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Abstract Introduction

Motivation: To make effective use of the vast amounts dfhe explosion of genomics data

expressed sequence tag (EST) sequence data generate %Y . . . .
the Merck-sponsored EST project and other similar effort 3l ogical research is generating data at an explosive rate.

sequences must be organized into gene classes, and scientl Ieot?d_e sequence_databases alone are growing at arate of
must be able to ‘mine’ the gene class data in the context 3 O million base pairs (bp)/year, an_d it has been estimated
related genomic data %at if the present rate of growth continues, by the end of the
Results:This paper presents the Merck Gene Index browse, lllennium the sequence databases W"! have grown to 4 bil-

n bp (Benton, 1996). In 1994, a public effort to generate

an easily extensible, World Wide Web-based system
mining the Merck Gene Index (MGI) and related genomi oth 3 and 3expressed sequence tag (EST) sequences from
e majority of human genes was initiated (Williamebal,

data. The MGI is a non-redundant set of clones an . : -
sequences, each representing a distinct gene, construc %95). This collaboration, consisting of Merck & Co., Inc.,

from all high-quality3 EST sequences generated by th e Integrated Molecular Analysis of Genomes and their Ex-

Merck-sponsored EST project. The MGI browser integrat ression (IMAGE)_ Consortium (Lennosn_al, 1996)_' the_
data from a variety of sources and storage formats, bot enome(Sequr:en)cmghCe?tir at tge Wasrr:mgton Unllversny of

; P ; ’ t Louis (WashU) School of Medicine, the National Center
local and remote, using an eclectic integration strate . . '

g g gefor Biotechnology Information (NCBI), and the Computa-
warehouse and simple hypertext links. Data currentl jonal Biology and Informatics Laboratory (CBIL) at the
integrated include: LENS cDNA clone and EST data, dbE iversity of Pennsylvania, has concentrated on the charac-

i ’ L}erization of normalized libraries, and has produced

tein and non-EST nucleic acid similarity data, Wash
protein and non-EST nucleic acid similarity data, Was >430 000 EST sequences from >250 000 IMAGE cDNA

sequence chromatograms, Entrez sequence and Medli . - oo
entries, and UniGene gene clusters. Flatfile sequence d}i}n%ones derived from 45 distinct libraries. These sequences

. : ; been placed in the public EST database dbEST (Bogus-
are accessed using the Bioapps server, an internal ave
developed client-server system that supports generic etal, 1993) as well as GenBank (Bensial, 1994), and

quence analysis applications. Browser data are retrieve§OMPriseé >75% of human EST sequences in dbEST.
and formatted by means of the Bioinformatics Data Integra-

tion Toolkit (B-DIT), a new suite of Perl routines. The Merck-sponsored EST project

Availability: Software is available on request from theThe ultimate goal of the Merck-sponsored EST project is to
authors. produce a gene index to the human genome [the Merck Gene
Contact: barbara_eckman@sbphrd.com Index (MGI)], a non-redundant set of clones and sequences,

each representing a distinct gene. Such an index can be a
critical resource in studies of gene finding, gene characteriz-
, . . ] o ation and gene expression. The project was designed specifi-
Present address: Department of Bioinformatics, SmithKline a1y 1o facilitate the creation of the index. All sequenced
Beecham Pharmaceuticals, King of Prussia, PA, USA cDNAs are oligo-dt primed and directionally cloned. Conse-
SPresent address: Gene Logic, Inc., Columbia, MD, USA quently, 3 ESTs are anchored at the poly(A) tail and repre-
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sent comparable’ 2intranslated region (UTR) sequencestensibility, in terms of both adding data from new sources and
The 3 UTR is the most diverse region of the transcript (Kaalso upgrading our query capabilities as the browser evolved.
et al, 1994) and thus may serve as a unique identifier of the

genes tagged in the project. When BST is assigned to an Data integration

index class, all ESTs on its clone, bothahd 3, are also

assigned to the class. In this way, the cDNA clones are cly&/¢ chose an eclectic data integration strategy, taking advan-

tered into gene index classes by sequence comparisont%ge of three different methods. First, for flatfile protein and

their 3 ESTs. Where a gene’s splice forms have alternativiucleotide sequence data, we used the data warehouse or ‘in-
3’ ends, there will be a cluster corresponding to each unigi2ntiated’ approach (Davidsenal, 1995). Local copies of

