
This publication represents the views of the Authors, not the EC. 
The EC is not liable for any use that may be made of the information.

European Animal Disease Genomics Network of Excellence 
for Animal Health and Food Safety

Animal Disease Genomics: Opportunities and Applications
10th - 11th June 2008, Edinburgh, UK

miRNAs studies in livestock, a summary of 
the EADGENE workshop

Anne-Sophie Lequarré

Animal Disease Genomics: Opportunities and Applications
10th - 11th June 2008, Edinburgh, UK

EADGENE miRNA workshop 3rd of March 2008

Bryan Cullen. Duke University Medical Centre. The biology of 
miRNAs

Zissimos Mourelatos. University of Pennsylvania
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Laura Bailey. Roslin Institute. Micro-regulation of ES cell differentiation

Nezha Sdassy. INRA, Jouy
miRNAs in the development of mouse mammary gland 

Florian Caiment. ULg
miRNA editing in the ovine DLK1-GTL2 imprinted domain. 

Denis Baurain. ULg
Patrocles: a database of miRNA-medited gene regulation.

Valentina Mariani. PTP + INRA
Host-virus miRNAs regulation: pig dendritic cells infected by PrV

Benoît Muylkens. INRA, Tours
Host and virus microRNA during herpesvirus induced lymphomagenesis
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miRNA world, a short summary

Principle:

CAP AAAAAAAAAmRNA

miRNA ~ 22bp
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miRNA world, a short summary

Principle:

CAP AAAAAAAAAmRNA

miRNA

Cleavage Translation repression

Discovered in C Elegans (lin4 & let7)

Exist in all eutherians except 

sponge and yeast

Target site
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miRNA world, a short summary

Illustration adapted from
Cullen B. Nature Genetics
Supplement: Viruses and miRNAs
Vol 38 June 2006
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miRNA world, a short summary

Located in coding and non coding
Genes, mostly within introns

Often clustered and transcribed
in one polycistronic unit
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miRNA world, a short summary
Illustration adapted from Cullen B., 
nature genetics supplement. Viruses
And miRNAs. Vol 38 June 2006
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miRNA world, a short summary

Mostly in plants
Mostly in animals

ds miRNA is unwinded and 
one strand is degraded (miRNA*)
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miRNA world, a short summary

CAP AAAAAAAAAmRNA

miRNA

Each miRNA has many possible targets (~200)

One mRNA can have several target sites for different miRNAs

About 1000 existing miRNAs

One THIRD of genes are regulated by miRNAs!

Target site
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miRNA world, a short summary

CAP AAAAAAAAAmRNA

miRNA

Key role during development and cell differentiation

Fine tuning cell proliferation and apoptosis

Often dysregulated in cancers

Target site
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miRNA detection, wet lab methods

Cloning small RNAs
High throughput sequencing of small RNAs
PCR, northern blotting

Micro-arrays profiling
Immunoprecipitation RISC or argonaute
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New miRNAs discovery

ES Cell Trophoblast

+ Doxycycline

OCT4 OFF

MicroRNA?

Micro-RNA Regulation of ES Cell Differentiation
Laura Bailey, D McBride, W Carré, L Sutherland, A Law, T Burdon and M Clinton
ROSLIN Institute
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New miRNAs discovery

Micro-RNA Regulation of ES Cell Differentiation
Laura Bailey, D McBride, W Carré, L Sutherland, A Law, T Burdon and M Clinton
ROSLIN Institute

Clone

Purify miRNA

Concatemerise

Convert to cDNA

Identified >400 sequences
• 121 previously identified miRNAs
• 91 established novel miRNAs
• ~ 200 candidate novel micros

10% differentially expressed
• miR-30C decreases on differentiation 

• miR-467a increases on differentiation

• miRNAs clustered on an intron of
Sfmbt2 also increase
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New miRNAs discovery

miRNAs in the development of mouse mammary gland 
N. SDASSI, L. SILVERI, B. PASSET, L. GALIO, J.L. VILOTTE, E. DEVINOY, F. LE PROVOST

INRA-Jouy –en-Josas

Mammary gland = organ that undergoes cycles of cell division,
differentiation and dedifferentiation in the adult

Role miRNAs?

