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ABSTRACT

Expressed sequence tags (ESTs) have provided a
first glimpse of the collection of transcribed
sequences in a variety of organisms. However, a
careful analysis of this sequence data can provide
significant additional functional, structural and
evolutionary information. Our analysis of the public
EST sequences, available through the TIGR Gene
Indices (TGI; http://www.tigr.org/tdb/tdb.html ), is an
attempt to identify the genes represented by that data
and to provide additional information regarding those
genes. Gene Indices are constructed for selected
organisms by first clustering, then assembling EST
and annotated gene sequences from GenBank. This
process produces a set of unique, high-fidelity
virtual transcripts, or tentative consensus (TC)
sequences. The TC sequences can be used to
provide putative genes with functional annotation, to
link the transcripts to mapping and genomic sequence
data, and to provide links between orthologous and
paralogous genes.

INTRODUCTION

sequencing and a summary of the available TIGR Gene Indices
can be found in Table 1.

The TIGR Gene Indices treat ESTs as elements of a tran-
scriptome shotgun sequencing project. Sequences are first
clustered and elements of a cluster are assembled to produce a
high quality consensus sequence. Stringent overlap criteria are
used to assemble EST sequences into tentative consensus
sequences (TCs; tentative human consensus, THC, in the
Human Gene Index). While the TIGR Gene Indices are in
many ways complementary (10) to other gene indexing data-
bases such as UniGene (11) and STACK (12), the clustering
and high stringency approach offers a number of significant
advantages over the alternatives. First, assembly provides a
high confidence consensus to represent each transcript. Low
quality, misclustered or chimeric sequences are identified and
discarded during assembly and closely related but distinct
transcript isoforms can be identified if sufficient sequence is
available. Second, the consensus sequence produced is generally
longer than the individual ESTs that comprise it, providing a
resource that can be used more effectively for functional
annotation. Third, TCs can be used more effectively than
individual ESTs for annotation of genomic sequence. Finally,
the TC sequences allow the integration of complex mapping
data and links to genomic sequence data, as well as the identi-
fication of orthologous genes.

Sequencing of expressed sequence tags (ESTs) (1) has resulgg§nsSTRUCTION OF THE GENE INDICES
in the rapid identification of expressed genes. ESTs are single-

pass, partial sequences of cDNA clones and they have bedie assembly of each TIGR Gene Index builds upon previous
used extensively for gene discovery and mapping in human®leases, incorporating new ESTs and annotated gene
(2—4) and other organisms (5-8). The EST approach has besaguences deposited in dbEST and GenBank, respectively. The
widely adopted; there are nearly 3 000 000 EST sequences fiist step in the process is the construction of a database of
the dbEST division of GenBank. ESTs represent 71% of alannotated gene sequences. For each species-specific Gene
GenBank entries and 40% of the individual nucleotides (9)Index, all sequences from GenBank are downloaded and CDS
However, the partial gene sequences that ESTs represent @ed CDS Join features for full-length genes and mRNA
often difficult to use effectively. The value of ESTs is greatlysequences are parsed from the records. For redundant entries,
enhanced if they are used to construct a high-fidelity set of norene representative is chosen, although links to alternative
redundant transcripts. These can be used for more extensi¢z@nBank accession numbers are maintained. The annotation
functional annotation, and integrated with available mappin@f these expressed transcript sequences (ET; alternatively,
and sequencing data. The TIGR Gene Indices provide such dfuman Transcript, HT, for human records) is checked for
analysis for humans, experimental models of human diseas@nsistency and the records are loaded into the TIGR
such as mouse and rat, valuable crop plants, and other importdntpressed Gene Anatomy Database (EGAD; http://www.
experimental organisms sampled extensively by ESTigr.org/tdb/egad/egad.html). ESTs are downloaded daily from
sequencing. TIGR Gene Indices are maintained for 10 of thgbEST, and cleaned to remove untrimmed vector, linker, ribo-
14 organisms most heavily sampled by public EST projects; agomal, mitochondrial, low quality and poly(A)/poly(T) sequences.
11th, the Potato Gene Index, is planned when sequence dat&Cleaned ESTs, ET sequences from EGAD, TC sequences
become available early in 2000. The current state of ESTrom the previous build and previously unclustered sequences
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Table 1.EST sequence entries from dbEST as of August 20, 1999 for the most heavily sampled organisms with the
corresponding TIGR Gene Indices and their most recent release dates