3 end. In such cases, a cluster will represent an individujl¢ data are maintained and updated nightly, to ensure fast
transcript rather than a gene. The MGl data setis coordinat@gCcess at runtime, and to allow us to ".idd value to the_ datasets
with the associated cDNA clones, as individual clones, seg eliminating redundancy and grouping sequences into use-

of clones, and high-density gridded filters available throug ! s_ubsets. Secon_d, with respect to data already stored in
the current suppliers of the complete clone set. public-access relational databases (IMAGE clone data and

dbEST sequence similarity data), we chose a federated archi-
The Merck Gene Index tecture (Heimbigner and McLeod, 1985; Alomsal, 1987;
Sheth and Larson, 1990). Unlike flatfile sequence data, data
As of January 1997, Version 1 of the MGI has identifiedrom these remote databases are not mirrored internally at
(W5 000 distinct genes represented in the data produced by Merck; rather, they are accessed ‘on the fly’ whenever the
Merck-sponsored EST project. A similar effort consideringndex is queried, thereby ensuring that only the most current
additional public domain sequence data estimates roughjew of the data is provided to research scientists. This
50 000 distinct genes through analysis'sigjuence (Bogus- approach was chosen because it is cost effective, scaleable
ki and Schuler, 1995). Another effort, more limited in scop@nd flexible: if remote datasets are not mirrored locally, the
and focused on differential tissue expression, has identifi@pst of maintaining each remote database link is significantly
12 000 distinct genes using a similars@quence clustering reduced, many database links may be simultaneously main-
approach (Matsubara, 1995). Other efforts have adopted difined, and replacing one data source with another is simply
ferent EST clustering methodologies: the ‘shotgun sequengematter of plugging in a different query module. Third,
assembly’ approach (Adarasal, 1995) and clustering using browsing access to data from additional related sources is
both 3 and B3 sequence (Houlgatts al, 1995). Estimates of provided using WWW hypertext links.
coverage of known genes by ESTs are in the 60—-70% range
(Adamset al, 1995; Aaronsost al, 1996; Hillieretal, 1996;  System and methods
Schuleret al, 1996), suggesting that the EST dataset repr

sents a large fraction of the genes in the human genome. ?—|ardware and software

All local computation is performed on ax4200 MHz pro-
The MGI browser cessor Silicon Graphics Challenge L. This machine functions
. - L . .as a database, WWW, file, and compute server for both the
The best dataset is of limited utility in biological research ig;qinformatics Department research effort and >400 users.
it cannot be accessed and ‘mined’ by research scientists frgjq following software is used: BLAST (Altschat al
their desktops with an easy-to-use interface. Further, ada?ggo) FastA (Pearson, 1991), the Apache v1.1.3 ’HTTP
setthatis isolated from related datasets in the genomics coBlsp, er (Apache 1995_’1997) éybase SQL server version
munity is of limited value. The MGI dataset must be intes1 oo (Sybase, ’1996) and Perl (Wetllal, 1996) with the

gfated with sequence annotation 'an.d other genomic dat'a foperl (Peppler, 1996) and CGl (Stein, 1997) modules. Java
tributed at many sites, both within Merck and outside(r|anagan, 1996) was not used in this version of the browser,
Further, since biological research often proceeds at hi

. e to security problems; we plan to convert the browser to
speed, scientists need access to the most up-to-date dgig, 55 so0n as Merck network security has cleared it for use.
available, and it must be relatively easy to integrate né,q hyghole system of Trusted Information Systems’ (TIS)
types of annotation from new data sources as they arise. Qifonet Firewall Toolkit (TIS, 1996, 1997) was used to ensure

engineering challenge was to design a robust, easily extenzs,ork security during accesses of remote relational data-
ible, user-friendly system to facilitate mining of the MGl ..o through the Merck firewall.

dataset, integrating data from a variety of sources in a variety

of storage formats, both inside and outside Merck. Our sgjs

ution was to build a World Wide Web-based browser withoabata sources

point-and-click interface for portability and ease of use. Weocal flatfile sequence datBlatfile sequence data comprise
utilized a modular system architecture to ensure ease of éxtbase (Blevingt al, 1995), a local data warehouse consisting
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Remote relational databasd$. LENS. The Linking ESTs

and their associatddameSpace database is a Sybase data
warehouse maintained by CBIL at the University of
Pennsylvania and updated nightly. LENS provides a map-
.......................... ping between EST/cDNA clone identifiers from dbEST,