• Expression pattern of 10 miRNAs during mammary gland development

• Search for miRNA specific for the mammary gland and constitution of library

• DICER deletion (Cre-LoxP) and check biogenesis of miRNA at ≠ stages
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miRNA detection, computer methods

miRNA
• Search for ~ hairpin structure in coding, non coding regions
• Filter through pattern of evolutionary conservation

Target
• Search in 3’UTR for imperfect complementary sequence to miRNA

especially the 7-8bp of the SEED (Lewis-human)
• Search for 7-8 bp motif in 3’UTR overrepresented and conserved 

interspecies (Xie mammals)
• Abundance of adenosine stretch flanking complementary sites
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miRNA polymorphism

Patrocles: a database of polymorphic miRNA-mediated
gene regulation ULg

S. Hiard, D. Baurain, W. Coppieters, X. Tordoir, C. Charlier and M. Georges

1 – Targets (1)

2 – miRNAs (100s)

3 – Silencing machinery (overall)

Subtle variation in expression (hypo/hyper)
Possibly no phenotypic expression
Risk factor in complex diseases?

Patrocles
database
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Patrocles: Integrating data from multiple sources

Patrocles

Ensembl

miRBase dbSNP

miRNAs
8nt motifs

SNPs

3’-UTRs gene coord.

SymAtlas
gene expr.

GEO

DGV

HapMap

CNVs

gene expr.genotypes

Literature

8nt motifs
miRNA expr.

eQTLs
machinery
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Patrocles: Integrating data from multiple sources

Patrocles

Ensembl

miRBase dbSNP

miRNAs
8nt motifs

SNPs

3’-UTRs gene coord.

SymAtlas
gene expr.

GEO

DGV

HapMap

CNVs

gene expr.genotypes

Literature

8nt motifs
miRNA expr.

eQTLs
machinery

For 
Livestock!
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Patrocles: Integrating data from multiple sources

http://www.patrocles.org/

Part 1 – Polymorphic targets

Species

Target sites
• Source
• id
• motif

Target genes
• id
• position 
(Xsome + 
bp)

SNPs
• effect
• status
• id
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Part 2 – Polymorphic miRNAs

Species

miRNA
• id
• position

SNP
• position
• status

Part 3 –Custom 3’-UTR sequences

3’-UTR of MSTN allele (Texel vs. WT)3’-UTR of MSTN allele (Texel vs. WT)

Mutations in miRNA affecting phenotypes

B

Increase in proportion and 
diameter of fast twitch fibers.

Callipyge

B’

Wild-type

The callipyge muscular hypertrophy

miRNA and editing in the Callipyge locus
F Caimen and M Georges

ULg

Animal Disease Genomics: Opportunities and Applications
10th - 11th June 2008, Edinburgh, UK

Non-mendelian inheritance: Polar overdominance

+/+ C/+

C/C+/C

C: callipyge
+: normal

Animal Disease Genomics: Opportunities and Applications
10th - 11th June 2008, Edinburgh, UK

mutation : DLK1-GTL2 imprinted domain

Pat

Mat

Begain Dlk1 Peg11 Dio3

Gtl2 Anti-
PEG11

Meg8 Mirg

≈ 1 Mb

IG-DMR

C/D snoRNAs

miR-127/136

Other miRs
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mutation : DLK1-GTL2 imprinted domain

+/+ C/+

C/C+/C

Pat

Mat

Pat

Mat

Mat

Pat

Mat

Pat

The CPLG mutation inactivates a muscle specific silencer of the domain
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mutation : DLK1-GTL2 imprinted domain
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Ectopic expression of the DLK1 protein causes the callypige phenotype
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mutation : DLK1-GTL2 imprinted domain

+/+ C/+

C/C+/C

Pat

Mat

Pat

Mat

Mat

Pat

Mat

Pat

miRNAs ?

