report the characteristics of
these chromosome 7-enriched ¢cDNA libraries, the
establishment of 2006 ESTs, and the development
of 180 EST-specific STSs.

RESULTS
Direct Selection cDNA Libraries

As a source of human chromosome 7 genomic DNA,
we used a cosmid library constructed from flow-
sorted chromosome 7 (Lawrence Livermore Na-
tional Laboratories, Livermore, CA). Analysis of this
library revealed that upward of 20% of the clones
contained hamster DNA (data not shown), repre-
senting contamination acquired during sorting
from the monochromosomal human-hamster hy-
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brid cell line. Thus, 9600 random cosmids were hy-
bridized with human- and hamster-specific probes,
from which a set of 7707 human-specific clones rep-
resenting ~1.5 genomic equivalents of chromosome
7 were chosen. Cosmid DNA was isolated from these
clones, pooled, and analyzed by fluorescent in situ
hybridization (FISH), revealing hybridization to the
entire length of chromosome 7 but not to other hu-
man chromosomes (B. Wolf-Ledbetter, unpubl.).

Four separate but parallel direct cDNA selection
experiments were performed with the pooled chro-
mosome 7 cosmid DNA (essentially as described by
Del Mastro et al. 1995), using a mixture of randomly
primed and oligo(dT)-primed cDNA from fetal
brain, placenta, HeLa cells, and thymus. Impor-
tantly, the cDNA from these sources represented un-
cloned pools and were derived from cytoplasmic
RNA (to increase complexity and avoid hnRNA con-
tamination, respectively). For each library, the se-
lected cDNA population was cloned into a plasmid
vector and 4608 random clones were individually
picked and arrayed.

EST Generation

Single-pass sequences were obtained from randomly
selected clones from the fetal brain, placenta, Hela,
and thymus direct selection cDNA libraries. To date,
2172 ESTs have been generated from the four librar-
ies, with the greatest effort focused on the fetal
brain library (a total of 1042 sequences established).
To assess the various types of background in the
libraries, the 2172 ESTs were compared to mito-
chondrial, yeast genomic, human repetitive, clon-
ing vector, Escherichia coli genomic, and structural
RNA sequences. The results of these analyses are
summarized in Table 1. In general, the relative
amount of background sequences in the libraries is
low. However, the placenta and HeLa libraries har-
bor a notable fraction of clones with sequences de-
rived from the cosmid vector (Lawrist 16) as an ar-
tifact of the direct selection process. If necessary, the
latter clones could be readily identified by hybrid-
ization prior to further sequence analysis of these
libraries. The identified background sequences were
separated from our collection, resulting in a final set
of 2006 ESTs. These ESTs have been deposited into
dbEST (National Center for Biotechnology Informa-
tion) and are listed in a World Wide Web-based
table at http://www.nhgri.nih.gov/DIR/GTB/CHR7
or http://www.cshl.org/gr, with a representative
sample from this table provided in Figure 1. Prior to
further analysis, the ESTs were compared to a col-
lection of known human repetitive sequences (Jurka
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Table 1. Summary of ESTs Generated from Direct Selection cDNA Libraries
Total ESTs Fetal brain Placenta Hela Thymus Total
generated? (1042) (524) (555) 51 (2172)
Background sequences
no insert 3 0 2 0 5
cosmid vector (Lawrist 16) 0 99 49 1 149
mitochondria 1 1 2 0 4
yeast 0 0 0 0 o
E. coli 1 0 4 0 5
structural RNA 0 0 3 0 3
Total background sequences 5 100 60 1 166
ESTs
after removal of background 1037 424 495 50 2006
with repetitive sequences 196 130 173 21 520
completely masked® 69 42 92 14 217
remaining after masking 968 382 403 36 1789
dbEST match* 369 (36%) 121 (29%) 131 (27%) 3 (6%) 624 (31%)
Exact human match? 83 41 30 1 155 (8%)
Nonexact human match® 57 23 16 1 97 (5%)
Nonhuman matchf 47 17 17 0 81 (4%)
?Does not include sequence data assessed as poor quality (see Methods for standards).
PFollowing masking of identifiable repeats, remaining sequences with a final length of <50 bp were considered completely masked
and were excluded from further analysis.
“Matches to a dbEST record(s) at P < 1.0e~°.
“A similarity of =95% to a human gene using BLASTN against the nonredundant GenBank database was scored as an exact human
match.
A similarity of 60%-94% to a human gene using BLASTN against the nonredundant GenBank database was scored as a nonexact
human match.
fA similarity of =60% to a gene from another species using BLASTN against the nonredundant GenBank database was scored as a
nonhuman match.