! GDB, GenBank, WashU and IMAGE databases, as well as
additional information on cDNA clones. LENS data items
accessed by the MGI browser include: a clone’s IMAGE id,
[ ees | [ oz array address, insert size and GDB id; the name and GDB id
of the library from which the clone was derived; and the Gen-

Bank accession number, WashU id, and orientatid®l Y 8f
its EST sequence reads. While building the LENS data ware-
house, CBIL adds value by monitoring the integrity of the

Fig. 1. The schema of the relational database federation accessed bq/ata ema'natlng.from t,he IMAGE project and identifying er-

the MGI browser. Boxes correspond to tables/views in the under-Ors and inconsistencies.

lying databases. Relationships between tables are represented by(ii) dbEST. The National Center for Biotechnology In-

arcs labeled with the cardinality of the relationship: a I-m arc formation (NCBI) provides a Sybase database that stores the

between the index_class and index_est tables indicates that for eacBsults of pairwise BLAST comparisons between all EST

row in index_class there are many associated rows in index_est. Agequences and all known protein and nucleic acid sequences,

isa arc indicates a subclass relationship: ESTs that have been indexgﬁbdated on a nightly basis. dbEST data items accessed by the

(index_est table) form a subclass of the class of ESTs subjected to thﬂGl browser include: an EST’s GenBank accession number,

quality analysis (QA_est table). the GenBank definition line of the matching nucleic acid/
protein sequence, and tRevalue of the sequence compari-

of comprehensive non-redundant protein and nucleotidson, indicating the significance of the match.

sequence databases built nightly from the latest release of PIR

(Release 51.00) (Georg al, 1986, 1994), Swiss-Protein

(Release 34) (Bairoch and Boeckmann, 1994), NRL-3

(Release 20.00) (Pattabiranedral, 1990), GenPept (Release

l{l(l))c;so e): ?Sn dat(:::::zsg kug?neée?: é%;gg) S(Bse er;‘i/ceﬂrl’ alr? giﬁz-ern a{ﬁyeCt only the subset of their respective databases which is

; : d by the MGI browser. The Merck_clone_ids table is
developed client-server system that supports generic coficcessed by A ==
putational biology applications (e.g. fetching sequencgn unnormalized view in the LENS database with one row for

entries, BLAST and FastA sequence comparisons, multip ach EST. The dbEST schema has been slightly simplified,;

alignments) in addition to non-biological applications such 0 linking tables have be_en omitted for the sake of cIarlty._
newsreaders. The Bioapps server runs on multiple platfor ge nbrest2aa table contains the results of BLAST compari-

and is callable from C (Kernighan and Ritchie, 1988) and Pefo"'s Petween ESTs and amino acid sequence; the nbma2na
able contains the results of pairwise comparisons of nucleic

Local relational databasélhe data relating directly to index acid sequences, including ESTs. The local MGI database was
classes and the index EST quality analysis are stored in a lodakigned specifically to minimize redundancy with the other
Sybase relational database, MGldb. This database is vagjfational databases: all clone information is retrieved from
simple, because our design relies on the two remote relatioh#INS and all sequence similarity data are retrieved from
databases for most of our ancillary data. Its schema is shodhEST. The ESTs’ GenBank accession numbers function as
in the MGIdb quadrant of the federated database schemaliimks between the three databases.

Figurel. The QA _est table contains a row for each of the Currently, the three federated databases are accessed using
Merck—-WashU ESTs, with the EST’s accession number arsgparate Sybperl query modules. Distributed joins are per-
an integer code reflecting the results of the index qualitiormed using a ‘semi-join’ strategy (Ozsu and Valduriez,
analysis. The index_est table contains a row for each indek991) in which relevant tuples are retrieved from one data-
quality EST, and specifies attributes of the EST, including thiease and the relevant identifiers passed into the query mod-
starting and ending position of index-quality sequence, thde for the next database. This results in excellent perform-
length of index-quality sequence, and the FastA bestscoa@ce: in our current hardware configuration, it takes only a
(perfect match score) of the sequence. The index_class tafdéa seconds for all data on an index class from the three loca-
contains a row for each index class. Currently, the attributé®ns to be retrieved, integrated, formatted and displayed in
of a class are its assigned integer identifier and the GenBardsponse to an interactive user request. On a dedicated server,
accession number of its representative EST sequence. we would expect even better performance.

