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Genome Information Systems
euGenes and FlyBase




Overview

What are genome information systems?
— What are they good for?
— What are they made of ?
FyBase
— genome infosytem for Drosophila fruitfly
euGenes

— Infosystem for human,fly,worm, and other complex
genomes

— Conents, genome maps, query and retrieval examples
Software engineering/Informatics details, plans



Uses of genome infosystems

« Accumulate research knowledge of 100,000s of genes
from many organisms

— Find and learn of gene function, cell, phenotypic effects, expt.
literature, DNA and protein coding, genome mapping, alleles
and variants, names, and more

o Part of ‘digital library’ of biology
— Link to and from other sources, sinks of knowledge

» Source of validated reference data to incorporate in
other projects

— Extract subsets for use in other research



Anatomy of a Genome Info. System

Information structure
— Table of contents, Reports, Indexing (as areference book)
— Browse thru available info.
— Search and retrieve according to biological questions
— Bulk data selection & retrieval for other uses

| nformation content

— Literature (referenced, abstracted and curated), sequence and feature analyses,
maps, controlled vocabulary/ontologies relevant to biology,people and
biologics contacts, etc.

Informatics/ software
— “backend” database, data collection, management, with some analyses

— “frontend” information services (hypertext web, document search/retrieval
methods); ease of understanding and usage (HCI)

— “middleware’ glue code, software, etc.
— Specialized for genome data: maps, blast searches, ontologies



History
The “Redbook” of Drosophila genes
|lUBIo Archive, 1989

— earlylnternet biosequence information search and
retrieval

FlyBase, 1993
— early Internet information system for genes

euGenes, 1999

— One of first multi-organism compendiums for
complex eukaryote genome information



Related systems

 ACeDB (1989-present) - C. elegans
gene/genome database

e SaccDB/SGD, MouseGD, Omim/GDB
(human)



FlyBase Primary
Contents

Maps
chromosome location of genes
and other molecular items

Genes

genes, alleles, the annotated
genome, proteins, their function
and expression patterns.

Sequences & Clones
genomic sequences and clones

Aberrations
chromosomal deficiencies,
duplications and other
rearrangements.

Transposons
transposons, vectors and
insertions

Anatomy & Images
images and information on
fruitfly anatomy and gene
expression.

Stocks
Drosophila stocks with specific
alleles and aberrations

References
literature on research with
Drosophila.

People

addresses and contacts with
Drosophila researchers.

FlyBase

A Database of the Drosophila Genome

FlyBase is a comprehensive database for information on the genetics and molecular
biology of Drosophila . It includes data from the Drosophila Genome Projects and
data curated from the literature. FlyBase is a joint project with the Berkeley and
European Drosophila Genome Projects.

Other Documents

Getting Started Reference Manual

BLAST sequence

Search [Help?] search: USA, All Search Tools
Europe
forwords|
inthese [l sections [ Search Everything ]
sections Genes I
Ref er ences [ Search Symbols/Names I
St ocks

Related databases

Drosophila links, introduction to fruitflies, genome & sequence databases
BDGP & EDGP Genome Projects

Interactive Fly

News & ltems of interest
GadFly: Genome Annotation Database

Annotated Genome map (GeneSeen)
New this month

FlyBase Paper (NAR,1999 )

Options
FlyBase around the world --- Alternate views --- Set preferences
Send comments to us at flybase-help@morgan.harvard.edu

FlyBase is supported by grants from the U.S. National Institutes of Health and the British Medical Research Council. See also the Warranty.
Disclaimer & Copyright Notice.



