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WebWise: Guide to the Baylor College
of Medicine Human Genome Seguencing
Center’s Web Site

Kim D. Pruitt*

National Center for Biotechnology Information, National Library of Medicine, National Institutes of Health,

This installment of the WebWise se-
ries reviews the Baylor College of Medi-
cine Human Genome Sequencing Cen-
ter’s web site. When comparing this web
site to the site map depicted in Figure 1,
you may notice that some duplicate and
minor links have been omitted. The
main features of this web site, as well as
the features of those sites already re-
viewed, are indicated in Table 1.

General Information

The Baylor College of Medicine Human
Genome Sequencing Center (BCM)
Home page (http://gc.bcm.tmc.edu:
8088/home.html) presents a very
straightforward organization. There are
four stylized buttons linking to se-
quence data, analysis, and tools pages
followed by stylized buttons linking to
more general information such as the
Genome Sequencing Center Personnel,
BCM Departments, Computer Help, and
Information about Houston (including
maps). The Genome Center Computer
Help page appears to be primarily for in-
ternal BCM use as it includes some in-
formation targeted toward people hav-
ing a BCM account. The Genome Se-
quencing Center Personnel page is
useful if you need contact information
(http://Kiwi.imgen.bcm.tmc.edu:8088/
personnel.html). This page lists the
names, titles, e-mail addresses, and
phone numbers of the Center’s person-
nel from the Director, Dr. Richard
Gibbs, on down. The Usage Statistics
link located at the bottom of the Home
page brings you to a page that should
have current usage statistics but has not
been updated in a long time.

1E-MAIL pruitt@ncbi.nim.nih.gov; FAX (301)
435-2433.
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Bethesda, Maryland 20894 USA

Data

Follow the BCM Human Genome Se-
quencing link from the Home page to
access the sequence data. The BCM se-
quencing effort is focused on two re-
gions of the X chromosome (Xg28 and a
[35-Mb region of Xp22) and one region
of chromosome 12 (12p13). A general
overview of the community-wide se-
quencing effort is available for the X
chromosome by following the Ideogram
link. This is a comprehensive overview
of the overall sequencing effort for the X
chromosome. Unfortunately, some of
the text is too small, making it difficult
to read, and a similar overview is not
provided for the chromosome 12 target.
It would be useful to have an indication
of how current the data in the ideogram
are and a more explicit statement on the
total amount (in Mb) of human DNA se-
quence data already produced by, and
projected to be produced by, the BCM.
Admittedly, this type of information is
not of paramount importance, but it is
still a useful summary, when available,
and does serve to satisfy a certain curi-
osity about the overall size of the se-
quencing effort undertaken by any
given center.

BCM has made the effort to integrate
the map and sequence data by present-
ing both physical maps and tables for all
three targeted regions (Xq28, Xp22, and
12p13). Integrating map and sequence
data is a prerequisite to obtaining a full
comprehension of the sequence pro-
gress, and unfortunately some centers
do not provide a graphic view of the se-
quenced clones. The maps displayed on
these web pages all include the critical
information—the location, name, and
status of the sequencing clones; how-
ever, they use different map styles for
different targets, which requires a

greater effort on the part of the viewer to
interpret. Furthermore, the majority of
these map displays are significantly
wider than the average browser window,
which forces one to use both vertical
and horizontal scrolling to see the whole
display.

There are 10 data-relevant links avail-
able on the Human Genome Sequencing
page (http://gc.bcm.tmc.edu:8088/cgi-
bin/seg/home); some of these links lead
to pages containing a table of sequenc-
ing results, a static physical map, and/or
a link to an interactive Java map view
(the links to Xq28, 12p13, and the four
Xp22 YAC-defined bins; Maps & Tables
in Fig. 1). The 12p13 page does not in-
clude a physical map display directly on
the page but, instead, relies on the Java
Applet map display, which does not in-
clude all of the data provided in the
table. The Tables link, located toward
the bottom of the Human Genome Se-
quencing page, leads to a search engine
that will build a table of data for indi-
vidual clones, projects, and regional tar-
gets or list data for the entire BCM se-
quencing effort (http://gc.bcm.tmc.edu:
8088/cgi-bin/seg/bcm-web-tables). This
search tool works well, provides flexible
options, and should provide a useful
method to track sequencing progress
once a clone, project, or regional target
name is identified from the maps or data
tables. The remaining links (YAC map,
and PAC, BAC, and cosmid maps) lead
to more detailed physical map views
without the corresponding tables of se-
quencing results. When one first visits
the Human Genome Sequencing page, it
is not immediately obvious which links
lead to DNA sequencing results. Al-
though, in general, brevity is a plus on
the web, a minimal description and/or
more explicit link nomenclature can fa-
cilitate navigation.
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Figure1 The Baylor College of Medicine Human Genome Sequencing Center Site Map. The main links to pages discussed in the text are illustrated
here. Links on the top of the Home Page are to general informational resources; links located on the bottom portion are to the data and additional

tools.

