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i What is the Genome?

All the genetic material
in the chromosomes of
a particular organism.

i What is Genomics?

= The systematic application of (high
throughput) molecular biology
techniques to examine the whole
genetic content of cells.

= Understand the meaning of the
genomic information and how and when
this information is expressed.
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What is Bioinformatics?

= "The application and development of
computing and mathematics to the
management, analysis and
understanding of the rapidly expanding
amount of biological information to
solve biological questions”

» Straddles the interface between
traditional biology and computer
science

Human Genome Project

= The systematic cataloguing of
individual gene sequences and
mapping data to large species-specific
collections

= "An inventory of life”

= June 25, 2000 draft of entire human
genome announced

= Mouse, fruit fly, c. elegans, ...
= Sequence is just the beginning

http://www.nature.com/genomics/human/papers/articles.html
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Functional Genomics

= An integrated view of how
organisms work and interact in
growth, development and
pathogenesis

= From single gene to whole genome

= From single biochemical reactions to
whole physiological and
developmental systems

= What do genes do?
= How do they interact?

‘ Comparative Genomics

I
~14,000

~9,000

~6,000

http://wit.integratedgenomics.com/GOLD/
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‘ Of Mice and Men a:
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‘ Genotype to Phenotype

DNA protein function

or\éj“a;ism popultion

= Link the observable behaviour of an organism with
its genotype

= Drug Discovery, Agro-Food, Pharmacogenomics
(individualised medicine)
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Disease Genetics &

‘ Pharmacogenomics
| - Data Capture ->
. Clinical ) -
Hypotheses = Design =®  mage/signal =9 Analysis . 1teqration
- Genomic/Proteomic wp-
4 \ f -
= — Yy
Model_& Knowledge Information Annotation /
ﬁﬁﬁ; Repositories Sources <> Knowle dge

Resources
Individualised
Medicine

& Representation

Information @
<+

Fusion

Data Mining

Case-Base
Reasoning

In silico experimentation

Which compounds interact with (alpha-adrenergic
receptors) ((over expressed in (bladder epithelial cells))
but not (smooth muscle tissue)) of ((patients with urinary
flow dysfunction) and a sensitivity to the (quinazoline
family of compounds))?

Drug
ormula

inica
trials
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A Paradigm Shift

Hypothesis-
driven

Hunter gatherers=—

@ Collection-driven
>

Harvesters- —

Size,
complexity, heterogeneity, instability

EMBL Database Growth = EMBL 1uly 2001
total record number (millions) » 150 GbyteS

= Microarray

& » 1 Petabyte

5 per annum
g, = Sanger Centre
8 e = 20 terabytes
e’ of data

s »« Genome

: II sequences

, T el increase 4x

FEEFESEP S S FEF Fatr o per annum

Yoar

http://www?3.ebi.ac.uk/Services/DBStats/

220



Information Management for Genome Level Bioinformatics - Paton, Goble

High throughput
experimental methods

= Micro arrays for gene expression
= Robot-based capture '
= 10K data points per chip
= 20 x per chip

= Cottage industry -> industrial scale

Complexity,

size, heterogeneity, instability

o 5]
g

|
= Multiple views
» Interrelated

— Py “l
—Il—u—u—lr

Oy G Gy

= Intra and inter cell
interactions and j _,

bio-processes

"Courtesy U.S. Department of Energy Genomes to Life program (proposed) DOEGenomesTolife.org."
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Heterogeneity
size, complexity, instability

s Multimedia
» Images & Video (e.g. microarrays)
= Text “annotations” & literature

= Over 500 different databases
= Genomic, proteomic, transcriptomic, metabalomic,
protein-protein interactions, regulatory bio-
networks, alignments, disease, patterns & motifs,
protein structure, protein classifications, specialist
proteins (enzymes, receptors), ...
» Different formats, structure, schemas, coverage...

= Web interfaces, flat file distribution,...

Instability
size, complexity, heterogeneity

= Exploring the unknown
= At least 5 definitions of a gene
» The sequence is a model
= Other models are “work in progress”

= Names unstable
= Data unstable
= Models unstable
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Genome Level Data

Biological Macromolecules

= DNA: the source of
the program.

= MRNA: the compiled
class definitions.

= Protein: the runtime
object instances.

WN3sny Y3[eaH [euoneN ayi@adus|[aoxg sseody O

DNA — mRNA — Protein

Biological Teaching Resources:
http://www.accessexcellence.com/
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Genome

= The genome is the entire DNA
sequence of an organism.

200 400 500 200 1000 1200 1400 1600
The yeast genome -
o
(Saccharomyces ean e
cerevisiae). e
. kbl 71
A friendly fungus: F—— e
e e YT
brewer’s and baker’s e
et R R e
yeaSt. ol oty 1
i SRR s bl 511
http://genome- ey
PR i X1V
www.stanford.edu/ == > S
o T Ty ST
Saccharomyces/ SRR

A Genome Data Model
| "5
Genome ! . Chromosome O

Everything
in this
model is
DNA

1

E3

Chromosome Fragment
A

Transcribed Region NonTranscribed Region
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Chromosome

m A chromosome is a DNA molecule
containing genes in linear order.

Chromosome III from yeast. ——% =
Genes are shown shaded on . o e
the different strands of DNA.

‘‘‘‘‘‘‘‘

Gene

» A geneis a discrete unit of inherited
information.

» A gene is transcribed into RNA which
either:
» Functions directly in the cell, or
» Is translated into protein.

non
transcribed |, ™ ?_ELE'E'El/ transcribed
} %} _SJ EE
CHA1 YOLBS1C
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Model Revisited

Not all
“Junk
DNA”

Genome Chromosome

1

*

Chromosome Fragment

A Q

Transcribed Region NonTranscribed Region

Translation Data Model

Transcribed Region |

(e}

transcription Nk <
RNA
? —)
1 1 =
tRNA rRNA | |snRNA | | mRNA Protein
translation
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Transcription

|
n In franscription, DNA is used as a
template for the creation of RNA.

DNA RNA
A Adenine |A Adenine
C Cytosine |C Cytosine
G Guanine |G Guanine
T Thymine |U Uracil
Translation

= In trans/ation a protein sequence is
synthesised according to the sequence
of an mRNA molecule.
» Four nucleic acids contribute to mRNA.

» Twenty amino acids contribute to protein.
CODONS Amino Acid
AAA, AAG Lysine (Lys)
GCU, GCC, GCA, GCG Alanine (Ala)
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Molecular Structures

An abstract view of a globular
The double helix of DNA Protein of unknown function
(http://www.bio.cmu.edu/ (Zarembinski et al., PNAS 95
Programs/Courses/) 1998)

Genome Facts

Chromoso |Genes Base
mes Pairs
Human 22 + X,Y [25000+ 3.2
billion
Yeast 16 6000 12
million
E Coli 1 3500 4.6
million

228



Information Management for Genome Level Bioinformatics - Paton, Goble

Growth in Data Volumes

' A

300)

Number of

database

entries (K)
150)

—

-
1998

1988 1993
Date of database release

Non-redundant growth of sequences during 1988-1998
(black) and the corresponding growth in the number of
structures (red).

General Growth Patterns

loads Growth in

experimental

lots production of
Stuft.

some

recently now soon

An emphasis on quantity could lead to
oversights relating to complexity
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Making Sense of Sequences

= The sequencing of a genome leaves
two crucial questions:
» What is the individual behaviour of each
protein?
» How does the overall behaviour of a cell
follow from its genetic make-up?

In yeast, the function of slightly over 50% of the
proteins has been detected experimentally or
predicted through sequence similarity.

Reverse Engineering

= The genome is the source of a program
by an inaccessible author, for which no
documentation is available.

= Functional genomics seeks to develop
and document the functionality of the
program by observing its runtime
behaviour.
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Funci

Sequence
data

Functional
data

i The “omes”

= Genome: the total DNA sequence of an
organism (static).

= Transcriptome: a measure of the mRNA
present in a cell at a point in time.

= Proteome: a measure of the protein
present in a cell at a point in time.

= Metabolome: a record of the
metabolites in a cell at a point in time.
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Transcriptome

= Microarrays (DNA
Chips) can measure
many thousands of
transcript levels at a
time.

= Arrays allow
transcript levels to
be compared at
different points in
time.

Transcriptome Features

= Loads of data:
» Comprehensive in coverage.
» High throughput.
= Challenging to interpret:
» Normalisation.
» Clustering.
= Time series.
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Proteome
I

= Most proteome N T T ..
experiments involve || e e -
separation then b ety s » ol
measurement. [IE -

= 2D Gels separate a Sz e
sample accordingto | - o
g‘]\ais ﬁnd ?":Il SO | Proteome Database:

at (hopefully) eac http://www.expasy.ch/

spot contains one
protein.

