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* Model Organism Databases

— a.k.a. Genome Databases

Genome Databases

* Organism specific resource

» Typically includes any of the following
— genetic and physical maps
— DNA & protein sequences
— Gene nomenclature

— Summary of the literature

* Includes community specific data




e Common Entry Points
— gene or ORF symbols (database IDs)
— sequence (BLAST search)
— full gene names
— map location(s)
— text search
— hyperlinks from another resource
* Environment

— Relational database
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GDB www.gdb.org

OMIM ncbi.nlm.nih.gov/Omim
LocusLink ncbi.nlm.nih.gov/LocusLink
GeneCards bioinformatics.weizmann.ac.il/cards
MGD www.informatics.jax.org
BDGP www.fruitfly.org

FlyBase flybase.bio.indiana.edu
TAIR www.arabidopsis.org
MaizeDB www.agron.missouri.edu
WormBase www.wormbase.org

RGD rgd.mcw.edu

SGD genome-www.stanford.edu
ZFIN zfin.org




Generic Model Organism Database
www.gmod.org

* MODs working together to share software
modules

e Modules built to shared

* Modules input/output using XML

— DAS - www.biodas.org

— GFF - www.sanger.ac.uk/Software/formats/GFF
* Open source, www.gmod.org

e BioPerl - bio.perl.org

e Model Organism Databases
— a.k.a. Genome Databases

e Curation

 SGD

* Sequence Comparison

e Microarray Results

e Gene Ontology




Curator?

e Museum

— Conservator
— Keeper

e Journal
— Editor

e Educator
e Ontologist

Curation

* Information Acquisition * Quality Control

» Standardization — Thoughtful design,
— Nomenclature constant checks
— Controlled Vocab.

— design for what is
* Connections known

— Collaborations for data or
software

— links & hyperlinks e Presentation

» User Support

— User interface
— Needs




Trained professionals

* Ph.D. or postdoc in labs

* General scientific interests

* Work at a computer screen, and think
e Interested in the details

* [dentify conflicting or ambiguous
information

* Find missing details from the literature as a
result of exploration

* SGD




Ancient Brewers

The Role of Yeast in Brewing

1866 - Louis Pasteur

— Yeast was responsible for alcoholic fermentation.

1883 - Emil Christian Hansen

— Developed pure culture technique
— Isolated pure cultures of brewing yeasts
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Summary: Tepeisomerases catalyze the mterconversion between topological states of DIA by breakmg and rejommg DA strands.
These changes m DA topology are required during several cellular processes such as replication, transcription, recombination, and
chromosome condensation (1). There are three classes of topoisomerases that are distmpuished by substrate (T4, IB, IT). Type I
topoisomerases cleave one DINA strand, while Type IT enzymes cleave a pair of complementary DINA strands (2). The type IB
topoisomerases relax both positively and negatively supercoiled DINA; TOF 1 encodes the type IB enzyme in yeast (3, 4). Type IA
topoisomerase, encoded by TOP 3 in yeast, relaxes only negatively supercoiled DITA, and yeast topoisomerase IT is encoded by the TOP2
gene (2)

Topoisomerases are highly conserved; yeast Top 1p shares 57% identity with human Top! (5). The Top! protein, like other type IB
topowsomerases, relaxes supercoled DINA by formung a DINA-enzyme complex and transiently cleaving one strand via a nucleophihc attacle
that results m a covalent nkage with the 3' end of the cleaved strand. The 5' end can then rotate freely (1).

Toplp is the target of the antitunor drug camptothecin (6). Camptothecin increases the half-life of the enzyme-DINA complex, which
results m double-stranded DINA breaks dunng DINA rephcation (7). Specific ammo acid substtutions m Top 1p have the same effect as the
drug (8). Suppressors of these mutations were 1dentfied that reduced the enzyme's affimty for DA (9).

