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Examples of Plant Biolnformatics
simple questions requiring data
Integration

o Which metabolic pathways Is a gene
or set of genes involved In?

e Information distributed across several
pathway databases

o What transcription factors are
Involved In that pathway?

e Information in pathway databases as
well as transcription factor databases



s System Biology Needs Data

- r Experiment |8

Data for model

refinement Data for hypothesis

testing
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Plant databases
many locations, many formats

o TAIR

(The Arabidopsis Information Resource)
o AraCyc

(Arabidopsis Thaliana metabolic pathways)
o AtRegNet

(Arabidopsis Thaliana Regulatory Networks)
o Gramene

(Comparative Grass Genomics)
o Grassius

(Grass Regulatory Information Services)
o TIGR

(Rice Genome Annotation Resource)



Plant & crop databases (2/2)

The Brachypodium distachyon Information Resource
GrainGenes

Maize GDB

Maize Mapping Project

SGN (Sol Genomics Network)

SoyBase

UrMeLDB (Medicago trunculata)

BeanGenes

Legume Base

JGI Poplar database

O 0O 0O O 0O 0O o O o O
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Presentation Notes
And there are many more of course
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Other bioinformatics databases

o Bcsdb (Bacterial Carbohydrate Structures)
o BioCyc (Pathway/Genome Databases)

o BIOGRID (General Repository for Interaction
Datasets)

o BRENDA (Enzymes)

GOA (Gene Ontology Annotation to UniProtKB
proteins)

KEGG (Kyoto Encyclopedia of Genes and Genomes)
PDB (proteins, nucleic acids and complexes)

Pfam (protein families)

SGD (Saccharomyces Genome)

TRANSFAC (transcription factors)

TRANSPATH (pathways)

UniProt (proteins)

O

O O O O O O O
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Just a very short list !!


» Sparseness of plant data (1) —
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Presentation Notes
Eukaryotes represents only 11% of the total number of fully sequenced genomes, with 114 genomes and only 5 plants !
(Data are from GOLD)


s Sparseness of plant data (3)
_ less sequence data — most from Arabidopsis

In UniProtkKB/Swiss-Prot
Eukaryotes represent only 33% of the database

Most represented Higher plant entries
Nematoda Eukaryote species ® Arabidopsis
3% thaliana
Other
8% M Oryza sativa e
Insecta  _, § Japonica UL
5% _ 285 W
® Maize 2% \ \!
2% W
=0 ti 2o \
Oryza sativa 204
indica .
296 —
# Common tobacco 3%7—"
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Arabidopsis is the most important model organism in plant, 52% of the plant proteins (if you take into account only the species that contribute for more than 1% otherwise Arabidopsis represents only 38%. This means that we have a lot of species with very very few proteins in the database)



Sparseness of plant data (2)

Jackson et al.
Plant Cell 2006

Eurosid | 8 64 Glycine max, Lotus japonicus, 2

(Fabids) Medicago. Populus trichocarpa

Model _1’ } Carmeaniiae)

plants _
Few and far } Other core o 2a .
between

} Other Rosids Ema.fyprus globulus. Vitis

Magnoliids 4 18 (o]

— »} Other monocots 8 53 o
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Lycophytes 3 3 Selaginella moellendorfii 1
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u Micromonas pusilla, Ostreococcus
taurn
ROTHAMSTED Copyright ©2006 American Society of Plant Biologists
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Phylogenetic Distribution of Species with Sequenced Genomes or with Ongoing Whole-Genome Sequencing Projects.  Here I wanted to point out the evolutionary distance between Arabidopsis (our best model) and other very important plants, such as wheat (triticum aestivum). You can also comment on the number of  families 13/606 !!



Sparseness of plant knowledge (4)

_ s )
human
MAMMALS I
BIRDS
REPTILES
frog
AMPHIBIANS I
Fu zebrafish shark
FISHES I
CRUSTACEANS
Drosophila
INSECTS |
MOLLUSKS
Arabidopsis rice
PLANTS | |
NEMATODE WORMS
yeast
FUNGI |
ALGAE
PROTOZOANS
Carsonella ruddii E, coli
| BACTERIA
ARCHAEA
(IR (BRI R R RN
10° 10°® 107 108 10°

Figure 1-41 Essential Cell Biology 3/e (O Garland Seience 2010]

L4

ROTHAMSTED
RESEARCH

wheat lily

Amri-eba
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nucleotide pairs per haploid genome

Model plant
genomes
small and
“simple”

TABLEI

Muclear genome size in different species

Common Seientific Nuclear
name name genocme

size (1
Wheat Triticunt aestivienm 15,966
Onion Allium cepa 15,200
Garden pea Fisum safivim 3,947
Com Zea mays 2,292
Asparragus Asparagus officinalis 1,308
Tomato Lycopersicum esculentum 207
Sugarbeet Beta vidgaris 758
Apple Malus X domestica T43
Common bean FPhaseolus vulgaris 637
Cantaloupe Cucumis melo 454
Grape Vilis virufera 483
Man Homo sapiens 2,910

l: Expressed in Megabases (1Mb:1,000,000 bases)
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Presentation Notes
The idea is to point out that Arabidopsis (and other model organisms in plant) has a very small genome size compare to other plants of interest such as wheat. Actually,  the genome size  is one of the reason why Ar. was chosen for sequencing. So refering to Ar.only is problematic, for example for functional mapping via orthology.


