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ANIMAL HEALTH… HOST-PATHOGEN INTERACTIONS

ENVIRONMENTENVIRONMENTENVIRONMENT
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• HOSTS
• Genes, regulatory 

Sequences, Maps

• Chicken + cattle
Pig, sheep ..

• in PATHOGEN virulence
• Strains with extreme 

Phenotypes 

� Genome structure (DNA sequence) of

• PATHOGENS
• Virulence 

factors

• > 100 genomes 
available

• in HOST defense
• Animal populations with 

extreme phenotypes

� DNA variation responsible for differences

CURRENT STATE OF ART

Requirements to study GENOMICS OF HOST PATHOGEN INTERACTIONS
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• HOSTS GENES
• Mechanisms of 

defense, proteins 
involved, interplay 
between processes

� Biological function of

• VIRULENCE 
GENES
• Mechanisms of 

virulence, 
proteins involved

� DNA variation responsible for differences

� Genome structure (DNA sequence)

?? INTERACTIONS !! ??

Requirements to study GENOMICS OF HOST PATHOGEN INTERACTIONS

CURRENT STATE OF ART
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• HOSTS GENES
• Improved knowledge 

on virulence factors

• VIRULENCE GENES
• Improved 

knowledge on 
virulence factors

?? INTERACTIONS !! ??

POTENTIAL FOR NEW APPLICATION



4

EAAP Congress,    S.45 "Molecular tools for disease resistance"

Barcelona, Spain, 27 August 2009

• HOSTS GENES • VIRULENCE GENES

?? INTERACTIONS !! ??

New MarkersNew Markers

for Selectionfor Selection

POTENTIAL FOR NEW APPLICATION
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GENOMICS:
New possibilities

for infection 
biology

PATHOGENPATHOGENHOSTHOST

InteractionsInteractions

POTENTIAL FOR NEW APPLICATION

??
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GENOMICS:
New possibilities

for infection 
biology

PATHOGENPATHOGENHOSTHOST

BUT…FRAGMENTED RESEARCH COMMUNITIES
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GENOMICS:
New possibilities

for infection 
biology

PATHOGENPATHOGENHOSTHOST

BUT…FRAGMENTED RESEARCH COMMUNITIES

European Animal 
Disease GEnomics 

Network of Network of 
ExcellenceExcellence

for animal health 
and food safety
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INRA

Co-ordinator

• 13 partners

• 10 pays

• 2004-2010

• € 11.52 (EC)

WHAT ? 

Network of Excellence
= New Instrument !

WHY ? 

To overcome Fragmentation !

To better structure Research
& orientate research Priorities!

To spread excellence !

HOW  ? 

Integrating !
Resources, Research Topics…

INTEGRATING ANIMAL DISEASE GENOMICS IN EUROPE
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WP2 Epigenetics

Sustainable Breeding Goals

WP13

Dissemination

Training
WP11

Demonstration
WP10

W
P

1
N

u
m

e
ri

c
a
lG

e
n

o
m

ic
s

W
P

3
G

e
n

o
m

ic
s
 a

n
d

 B
io

in
fo

rm
a

tic
s

Biological Systems

WP9
Quality

WP4
Gut 

WP5
Mammary

WP6
Fertility

WP8
Well-Being

WP7
Safety

Management – WP12 Fundamental

Applied

Knowledge
Transfer

Strategic

Breeding Goals

Biological 

Understanding 

Selectable 

Markers 

New Breeding 

Tools 

33 partners
from 14 countries

205 person years
of effort

Main Species:
Cattle
Pigs
Poultry

4-year project

€13.9m grant

Total value > €23m

Cutting Edge Genomics for Sustainable Animal Breeding

SABRE
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NEED TO INTEGRATE & NEED TO INTEGRATE & 

DEVELOP RESOURCESDEVELOP RESOURCES
FIELD OF EXPERTISE

Virtual Virtual 

LaboratoryLaboratory

Biological
Resources

Analytical
ToolsTechnological

Facilities

Bioinformatics
Tools

Breeding
For Resistance

therapeutics
& vaccines

GENOMICS
Approach

New
Technologies

INTEGRATING ANIMAL DISEASE GENOMICS IN EUROPE
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SHARING & PRODUCING GENOMIC TOOLS