Although there is a direct correspon-
dence between the maps and tables, it is
not fully intuitive because (1) the tables
of data are initially confusing, and (2)
three different map styles are used. Be-
fore extracting information from the
tables or physical map displays, one
must first take a moment to become fa-
miliar with the format and nomencla-
ture. On the plus side, the tables that are
associated directly with a map display
and the tables generated with the search
tool do utilize a uniform format. The
eight columns in the table provide the
project name, GenBank accession num-
ber (when available), clone name(s),
vector, region (e.g., Xp28), description,
size, and status. DNA sequence data are
accessed by following the hot-linked
GenBank accession number to the NCBI
GenBank record or by following the
linked Project Name to the sequence on

BCM'’s FTP site. Additional hot links pro-
vided in the GenBank, Description, and
Status columns all lead to a table gener-
ated by the search tool. For example,
project J-15 (Xq28 region) refers one to
project J-28 in the GenBank and Status
columns. These two J-28 links, as well as
the linked Description text, all call up
the table for project J-28 that is gener-
ated by the search tool (follow the Table
link from the Genome Sequencing
page). Each clone being sequenced is as-
signed a project name. As clones are put
into contigs, they are reidentified as a
Joined project and assighed a new
project name (Joined project names are
prefixed with aJ). As the projects are fur-
ther joined together (e.g., as larger con-
tigs are formed), the process is repeated
and a new project name is assigned. The
tables give a misleading first impression
of the quantity of sequence data avail-

able as they list all of the various projects
a clone has progressed through, instead
of just defining the final contig. Present-
ing all of the available data in this man-
ner allows one to reconstruct the process
used to build contigs, but also results in
a more cumbersome display that in-
cludes a considerable amount of redun-
dant data.

Three different styles are used to de-
pict the physical maps. The map avail-
able for Xq28 uses one style, the maps
available for the Xp22 region utilize a
second style, and all three regions
(Xp22, Xg28, and 12p13) include a link
to a third map view, namely, an experi-
mental Java-based interactive map dis-
play that is not yet ready for full-scale
use. For example, the Java-based map
still has the following limitations: the
Show Sequence Map button does not ap-
pear to function, there is not full corre-
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Table 1. Features of the BCM Web Site
Center GSC SC SHGC WMIT BCM
Map Data Static Map [ ) [ ]
Image Mappad [ ] L ] | ]
Tabular List [ ] [ ] [ ]
Clones Linked to Sequance ] [ ] [ [ ]
Sequence Data Diranload data lrom FTP Sike [ ] [ ] [ ] [ ] [ ]
Divwniload & Dalabase | L ]
Links i Pullic Delabassas [ ] L ] [ ]
Diasily [ ] ] ] [ ] [ ]
Updals Fraguency | WWeekdy
Linkncwn
Saquence I._'Er.-..'lhr.
Annatalion Tead . ]
Mot Svailable [ ] [ ] [ ] [ ] [ ]
Search Services !
Parirmanca 0
[ ] | ]
Simiarnty a y
Soprches b ™
Qluality af Duapuat =
d -
ot Awailable & & i
Search the Maps [ ]
Search for Sequences ] ] ]
Search tha Wed Sile [ ] [ ] [ ] [ ]
Software ] [ [ ] !
L | ]
OGS DA N L= L [ ] !
d L ]
a
b L ]
FTP Sile
d L]
fwailable fram: ; 5
»
‘Wab Page Link »
1 [ ]
Camlact the Sile a [ ]

The red circles indicate features that are available at this web site or the quality of a given feature
within a general range of better (a) to worse (f). Sequence data are assessed for their availability
from an FTP site, availability in a database (such as ACeDB), whether archived sequences are
linked directly to the public database records, the frequency of update, and whether any se-
quence annotation is provided in either a text or graphic format. Each web site is scored for the
availability of various search services, including the ability to carry out similarity searches against
the sequences in their database or perform a key word search of the map data, sequence data,
or web site. Documentation and availability of software tools developed by the center is also
indicated. (GSC) Washington University’s Genome Sequencing Center; (SC) The Sanger Center;
(SHGC) Stanford Human Genome Center; (W/MIT) Whitehead/MIT Genome Center; (BCM)
Baylor College of Medicine Human Genome Center.

spondence between the clones listed in
the table and those appearing on the
Java map display, and some project
names are not indicated (e.g., the Joined
projects). On the plus side, the display
itself is a pleasingly simple color-coded
representation of the clone tiling path
and sequence status. In addition, one
can manipulate the scale of the map
(e.g., zoom in/out), which facilitates
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browsing at both the general overview
and detail-oriented levels.