FyBase
http://flybase.bio.indiana.edu/
e primary genome information for Drosophila
mel anogaster

— Genes & aléeles, proteing/transcripts, stocks, aberrations, literature,
sequences, constructed genes, anatomy & devel opment,

o uses efficient information system methods
to handle this complex, document-object
structured data

e Integrates hierarchical vocabularies
(ontology) function and expression of genes



Input from curators, editors, community

‘ | |‘ y
Primary
: [ iReplicate | ¢

FlyBase Data Restaurant

Analysis

Cooks

Primary

Data management

Report & Query storage

Questions from server 3 /
community server 2 /
public server 1
Report & Query apps
Information Retrieval
Output to
community
Browsers,

grazers & gulpers

(pre-generated )

Waiters

d.g. gilbert, november 1998



euGenes
http://iubio.bio.indiana.edu/eugenes/

Describes 150,000 known,
predicted and orphan genes, using
consistent gene symbols, identifiers,
and synonyms

extends FlyBase technology to
human, fruitfly, worm, mouse,
yeast, weed, zebrafish (riceis
coming...)

Integrates diverse genome data into
common format

gene homologies (BLAST) with
comparative summaries of genome
homologies, features

genome feature annotation,
chromosome |ocation and
molecular maps

gene function, process and cell
location vocabulary (Gene
Ontology) integration

common genome map views with
links to genes and other features

efficient information search and
retrieval methods

constantly updated from many
public sources

compares favorably to other
genome information systems for
content, integration,
comprehensiveness and usability.
See GeneCards, LocusLink,
Proteome.com, single organism
systems, others



euGenes

Organism

Fruitfly Genes
(Drosophila
melanogaster)

Human Genes
(Homo sapiens)

M ouse Genes
(Mus musculus)

Weed Genes
(Arabidopsis
thaliana)
Worm Genes
(Caenorhabditis
elegans)

Yeast Genes
(Saccharomyces
cerevisiae)
Zebrafish
Genes(Danio
rerio)

All Genes
summaries

Available
genes

23,649

37,049

28,210

26,819

21,881

7,226

1,221

Help & Documents

Tools

Last updated: 08 July 2001

euGenes
Genomic Information for Eukaryotic Organisms

euGenes provides acommon summary of gene and genomic information from
eukaryotic organism databases. Thisincludes

¢ Gene symbol and full name,

¢ Chromosome, genetic and molecular map information,

¢ Gene product information (function, structure, and homologies).
e Linksto extended gene information.

This summary is automatically maintained from the primary databases.

New:
¢ euGenes manuscript  (PDF) - August 01

[ Search] [ Everything 2] SearchHelp?

(appending [+ wildcard ™' to words)

for these words

in these organisms: AT organi sis |
excluding Eluy

H man
[ predicted genes. Nbuse

Gene function/location/process terms: O

- (fly,mouseyeast) |None sel ect ed

euGenes gratefully acknowledges support from National Science Foundation and Indiana U. Center for Genomics, Proteomics and Bioinformatics

NSF awards DBI-0090782 and DB1-9982851 to IUBio Archive




euGenes data sources

— HyBase, BDGP/Celera sequence (fruitfly)

— LocusLink, Golden Path (public) sequence (human)

— WormBase/ ACeDB (C. elegans)

— TAIR, TIGR weed sequence (Arabidopsis)

— Mouse Genome Database

— Saccharomyces Genome Database

— Zebrafish ZFIN system

— Gene Ontology (GO) Consortium

— NCBI GenBank, SwissProt, PIR and related sequence data



euGenes Report

Fruitfly Gene drk

Symbol drk

Full name downstream of receptor kinase

Molecular
function
Biological
process

Céllular
component

Protein domains

Chromosome
Map location

Ref. sequence
Ref. protein

Similar genes

Synonyms

Database ID
Ref. Database

Database
accessions

signal transducer | inferred from sequence similarity

RAS protein signal transduction

plasma membrane | inferred from direct assay

Src homology 2 (SH2) domain
SH3-SH2-SH3-domain-protein

CHromosome 2R
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Human GRB2 HU@n0002885 (65%); 'growth factor receptor-bound protein 2'  @i:4504111; GRB2 GDB:134732
OMIM:600180; IMAGE:70215 EMBL:T50023 DRES:70