et al. 1992), and identified repetitive elements were
“masked” (Claverie 1994). After masking, 217 ESTs
(11%) were left with <50 bp of sequence and were
excluded from further analysis.

Database Comparison

Nucleotide similarity searches of the remaining
1789 ESTs (2006 less the 217 excluded by complete
masking; see Table 1) were performed against dbEST
using BLASTN (Altschul et al. 1990). Only a minor-
ity (31%) of the ESTs matched a corresponding se-
quence in dbEST at P < 1.0e~® (Table 1). The per-
centage of dbEST matches varied among the librar-
ies, with the fetal brain library having the most
matches (36%) and thymus the least (6%). The 3’
ends of transcripts represent the majority of ESTs in
the public databases and contain most of the repeti-
tive sequences found in mRNAs. In comparing our
ESTs to dbEST, we omitted all portions of sequences
containing common human repetitive motifs,

which may have slightly reduced the frequency of
matches to existing ESTs. Nonetheless, these data
indicate that the majority of our ESTs represent ei-
ther newly identified genes or portions of genes not
detected by the larger EST sequencing projects (Ad-
ams et al. 1995; Hillier et al. 1996).

The same set of 1789 ESTs was also compared to
the nonredundant GenBank database using BLASTN
and BLASTX (Altschul et al. 1990). A complete sum-
mary of these analyses (including information on
the EST names, GenBank accession numbers, and
similarity search results) is listed in an electronic
table available at http://www.nhgri.nih.gov/DIR/
GTB/CHR?7 or http://www.cshl.org/gr (see Fig. 1). A
number of the ESTs clearly matched known genes
(Table 1), including some chromosome 7 genes that
are associated with heritable disorders [e.g.,
7H15B02 and the mismatch repair gene PMS2 (Nico-
laides et al. 1994), 7BO5SA02 and the hERG gene
(Curran et al. 1995), and 7B19A12 and the GLI3
gene (Vortkamp et al. 1991)]. In addition, some ESTs
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EST Name GenBank Accession BLASTN (nr) BLASTX (nr) BLASTN (dbEST) STS Name

7BOSA02 | AA076910 U04270 U04270 W70583
7BOSB10 | AAQ77119 H38692 SWSS3437
7HO1A01 | AAQ77768 D44966
7HO3E04 AAQ77843 M74587
7PO2B10  |AA078345 SWSS3899
7POSA06 | AA078319 U41015 U41015 N26293 SWSS3821
7P0SAO1  |AA078632
7TOIHO7  |AA078534 F10758

Figure 1 Representative sample of the electronic summary table containing

relevant information about the chromosome 7-enriched ESTs. Information about
the 2006 chromosome 7-enriched ESTs is summarized in an electronic table that
can be accessed through the World Wide Web at http://www.nhgri.nih.gov/DIR/
GTB/CHR? or http://www.cshl.org/gr. For each EST, the following information is
provided: EST name [in each case starting with 7 followed by a unique letter
corresponding to the library of origin: (B) fetal brain; (P) placenta; (H) Hela cells;
(T) thymus], GenBank accession number, accession number corresponding to
the best match (at P < 1.0e ) within the nonredundant (nr) GenBank database
based on BLASTN comparison, accession number corresponding to the best
match (at P < 1.0e~®) within the nonredundant (nr) GenBank database based
on BLASTX comparison, accession number corresponding to the best match (at
P < 1.0e™°) within dbEST based on BLASTN comparison, and corresponding STS
name (when applicable). The complete table is sorted by EST name and contains

identified one or more se-
quence neighbors (Fig. 2).
These 564 sequences formed
190 unique clusters, with
most of these containing only
two or three overlapping se-
quences. Thus, the ESTs re-
ported here form a nonredun-
dant set of 1415 sequence
clusters.