Maternal non-coding transcripts
trans-inactivate paternal coding
genes post-transcriptionally ?
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mutation : DLK1-GTL2 imprinted domain

+/+ C/+

C/C+/C

Pat

Mat

Pat

Mat

Mat

Pat

Mat

Pat

miRNAs ?

But no maternal miRNA have
A target site in DLK1 mRNA !
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mutation : DLK1-GTL2 imprinted domain

RNA editing :
Post transcriptional processing mechanism of the RNA sequence
In mammals, mainly A I editing
Editing affecting the seed reported for orthologous miRNAs in mice

DNA extraction

Pri-miR

Sample

cDNA
Synthesis

RNA extraction

PCR
Purification
Sequencing
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mutation : DLK1-GTL2 imprinted domain

Some pre-miRNAs of the domain widely edited in ovine 
skeletal muscle

Unfortunately, miRNAs editing doesn’t improve DLK1 
targeting

Editing affects pre-miRNA processing in ovine skeletal 
muscle

CLPG genotype influences the level of editing
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miRNA encoded by Viruses

Advantages
• Non-immunogenic
• Small amount of genomic space
• Powerful regulators of gene expression
• 127 viral miRNAs detected: mostly herpes virus and a 

few in small DNA tumour viruses.

Down expression of host cell
gene products interfering with 
viral replication cycle

Down regulation of viral 
messengers to induce a 
different viral cycle (latency)
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miRNA encoded by Viruses

Illustration  from Cullen B. 
Nature Genetics Supplement: 
Viruses and miRNAs. June 2006
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miRNA encoded by Viruses
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Nature Genetics Supplement: 
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miRNA encoded by Viruses

Illustration  from Cullen B. 
Nature Genetics Supplement: 
Viruses and miRNAs. June 2006
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miRNA and Virus

Exploring the hostExploring the host--virus virus miRNAsmiRNAs regulation layer: pig regulation layer: pig 
dendriticdendritic cells (cells (DCsDCs) infected by ) infected by PrVPrV ((PseudorabiesPseudorabies virus)virus)

MarianiMariani V, V, MalinverniMalinverni R, R, GeniniGenini S and S and GiuffraGiuffra EE PTPPTP
FloriFlori L, L, LefLefèèvrevre F, F, RogelRogel--GaillardGaillard C and Chardon PC and Chardon P INRAINRA--JouyJouy--enen--JosasJosas

Aims:Aims: -- to identify new pig to identify new pig miRNAsmiRNAs

-- to identify host and pathogen to identify host and pathogen miRNAsmiRNAs involved in involved in 
immune defense  (host) and virulence (pathogen).     immune defense  (host) and virulence (pathogen).     
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miRNA and PrV Virus in pig

Pig Pig miRNAsmiRNAs within within miRBASEmiRBASE: : 54 54 
all predicted all predicted in in silicosilico
few biologically confirmed few biologically confirmed 

AimAim: Identify : Identify miRNAsmiRNAs differentially expressed in differentially expressed in PrVPrV
infected (infected (herpesvirusherpesvirus) pig ) pig DentriticDentritic Cells  (Ag presenting Cells  (Ag presenting 
cells)    cells)    miRCURYmiRCURY™™ LNA Arrays (LNA Arrays (ExiqonExiqon))

47 47 miRNAmiRNA probes differentially expressed in time course analysis:probes differentially expressed in time course analysis:
2222 vertebrata, vertebrata, 55 plants, plants, 22 viral, viral, 1 1 arthropod, arthropod, 1717 not annotatednot annotated

Animal Disease Genomics: Opportunities and Applications
10th - 11th June 2008, Edinburgh, UK

miRNA and PrV Virus in pig

Results validated by RealResults validated by Real--Time PCR Time PCR 
2 viral 2 viral miRNAsmiRNAs amplified amplified mghvmghv--mirmir--xx and and ebvebv--mirmir--xx

On On PrVPrV draft : no draft : no ebvebv--mirmir--xx! ! Viral Viral miRNAmiRNA homologue to host genomehomologue to host genome
ggenome sequence has still gaps ?enome sequence has still gaps ?