Mass Spectrometry

= Individual spots can
be analysed using
(one of many) mass o0
spectrometry U [ ]

techniques.

= This can lead to the | Mass spec. results for
identification of yeast.
specific proteins ina | (http://www.cogeme.man
sample. -ac.uk )

233



Information Management for Genome Level Bioinformatics - Paton, Goble

Modelling Proteome Data

» Describing individual functional data
sets is often challenging in itself.

Machine 2MS Fraction
Maker m/z centre
sample Model m/zwindow | Fragment
* Sample ID Experiment 3 . e
1 Date «Hypothesis
Sample Origin | Experimenter . . Multiplicity
ame Method citation Source e Peak 2
[Full genotype Results citation Analate _+|Digestion o Experiment 1_miz .
Relevant genotype | Cell component Derivitisations Do Abundance
Mutant ID Technique 1 Cleanup method B Multiplicity
Condition .
Condition degree
Environment = o, Protein ID
Separand | Separation mechanism MALDI Experiment | | Electrospray User
Machine setup Experiment Date
Laser wavelength | [Machine voltage | |Program
Grid voltage Cone voltage Database
Matrix type Solvent Potential mods
Fraction Spot Gel Column D sequence
start point | pl Image Type Score
End point | Mass PH range Eluent profile 0
7 Area Mass range T
Intensity Equipment Otber featuresof database (interface etc.):
D Number | [Protein assay Protein
Background | |Background Defiition of essental v aptional attibutes IDescription
Putative ID | [Stain / Radio ccession #

Ablity 1 use aprfiet il i lldscommon

15t-Dim details o i Mass of protein

2nd-Dim details pl of protein
Links to GenBank,other DBs.

T
Modifications
Organism
ORF #

roteome Features

= Moderate amounts of data:
= Partial in coverage.
» Medium throughput.

= Challenging to interpret:
= Protein identification.
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Protein Interactions

= Experimental techniques can also be
used to identify protein interactions.

Protein-protein
interaction viewer
highlighting
proteins based

on cellular

location
(http://img.cs.
man.ac.uk/gims) V"
<1 26l [1] 9] 2] 7] s [ [ ] ] ] o] o o o o o o o [ ]l o o ol ol ol o o o o ol o] o [l ol ol ol el ol 1
Metabolome o
I - «-D-glucose 1-phosphate -
= A metabolic pathway -
describes a series of e
reactions. - _.z-mfaymgmymmassm' .
= Such pathways bring [~ |
together collections .. o
of proteins and the - [pesgem anypectin i,y
small molecules with
which they interact. Glucose metabolism in
yeast from WIT
(http://wit.mcs.anl.gov/
WIT2/ )
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Summary: Genome Level Data

= Genome sequencing is moving fast:
» Several genomes fully sequenced.
» Many genomes partially sequenced.

= The sequence is not the whole story:
= Many genes are of unknown function.

» Developments in functional genomics are
yielding new and challenging data sets.

Useful URLs on Genomic Data

= Nature Genome Gateway:
» http://www.nature.com/genomics/
» UK Medical Research Council Demystifying
Genomics document:
» http://www.mrc.ac.uk/PDFs/dem_gen.pdf
= Genomic glossary:
» http://www.genomicglossaries.com/
= Teaching resources:
» http://www.iacr.bbsrc.ac.uk/notebook/index.html
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‘ Genomic Databases

I
http://www.hgmp.mrc.ac.uk/GenomeWeb/genome-db.html

| Welcome to the GenomeWeb _ Searchfor: -
[ Address o) 5] @
.| Human Genome Databases T | I Il
‘The following are a collection of human genome databases.
Databanks Available
08-Jul-2001 14:56 Data Bank Release No Entries Indexing Date Group
MEDLINE 10726232 24-Mar-2001 Literature
OMIM gene map MEDLINENEW 811738 04-Jul-2001 Literature
EnsEMBL - annotated human sequences GO 7801 07-Jul-2001 Literature
‘The HuGeMap database EMBL 12044420 07-Jul-2001 Sequence
GenAtlas EMBLNEW 390750 07-Jul-2001 Sequence
SWALL 641475 08-Jul-2001 Sequence
SWISSPROT 98739 08-Jul-2001 Sequence
Tre SPTREMBL 473065 08-Jul-2001 Se e
& I W Sk & 9P @) REMTREMBL 64594 09-Mar-2001 Sequence
TREMBLNEW 69671 30-Jun-2001 Sequence
ENSEMBL 28563 15-May-2001 Sequence
i ) n Fp————— coan e soan o AJ
http://srs.ebi.ac.uk/ @e== T

Key points

1. What do the databases contain?
= Broad vs deep
» Primary vs secondary
2. What are the database services?
» Architecture & Web browsing paradigm
3.  How are the databases published?
How are the data represented?
= Annotation

5. How are the databases curated ?

>
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‘ A Paradigm Shift

Publishing journals

@ Re-analysable
>

Publishing data- =

Broad vs Deep Databases

= Broad: Clustered around data type or
biological system across multiple species

= Sequence: protein (Swiss-Prot), nucleotide
(EMBL), patterns (Interpro) ...

= Genomic: transcriptome (MaxD), pathway
(WIT)...

= Deep: Data integrated across a species
» Saccharomyces cerevisiae MIPS, SGD, YPD
» Flybase, MouseBase, XXXBase ...
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‘ Broad Example — MaxD

I
MaxD is a relational implementation of the ArrayExpress
proposal for a transcriptome database.

Probe.

I

b Aray b ArrayType mem— i

] I_; SpotAtir -l r MumericProperty ‘.l
Inage wh fmmswl | rm | | Texiprariys ot
1 SRR ——
Unique for each SpotMeasurement L.
omocaurzer o more fnes http://www.bioinf.man.ac.uk

Broad Example - WIT

WIT is a WWW resource o
providing access to

metabolic pathways from
many species.

http://wit.mcs.anl.gov
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Deep Example - MIPS

MIPS is one of
several sites
providing access,
principally for
browsing, to both
sequence and

e

.

functional data. == Z_;;

http://www.mips.biochem.mpg.de/

Deep Example - SGD

information on
S. cerevisiae.
mostly for
browsing and
viewing.

| -
File Edt Yiew Go Communicator Help
. < @ s 2 = & @
SGD Contalns Back o Reload  fove  Seach  Netscape Pk Secuity  Giop
7 i Bookmatks i L | GENDMIC, hirl ] @07 Whats Related
seq uence B Instant Message WebMail Contact People Yelow Pages Dowrload Find Sites ([§ Channels
/ =
fU n Ctl on an d ‘ S. cerevisine Genomic View CHele
| t t Search SGD | GenefSeq Resources | Help | Gene Registry | Maps
| era Ure Patlatch | BLAST | FASTA | SacchaD | Pritners | SGD Hors

MapType  |Features Map =

selection |

= =0=|

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

= Primary source generated by
experimentalists.

= Role: standards, quality thresholds,
dissemination
= Sequence databases: EMBL, GenBank
» Increasingly other data types: micro-array

Secondary databases

= Secondary source derived from repositories,
other secondary databases, analysis and
expertise.

1. Role: Distilled and accumulated specialist
knowledge. Value added commentary called
“annotation”

» Swiss-Prot, PRINTS, CATH, PAX6, Enzyme,
dbSNP...

2. Role: Warehouses to support analysis over
replicated data
» GIMS, aMAZE, InterPro...
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‘ Database collection flows

Analysis

‘ InterPro Data Flow
I

O—<Ce=[)
\ backLy

l-'—<>-—l S
user flatfile du ProDorn ftp INR&,
- <n> H*—I
www at Her exp PRIMTS ftp L Man

u-—-« é*—<>-—l*—0
author WY int pro irmp \Pfam ftp Sanger
1 sssss PROSITE’/ SIB

adrmin develop sptr

http://www.ebi.ac.uk/interpro/dataflow_scheme.html
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‘ Services: Architecture
I

Visualisation Browser User
Programs

Access manager Analysis Library

Storage manager

I Hame
RDBMS OODBMS Flat files
DBMS

How do I use a database?