g

istributed relational acces3he core of the MGI browser’s
ata store is logically a single relational database, whose
schema is given in Figufle The dbEST and LENS quadrants
f
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| HTML Browser I

BioApps Server VW
io p% ervel | WWW Server I WWW Remote
z \ Perl T il )
sybperl, cgi, B-DIT ~X__~
Fetch, Fasta, BLAST, Align /\ Washll, GDB, NCBI
Flatfile Local Sybase Remote Sybase Local
Nbase LENS dbEST MGIdh

Fig. 2.In the current MGI browser system architecture, Perl scripts are used to integrate data from local and remote relatiseslatatab
the local Bioapps server (flatfile sequence and results of sequence analysis), and to insert hypertext links to other YéreeteeréV\B-DIT
modules format the results for viewing in the browser.

Data sources linked through hypertégtWashU.Washington ~ which is designed to receive input on STDIN and send output

University of St Louis makes the original ABI sequence chroto STDOUT. Examples of B-DIT modules are: heat, which

matogram trace files available for all ESTs sequenced in tleenverts identifiers embedded in the data stream into hyper-

Merck—WashU project. A hypertext link to the trace for eacltext hotlinks that link to or perform a query in the relevant

EST sequence is provided in the MGI browser. database; tabularize, which reformats a relational table as an
(i) GDB. The Genome Data Base at the Johns Hopkins UnHTML table with standard features such as caption, descrip-

versity School of Medicine in Baltimore provides informationtion, and column headers and widths; nest, which takes as

on the biological reagents (clones and libraries) used in the E8iput a relational table which is the result of a one-to-many

project, including map locations. Hypertext links from thejoin and outputs a relational table with a single row for each

browser allow several entry points into the GDB WWW servekey value; and merckify, which adds the Merck logo to the

enabling direct browsing of the GDB database. beginning of the data stream and a standard Bioinformatics
(iiiy UniGene.The NCBI provides the UniGene web browser,Department footer to the end. B-DIT modules also facilitate

designed to facilitate high-throughput physical mapping afemote RDBMS log-ins and error handling.

ESTs. ESTs are grouped into classes, each representing a single

gene. Several laboratories then make sequence-tagged-si@§orithm

(STSs) from the UniGene classes and map them. The resulting

map locations are reported for UniGene classes in their browsEhe MGI Version 1 is constructed iteratively from all index-
(iv) Entrez.The NCBI's Entrez Web tool is used to acces$luality 3 ESTs generated by the Merck—WashU EST pro-

Medline entries and entries from the underlying Entrez séect. The index quality screening, fully described in (Aaron-

guence databases through hypertext links from Nbase seques@get al, 1996) and similar to the quality screening utilized
entries. in the BodyMap project (Okubet al, 1992), is designed to

ensure the integrity of the clustering results, which may be
compromised by poor-quality or low-complexity sequence.
Poor-quality portions on the trailing end of sequence reads
The MGI browser is built on the system architecture showand any untrimmed poly(A) tails [appearing as leading
in Figure2. Relational and non-relational data sources arpoly(T) runs within 3 ESTs] are trimmed. Trimmed
integrated using Sybperl CGI scripts. Data from eithesequences must be at least 100 bp in length in order to pass
source are formatted by the Bioinformatics Data Integratioscreening, resulting in the removal[df1% of ESTs from
Toolkit (B-DIT), a library of generic Sybperl routines. Dataconsideration. In addition, ESTs containing repetitive
are retrieved by a relational query or a call to the Bioappsequenced.0%) are removed during the screening process.
server and written to STDOUT. The resulting data stream isIincremental runs of the indexing algorithm are performed
piped through a series of B-DIT formatting modules, each afightly on any new EST data that appear in GenBank

System architecture
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Fig. 4. A sample clone data module from the MGI class report.

