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Letter

A Sequence-Ready BAC Clone Contig of a 2.2-Mb
Segment of Human Chromosome 1q24

Douglas Vollrath' and Virna L. Jaramillo-Babb
Department of Genetics, Stanford University School of Medicine, Stanford, California 94305 USA

Human chromosomal region 1q24 encodes two cloned disease genes and lies within large genetic inclusion
intervals for several disease genes that have yet to be identified. We have constructed a single bacterial artificial
chromosome (BAC) clone contig that spans over 2 Mb of 1q24 and consists of 78 clones connected by 100 STSs.
The average density of mapped STSs is one of the highest described for a multimegabase region of the human
genome. The contig was efficiently constructed by generating STSs from clone ends, followed by library
walking. Distance information was added by determining the insert sizes of all clones, and expressed sequence
tags (ESTs) and genes were incorporated to create a partial transcript map of the region, providing candidate
genes for local disease loci. The gene order and content of the region provide insight into ancient duplication
events that have occurred on proximal 1q. The stage is now set for further elucidation of this interesting region
through large-scale sequencing.

[The sequence data described in this paper have been submitted to GenBank under accession nos. G42259-

G42312 and G42330-G42335.]

Construction of large-scale contigs of bacterial clones
has been an important problem in genomics and ge-
netics for over a decade. Large-scale bacterial clone
contigs of mammalian DNA were first constructed to
characterize selected genomic regions such as the
mouse major histocompatibility locus (Steinmetz et al.
1982), to characterize entire human chromosomes
(Tynan et al. 1992), or as part of positional cloning
projects aimed at identifying human disease genes
(Zuo et al. 1993). The success of the positional cloning
paradigm has seen a wider application of the method-
ology to organisms as distant from human as plants.
More recently, the problem of generating large-scale
contigs as substrates for sequencing the human ge-
nome has framed much of the discussion of appropri-
ate strategies for contig construction (McPherson
1997). The current application of genomic methods to
a broad range of organisms, combined with the inevi-
table growth in DNA sequencing that will follow the
successful completion of the human genomic se-
quence, make it likely that construction of large-scale
contigs of bacterial clones will continue to be impor-
tant in the future.

The q24 segment of human chromosome 1 has
been the focus of a great deal of activity because of its
gene content. Two human disease genes, one involved
in inherited open-angle glaucoma (Stone et al. 1997)
and another mutated in familial trimethylaminuria
(Dolphin et al. 1997; Treacy et al. 1998), have already
been identified in the region. The FAS ligand (TNFSF6),
a molecule crucial to apoptotic signal transduction in
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the immune system, is also encoded by a gene in the
region, and increased copy number of chromosome 1q
has been associated with progression of a wide variety
of pediatric and adult tumors (Douglass et al. 1985;
Knuutila et al. 1998). Ancient genomic duplication
events have resulted in gene families with members
located at proximal chromosome 1q and 1p (Moseley
and Seldin 1989; Maresco et al. 1996), and, in some
cases, chromosomes 6q, 9q, or 19p (Katsanis, et al.
1996; Kasahara et al. 1997). Sequencing of 1q24 will
not only uncover genes responsible for phenotypes
that map to the region, but may give clues to the gene
content of other interesting regions and yield insight
into the nature of ancient duplication events. Al-
though three independent yeast artificial chromosome
(YAC) contigs of this region have been described
(Clépet et al. 1996; Sunden et al. 1996; Belmouden et
al. 1997), a bacterial clone contig has not been avail-
able. As an initial step toward sequencing of 1924, we
have constructed a single BAC clone contig that spans
>2 Mb of this important region of the human genome.
We used a strategy of simultaneous walking from mul-
tiple entry points. Our results indicate that this ap-
proach is a viable alternative to contig construction
methods that require the generation of a high density
of STSs at the beginning of the process.

RESULTS

We began our contig construction effort with informa-
tion and reagents that are typical of those available for
the great majority of the human genome. A YAC/STS
content map of the region was constructed (D.
Vollrath, unpubl.), and 19 roughly ordered STSs (an
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average of [J1 STS per 100 kb) were screened against a
fivefold redundant, commercially available BAC li-
brary (see Methods). A collection of 59 clones was ob-
tained, grouped into 9 contigs. The initial screening set
of STSs consisted of all markers publicly available in
the region at the time and the STSs were expected to be
randomly distributed across the region. The markers
included genetically mapped microsatellite repeats, ge-
nomic STSs generated by the Whitehead Institute Cen-
ter for Genome Research or the Stanford Human Ge-
nome Center, and markers taken from the literature
that we mapped to the YAC contig (Dolphin et al.
1991, 1992; Shephard et al. 1993; Seltmann et al. 1994;
McCombie et al. 1996).