Sparseness of plant data (5)
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Same story
INn other
‘omics
datasets
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Binary interactions

from IntAct
S. cerevisiae: 48355

Human: 27969
Fruit fly: 26285

Arabidopsis: 4553
C. elegans: 5738

Mouse: 4454
S. pombe: 685
Rice(japonica): 152
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Conclusion

o Plant and crop scientists, more than

others need W\ke méﬁf all
PN

their data Q \
O Exploit@a roz&'eater variety

of sources
o Not o&'tion other challenges
e Pla INn the environment

e Crop systems — interactions with other
organisms
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Unifying different sources
maximizing coverage

Arabidopsis
Reactome Reactome

Arabidopsis
Reactome Reactome

Wider match to enzyme
\ / function EC 1.1.1.-
Strict use of EC terms, allow missing substrate term

e.g. EC1.1.1.6 glycerol dehydrogenase


Presenter
Presentation Notes
Several data sources containing similar information are integrated to increase the total quantity of information. In that case, we are more interested in the union between the sets.

Enzymes – Proteins annotated
Ecs – categories they’ve been annotated to


Consolidating interaction data
maximizing confidence

Biogrid
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Presentation Notes
Several data sources containing similar information are integrated to increase the total quality of information. In that case, we are more interested in the intersection between the 3 sets. 
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Presenter
Presentation Notes
PPI network: The colors of the edges represent the type of evidence. The point is not really to say that some types of evidence give you more confidence in the existence of an interaction.  Rather the interesting idea is to spot the edges with  multiple colours and so multiple types of evidence potentially coming from different data sources.
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Presentation Notes
Bioinformatics data sources often have large, complex data structures, reflecting the richness of the scientific concepts they model. Many bioinformatics data sources cover similar domains, such as genes, proteins, sequence annotations or microarray results. To derive the greatest benefit for scientific investigation, it is important to provide an integrated view of all data sources that are relevant for a particular research project. 
Data obtained from various sources is often structured differently in each source. Thus, to use data effectively from disparate sources, one must understand the database schemas used to store data in each source system, and translate among the schemas in order to exchange information between them. 
Data sources often contain similar or overlapping data elements but use conflicting data definitions. Thus, there is often a need for user-friendly tools and interfaces to transform bioinformatics data from one database schema to another, and to discover correlated data among many databases, regardless of the structure of the databases or the names that are given to corresponding attributes in those databases. 



Syntactic integration challenge
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Over 1000 databases
freely available to
public

Over 60 million
sequences in GenBank

Over 870 complete
genomes and many
ongoing projects

Over 17 million citations
in PubMed

PubMed growth by
600,000 publications each
year

Integration of Life Science
data sources is essential
for Systems Biology
research
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Presentation Notes
The data is distributed in different formats (some structured, some unstructured e.g. publications).
Data is stored in different databases.



Syntactic integration example

o Databases — widely different
formats for same information

e KEGG (Kyoto Encyclopedia of Genes
and Genomes, www.genome.jp/keqgqg/)

e TAIR (The Arabidopsis Information
Resource, www.arabidopsis.orq)

o Screenshots for same entry
e Protein FUMARASE 1
e Arabidopsis AT2G47510


http://www.genome.jp/kegg/
http://www.arabidopsis.org/

K[G Arabidopsis thaliana (thale cress): AT2G47510
G Help

Entry nr2647510] cDS A.thaliana 1Y SPECIES

DefinitionFiM]l (FUMRERRSE 1); fcatalytic/ fumarate hydratase [EC:4.2.1.Z2] GENE NAME
Orthology (EO: E0167% fumarate hydratase / FUNCTION
Pathway BATH: ath00020 Citrate cycle (TCR cycle)

PaTH: athl0720 EReductive carboxylate cycle (C0O2 fixation)
Class

Concept

S5DB
Motif ID: AT2G47510

Annotation: catalytic/ fumarate hydratase

other DBs | [EC:4.2.1.2] REFERENCES

ConceptClass: PROTEIN
DataSource: KEGG TO OTHER
ConceptName: FUM1 (preferred), FUMARASE 1 DATABASES

ConceptAccession: AT2G47510 (TIGR),

LinkDB

. AT2G47510 (TAIR), AT2G47510 (MIPS),
Fosition 115226618 (NCBI-GI), 819364 (NCBI-GenelD),

RAR seq .
P93033 (UniProt)
ConceptGDS: PROTEIN

TAXID (String) : 3702 SEQUENCE
AAseq (String) : MSIYVASRRKSGGTTVTALRY

NAseq (String) : atgtcgatttacgtcgcgtcgcgacggct

frm

LVWVFEEMIGESD

NT seq 1479 nt | NT seq supstrean|0  nt  +downstream|0  nt

atgtocgatttacgtocgogtogocgacggoctotocoggoggaacaactgtgacggogotgogt G EN E
tatgoocacctoctoctgagatcocttattegacoctogtttagggaggagagggacaccttoggg
cocgattcaagttocttoocgataaattgtggggagocccagacgocagagatogotgoagaac SEQ U EN CE
ttgaagaaatgogoctgocaaggttaacatggaatacggtottgatococgacgattgggaaa
gcaattatgecaagoctgoctcaggaagtagetgagggaaagoctcaatgatcatttocococooctt




TAIR - The

Arabidopsis

Information
Resource

Date last modified
TAIR Accession
Representative
‘Gene Model @
Other names:
Description @
gmer Gene Models
|

Annotations @

RNA Data

Two-channel Arrays

One-channel Arrays

Associated
Transcripts @

‘Chromosome
Hucleotide

Protein Data @

ocus: AT2G47510

2003-05-02
Locus: 2061966

AT2G475101

| Fum1, FuMARASE 1, T20B22.19 |
fumarase (FUM1)

FUM1 ATZ2G47510.2
(splice variant)
Category Relationship Type @
50 Biological Process involvedin
GO Cellular Component located in
0 Molecular Function has

Annotation Detail

array element avg. log

name @ (std. &

103P1 -0.018 {

array element

name @

248461_3 AT

16604_5_AT

type

EST (356

cOMNA (5)

2

full length COE  full length genomic  full length cOMA
Length molecular isoelectric
(aa) weight point

GENE NAME

Keyword @

response to oxidative stress
mitochondrion

furmarate hydratase activity

domains( # of domains)




Semantic Integration challenge

O Same concept
different names
e Synonyms
e ontologies

O Same name
different concepts

e homographs

e Will expand on
[D these issues
later

ROTHAMSTED
RESEARCH

DATABASE: PO_0205

inflorescence

Accession: PO:0009049
Aspect: plant structure
Synonyms:

cob {sensu sorghum)

corymb

cyme

dichasium

drepanium

helicoid cyme

manochasium

panicle

raceme

rhipidium

scorpicid cyme

spike (sensu Triticeae)

umbel

werticillaster
Definition:

That part of the axial system of plants above the uppermost foliage leafipair of foliage leaves that bears flowers.