Virtual Virtual 

LaboratoryLaboratory

Biological
Resources

Analytical
ToolsTechnological

Facilities

Bioinformatics
Tools

JOINT RESEARCH 

PROGRAMME

Chicken Chicken 

OligoOligo
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SHARING & PRODUCING GENOMIC TOOLS

Virtual Virtual 

LaboratoryLaboratory

BiologicalBiological

ResourcesResources

Analytical
ToolsTechnological

Facilities

Bioinformatics
Tools

Chicken Chicken 

OligoOligo

Sequencing Chicken GenomeSequencing Chicken Genome

ProducedProduced

ImprovedImproved

SharedShared

CommonCommon

ToolTool
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SHARING & PRODUCING GENOMIC TOOLS

Virtual Virtual 

LaboratoryLaboratory

Biological
Resources

Analytical
ToolsTechnological

Facilities

BioinformaticsBioinformatics

ToolsTools

Chicken Chicken 

OligoOligo

ReRe--annotation Oligoannotation Oligo--setset

• Chicken genomic information evolvesChicken genomic information evolves
• Annotation information changesAnnotation information changes

Produced

ImprovedImproved
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SHARING & PRODUCING GENOMIC TOOLS

Virtual Virtual 

LaboratoryLaboratory

Biological
Resources

Analytical
ToolsTechnological

Facilities

BioinformaticsBioinformatics

ToolsTools

Chicken Chicken 

OligoOligo

Annotation retrieval:Annotation retrieval:

• Chicken oligo locationChicken oligo location
• EnsemblEnsembl
• Kegg databaseKegg database

Produced

ImprovedImproved
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SHARING & PRODUCING GENOMIC TOOLS

Virtual Virtual 

LaboratoryLaboratory

Biological
Resources

Analytical
ToolsTechnologicalTechnological

FacilitiesFacilities

Bioinformatics
Tools

Chicken Chicken 

OligoOligo

Technological triangleTechnological triangle

Focusing on microarray technology
Exchange of procedures, methods …

=> Quality Control=> Quality Control

ProducedProduced

ImprovedImproved
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SHARING & PRODUCING GENOMIC TOOLS

Virtual Virtual 

LaboratoryLaboratory

Biological
Resources

Analytical
ToolsTechnologicalTechnological

FacilitiesFacilities

Bioinformatics
Tools

Technological triangleTechnological triangle

Focusing on microarray technology
Exchange of procedures, methods …

=> Quality Control=> Quality Control

ProducedProduced

ImprovedImproved
MicroarraysMicroarrays

chicken, cattle, pig, salmon

Salmonella, Pan - E. coli

60K SNP chips60K SNP chips

Chicken, pig, cattle
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SHARING, PRODUCING & USING USING GENOMIC TOOLS…

Virtual Virtual 

LaboratoryLaboratory

Biological
Resources

AnalyticalAnalytical

ToolsToolsTechnological
Facilities

Bioinformatics
Tools

Common Common 

GenomicsGenomics

ToolsTools

ProducedProduced

ImprovedImproved

SharedShared

JOINT RESEARCH 

PROGRAMME

JOINT RESEARCH 

PROGRAMME

RESULTS ANALYSEDRESULTS ANALYSED
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SHARING, PRODUCING & USINGUSING GENOMIC TOOLS…

Virtual Virtual 

LaboratoryLaboratory

AnalyticalAnalytical

ToolsTools

BioinformaticsBioinformatics

ToolsTools

Annotation and post-analyses 
of microarray data Workshop

Annotation and post-analyses 
of microarray data Workshop

RESULTS ANALYSEDRESULTS ANALYSED

1) Re-annotation of the probe set on DNA microarrays
2) Pathway analyses to identify significantly affected 

biological processes from microarray results
3) Reverse engineering of regulatory networks from 

microarray results
4) Integration of gene expression studies with QTL 

detection studies
5) Prediction of phenotypic outcomes using gene 

expression results.