= Web browser
» Cut and paste, point and click
» Query by navigation
» Results in flat file formats or graphical
» Screen-scrapping
= Perl scripts over downloaded flat files
» The most popular form
» XML formats taking hold
= Beginnings of API's in Corba
» But still limited to call-interface rather than queries
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Example Visualisation

S|

File Edit iew Go Communicator Help

j w§ Bookmarks £ Netsite: [nitp.// genex hgu mrc.ac uk/Fesources/GRD Qusry1

/SBFrames.him

~| @ Whet's Related B

‘l_ 30 Navigation %] Navigation Window 7] Sectionvindow ¥ Anatomywindow  Theiler Stage[Ts14 |+ J

anatomy.embryo.organ system.sensory argan eye.optic
vesitle

TE
FO embryo
|® branchial arch

E

Transverse | Frontal | Sagittal

Zoom [ »| Deselect

@ cavities and their linings
F® ectoderm
F® limb
F® mesenchyme
FO notochord*
@ organ system
@ cardiovascular system
@ nervous system
@ sensory organ
@ visceral organ
@ alimentary system
@ gut*
@ foregut
@ foregut-midgut junction
@ hindgut diverticulum
@ midgut
QO gutlumen*

® mouth-foregut junction
& ol romicn

for

[autautumen

Mouse Atlas: http://genex.hgu.mrc.ac.uk/

Find
=l

Query and Browse

5 Quory Form Nt | |
Flo £ot Yow Go Lomnuiceor Zob Hie ot \iew GoCommunieir ol |
I o - ) a  ® < T T R ]
Gack  Fowad Fesc Hms  Seeen Nawsspe P Semry Shep || Gk Fowend Fed Home Seah Newss i Semnty  Swp o
7 b Boskinerks 4 Loestin [aoi;s sbrocursrsebnizarbniwgst <] @ Whers Poiad T b Ecoknarks i Locsion <€ hers rloed
= El
Reaef]| seorch SWISSPROT. 8] chont feld [AlTTert ] e Reset Query "[swisprot-Orgunism: mouse®] " ound 5663 enirics ] J
e separate multiple values by & (and), | (or), ! (and not) I SWISSPROT: 143F MOUSE
append Number T @ onallbutselected  >1s38_nouse
wildcards [Accumby El A et ComscEnaRan
to words [Geneame Ell = asTgRHADS v pepvisn
combine [Organism Elprouee | Pt
searhes with [affTe El # =
Al FastaSeas 3
retrieve entries of type [Eniry s
Number of ]
entries to L
display per e predafined view [FastaSeqs 7] Bls®
page[30 ] Create your ovn view Number of sutriesto 11 - ! vesie
display per e
Select fields to display
Extanded
Torm ) poe[30
=, ot Fotontly]  SWISSPROT:143T MOUSE
Configare your 4 st3s_youss
SRS Quick vz oo RATTESRVETLR
L Search ) 5 sveres o
« Ciad B il
i) osemen Dona = L

da e R @ 2]
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5 Edl ew Go SonmurcorHolp

A 4 . A 3 & @ B N
Bl [ Felsd Hone Sewer Newspe P Secwy  Siop o

o Bodas

T 7€ hote el

This eniry is ffom: T 1. Braim, Res. Jol. Brain. Res. 1994, 25 Related Articles by NCBI

MEDLINE a-2p11521
o] )
=) Molecular cloning of rat cDNAs for the zeta and theta
subtypes of 14-3-3 protein and differential distributions of

e their mRNAS in the brain.

| v Vbl ol T T v i Ko
inoue.Y J
| D £ Hokkaido Us Sciool of Medicine,
A — . Deptasa of Aoy, ol sy el of i, Sspors.
4 2 & % "
Back o Robed Homs  Seah Netcape Pm  Seouy Shos oo - we CDNA clones
e r = cubiypes of the 11-3-3 protin. oth clones encoded 245 amino acid
Bookmarks 731 A [SWISSPROT 1432_MOUSE'] v] € Wihat Peleiet g
nt 2 082 (5 - i sequences, which share a high sequence homology with cuch other wid also
E with other subly 1453 proein T z
. . . subiype-specific oligonucleotide probes. At embryonie day 18, the zeta and
This eniry is from: SWISSPROT:143Z MOUSE - theta subly v
the spina cord. of the wo mRNAS
ID 1432 MOUSE  STANDARD; BRT; 245 AR duy 21, The seta i widely
AC P35215; P70197; 97266; . th brain sray mater, and high levels of the ranscripts were detected i
DI 01-PEB-1994 (Rel. 28, Created) . hinoocamons =
DI OL-BEB-1994 (Rel. 28, Last sequence upaite) = (e FE =i
DI 15-JUL-1995 (Rel. 36, Last anmotatior update) 2
DE  14-3-3 PROTEIN ZETA/DELTA (PROTEIN'KINASE C INHIBITOR PROTEIN-1)
save DE  (KCLE-1) (MITOCHONDRIAL IMEORT STINULATION EACTOR 51 SUBUNIT) |
o vwAz e Eoh e Go- Conmncstor Ly
Lk
¢ mus mueculue (Mouse), and Rettue morvegicus (RaT). 13 D 2 & s & O 8
e OC  Eukaryota; Metazoa; Chordita; Craniata; Vertobrataj Euteleostomis ook (oo Feosd tome Saah Newtos P Seoay S Cir
oc  mamnalia; Buthoria; Redontia; Sciurognathis Muridae; Murinae; Mus. 1 sokate 4 Locsson e e e L e
BlastP Hl  ox weor rawioeacosn, 10118, = F Z I 1
B .
Frinter Friendly| RP  SEQUENCE FROM Nh. ‘This entry is from: ~ EMBL:RNZITA
RC  SPRCIES-Rat; STRAIN-WISTAR; TISSUE-BRAT T,
FX  MEDLINE-95075231; PubMed=7984035; B, RN ndacd; BIAT ROD; 1340 E9.
T e R TERITRIEL e w rakanash 1., rondo 5 -
RA Tnoue ¥.: ] © .
KT “Molacular cloming of cat cDNAs for the zsta and theta subtypes of — e
KT 14-3.3 protein and differential distributions of their mRNAS in the e b
KT brain.’; Dlasty A o craatad)
KL Brain Res. Mol. Brain Res. 26:113-121(1994) ot ety = Lest updated, version
i w
Di  Ratus morvagicus mRA for 14-3-3 protein zeta-subtyps, complsts o
e SEQUENCE FRON N.A. ot o ks o e
RC  GPECIES=Rat; STRAIN=5RRAGUE-DAWLEY; TISSUE=HIPROCAMEUS; i
BX WEDLINE=9712831 4=5572907 5 < s
- o 3 Ratbus oocvegicus (Roruay rat)
o Euthariar Redentia; Seiuragnetnis Muridse; Murinas; Rattus.
J:Hmur Friedls] gy Szouance FRom A, = =
RC  SPECIESRat; STRAINSWISTAR; TISSUS=BRAIN: P
RX  MEDLINE=95075231: PubMed=79840 Bh  Faansbe .;
BA  Watanabe M., LS45&°Tr-Ichimura I., Kuwano R., Takahashi ¥., Kondo i [
T Gacanape. e, fvane | RL  fubnittsd (13-568-1993) to the EMEL/Ganbavk/bDeJ Sassbasas
RT  MMolscular cloning of rat cDNAs for the zeta Sid ttsta.subtypss of BL Kasahiko Datanabs, Mobksido Oniversity school of Medl
RT  14-3-3 protein and differential distributions of their mRNAS in the > RE Faw 1171752 h ’ ’
[
i e bore w2 ]

Inter-database
referential integrity

, Library F2USy
e. of Medicine Exlil]

e —
Ovillvl

delian Inheritam
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Inter-database references

Eile Edit View Go Communicator Help |
Database InterPro ;‘
Accession IPROOD02S; Melstonin_receptor (matches 22 proteins)

Hame Melatonin receptor
= o @
Dates 08-OCT-1939 (created)
27-MAR-2000 (last madifiss)
Signatures PRO0S57; MELATOMMR (22 proteins)
- @ [PRO002TE; Rhodopsin-lke GPCR superfamily (3930 proteins)
tree]

ERO023TS; Melatorin 14 receptor (12 proteins)
RO02275; Melatorin 1 receptor (5 proteins)
FRO02350; Melatonin-related 1X receptor (3 proteins)

el i) melatonin receptor (GO.0008502)
component & | membrans (G0:0016020)
R G-protein-coupled receptors (GPERs) constiute a vast protein family that encompasses a wite range of functions (inclucing various autocrine, paracrine and!

