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FR-AgENCODE: the french pilot project of FAANG from INRA



The FAANG pilot project FR-AGENCODE
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== INRA Step 1: animal and tissue sampling

3

+ 4 animals per species

+ 40+ tissues per animal
Liver, CD4+ T cells, CD8+ T cells, sperm, plasma,
heart, lung, skin, fat, duodenum, ileum, jejunum,
cerebellum, frontal lobe, olfactory bulb, trigeminal PREVSEN oh & Traning @ Aoutus | EBLEB

ganglia, hypotalamus, pancreas, andrenals,
fg) BioSamples s

kidney, muscle, bone, joints, spleen, lymphatic

nodes, peyer's patches, ovary, oocytes, oviduct,

uterus, mammary gland, acini, testis, seminal Home | Seach | Submit | Documentation | Avou
vesicle, etc.

Michéle
Tixier-
Biochard

Stéphane
Fabre

Search results

+ 2,000+ frozen samples Snowng 11010 g0 e

+ Protocols and BioSamples -
entries at the EMBL-EBI

+ Samples available at the INRA
Bridge/CRB-anim biobank

EMBL-EBI Submission GSB-721 SAMESSIE

Updated on: 01-06-2018 19:05

Submission Description Samples collected in frame of the Fr-AgENCODE project
Submission Identifier GSB-721 Submission Reference L... false
Submission Tite Fr-AgEMCODE || has member SAMEATI77418

has member SAMEATS51918 has member SAMEAT952668

has member SAMEATIE791E || has member SAMEATOEEEEE

has member SAMEATS89416 || has member SAMEATI92418

has member SAMEAT393915 || has member SAMEAT996168

has member SAMEATI9766E || has member SAMEAT999168

has member SAMEATI99918

it Up to higher level directory

i : Submission GSB-99 SAMEG100045
Name Slze LaSt MOdlﬁed Updated on: 23-02-2018 10:07
File: DEDJTR_SOP_CryofreezingTissue_20160317.pdf ~ 69KB  3/22/16  12:00:00 AM GMT+1 S _ |
File: |NRA_SOP_PBM C_puriﬁcation_catlle_caprine_E01 .. B0KB 5/4/116 12:00:00 AM GMT+2 Submission description  FR-AgENCODE : Sample used for RNA-Seq Sequencing

Submission identifier G5B-99

File: INRA_SOP_PBMC_seperation_swine_blood_2016.. 89 KB 5/4/16 12:00:00 AM GMT+2
File: INRA_SOP_alveolar_macrophages_mammals_sam... 486 KB 7/29/16  12:00:00 AM GMT+2
File: INRA_SOP_chicken_splenocytes_sampling_20160... 131 KB 7/29/16 12:00:00 AM GMT+2
File: INRA_SOP_liver_spleen_mammarygland_forHiC_s... 327 KB 7/29/16 12:00:00 AM GMT+2

Submigsion itk FR-AgEMCODE : Sample used for RNA-Seq Sequencing
has member SAMEA1088309 || has member SAMEA1088310
has member SAMEA1088311 has member SAMEA1088312

has member SAMEAT088313 || has member SAMEA1068314

e alllfal 2
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Step 2: the molecular assays

+ RNA-seq: transcriptome profiling

{ FAANG

/ Functional Annotation of Animal Genomes
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- — A - e
= * C Diane Herve
N Poly-A selection, fragmentation and randem priming _‘/ \\_ End-repair, phesphorylation and A-taling 4 7
: B Esquerre Acloque
FB — — = \] D X mars o v g 58 fll:{_
E— —_ -t AT T B
F- 3 Py
.':.- et B0 Sy ne— s
T
\\_ Frist and second-strand cONA synthesis /'l \_ Adapter ligation, PCR amplification and sequencing /‘