Species Entries TIGR Gene Index Release date
Homo sapienghuman) 1548 327 HGI 5.0 September 1999
Mus musculus + domestic@siouse) 688 084 MGI 2.0 February 1999
Rattus sp(rat) 124 323 RGI 4.0 September 1999
Caenorhabditis elegan®mematode) 100 845

Drosophila melanogaste(fruit fly) 86 061 DGI1.1 August 1999
Oryza sativa(rice) 46 268 0GlI 2.0 June 1999
Arabidopsis thaliandthale cress) 37 746 AtGI 2.0 August 1999
Danio rerio (zebrafish) 34833 ZGl13.0 September 1999
Zea maygmaize) 29 209 ZmGl 1.0 October 1999
Lycopersicon esculentuftomato) 26 255 LGI 1.2 August 1999
Dictyostelium discoideum 19182

Brugia malayi(parasitic nematode) 18 426

Glycine maxsoybean) 17 738 GmGI 1.0 September 1999
Emericella nidulangAspergillus nidulans 12 993

Solanum tuberosuin. (potato) (pending) (pending) Spring 2000
Total number of sequences: 2790 290

Together, these species represent >95% of the EST data in GenBank; TIGR'’s current and planned Gene Indices will
represent >90% of the available EST data. A significant potato EST sequencing project is about to begin and a Gene
Index will be constructed when data are available.

(singletons) are compared pair-wise to identify overlapsApproximately 30 000 representative EST sequences were
Sequences sharing a minimum of 95% identity over a 40 nt cselected and passed to participating laboratories where PCR
longer region with fewer than 20 bases of mismatchegrimers were designed, validated, scored on either the Stanford
sequence at either end are grouped into a cluster. Each clust@B (SG3) or the GeneBridge 4 (GB4) RH panels, and deposited in
is then assembled separately. For TCs appearing in a clustéhe Radiation Hybrid Database (RHdb). Some markers were
component EST and ET sequences are downloaded and addsmbred in multiple labs in order to allow results from different
to any new EST or ET sequences. Clustered sequences are thiamels to be integrated; in total, nearly 45 000 markers were
assembled using CAP3 (13), a sequence assembly prograwnored. Maps generated for both RH panels were integrated by
developed by Xiaogiu Huang of Michigan Technical University.binning ESTs using dinucleotide repeat markers from the
Assembly produces one or more consensus sequences for e&#néthon genetic map of the human genome as reference
cluster and rejects any chimeric, low-quality and non-overlappingharkers.
sequences. Each cluster is assembled in the same fashion untiln the Human Gene Index, the THCs are assigned RH map
the entire set has been exhausted. A second round of clusteritigations using the e-PCR program developed by Schuler (15)
and assembly, using only the newly constructed TC sequencé$p://ncbi.nlm.nih.gov/pub/schuler/e-PCR/ ) which uses
as input, allows the identification and elimination of mostpublished primer sequences and amplicon size (ftp://ncbi.
redundancy introduced during the process. The resulting set afm.nih.gov/repository/genemap/Oct1998/ ) to electronically
TCs is loaded into the appropriate species-specific Gene Indarap markers onto the THC sequences. The resulting mapping
database for annotation. data are included in our web-based THC presentation. Our
Each Gene Index, consisting of the assembled TC sequencasalysis of the published mapping data suggests that the
and singletons, is released through the TIGR web site. The TRublished map contains significantly fewer than 30 000
presentation includes a FASTA-formatted consensus, a graphiadiktinct genes as many THCs contain multiple, independently
representation of each component sequence within the T@apped markers. The complete THC-RH map data for the
links to GenBank and other relevant records for each componeotirrent release of the Human Gene Index are available at http://
sequence, and functional and mapping information where availableww.tigr.org/tdb/hgi/rh_map.html . One might argue that the
presence of multiple markers within a THC suggests a mis-
assembly. However, in >99% of the cases observed, multiple
INTEGRATION OF MAPPING DATA markers from the same THC map to the same chromosome and
Recently, the number of mapped ESTs has increased dramaticalyin to consistent chromosomal locations. THCs containing
largely due to the use of radiation hybrid (RH) mapping. Themultiple mapped markers with inconsistent locations occur at a
1998 Gene Map of the Human Genome (14) represents thrate approximately equivalent to the estimated mapping error
most ambitious effort to map human expressed sequenceste at the various participating labs. This suggests that the
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Gene Index assembly process produces high-fidelity recon-
structions of the transcribed sequences represented by thi
ESTs.