Comment:
Some plants have only solitary flowers, e.g. Magnolia.

Ear
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Presentation Notes
Equivalent features may be given different names
Concepts with same name may be very different
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Underpinning Data Integration

Controlled vocabularies & Ontologies

o List of standardized terms or descriptors
whose meanings are specifically defined or
authorized by a standards organization

« EC nomenclature, Gene nomenclature
e http://www.arabidopsis.org/nomencl.htmil

« Compendium of nomenclature resources
e http://www.expasy.ch/cgi-bin/lists?nomlist. txt

 CVs help tackle consistency within
species/group/taxa

T
ESE


Presenter
Presentation Notes
In the next 5 slides I took a lot from “State of the nation in data integration for bioinformatics - Carole Goble , Robert Stevens”. 
Maybe the order can be revised....

http://www.arabidopsis.org/nomencl.html
http://www.expasy.ch/cgi-bin/lists?nomlist.txt

Underpinning Data Integration

Ontologies

o an ontology is a formal
representation of a set of concepts
within a domain and the relationships
between those concepts.

o A semantic structure
o Generally hierarchical

o Provides mechanisms for standardizing
across species/groups/taxa



http://en.wikipedia.org/wiki/Domain_of_discourse

Underpinning Data Integration
Example: The Gene Ontology

( cellular_component | ( biological_process | [ molecular_function |

F pigmentation (regulation of biological process | ™y
pigment metabolic process pigmentation during - negative regulation of positive regulation of biological :
during pigmentation development : biological process process :
- A b v :

*
-------------

l pigment metabolic process ‘

4

regulation of pigmentation

during developmental during development

pigmentation

eye pigment precursor
transport

LY
tesssssssa=® |

-
-

...........

.........
an"
-
-

-

n IS a ti “-l‘.li---“l:- iti lati f
negative regulation o positive regulation o

regu lates pigmentation during pigmentation during

ﬁ ,I\ reg u |ateS development development

@ Vregulates /0/.\0\ 5\*0\

negative regulation of cuticle negative regulation of eye positive regulation of cuticle positive regulation of eye
[ P pigmentation pigmentation pigmentation pigmentation
ROTHAMSTED
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Presentation Notes
A set of terms under the biological process node pigmentation


Plant Ontologies

o http://www.gramene.org/plant ontoloqgy/

o Plant structure (PO),

Growth stage (GRO)

o Trait (TO), Environment (EO)

LS Ontologies Search | Browse | Ontology Submission | Tutorial | FAQ | Help

Find: [GRO:0007057 i
Ontology: [T Gene (GO) 7 Plant Structure (PO) I Growth Stage (GRO)
Options: I Exact Match [ Include Obsolete Terms

H B Growth Stage Term "1.06-leaf just at coleoptile tip" (GRO:0007057)

Term Name 1.06-leaf just at coleoptile tip
Term Accession 0:0007057
Aspect Growth Stage
Synonyms (0) Nonss
Definition The leaf has just emerged.
Comment Zadok scale-9, Haun scale-0

E Derivation

« all (all) £858384
o [i] cereal plant growth stage ontology (GRO:0007199) £14835@
» [i] wheat, barley and oat growth stage (GRO:0007156) #29&
= [i] 01-germination (GRO:0007051) z0&
n [i] 1.06-leaf just at coleoptile tip (GRO:0007057) #0

Search

Y Ontologies Search | Browse | Ontology Submission | Tutorial |FAQ | Help

Find:|T0:0000179
Ontology: T~ Gene (GO) I Plant Structure (PQ) I Growth Stage (GRO) I Trait (T}
Options: I Exact Match [ Include Obsolete Terms

B B Trait Term "biotic stress trait” (T0:0000179)

Term Name biotic_stress trait
Term Accession TO:0000179
Aspect \ Trait
Synonyms (0)
Definition Response by the plant in terms of resistivity or sensitivity to b

0

Comment Mone

B Derivation

« all (all) £858384
o [i] trait ontology (TO:0000387) #14060
n [i] stress trait (TO:0000164) #2600
n [i] biotic stress trait (TO:0000179) #769
» [i] crop damage resistance (TQ:0000236) #767 H

RCT

\STED
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http://www.gramene.org/plant_ontology/

Underpinning Data Integration

Data Standards - Markup Languages

 Extensible Markup Language (XML) facilitates
the sharing of data across heterogeneous
computer systems and improves the
consistency

Markup Language Purpose

AGAVE Genomic annotation and visualization
BioML Experimental information for biopolymers
BSW Genomic sequences and biological function
M Management of molecular information
|\/|_AGE-|\/||_ Microarray gene expression data exchange
SBML Systems biology and biochemical networks



http://www.agavexml.org/
http://xml.coverpages.org/bioml.html
http://www.bsml.org/
http://www.xml-cml.org/
http://www.mged.org/Workgroups/MAGE/mage-ml.html
http://sbml.org/index.psp

Minimum Information for Biological
and Biomedical Investigations

o Minimum Information Standards for
Metadata

e Data about data
o MIBBI Initiative

o _http://www.mibbi.org/
o MIAME, MIAPE, MIQAS etc

e Microarray, Proteomics, QTL and
Association Experiment




Standards and Underpinnings

o Nomenclatures, Controlled Vocabularies
o Ontologies
o Metadata

o All help tame the complexity of data
Integration — but they are not enough
e Legacy information
e Not widely followed
e Competing approaches
e Data integration solutions needed
e Has been major Bioinformatics challenge