C
o

m
m

o
n
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e
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BMC Proc 2009
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Population Genetics

Functional Genomic
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Compare

• Genes
• Mechanisms
• Regulation

• What is common
• What is specific

Integration and Synergy of Genomic ApproachesIntegration and Synergy of Genomic Approaches

Common Common 

GenomicsGenomics

ToolsTools

… FOR JOINT COLLABORATIVE RESEARCH

Several Host (Animal Species) and Pathogens (Diseases)Several Host (Animal Species) and Pathogens (Diseases)
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OBJECTIVE:
Obtain a better understanding of host responses and host 

susceptibilities to Salmonella

QUESTION -> WORKPLAN:
Is there one general host response by a Salmonella infection?

RATIONALE:
The host response upon a Salmonella 

infection differs between lines and species

… FOR JOINT COLLABORATIVE RESEARCH

EX 1: Joint research programme on Early responses in Salmonella EX 1: Joint research programme on Early responses in Salmonella 
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… FOR JOINT COLLABORATIVE RESEARCH

EX 1: Joint research programme on Early responses in Salmonella EX 1: Joint research programme on Early responses in Salmonella 

� Different animal species.

• Cattle

• Pigs

• Chickens

Different Salmonella strains

S. enteritidis

S. typhimurium

� Different challenge models

• Route of infection

• Dose of infection

• Age before primary infection

Acute response

Innate response
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Network: Unique adding value !

… FOR JOINT COLLABORATIVE RESEARCH

EX 1: Joint research programme on Early responses in Salmonella EX 1: Joint research programme on Early responses in Salmonella 

Partner 1

Experimental

model 1

Partner 2 Partner 3

Experimental

model 2
Experimental

model 3

Host gene

Expression

Data

Host gene

Expression

Data

Host gene

Expression

Data
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… FOR JOINT COLLABORATIVE RESEARCH

EX 1: Joint research programme on Early responses in Salmonella EX 1: Joint research programme on Early responses in Salmonella 

In vitro 
infection

Time post 
infection

OrganHost 
species

Salmonella

Monocytes,

Epithelial

3w – 6wCaeca

Entero, 
mono

SE

Macrophage

PMN

1d – 1wMLNSTM

STM/ SE

STM

SE

STM

Monocytes,

PMN, DC

--

Enterocyte--

NO1d – 3wIntestine

Jejunum

NO

SISP

2 – 8 
hours

Intestine

Jejunum
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… FOR JOINT COLLABORATIVE RESEARCH

EX 1: Joint research programme on Early responses in Salmonella EX 1: Joint research programme on Early responses in Salmonella 

Host responses differ significantly after 
Salmonella infection

Dependent on species,  Salmonella 
strain,  challenge model,  cell-type

There are some similarities in gene 
regulation between hosts

Independent of species, challenge 
model

Role of    TLR4
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… FOR JOINT COLLABORATIVE RESEARCH

“Role of TLR4, and TLR4-dependent signaling pathways, in the 
resistance to Salmonella infection and carrier state”

“Role of TLR4, and TLR4-dependent signaling pathways, in the 
resistance to Salmonella infection and carrier state”

• QTL mappings for resistance to Salmonella infection and for resistance to 
Salmonella carrier state + QTL confirmed in commercial lines

• Role of TLR4 in resistance to Salmonella carrier state in adults but not in young 

• TLR4 mRNA 
expression analyzed at 
the organ level + in 
cells purified during the 
carrier state (in R/S)

• Kinetics of TLR4 
expression analyzed with 
different cell lines, in vitro
infected by Salmonella

•Protein network 
built associated 
with TLR4 of 
genes modified 
in infected 
jejunal loops of 
pigs (E. coli or 
Salmonella)
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… FOR JOINT COLLABORATIVE RESEARCH

EX 2: Joint research programme on transcriptomic studies on mastitisEX 2: Joint research programme on transcriptomic studies on mastitis