Mouse Grb2 MGgn0004933 (65%) MGI:95805 MGI:95805

Worm sem-5 CEQgn0002537 (61%); C14F5.5 WP.CE01784; sem-5 WP:CE01784 SWP:P29355

Xenopus laevis 'GROWTH FACTOR RECEPTOR-BOUND PROTEIN 2 (GRB2 ADAPTOR PROTEIN) (SH2/S'  SWP:P87379
0i:3913784
Yeast 'HYPOTHETICAL 40.4 KD PROTEIN IN PES4-HIS2 INTERGENIC REGION'  SWP:P43603 gi:1176004

CG6033, CG6033, CG6033, E(sev)2B: Enhancer of sevenless-2B, crkl, 24/1, Drk, 1(2)10626, 1(2)k13809, DRK, P1112, Su(sev)R1,
E(sev)2B, Enhancer of sevenless-2B

FBgn0004638
FlyBase:FBgn0004638

FlyBase:FBan0006033




D. melanogaster Chromosome 2R Map range 8434275..8534274 bp, 50A12-50B5 cy
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C. elegans Chromosome | Map range 0..14972 kb
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Data source: WormBase GFF data, 21-July-2001 -- drawn by gnomap --

Features: scale 2.0 Mb/in
allele [25] cDNA_for_RNAI [361] CDS [3041]
gene [3551] insertion [45] inverted_repeat [5487]
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Genome attributes in euGenes,
July 2001

Genes Homo GO Genome  Genome
Located :

reported data  kilobases features

Fruitfly 23,649 56%  44% 31% 116,094 41,570
Human 37,049 66%  76% -- 3,310,005 1,575,667
Mouse 28,210 - 88% 20% - -
Weed 26,819 100%  18% 14% 116,702 54,053
Worm 21,881 100%  27% 27% 100,090 207,478
Yeast 1,226 90% 30% 88% 12,155 13,594
Zebrafish 1,221 -- 87% -- -- --




euGenes: Homologous Genes Summary Table

Genes with one or more similar genes or homologs in other organisms.
Number and percent with homologs, of total protein sequences available per organism.

Sguc;rgglogs> Fruitfly Human Mouse Worm Yeast Weed Zebrafish | Any N genes
R Emoamoam oam w2
tuman W D ouo oz W M g
e EE -BBEE BB
RN N A A
s MW B R - BEm o
Zebrafisn % G ok a% e 10 Ll 83l
Rice 569 600 472 544 492 1974 92 | 2038 4285
13% 14% 11% 12% 11%  46% 2% 47%
E. coli (bacteria) SR v v S o S 9 e | ne 4289

Genes with one or more similar genes, or paralogs, in same organism.
Fruitfly Human Mouse Worm Yeast Weed Zebrafish

4412 6239 3594 9834 1945 16607 530
34% 53% 53% 51% 31% 71% 63%

Gene homologies of Rice, E. coli (bacteria), are provided for comparison. They are not part of the euGenes data set.