updates, ensuring that the index remains up to date. Each ne@NA clones of the new EST and the index entry EST are
index-quality 3 EST is compared in turn against the indexassumed to be derived from the same gene. The EST is then
If the EST is equivalent to an index entry, then the underlyinglaced into the index class represented by that entry. If the
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Fls Edit View Go Bookmarks Opfions Directory Window Help

zl-jalal &8sl v

GoTe: 1 http: //avery.mexck.com /mgd fvww/ogi-bin/mgi_browse.pl?class_id=500
What's Now7| What's Cool?| Dostinations. Net Search| Paople| Softwara|

ESTS IN INDEX CLASS 500

The EST's listed encompass all successful sequence runs from each end of the
cDNA clones belonging to this Index Class @

3' End of Clone ~ §' End of Clone |
GB Accession  TraceFile  GB Accession  Trace File
30288  GB:R42549 WUyf9%2h10sl GBRIATI9 WUi92h10r1
34959  GB:R44423 WUygdZdolsl GBRIOSS WUygdzdolrl
39673  GB:RSI648 WUygZTh08sl GBRSIT2S WUyg77h08.1
44121  GB:HOS303 WUyl80e03sl GB:HOS3S3 WU:i80e03sl
52716  GBH29245 WUymSOfilsl GB:H29244 WUyms9fiirl

]

CloneID

Retrieve sequencesin fasta | format for saving to a file: Retrieve

F-r R =11

Fig. 5. A sample EST data module from the MGl class report.

EST is not equivalent to any existing index entry, we assuniehe index class report
that the gene represented by the underlying cDNA clone is . . .
not represented by any cDNA clone already in the index. é{; index class report is composed of self-contained mod-
new index class is then created with the EST as its represerigS: €ach reporting on a different aspect of the class. Cur-

tive sequence. Single-stranded comparisons are perforn‘i;?ﬂﬂy’ the modules are: Clone Data, EST Data, Protein Simi-

using the FastA sequence similarity program. Sequences Qté/ IIDaLa anth:)n_-EST N#Cficr'?dd IS_irIPiIgrc;t_y Dlata. Iﬁachl
judged to be equivalent if their FastA opt score is at least 40840dule has a help icon, which when clicked displays the rel-

of their perfect match score, after normalizing for sequen%vam section of the on-line browser manual. In the browser,

length. This is a conservative method, designed to minimiZ8€ Modules form a single page of output, but they will be
the rate of false positives and to cope with the error-prorfiSPlayed here in separate figures for the sake of clarity.

nature of EST sequence data. Upon completion of an increjone data module (Figur). All data in the clone and EST
mental run, results are loaded into the local MGl relation&iata modules are retrieved from the LENS database. There
database by means of the Sybase bcp utility. The indexifg one row in the table for each cDNA clone in the index
algorithm has been well optimized, and currently classifiegiass. Hotlinks to GDB are provided by means of the clone
1000 new ESTs per hour. and library GDB ids. The library indicates the tissue type
used as the source of the clone. The address of the clone in
. the IMAGE array is also provided, to enable access to the
Implementation actual clone for further laboratory experimentation.

There are at present three main ways to search the integras®iT data module (Figurg). The EST data module is also
databases that the browser accesses: by EST accessigganized by clone. The Clone ID is a cross-reference to the
number, text search of EST definition lines and index cladMAGE ID in the clone data module. ESTs from the two ends

id (Figure3). These modes of access will be discussed iaf the clone (3and 5, respectively) are grouped together in
greater detail later in the paper. We plan to add new modeach row. Hotlinks are provided to the local sequence databases
of access as the browser project develops. (using the Bioapps server) and the sequence chromatograms at
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Fle Edt View Oo Bookmarks Opfions Direclory Window

zl=2l2l 8 |gl28] tia '

Location: heep: .'#lva:v.larek.:e:f:qi..ima’cq.l.-binflﬂi_btﬂvli.pl’dlllI_Ld-SECI
Wihat's New | What's Cool| Handbook| Net Search| Net Directory| Softwars|

PROTEIN SIMILARITIES TO ESTS IN INDEX CLASS
500

The EST's in this Index Class were compared using BLAST against a comprehensive
set of protein sequences currently in the public domain. The (up to) top 50 hits between
proteins and EST’s in this Index Class are displayed.