To close gaps, additional STSs were generated from
BAC clone insert ends by DOP-vector PCR (Wu et al.
1996). The insert size of each clone was determined by
pulsed field gel electrophoresis (PFGE) following Notl
digestion of miniprep DNA. Clones smaller than [I75
kb were usually excluded from end isolation. A total of
40 STSs were created during the first round of end STS
generation. Individual STSs were tested against their
cognate BAC clone, other clones in the same contig,
and clones at the edges of adjacent contigs. (In some
cases, the orientation of contigs was known from YAC/
STS content mapping.) Previously undetected overlap
was revealed in a number of cases, fusing the original 9
contigs into 4 contigs of 31, 4 , 12, and 12 clones,
centromere distal to proximal, respectively.

An initial walking step was taken by screening the
BAC library with six end STSs (2481, 2492, 2527, 2585,
2751, and 2753) located at the borders of the three
gaps or at the telomeric end of the largest contig.
Eleven new clones were identified and these were veri-
fied and precisely positioned in the contig by testing
with nearby STSs. Concurrently, STSs derived from ra-
diation-hybrid-mapped ESTs were placed on the YAC
map (see below). An EST (stsG8166) that appeared to
fall in or near a gap was tested against the BAC clones
and found to be absent. This STS was therefore used to
screen the BAC library and five clones were identified,
one of which (359N20) was among the eleven obtained
in the first walking step. The largest contig was thereby
extended into one of the gaps.

Insert sizes were determined for the newly identi-
fied clones, ends of selected clones were isolated and
sequenced, and sixteen new end STSs were created and
located on the contig. These new end STSs were then
tested against nearby BAC clones, resulting in detec-
tion of clone overlap and closure of all three gaps to
produce a single large contig (Fig. 1). In total, STSs were
generated from both ends of 14 clones and from a sin-
gle end of 32 clones, resulting in 60 end STSs (Table 1).

In an effort to confirm overlap and increase clone
coverage in sparse regions of the contig, a final round
of BAC screening was carried out with several STSs. An

additional clone was isolated from the CITB library and
three BACs were obtained from a library constructed at
Centre d'Etude du Polymorphisme Humain (CEPH). In
the course of constructing the contig, all clone inserts
were sized by PFGE after digestion with Notl. No Notl
sites were found within clone inserts, consistent with a
restriction map of the region based on digestion of
YAC clones (Belmouden et al. 1997). In summary, two
rounds of end STS generation and one walking step
were required to achieve closure and a single contig of
78 clones.

To integrate our map with previously published
physical and genetic maps of the region, additional
STSs were placed on the contig by testing the collection
of BAC clones with PCR assays from YAC ends (Clépet
et al. 1996; Belmouden et al. 1997) or a polymorphic
microsatellite marker (Sunden et al. 1996). We also ob-
tained a partial transcript map of the region by locating
ESTs from a low resolution radiation hybrid map of the
human genome (Schuler et al. 1996) or from the litera-
ture (Stone et al. 1997). ESTs that had been broadly
localized to the region were tested against DNA from
somatic cell hybrids containing portions of 1q, and
ESTs that passed this test were further localized on the
YAC contig. Thirteen ESTs were excluded from the re-
gion by this approach, and 10 ESTs were placed on the
BAC contig. The latter, when combined with other
genes or ESTs already present on the BAC contig,
yielded a total of 20 genes or ESTs localized in the
region (Table 2), including one end STS (2562) that
matched a previously unmapped EST cluster.

To assess clone integrity and confirm overlap, a
HindIII fingerprint was obtained for all of the clones in
the contig. Clone digests were loaded on agarose gels
according to their position in the contig to facilitate
comparison of fingerprints among related clones (Fig.
2). Following electrophoresis and staining of the gel
with a sensitive intercalating dye, fingerprints were
manually inspected and no inconsistencies were ob-
served. As further confirmation, fingerprinting gels
were blotted to nylon membranes and clones from dif-
ferent sections of the contig were probed with one of
six end STS probes (2499, 2596, 2606, 2608, 2663, and
2751). In all cases, an STS hybridization probe detected
the same-sized HindlIIl fragment in only those clones
identified previously by PCR as containing the STS
(data not shown).