Paralogs



Gene Ontology Term Hierarchy

Find ||erI ecul ar_function

Hierarchy for molecular _function and sub-parts
Component of:  Gene Ontology

Term Fly Genes Mouse Cenes Yeast Genes Wed Genes Wor m Genes
---_v nolecular function 6968 4648 5789 3899 5809
..._V anti-toxin 0 0 0 0 0
.. | Lipoprotein anti-toxin 0 0 0 0 0
| anticoagul ant 0 2 0 0 1
_v antifreeze 0 0 0 0 0
.. | ice nucleation inhibitor 0 0 0 0 0
._V antioxidant 8 2 2 0 0
.. gl ut at hi one reduct ase (NADPH) 1 1 1 0 0
.. thi oredoxin reductase (NADPH) 2 1 1 0 0
| antisense RNA 0 0 0 0 0
_Vv apoptosis requlator 18 _4 0 0 0
_> apoptosis activator 3 2 0 0 0
... | apoptosis inhibitor 16 2 0 0 0
._v cell adhesion nol ecule 210 42 _3 0 17
.._> calciumdependent cell adhesion nolecule
_4 -] 0 0 13
| calciumindependent cell adhesion nolecule
0 1 0 0 0
| cell adhesion receptor 7 2 3 0 2
| extracellular matrix protein, adhesive
0 0 0 0 0
| nenbrane-associated protein with guanylate kinase activity
_4 _2 0 0 0
| neuroligin 0 0 0 0 0
. selectin 21 0 0 0 0
_v cell cycle regulator 107 128 13 27 2
.._> cyclin 14 17 13 26 0
_Vv chaperone 173 56 60 48 0
| chaperoni n ATPase 3 0 2 0 0
_> cochaperone 5 21 7 0 0
| inbrial chaperone 0 0 0 0 0
| heat shock protein 28 23 17 33 0
| HSC70-interacting 0 0 0 0 0
|  HSP70/ HSP90 organi zing protein 1 0 0 0 0
| ectin-bi ndi ng chaperone 0 0 0 0 0
..._> netal |l ochaperone 1 0 0 0 0
... | nucleosone assenbly chaperone _4 0 0 0 0
..._> peptidylprolyl isonerase 16 11 13 11 0
... | ribosonal chaperone 0 0 0 0 0
.. | tubulin folding 0 0 0 0 0
| cytoskeletal requlator 1 3 0 0 0
_v defense/immunity protein 64 249 1 0 72
| acute-phase response protein 0 0 0 0 0
_> antimcrobial peptide 38 2 1 0 0
.| antiviral response protein 0 0 0 0 0
._> blood coaqul ation factor 0 15 0 0 0
._> conpl enent conponent 0 23 0 0 0
.| inmmunogl obulin 0 89 0 0 72
._> major histoconpatibility conplex antigen
0 92 0 0 0
.. | opsonin 0 0 0 0 0
_V enzyne 3016 1349 1162 2649 2579
|  1-deoxyxyl ul ose-5-phosphat e synt hase 0 0 0




euGenes

Organism

Fruitfly Genes

(Drosophila
melanogaster)

Human Genes
(Homo sapiens)

Mouse Genes
(Mus musculus)

Weed Genes
(Arabidopsis
thaliana)
Worm Genes
(Caenorhabditis
elegans)

Yeast Genes
(Saccharomyces
cerevisiae)
Zebrafish

Genes (Danio
rerio)

All Genes
summaries

Available
genes

23,649

37,049

28,210

26,819

21,881

7,226

1,221

Help & Documents

Tools

Last updated: 08 July 2001

Worm Genes:
Genomic Information for
Caenorhabditis elegans

Genes include 3866 experimentally determined loci and 18015 predicted loci.

Browse Worm Genes reports

Map of Worm chromosomes: | II I 1V V X

Search Worm Genes

[ Search | [ Homology 2] SearchHelp?
for these words (appending [ wildcard * to words)
|human

excluding [ predicted genes.
Limit search by [ Select Function, location, process] M |cvpi ck. c6ce2

Internet services for Worm Genes

® C. elegans Virtual Library

e \WormBase, Cambridge, UK

e \WormBase, Montpellier, France
e \WormBase, New York, USA

Worm Genes Data files

Genesdata 12 Mb, updated 08 July 2001

Geneslist

Homologous genestable 11 Mb, updated 08 July 2001

Reference proteins 9 Mb, updated 05 July 2001

Feature tables and DNA for genome 113 Mb, updated 08 July 2001
listing features, gene symbols, sequence positions, and | Ds for each chromosome
FTP File Transfer for these data

Source of data

ftp://ftp.sanger.ac.uk/pub/wormbase/current release/




Vocabulary Query Selector

[ Find | [molecular functian ?

Modify gquery with selected terms  help?