The two static map displays for the
Xq28 and Xp22 physical maps use color-
coded rectanges or lines, respectively, to
denote sequence status and indicate
both the clone and project names. On
the X928 map, clone names are indi-
cated below each rectangle, and the
original project name is shown in bold-

face type above the rectangle. Unfortu-
nately, the Joined project names are not
explicitly indicated on this map, but this
information can be deduced by examin-
ing the table. In contrast, the Xp22
maps do indicate the Joined projects.
The color key is not included directly on
the Xp22 diagrams but, presumably, is
the same key as the one available for the
PAC, BAC, and cosmid physical maps, as
these maps use the same format. Pre-
senting three different map formats,
each of which uses a different color key,
can make it more challenging to use
these maps; however, by examining
both the tables and maps one can deter-
mine the clone order and sequence sta-
tus for each region being sequenced.

Tools

With regard to tools, the BCM web site is
an interesting study in contrasts. A host
of special features is offered, as outlined
below, yet there is minimal attention
paid to describing the software and/or
automation tools being used in-house
for genomic DNA sequence generation
and analysis. And, although they have
made available a very useful sequence
data search tool (Tables; see above), they
do not provide any capability to carry
out a homology comparison against the
DNA sequence data they have gener-
ated. This is rather remarkable, given the
collection of analysis tools offered via
the BCM Search Launcher and the Biolo-
gist’s Control Panel (see below). Admit-
tedly, this is perhaps a contentious issue.
It does require a certain level of expertise
to set up and maintain a local BLAST
server, and the majority of their se-
quence data are already available in
GenBank and thus available for com-
parison via NCBI’'s BLAST servers. Yet,
people continue to perceive the se-
quencing center’s web sites as the best
source of the most up-to-date sequence
data, and given that opinion, homology
searching of the local data becomes an
important feature.

One software tool being developed at
the BCM is described on the Software
page (follow the Software link from the
Home page; http://gc.bcm.tmc.edu:
8088/software/software.html) and will
be ready for distribution soon. A nice
Java demonstration of the BCM Trace
Viewer is embedded in the web page—
try clicking on the buttons and moving
the scroll bars around. As the name im-
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plies, the Trace Viewer displays the
trace, base calls, and quality values. This
tool seems to afford a lot of flexibility; it
can be run as a stand-alone application,
or embedded in a web page, and the user
has a lot of control over the display.

Although the immediate goal of the
Human Genome Project is DNA se-
quence generation, the impact of these
data is an expanding need for sequence
analysis strategies and tools. Increas-
ingly, web sites hosted by sequencing
centers and other ‘‘genomics’” groups
are including some sequence search
and/or analysis tools. Although this is a
wonderful service to provide, free, to the
research community, the size and com-
plexity of the World Wide Web can
make it challenging to locate these re-
sources. The BCM has obviously recog-
nized both the importance of making
search and analysis tools available via
the web, and the difficulties inherent in
finding disparate resources on the web.
To address this issue they have made a
significant commitment to provide an
integrated set of molecular biology se-
quence search and analysis tools on
their web site.

The BCM Search Launcher (Smith et
al. 1996; http://gc.bcm.tmc.edu:8088/
search-launcher/launcher.html) pro-
vides a single starting point via a conve-
nient web interface for a large variety of
sequence search and analysis tools.
Many of these tools are also available
elsewhere, either at the location where
they were originally developed or at a
secondary host site. The main advantage
to the BCM Search Launcher is that it
presents these tools as a single collection
at one site, thus obviating the need for
extensive web surfing to first locate and
then utilize these tools. The main disad-
vantage is that the options are not fully
integrated; one must try each tool suc-
cessively, and become knowledgeable
about each different resource used.
These tools fall into four general catego-
ries: (1) protein analysis; (2) nucleic acid
analysis; (3) sequence manipulation
tools; and (4) sequence alignment. The
BCM Search Launcher consists of a col-
lection of several different tools for a
given type of analysis, where each of
these collections is called a Launch Page.
Each Launch Page adopts the same gen-
eral format, where a text box into which
you paste your sequence is located to-
ward the top of the page and the differ-
ent available search options are listed

under that. One must simply paste in a
sequence, check off the Radio button for
the desired option, click on the Submit
button, and await the result (results are
returned via the web interface for the
majority of the analysis tools available
here).