DNA not used in fingerprinting was used in a final
PCR confirmation step. Groups of related clones were
tested with STSs from the relevant region of the contig.
An effort was made to test at least three STSs, and usu-
ally more, beyond each end of a clone to produce a
halo of negative data points. In this way, we could be
confident that potential interstitial deletions or errors
in STS order would be detected. The confirmation step
eliminated a small number of apparent interstitial de-
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Figure 1 BAC clone contig and locations of STSs across a 2.2-Mb region of human chromosome 1q24. (Left) 1q telomere; (right)
centromere. The Figure is drawn to scale; the length of individual BAC clones (solid rectangles) reflects measured insert sizes. The locations
of STSs are listed across the top with shaded lines extending through the contig as guides. Groups of STSs that are not ordered with
respect to one another are indicated by a solid line under the STS names. STSs for which location was not strictly constrained were spaced
at roughly equidistant intervals between constrained markers. Some STSs contain two names separated by a (/) to indicate that two
independent primer sets were tested on the contig and subsequently determined to be from the same location. We have added a prefix
C to the addresses of three clones obtained from the CEPH BAC library (C283F8, C207A5, C258G3). STS names that are a four digit
number beginning with 2 are BAC end STSs derived from contig clones. (See Table 1 for the correspondence between STS number and
clone insert end.) YAC end STSs L733F12, R902C7, L928G11, R912H6, L766E4, L885B7, R821E8, R834F6, and R719G2, are from
Belmouden et al. (1997), and 650G9L and 933H12L are from Clépet et al. (1996). D153666 is from Sunden et al. (1996). C1E13 and
CTE117 are from Seltmann et al. (1994). See Table 2 for STSs from genes and ESTs. Primer pairs for FMO1-4 were obtained from the
literature (Dolphin et al. 1991, 1992; Shephard et al. 1993; McCombie et al. 1996). The remaining STSs are from publicly available
physical maps from the Whitehead Institute Center for Genome Research, NCBI, or the Stanford Human Genome Center.
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letions that resulted from initial false-negative data, of a region of 1q24 by library screening and walking

but three inconsistencies remained. All three inconsis-
tencies required the placement of an STS outside of the
end STS generated from a particular clone. In all three
cases, the inconsistencies were found to be due to the
fact that two STS had been created from the same se-
quence because two BACs ended at the same HindIII
site (see Discussion).