STS Generation

A critical issue was the extent
to which our ESTs were en-
riched for chromosome 7. To
examine this, 250 unique EST
sequences from the fetal
brain, placenta, HelLa, and
thymus libraries were used to
design PCR assays, which in
turn were used to test human
genomic DNA and appropri-

“hot links”” to the relevant GenBank records.

demonstrated weak matches with known human
genes, whereas others showed strong matches to
nonhuman genes (97 and 81 ESTs, respectively; see
Table 1). There were only three cases identified
where all or part of an EST sequence was identical to
an intron of a known gene, suggesting that little
hnRNA contamination was present in the starting
¢DNA sources used for library construction. Arbi-
trarily, 62 ESTs that identified known genes were
examined in greater detail. Of these, 81% repre-
sented coding sequence, 17% were identical to (or
partially overlapping with) the 3’-untranslated re-
gion, and 2% corresponded to the 5'-untranslated
region. The under-representation of 5’-untranslated
regions in part reflects their frequent absence in the
¢cDNA sequences deposited in GenBank.

Sequence Redundancy

To assess the complexity and depth of the direct
selection cDNA libraries, sequence neighboring was
performed on the set of 1789 apparently nonrepeti-
tive ESTs. This analysis entails comparing each EST
with all others in a pairwise fashion, allowing the
sequences to be grouped into clusters (see Methods).
Although 69% of the ESTs did not encounter a simi-
lar sequence in our collection, the remaining 564
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ate human-hamster hybrid
cell lines to determine the
chromosomal location of
each corresponding EST-
specific STS (Green et al. 1991; Green 1993). Of the
250 PCR assays, 180 (72%) uniquely amplified the
appropriate product from chromosome 7. Another
five (2%) amplified the appropriate product from
both human and hamster DNA (i.e., the corre-
sponding STS was conserved in human and hamster
and thus could not be assigned unequivocally to
chromosome 7). There were 43 (17%) that did not
amplify an appropriate product from human ge-
nomic DNA. This failure rate is typical of efforts to
develop STSs from cDNA sequences, with the asso-
ciated hazards of unknown intron positions (Hud-
son et al. 1995; Lamerdin et al. 1995). There were 12
(5%) that appeared to amplify repetitive sequences,
with the appropriate product being generated from
some or all human chromosome-containing cell
lines. Of note, many of these STSs did not appear to
be grossly repetitive, being present on only a select
subset of human chromosomes. Importantly, only
10 (4%) of the PCR assays uniquely amplified the
appropriate product from a human chromosome
other than chromosome 7, indicating that the di-
rect cDNA selection was highly effective at enrich-
ing for gene sequences from this chromosome. The
relevant information about the 180 chromosome
7-specific STSs developed from EST sequences has
been deposited into both the STS


http://genome.cshlp.org/
http://www.cshlpress.com

Downloaded from genome.cshlp.org on June 5, 2026 . Published by Cold Spring Harbor Laboratory Press

w
N
N
1,250 (‘-:'n
1,200 }

1,150

250 1
200 t

150 1

100 t

Rat integral membrane glycoprotein (Z21513), Novel

50

Number of Sequence Clusters

n=1 Human PMS7 (D38501)

HUMAN CHROMOSOME 7 ESTs

DISCUSSION

The single-pass partial se-
quencing of cDNAs to gener-
ate ESTs has proven to be a
powerful and successful way
to assemble a profile of genes
expressed in a particular or-
ganism, tissue, or cell type
(Adams et al. 1991, 1992,
1993a,b, 1995; Khan et al.
1992; McCombie et al. 1992;
OKkubo et al. 1992; Waterston
et al. 1992; Hofte et al. 1993;
Takeda et al. 1993; Liew et al.
1994; Sudo et al. 1994; Frigerio
et al. 1995; Houlgatte et al.