[HEEEE endocring processes). They show eonsiderabie diversty et the sequence level, anthe kasis of which they can ke separated into distint groups. We use the term
clan to describe the GPCRs, as they embrace & group of families for which there are indications of evolutionary relationship, but between which there is no
statistically significart simiarity in sequence [11. The currently known eian members include the thodopsin-lie GPCRs, the secretin-ike GPCRs, the caMP
receptors, the fungal meting pheromone receptors, and the metahotropic lutemate receptor famity

The rhodopsinike GPCRs themselves represent  widespread protein famiy that includes hormone, neuratransrmitter and fight receptors, all of which transduce
exiracelular signls thrugh interaction with guanine nueleelide-binding () proteins. Alihough their aefivating igands vary widely in sirueture and character, the
armino acid sequences of the receptors are very simiar and are befieved to adopt a common structural frameswork comprising 7 transmembrane (TM) helices (2,3,
4l

Melatanin is secreled by the pineal gland during darkness [5]. t reaulates a varisty of neurcendoerine functions and is theught 1o play an essential role in circadian
thiythims. Drugs that mocify the action of melatonin, and hence influence circadian cycles, are of clinical interest (for example, in the treatment of jetlag). Melatonin
receptors are found In the retina, in the parsuberslis of the puitary, and in discrete areas of the brain, The receptar Inhists adenylyl cyclase via
pertussis-toxin-senstive G-qrotein, probably of the Giio class [5] —
FA3755 MLIC_CHCK
P45285 ML1A_CHICK
Fd3213 MLIC_XENLA
P45217 ML1A_PHOSU
View examples
+ Atwood T, Finlay 4 B.C
Fingerprinting G-protein-coupled receptors
Protein Eng. 7: 195-203(1994). [MEDLIE:942247511 [PUBO0DD4961] =l

=== [Document Done % @ ee e 2|

Examples

References

Query based retrieval?

User
Programs

Browser

Visualisation

Access manager Analysis Library

Query manager

Storage manager

RDBMS OODBMS Flat files
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‘ Query Expressions
I

= A query interface through a web
browser or command line
» AceDB language (SGD)
= Icarus (SRS)
= SQL?

= API’s generally don't allow query
submission

‘ Two (& three) tier delivery
Results

" Flat files Tgnwgng&
&Iysis

A 4
J Local copy
Flat files

Local copy
database

Publication
Server

RDBMS
OODBMS
Home-grown

Bundled
application or
export files
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EMBL Flat File Format part 1

ID TRBG361 standard; RNA; PLN; 1859 BP.

AC X56734; S46826;

SV X56734.1

DT 12-SEP-1991 (Rel. 29, Created)

DT 15-MAR-1999 (Rel. 59, Last updated, Version 9)

DE Trifolium repens mRNA for non-cyanogenic beta-glucosidase

KW  beta-glucosidase.

OS Trifolium repens (white clover)

OC Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
OC Spermatophyta; Magnoliophyta; eudicotyledons; core eudicots; Rosidae;
OC eurosids I; Fabales; Fabaceae; Papilionoideae; Trifolium.

RN [5]

RP 1-1859

RX MEDLINE; 91322517.

RA Oxtoby E., Dunn M.A., Pancoro A., Hughes M.A.;

RT "Nucleotide and derived amino acid sequence of the cyanogenic

RT beta-glucosidase (linamarase) from white clover (Trifolium repens L.).";
RL Plant Mol. Biol. 17:209-219(1991).

EMBL Flat File Format part 2

DR AGDR; X56734; X56734.

DR MENDEL; 11000; Trirp;1162;11000.
DR SWISS-PROT; P26204; BGLS_TRIRP.
Key Location/Qualifiers

source 1..1859
/db_xref="taxon:3899"
/organism="Trifolium repens"
/tissue_type="leaves"
/clone_lib="lambda gt10"
Jclone="TRE361"

CDS 14..1495
/db_xref="SWISS-PROT:P26204"
/note="non-cyanogenic"
/EC_number="3.2.1.21"
/product="beta-glucosidase"
/protein_id="CAA40058.1"

1333333333332 2
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EMBL Flat File Format part 3

/translation="MDFIVAIFALFVISSFTITSTNAVEASTLLDIGNLSRSSFPRGFI
FGAGSSAYQFEGAVNEGGRGPSIWDTFTHKYPEKIRDGSNADITVDQYHRYKEDVGIMK
DQNMDSYRFSISWPRILPKGKLSGGINHEGIKYYNNLINELLANGIQPFVTLFHWDLPQ
VLEDEYGGFLNSGVINDFRDYTDLCFKEFGDRVRYWSTLNEPWVFSNSGYALGTNAPGR
CSASNVAKPGDSGTGPYIVTHNQILAHAEAVHVYKTKYQAYQKGKIGITLVSNWLMPLD
DNSIPDIKAAERSLDFQFGLFMEQLTTGDYSKSMRRIVKNRLPKFSKFESSLVNGSFDF
IGINYYSSSYISNAPSHGNAKPSYSTNPMTNISFEKHGIPLGPRAASIWIYVYPYMFIQ
EDFEIFCYILKINITILQFSITENGMNEFNDATLPVEEALLNTYRIDYYYRHLYYIRSA
IRAGSNVKGFYAWSFLDCNEWFAGFTVRFGLNFVD"

mMRNA 1..1859
/evidence=EXPERIMENTAL

133333333373

XX

SQ Sequence 1859 BP; 609 A; 314 C; 355 G; 581 T; 0 other;
aaacaaacca aatatggatt ttattgtagc catatttgct ctgtttgtta ttagctcatt 60
cacaattact tccacaaatg cagttgaagc ttctactctt cttgacatag gtaacctgag 120
tcggagcagt tttcctegtg gcettcatctt tggtgctgga tcttcagcat accaatttga 180
aggtgcagta aacgaaggcg gtagaggacc aagtatttgg gataccttca cccataaata 240
etc

XML embraced
I

= Side effect of publication through flat files and
textual annotation

= XML for distribution, storage and interoperation,
» e.g. BLASTXML, Distributed Annotation System

= Many XML genome annotation DTDs:
» Sequence: BIOML, BSML, AGAVE, GAME
» Function: MAML, MaXML
» http://www.bioxml.org/

= I3C vendors attempt to coordinate activities and
promote XML for integration
» http://i3c.open-bio.org
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Move to OO interfaces

= Corba activity
= EMBL Corba Server

mmmmmm

- OMG not yet taken ho'd http://corba.ebi.ac.uk/EMBL _embl.html
http://Isr.ebi.ac.uk/

Annotation and Curation

“the elucidation and description of biologically
relevant features [in a sequence]”

1. Computationally formed — e.g. cross
references to other database entries, date
collected;

2. Intellectually formed — the accumulated
knowledge of an expert distilling the
aggregated information drawn from multiple
data sources and analyses, and the
annotators knowledge.
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Annotation Distillation

Expressed Sequence Tags millions
hrdb 503,479
TrEMBL 234,059
Swiss-Prot 85,661

InterPro 2990

PRINTS
1310

Ip PRIO_HUMAN STANDARD; PRT; 253 AA.
AC P04156;

=
DE MAJOR PRION PROTEIN PRECURSOR (PRP) (PRP27-30) (PRP33-35C) (ASCR). SWISS- F) rot
0s Homo sapiens (Human) .

oc Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
oc Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo.

Annotation

RP SEQUENCE FROM N.A.
RX MEDLINE=86300093 [NCBI, ExPASy, Israel, Japan]; PubMed=3755672;
RA Kretzschmar H.A., Stowring L.E., Westaway D., Stubblebine W.H., Prusiner S.B., Dearmond S.J.

RT "Molecular cloning of a human prion protein cDNA.";
RL DNA 5:315-324(1986) .
RN (6]

RP STRUCTURE BY NMR OF 23-231.
RX MEDLINE=97424376 [NCBI, ExPASy, Israel, Japan]; PubMed=9280298;
RA Riek R., Hornemann S., Wider G., Glockshuber R., Wuethrich K.;

RT "NMR characterization of the full-length recombinant murine prion protein, mPrP(23-231).";
RL FEBS Lett. 413:282-288(1997).

cc -!- FUNCTION: THE FUNCTION OF PRP IS NOT KNOWN. PRP IS ENCODED IN THE HOST GENOME AND IS
cc EXPRESSED BOTH IN NORMAL AND INFECTED CELLS.

cc SUBUNIT: PRP HAS A TENDENCY TO AGGREGATE YIELDING POLYMERS CALLED "RODS".

cc SUBCELLULAR LOCATION: ATTACHED TO THE MEMBRANE BY A GPI-ANCHOR.

cc DISEASE: PRP IS FOUND IN HIGH QUANTITY IN THE BRAIN OF HUMANS AND ANIMALS INFECTED WITH
cc NEURODEGENERATIVE DISEASES KNOWN AS TRANSMISSIBLE SPONGIFORM ENCEPHALOPATHIES OR PRION
cc DISEASES, LIKE: CREUTZFELDT-JAKOB DISEASE (CJD), GERSTMANN-STRAUSSLER SYNDROME (GSS),
cc FATAL FAMILIAL INSOMNIA (FFI) AND KURU IN HUMANS; SCRAPIE IN SHEEP AND GOAT; BOVINE

cc SPONGIFORM ENCEPHALOPATHY (BSE) IN CATTLE; TRANSMISSIBLE MINK ENCEPHALOPATHY (TME) ;

cc CHRONIC WASTING DISEASE (CWD) OF MULE DEER AND ELK; FELINE SPONGIFORM ENCEPHALOPATHY
cc (FSE) IN CATS AND EXOTIC UNGULATE ENCEPHALOPATHY (EUE) IN NYALA AND GREATER KUDU. THE

cc PRION DISEASES ILLUSTRATE THREE MANIFESTATIONS OF CNS DEGENERATION: (1) INFECTIOUS (2)
cc SPORADIC AND (3) DOMINANTLY INHERITED FORMS. TME, CWD, BSE, FSE, EUE ARE ALL THOUGHT TO
cc OCCUR AFTER CONSUMPTION OF PRION-INFECTED FOODSTUFFS.

cc -!- SIMILARITY: BELONGS TO THE PRION FAMILY.