DISCUSSION

We have constructed a redundant, verified BAC contig
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from clone ends. The size of the contig is >2 Mb, on the
basis of two independent methods. First, the distance
between L733F12 and WI-10286 is (2 Mb, as deter-
mined by restriction mapping of YAC clones (Bel-
mouden et al. 1997), and our BAC contig extends be-
yond these markers. Second, we combined STS content
information and knowledge of the correspondence be-
tween end STSs and the BAC clones from which they
were derived, with BAC insert size information, ob-
tained for every clone in the contig, to create an inter-
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Table 1. BAC End STSs
Oligonucleotide sequence Acces-
STS BAC sion
name end?® left right Size no.
2481 14D3t TGGCTCTTGACATTGGAACT ACAGCCATGCAGGAGATAAG 135 G42259
2488 98N19s TGCCATCATTTTTTCCCTAA AAATGTCAAAATGATTCTAAACCC 120 G42263
2490 283L16s ATTCAGTTTTATCTGGGGGC TATTCACCTTCCCCARAACAA 158 G42264
2492 28601s AGCCTGTCTCCAAAGCTCTT TATAGGGCCCACTCTTACCC 158 G42260
2494 363P1l5s GCTTCCCATCTAACACTTTT CCACTTCCACATTGTCACAA 164 G42261
2499 283Ll6t GCCCACAAGGAAATGTTTTA CTGAAAGAGAGTCCTGGCAG 163 G42262
2501 113324t CAGCATGACTCACACTGGTC ACATTACAGCGTGGTTTGAT 154 G42265
2503 242M13s ACTGCACACGACCCAGTC GGCACATTCGACAGATTTTC 216 G42266
2505 27D3s CTTTCCTTTGGAGAGGCTCT AATTTCTGTTGCTTGGTGGA 161 G42267
2507 186A4s AGAGACTGATCTGCCCACAG CCTATGGAACAAGATGACGG 124 G42268
2517 308Gls CTCCCACTCCAACAGAGAAA TCACAATAAACAAGTGGTCTCC 117 G42269
2519 235E22t TCATCCTTGATCTAGTTTGCG TGATCATGATCATTTATCAGTCC 111 542270
2521 27D3t ATTGAGGTGGAGCACTTTGA TCCATTAGAAGATGCATGCA 205 G42271
2523 176F1lt AAAATGAGGGGAAAAAGAGC GGAAAGAGATAAATCAGAGATAACC 150 G42272
2525 170P12s AAAACCACCATGGAGTTCAA GGAGCAGCGATCAGACTAGA 145 G42273
2527 122N7t ATAATTATCCCCTGGCTTGC GCTGTAAATTTTTGTTTTTCTCC 140 G42274
2529 37Lé6t CTTGGAAGGGGAAGGTGAG CTTCACAGCCACAGCCTG 262 G42275
2534 237K23t GTCAATAGTTATTACATTTGCTTGC ATGTTCAGCTAGGGAAACCC 128 G42276
2536 346P4s AATGTCTATTACTTGTGTCCTTGG GCTTGAAACAAGGAGGTCCT 108 G42277
2540 378J17s TCTGCTCGCATAGTGATTCA TGATAGCAAGAGGGAGGTTT 120 G42330
2542 260011ls TCATCCTCTCTCTCTGCTCG GCAAGAAAAGAAGCACCAAG 188 G42278
2562 260011t AACCAARACACAGCACCATT AACTGATGTCCCCTTCTTCC 124 G42279
2564 16913t CCCTAGGTGCCTATGGAGTT AAGAGGATTGAGTGCACAGC 262 G42280
2566 244L10t AATTGCAAATAAAGGTCCCC TTGTCTTTTAAATGCGGCAT 142 G42281
2568 TN22t TCCTGTTATATGCCAATATTGA ACCTTTCTGCTCCTCTTGAA 167 G42282
2577 169I3s GCTTGGCCACTGGAAATG TGGCTTTGTTTTATTGATAATG 150 G42283
2579 244L10s TGACAGGCTAGTCCTATGCC TCCAGCCTCAGTTTCACTTC 159 G42284
2581 351N10s AAGTGGGCCTTCATTTTGTT AGGAAGAAGTGTGTAGGGGG 205 G42285
2583 209F9s ACTCCCAATTATGTGAGCCA GACACAACCTGTCACAACCA 149 G42286
2585 367B23t TATCTGTTAATGTTTTCAGTGCG CATCCAGTGGATCAGGAGAT 267 G42287
2596 346P4t GAGAGCAAAGAAGTCCTGCA ACTTTCTATGGCATTCCTATCA 130 G42331
2598 255Cls GCTTCCTACCACTCCCAACT AAGCTGGAGAGCAAGGGTAT 100 G42288
2600 176F1lt CCACTATCAATTCTGCAGGG AATTTCCTTCCATTTCCAGG 209 G42289
2602 209F9t TCTGTACCCTGTTTCATGGG TGCCTCTCAACTTTGGAGTT 113 G42332
2604 161119s TCCCGGATCTCAGATTCATA CAGAGGTAAACCAGGCAAAA 114 G42290
2606 208Bl5s CTGGGACTCAGCAGTCTCAT TCACTCCATTTACAGGGAGC 150 G42291
2608 237K23s CATTTTGGGCAATCGTTTTA AATTGGTTCAGCCTTGACTG 124 G42292
2663 293P18t GGCAACTTTCTTCAAGCAGA AAAGGAGCAATCTTTGGACC 157 G42293
2667 22418t TTGTTTTTATGCCCTGGGTA ATGCTGCCTGTTGGTTTTAG 167 G42294
2673 64220t ATTTGAACCTAGGCAGCACA AATGGATCAATTTCCCCATT 162 G42295
2677 262M7t AACCATCTCCTATGTGCCTG TTCTTAAGCACATTATGAAGTGC 124 G42296
2679 211115t TGAGTGCTAGACCAACGACA AATGCCTACTTTGGGGAAAC 110 G42297
2683 364H11t TTTTAAAAAGAACTGCCCCC AATTTTTTTTTGTATGAACCCA 101 G42298
2685 316C18t AGCTTGTGTGTGAGTCCTGA TACAGTGAGCAGACACGGTG 113 G42299
2687 359N20t TTCAGAGTTCAAGGAAGAAGC TCTCCATGTCAGCCTTCAAT 117 G42300
2689 243K4t GTAGCCATTCTCTGAAACCG CTGGATTCAACTGAAATGGG 117 G42301
2693 231T12s CGGTGTTGABRAACCTTCAAT TGTGGAAATGCCTGAAGAAT 136 G42333
2737 111F11t TGACAGCCTAGAGGCATTGT CCCCTAGGAGAAATTGGAGT 100 G42302
2739 363C2t TGTCCAAAATGAAAAATGCC GGTCATTCAGCAGATCAGTG 124 G42303
2741 173A19s AAGCCACTTGAACCCTCTGT TTTTGCTTCTGCCTCTAAGC 100 G42304
2745 363C2s ATTTCATTATCTAAAGTACGTTTGC GTGGGTCTTAAAGACTTTAGTATTG 112 G42305
2747 243K4s ACCACACAGCTGAAGGAGAC GAAATTTTTCAGAGTAGAGACACC 69 G42306
2751 95N22t CTTGACCAGTTATACAGATAAATGC TCATTGTGAGGAGTAAATGAGC 257 G42334
2753 122N7s CTTAAAATCCTCTCCCGGTC CCCCTTTTTTTGGTCCTAAA 186 G42335
2788 224A2t ACTTCATTTAGCGGTTGCTG ATCTCAAACCTGTCACCCAA 53 G42307
2790 224A2s AAACATCTAARATCGAAAAGAAA GTTTTGTTTCCCACCCTACC 59 G42308
2795 300L20t CTGAATACAAATTTTCCAAGTACG AAAGATCTTGCTGACACCCA 103 G42309
2797 22H7s CTCCTGGCCCCTAACATATT AGTAAAGAGCATGCCACCTG 181 G42310
2799 258D14s GCATGTGGCTCCACTTCTAT CATTTAGAATGCACCAACCC 140 G42311
2801 316C18s CAGTAATCAGTCCCAACCCA TTCCCTCCACCAGATACTCA 137 G42312