Nn=1 Human EST (N58694)

~ [ n=3 Human EST (T59857), Human EST (W07700), Novel
oo | N=4 Human EST (T11759), SINE-R11 DNA (X07417),

o -I n=3

ESTs per Sequence Cluster

Figure 2 Sequence clusters in chromosome 7-enriched ESTs. The set of 1789
apparently nonrepetitive ESTs (see Table 1) were subjected to sequence neigh-
boring (see Methods), and overlapping sequences were grouped into clusters.
The number of unique clusters is indicated as a function of the number of ESTs
in each cluster. Thus, 1225 clusters contain only a single EST, whereas 118
clusters contain two ESTs, etc. Each sequence cluster containing seven or more
ESTs was compared to the dbEST and nonredundant GenBank databases, and in
all but two cases a matching sequence was identified (with the names and
accession numbers indicated above the appropriate bar).

Division of GenBank (dbSTS) and the Genome Da-
tabase (GDB), with a summary table available elec-
tronically at http://www.nhgri.nih.gov/DIR/GTB/
CHR7 or http://www.cshl.org/gr. A representative
sample from this table is provided in Figure 3.

Physical Mapping

The availability of a well-established YAC-based
physical map of human chromosome 7 (G.G. Bouf-
fard, J.R. Idol, V.V. Braden, L.M. Iyer, A.F. Cunning-
ham, L.A. Weintraub, J.W. Touchman, R.M. Mohr-
Tidwell, D.C. Peluso, R.S. Fulton et al., in prep.)
allows our EST-specific STSs to be readily mapped.
To date, 140 of the STSs have been localized to in-
dividual YAC contigs. Figure 4 shows the rough cy-
togenetic positions of these mapped ESTs, in each
case based on FISH analysis of a YAC containing or
in close physical proximity to the EST. These data
indicate that our ESTs were derived from all across
chromosome 7, with some suggestion of a greater
proportion localizing to the light bands.

"9 10 11 12 13 14 15 16 17 18 19

n In=1 S
OJ Human EST (T11673)

1995; Lamerdin et al. 1995;
Hillier et al. 1996). We have
extended this paradigm by
coupling direct cDNA selec-
tion with EST production to
establish a profile of expressed
genes from a single human
chromosome. More than 2000
ESTs, which are almost en-
tirely derived from human
chromosme 7, have been gen-
erated from developing brain,
placenta, HelLa cells, and thy-
mus. Importantly, the major-
ity of these ESTs represent se-
quences that were not deposited previously into
public databases. Thus far, 180 of these ESTs have
been used to develop STSs and have been defini-
tively mapped to chromosome 7, with 140 already
sublocalized on the YAC-based physical map of the
chromosome to within ~80 kb (on average) of an-
other STS. Given the current state of our chromo-
some 7 physical map, there is roughly an 86%
chance that a chromosome 7 EST will map to a YAC
clone containing a Genethon genetic marker (Weis-
senbach et al. 1992; Gyapay et al. 1994; Dib et al.
1996) or a 97% chance that it will map to a YAC
contig containing such a genetic marker (G.G. Bouf-
fard, J.R. Idol, V.V. Braden, L.M. Iyer, A.F. Cunning-
ham, L.A. Weintraub, J.W. Touchman, R.M. Mohr-
Tidwell, D.C. Peluso, R.S. Fulton et al., in prep.).
The ability to readily place our ESTs on a well-
established physical map in a manner that virtually
assures their localization relative to a genetic marker
is particularly valuable for efforts aimed at identify-
ing disease genes on the chromosome (Ballabio
1993; Collins 1995).
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STS Name EST Name
sWSS3437 7B08B10
7BOSEO1
sWSS3439 7B09B09
sWSS3440 (7B09CO1
sWSS3445 7BO7HO8
sWSS3447 (7B12C06
sWSS3448 7B12A05 |G3
sWSS3449 7B11H06 | G30721

enBank Accession GDB Accession Genetic Location Cytogenetic Location
0 8 D75485,D752524 7p13
D782549,D75663 7qi11

-
!

sWSS3438

G

D752531, D7S512 |7q31
D75518, D7S2509 (7q22
7931
D75481, D752553 7p22
D751870 7q11.23