Created: 1999-11-09 KARA
Modified: 1999-11-05 KARA

Summary References:

1) Berger JM (1998) Structure of DINA topeisomerases. Biochim Biophyvs Acta 1400{1-3).3-18
T P uohied |

) Wang JC (1996) DIVA topoisomerases. Annu Rev Biochem 65():635-92
seo%n

3) Thrash C, ef al. (1985) Clommng, charactenzaton, and sequence of the yeast DINA topoisomerase I gene. Proc Natl Acad Sei U S
A 82(13)4374-8

Curated
seo R Publ

4) Goto T and Wang JC (1985) Cloning of yeast TOF 1, the gene encoding DIVA topeisomerase I, and construction of mutants
defective m both DINA topoisomerase I and DINA topoisomerase II Proc Natl Acad Sc1 U7 5§ A 82(21):7178-82

sootfizs® QU]

* Sequence Comparison
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DNA Replication Initiation Complex

: MCM Proteins

Results of Highest Stringency BLAST Search
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DNA Replication Initiation Complex

: MCM Proteins
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Red nane = HORH

Green nane = ARAB

AT2gE2EEE

ATSg4E230

C2507.6

TEL@ZZH

Atlg4d3Ea

Y1TGETE.S

WELE22C

—
—

At2g@TEaE

R1GE4. 4

[
[
—

YLREZ74H

AT4gBzasa

YERZEZH

F22D1.1@

FAt2gleddn

WPRB15L

YEIGLAAR. G

KE3Z. 1

)

YELZALC

MCM3

MCM?2

CDC46/MCM5

CDC47/MCM7

CDC54/MCM4

MCM6

These proteins form a hexamer in the species that have been examined
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T T TUBULIN
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Conservation of Worm and Yeast Sequences

Classification of Sequence Groups by Process
Chervitz et al., (1998) Science 282:2022-2028
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Model Organism Databases

— a.k.a. Genome Databases
Curation

SGD

Sequence Comparison
Microarray Results
Gene Ontology

DNA Microarray

18,000 human cDNA clone inserts
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Microarray technology

* Robotically spotted PCR products
— cDNA clone inserts (human, mouse, Arabidopsis)

— ORFs amplified from genomic DNA (yeast, worm,
E.coli)

URL: http://cmgm.stanford.edu/pbrown

Extracting Data

Experiments —p
4

1® 200 10000] 50.00( 5.64
4800 4800| 1.00| 0.00
9000/ 300 0.03|-4.91

SEMEE
cy31 gz( )

Cy3 Cys )
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The Microarray Procedure

Asynchronous Synchronized

O

O

Prepare RNA
Fluorescently

‘%%
N K

Labeled

cDNA
amaaa
Mix, and

Hybridize

a cdcl5 cdc28

Elu

MCM

= Histones
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9

‘Phasogram

800
periodically
expressed
genes sorted
by phase:
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Identifying correlated gene expression

The experiments
are in columns
containing a unique
gene in each row

Build a series of
profiles and calculate
correlations for each
gene to each profile.
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ScanAlyze Hierarchical
Clustering
Database
Data Selection Self L.
‘ Organizing
: K-Means
Complete Data Table
(cdt) : i
\ Download - H § SVD

Annotating Microarray Clusters with GO

ORF NAME GENE NAME
YNLO55C PORI
YGR194C XKS1
YKL148C SDH1
YML120C NDII
YDR529C QCR7
YHRO51W COX6
YEL024W RIP]
YER141W COX15
YORO65W CYTI
YBL045C CORI
YKL141W SDH3
YDR178W SDH4
YLLO41C SDH?2
YKLO85W MDH1
YFRO033C QCR6
YORO65W CYTI
YBLOISW ACHI

Microarray cluster from Figure 2K of Eisen et al. (1998). Cluster analysis and display of
genome-wide expression patterns, Proc. Natl. Acad. Sci. 95: 14863-14868
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Annotating Microarray Clusters with GO

oo

K

FUNCTION

voltage-gated ion channel
xylulokinase

succinate dehydrogenase

NADH dehydrogenase
ubiquinol--cytochrome-c reductase
cytochrome-c oxidase

Rieske Fe-S protein

cytochrome-c oxidase
cytochrome-c1
ubiquinol--cytochrome-c reductase
succinate dehydrogenase subunit
succinate dehydrogenase subunit
succinate dehydrogenase subunit
malate dehydrogenase
ubiquinol--cytochrome-c reductase
cytochrome-c1

acetyl-CoA hydrolase

Microarray cluster from Figure 2K of Eisen et al. (1998). Cluster analysis and display of
genome-wide expression patterns, Proc. Natl. Acad. Sci. 95: 14863-14868