Solutions for Data Integration (1/4)

Workflows
* techniques for enacting series of linked
processes, useful to systematically
automate protocols in bioinformatics
* e.g. InfoSense, Taverna
 generally hard to write — almost
programming

Mashups
 Data from different Web services or RSS-
feeds are selected by the user and then
“mashed” to form a new Web application
e e.g. UniProt DASTY
* more aggregation than integration
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Presenter
Presentation Notes
�Dasty, a protein DAS (Distributed Annotation System - server system for the sharing of Reference Sequences) client is implemented for visualising protein sequence feature information. The client is able to connect, to a reference server and one or many DAS servers. It merges the data from all the servers, and displays sequence information as well as annotated feature information form all the available DAS Servers in a very user friendly way. (from http://www.ebi.ac.uk/dasty/dasty1/)
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Solutions for Data Integration (2/4)

Service oriented architectures
e Interconnection of data sources
 e.g. CORBA, Web services
e only “plumbing” techniques
o often poorly documented and
constructed and only for programmers

Link integration
e cross-reference data entry from different
data sources
 e.g. SRS (40% EMBL-EBI traffic), Entrez,
Integr8
* problems with name clashes, ambiguities
and updates
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Solutions for Data Integration (3/4)

Data Warehousing
e data sources are processed and combined

INto a new data model to form a new data
source

e e.g. eFungi, ATLAS, GIMS

e toolkit: GMOD, BiIoMART, Intermine,

BioWarehouse
* high building and maintenance costs

View integration (““virtual warehouse™)
e data are kept in the original sources but
appear to be in a single database

e e.g. BioZon
« complex and slow for users and developers


Presenter
Presentation Notes
As part of the e-Fungi project a data warehouse is being developed that integrates data from multiple fungal genomes in a way that facilitates the systematic comparative study of those genomes. (http://img.cs.man.ac.uk/efungi/)

Atlas stores and integrates local instances of GenBank, RefSeq, UniProt, Human Protein Reference Database (HPRD), Biomolecular Interaction Network Database (BIND), Database of Interacting Proteins (DIP), Molecular Interactions Database (MINT), IntAct, NCBI Taxonomy, Gene Ontology (GO), Online Mendelian Inheritance in Man (OMIM), LocusLink, Entrez Gene and HomoloGene. (http://www.biomedcentral.com/1471-2105/6/34)

The Genome Information Management System (GIMS) is an object database that integrates genome sequence data with functional data on the transcriptome and on protein-protein interactions in a single data warehouse. (http://www.ncbi.nlm.nih.gov/pubmed/14618567)

GMOD is the Generic Model Organism Database project, a collection of open source software tools for creating and managing genomr-scale biological databases. (http://gmod.org/wiki/Main_Page)

BioMart is a query-oriented data management system. (http://www.biomart.org/) MySQL, Oracle and Postgres.

Using InterMine, you can create databases of biological data accessed by sophisticated web query tools. (http://www.intermine.org/)

BioWarehouse integrates multiple public bioinformatics databases into a single relational database system within a common bioinformatics schema. (http://biowarehouse.ai.sri.com/) Relational DB schema, Oracle or MySQL DBMS.

Biozon is a unified biological resource on DNA sequences, proteins, complexes and cellular pathways. (http://www.biozon.org/)

Michael - I deleted TAMBIS because you can’t use the software anymore (http://www.cs.man.ac.uk/~stevensr/tambis/).


Solutions for Data Integration (4/4)

Model-driven service oriented architecture
e data resources and tools are obliged to
adhere to a designed model
e e.g. caBIG
e only possible in tightly coupled systems —
often difficult to achieve consensus

Integration applications
 built specifically to integrate data
e .g., ToolBus, Youtopia, Ondex
« more often for a single application domain


Presenter
Presentation Notes
caBIG® stands for the cancer Biomedical Informatics Grid®. caBIG® is an information network enabling all constituencies in the cancer community – researchers, physicians, and patients – to share data and knowledge. (https://cabig.nci.nih.gov/overview)

All interactions are controlled by a script that formalizes all the desired interactions among tools. This leads to a component interconnection architecture resembling a hardware communication bus, and therefore we will call it a ToolBus. (http://www.springerlink.com/content/p4p6042487112164/)

Youtopia is a system that allows users to add, register, update and maintain relational data in a collaborative fashion. (http://www.cs.cornell.edu/bigreddata/youtopia/)

“more often for a single application domain”, except for Ondex of course !

I didn’t mention the Web Semantic technologies here, maybe in the conclusion we could speak about Bio2RDF...


Ondex as an example data
Integration system

o Three closely coupled aspects:

e Data input — technical integration and
transformation into data domain graph

e Mapping across graphs — semantic
Integration

e Data visualisation and guantitative
analysis

o In use in all BBSRC-funded systems
biology Centres

o Open source



Everything Is a network
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Data integration in Ondex

Data Input Data Integration

Biologicai Databases

[ TRANSFAC 5/
Enpmesgidmddiem

PubMYed ozo

Ontologies & Free Text

Graph of concepts
and relations

Data alignment
Experimental Data * Concept mapping

{ (l(‘ * Sequence analysis
* Text mining

L
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Concepts and relations (1/2)

Cellular location of
proteins

Protein — Protein interaction network
(PPI)

interact

|
|
|
|
|
|
| Cell
Protein Protein |
|

e.g. Network of Concepts and

: Relations
RelationType

|
|
interact | | di
‘ < > ‘ i ‘ ocated in N O
|
|
|

ConceptClass ConceptClass
Protein Protein

Protein CelComp

Properties: compound name, protein sequence, protein structure,
cellular component, KM-value, PH optimum ...