Figure 3 Representative sample of the electronic summary table containing
relevant information about the chromosome 7 EST-specific STSs. The 180 chro-
mosome 7-specific STSs developed from the EST sequences are summarized in an
electronic table that can be accessed through the World Wide Web at http://
www.nhgri.nih.gov/DIR/GTB/CHR? or http://www.cshl.org/gr. For each STS, the
following information is provided: STS name (in each case starting with the prefix
sWSS followed by a unique number), EST name (see Fig. 1), GenBank accession
number for the STS, GDB accession number for the STS, the approximate genetic
location of the STS (if known), and the approximate cytogenetic location of the
STS (see Fig. 4). The genetic and cytogenetic locations were established by map-
ping the STSs to individual YAC contigs (G.G. Bouffard, |.R. Idol, V.V. Braden, L.M.
lyer, A.F. Cunningham, L.A. Weintraub, |.W. Touchman, R.M. Mohr-Tidwell, D.C.
Peluso, R.S. Fulton et al., in prep.). For the genetic location, the nearest Genethon
genetic marker (Weissenbach et al. 1992; Gyapay et al. 1994; Dib et al. 1996),
indicated by the assigned D number, is given. When the STS is localized physically
between two genetic markers, both are listed (in order from 7p-ter to 7g-ter).
When the STS is physically localized adjacent to a single genetic marker (but not
with high confidence relative to other genetic markers), only the one marker is
listed. For the cytogenetic location, a 7 (without a subchromosomal band assign-
ment) indicates that the STS is not yet assigned to a YAC contig but is known to
be derived from chromosome 7. The complete table is sorted by STS name and
contains hot links to the corresponding GenBank and GDB records.

slated to be among the first
few human chromosomes se-
quenced, the availability of
large numbers of ESTs will be
useful both for gene-based
annotation and for evaluat-
ing the efficacy of the evolv-
ing gene prediction pro-
grams. In this regard, it is im-
portant to emphasize that the
majority of our ESTs are novel
and not previously existing in
the public databases. Thus,
the ESTs reported here are
complementary to (rather
than redundant with) other
EST generation efforts.

The targeted generation
of ESTs from the 3' ends of
mRNA molecules is widely re-
garded to be desirable for the
subsequent development of
STSs (Wilcox et al. 1991; Berry
et al. 1995; Boguski and Sch-
uler 1995; Hudson et al.
1995), as the 3’ portions of
transcripts (1) contain se-
quence that is more likely to
be contiguous in genomic
DNA (i.e., devoid of introns),
(2) can provide a single tag for
each gene, and (3) tend to be
less conserved between gene
families and species. How-
ever, the generation of ESTs

In practical terms, the work reported here
should benefit the study of chromosome 7 in sev-
eral important ways. First, the STSs developed from
EST sequences will enhance the physical map of the
chromosome both by providing additional markers
to increase the overall map resolution and by serv-
ing as gene-based landmarks for map annotation.
Second, the chromosome 7-enriched cDNA libraries
and ESTs generated to date will be useful for posi-
tional cloning projects involving the chromosome.
The libraries themselves can be arrayed at high den-
sity and screened by hybridization using large insert
clones [e.g., YACs and bacterial artificial chromo-
somes (BACs)] (Del Mastro et al. 1995; Stickens et al.
1996), whereas the ESTs can provide a rich source of
candidate genes for further evaluation (especially af-
ter placement on the physical map). Finally, the
ESTs will contribute to the annotation of the chro-
mosome 7 genomic sequence. With chromosome 7

286 & GENOME RESEARCH

from randomly primed cDNAs is also desirable, as it
provides a greater proportion of coding sequence
and can potentially be used to assemble multiple
ESTs into fuller-length cDNA sequences. By employ-
ing a mixture of both randomly primed and oli-
go(dT)-primed cDNA for constructing our direct se-
lection libraries, we have retained the advantages of
each of the above approaches for EST generation.
On the one hand, our ESTs have proven to be an
excellent source of sequence for the development of
STSs. Our success rate in designing PCR assays that
amplify genomic DNA (83%) is roughly the same as
that achieved by others using 3’ end-derived ESTs
(Hudson et al. 1995). On the other hand, our ESTs
represent a rich source of novel cDNA sequence,
much of which is likely coding, that can be used to
form sequence clusters. Of note, the largest EST clus-
ter formed with our collection was nearly 1 kb in
length.
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Figure 4 Cytogenetic localization of chromosome 7 ESTs. A total of
140 EST-specific STSs were mapped to individual YAC contigs by PCR-
based screening (Green et al. 1995). In each case, either a YAC contain-
ing the EST or a YAC in close physical proximity to the EST had already
been analyzed by FISH (Green et al. 1994). This information allowed
assignment of the 140 ESTs to the indicated cytogenetic positions on
chromosome 7. The EST names are listed, with information about the
corresponding STSs available at http://www.nhgri.nih.gov/DIR/GTB/
CHR? or http://www.cshl.org/gr.

