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Life, cell, chromosome & DNA
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Life, cell, chromosome & DNA

Genome 3D structure is organized and regulates gene expression

Branco MR & Pombo A, 2006 

1D

From DNA loops to …  chromosome territories
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Life, cell, chromosome & DNA

Genome 3D structure is organized and regulates gene expression

From DNA loops to …  chromosome territories

Ea et al, 
Genes, 2015
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Life, cell, chromosome & DNA

Genome 3D structure is organized and regulates gene expression

From DNA loops to …  chromosome territories
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From structure to function

Genome 3D structure is organized and regulates gene expression
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From structure to function

Genome 3D structure is organized and regulates gene expression

? 
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The FR-AgENCODE project

a French pilot project of the 
FAANG consortium

goal: improve functional 
annotation of livestock genomes
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The FR-AgENCODE project

a French pilot project of the 
FAANG consortium

goal: improve functional 
annotation of livestock genomes

founding: INRA, France (300KE)

4 INRA sites, 9 labs, 58 scientists

4 species: pig, chicken, cattle, goat

primary targets: 
liver & blood cells (CD4+ & CD8+)

molecular assays:
RNA-seq, Hi-C & ATAC-seq

duration: 2015-2017

E. Giuffra, 
INRA GABI

S. Foissac, 
INRA GenPhySE
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The FR-AgENCODE project

Sus scrofa
(Large White)

Gallus gallus
(White Leghorn)

Bos Taurus
(Holstein)

Capra hircus
(Alpine)

2x

2x

Sampling: 40+ tissues 
(liver, CD4+, CD8+, sperm, plasma, heart, lung, skin, fat, 

duodenum, ileum, jejunum, cerebellum, frontal lobe, olfactory 
bulb, trigeminal ganglia, hypotalamus, pancreas, andrenals, 

kidney, muscle, bone, joints, spleen, lymphatic nodes, peyer's 
patches, ovary, oocytes, oviduct, uterus, mammary gland, 

acini, testis, seminal vesicle, etc) 
=> INRA CRB-Anim biorepository

Molecular assays: 3 target tissues
transcriptome & chromatin structure profiling
polyA+ RNA-seq (mRNAs & lncRNAs, 130M RP/lib)
small RNA-seq (miRNAs & <200nt RNAs, 40MR/lib)

Hi-C (130M RP/lib) & ATAC-seq (40M RP/lib)

Hi-C: chromosome conformation capture

Rao et al, Cell, 2014

Buenrostro et al, 2013

ATAC-seq: chromatin accessibility

Bioinformatics data analysis
genome annotation, gene expression, lncRNAs & sRNAs 
annotation/prediction, chromosome interaction matrices & 

contact heatmaps, allele-specific expression, chimeric 
transcripts detection, comparative genomics, etc

RNA-seq: long & short RNAs
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The Porcinet project

Context: pig development 
and maturation process (muscle)

Agronomic interest: 
maturity => piglet mortality at birth 
(Canario L., 2006, Baxer E.M 2008)

PhD thesis: Maria Marti, GenPhySE

Leenhouwers, J.L. et al., 2002
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The Porcinet project

Context: pig development 
and maturation process (muscle)

Agronomic interest: 
maturity => piglet mortality at birth 
(Canario L., 2006, Baxer E.M 2008)

PhD thesis: Maria Marti, GenPhySE

Experimental design:
90 days vs. 110 days of development,
3 replicates

Assays: Hi-C, ChiP-Seq (CTCF), 
RNA-seq

Leenhouwers, J.L. et al., 2002

90 days (x3) 110 days (x3)
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Chromosome Conformation Capture assays
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Chromosome Conformation Capture assays

Davies et al, Nature Methods, 2017
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Hi-C: the experiment
Hi-C: high-throughput chromosome conformation capture 
(Lieberman-Aiden et al, Science, 2009, Rao et al, Cell, 2014)

crosslink DNA
(“fixation”)

cleave genome with 
restriction enzyme

biotin-mark and 
ligate extremities

fragment, select 
biotin-marked junctions

sequence fragments
(paired-ends)

Belton et al, Methods, 2012
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Hi-C: the experiment

Rao et al, Cell, 2014

Hi-C: high-throughput chromosome conformation capture 
(Lieberman-Aiden et al, Science, 2009, Rao et al, Cell, 2014)
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Hi-C: the experiment

Davies et al, Nature Methods, 2017
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Hi-C data analysis: the contact matrix

Sexton et al, Cell, 2012
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Hi-C data analysis: the contact matrix

Rao et al, Cell, 2014

Giorgetti et al. Genome Biology 2013
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FR-AgENCODE pipeline
-Trim reads (ligation site)
- Map on reference genome
- Discard inconsistent pairs
- Count reads in pairs of genomic 
   bins & generate contact matrix
- Normalize contact matrix 
  (non parametric, matrix balancing)
- Generate html report
- Identify Topologically Associated 
  Domains, cis and trans interactions
- Identify A and B compartments

Software
- HiC-Pro pipeline (Servant et al 2015)
- Bowtie2 mapping (Langmead et al, 2009)
- ICE normalization (Imakaev et al, 2012) 
- HiTC display and A/B comp. (Servant et al, 2012)
- HiFive pipeline (Sauria et al, 2015)
- Armatus TAD finding (Filippova et al, 2014)
- Juicebox browser (Durand et al, 2016) 
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Hi-C data analysis: bioinformatics pipeline
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Dixon et al data 
(human, from Servant et al 2015)

Read pairs status after mapping

Rao et al data
(mouse, CH12 cells) 

62% 
valid pairs

71% 
valid pairs

Servant et al 2015

Hi-C data analysis: FR-AgENCODE QC
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Dixon et al data 
(human, from Servant et al 2015)

Read pairs status after mapping

Rao et al data
(mouse, CH12 cells) 

FR-AgENCODE data
(mouse, STO cells) 

62% 
valid pairs

71% 
valid pairs

90% 
valid pairs

Hi-C data analysis: FR-AgENCODE QC
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Dixon et al data 
(human, from Servant et al 2015)

Read pairs status after mapping

Rao et al data
(mouse, CH12 cells) 

FR-AgENCODE data
(mouse, STO cells) 

FR-AgENCODE data
(pig, hepatocytes) 

62% 
valid pairs

71% 
valid pairs

90% 
valid pairs

4% 
valid pairs

Hi-C data analysis: FR-AgENCODE QC
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Hi-C data analysis: FR-AgENCODE QC

Yaffe & Noble, 2011
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Hi-C data analysis: FR-AgENCODE QC

Yaffe & Noble, 2011



SF1 & NV2  Hi-C data analysis Séminaire MIAT, INRA Toulouse – June 2017

Hi-C data analysis: FR-AgENCODE results

chicken2

chicken4
Giorgetti et al. Genome Biology 2013
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Hi-C data analysis: PORCINET results
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Hi-C data analysis: PORCINET results

Contact matrices for chr13, 500Kb/bin, Sscrofa v11
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M.C. Escher, 1948
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Hi-C data analysis: PORCINET results

Enrichment of genomic features around TAD boundaries

Homo sapiens (Dixon et al, Nature, 2012)

Sus scrofa (PORCINET project results)
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FR-AgENCODE: molecular assays

RNA-seq

Hi-C: chromosome conformation capture

Dixon et al 2012 Rao et al, 2014
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