[
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Ontology of Concept Classes, Relation Types and additional Properties




Concepts and relations (2/2)

| f, Arabidopsis thaliana GDP-L-fucose biosynthesis II {from L-fucose) - Windows Internet Explorer @] x|
@__ N IE‘ ol J S %] ILiveSearch Pl
W '1'1‘?( g.\\rahldopsws thaliana GDP-L-fucose biosynthesis 1T {fra.. P’# B - r-1 > |1z Page v f ¢ Tools = #
-
rransformation to inary graph -
o=l =
¥tair i

ReagttpdPathway: GDP-L-fucose biosynthesis Il (from L-uf@Action _Zl_l
consumed 7 1c produced consumed produced

Metabolite Metabolite

ATP aADP GTP diphozphate

iE‘I}/Ietabollte

Summary:
General Information:

Propﬂerties: compbound name, Rroteln sequence,

L-Fucose is an important monosaccharide d in a diverse array of organisms. Itis a ohydrate component of bactenal hpopolysac 1des, mammalian and plant
glycoproteins (such as th progei e A L)ﬁ t t xylog rha"ﬁ
rhamnogalacturonans | a &E or(s:i u m bre u &r‘a Iﬁm HEJWS&;HMK VCiI u e y P H

The formation of UDP-Fuc occurs via two routes: a) a salvage pathway leading to the formation wt Irmum (thls pathway ), and b) a de novo synthesis route
from GDP-D-mannose ( GDP-L-fucose biosynthesis | (from GDP-D-mannose

In plants, biosynthesis of GDP-L-fucose is thought to occur mainly through de novo synthesis. The primary role of the sugar salvage pathways is presumed to be in the recycling
of sugars derved from the turnover of macromolecules such as polysaccharides, galactolipids and proteoglycans, which have sugar components. Although the presence of
GDP-L-fucose pyrophosphorylase activity in sycamore cell cultures and com roots has been suggested [ Roberts@8 | Green78 | no enzyme of this pathway have yet been

escribed ts.
Concepts: AN -

[ | FeingoldB2: Feingold D.S_(1982). "Aldo {and keto) hexoses and uronic acids." Plant Carbohydrates | - Infracellular carbohydrates, Encyclopedia of Plant Physiology, Vol 13A. Eds
Loewus and Tanner, pp3-76.

Re I a-tl O n S - Green78: Green JR, Northcote DH (1978). "The structure and function of glycoproteins synthesized during slime-polysaccharide production by membranes of the root-cap cells of
[ maize (Zea mays)." Biochem J 170(3),599-608. PMID: 646802

Rohertsff" Rnherts RM (19681 "The metahnlism nf | fiicnse hv svramare (Acer nsetidnnlatanus | ) cell culures " Arch Rinchem Rinnhvs 128(3v818.20 PMIN: 5704313 =l

T T [ @ mternet [Hio - 4




Semantic Integration by Graph
Alignment

o Going beyond technical data integration
e Normalising data formats

o Create relations between equivalent entries
from different data sources

o ldentified by Mapping methods
o Concept name (gene name),
synonyms
o Concept accessions (UniProt ID)
o Graph neighbourhood
o Sequence methods



Graph alignment
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DRASTIC (Database Resource for the Analysis of Signal Transduction in Cells) 


Data integration — accession

matching

o Matching of accession

o Within the context of data source

Concept

ID: AT2G47510
Annotation: catalytic/ fumarate hydratase [EC:4.2.1.2]
ConceptClass: PROTEIN

DataSource: KEGG

ConceptAccession: AT2G47510 (TIGR), AT2G47510

r

(TAIR), AT2G47510 (MIPS), 15226618 (NCBI-GI),
10364 (NCBI-GenelD). P93033 (UniProt)

ConceptGDS:

TAXID (String) : 3702
AAseq (String) : MSIYVASRRKSGGTTVTALRY p

NAseq (String) : atgtcgatttacgtcgcgtcgcgacggct

h
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Concept

ID: Locus:AT2G47510
Annotation:
ConceptClass: PROTEIN
DataSource: TAIR

ConceptName: FUM1 (preferred), FUMARASE 1,

T30R22 19

IConcthAccession: AT2G47510 (TAIR) |

ConceptGDS:
TAXID (String) : 3702

4




Data integration — name matching

o At least two concept names have to match

r

Concept

ID: AT2G47510

Annotation: catalytic/ fumarate hydratase [EC:4.2.1.2]
ConceptClass: PROTEIN

DataSource: KFGG

|ConcthName: FUM1 (preferred), FUMARASE 1 |
ConceptAccession: AT2G47510 (TIGR), AT2G47510
(TAIR), AT2G47510 (MIPS), 15226618 (NCBI-GI),
819364 (NCBI-GenelD), P93033 (UniProt)
ConceptGDS:

TAXID (String) : 3702

AAseq (String) : MSIYVASRRKSGGTTVTALRY
NAseq (String) : atgtcgatttacgtcgcgtcgcgacggct 7

h

4
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Concept

ID: Locus:AT2G47510
Annotation:
ConceptClass: PROTEIN

IQ@I@MZ TAIR
ConceptName: FUM1 (preferred), FUMARASE 1, |

[130B22.19

ConceptAccession: AT2G47510 (TAIR)
ConceptGDS:
TAXID (String) : 3702

4




Principle of alignment of concepts

as nodes In a data graph

o How can we map 2 concepts (proteins)

o from 2 different data sources (KEGG & TAIR)

o Examine attributes (name, accession, graph

structure, segquence)

Concept

onceptName: 1 (preferred), FUMARASE 1
ConceptAccession: AT2G47510 (TIGR), AT2G47510
(TAIR), AT2G47510 (MIPS), 15226618 (NCBI-GI),
819364 (NCBI-GenelD), P93033 (UniProt)