Restrict query to

@®; Include only tems matching these terms 2
i Exclude items matching these terms 7
Use

#®; Checked térms and all sub-components 2
L2 Only checked terms T

'Addﬂﬁsnehnﬁnnl?_'ﬂlmgahﬂﬁsﬂlﬁﬂim'?_|Eﬂmrch:dcui?_|']}malehcﬁngm|?_

Component of: || Gene Ontology

Worm
Term P
=% | molecular_function S804

.- | I anticoapulant

... % ] eell adhesion molecule
e 1 caleium-dependent cell adhesion molecule
.| 1 cell adhesion receptor

%l eell eyele regulator

L L defense/immunity protein
~| T immunoglobulin

Tl enzyme

_| aldolasze

_| ATPase

| disulfide oxidoreductase

1 DNA repair enzyme

1 glyeine cleavage system

_| helicase

| hydrolase

_| isomerase

1 kinase

T ligase 1
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_
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Gene Function selector

oo | | heterotrimeric G protein

oo | Ll small-molecule carrier or tran =
.. »f signal transducer

oo | [0 two-compeonent sensor molecule
A > [T lignd
= | recepbor

oz | receptor signaling protein
_| storage protein
T struetural protein

| [T amyloid protein
| Ll structural protein of ribosome
‘v _| transporter
| amine/polyamine transporter

[0 amine acid transporter
[0 carbohydreate transporter

Ll carrier

Ll channel/pore class transporter
|_J intracelbular transporter

[T jon transporter

[0 lipid transporter

I neurotransmitter transporter

|l nuelesbase. nucleoside, nucleotide nueleie

|| protein transporter
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i rrent selection:

Branch styles: v, ---> have subcomponents, ---| 15 leaf node:
| is a component of, .| is an instance of, ~~~| is derived from, == is a top level

i unts are of links in a part and all sub-parts. A sub-part can ocour more than onee in hierarch
i nted once at the higher level. Thus sub-part counts can sum to more than the higher level co

cabulary version 2,37, 2.64, 2,49, null -- Data source http-/www. geneontelogy. org’



Select Batch Refine
euGenesquery results D download query
Query: homology=[human*] and [vocabulary-terms:+signal transducer+subterms], No. matches= 190
# Symbol Name Chromosome Organism Ref. database
1acr-3 - X Worm ACEDB:acr-3
2 acr-8 - X Worm ACEDB:acr-8
3acr-9 - X Worm ACEDB:acr-9
4 acr-10 - X Worm ACEDB:acr-10
5acr-11 - I Worm ACEDB:acr-11
6 acr-12 - X Worm ACEDB:acr-12
7 acr-13 - X Worm ACEDB:acr-13
8 acr-14 - I Worm ACEDB:acr-14
9 acr-16 - \% Worm ACEDB:acr-16
10 acr-19 - I Worm ACEDB:acr-19
11 aha-1 - I Worm ACEDB:aha-1
12 ahr-1 - I Worm ACEDB:ahr-1
13clr-1 - I Worm ACEDB:clr-1
14 cwn-2 - v Worm ACEDB:cwn-2
15 eat-16 - I Worm ACEDB:eat-16
16 egl-2 - \% Worm ACEDB:egl-2
17 egl-10 - \% Worm ACEDB:egl-10
18 egl-15 - X Worm ACEDB:egl-15
19 egl-20 - v Worm ACEDB:egl-20
20 epi-1 - v Worm ACEDB:epi-1
' 21 ,[20 items, Format: .
[%LL Hypm(exlt m First E:csli nggi N—> Fast forward || Last page
= page <<< [1] [1] >>>[81] [190]
Batch Download
: QAl@ltems [t (eg,'1.510.11) Format: (Document Hypertext =)

Refinequery or find itemsin related data

[ and

il [ Gene symbol/synonym

homology=[human*] and [vocabulary-terms:+signal transducer+subterms]