+ ATAC-seq: chromatin accessibility

from www.illumina.com

. ; Index of ftp:/ftp.faang.ebi.ac.uk/ftp/protocols/assays/
*+ Hi-C: chromosome conformation T
Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using Name Size Last Modified
restriction  and mark pull down biotin paired-ends File: DEDJTR_SOP_Sampl.. 134KB  3/22/16  12:00:00 AM GMT+1
Hindlll ShZyme it i File: INRA_SOP_ATAC-se.. 398KB  8/5/16  12:00:00 AM GMT+2
File: INRA_SOP_Hi-C_HA.. 900KB  12/8/16  12:00:00 AM GMT+1
7 File: INRA_SOP_RNA exir.. 216 KB  5/4/16  12:00:00 AM GMT+2
’ =S File: INRA_SOP_mRNA-se.. 392KB  11/24/17 12:00:00 AM GMT+1
( e File: ISU_SOP_ChIP_swin.. 1688 KB 1/25/19  3:34:00 PM GMT+1
T File: ISU_SOP Fetalliver .. 279KB  1/25/19  3:34:00 PM GMT+1
-5?'\‘:\ File: ISU_SOP_Macropha.. 88KB  2/13/19  10:14:00 AM GMT+1
(5 5) File: ROSLIN_SOP_Chrom.. 458 KB  11/18/16 12:00:00 AM GMT+1
File: ROSLIN_SOP_lsolati.. 74KB  11/16/16 12:00:00 AM GMT+1
Rao et al, Cell, 2014 File: ROSLIN_SOP_lsolati.. 59KB  11/16/16 12:00:00 AM GMT+1
File: ROSLIN_SOP Tissu.. 328KB  11/16/16 12:00:00 AM GMT+1

Dpen DNA

TS Transposomid
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Completed experiments

L
liwer

RNA-seq:
~5B read pairs

ver
MM

liwer

ATAC-seq:
~3B read pairs

- S B B Hi-C
e Ll L ] 2B read pairs

>80% of experiments completed



Z=INRA Step 3: data analysis
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+ Bioinformatics pipelines

RNA-seq ATAC-seq Hic
(HiC-Pro)
- Read trimming - Read trimming - Read trimming
(trimgalore) (trimgalore) (cutadapt)
- Read mapping (STARZ) - Read mapping to genome - Read mapping to genome
- Transcript modelling (Bowtie?2) (Bowtie?2)
(Cufflinks2) - PCR duplicate removal - Inconsistent pairs filtering
- New gene annotation (Samtools) (Samtools)
(Cuffmerge?2) - Mitochondrial read removal -  Contact matrix generation
- Transcript/gene express® (Ssamtools) and normalization (1CE
quantification (RSEM) - Peak calling (MACS2) - TADcalling (Armatus)
- LncRNA calling (FEELnc) - Visualization (JTuicebox)
+ Data integration and comparison r "
. Sarah Nathalie
Djebali Vialaneix

+ Statistical analyses




==INRA Step 3: data analysis
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+ Bioinformatics pipelines

RNA-seq

Transcript modelling
cufflinks 2,2.1

Mapping
STAR 2.5.1b

Y

- Read trimming
(trimgalore)

- Read mapping (STARZ)

- Transcript modelling
(Cufflinks2)

- New gene annotation
(Cuffmerge?2)

- Transcript/gene express®
quantification (RSEM)

- LncRNA calling (FEELnc)

ey 2.7 k0 RSEM 1.3.0 Sample 1

Merge Novel gene LncRNA detection LncRNA |
cuffmerge 2.2.1 annotation FEELnc 20160712 set :

Tr/Gn Ref Tr/iGn TriGn Novel Tr/Gn
quantification quantif. Mapping .| guantification quantif.

RSEM 1.3.0 Sample 1

5
TriGn Ref TriGn Mabbi TriGn Movel Tr/Gn
quantification quantif. PPING Ly quantification quantif.

Ref. gene
annotation

RSEM 1.3.0 Sample N SERR 2.3 k0 RSEM 1.3.0 Sample N

A

Differential gene

HJ: expression (DE)
Mapping .| Transcript modelling analysis
STAR 2.5,1b o cufflinks 2.2.1 EdgeR 3.18.0




=INA Step 3: data analysis 7FAANG
+ Bioinformatics pipelines
Hic
Hi-C Fragments )

Hi-C detailed workflow Sorvant of TSRt . B )
- Trim reads (ligation site) al., 2015 T g
- Map on reference genome — o s (“mtadapt_)
- Discard inconsistent pairs — - Read mapping to genome
- Count reads in pairs of genomic b (Rowtie?2)