Annotating Microarray Clusters with GO

W e ow m "Tﬁ':/

K

PROCESS

other anion transport

xylulose metabolism

tricarboxylic acid cycle

oxidative phosphorylation

electron transport

oxidative phosphorylation

electron transport

oxidative phosphorylation

electron transport

electron transport

tricarboxylic acid cycle & electron transport
tricarboxylic acid cycle & electron transport
tricarboxylic acid cycle & electron transport
tricarboxylic acid cycle

electron transport

electron transport

acetyl-CoA metabolism

Microarray cluster from Figure 2K of Eisen et al. (1998). Cluster analysis and display of
genome-wide expression patterns, Proc. Natl. Acad. Sci. 95: 14863-14868
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Annotating Microarray Clusters with GO

ORF NAME

YKLI148C

YNLOSSC
cpels 0w (B B /YGRIML‘

YMLI20C
YDR529C

YHROSIW
YEL024W
YERI41W
YOR065W
YBL045C

YKLI4IW

YDRI78W
YLL041C
YKLOSSW

YFR033C
YOR065W

YBLOISW

GENE PROCESS FUNCTION CELLULAR COMPONENT

PORI other anion transport voltage-gated ion channel mitochondrial outer membrane

XKSI xylulose metabolism xylulokinase cytoplasm

SDHI tricarboxylic acid cycle succinate dehydrogenase mitochondrial inner membrane

NDII oxidative i i inner membrane

QCR7 electron transport biquinol b c reductase inner membrane

COX6 oxidative phosphorylation  cytochrome-c oxidase mitochondrial inner membrane

RIPI electron transport Rieske Fe-S protein mitochondrial inner membrane

COXI5  oxidative phosphorylation  cytochrome-c oxidase mitochondrial inner membrane

CYTI electron transport cytochrome-c1 mitochondrial inner membrane

CORI electron transport biquinol h reductase inner membrane

SDH3 tricarboxylic acid cycle succinate dehydrogenase subunit  mitochondrial inner membrane
electron transport

SDH4 tricarboxylic acid cycle succinate dehydrogenase subunit  mitochondrial inner membrane
electron transport

SDH2 tricarboxylic acid cycle succinate dehydrogenase subunit  mitochondrial inner membrane
electron transport

MDHI tricarboxylic acid cycle malate dehydrogenase mitochondrial matrix

QCR6 electron transport biquinol h reductase inner membrane

CYTI electron transport cytochrome-c1 mitochondrial inner membrane

ACHI acetyl-CoA metabolism acetyl-CoA hydrolase cytoplasm

Microarray data from Figure 2K of Eisen et al. (1998). Cluster analysis and display of genome-
wide expression patterns, Proc. Natl. Acad. Sci. 95 (25): 14863-14868.

ORF NAME
YNLO55C
YGR194C
YKL148C
YMLI120C
YDRS529C
YHRO51W
YEL024W
YER141W
YORO065W
YBL045C
YKL141W

YDRI178W
YLL041C
YKLO85W
YFRO033C

YORO65W
YBLOISW

Annotating Microarray Clusters with GO

GENE PROCESS

POR1 other anion transport

XKS1 xylulose metabolism

SDH1 tricarboxylic acid cycle

NDI1 oxidative phosphorylation

QCR7 electron transport

COX6 oxidative phosphorylation

RIP1 electron transport

COX15 oxidative phosphorylation

CYTI electron transport

COR1 electron transport

SDH3 tricarboxylic acid cycle
electron transport

SDH4 tricarboxylic acid cycle
electron transport

SDH2 tricarboxylic acid cycle
electron transport

MDHI1 tricarboxylic acid cycle

QCR6 electron transport

CYTI1 electron transport

ACHI1 acetyl-CoA metabolism

FUNCTION

voltage-gated ion channel
xylulokinase

succinate dehydrogenase

NADH dehydrogenase
ubiquinol--cytochrome-c reductase
cytochrome-c oxidase

Rieske Fe-S protein

cytochrome-c oxidase
cytochrome-cl
ubiquinol--cytochrome-c reductase
succinate dehydrogenase subunit

succinate dehydrogenase subunit
succinate dehydrogenase subunit
malate dehydrogenase
ubiquinol--cytochrome-c reductase

cytochrome-cl
acetyl-CoA hydrolase

CELLULAR COMPONENT
mitochondrial outer membrane
cytoplasm

mitochondrial inner membrane
mitochondrial inner membrane
mitochondrial inner membrane
mitochondrial inner membrane
mitochondrial inner membrane
mitochondrial inner membrane
mitochondrial inner membrane
mitochondrial inner membrane
mitochondrial inner membrane

mitochondrial inner membrane
mitochondrial inner membrane
mitochondrial matrix

mitochondrial inner membrane

mitochondrial inner membrane
cytoplasm

22



* Gene Ontology

Knowledge of a protein's biological
process in one organism can often be
transferred to another organism.