P-value EST Protein Description L

gil1139548 (D64009) seizure-related gene product 6 type 2
precursor [Mus musculus]

|
gil1585810prfil2202175A SEZ-6 gene:ISOTYPE=2 [Mus ;
musculus] |

1.56e-70 GB:H29244

1.56e-70 GB:H29244

o : gil1095324lprfil2108345A seizure-related protein SEZ-6 [Mus
4.28e-53 GB:RSL725 musculus]

3 y gil693910 (D29763) seizure—related gene product 6 precursor
428e-53 GB:RSLT23 [Mus musculus]

sl =21

Fig. 6. A sample protein similarity data module from the MGI class report.

WashU. A single mouse click will enable the user to save alModes of access to the MGI data

the EST sequences in a file for further analysis, e.g. assem-

bling with Sequencher (GeneCodes, 1995). A choice of thrdeST searchiThe EST search is probably the most common
common sequence file formats is provided. mode of access. It assumes that an EST or set of ESTs has
already been identified by preliminary gene-finding efforts,

Protein similarity data module (Figu®. Protein similarity . .
data for each EST in the index class are retrieved fro Y & BLAST or FastA search of Nbase using the Bioapps

NCBI's nightly updated dataset of pairwise BLAST com->¢rVe" Futu_re_lrel_eases o;the MG(Ij_brows;erdwiIIfincorporate_I
parisons between ESTs and their comprehensive proteslﬁb(lqu?nce;sr:m[[arltl)/se?rc est? s adirect mode of access avall-
database. Up to 50 hits are displayed in order of significanc‘?‘eT?1 rom Ite o][:):d;ave seaﬁ: menu. ted - .
(Pvalue). Protein similarity data enable the scientist to char- € resulls ot ne search are presented as two reports:
. . e classes represented by the ESTs of interest and ESTs that
acterize the index class by its similarity to known, weII-h ve no index class assianment. The search mav be unable
characterized proteins. An index class can be related tté‘i dentify classes for ES'Igs from éome cDNA clonz,-s due to
known genes, or a putative placement of a class within a ge, 1€, Jbsen f itableEST t hy nid ntifi’  for
family can be suggested, based on the protein hits displaye§ abse ﬁe 0 aiu ableLs d 0 se gas a 'd(?d 3 Od )
here. Hypertext links are provided to the Nbase EST and pr _gene..T. e MGI browser is lesigned to avoid ‘dead ends’,
tein sequence database entries. y providing two methods to investigate further ES_Ts that
have not been assigned to an index class (FgjuTde first
Non-EST nucleic acid similarity data module (Figdje  method invokes the Bioapps server to perform a BLAST
Nucleic acid similarity data are retrieved from NCBI’s night-search of the EST against the full set of Merck—WashU ESTs.
ly updated dataset of pairwise BLAST comparisons betwedfxamining the BLAST output may identify ESTs with index
sequences in their comprehensive nucleotide database. Ugkasses that are effectively identical to the unclassified EST.
20 hits are displayed in order of significanBesélue); only The BLAST output enables easy browsing of alignments,
non-EST hits are displayed. Nucleic acid similarity data mafacilitating the evaluation of the biological significance of
enable the investigator to recognize whether a class corte results. The second method of investigating unclassified
sponds to a known or novel gene. Hypertext links are pr&=STs executes a search of the UniGene web browser. Since

vided to the Nbase sequence database entries. UniGene’s sequence quality screening method and clustering
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Fig. 7. A sample non-EST nucleic acid similarity data module from the MGI class report.

Fig. 8.1f no index class is found for an input EST, the browser explains why and offers alternative avenues for investigaticasé thes
3 sequence read from the same cDNA clone as the input (5) EST H03048 contained <100 bp of high-quality sequence.

algorithm differ from those employed in the MGI, UniGeneText searchlhe text search is intended as a quick way to start
may provide a classification for these ESTs and their ura search, not a rigorous or comprehensive gene-finding
derlying cDNA clones. method. Through this option, the user may search the
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Fi Edt View Go Bookmarks Opfions Direclory Window

2 jalalzfz(2ls] v

Locelion: | htep: / favery. marek. com/mgi fvww fogi-bin/mgi_browes.pl

¥

What's New | What's Cool| Handbook| Net Search| Net Directory| Softwars |
EST Description -

h82104.11 Soares fetal liver sgleen INFLS S1 Homo sapiens cDNA
T GB:AAQ01109 clone 427807 5" similar to PIR:JC4014 JC4014 steroid
hormone-nuclear receptor NER - human ;.