Nbins 8|¢ gener?tetconttgct matrix §'Sequencmg§ - Inconsistent pairs filtering
- Normalize contact matrix (Samtools)

I I I End-to-end enomeAll nment

i (Gn((a)rr:ee:’[grﬁter:\rll%egnoari”x balancing) . : -  Contact matrix generation
- Identify Topological Associated e R unmappedests AN normalization (1CE)

Domains, cis and trans interactions — —==—p---ige—onq =, - TADcalling (Armatus)
- Identify A and B compartments iai_::f =1 Bepedll Visualization (Juicebox)

Software ——e——

- HIC-Pro pipeline (Servant et al 2015) T
- Bowtie2 mapping (Langmead et al, 2009) o toend genome Alignment
- ICE normalization (Imakaev et al, 2012) T
- HITC display and A/B comp. (Servant et al, 2012) . R
- HiFive pipeline (Sauria et al, 2015) s e e
- Armatus TAD finding (Filippova et al, 2014) pommf=

- Juicebox browser (Durand et al, 2016)
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Data overview: RNA-seq & ATAC-seq
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Genome Browser Tools
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UCSC Genome Browser on Pig Feb. 2017 (Sscrofal1.1/susScr11) Assembly
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Results: the transcriptomic landscape >;}FAANG

most of all the known transcripts are detected in liver and T cells
reference annotation can be extended by a factor 2 to 3
most of the new transcripts are alternative isoforms of coding genes

Reference and FR-AgENCODE transcripts detected

Reference transcripts
. FR-AQEMNCODE transcripts
Species Al Expressed

# % of total # mMRNAs IncRNAs

Cattle 26,740 16,100 60.2 84,971 59,801 22,724
Goat 53,266 34,442 64.7 78,091 64,962 13,864

Chicken 38,118 22,180 58.2 57,817 47,567 7,502
Pig 49,448 29,786 60.2 77,540 63,721 12,587




==INRA Results: the transcriptomic landscape
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+ most of all the known transcripts are detected in liver and T cells
+ reference annotation can be extended by a factor 2 to 3
+ most of the new transcripts are alternative isoforms of coding genes
+ differential expression between liver and T cells:
+ most of the genes are Differentially Expressed (DE)

Number of DE reference genes
Cattle Goat Chicken Pig
liver > T cells 4992 6,188 4,307 5,666
T cells > liver 3,943 4,384 2,640 3,772




=INRA Results: the transcriptomic landscape

+ most of all the known transcripts are detected in liver and T cells

+ reference annotation can be extended by a factor 2 to 3

+ most of the new transcripts are alternative isoforms of coding genes
+ differential expression between liver and T cells:

+ most of the genes are Differentially Expressed (DE)
+ DE genes have consistent GO functions

liver > T cells
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e P P
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Hierarchical clustering using orthologous genes
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Results: the transcriptomic landscape
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=INRA Results: the chromatin accessibility landscape % FAANG
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7 -

+ 75,000-150,000 accessibility sites by species (~2-4% of the genome)
+ Most of them are intergenic & intronic

% ATAC-seq peaks in domain

Cattle Chicken

40 -

20 - I I

O_I .ll -l I .ll -I
Goat

40 -

20-II I I

0 II -I I .ll -I

SRS D PP O

\

class
B 1_exonic
B 2_intronic
3 tss
. 4 _tss1kb
W 5_tss5kb
6 _tts
B 7_tts1kb
8 _tts5kb
" 9 intergenic




=INRA Results: the chromatin accessibility landscape

+ 75,000-150,000 accessibility sites by species (~2-4% of the genome)
+ Most of them are intergenic & intronic

+ Promoter accessibility: max within 1Kb upstream of gene starts

NS | '
7 63

3004 3004

300+

200+

200+ 200~

2004 150 4

100+

100+

Mean ATAC-seq score around and within genes
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= INRA Results: the chromatin accessibility landscape

+ 75,000-150,000 accessibility sites by species (~2-4% of the genome)
+ Most of them are intergenic & intronic
+ Promoter accessibility: max within 1Kb upstream of gene starts
+ Comparative analysis between liver and T cells
+ 5,000 to 13,000 sites are Differentially Accessible (DA) by species