Partner 1

Experimental

model 1

Partner 2 Partner 3

Experimental

model 2
Experimental

model 3

Host gene

Expression

Data

Sharing of mRNA, data, qPCR primers, protocolsSharing of mRNA, data, qPCR primers, protocols

Host gene

Expression

Data

Host gene

Expression

Data
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RIBFA

Exp. Inf.
S. Aureus
E. coli

ID-L

Exp. Inf. 
bMEC
S. uberis

NSVS

In vitro
bMEC
S. aureus

Roslin

Microarray Analyses
Bioinformatics

RNA

RIBFA

qPCR
TLRs
Défensines

RNA

Clinical, 
Pathological,
Functional Data

Microarray Data
Candidate Genes

Common
Data

v
a
li
d

a
ti

o
n

INRA
bMEC
Sheep

PTP
S. Aureus
Goat

Common 
Micro array

Bovine

… FOR JOINT COLLABORATIVE RESEARCH

EX 2: Joint research programme on transcriptomic studies on mastitisEX 2: Joint research programme on transcriptomic studies on mastitis
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RIBFA

Exp. Inf. 
S. Aureus
E. coli

ID-L

Exp. Inf. 
bMEC
S. uberis

NSVS

In vitro
bMEC
S. aureus

Roslin

Microarray Analyses
Bioinformatics

RNA

RIBFA

qPCR
TLRs
Défensines

RNA

Clinical, 
Pathological,
Functional Data

Microarray Data
Candidate Genes

v
a
li
d

a
ti

o
n

INRA
bMEC
Sheep

PTP
S. Aureus
Goat

MicroarrayMicroarray

analysisanalysis

WorkshopWorkshop

= = 

CollaborativeCollaborative

Data Data AnalysisAnalysis

Common 
Micro array

Bovine

… FOR JOINT COLLABORATIVE RESEARCH

Outcomes:Outcomes:

• Integration across Institutes

• Integration across disciplines

• Publications & added value

GSE 2007

Common
Data
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… FOR JOINT COLLABORATIVE RESEARCH

Partner 1

Experimental

model 1

Partner 2 Partner 3

Experimental

model 2
Experimental

model 3

Host gene

Expression

Data

Top list genes of  the joint 

list in each infection 

model

Top list genes of  the joint 

list in each infection 

model

Joint data: list
of differentially

expressed genes

List 1 List 2 List 3

Host gene

Expression

Data

Host gene

Expression

Data

EX 2: Joint research programme on transcriptomic studies on mastitisEX 2: Joint research programme on transcriptomic studies on mastitis

Common
Data
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… FOR JOINT COLLABORATIVE RESEARCH

Partner 1

Experimental

model 1

Partner 2 Partner 3

Experimental

model 2
Experimental

model 3

Host gene

Expression

Data

Meta-analysis
(“Pointillist” method)

•experimental designs & sizes

•host species & tissues & pathogens,
•arrays & time points

MetaMeta--analysisanalysis
(“Pointillist” method)

•experimental designs & sizes

•host species & tissues & pathogens,
•arrays & time points

11 gene lists analyzed11 gene lists analyzed
(Ingenuity Package Analysis)

• Bovine specific response

• Goat specific response

• Sheep specific response
• General, overall response

• Early time response

• Late time response

• Early time specific

• Late time specific
• General, overall in vitro response (bovine MO 

& sheep DC)

• Late time in vitro response (bovine MO & 

sheep DC)

• Early time in vitro response (bovine MO & 
sheep DC)

Host gene

Expression

Data

Host gene

Expression

Data

EX 2: Joint research programme on transcriptomic studies on mastitisEX 2: Joint research programme on transcriptomic studies on mastitis

Commonalities identifiedCommonalities identified
• Early inflammatory response
• Cytokines and cell signaling
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Optimised
Technology

Diffusion

Research
of

Excellence

SMEs

Epistasis effects for resistance to disease traits in chicken
O. Demeure et al S14 Poster 76

ExploitationExploitation

ResultsResults

OrientationOrientation

ResearchResearch

Practical Applications !