?Clone address followed by a t indicates T7 end; s indicates Sp6 end.

nally consistent representation of STS and clone loca-
tions (Fig. 1). The fact that one-half of all STSs in the
contig were generated from BAC ends and that at least
one end STS was created from 46 of 78 clones in the
contig, places significant constraints on the location of
STSs and clones within the contig. This analysis yields
an estimated contig size of 2.2 Mb and a distance of 2.1
Mb between L733F12 and WI-10286, in pleasing con-
gruence with the earlier estimate. The BAC/STS map
that we have created thus has an average resolution of

1 STS per 22 kb, making it one of
the few multimegabase regions of
the genome with this level of STS
resolution. Most of the STSs are or-
dered with respect to one another,
resulting in an average of one or-
dered marker per 24 kb. These STSs
may be useful for searching for
single nucleotide polymorphisms
even after the entire sequence of
the region has been obtained
(Kwok et al. 1996).

The contig is sequence ready
on the basis of several criteria.
First, the contig is redundant; on
average, each marker is present in
4.5 clones. (One marker, D1S1619,
is present only once in the contig,
but the size of the single coverage
segment is estimated to be <10 kb.)
Second, the clones that make up
the contig appear to be faithful
replicas of genomic DNA. Our ap-
proach of walking from clone ends
is especially sensitive to chime-
rism, and no evidence of this type
of artifact was found for any of the
clones. Similarly, no evidence of
interstitial deletion was found for
any of the clones, as assessed by
STS content and HindlIII finger-
prints. Finally, there is no evi-
dence of clone rearrangement on
the basis of comparison of HindIIl
fingerprints among overlapping
clones. However, although we
used methods capable of detecting
HindIII fragments 500 bp or larger,
we cannot account for smaller
fragments. Also, the number of
HindlIIl fragments present in the
largest clones (>175 kb) made it
difficult to unambiguously assign
every band for a small number of
clones. Finally, the degree of clone
overlap can be estimated and a

minimal tiling path of clones can be defined. By incor-
porating clone insert size information into our repre-
sentation of the contig, a credible estimate of clone
overlap is available. There is some uncertainty in these
estimates due to uncertainties in insert sizes (+ [5%)
and uncertainty in the precise location of some clone
ends or STSs. The fact that the estimated overall size of
the contig fits well with a previous estimate, indicates
that errors in overlap are not likely to be large.
Construction of the contig required [l year of ef-
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Table 2. Genes and ESTs