=EINRA Results: the chromatin accessibility landscape
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+ 75,000-150,000 accessibility sites by species (~2-4% of the genome)
+ Most of them are intergenic & intronic
+ Promoter accessibility: max within 1Kb upstream of gene starts
+ Comparative analysis between liver and T cells
+ 5,000 to 13,000 sites are Differentially Accessible (DA) by species
+ more Transcription Factor e S

Binding Sites in DA vs. x
- * *

non-DA sites
Goat

i-%
o
1

L
=
L

[
o
1

—
=
1

=> support for a regulatory role

=]
1

Predicted TFBS density in ATAC-seq peaks

—+ M o =
= =] [= L= o
*

* |3

. n




==INRA Chromatin structure & 3D genome

nuclear genome
(a few Gb)
/ \ regulators
(enhancers, TFBS... n x 100bp)

open, active “A”

Openor
. accessible
2 "‘. _ &
A/B ! ' A& J° ¥
compartments ' ' Closed
(~n x Mb)
B Ky, P ’ il
closed, inactive “B” | -
\ regulatory loops
: (N x Kb)

Topologically
Associating Domains
(n x 0.1 MDb)

Giorgetti et al., 2013, Genome Biol. Shlyueva et al, Nat. Rev. Genet., 2014

Enhancer B



Z2INRA Data overview: the Hi-C interaction matrix 7FAANG

0 274.3
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position LR T
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274.3 genomic position (Mb)
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The A/B (epi)genome compartments
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Z=INRA The A/B (epi)genome compartments
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Z=INRA The A/B (epi)genome compartments :§>%Q>AANG
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Z=INRA The A/B (epi)genome compartments
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ZINVA The A/B (epi)genome compartments

+ Gene distribution in A/B compartments
Goat: 7844 genes in A (65.5%) vs. 4133 in B (34.5%)
Chicken: 4571 genes in A (64.0%) vs. 2576 in B (36.0%)
Pig: 6737 genes in A (63.4%) vs. 3883 in B (36.6%)

S\
%/% Functional Annotation of Animal Genomes



=INRA The A/B (epi)genome compartments

+ Gene distribution in A/B compartments
Goat: 7844 genes in A (65.5%) vs. 4133 in B (34.5%)
Chicken: 4571 genes in A (64.0%) vs. 2576 in B (36.0%)
Pig: 6737 genes in A(63.4%) vs. 3883 in B (36.6%)

+ Focusing on orthologous genes: compartments across species
“A” in the 3 species “B” in the 3 species
expected: 1529 genes (26.7%) expected: 259 genes (4.5%)
observed: 2972 genes (51.9%) observed: 611 genes (10.7%)

(N=5728 orthologous genes with an assigned compartments in the 3 species)

conservation of —o evidence of
genome compartments functional role
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3D model
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Li et al, 2016, Scientific Reports
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Topologically Associating Domains (TADs)
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=INRA Topologically Associating Domains (TADS) %FAANG

+ |dentify “orthologous” TAD boundaries
(between 2 or 3 species):

N = 16,468 non ambiguous hits

+ 10,805 from 1 species => level zero

+ 5592 from 2 species => level one
+ 71 from 3 species => |level two

+ Compute interaction score across
TAD boundaries of each level
(the lower the score, the
stronger the insulation)
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+ |dentify “orthologous” TAD boundaries
(between 2 or 3 species):

N = 16,468 non ambiguous hits

+ 10,805 from 1 species => level zero

+ 5592 from 2 species => level one
+ 71 from 3 species => level two

+ Compute interaction score across
TAD boundaries of each level
(the lower the score, the
stronger the insulation)

conserved TAD evidence
boundaries have => of selective
stronger insulations pressure

Interaction score across TAD boundary (ratio)

Orthology level of TAD boundary (# species)

\[

Topologically Associating Domains (TADs)

capra_hircus

gallus_gallus

sus_scrofa
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Z=INRA Conclusion

= SCIENCE & IMPACT

+ The FR-AgENCODE project contributes to the FAANG action
+ Substantial extension of the transcriptional map
+ |dentification of potential regulatory sites with accessible chromatin

+ Integrative analysis across assays and/or across species:

a powerful approach to investigate gene expression

+ Chromatin conformation is under selective pressure at various

organizational levels: accessibility sites, TADs & compartments

Conservation

SN

Structure <+— Function
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