% ) matches|




Bulk dataretrieval

« For gene array expression experiments, other uses
« Download search results as bulk tables
o Spreadsheet tables, database (XML, other) formats

o Example Quer Y: homology=[human*] and [vocabulary-terms:+signal
transducer+subterms], No. matches= 190

Database ID Symbol Ref. Database Chromc¢ Map location Molecular funi proce Cellular comj Ref. sequi Ref. protein  Synonyms

CEgn000000¢ acr-3  ACEDB:acr-3 X 6743849..6747041 membrane fraction; GO: WormBase:K1: K11G12.7, YO
CEgn000001Z acr-8  ACEDB:acr-8 X 10446610..10450821 membrane fraction; GO: WormBase:ZC* ZC504.2
CEgn000001: acr-9  ACEDB:acr-9 X 13676950..13681944 membrane fraction; GO; WormBase:C4( C40C9.2
CEgn0000051 aha-1  ACEDB:aha-1 | 10058199..10061030 nucleus; G0:0005634 WormBase:C2! C25A1.11
CEgn0O00005Z ahr-1 ~ ACEDB:ahr-1 | 9386621..93¢ DNA binding; G0:0003677 WormBase:C4: C41G7.5
CEgn0000237i clr-1  ACEDB:clr-1 |l 5496437..55 protein phosphatase; GO:0004721 WormBase:F5t F56D1.4
CEgn000032(C cwn-2  ACEDB:cwn-2 IV 10079455..1( signal transducer; G0:0004871 WormBase:WO wnt-2, WO1B6
CEgn000046¢ eat-16 ACEDB:eat-16 | 3.825068 signal transducer; GO:0004871 WormBase:C1( C16C2.2

CEgn000047¢ egl-2  ACEDB:egl-2 V 1289525..1299037; -19.510000 membrane fraction; GO: WormBase:F1¢ F16B3.1






FlyBase & euGenes informatics detalls

o Text database  Browsing

— flexible, smple data format for — Sorted lists of data and query
a heterogenous, hierarchical result subsets
object document structure — Lists show primary

— datarecord for agene or other Information of records with
bio-object contains most data for hyperlinks to detalils.
human-readable report — Lists are paged for viewing
(denormalized). unlimited numbers

— record contains any kind, number — Any subset of lists can be
of fields and subrecords, along retrieved for view or analysis,
with 1D and summary. in multiple formats

— fileof al recordsfor aclass, and
associated indices. Efficient
search/retrieval from hugefiles
for various software.



FlyBase & euGenes informatics, cont.

Searching

SRS search engine - fast, field
aware, efficient and easily tuned
for large and semi-structured text
databases

Boolean and regular expression
matching

Multiple data class linking ("joins’)

Refinement of searches: easily add
new parameters to a query to focus
results from first search

Reporting

Convert datato readable reports at
request time, with user options

Present data fields selected and
arranged as user desires,
summarizing long lists
Automatically generate data
summaries

Extensive hypertext links among
reports, runtime configured

Include pictures and maps
generated from data

Include external data with runtime
Internet lookups (e.g. PubMed)

Object-oriented Java software with
classes specific to each data field



Todo list for euGenes

More organisms (rice, others)

Public BLAST genome search interface

Synteny maps (multi-organism gene region homology)
Medline/PubMed literature integration

Beyond GO: genes in metabolic paths, development
expression groups, other supra-gene organization

Multi-organism, mutli-gene mining/analyses uses
Data management for stand-alone usage

Make into template infosystem, as ACeDB

L ots of incremental improvements

Find (time to find) funding (to find help (to do it better
... 1)) -- Interest isthere
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Center for Genomics and Bioinformatics

Home to

http://sunflower.bio.indiana.edu/
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UGen
http://iubio.bio.indiana.edu/eugenes/

 FlyBase

I[UBIio Archive of Biology data and software since 1989
http://iubio.bio.indiana.edu/
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Bio-mirror

Global distribution of large data sets in bioinformatics

http://bio-mirror.net/