TAXID (String) : 3702 |

AAseq (String) : MSIYVASRRKSGGTTVTALRY
NAseq (String) : atgtcgatttacgtcgcgtcgcgacggct 7

r
h

4
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Concept

ID: Locus:AT2G47510
_Anpotation:
ConceptClass: PROTEIN

DataSource: T,ﬂ

“ConceptName: FUM1 (preferred), FUMARASE 1,

T30B22.19
ConceptAccession: AT2G47510 (TAIR)

ConceptGDS:
TAXID (String) : 3702|

4




Data integration — sequence
matching

o Sequence similarity methods
o e.g. BLAST

o Link to a new resource

e Without any concept attributes In
common

o Other similarity matches include
e EC2GO
e Pfam2GO


Presenter
Presentation Notes
To introduce case study integration method (inparanoid)
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Ondex data integration scheme

Data input
& transformation

Heterogeneous
data sources

—
e —

\

UniProt

|

Data integration

Visualisation

AraCyc

18

Pfam

d

1111

ONDEX

[9POIA Bleq 103[q0o pazijelauas)
lake aseqereq

Integration
Methods

Accession

Name based

Transitive

Blast

ProteinFamily

Lucene |

Pfam2GO

Text mining

Clients/Tools

ONDEX
Visualization
Tool Kit

Web Client

Taverna

I

Data Exchange
OXL/RDF




Importing data into Ondex

o What databases to import
o What format these are In

o Ondex parsers already written

e Generic
o OBO, PSI-MI, SBML, Tab-delimited, Fasta

e Database-specific

o Aracyc, AtRegNet, BioCyc, BioGRID,
Brenda, Drastic, EcoCyc, GO, GOA,
Gramene, Grassius, KEGG, Medline,
MetaCyc, Oglycbase, OMIM, PDB, Pfam,
SGD, TAIR, TIGR, Transfac, Transpath,
UniProt, WGS, WordNet

#5BBoRC



Example of resulting graph

farget sequence

Has similar sequence

Gene :
21N
Binds to, has similar sequence

Encoded by

Member is part of

Repressed by, regulated by, activated |by

Transcriptid Is_a

per is part of

Protein con Enzyme

Is_a

Member is part of

catalyses

Catalysing

tion

Member is part of

EC

Member is part of

bioscience for the future

Pathway



_ Outline

» Data integration
» Needs for data integration
» Benefits of data integration
» Challenges
» Solutions
» Case study Tutorial

» Network analysis
» Definition
» Visualising biological networks
» Annotation
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Predicting fungal pathogenicity
genes

o Reference database of virulence and
pathogenicity genes validated by
gene disruption experiments

e Literature mining
e http://www.phi-base.org/

o0 Sequence comparison — orthology
and gene cluster analysis



http://www.phi-base.org/

http://www.phi-base.org/

This database contains expertly curated molecular and biological information on
genes proven to affect the outcome of pathogen-host interactions. Information is
bﬂSB Interactions also given on the target sites of some anti-infective chemistries.

Release notes Download Disclaimer Errors & contributions Help Consortium

Quick Search

Search | all ~ | for order by | Gene name v

e.g. ACE™, Candida a* or PHI 441

Advanced Search

Search Gene for all w @ Clear

@and Oor  Disease for all v e List of “hot” target
@and Oor  Host for all v genes curated from
&rand Oor Pathogen for all Ilteratu re

@and Oor Anti-Infective for @ all

O —Loss of
pathogenicity
@®and Dor  Phenotype for @ all —Reduced virulence

© « Only genes
validated by gene
disruption
experiments

@ and Oor Experimental evidence  for & all

Version: 3.0 Last revision: 13/09/07



http://www.phi-base.org/

Integrated phenotype and comparative

genome information

PHI-

Pathogen
Host

b(IS € Interactions

Inparanoid
mapping

clusters of orthologs and paralogs
between entries of PHI-base and
Fusarium graminearum

P
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Aoty Btens e 1o

Fusarium graminearum
(microscopic fungus)
genome

WEEEE &R @ 2 e -

Sevctation [~ Dusarction 2 omw 12 dccossen 65

Sewch |~ Rl Esresss
™ e Sanstvn

=l8lx

o ;' 3
bl
BT i
s - el v <aY|
i SN i
Sl * e
v g
iy, =y T N
e ‘-‘“.
R Y (- |
Ry T
gy i L §
iy gt iy
Y m“i"l:}\‘ Y
"X T | il Y gy
e s :
¥ B \m"m"}
- o AT e h\&‘qﬁ B “%
% s iy 5
™ ) -
. e S,
— =y _:.l';...,‘
e I i
T s

tab separated text file of

clusters loaded in Excel

- Ondex front-end



B | P

" BORGAL | RLNT
A
LFae) | gy Ay
-F.'..'|ll'|l "!-b
)
il g
KT
IG-.‘..lu:l.lI i
e ] M
WG TN | D
I T
11§ P B DOCAT | B
1] HGG, T |
5
LLEAl | P
PG TRTY L | o iy
- .
i ELFTL | P g
[ | L
kI |
g ]
I ||,::1-.
L u..ll-_
G SR |
i lLl_LI
Wi J1ER

AR B

ouP| |

ek ] P gy | TN TR

i Y ] |-

-

BT | R

RPK1 | PHI:231
SUM1 | PHI:128

o ] 1
m'-h 'H
L AN B 1]
T :-hl‘ I -:l
l'_n;'_l-“ -]
iy,
=R Fial e e

AN | Feb

¥

A0 Lk |

L]

i

iy g D -u'.n‘

=g ply
!?:r.l'hu-ll"\-l e I

SO0 TR


Presenter
Presentation Notes
Light pink – Increased virulence
Light blue – Reduced virulence
Light Green – Loss of pathogenicity
Yellow – Unaffected pathogenicity

Star – animal
Circle – plant
Red square – fusarium  slide 83, KO experiment  reduced virulence




Data integration - Summary

o Choose and import data of interest

o Address semantic and syntactic
challenges

o Integration methods generate new
merged data

o Need to analyse the results of
Integration

o =2 Network Analysis



Outline

» Data integration
» Needs for data integration
» Benefits of data integration
» Challenges
» Solutions
» Case study

» Network analysis
» Definition
» Visualising biological networks
» Annotation
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Everything Is a network
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Presenter
Presentation Notes
All sorts of networks (sometimes several names for the same type) : molecular network,  biochemical reaction network, metabolic network, transcription network, protein–protein interaction network, coexpression network, signaling network, correlation network,  ...