26250211 Soares fetal heart NbHH19W Homo sapiens cDNA clone
" GB:AAQ3S697 360026 5 similar to GB:X51416 _cds1 STEROID HORMONE
RECEPTOR ERR1 (HUMAN),

2k63205.11 Soares pregnant uterus NbHPU Homo sapiens cDNA
["GB:AA045123 clone 487472 5 similar to PIR:]C4014 JC4014 steroid
hormone=nuclear receptor NER - human ;.

zp14f07.11 Stratagene fetal retina 937202 Homo sapiens cDNA clone
" GB:AAL79970 609445 5* similar to TR:G1117915 G1117915 STEROID
RECEPTOR COACTIVATOR. ;.

zpl4f07.51 Stratagene fetal retina 937202 Homo sapiens cDNA clone
"GB:AA180462 609445 3" similar to TR:G1117915 G1117915 STEROID
RECEPTOR COACTIVATOR. ..
- "

Fig. 9. Partial results of a text search using the input ‘steroid*receptor’.

sequence similarity annotation on the GenBank definitioiscussion
line of Merck—WashU EST entries for text of interest. The
annotation is provided by the sequencers at WashU at tiée usefulness of the MGI browser

time_of submission of the_ EST, and_reflects the state of th o MGI browser has greatly enhanced the utility of the
public databases at that time. The wildcard ™" matches anyye ey sponsored EST data for scientists, by offering an inte-
thing or nothing: ‘steroid*receptor’ matches ‘steroid or-graieq gene-centered view of the data and enabling them to
mone receptor errl’ and_‘stermd receptor r2 .(h“”?a”)'- ine the data from their desktop in the context of a variety of
summary .Of all EST entries whqse definition Ilngs '.nCIUd?elated genomics data. For drug discovery, one of the key uses
the specified text is displayed (Fig@e The user is given ¢ 5 gene index lies in the identification of novel molecular
the opportunity to review the set of ESTS identified, inCludsy, gets for therapeutic intervention. Some approaches to target
ing the ability to investigate, with a single mouse click, theyenification at Merck which are currently making use of the

characterized protein or gene that was found to be similar g hrowser are: identifying ESTs that are potentially novel

the EST. Sequence entries are fetched by the Bioapps serykmpners of gene famiiies of interest; choosing a broadly
Entries include many value-added features, including hype'r-

: o epresentative set of cDNA clones for use in differential ex-
links to related databases and the ability to save the ent éssion studies; and identifying candidate disease genes.
sequence or individual sequence features in popular

sequence file formats, to facilitate further study (Figue
ESTs found by the text search that are not of interest may Béans for further development

eliminated by clicking on the associated checkbox. After all,jexing algorithmESTs containing repeat sequences, cur-
matching ESTs have been reviewed, a single mouse clickn\y removed during the screening process, will undergo a
retrieves their associated index classes. repeat-masking step, and will then be subject to the index
analysis. Plans are also being developed to incorporate 3
Index class IDIf the user has already identified an indexESTs from other public EST data sets, e.g. Aufizayl.
class of interest, its class report may be accessed directly (1995), Berryet al. (1995), Okubcet al.(1992) and Wilcox
entering the unique integer ID associated with the class. etal.(1991). New methodology will be developed to validate
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DATE 13-;m-‘£9355gnequm revision 14=Jil- 19‘95 frext_change
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G.A. . Schmidt,
f joucnal Ces (.994) 147° 1‘3-21‘5
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bifrenidues 1-461 Hllabel SHI
ape-refereaces CR:-U0TL33
ifexpac-imental_source oezeczarcoma celle GAOE-Z/310
EEYWORDE pteroid hormonc roocptor
FEATURE
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SRR l‘lnngth 431 fwolecular-weight 51102 fchecksum 3C87
SEQUENCE J
5 10 13 2) 25 0
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121 RRYAC R CCOTCCMDAPERRERICQgQQCRLIKCK
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1 REVYEALOQQPYYEALLSYTRIXRPOQDOQLRPPR
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ri
‘-j _H|

Fig. 10.A PIR protein sequence entry. Using hypertext links, the user may: visit the corresponding nucleic acid sequence entmkin GenBa
extract the sequence of the DNA binding domain; and extract the full protein sequence in FastA format.