Some of the BCM Search Launcher
options for protein analysis include ho-
mology searching (including some spe-
cies-specific searches), pattern finding,
alignments (pairwise or multiple), and
secondary structure prediction. The
nucleic acid analysis options include ho-
mology searches, gene feature searches,
and pairwise or multiple sequence align-
ments. Several options are available on
the Gene Feature Launch page, and one
additional tool, the BCM Gene Finder, is
also available on the BCM web site but is
not integrated into the Launch page.
The Gene Finder can be accessed either
via a link on the BCM Search Launcher
page or via the Biologist Control Panel
page (a link to this is provided on the
Home page). The Sequence Utilities
Search Launcher page includes various
sequence manipulation tools such as
converting a sequence to FASTA format,
PCR primer prediction, restriction map-
ping a sequence, translating the se-
quence, or generating the reverse
complement of the sequence. Although
the functionality of these tools was not
tested for the purpose of this review, this
is an impressive collection of DNA and
protein search and analysis tools.

Some additional resources are listed
on the Biologist’s Control Panel page
(http://gc.bcm.tmc.edu:8088/bio/
bio__home.html). Much of this page
consists of an extensive collection of hot
links to other web sites, but one other
interesting resource is available by fol-
lowing the MBCR Help link near the
bottom of the page. From the MBCR
page (Molecular Biology Computational
Resources) follow the Databanks or Ser-
vices link; these two pages list numerous
additional sequence analysis tools that
are available on the web but are not (yet)
included in the BCM Search Launcher.

Conclusions

In addition to the human DNA sequence
data generated by this group, the BCM
Human Genome Sequencing web site
provides a considerable collection of se-
quence analysis resources to the re-
search community. Assuming that all of
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these tools work as expected (to reiter-
ate, function was not assessed), this re-
source provides a starting point for ex-
ploratory analysis of sequence data.
Given the emphasis on tools and re-
sources evidenced by the BCM Search
Launcher and the Biologist’s Control
Panel, it is surprising to note the absence
of both (1) the capability to carry out
homology comparison searches against
the BCM DNA sequence data, and (2)
documentation of the software and/or
automation tools utilized to generate
and manage the DNA sequence data.
Data management is a significant factor
in the Human Genome Project, and as
sequence production is scaled up over
the next several years, the importance of
this factor will only increase.

As a whole, the organization, style,
and link nomenclature used on this web
site is somewhat uneven. The Home
page is organized well, and the link no-
menclature used is meaningful, making
it easy to determine what the general
content is behind each link. However,
the links available on the Human Ge-
nome Sequencing pages do not indicate
content as explicitly, so a first-time visi-
tor might end up browsing through sev-
eral of the Xp22 links before finding the
table of sequencing results. The majority
of the pages include a link at the bottom
of the page back to the Home page, but
a consistent set of internal navigation
links is not available here. On those
pages where some internal navigation
links are provided, for example, the Bi-
ologist’s Control Panel, some of the
links are either broken or obsolete (e.g.,
the Newsletter and GRM links). While
acknowledging that web page style does
generate diverse personal opinions, in
general, this web site uses the style for-
mat of ““first-generation” web sites (Sie-
gel 1997). For example, the page back-
ground is gray, and heavy borders are
used on all of the tables. This web site is
rich in content, but a few simple
changes would enhance the presenta-
tion, which in turn would facilitate ac-
CEess.

Commendably, sequence data are in-
tegrated with map data. However, the
oversized map format does hamper in-
formation retrieval. Apparently the
BCM is aware of some of these limita-
tions as they continue to explore the use
of Java applets to depict map data. All of
the physical map diagrams depict the
clone name, order, and status of se-
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quenced clones—ecritical information
needed to form a ‘“big picture” of the
sequence status in a region of interest.
Without maps of this nature, it can be
exceedingly difficult to determine the
clone tiling path, which is essential in-
formation for anyone trying to recon-
struct the DNA sequence in a region har-
boring a gene of interest.
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