DR  HSSP; P04925; 1AG2. [HSSP ENTRY / SWISS-3DIMAGE / PDB]

DR MIM; 176640; -. [NCBI / EBI]

DR InterPro; IPR000817; -.
DR Pfam; PF00377; prion; 1.
DR PRINTS; PR00341; PRION.
KW Prion; Brain; Glycoprotein; GPI-anchor; Repeat; Signal; Polymorphism; Disease mutation.
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gc; PRION
gx; PR00341
gt; Prion protein signature

gp; INTERPRO; IPR000817
gp; PROSITE; PS00291 PRION_1; PS00706 PRION_2
gp; BLOCKS; BL00291

gp; PFAM; PF00377 prion

bb; -
gr; 1. STAHL, N. AND PRUSINER, S.B.

An notation
gr; FASEB J. 5 2799-2807 (1991).

gr; 2. BRUNORI, M., CHIARA SILVESTRINI, M. AND POCCHIARI, M.

gr; The scrapie agent and the prion hypothesis.

gr; TRENDS BIOCHEM.SCI. 13 309-313 (1988).

gr;

gr; 3. PRUSINER, S.B.

gr; Scrapie prions.

gr; ANNU.REV.MICROBIOL. 43 345-374 (1989).

bb;

gd; Prion protein (PrP) is a small glycoprotein found in high quantity in the brain of animals infected with

gd; certain degenerative neurological diseases, such as sheep scrapie and bovine spongiform encephalopathy (BSE)
gd; and the human dementias Creutzfeldt-Jacob disease (CJD) and Gerstmann-Straussler syndrome (GSS). PrP is

gd; encoded in the host genome and is expressed both in normal and infected cells. During infection, however, the
gd; PrP molecules become altered and polymerise, yielding fibrils of modified PrP protein.

gd;
gd; PrP molecules have been found on the outer surface of plasma membranes of nerve cells, to which they are
gd; anchored through a covalent-linked glycolipid, suggesting a role as a membrane receptor. PrP is also

gd; expressed in other tissues, indicating that it may have different functions depending on its location

gd;

gd; The primary sequences of PrP's from different sources are highly similar: all bear an N-terminal domain

gd; containing multiple tandem repeats of a Pro/Gly rich octapeptide; sites of Asn-linked glycosylation; an

gd; essential disulphide bond; and 3 hydrophobic segments. These sequences show some similarity to a chicken

gd; glycoprotein, thought to be an acetylcholine receptor-inducing activity (ARIA) molecule. It has been

gd; suggested that changes in the octapeptide repeat region may indicate a predisposition to disease, but it is
gd; not known for certain whether the repeat can meaningfully be used as a fingerprint to indicate susceptibility.

gd; PRION is an 8-element fingerprint that provides a signature for the prion proteins. The fingerprint was

gd; derived from an initial alignment of 5 sequences: the motifs were drawn from conserved regions spanning

gd; virtually the full alignment length, including the 3 hydrophobic domains and the octapeptide repeats

gd; (WGQPHGGG). Two iterations on OWL18.0 were required to reach convergence, at which point a true set comprising
gd; 9 sequences was identified. Several partial matches were also found: these include a fragment (PRIO_RAT

gd; lacking part of the sequence bearing the first motif,and the PrP homologue found in chicken - this matches

gd; well with only 2 of the 3 hydrophobic motifs (1 and 5) and one of the other conserved regions (6), but has an
gd; N-terminal signature based on a sextapeptide repeat (YPHNPG) rather than the characteristic PrP octapeptide.

The “Annotation Pipeline”

Analysis Analysis
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Database Links

Note: pressing the @ symbol will find the citations in MEDLINE whose text most closely matches the text of
the preceding OMIM paragraph, using the Entrez MEDLINE neighboring function.

TEXT

Lockey et al. (1973) observed 2 families. In 1 family, consanguinity suggested recessive inheritance. The late
onset and discordance in a pair of identical twins suggested that environmental factors may be important also.
Miller (1971) reported affected sisters. Von Maur et al. (1974) described a family in which autosomal
dominant inheritance of aspirin asthma was suggested. In addition to mode of inheritance, differences from
prior reports included an earlier age of onset, lack of nasal polyps and sinusitis, and milder asthma. g

Spector et al. (1979) found that oral challenge with aspirin caused bronch in 19% of
adult asthma patients, and other studies involving challenge with nonsteroidal antiinflammatory drugs
(NSAIDS) in both adults and children with asthma confirm a prevalence of 10 to 20%. Aspirin causes
bronchoconstriction in aspirin-intolerant asthma (AIA) patients by triggering cysteinyl-leukotriene production,
probably by removing PGE(2)-dependent inhibition. To investigate why aspirin does not cause

bronch iction in all individuals, Cowburn et al. (1998) i ined enzymes of the leukotriene and
prostanoid pathways in bronchial biopsies from AIA patients, aspirin-tolerant asthma (ATA) patients, and
normal (N) subjects. Counts of cells expressing the terminal enzyme for cysteinyl-leukotriene synthesis, LTC4
synthase (246530), were 5-fold higher in AIA biopsies than in ATA biopsies and 18-fold higher than in N
biopsies. Aspirin may remove PGE(2)-dependent suppression in all subjects, but only in AIA patients does
il
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Typical Database Services

1. Browsing vvv
2. Visualisation Vv v
3. Querying v

4. Analysis -

5. API v

Focus on a person sitting in front of a
Web browser pointing and clicking

Typical Genomic Databases

Single Multiple |Sequence |Function
Genome | Genomes
Browse (4 (4 (4 Vv
Visualise |v/ 4 4 Vv
Query
Analyse

Broad Databases

Deep Databases

254




Information Management for Genome Level Bioinformatics - Paton, Goble

Description based Data

Semi-structured Data

standards

Information
Extraction

Ontologies &
Controlled vocabularies

InterPro Relational Schema
I ENTRY2COMP | | ENTRY2PUB ENTRY2ENTRY ENTRY2METHOD
ABSTRACT entryl_ac entry_ac entry ac entry_ac
entry ac entry2_ac pub_id parent_ac Iél?thod_ac
_ imestamp
abstract ‘ \ \
ENTRY
entry_ac METHOD
EXAMPLE name method_ac
entry ac entry_type || ENTRY ACCPAIR name
protein ac PROTEIN entry_ac dbcode
description protein_ac secondary_ac method_date
name CV ENTRYTYPE timestamp
CRC64 ~ code
dbcode abbrev MATCH
PROTEIN2GENOME | | length description protein ac
protein_ac fragment CV_DATABASE ethod ac
oscode stlaq_date dbcode pos_fr_om
timestamp d(i)bna;ine pos_to
ORGANISM \—‘ orcer status
Oscode seq_date
Taxid PROTEIN2ACCPAIR timestamp
name protein_ac
Secondary_ac
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Controlled Vocabularies

ID PRIO_HUMAN STANDARD; PRT; 253 AA.

DE MAJOR PRION PROTEIN PRECURSOR (PRP) (PRP27-30) (PRP33-35C) (ASCR).
0S Homo sapiens (Human) .

OC Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
OC Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo.

CC -!- FUNCTION: THE FUNCTION OF PRP IS NOT KNOWN. PRP IS ENCODED IN THE HOST GENOME AND IS
cc EXPRESSED BOTH IN NORMAL AND INFECTED CELLS.

CC -1!- SUBUNIT: PRP HAS A TENDENCY TO AGGREGATE YIELDING POLYMERS CALLED "RODS".

CC -!- SUBCELLULAR LOCATION: ATTACHED TO THE MEMBRANE BY A GPI-ANCHOR.