Outline

» Data integration
» Data types and sources
» Benefits of data integration
» Challenges
» Solutions
» Case study

» Network analysis
» Definition
» Visualising biological networks
» Annotation
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Biological networks can be
described using Graph Theory

o Agraph G = (V, E) Is
e a set of vertices V (nhodes)

e a set of edges E (links between the
nodes)

e V={1,2,3,4,5,6,7}

A—2) 4—6 e E={ (1,2), (1,3),
\o/__J (2.3), (3.5).
® o (5.4), (4.6) }

)
ﬂom
=
m =L
SE
T
QHD
Io


Presenter
Presentation Notes
Actually the terms graphs and networks are equivalent: graph is the mathematical object and network the biological application


Biological networks can be
o described using Graph Theory

o Graphs can be :
Undirected Directed

O—@ 696 OC—-GH
o o o o

o Graphs can also be more complex:
multigraphs, bipartite graphs, hypergraphs

RESEARCH



Biological networks can be described
using Graph Theory

o Node degree

Is the number of edges of a node. In a directed graph, we
can also define the in-degree and out-degree.

o Adjacent nodes

Are nodes joined by an edge

o Path

Is a sequence of adjacent nodes between two nodes

= €A
k4

ROTHAMSTED
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Biological networks can be described
using Graph Theory

o Connected graph

If there is a path between all nodes in a graph

o Distance

Between two nodes u and v is the length of the shortest
path between u and v (can be infinite)

o Graph diameter

IS the maximum distance in a graph

\
P
?:}D
N

HAMSTED
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Biological networks can be described
using Graph Theory

o Clustering coefficient

characterizes the overall tendency of nodes to form

clusters or groups

o Centrality measures

Identify “most important” nodes in a graph (hubs). The
importance can be assessed for example using :

- the number of connections (degree centrality)
- the proximity (closeness centrality)
- the number of paths (betweenness centrality)



Social Networks
Zachary’s karate club; J. Anthropological Res. 33, 452-473 (1977)

o 34 members of a
karate club

o Visual inspection
shows some
substructure

O Some very ‘popular’
Individuals (hubs)



Social Networks
Zachary's karate club; J. Anthropological Res. 33, 452-473 (1977)

Who is the most
‘influential’ member?

Betweenness: 1, 34, 33, 3

\ ' '
[d Data from http://www—personal.umich.edu/~mein/netdata/

RESEARCH



http://www-personal.umich.edu/~mejn/netdata/

Biological networks can be described
using Graph Theory

o Clique

Is a subset of nodes such that every pair of nodes in the
subset is joined by an edge

L

ROTHAMSTED
RESEARCH
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Outline

» Data integration
» Needs for data integration
» Benefits of data integration
» Challenges
» Solutions
» Case study

» Network analysis
» Definition
» Visualising biological networks
» Annotation
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Existing data visualisation tools

Review

A survey of visualization tools for biological network analysis
Georgios A Pavlopoulos*, Anna-Lynn Wegener and Reinhard Schneider

o http://www.biodatamining.org/content/1/1/12

o Medusa, Cytoscape, BioLayout Express 3D,
Osprey, Proviz, Ondex, PATIKA, PIVOT, Pajek

La
L4

ROTHAMSTED
RESE


Presenter
Presentation Notes
See http://www.biodatamining.org/content/1/1/12

http://www.biodatamining.org/content/1/1/12

Outline

» Data integration

» Network analysis
» Definition
» Visualising biological networks
» Layouts
» Case study
> Filters
» Annotation
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Outline

» Data integration

» Network analysis
» Definition
» Visualising biological networks
» Layouts
» Case study
> Filters
» Annotation
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Visualising biological networks
e.g. PPl network

ROTHAMSTED
RESEARCH



Layouts

o topology - shape -2 geometry

o Draw 2-dimensional representations

e [rees OGO,
e Directed acyclic graph (DAG) =) B.Q
. ,

e General graph (e.g. force-directed)

N

o Case study In Ondex
e bioenergy crop improvement



http://en.wikipedia.org/wiki/File:Directed_acyclic_graph.png

Outline

» Data integration

» Network analysis
» Definition
» Visualising biological networks
» Layouts
» Case study
> Filters
» Annotation
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Bioenergy Crop Improvement
Candidate Gene Identification
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Integrating Relevant Data Sources

o Poplar (JGI) and Arabidopsis (TAIR) genomes
o Linking genes to KEGG, AraCyc, GO, MEDLINE

o Arabidopsis Hormone Database for
trait/hormones/genes relations

£ Metagraph View

=1

| 45555 (45555)

45555 (45555)

516 (516)

189 (189)

| 5724 (5724)

C | 1630 (1630)

= | 697 (607)

ene Refresh Metadata
[D p Poplar (JGI) data

in Ondex

ROTHAMSTED
RESEARCH



Config Metwork Wiew Layouts  Annokators  Filkers

=l x|

_I— IEnter search here... Search
| Searchin: W PID [~ Annotation [~ Description v Mame v &ccession

I Regular Expression
I~ Case Sensitive

Metagraph
Eil=
Protein
a
%
Enzyme L
Fath
1 | »
Scale to Fit Refresh Layout Ietadata Legend

-ix

Wi

General Information

Parser |D: 785452

Type: Protein

Y Joint Genome Institute
Evidence: IMPD

Synonyms
fyeneshd_pg.C_scaffold 170000006

Accessions
JGI: 786452

Aminoacid sequence (AA):