Integration of the THCs with RH mapping data allows the HGI THC Report: THC249542
published map to be condensed and refined, providing a bettel esrms e fed o BETEST reperts HT# 2 are fnced to 541
estimate of the total number and distribution of mapped tran- S scessies. ATCCH ae knked 1o order forms for 101
scripts. As RH and physical mapping data from mouse and rat

The TIGR Human Gene Index (HGI)

ET reports. GB# 5 are bnked 1o

-1

>TEC24I542 THCABBE2 TEOLODE5] THCITISZE

become available, we will perform similar analyses, integrating
map positions for ESTs in those organisms with the TC
sequences. These mapping data, together with information or
orthologous genes, discussed in detail below, can be used tc
produce high-resolution synteny maps containing information
for genes of both known and unknown function. Such maps
will be invaluable for gene discovery, phylogenetic analysis

ALATOTAAT T T AACAAGES MEALGS LA OC A TOCCTT TAGCCGEC TECCCAGA TTCCTTTTTRC ACC ATOCGTACTACE
AGGEAC AAGGTGIAGC ATAC ACCTOGCAOTCALC ALGASE COGC MGG ACC MG AC TCCOCGC A AGTC THACCOAC TTONG
AATCACCAGEAGEATOATETGRACE TERAMG OO TR TEALCCATATG AN TGCATCCCTOC ACMGCC TETACTOGECC TG
CAGCATOCATTC ABACACCITROCC ST TOLAGAATGGOC AGE A THOCCOE LGC CAGC CTCGOGC T TCAGGEOC TOC TS
GOTCCATOC MO0 AC MGG T TONOC GAGGEAGAGEETR. MACCC TO CCASCO TG TGC AC ATCC TCGE TR TC AGGCBCCTT
GGG A GO CAGC A GTT TGS T A Te T e ToC Ce e CATC S O ARTCC TTT TOC TRALC TCTOTOCL CCTE00AE
oL OO CTOTR TCAC B eI TTE TTTACE TEC S AGCCAGGEC GO0 GC AMAGCAGOATOTTALLOTE TTTACTGALGATG
GOACLAGE ALLOTOOTOR LS ATTE TG MAAC A TEACAGOC AGAGACCTETOCC AL T T TOG TT TAC ALAAGTCACTGT
OTCCATOAC LA ASC TOGAC AL TAG TGO AGE LOC ACOCOCASE TASG AT TAG LS AGE TS TTEEALGACC ATGAGC TOGT
T A TR AGAGTACC ATOG0C MO ToAG LG TAMATT TS TATTC AGC AMG AR TTACGC A LATACOASTTCTTTALLL
ATCCCATGALT TTCTTCCC G AR A S A TG T T AC TGO TEC CAGCASTC RARTOCCACTE LARCC CAGE TTTTGE AGGAL
COCMEACAC CTOCAGLTEC TEOC OO ACC TROAGGACAGE MACATC TTCTCCE THA TCGE THGC AGGAMGT AGTAC AACGE
COCTAC RGACE ACGHGEITC TECATALLGCCALAC LAACTCAGC A TEAR AC TARAGAGE TCAGGTTGC TCTOTGC LOAGS