CC -1!- DISEASE: PRP IS FOUND IN HIGH QUANTITY IN THE BRAIN OF HUMANS AND ANIMALS INFECTED
WITH

CC NEURODEGENERATIVE DISEASES KNOWN AS TRANSMISSIBLE SPONGIFORM ENCEPHALOPATHIES OR PRION
CC DISEASES, LIKE: CREUTZFELDT-JAKOB DISEASE (CJD), GERSTMANN-STRAUSSLER SYNDROME (GSS),
CC FATAL FAMILIAL INSOMNIA (FFI) AND KURU IN HUMANS; SCRAPIE IN SHEEP AND GOAT; BOVINE

CC SPONGIFORM ENCEPHALOPATHY (BSE) IN CATTLE; TRANSMISSIBLE MINK ENCEPHALOPATHY (TME) ;

CC CHRONIC WASTING DISEASE (CWD) OF MULE DEER AND ELK; FELINE SPONGIFORM ENCEPHALOPATHY
cc (FSE) IN CATS AND EXOTIC UNGULATE ENCEPHALOPATHY (EUE) IN NYALA AND GREATER KUDU. THE
CC PRION DISEASES ILLUSTRATE THREE MANIFESTATIONS OF CNS DEGENERATION: (1) INFECTIOUS (2)
CC SPORADIC AND (3) DOMINANTLY INHERITED FORMS. TME, CWD, BSE, FSE, EUE ARE ALL THOUGHT TO
CC OCCUR AFTER CONSUMPTION OF PRION-INFECTED FOODSTUFFS.

CC -1!- SIMILARITY: BELONGS TO THE PRION FAMILY.

KW Prion; Brain; Glycoprotein; GPI-anchor; Repeat; Signal; Polymorphism; Disease mutation.

Controlled Vocabularies

= Data resources have
been built
introspectively for
human researchers

s Information is machine
readable not machine
understandable

= Sharing vocabulary is
a step towards
unification
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Ontologies in Bioinformatics

-I Controlled vocabularies for genome annotation
= Gene Ontology, MGED, Mouse Anatomy ...
= Searching & retrieval
» above + MeSH
» Communication framework for resource mediation
= TAMBIS
= Knowledge acquisition & hypothesis generation
» Ecocyc, Riboweb
= Information extraction & annotation generation
= EmPathIE and PASTA

= BioOntology Consortium (BOC)

Gene Ontology

= Controlled vocabularies for the
description of the molecular function,
biological process and cellular
component of gene products.

= Terms are used as attributes of gene
products by collaborating databases,
facilitating uniform queries across them.

= ~6,000 concepts

http://www.geneontology.org/
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Gene Ontology

i Gene Ontology [_[o[x]
Gene Criology

molecular_function cellular_component biolegical_process

- 1. cell growth and maintenance(3411)
1.1.1. intracellular protein traffic(129)

Ir]
0]

593, uroparphyringonen-lil synthase( 13 (1

594 uroporphyrinogen decarboxylase( cellular_component

595, xanthine dehydrogenase(2) 1.1. extracellular(133) 1 1 g {::;2%“&2&;?7)
296 xanthine oxidase(1) 1.2. intracellular(4027) 1,14, ion homeostasis(15)
2 RIS 1.3. unlocalised(70) 1.1.5. cell volume regulation
2nzyme activatar(28) 1 4. cellular_component unkno

1.1.6. pH regulation

1.1.7. autophagy

1.1.8. cell death(47)
1.1.8.1. apoptosis(47)

anizyrne Inhibitor(60)

apoptaosis inhibitor(4)

signal transduction(834)

el adhesion(40)

storage protein(s)

structural protein(312)
ransporter(343)

igand hinding or carrier(340)
arotein degradation tagying(2)
umor suppressor(11)
nolecular_function unknown(356)
ihosomal RNAL16)

small nuclear RNA(ST)

1.1.8.1.1. anti-apoptosis(3) |
e 7.7.8.7.2. apoplosis signalling{?7)|
k 111 8121 induction of apopto:
71.4.8.1.0. caspase actvation/2)
7.9.8.7.4. DNA fragmeriationy2)
1.7.8.1.5. commitiment fo apopfo;
7.7.8.7.6. cisassembly O eell stru
1.1.8.1.7. peripheral killing of acti
1.1.8.1.8. Killing of inflammatory ¢
1.1.8.1.9 kiling virus-infected cell

imall nucleatar RNA(T1) |

ransfer RNA(S10) <l z 1.1.8.1.10. killing transformed ceHz
[«T ] IDE I3 K I vl
Current tree depth 1 Current tree depth 1 Current tree depth 1

12 3]4ls]e|7lel1]2]s]a]ls]|e]7|8le]1]2]3]4]5]6]7]8]s]10/11]

Use the ™ as & wid card. 7

Locate termn: X i X
Locating ierms (s case insensiiive

List gene products for selected terms  Only current | of | and | andnot |

How GO is used by databases

1. Making database cross-links between GO
terms and objects in their database
(typically, gene products, or their
surrogates, genes), and then providing
tables of these links to GO;

2. Supporting queries that use these terms
in their database;

258



Information Management for Genome Level Bioinformatics - Paton, Goble

Information Extraction

= Annotation to annotation
= Irbane: SWISS-PROT to PRINTS annotations
= Protein Annotators Workbench

= From online searchable journal articles

» EMPathIE: Enzyme and Metabolic Path
Information Extraction

= PASTA Protein structure extraction from texts to
support the annotation of PDB
» http://www.dcs.shef.ac.uk/research/groups/nip/

» PIES Protein interaction extraction system
= BioPATH http://www.lionbioscience.com/

Research on
Term Extraction in Biology

Rule based (linguistics)

» terminology lexicons derived from biology
databases and annotated corpora

Hybrid (statistics & linguistics)

» pattern extraction, information categorisation
using clustering, automated term recognition

Machine Learning (Decision Trees, HMM)
Text in Biology (BRIE & OAP) 2001

» http://bioinformatics.org/bof/brie-oap-01/

Natural language processing of biology text
= http://www.ccs.neu.edu/home/futrelle/bionlp/
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PASTA Protein Structure

File Edit “ew Go Communicator Help

PASTA PASTA WWW Interface B
Menu

Alphabetical Index of FROTEIIVS in PASTA texts

Please select the LL

shitity PASTA template for the text:
iype to see texts

!
L

Crystal structure of the C2 domain from protein kinase C-delta,

PROTEINS

SiteFunction | Region

Secondary (Quaternary | s

[— ‘ Residue | Protein ‘ Species E o |

— -‘ : ’7 e -- ) -
-‘ ) ’7 e -- . -

(*-" indicates that this kind of information did not exist in the text o7 was not found by PASTA)

ID: 98362592
T Crystal streture of the C2 domain from protein kinase C-delta
AT Pappa H. Murray-Fust 1. Dekker LY. Parker PJ. McDonald HQ. WA: Structural Biology., Imperial Cancer Research Fand, London, UK.
T Stracture. 8(7):855-94, 1985 Fal 13
AB: BACKGROUND: The protein kinase G ( PEC ) family of Lipid-dependent kinases plays a central role in eakaryotic signalling events. Mexbers
of the novel (delta, epsilon, eta, theta) suhelass of FEC isotypes Lack the Ca3+ dependence of the comventional FEC isotypes and have an Il-terminal 2 domain , oviginally defined
a5 V0 (varizble domain zero). Biochemical data suggest that this domain serves to translocate novel PEC farily members to the plasma membrane and may infhence binding of PEC
astivators. RESULTS: The exystal structure of FEC-delta C2 domain indieates an nnusmal variant of the Structural elements wnigue to this O domaix inchde 2 helix and a
protrding which may contribnte basic sequences to a e nibrane-interaction site. The invariant C2 motif’, Pan -X- Trn , where X is any aring acid, forms a short

, departing radically from its confirmation in other C2 straztures, and contains a tyxosine phosphorylation site unique to FEC-delta . This loop and two others adapt
uite different conformations from the equivalent Ga(2+] - bindin loops of Cdelta and I, and lack sequences a2+ coondinati
COMCLUSIONS: The H-terminal sequence of Ca(2+) -independent novel PKCs defines a divergent example of a C2 strusture similar to that of phospholipase C-delta . The Ca(2+
Y-independent regulation of novel PKCs is explained by major stractural and sequence differences resulting in three non-finctional Gal2+) - binding loops . The ohserved struchmal
variation and position of  tyrosine - phosphorylation site suggest the existente of distinet suhclasses of 2. like domains which may have evolved distinet fiunctional roles and
mechanisms to intezact vith lipid merbranes

Colour Index for named entities in text
& == [Document Dons

SN

Summary (1)

= Sequence data has a good data
abstraction: the sequence

= No obvious or good abstractions for
functional genomic data yet
» Descriptive models
» Unstable schemas

= Retain all results in primary database just
in case (e.g. microarray images)
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Summary (2)

= Reliance on description
= Semi-structured data
= Controlled vocabularies
= Text extraction
= High value on expert curation
» "Knowledge” warehouses
= Labour intensive

Summary (3)

= Current dominant delivery paradigms

= Document publication & flat files

= Web browsing & interactive visualisation

» Human readable vs machine understandable
= High connectivity between different

databases for making links between
pieces of evidence

» Poor mechanisms for maintaining the
connectivity

» Integration considered essential
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Biological Database Integration

Motivation

= Quantity of biological resources:
» Databases.
» Analysis tools.