The goal of the Gene Ontology
Consortium is to produce a dynamic,
controlled vocabulary that can be applied
to all eukaryotes (& prokaryotes) even as
knowledge of gene and protein roles in
cells is accumulating and changing.
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The Categories of GO

Gene Ontology

Biological Process = goal or objective
(e.g. ion transport, budding, stress response)

Molecular Function = elemental activity/task
(e.g. ATPase, polymerase, protein kinase)

Cellular Component = location or complex
(e.g. membrane protein, ribosomal subunit)
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WormPD™ 56 Functional Categories

142|ATPase 6[Nuclear import/export protein
36|ATP-binding cassette 126|Nuclease [endo, exo, ribo, deoxyribo]
22|Activator 31|Other
85|Active transporter, primary 80|Other kinase
231|Active transporter, secondary i osphata
31[Adhesin/agglutinin \ 372[Oxidoreductase J
4|Anchor Protein FS4dRcat {767 than proteasomal)
223|Channel [passive transporter] 41|Proteasome subunit
49|Chaperones 34|Protein conjugation factor
20|Complex assembly protein 381|Protein kinase
12|Conserved ATPase domain 106|Protein phosphatase
10|Cyclin 25|RNA polymerase subunit
68|DNA polymerase or subunit 214|RNA-binding protein
429 |DNA-binding protein 10(Receptor (protein translocation)
19[Docking protein 1204 [Receptor (signalling)
21|GTPase activating protein 28|Regulatory subunit
119|GTP-binding protein/GTPase 5[Ribosomal subunit
16|Guanine nucleotide exchange factor 237|Small molecule-binding protein
30|Heat shock protein 8|Spliceosomal subunit
70(Helicase 245|Structural protein
698|Hydrolase 9|Topoisomerase
32|Inhibitor or repressor 263|Transcription factor
55(Isomerase 614|Transferase
26|Ligand 44|Translation factor
85|Ligase 423|Transporter
99|Lyase 11136|Unknown
41|Major Facilitator Superfamily 2|Vesicle coat protein
51 [Motor protein 30[tRNA synthetase
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Biological Process Ontology: MCM Genes

DNA metabolism
DNA degradation e \'-——-——--vDNA recombination
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DNA packagin DNA Repai Ligd
p Bing DNA replication Iliji'll]r
RNH35 Rad1
RNR1 Ligl
mitochondrial Ree] Ligd
genome maintenance Rrm?2

DNA-dependent
DNA rephcalmn

mitochondrial
DNA-de pendent DNA ligation
DNA replication cDCy
Ligl
pre-replicative complex DNA replication elongation
formation and maintenance
Memid
MCM2 Mcm2 Memd2
MCM3 Mem3 DNA DN)A strand elongation
CDCS4MCME Mot Memdi  unwinding L
CDC46/MCM5 Mcm5 MCM2 Reect lagging strand
MCME Mcmb Memds MCM3 i

elongation

CDC47IMCM? Mom7 DNA . DNA i

Ore2 priming initiation DPEN

MCM6 Prim1 MCM2 leading strand ~ POL2

CDC47IMCM? Prim?2 MCM3 elongation cney
[l SACCHAROMYCES Polal CDC54/MCM4 Mendd ehez
[l PrROSOPHILA Pola2 CDC46/MCMS5 Memds DPBi1
MCM6 POL2

W mus CDC47/MCMT

26



Cellular Location Ontology:

MCM Genes

cell
RNH35

cytoplasm nucleus

MCM2
MCM3
CDC54/MCM4 Mcmidd .
CDC46/MCMS5 Mcomds nuclear
MCM6 nucleolns membrane

CDC47IMCM7 nucleoplasm

pre-replicative ,__/ \ replltatlon fork
CM2

complex Memid

Memid REV3

MCM2 Mem2 Memid2 alpha DNA polymerase 3
Mcm3 primase complex CD«‘. 54/MCM4
Me: m? Memdd Polal Prini CDC46/MCM5
Pola2 Prim2 MCMe
MCMG6 delta DNA polymerase CDC#7{MCM7
CDC4TIMCM?  Mom? Memd? CDC? Polai
Pala2

DNA replication factor A complex

origin
Il SACCHAROMYCES DNA replication factor C complex recognition
. i complex
DROSOFHIILY ORC2 Ore2 Ore2