AL AR T MGG AC G TGO TOGAT oA MG BT TE AGAC T CTO ARG TATGG AR TEC TCCTTTACCAGAATTACC GAATE
T AGC RGO LG CT T T T oL O T T TG AL SCC MG TRCGE A GTO TC TCCGAG AL TOCE TC G TOHC AL TOGA
TTTTTCTGHORC ALLC AGGACGC G TOATAGAGLATC CORo GOACO0 S CAS MG EE A0 00 TRGAGE AGGGCC ACGCCTOGA
GRALGCEAAGE A ACCSATOAACATCCTABOTAGCCAAGTEC CC TECACCC TTC TACCCTALGTACAOTOATTCAC AGE:
ACACAGCAC TOFTTICACGIAGIATC TCLAGGEASEAATC CC M AGGATCATTALLCAGE AL GGOE TCGTOGATEGECT
TITTC T T G T AL AR C AL TAA T AL GFC ATT TG TACTC A ACTOTOTC AT ACC AGAAKAT TARAAATTTCD
A AT TG CT TG GAGGACGAC RS GC AGAC GTTC TTC G CTACATS ACCEEALC ACC AAATTC TC TOLOC TOATECAG
CTGET TGAC TTTTACC AR TEALT AL ICAOTES TECC TTEC AR TEAMGC ACC ACTGCATCCOLOTOSE. TTATEALT
GoAGATGTC T oGO TO G AT TR A LS TEALS AL TOO A TEAR CALCCCoTC TETOCCTTEC TEAAGAAC AC AC
ATCOATTC T A CTOG R AL CCAGAGCGAG A TGO TTTOTTC SO THCC AGOC G ACT AAGATTGACTAGTTTGTTGGACT
T GACGAT T TR TRC TOTOAAC CCARCASE TORC S TE 0 TE TEEG TEGGEC AAATTGOGOAGOGE LTCOAABATCD
A GG ARG TTRALAA T TORAATOATC ATC T TGO TTOG GO CEo TTAGGAAC ARG AACC OO AS AG L AG TGAT TGGA
AT A T TR S TR AL TAR T TTCAC AL T TARAACTGATATOTTTAALAR A RAR LR A LA ARLCT

and sequence annotation.

FUNCTIONAL ANNOTATION AND RELEASE

Functional annotation is simplified by the use of consensus
sequences to represent each gene. Because assembly genere
produces a consensus that is longer than its constituent
sequences, the TCs are more likely to contain protein-coding
sequences than individual ESTs. This increases the likelihood
that database searches will provide assignment of putative
gene function. The assembly process also facilitates the identi-
fication of distinct transcripts that differ only in splicing i. = g1 o
pattern and between related, but distinct members of gene.. .
families. 3
Following assembly, TCs are annotated to provide a provisional *
functional assignment. An assembly containing an ET is given * ™ ™**
the ET’s annotation. TCs that do not contain ETs are first
searched against a non-redundant amino acid database ar
then against a DNA sequence database. High-scoring hits are ; - G
recorded and used for annotation. The resulting Gene Index is * © * e
released through the TIGR web site (http://www.tigr.org/tbd/ —Bes s fe THC245542
tdb.html ); an example THC from the Human Gene INdex iS  Purstve I insulin receptor intibita, erusess
shown in Figure 1. Gene Indices can be searched by TC a4 c.zo
number, the GenBank accession number of any EST containec
within the dataset, or any ET used to build the Index. Users can s psing dasa from Geochos 52
perform a tissue-based search in which the library information
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be used to search the Gene Indices using WU-BLAST (http://

www.tigr.org/cgi-bin/BlastSearch/blast_tgi.cgi ), a gapped BLAST  vi
program developed by Warren Gish (Washington University,
St Louis). @

=1D8

Figure 1. An example THC from the Human Gene Index. The consensus

HERITABILITY: VERSIONING AND ANNOTATION
.sequence is presented in FASTA format below which the locations of the gene

On_e |m_portant featl,“fe of the Ge_ne Indices is that th_ey mamtalglequence (HT27821,; insulin receptor inhibitor, muscle) and ESTs that comprise
heritability—the ability to effectively track assemblies acrossthe assembly are shown with their respective locations within the assembly.
releases. The TC assemblies are maintained within Sybas@ks are provided to GenBank records, internal data for all ESTs sequenced
relational databases. Each time they are reassembled, no@e|TIGR and to clones available through the ATCC. This THC has been