= Databases represented in Nucleic Acids
Research, January 2001 = 96.

= Many meaningful requests require
access to data from multiple sources.

262



Information Management for Genome Level Bioinformatics - Paton, Goble

Difficulties

m All the usual ones:
= Heterogeneity.
= Autonomy.
= Distribution.
= Inconsistency.
= And a few more as well:
= Focus on interactive interfaces.
= Widespread use of free text.

Example Queries

= Retrieve the motifs of proteins from 5.
cerevisiae.

= Retrieve proteins from A. fumigatus
that are homologous to those in S.
cerevisiae.

= Retrieve the motifs of proteins from A.
fumigatus that are homologous to those
in S. cerevisiae.
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Possible Solutions

= Many different approaches have been tried:
» SRS: file based indexing and linking.
» BioNavigator. type based linking of resources.
» Kleisli: semi-structured database querying.
» DiscoveryLink. database oriented middleware.
» TAMBIS: ontology based integration.

= Some standards are emerging:
» OMG Life Sciences.
» I3C

SRS

Sequence Retrieval
System
http://srs.ebi.ac.uk/

Information

European
Bioinformatics
Institute

‘
= =0
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SRS In Use
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SRS Results
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Related
record
from

SPTREM

Reference
back to
PRINTS

|
[ =0= [Documert: Dane EBA Y

Features of SRS

= Single access point to many sources.
Consistent, if limited, searching.
= Fast.

No global model, so suffers from N2
problem linking sources.

No reorganisation of source data.
Minimal transparency.
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BioNavigator

= BioNavigator combines data sources
and the tools that act over them.

= As tools act on specific kinds of data,
the interface makes available only tools
that are applicable to the data in hand.

Online trial from:
https://www.bionavigator.com/

| Initiating Navigation

Select
database

@o"avigalor Sy dmoemt [ meepers 2 |
@ e Work Bench
AR
Q W)~ PASTE SEQUENCE(S) OR DATABASE ACCESSION(S)
@’M':?i L =
~ CHOOSE A DATABASE ENTRY

O Select database Type a database accession
p— [POB o & (iew]) (zmour pamamae )

o
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OFile

Sampl 20Fil
E nte r I’am»';g AthalianaCOR4T nk  Sep 29 2484 ::

. I [5 blastn output 0Oct03 78 kbytes
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accession e o S
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Viewing Selected Data
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Viewing Results

Several
views of
result
availablg

@_ioNaigalor
O

{@; st Project/ 2PAB H (postscript ke
View[Graphic =] Scale[1 =]

I |
Sk % @0 @ 2 ||

Chaining Analyses in Macros

Chained collections of 3
navigations can be (BioNavigator
© Help )
saved as macros and Create a Dot Matrix Plot =
restored for Iater use, Macro created by eBioinformatics Inc.
Graph:
g g
DESCRIPTION
& ==
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Features of BioNavigator

= Single access point for many tools over
a collection of databases.

= Easy-to-use interface.
= Not really query oriented.
= User selects order of access.

= Possible to minimise exposure to file
formats.

Kleisli

= Many biological sources make data available
as structured flat files.

= Such structures can be naturally represented
and manipulated using complex value
models.

» Kleisli uses a comprehension-based query
language (CPL) over such models.
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Architecture
|
CPL-Kleisli
Kl sopports | 2220 eSeam Ty
client-side wea b omver
wrapping of o wanoger

sources, which
surface to CPL
as functions.

o |

Online demos:

http://sdmc.kr
dl.org.sg:8080
[Kkleisli/demos/

optimizar

‘ Queries
I

= Queries can refer to multiple sources by
calling driver functions.
= Example: Which motifs are components
of guppy proteins?
{m |

— \p <- get-sp-entry-by-os (“guppy”),
—\m <- go-prosite-scan-by-entry-rec(p) }

Query calls drivers
from two sources
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Features of Kleisli

= Query-oriented access to many sources.
Comprehensive querying.

No global model as such.

Not really a user level language.

Some barriers to optimisation.

L. Wong, Kleisli: its Exchange Format, Supporting Tools and an
application in Protein Interaction Extraction, Proc. BIBE, 21-28, IEEE
Press, 2000.

S.B. Davidson, et al., K2/Kleisli and GUS: Experiments in integrated
access to genomic data sources, IBM Systems Journal, 40(2), 512-
531, 2001.

DiscoveryLink

= DiscoveryLink = Garlic + Dataloiner
applied to bioinformatics.
= In contrast with Kleisli:
» Relational not complex value model.
» SQL not CPL for querying.
» More emphasis on optimisation.
» Wrappers map sources to relational model.
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DiscoveryLink Example

= Not much to see: SQL query ranges
over tables from different databases.

SELECT a.nsc, b.compound name, ..
FROM nci results a, nci names b
WHERE panel number = [user selected]
AND cell number = [user selected]
AND a.nsc = b.nsc

Description online: www.ibm.com/discoverylink

On Relational Integration

] RElational mOdel haS g_uamssuiqczm Dis::ndvm‘yLink:’“remms
reasonable presence
in bioinformatics.

= More commercial
than public domain
sources are
relational.

= Wrapping certain
sources as relations
will be challenging.

h ODBC
5. JDEC
OLE

TABLES TABLES

NCI_RESULTS (2175198) NCI_NAMES (216059)
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TAMBIS

= TAMBIS = Transparent Access to
Multiple Bioinformatics Information
Sources.

= In contrast with Kleisli/DiscoveryLink:
» Important role for global schema.
» Global schema = domain ontology.
= Sources not visible to users.

TAMBIS Architecture

I ‘ Biological
= Ontology described Ontology
using Description

A
Logic. Y S‘;ur'ces and
= Query formulation For%Uj;'ion Services
= ontolo
9y Interface

A A 4

A

browsing + I

concept Query

construction. Transformation
» Wrapper service = @

Kleisli.

Wrapper
Service
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Ontology Browsing

[ Explorer [_ O[]
Current
Concept
Buttons for
changing current
concept " e
prosthetic graup “”0'\:::::::::‘]“ " o
‘ post translational modification ‘

Online demo: . | P
http://img.cs.man.ac.uk/

tambis . .
‘ Query Construction
I e [- O] =]

species protein post translational mod fication motif

| Undo ‘ | Bookmark query

Query = “Retrieve the _
motifs that are both Mw
components of guppy o Jmen
proteins and associated a0
with post translational =
modification.

hasModification

post translational modification ‘

Explore_... H Submit.. H GCancel

fwarning: Applet Window
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Genome Level Integration

= Few integration proposals have focused on
genome level information sources.

= Possible reasons:
» Most mature sources are gene-level.
» Lack of standards for genome-level sources.

» Species-specific genome databases are highly
heterogeneous.

» There are few functional genomics databases.

Standardisation

= Most standards in bioinformatics have been
de facto.

= The OMG has an ongoing Life Sciences
Research Activity with Standardisation
activities in: Sequence Analysis; Gene
Expression; Macromolecular structure.
» http://www.omg.org/homepages/Isr/

= XML approach: I3C
» http://i3c.open-bio.org

= Open bio consortium
= http://www.open-bio.org
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I3C
|

= The Interoperable
Informatics
Infrastructure
Consortium (I3C)

= Open XML-in, XML-out
paradigm

= Services-based for
accessing remote
analysis services

= http://i3c.open-bio.org/

Analysis User Database
Services Interfa:es Services
IIM ‘
= "
Ma,
TurboGenomics
TurboBLAST™
(LinuxfSun)
> <"> Hui
Blackstone
SmartBLAST™ —D .

I Classical Business

Business vs Biology
Data Warehouses

Biological Science

High number of queries over a priori
known data aggregates

Query targets frequently change due to
new scientific insights/questions

Pre-aggregation easy since business

stable and know a priori

processes/models are straightforward,

Pre-aggregation not easy since body of
formal background knowledge is
complex and growing fast

Data necessary often owned by
enterprise

Most relevant data resides on globally
distributed information systems owned by
many organisations

Breakdown of data into N-cubes of
few simple dimensions

Complex underlying data structures that
are inherently difficult to reduce to many
dimensions

Temporal view of data (week, month,
year); snapshots

Temporal modelling important but
more complex

Dubitzky et al, NETTAB 2001
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Integrated Genomic Resources

= For yeast, by way of illustration:
= MIPS (http://www.mips.biochem.mpg.de/).

» SGD (http://genome-
www.stanford.edu/Saccharomyces/).

= YPD (http://www.proteome.com/).