STS Name Accession no. Unigene Location Gene Symbol
Included

WI-7792 D90224 Hs.28 BAC contig TNFSF4

SGC34796 H58164 Hs. 113953 BAC contig

SGC33401 T67144 none BAC contig

SHGC-11872 G11257 Hs.2007 BAC contig TNFSF6

WI-5780/WI-16356 G04961/H88670 Hs.108636 BAC contig

SGC33416 T67523 Hs.13127 BAC contig

stsG8166 T30020 Hs.75790 BAC contig PIGC

stsG4559 R45363 Hs.23159 BAC contig

A008C33 none BAC contig

WI-6210/stsG9928 738212/F13519 Hs.6651 BAC contig

MYOC5'/MYOC3’ U85257 Hs.78454 BAC contig MYOC

2562 Hs.9525 BAC contig

WI-18049 H49651 Hs.112308 BAC contig

SGC35127 H81030 none BAC contig

M55630 M55632 none BAC contig TOP1P1

WI-11360 T86879 none BAC contig

FMO4 Hs.2664 BAC contig FMO4

FMOI1 Hs.1424 BAC contig FMO1

FMO2 BAC contig FMO2

WI-10286/FMO3 T87659 Hs.80876 BAC contig FMO3
Excluded

WI-14774 H05317 Hs.30528 likely centromeric

SGC34990 H71879 none telomeric, near D1S242

WI-7322 D25539 Hs.77526 telomeric, near D15416

WI-8904 T60090 none telomeric, near D15416

SGC30150/SHGC-12486 H11607 Hs.120 telomeric, D152790-D15242

AT3 Hs.75599 telomeric, D152790-D1S5242

WI-13443 R40862 Hs.106290 telomeric, D152790-D15242

WI-11981 R28290 Hs.9654 likely telomeric

WI-10691 G13390 none likely telomeric

SGC32996 T40503 none likely telomeric

SGC33706 T94281 Hs.92660 likely telomeric

WI-14725 H11431 Hs.27990 likely centromeric

A007)25 none likely centromeric

fort by a skilled technician. We learned several lessons
in the course of the work that will benefit future contig
construction projects. After one round of STS genera-
tion and detection of overlap, walking in both direc-
tions from internal contigs appeared to be an efficient
strategy for closure. However, for the smallest of the
two internal contigs, our walking efforts were stymied
because we were only able to generate two end STSs
from the four clones in the contig (180KS5, 208D18,
365B4, and 122N7) due to repeat sequences at insert
ends. Initial screening of a more highly redundant li-
brary would provide more ends and mitigate this prob-
lem.

During the walking process, clone orientation
within contigs was not known, so about one-half of all
end STSs generated were internally located in an exist-
ing contig. Although such STSs were not useful for
walking, they ultimately contributed greatly to the
contig by constraining the location of insert ends and
increasing overall STS density. We also learned that
generating STSs from the largest BACs increased the
efficiency of walking. Sizing BAC inserts prior to end
STS generation was not a great burden and insert sizes
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provided useful distance information after the contig
was completed.

We observed at least three instances in which pairs
of BACs ended at the same HindIII site. The Sp6 ends of
clones 27D3 and 186A4 (STSs 2505 and 2507, respec-
tively) were the same, as were the Sp6 ends of clones
260011 and 378J17 (STSs 2542 and 2540, respec-
tively). Clones that shared ends were clearly indepen-
dent as demonstrated by differences in STS content
and well addresses. [Two other BACs (22418 and
23304) also shared identical end sequences, but we
could not be certain that the clones were independent
because they have the same STS content and similar
insert sizes.] In another case, two clones, 16913 and
37L6, were found to overlap by only the 6 bp of a
HindIII site. PCR was carried out with one primer from
STS 2564 (T7 end of 16913) and a single primer from
2529 (T7 end of 37L6). A 500-bp fragment was gener-
ated and its sequence revealed a single HindIII site near
the middle (data not shown). The two BAC end se-
quences corresponded perfectly to the two halves of
the 500-bp fragment. The two STSs lie within the first
intron of the myocilin (MYOC) gene (D. Vollrath and
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Figure 2 Hindlll fingerprint of contig clones. DNAs isolated
from 16 clones corresponding to a section of the contig were
digested with Hindlll and resolved by agarose gel electrophoresis.
Counting from left to right, lanes 1, 7, 13, and 20 contain size
standards, a mixture of Hindlll-digested A DNA and 1-kb ladder
(Life Technologies, Gaithersburg, MD). In these lanes, the small-
est visible band is 0.5 kb in size and the largest is 23.1 kb.

V. Jaramillo-Babb, unpubl.), which contributed to our
discovery of the 6-bp overlap. Additional, undiscov-
ered occurrences of these types may account for some
of the apparent clustering in the contig of other STSs
made from BAC and YAC insert ends.