W Mmus

Molecular Function Ontology: MCM Genes

nucleic acid binding enzyme

DNA binding

chromatin binding 5.0

MCM2 Mcm2 Memd2 triphosphatase triphosphatase
MCM3 Mem3

adenosine triphosphatase

ATP-dependent DNA-dependent
adenosine adenosine

CDCS4MCM4 M4
COC46/MCM5 Mems
MCM6 Mem6 Memd6
CDC47IMCMT Mem? Memd? Aggf?’ji‘;'::‘
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lamin/chromatin
binding

CDC54/MCM4 Memd4
CDC46/MEMS

MCMé Memdi
CDC47/MCMT  Memd7
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[l PROSOPHILA

W Mus
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Gene Product Associations to an Ontology

ID

Term
Definition
Ontology
nonyms

O -
PPN
PPN

Is-a| Part-of
Nodel ID
Node2 ID

GO ID
_— DB ID
Evidence code

Reference Citation
T

http://genome-www.stanford.edu/Saccharomyces/

#:- RPN11YFRO04W - Netscape

File Edit Yiew Go Communicator Help

4 o A4 4 = omWm oSG & O @

Back Forward Reload Haome Search  Metscape  Print Security Shop Stap
" Bookmarks £ Location:[hitp://genome-wwwiid stanford. edu/egibin/SGD locus. pi?sgdid=5 0001500 -] 7 What's Rielated

& RPN11/YFRO04W

Search 3GDr | GenefSeq Fesources | Help | Gene Registry | Maps
ELAST | FASTA | Pathfatch | Sacch3D | Primers | SGD Home

RPN11 BASIC INFORMATION RPN11 RESOURCES
Standard Name RPN11 Click on map for expanded view
15608 to 156080
Alias MPR1 o s
Systematic MName YEROOD4W | —
Feature Type ORF =
Molecular Function  » mullicatalytic endepeptidaze + Literature
Biclogical Process o ubicquitin-dependent protein degradation Gene_Info j‘ M
Cellular Component o 195 proteasome regulatory particle + Retrieve Sequences

Deseription Suppressor of mutant (ts on glycerol) tRINA gene deficient DIMA fw intrans) :l' Retrieve

in the processing of its 3'-end, homologous to 3. pombe

PAD1 gene - global positive regulator of nuclear + Sequence Analysis Tools

transcription and is involved in maintenance of chromatin W Analyze

structure =l
& == | Document: Dane BT o 7
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3 GO: ubiquitin-dependent protein degradation - Netscape

File Edt Wiew Go Communicator Help

<« & A 4 <5 & 8 @
Back  Fowod  Relad  Home  Seach  Netscape  Prnl  Secuity  Shop Sl
2 Bookmarks & Losation:[litp: 7 gencme-mnd.stanford edu/cg-bin/S R0 /G0/go plRgoid-6511 ] 1 what's Related

GO: ubiquitin-dependent protein :l
e degradation

Search SGDr | GenelSeq Resources | Help | Gene Regetry | Maps
BLAST | FASTA | Pathfatch | Sacch3D | Primers | SGD Home

ubiquitin-dependent protein degradation (G0:0006511): (biclogical process ontology).

The following genes have heen annotated to this term:

Locus Reference(s) Evidence
APCT Zachariae, W. and K. Nasmyth (1999} Whose end 15 destruction: cell division TAS
and the anaphase-promoting complex. Genes Dev 13:2039-2038
APC2 Zachaniae, W. and K. Masmyth (1999) Whose end 15 destruction: cell dimsion TAS
and the anaphase-prometing complez. Genes Dev 13.20353-2058
APC4 Zachariae, W. and E. Wasmyth (1999 Whose end 1z destruction: cell division TAS
and the anaphase-promoting complex. Genes Dev 13:2035-2058
APCS Zachariae, W. and E. Nasmyth (1999) Whose end is destruction: cell division TAS
and the anaphase-promoting complex. Genes Dev 13:2035-2058
APCY Zachariae. W, and K. Nasmvth (1983 Whose end is destruction; cell dimsion TAS |
e == |Document: Done = i i

Gene Ontology provides ...

e Three structured controlled vocabularies
— ID, Term, Definition, Synonyms

» Expert groups provide high quality
associations for gene products
— IDs, Evidence, Citations

e Software
— Web site for open source distribution.
— Database for vocabularies & associations
— Browsers (Java applet and HTML)
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