= General features:
» Integrate data from single species.
» Limited support for analyses.
» Limited use of generic integration technologies.

Analysing Genomic Data
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Gene Level Analysis

= Conventional bioinformatics provides
the principal gene level analyses, such
as:
» Sequence homology.
» Sequence alignment.
» Pattern matching.
» Structure prediction.

Sequence Homology

= Basic idea:
» Organisms evolve.
» Individual genes evolve.

» Sequences are homologous if they have diverged
from a common ancestor.

» Comparing sequences allows inferences to be
drawn on the presence of homology.
= Well known similarity search tools:
» BLAST (http://www.ncbi.nlm.nih.gov/BLAST/ ).
» FASTA (http://fasta.genome.ad.jp/ ).
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Running BLAST

Search
Sequence

Aligned
Result

mmmmmmmmmmmmmmmmm =)
= Sk % 9P @ 2 | /)

Multiple Alignments

= Multiple sequences
can be aligned,
possibly with gaps
or substitutions.

= Sequence alignment
is important to the
classification of CINEMA alignment

sequences and to applet:
fugction http://www.bioinf.man

.ac.uk/dbbrowser/CINE
MA2.1/
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Pattern Databases

MNGTEGENFY VPFSHKTGYVRSPFEA PQYVLA EPWQFSMLAAYMFLL IVL

= Pattern databases R
are secondary vy
databases of I
patterns associated L
with alignments. I E—

= Conserved regions -
in alignments are InterPro pattern
known as motifs. database:

(http://www.ebi.ac.uk/
interpro/ )

Protein Structure

| Structu ral data IS MNGTEGPNFYVPFSNRTGYVRE PFEAPQY Y LA EPWOFS MLAAY MFLLIVL
. GFPINFLTLYVTVQHKELRTPLNY ILLNLAVADLFMVFGGFTTTLY TSLH

f GYFVFGPTGCNLEGFFATLGGE IALWSLVVLA IERYVVVCKPMENFRFGE

I I I l pO a n 0 r NHATMGVAF TWVMALACAA PPLVGWERY IPQGHMOCECCALY FTLKPEINN

understanding and
explaining protein
function.

= Predicting structure
from sequence is an
ongoing challenge
(http://predictioncen
ter.linl.gov/ ).
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Relevance to Genome Level

= Making sense of sequence data needs:
» Identification of gene function.
» Understanding of evolutionary relationships.
= Genome level functional data is often

understood in terms of the results of gene
level analyses.

= Genome sequencing has given new impetus
to gene level bioinformatics (e.g. in structural
genomics http://www.structuralgenomics.org)

Genome Level Analysis

= Genome level analyses can be classified
according to the data they use.

= Within a genome:
» Individual genomic data sets.
» Multiple genomic data sets.

= Between genomes.
» Individual genomic data sets.
» Multiple genomic data sets.

Some examples follow...
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Sequencing

= Data management and analysis are essential
parts of a sequencing project. Typical tasks:
» Sequence assembly.
= Gene prediction.

= Examples of projects supporting the
sequencing activity:
» AceDB (http://www.acedb.org/ ).
= Ensembl (http://www.ensembl.org/ ).

= Providing systematic and effective support for
sequencing will continue to be important.

ACeDB

= ACeDB was developed
for use in the C.Elegans
genome project.

= Roles:
= Storage.
= Annotation.
= Browsing.

= Semi-structured data
model.

= Visual, interactive
interface.

B 1 RN

C.elegans Genome:
(http://www.sanger.
ac.uk/Projects/C ele

gans/ )
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Sequence Similarity

= Sequence similarity
searches can be
conducted:
» Within genomes.
= Between genomes.
= Challenges:
= Performance.

Visualisation of regions
_ of sequence similarity
= Presentation. between chromosomes
= Interpretation. in yeast.

Whole Genome Alignment

= Aligning genomes
allows identification of:
= Homologous genes.
= Translocations.
= Single nucleotide

changes.
= Broader studies, for " ;
example, might focus Comparison of two
on understanding Staphyloccus strains
pathogenicity. using MUMmer:
(http://www.tigr.org/ )
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Another Genome Alignment

= Fast searching and
alignment will grow
in importance.
= More sequenced
genomes.
» Sequencing of
strains/individuals.

= Interpreting il
alignments requires | Mycoplasma genitalium v

other information. | Mycoplasma pneumoniae,
A.L. Delcher, N. Acids Res.

27(11), 2369-2376, 1999.

Transcriptome

= Data sets are:
» Large.
» Complex.
= Noisy.
= Time-varying.
= Challenges:
» Normalisation.

maxd:
http://www.bioinf.man.ac.uk/

» Clustering. microarray/

= Visualisation. GeneX:
http://genex.ncgr.org/
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Transcriptome Results

= Dot plots allow
changes in specific
MRNAs to be
identified.

= The example shows
a comparison of two
different yeast
strains.

Mutant (532nm - Cy3)

Transcriptome Clustering

= The key issue: what
genes are co-regulated?

= Some techniques give
absolute and some
relative expression
measures.

= Experiments compare
expression levels for

different:
= Strains.
= Environmental Yeast clusters: M.B. Eisen
conditions. etal., PNAS 95(25),
14863-14868, 1998.
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Proteome Analysis

= Driven directly from = Grouping existing

proteome-centred protein entries by:
experiments: = Sequence similarity.
» Identification of » Sequence family.
proteins in samples. = Structural family.
» Identification of post = Functional class.
translational
modifications. CluS+TR:http://www.ebi.

ac.uk/proteome/

= Analysis tasks include:

= Searching for routes
through pathways.

= Simulating the dynamic
behaviour of pathways.

= Building pathways from
known reactions.
= Other data can be
overlaid on pathways
(e.g. transcriptome). EcoCyc (Frame Based):
http://ecocyc.pangeasyst
ems.com/
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Integrative Analysis

|
= Analysing individual data sets is fine.

= Specialist techniques often required.
= Many research challenges remain.

= Analysing multiple data sets is
necessary:

» Understanding the whole story requires all
the evidence.

» Most important results yet to come?

Further Information

= IBM Systems Journal 40(2), 2001:

= http://www.research.ibm.com/journal/sj40-2.html

289



Information Management for Genome Level Bioinformatics - Paton, Goble

Challenges

= The opportunities for partnership
between information management
providers & researchers, and biologists,
IS enormous.

= The challenges of genomic data are
even greater than for sequence data.

= There are genuine research issues for
information management.

Information representation

= Semi-structured description
= Controlled vocabularies, metadata
Complexity of living cells
= Context: genome is context
independent and static; transcriptome,
proteome etc are context-dependent
and dynamic

» Granularity: molecules to cells to whole
organisms to populations
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Information representation

|
= Spatial / temporal

= Time-series data;
cell events on
different
timescales

= Gene expression
spatially related
to tissue

Representational forms

A huge digital library
Free text

= literature & annotations
Images

= MICFO array

Moving images

= calcium ions waves, behaviour
of transgenic mice

.a.
»
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| Quality & Stability

" ... the problem in the field is not a

= Data C|U3|Ity lack of good integrating software,
i Smith says. The packages usually
" _Incon5|stency, end up leading back to public
incompleteness databases. "The problem is: the
databases are God-awful," he told
u Provena_nce_ _ BioMedNet.
= Contamination, noise,
experimenta| rigour If the data is still fundamentally
. . flawed, then better algorithms add
= Data irregularity little”
= Evolution Temple Smith, director of the

Molecular Engineering Research

Center at Boston Universijty
BioMedNet zﬁ

Process Flow
I _

= Supporting the db
annotation pipeline

» Supporting /in silico
experiments

= Provenance

= Change propagation

» Derived data ﬂmﬂl T

management
= Tracability
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‘ Interoperation

= Seamless repository and process
integration & interoperation
» The Semantic Web for e-Science

™M ¥ = Genome data warehouses for
w complex analysis

» Distributed processing too time
consuming

= Perhaps GRIDs will solve this...?

Supporting Science

= Personalisation
= My view of a metabolic pathway
» My experimental process flows
= Science is not linear
=« What did we know then
=« What do we know now
= Longevity of data
» It has to be available in 50 years time.
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Prediction and Mining

= Data mining

= Machine learning

= Visualisation

= Information Extraction

= Simulation ...

Final point

|
"Molecular biologists appear to have eyes for data
that are bigger than their stomachs. As genomes
near completion, as DNA arrays on chips begin to
reveal patterns of gene sequences and
expressions, as researchers embark on
characterising all known proteins, the anticipated
flood of data vastly exceeds in scale anything
biologists have been used to."

(Editorial Nature, June 10, 1999)
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Further information
on bioinformatics:
http://www.iscb.org/

295



Information Management for Genome Level Bioinformatics - Paton, Goble

296