Our results suggest a nonrandom distribution of
BAC clone ends that, to our knowledge, has not been
described previously, despite the fact that end STSs
have been used in the construction of several other
human BAC contigs (Boysen et al. 1997; Boycott et al.
1998). In fact, a random distribution of BAC ends
across a 1.1-Mb region of the human T cell receptor
locus has been reported (Boysen et al. 1997), but a low
redundancy of BAC clone coverage may account for a
failure to detect identical ends. Nonrandomness in
BAC clone end distribution might be expected in light
of the long-recognized preference of some restriction
enzymes for cleavage at particular sites (Thomas and
Davis 1975), including a 14-fold difference in the rates
of cleavage of HindlIlII sites in A phage DNA (Nath and
Azzolina 1981). A scheme for sequencing the human
genome has been proposed that assumes a random dis-
tribution of BAC insert ends (Venter et al. 1996). Our
experience indicates that, if a random distribution of
clone ends is desired, it would be prudent to combine
clones from libraries made with different restriction
enzymes.

The genomic region corresponding to the contig is

contained within large genetic inclusion intervals for
three disease loci; thiamine-responsive megaloblastic
anemia syndrome (Neufeld et al. 1997), prostate cancer
(Smith et al. 1996), and deafness (Fagerheim et al.
1996). A hepatocarcinogenesis susceptibility locus
(Hes7) has also been broadly localized to the corre-
sponding region in mouse (Lee and Drinkwater 1995).
The 20 genes and ESTs localized on the contig are can-
didate genes for these phenotypes.

We have precisely localized two human disease
genes within 1q24 by including them in our contig.
STSs were created for the 5’ and 3’ ends of MYOC,
which corresponds to the GLC1A locus for open angle
glaucoma (Stone et al. 1997). The two ends of the gene
are well resolved, indicating that the orientation of
transcription of MYOC is from telomere to centromere.
We have also localized the FMO3 gene, mutations in
which cause trimethylaminuria (Dolphin et al. 1997;
Treacy et al. 1998), near to the related genes FMOI1,
FMO2, and FMO4. Our data demonstrate that the four
genes are located within a region of (200 kb and con-
stitute a gene array. Interestingly, the FMOS5 gene is
located more proximal on chromosome 1 at band q21
(Gelb et al. 1997; Lioumi et al. 1998). This probably
reflects an ancient duplication event, hypothesized to
have occurred during mammalian evolution, which re-
sulted in two blocks of homologous genes that now
span the centromere on human chromosome 1 (Mos-
ley and Seldin 1989; Oakey et al. 1992). It will be of
interest to determine whether other genes within the
2.2-Mb region are also duplicated on proximal chro-
mosome 1q or 1p.

METHODS
BAC Library Screening

The CITB Human BAC library (Releases I and II, Research Ge-
netics, Inc., Huntsville, AL) was screened by PCR with com-
mercially available DNA pools and DNA pools made at the
Stanford Human Genome Center. A total of 5 ul of pool DNA
was used in a 10-pl reaction and PCR was carried out in a
mixture consisting of 1 buffer C (20 mwm Tris-HCl at pH 8.3,
50 mMm KCl and 2.5 mm MgCl,), 0.2 mm each ANTP, 1 pm each
STS primer and 0.5 units of Taq polymerase with a PTC-200
thermal cycler (MJ Research, Watertown, MA) with the fol-
lowing protocol: 94°C for 15 sec, 62°C for 23 sec, 72°C for 45
sec for 33-35 cycles. The contents of a positive well were
streaked for single colonies on agar plates containing 12.5
pg/ml chloramphenicol, and individual clones were con-
firmed by PCR on bacterial culture.

BAC Insert Sizing

DNA was prepared by alkaline lysis from 1.5 ml of bacterial
culture (Luria broth) and used to size BAC inserts and as tem-
plate for DOP-vector PCR. In most cases, the same miniprep
DNA was used for both purposes. A total of 5 pl of 20 ul of
DNA was digested in a total volume of 20 pl with 10 units of
Notl (New England Biolabs, Inc. Beverly, MA) for 2 hr at 37°C
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in a buffer supplied by the manufacturer. Samples were loaded
on a 1% SeaKem LE (FMC BioProducts, Rockland, ME) agarose
gel in a buffer containing 0.5 X TBE and subjected to PFGE for
20 hr at 6 V/cm, 15°C, and a switching interval that varied
linearly from 1 to 11 sec using a BioRad CHEF DR II apparatus.
The gel was stained with 0.5 pg/ml ethidium bromide for 20
min at room temperature and destained with water. Gel im-
ages were captured on a IS-1000 Digital Imaging System (Al-
pha Innotech Corporation, San Leandro, CA).