existing index classes witH ESTs that fail the screening Smith—Waterman alignments could be generated on demand
process, and to assign putative index classes for non-dirdetween an EST and a similar protein or nucleotide sequence
tionally cloned cDNAs and directionally cloned cDNAs that(Smith and Waterman, 1981; Hardy and Waterman, 1996).
have not been successfully sequenced ort #ved3 A rigor-

ous comparison of the index classes against other clusterin-gr
such as the UniGene dataset, is also planned.

ue heterogeneous, distributed query capabilitye next

ep in the development of interfaces to the MGl is to provide
true query capability over heterogeneous, distributed data
Class reportsSince the field of genomics is generating dataources. For this, we plan to use Sybase’s OmniCONNECT
at an explosive rate, there are many additional types of dataddleware, since it has a proven track record and is com-
that might be fruitfully integrated into the MGI browser, bothmercially available.

Merck proprietary and publicly available data. With this in Sybase provides modules which enable access to multiple
mind, the MGI browser was specifically designed to facili+elational DBMSs (Sybase, Oracle, Informix, etc.) as if they
tate the addition of new data modules. Some examples aveere a single Sybase database. Further, using the libraries
mapping data from the NCBI human gene map (Sclatler provided, one can write access modules for other data
al., 1996); amino acid sequence motifs from, for examplesources, e.g. the Bioapps server. The planned system archi-
PROSITE searches (Bairoch and Bucher, 1994); the pretecture after the addition of this middleware is shown in Fig-
ence of polyadenylation signals in the ESTs; and the resulise 11. Queries would be posed to the OmniSQL server,
of differential gene expression experiments. Sequence ashich would then pass individual queries to the underlying
semblies could be presented which combine the ESTs indatabase servers, whether individual relational databases or
class with other published sequence, producing a consenshie Bioapps server. Results of on-the-fly sequence analyses,
sequence. Relationships among index classes could be inglig. BLAST searches or Phrap assemblies (Green,
cated, as a means of exploring such biological phenomenal#94—1996), could then be viewed as data sources in their own
alternative splicing, gene families and overlapping genesght, parallel to MGldb or LENS. The use of this middleware
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HTML Browser

WWW Server I

: . Perl
BIOAPPS Server sybperl, cgi, B-DIT - .
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E

Fetch, FastA, BLAST, Align

WWW Remote

L L

Washl, GDB, NCBI

Flatfile Local Sybase Remote Sybase Local

Nbase LENS dbEST MGIdb
Fig. 11.The Sybase OmniSQL server middleware is the core of the system architecture in our vision of the future of the MGI browser.

would enable relational algebra operations (join, selectiotsamil Ali-Jackson, Mary Bartkus, Werten Bellamy, C.Thomas
projection, union and difference) to be performed across rel&askey, Oliver Johnson, Jeffrey Sturchio, Eileen Under-
tional and non-relational sources. In addition to using a browseffler, Cindy Zarsky; our external collaborators: Mark
ing strategy to winnow through the data to identify the desireBloguski (NCBI), Ken Fasman (GDB), Greg Lennon
classes, scientists would be able to pose a single highly tffMAGE), Chris Overton (UPenn), Bento Soares (Columbia),
geted query such as: ‘Retrieve all index classes which are dRobert Waterston (WashU); our alpha- and beta-version
ferentially expressed in breast, are similar to known GPCResters at Merck, including: Angela Amend, Dave Gerhold,
or contain a TM7 motif, and are mapped to chr 8ql12’. Fred Hess, Jim Liu and Michael Phillips. We also thank Mark

. . Gibson of UPenn for curating the LENS database, Mark
Richer data modelSVe expect that the relational data mOOIeIBoguski of NCBI for providing relational database access to

((?Odd’ 1970) and the.‘industrial strength Sybase_ mid(_jlewar&aoEST and Carolyn Tolstoshev for curating relational dbEST.
will enable us to provide most of the query functionality tha

we need in a relatively short time. However, for modeling inally, we thank Anthony Starks for providing a way of per-

highly hierarchical data, e.g. threedimensional chemic rming Sybase client-server access through the firewall that

. ) onforms with Merck network security standards.
structures or hierarchies of sequence features, we plan to In-

vestigate middleware supporting a richer data model. Some
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