. . P e : ssigned a putative ID of ‘insulin receptor inhibitor, muscle’ as it contains
assemblies, caused by either the joining or splitting of previou T27821, an expressed sequence constructed from GenBank CDS features and

.TCs,-e}re assigned a new, unique TQ identiﬁe_r- PreViOU_Sly USE@ntained within the EGAD database. This THC also includes Radiation
identifiers are never recycled and information regarding theiybrid mapping data derived from Gene Map '98 (14).

previous assemblies is never lost. Database queries using a TC

identifier from a previous build return the most current incar-

nation of that assembly. This allows assemblies to evolve asuild and maintaining functional assignments across multiple
more data are available while providing tracking from build toreleases.



144 Nucleic Acids Research, 2000, Vol. 28, No. 1

Table 2. The effect of including predicted transcripts (PTs) from genomic sequence

Starting ESTs Starting ETs Starting PTs TCs Singleton ESTs Singleton ETs Singleton PTs
AtGlI 37070 2288 0 5514 11644 696 0
AtGlI (with PTs) 37070 2288 1158 5581 10 237 683 44
Difference 67 —1407 -13

The ArabidopsisGene Index (AtGl) was built both without and with predicted coding sequences from the Chromosome 2 sequencing project. The
addition of 1158 PTs increased the number of TCs while reducing both the singleton ESTs and ETs.

INTEGRATION OF PREDICTED GENES FROM Human, mouse and rat represent ideal organisms for comparative
GENOMIC SEQUENCING analysis. Mouse is the premier organism for the study of
. - : . {nammalian genetics and development while rat has been
One of the challenges facing bioinformatics during the nex : . X ;
extensively used for physiological and pharmacological

few years is the increasing quantity of data from genomic udies. Mouse and rat genome projects, involving genetic and

sequencing projects. The revised plan for the Human Genony sica{I mabpin ESgl' e ueFr)1ciJn z;nd Iimitgdg enomic

Project calls for a ‘working draft’ of the human sequence inP"Y _mapping, q 9 9
equencing, are underway (18,19). Cross-referencing rodent

2000 with the completed sequence in 2001. Annotation of thg dh d inal data h ber of ant
finished sequence should provide preliminary identification ofind Numan sequénce and mapping data has a number ofimportan
plications, including the identification of orthologous genes

the estimated 80 000-100 000 human genes. Already, ge 0)

predictions exist for nearly 6600 genes from the complete i
sequencing ofSaccharomyces cerevisiamd 15 000 genes Homologous genes can be separated into two classes, ortho-

from Caenorhabditis elegansand genome sequencing in a logues and paralogues. Orthologues are homologous genes that

variety of other organisms, including riceArabidopsis perform the same biological function in different species but
Drosophilaand mouse are progressing rapidly. that have diverged in sequence due to evolutionary separation

Predicted transcripts are an important first approximation oP€tWeen species; paralogues are homologous genes within a
the genes encoded in these organisms, but these are likely $8€CIeS that are the result of a gene duplication event within the
evolve significantly as more experimental data become availablin€age. The study of orthologues is of particular importance
While predictions cannot be treated on an equal footing wittPecause it is assumed that these genes play similar develop-
well-annotated gene sequences in GenBank, incorporation §iental or physiological roles and, consequently, should share
the predictions in any transcript analysis will be important forconserved functional and regulatory domains. _
providing links between ESTs and the genomic sequences, asThe most extensive analysis of orthologous genes is a study by
well as for providing data needed to improve and validate genilakalowski and Boguski (21) that analyzed 1880 rodent-human
prediction methods. orthologue pairs: 1212 rat-human pairs, 1138 mouse—human