BAC Insert End Isolation

We used a modification of the DOP-vector PCR method (Wu
et al. 1996) to isolate BAC insert ends. A total of 4 pl of a
premixed stock solution (1X Sequenase buffer, 40 ng/pl
6-MW primer, and 0.5 mm of each dNTP) was added to the
template (1 pl of a 1:100 dilution of BAC miniprep DNA),
which was then denatured by heating at 96°C for 3 min and
cooling to 30°C. Five microliters of a second premixed stock
solution containing 1X Sequenase buffer and 1.3 units of
Sequenase version 2.0 (U.S. Biochemical Corporation, Cleve-
land, OH) were then added to the reaction, and the tempera-
ture was ramped to 37°C over a 1 min interval, followed by
incubation at 37°C for 3 min. The Sequenase was inactivated
by incubation at 72°C for 10 min. Finally, 40 pl of a pre-
warmed mixture consisting of 1 X PCR buffer (50 mm KCI and
20 mMm Tris-HCI at pH 8.3), 0.2 mm of each dNTP, 0.4 um for
one of two remote vector primers suitable for pBeloBAC11 (T7
side: CGACGTTGTAAAACGACGG; Sp6 side: GTTGTGTG-
GAATTGTGAGCG), 4 ng/pl of 6-MW primer and 2.5 units of
Taq polymerase were added to the reaction. PCR was carried
out in a PTC-100 thermal cycler (MJ Research, Watertown,
MA) with the following protocol: 94°C for 30 sec, 58°C for 30
sec, 72°C for 1 min for 35 cycles. A 50 pl heminesting PCR was
subsequently performed with 2 pl of the initial PCR product
as template, 1 X buffer C, 1 um of one of two nested vector
primers (T7 side: TGTAAAACGACGGCCAGT; Sp6 side: TAC-
GCCAAGCTATTTAGGTG), 10 ng/ul 6-MW primer, 2.5 units
of Taq polymerase and the following conditions: 94°C for 20
sec, 60°C for 30 sec, and 72°C for 1 min. The distance between
the remote and nested vector primers is 25 bp for the T7 side
and 53 bp for the Sp6 side.

Sequencing and STS Generation

PCR products were precipitated with ethanol and subjected to
electrophoresis on a 2% NuSieve GTG (FMC BioProducts,
Rockland, ME) agarose gel in 1 X TAE buffer. Bands were ex-
cised from the gel, melted for 10 min at 70°C, and cooled to
40°C for 10 min. One unit of B-Agarase I (New England Bio-
labs, Inc. Beverly, MA) was added, mixed, and incubated at
40°C for 15-16 hr. Samples were spun at 14,000 rpm for 10
min in an Eppendorf microfuge and supernatants were trans-
ferred to clean tubes. Sample volumes ranging from 1 to 9.8 ul
of DNA were sequenced with an ABI Prism Dye Terminator
Cycle Sequencing Kit (PE Applied Biosystems, Foster City,
CA). The resulting sequences were analyzed for the presence
of dispersed repeats and PCR primers were selected from suit-
able sequences as described previously (Vollrath 1998). End
STSs were analyzed by PCR against neighboring BAC clones to
detect overlap and to order STSs. All of the BAC end STSs that
we generated were amplified under a single set of PCR condi-
tions (see BAC library screening).
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EST Mapping

The general locations of ESTs in the 1q21-1q24 region were
determined by PCR testing of DNAs from two somatic cell
hybrids; a human monochromosomal hybrid containing
chromosome 1 (GM13139, Coriell Cell Repositories), and a
hybrid containing a human chromosome 1 with a deletion of
1923-1qg25 (Franco et al. 1991). Those ESTs that had potential
to map to the region on the basis of the hybrids were then
tested against a YAC contig which extended beyond the 2-Mb
region. Some ESTs were included and others excluded from
the region by this approach (Table 2).

Hindlll Fingerprinting

Miniprep DNA was prepared from 1.5 ml of cells grown to
saturation in Luria broth and DNA was resuspended in 20 ul
of TE. Two microliters of DNA were digested in a total volume
of 25 pl with 10 units of HindIll (New England Biolabs, Inc.
Beverly, MA) for 2 hr in a buffer supplied by the manufac-
turer. Digests were mixed with loading dye and an entire
sample was loaded into one of 24 wells of a 14 X 20 cm long,
1% LE agarose gel with 1x TAE, and samples were subjected
to electrophoresis at 80 V for 15.5 hr at 16°C. Gels were
stained in 1 X GelStar (FMC BioProducts, Rockland, ME) and
visualized with a 310-nm of UV light source. Gel images were
photographed with a Polaroid camera and fingerprints were
manually inspected to account for as many bands as possible.
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