•• Clone + Clone + seqseq miRNAsmiRNAs differentially expressed + validationdifferentially expressed + validation

•• Connection Connection transcriptomictranscriptomic + + miRNAmiRNA expression studiesexpression studies

•• Use tools to evaluate gene targets (Use tools to evaluate gene targets (PatroclesPatrocles?).?).

•• BioinformaticBioinformatic tool to predict viral pretool to predict viral pre--miRNAsmiRNAs
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microRNA during GallidGallid herpesvirusherpesvirus 22 infectioninfection

GallidGallid herpesvirusherpesvirus 22 : : GaHVGaHV--22
• responsible for Marek’s disease, major pathogen

in the chicken industry

• Infection of CD4+ T cell lymphoma and model for 
virus induced lymphoma

Host and virus microRNA expression signatures 
during herpesvirus induced lymphomagenesis

B MUYLKENS, S TRAPP, Y LEVERNE, G DAMBRINE, S PFEFFER, D RASSCHAERT
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microRNA during GallidGallid herpesvirusherpesvirus 22 infectioninfection

Oncogenesis
Major oncogene : Meq

Oncogenesis associated gene : vTR, USP

US   

TRL IRL IRS TRS

Meq ICP4V-IL8 vTR

LATLATMiRMiR cluster 1cluster 1 MiRMiR cluster 2cluster 2

Latency
One transcript :  LAT

Mechanism of action ?

WhatWhat isis the the rolerole of of GaHVGaHV--2 2 encodedencoded miRNAsmiRNAs in the in the regulationregulation
of the viral and cellular cycles ?of the viral and cellular cycles ?
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microRNA during GallidGallid herpesvirusherpesvirus 22 infectioninfection

D14…

Reactivation

D0

D5-7

Lytic infection 
(B Ly, MØ)

D7

Latent infection 
(CD4+ T Ly)

D21

Development of lymphoma
- CD4 + T cells
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microRNA during GallidGallid herpesvirusherpesvirus 22 infectioninfection

a. Size fractionation (19-24 nt)

b. Ligation of 3’ and 5’ adaptors

e. « Large » scale sequencing (~400 concatemers per library)

Small RNA extraction  (Word) => 15,163 small RNAs
Assembly (Contig Assembly Program, Bioedit)

c. RT, PCR1, PCR2 (BanI) 

d. BanI digestion, concatemerization, TA cloning

8 different cell populations: in vitro and in vivo
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microRNA during GallidGallid herpesvirusherpesvirus 22 infectioninfection

Identification of novel chicken miRNAs + validation

Localization of additionnal loci encoding viral 
miRNAs

Misexpression of cellular miRNA during GaHV-2 
induced lymphomagenesis
• miRNA-21 ↑ : oncogenic miRNA that down regulates several 

tumor suppressor genes
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EADGENE miRNA workshop 3rd of March 2008

Laura Bailey. Roslin Institute. Micro-regulation of ES cell differentiation

Nezha Sdassy. INRA, Jouy
miRNAs in the development of mouse mammary gland 

Florian Caiment. ULg
miRNA editing in the ovine DLK1-GTL2 imprinted domain. 

Denis Baurain. ULg
Patrocles: a database of miRNA-medited gene regulation.

Valentina Mariani. PTP + INRA
Host-virus miRNAs regulation: pig dendritic cells infected by PrV

Benoît Muylkens. INRA, Tours
Host and virus microRNA during herpesvirus induced lymphomagenesis
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Part of the ULg miRNA team

Thanks for your attention !
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