We investigated the possibility of including Predicted pe_lirs and 470 genes shared by all three species. While significant,
Transcripts (PTs) in Gene Index construction using théhls analysis samples fevyer than 3% of the 80 000—100 000 genes
Arabidopsis thalianachromosome 2 sequencing project as an each of these organisms. The vast body of EST sequence
model. Predicted transcripts that were annotated based on ES#ta, which likely represents 20% (rat) to 80% (human) or
hits were downloaded and added to the EST and ET sequenc@9re of the genes, was ignored. This is despite the fact that
used to build the AtGI. The addition of the 1158 PTs resultedheir analysis indicates thattBTR sequences, which comprise
in an increased number of TC sequences and a decreadég majority of EST data, are sufficiently similar to identify
number of singleton ESTs and ETs. It also allowed the TC an@rthologues: 71.& 12.2% identity for mouse—human orthologues,
genomic sequences to be directly linked. This allows users 0f0.1+ 11.4% for rat-human orthologues and 86.8.9% for
the genomic sequence to identify clones encoding genes #fouse—rat orthologues.
potential interest and also allows users of the AtGl to consider The TC sequences comprising the human, mouse and rat
transcripts in a genomic context. The result of including theGene Indices are an excellent resource for the identification of
PTs is summarized in Table 2; AtGI release 2.0, whichorthologues within the 2.2 million EST sequences from these
includes the predicted transcript sequences, is available atganisms. The consensus sequences require fewer comparisons
http://www.tigr.org/tdb/agi/agi.html and their greater lengths make it more likely that orthologues
can be found. We developed the TIGR Orthologous Gene
Alignment (TOGA) database to represent orthologue sets and
:EEF;“A-I—:EISCE?N OF ORTHOLOGUES AND to provide links to the appropriate TCs in the Gene Indices

(http://www.tigr.org/tdb/toga/toga.html ). Data from previous
The utility of cross-species comparisons using sequence da@malyses, such as that of HOVERGEN (22) and Makalowski
from distantly related organisms, such as yeast and humans,asd Boguski (21), provide a starting point for defining orthologous
without question (16,17). However, a comparison of moresets for TCs containing ETs that can be used to populate the
closely related organisms is necessary to identify and interprefatabase. However, pair-wise comparisons of the TCs define
the conservation of regulatory, non-coding sequences and witloth putative orthologues and paralogues, greatly increasing
serve as an important resource for genomic sequence annotatitime utility of such a database.
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USING THE TIGR GENE INDICES The TIGR Gene Indices are available via a free license for

Genes serve as a natural indexing scheme for genomes. Effectivf(gfdim'c Sndt_norj-;?roflt ':Js(;e,. corgtm_e(0|al Iltl:_enses arr:a a\llg'lablte
using genomic resources for comparative studies will rely o "_"” ee. Farties /":jg/rles € '?1 0 | aining a |Ic_;ense shouid visi
an effective cross-referencing scheme to allow researchers P(Stp' www.tigr.org/tdb/license. himl or write to license@tigr.org
rapidly traverse from one genome to another. The TIGR Gene

Indices represent an effort to provide such a resource by firsiCKNOWLEDGEMENTS

attempting to catalogue the genes in a variety of organisms a .
then providing a mechanism to link to candidate orthologues i e authors are indebted to Anna Glod_ek for her daFabase
: development efforts. The authors also wish to thank Michael
other species. : ;
A—|eaney for database support, and Vadim Sapiro, Bruce

There are a variety of means by which a user might gai X . .
entry to the TIGR Gene Indices. For example, the radiatiorY'r;feerr;téEggolr‘tee’ Sonja Gregory and Lily Fu for computer

hybrid mapping data allows users to search for TC sequencgg
that map to a candidate genomic region. Other users may
search for TCs that appear to be expressed in a tissue-speciREFERENCES
fashion or that contain ESTs from a _partlcular d|sease_state1_ Adams,M.D.. Kelley,J.M., Gocayne,J.D.., Dubnick.M.,
However, the most common entry point for most users is the  poiymeropoulos,M.H.M., Xiao,H., Merril.C.R., Wu,A.. Olde,B.,
sequence search page (http://ww.tigr.org/cgi-bin/BlastSearch/ Moreno,R.Fet al.(1991)Science252, 1651-1656.
blast_tgi.cgi ). Both BLASTN and TBLASTN versions of the 2. Adams,M.D., Kerlavage,A.R., Fleischmann,R.D., Fuldner,R.A.,
WU-BLAST package have been implemented allowing both Bult,C.J., Lee,N.H., Kirkness,E.F., Weinstock,K.G., Gocayne,J.D.,
DNA and protein queries to be used. Alignments to high white,0.et al. (1995)Nature 377 (suppl.), 3=174.