MPIYPECEJC LAFLETLIME LNKUTUTPUER
IQEMMEEQE] KCPZYEPIHE NSEE ITHMRT
SUVEFFPLELS HUHELLFRUQ PHIHAWIELY
HINFLFWQEF QALLUWTEFD LIKQIKTTHI
DQRISLLEQN MIPAFIASVE UMLERWRQHD
GHE IELSHEF KILTZEMIZE TAFGSSYLEG
QHITDMLETM VD IVURNNIE MT PV IGEFT
¥LSADDIESD ELQQDISWCEF LENMINSFEEA
AMEGEWDLE USMIINESLE LYCPAUQIAR
IVHEEVFLGE FILPANTE IV WP IGAVHHSP
FIWFEDASHF KFERFADGTA ETTTUWLHILE
LEW-LEIWWE QTSQLLEQRL ER30*

¥isualization - PoplarDB.xml.gz

417793 769776
TRAFFY @osizz
FEIFAE
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Presentation Notes
JGI provides mappings between proteins of Poplar and enzymes in KEGG

KEGG pathway (Tryptophan) is in the centre of the graph, contains relations to all enzymes occurring in this pathway

Mappings between Poplar proteins and enzymes exists in some cases

We will try to improve JGI’s KEGG annotations…



Genomic View In Ondex
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Genomic Layout displays chromosomes, genes and QTLs
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Network View in Ondex

- Genes of interest :
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Outline

» Data integration

» Network analysis
» Definition
» Visualising biological networks
» Layouts
» Case study
» Filters
» Annotation
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Filters

o Integrating different datasets
-> large resulting graph
o Need to narrow down

o Select meaningful areas of the
graph

o Example in Ondex
e protein-protein interaction network




Filters in Ondex
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Outline

» Data integration
» Needs for data integration
» Benefits of data integration
» Challenges
» Solutions
» Case study

» Network analysis
» Definition
» Visualising biological networks
» Annotation
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Annotators (1/3)

o Visualise concepts and relations
using their attributes/properties

e Colour
e Shape
e Sjze




Integrated phenotype and
comparative genome information
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Protein kinase A- regulatory
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Presentation Notes
Coming back to our first case study on predicting fungal pathogenicity genes



Annotators (2/3)

o Virtual Knock-out

e Annotator to see how important a
single concept is to all possible paths
contained in a network

e Ondex resizes the concepts based on
this score

o Scale Concept by Value
e Pie charts

e Up/down regulation is indicated In
red/green

#5BBoRC
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Presentation Notes
Virtual KO score is based on 3 other scores: "extension" gives the number of paths that would be extended if a concept was added, "deletion" gives the number of paths that would be deleted if this concept was deleted, "nochange" gives the number of paths that would not be shortened/extended if this concept was deleted. 

Mansoor’s example from medical domain? (what sort of pb are ppl using annotators for) – not necessarily in Ondex TO DO ?????

Graph Algorithms ??????? To add or not to add …
There are five algorithms to choose from at the moment. They do not change the visualisation of the graph. They add an attribute to each concept which can then be used to change the visualisation of the graph (e.g. "Colour by Value", see example). 
The descriptions and implementation of the following graph algorithms are taken from a book by Hang T. Lau entitled "A Java Library of Graph Algorithms and Optimization (Discrete Mathematics and Its Applications)" . 
All Cliques: 
A clique is a complete subgraph of a given undirected graph G. A k-clique is a clique of order k. An independent set is a subset of nodes of G such that no two nodes of the set are adjacent in G. An independent set is maximal if there is no other independent set that contains it. Since a subset of nodes S of a graph G is a maximal independent set if and only if S is a clique in the complement of G, any algorithm which finds the maximal independent sets of a graph can also be used to find its cliques, and vice versa. 
Connected Components: 
A connected component is a maximally connected subgraph 
Cut Nodes: 
An undirected graph that is not connected can be divided into connected components. A connected graph consists of one single component. A cut node of a component is a node whose removal will disconnect the component. 
Minimal Equivalent: 
The minimal equivalent graph problem is to find a directed subgraph H from a fiven stringly connected graph G by removing the maximum number of edges from G without affecting its reachability properties. 
Strongly Connected: 
A strongly connected component of a directed graph is a maximal set of nodes in which there is a directed path from any one node in the set to any other node in the set. 




Integrated pathways

1 Mapping microarray expression data to
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Annotators (3/3)

o Run network statistics such as:
o Connectivity
o Centrality
o Clustering
o Network diameter

- Add annotation to the graph
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m

Arabidopsis PPI network

o Calculate
betweenness and
degree centralities

o ldentify ‘influential’ RN |
nodes with low | (< | Artem Lysenko,
- . PhD student
degree and high X .
betweenness |
e yellow, green nodes LA

e communication
between functional
modules?

Node size = degree
Node colour = betweenness


Presenter
Presentation Notes
Karate Club social network measures mentioned a few slides earlier
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Dynamic process

Data Input
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Data Integration Data analysis

Graph of concepts
and relations
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Presenter
Presentation Notes
Ondex can integrate data which can in turn be analysed with network analysis techniques. The results of these analysis generate new knowledge which can later be used to select new data for integration. So the data integration – data inspection process forms a cycle, making the use of Ondex a dynamic process



Investigating plant systems
Conclusions (1/2)

o Data integration

e Integrate various heterogeneous data
sources

e Unify and consolidate knowledge
e Overcome sparseness of data

e Is difficult
- semantic and syntactic challenges



Investigating plant systems
o Conclusions (2/2)

o Network analysis
e Once data Is integrated - large volume
= need to filter down to regions of interest
e Use various layouts to study merged data

e Annotate data with network statistics to
analyse further

o Ondex = 1 solution
= Tu; 20 tomorrow 9-11am
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