An important measure of an EST collection is
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tified by BLASTN analysis (n = 155),
an average of 1.7 ESTs (with a s.n. of
1.3) was found to match that gene
(data not shown). Such a low number
likely reflects the ““pseudonormaliza-
tion” inherent in the direct selection
process (Del Mastro et al. 1995). By
this estimate, one can postulate that
upward of 1052 distinct genes may be
represented in our EST collection
[1789 (see Table 1) divided by 1.7],
assuming that there are no significant
biases associated with the use of
known genes for such a comparison.
In a similar fashion, neighboring
analysis performed on our ESTs (Fig.
2) revealed that 69% had no sequence
neighbors. Among the 1415 sequence
clusters formed, the average number
of ESTs per cluster was only 1.3 (with
a s.0. of 1.1). Thus, although precise
assessment of sequence complexity
and gene representation would re-
quire more rigorous experimental
analyses, these data suggest that a
highly diverse set of genes are likely
represented among our ESTs.

Although the generation and
mapping of ESTs cannot by them-
selves be used to develop a compre-
hensive transcript map of a human
chromosome, the reagents and data
reported here can provide an impor-
tant adjunct to such an effort. In con-
junction with genome-wide EST map-
ping projects (Schuler et al. 1996)
and, increasingly, genomic sequenc-
ing, our studies should accelerate the
establishment of a gene-based map of
chromosome 7.

METHODS

Chromosome 7 Genomic DNA
A total of one hundred 96-well microtiter

the apparent complexity (i.e., relative uniqueness)
of its gene sequences. This is particularly difficult to
estimate for libraries derived entirely or partially
from randomly primed cDNA, as nonoverlapping
portions of the same gene inevitably will be repre-
sented. There is evidence that the complexity of the
EST collection reported here is high. For example, in
those cases where a known human gene was iden-

plates of clones from the Lawrence Livermore National Labo-
ratory chromosome 7-specific cosmid library (LLO7NCO01)
were analyzed by hybridization with radiolabeled total hu-
man DNA or total hamster DNA. Approximately 20% of the
cosmids were found to contain hamster (but not human)
DNA (data not shown). All 9600 clones were grown on LB
plates containing kanamycin (35 pg/ml), and the hamster
DNA-containing colonies were selectively removed. The re-
maining 7707 human DNA-containing clones were pooled,
and cosmid DNA was isolated by standard alkaline lysis fol-
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lowed by two rounds of cesium chloride banding (Sambrook
et al. 1989).

Direct cDNA Selection

Cytoplasmic RNA was isolated from fetal brain, placenta,
HeLa cells, and thymus as described (Clemens 1984). Four
chromosome 7-enriched direct selection cDNA libraries were
constructed from each of these tissues using the technique
described by Del Mastro et al. (19935). Purified DNA from the
pooled 7707 human DNA-containing cosmids was biotinyl-
ated en masse. In the first round of direct selection, 1 pg of the
biotinylated cosmid DNA was hybridized with 0.1 pg of re-
peat-suppressed cDNA (Lovett 1994; Del Mastro and Lovett
1996) to a C,t of 200. In the second round of direct selection,
0.1 pg of the biotinylated cosmid DNA was hybridized with 1
pg of repeat-suppressed cDNA selected in the first round to
the same Cyt value. Known chromosome 7 genes (aldose re-
ductase for fetal brain and hepatocyte growth factor for pla-
centa, Hela cells, and thymus) were used to monitor the rela-
tive extent of enrichment during the two rounds of direct
selection. In all cases, the final enrichment was at least 100-
fold (data not shown).