K . . ' . 3. Polymeropoulos,M.H., Xiao,H., Sikela,J.M., Adams,M.D. and
scoring TCs and singleton ESTs in the organism searched are venter,J.C. (1993)Nature Genet.4, 381—386.
returned and clicking on the TC number or EST id will bring 4. Schuler,G.D., Boguski,M.S., Stewart,E.A., Stein,L.D., Gyapay,G.,
the user to an appropriate display of the sequence, similar to Rice.K., White,R.E., Rodriguez-Tome,P., Aggarwal,A., Bajorek,E.
that shown in Figure 1. If there are links from the TC to candidate iﬁfééﬁ??fﬁ”‘ﬁ;ﬁ5530554;?@@ IM. FitzGerald M.G
0rth0|09ues in the TOGA database, users can view the Utterback,T,.R., K,han,M.,’Dubn,ick,M., ’Kerleivage,A.R., ,\/ente’r,J.C. and
relationship, including sequence alignments, by clicking on the  Fields,C. (1992Nature Genet.1, 124-131.
‘View Candidate Orth0|ogues’ button, which brings up the 6. Wate_rston,R., Martin,C., Craxton,M., Hunyh,C., Coulson,A., Hillier,L.,
appropriate display from the TOGA database. From TOGA, B“:b'”'g" creen P ?gg""”kee”’R" Hallorarehal. (1992)
users can examine TCs and the associated data in other prganisn}s.cilfgs C_Z?fjtjg)sep;’R. (19ipchem. Genet32, 181-190.

In addition to the Web interface, the TIGR Gene Indices are 8. Rounsley,S.D., Glodek,A., Sutton,G., Adams,M.D., Somerville,C.R.,
available as flat files. The TC consensus sequences are Venter,J.C.and Kerlavage,A.R. (1998ant Physiol, 112, 1177-1183.
provided in a FASTA format file; EST content for each TC is 9- Schuler,G.D. (1997). Mol. Med, 75, 694-698.
specified in a separate file. Many users involved in the annotatiof®: Bouck.J. YU W., Gibbs,R. and Worley,K. (1999pnds Genet15,

) . ) ; 159-162.
of genomic sequence and in analysis of cDNA microarray datai. goguski,M.S. and Schuler,G.D. (1998ature Genet.10, 369-371.
have found these to be particularly useful. 12. Burke,J., Wang,H., Hide,W. and Davison,D.B. (1988nome Res8,
276-290.
13. Huang,X. and Madan,A. (199&enome Res9, 868-877.
CONCLUSION 14. Deloukas,P., Schuler,G.D., Gyapay,G., Beasley,E.M., Soderlund,C.,

Rodriguez-Tome,P., Hui,L., Matise,T.C., McKusick,K.B., Beckmann,J.S.
As the collection of gene sequences increases, we Must etal.(1998)Science282, 744-746
develop strategies to organize and integrate these data. Th&. Schuler,G.D. (199@enome Res7, 541-550.
TIGR Gene Indices represent the most comprehensivet: BassettD.E., Boguski,M.S. and Hieter,P. (1998ure 379 589-590.
publicly available analysis of EST sequences. They havé7'§£(§gs_t¥£' and Cherry,J.M. (199F)oc. Natl Acad. Sci. USA4,
proven invaluable for annotation of genomic sequence and forg, Camper,g,'A_ and Meisler,M.H. (199¥rmm. Genome, 461—463.
functional analysis of ESTs. The TCs are linked to available19. James,M.R. and Lindpainter,K. (199#ends Genet13, 171-173.
mapping data and we have developed a strategy to incorporagé- Fitch, W.M. (1970Byst. Zool.19, 99-113. _
predicted genes from genomic sequencing projects. We have" g"ﬂggfg"w' and Boguski,M.S. (199BJoc. Natl Acad. Sci. USAS,
also developed a database to represent orthologues, allowiBg pyret . Mouchiroud,D. and Gouy,M. (19%M)icleic Acids Res22,
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