Overcome Fragmentation Research ! Communication with actors !

ENHANCING TECHNOLOGY TRANSFERT

Ex: chicken TT project
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Epistasis effects for resistance to disease traits in chicken
O. Demeure et al S14 Poster 76

ENHANCING TECHNOLOGY TRANSFERT

�� HowHow manymany QTLsQTLs are involved in 
resistance to coccidiosis and
what are theirtheir effectseffects ?

� Selection for resistance to 
coccidiosis…! Effects on 
production traits (growth, meat
quality, body composition) ?

� What is the epistasis extent for all
these traits in chicken ? Would it
affect the selection efficiency?

� QTL detection

� Identification of QTL 
affecting the different traits 
and comparison of
locations + transfer in 
commercial lines

� Modeling and testing
epistasis

M MMM

+

+
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Optimised
Technology

Diffusion

Research
of

Excellence SMEs

ExploitationExploitation

ResultsResults

OrientationOrientation

ResearchResearch

Practical Applications !

Overcome Fragmentation Research ! Communication with actors !

ENHANCING TECHNOLOGY TRANSFERT

Development of specific projects with industries

Phenotypic

Database

Poultry

Projects

Trait

Ontology

Data

Comparison

Ontologies 
across species
Link to
Biological 
information

Industry 
terms

• Epistasis resistance
• SNP – res. Salmonella

Please selectPlease selectPlease select Please select Please select Please select Please select

Industry of your interest

industry species breed genomic resources disease/abnormalities diseases specific sample/marker production performance
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ANIMAL DISEASE 

GENOMICS
MODERN 

BIOTECHNOLOGY

BROAD RANGE OF ETHICAL ISSUES:

ScientistsScientists faced with 
ethical challenges 

relating to
societal aspects of 

their research.

• The ownershipownership of new knowledge

• The responsibilities of scientistsresponsibilities of scientists towards the public at large

• The future developmentfuture development of European agriculture

• The safeguardingsafeguarding of the integrity and welfare of farm animals.

ANIMAL DISEASE GENOMICS AND ETHICAL ISSUES
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ANIMAL DISEASE GENOMICS AND ETHICAL ISSUES

BROAD RANGE OF ETHICAL ISSUES:

181716THE ENVIRONMENT

151413PRODUCTION ANIMALS

121110ANIMALS IN RESEARCH

987SCIENTISTS

654CONSUMERS  /  CITIZENS

321PRODUCERS  /  INDUSTRY

JUSTICEAUTONOMYWELLBEING

Respect forInterest group

Case studies from our researchCase studies from our research

Specific EADGENESpecific EADGENE

((Animal Disease GenomicsAnimal Disease Genomics))

“ethical matrix”“ethical matrix”
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� Integration across institutes
� Reduced fragmentation, Improved awareness of benefits
� Increased mobility, Improved possibilities for training

� Integration across disciplines
� Overcome host - pathogen and “wet - dry” divide

� Build long term research relationships
� Benefits joint research, joint publications

� Joint resources / data

� Attracted industrial interest
� Improved collaboration

� Joint acquisition
� EU-projects

Genes, SNPs, molecular 
pathways,

gene-networks involved in 

host-pathogen interactions

Achievements / Challenges
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� Integration across institutes
� Reduced fragmentation, Improved awareness of benefits
� Increased mobility, Improved possibilities for training

� Integration across disciplines
� Overcome host - pathogen and “wet - dry” divide

� Build long term research relationships
� Benefits joint research, joint publications

� Joint resources / data

� Attracted industrial interest
� Improved collaboration

� Joint acquisition
� EU-projects

Achievements / Challenges

DURABILITY DURABILITY 

NETWORK !NETWORK !
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EADGENE, a European Animal Disease Genomics
Network of Excellence

for Animal Health and Food Safety
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THANK YOU FOR YOUR ATTENTION

www.eadgene.infowww.eadgene.info

www.sabre-eu.eu