Following the second round of direct selection, each
sample was PCR amplified (Del Mastro et al. 1995) and cloned
into pAMP10 (Life Technologies, Inc.) using MAX Efficiency
DHSa competent cells (Life Technologies, Inc.) according to
the manufacturer’s instructions. For each library, 4608 clones
were selected and arrayed in 96-well formats.

DNA Sequencing

Individual clones were inoculated in 1.2 ml of Terrific Broth
(Sambrook et al. 1989) containing 100 pg/ml of ampicillin (in
a 2-ml well of a 96-well box) and incubated with agitation at
37°C for 20-24 hr. Plasmid DNA was prepared using a 96-well
modified boiling lysis procedure (Advanced Genetics Tech-
nologies Corporation), as described by the manufacturer, and
suspended in 50 pl of modified TE buffer (10 mm Tris-HCI at
pH 7.5; 0.1 mMm EDTA). Systematic assessment of the DNA
concentration was not performed prior to sequencing; how-
ever, when measured, the concentrations were generally be-
tween 150 and 250 ng/ul. Fluorescent DNA sequencing reac-
tions were performed with the —21M13 dye primer (Perkin
Elmer/Applied Biosystems) by a Catalyst 800 LabStation (Per-
kin Elmer/Applied Biosystems), and the products were ana-
lyzed on an ABI 373A or 377 automated fluorescent sequencer
(Perkin Elmer/Applied Biosystems).

Sequence Analysis

ABI sequence trace files were transferred to a SUN SPARC20
workstation (Solaris 2.5 operating system), and the DNA se-
quence was extracted from each trace using a variation of
trace editor program TED (Gleeson and Hillier 1991), which
removes low-quality sequence data based on signal-to-noise
and shoulder-width ratios (L. Hillier, pers. comm.). Flanking
vector sequences were then identified and removed using the
program WEP (W. Gish, pers. comm.). A collection of com-
mon background sequences that included structural RNAs,
human mitochondrial DNA, yeast DNA, E. coli DNA, and
cloning vector DNA were compared to the entire set of ESTs
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using BLAST (Altschul et al. 1990), and identified contami-
nants were eliminated.

EST sequence comparisons were performed by similarity
searches against GenBank (October 1996; release 97.0) using
BLAST. To reduce matches to common repetitive motifs, ESTs
were compared (BLASTN, P < 1.0e™°) to a collection of
known human repetitive sequences (Jurka et al. 1992). Re-
gions of ESTs matching a repeat sequence were masked using
XBLAST (Claverie 1994) prior to further analysis. Masked se-
quences were compared to the nonredundant nucleotide di-
vision of GenBank using BLASTN, the nonredundant protein
division of GenBank using BLASTX [after filtering low-
complexity sequences with SEG and XNU (Wooton and Fed-
erhen 1996; Claverie and States 1993)], and the EST division
of GenBank (dbEST) using BLASTN. Sequence redundancy of
the masked sequences was assessed by neighboring analysis
using algorithms derived from those used in Entrez (T. Mad-
den, pers. comm.) followed by assembly of the ESTs with
neighbors into clusters using AssemblyLIGN (Eastman Kodak
Company).

YAC-Based STS-Content Mapping

STS-specific PCR assays were developed and optimized essen-
tially as described (Green et al. 1991; Green 1993). Oligo-
nucleotide primer pairs suitable for PCR were selected from
individual EST sequences using the computer program OSP
(Hillier and Green 1991), with the final amplified product size
constrained to <150 bp. Each STS is named using the prefix
sWSS followed by a unique number. STSs were mapped to a
set of YACs highly enriched for chromosome 7 DNA (Green et
al. 1995) by PCR-based screening (Green and Olson 1990;
Green 1995), allowing their localization to be established
within well-defined YAC contigs (Green et al. 1994; G.G.
Bouffard, J.R. Idol, V.V. Braden, L.M. Iyer, A.F. Cunningham,
L.A. Weintraub, J.W. Touchman, R.M. Mohr-Tidwell, D.C. Pe-
luso, R.S. Fulton et al., in prep.).
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