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Intro: from structure to function

Draw me a gene...
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Intro: from structure to function

genomic DNA
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Intro: from structure to function

TSS
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genomic DNA

5\ GenotouL

D GeT

3D genomics with Hi-C // Toulouse, Nov. 28, 2017 /I sylvain.foissac@inra.fr

RN
(M |

i

INRA

SCIENCE & IMPACT



Intro: from structure to function
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Intro: from structure to function

Function Function

https://en.wikipedia.org/wiki/Gene
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Intro: from structure to function

looping of DNA
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Intro: from structure to function

E From structure to function
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Intro: from structure to function
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Intro: from structure to function

 How to profile the 3D structure of the genome In
livestock species?

* \What are the main features of this 3D organization?

e Can we link structure & function?
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The FR-AGENCODE project
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Sylvain
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FR-AgGENCODE: a French pilot project of the FAANG action

INRA funding: 300KE, SelGen metaprogramme
4 research units, 60+ participants

Goal: improve the functional annotation of animal genomes
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The FR-AQENCODE project

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)

EMEL-EEI

Sequencing assays
on 3 target tissues

Transcriptome & chromatin structure
profiling: polyA+ RNA-seq (130M RP/lib),
small RNA-seq (40MR/lib), Hi-C (130M
RP/lib), ATAC-seq (50M RP/lib)

~20B reads (3Tb of seq. data)

Data analysis
Annotation of genes, transcripts,
regulatory regions and topological

domains. Comparative and integrative

4,115 BioSamples entries available at INRA biorepository

Bos Taurus Capra hircus

Sus scrofa  Gallus gallus
(Holstein) (Alpine)

(Large White) (White Leghorn)

RNA-seq: transcriptome

Mlumina Tru-Seq RNA-seq protocol

analysis.
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FR-AGENCODE data: RNA-seq & ATAC-seq

UCSC Genome Browser on Pig Aug. 2011 (SGSC Sscrofa10.2/susScr3) Assembly
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FR-AGENCODE data: RNA-seq & ATAC-seq

UCSC Genome Browser on Pig Aug. 2011 (SGSC Sscrofa10.2/susScr3) Assembly
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: RNA-seq & ATAC-seq

FR-AQENCODE results

ATAC-seq

08
¢l
79

o
o
T
(=]
-

INeRY
[ % of gene size

\
o]
TTTT

- 021
~ag - 009-

o, £ 080L-

& F095)-

RNA-se

E8

““““ o E02L
- 009-

0z

99 09 S5 09

m - Ov0e-
) e
> - 000€-

[ % of gene size ]

- 080}
- 0951-
- 0v0e-
- 025z
= 000€-

(0<|eubis yum uiq Jo %)

abelan0d ues|\

Relative position to annotated pig genes in bp (+/-3Kb)

DL

10

0s

siajowoud ul syead Jo o,

or

0g

o
(8N}
o
—

(aM| -/+ SS1)

o

Vcoll
LoantE
S05 8
onn...s@
C =% 0
G o & &
[ e e
Mw - QN <
ARKK
L O
(F
Rs)
& Lo
o L 00
3} N
S_ L ©
)] - D
7 <
-M
FQ
-~ ™
I I || I
() ) =, [
(o] < (4]

50 70 90

30

# of samples where

(eidwes L< ul L'0 < INdL)
syduosuel) payosjep Jo

Mean accessibility score

transcript TPM > 0.1

(normalized # reads)

Annotated transcripts are more expressed than novel ones

ATAC-seq reads and peaks accumulate in promoters

SCIENCE & IMPACT

3D genomics with Hi-C // Toulouse, Nov. 28, 2017 /I sylvain.foissac@inra.fr

GenoTouL

1)
ssa00
s »
000

e @

800
e




FR-AQENCODE results: RNA-seq & ATAC-seq

Annotated Transcripts |
Genome / Detected Numbe: of Number of
Gene Total tra'r:::: s novel
annotation | pumber # 9% of total dete cteF:j* IncRNAs

Bos taurus

Capra hircus

Gallus gallus

Sus scrofa
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FR-AQENCODE results: RNA-seq & ATAC-seq

Projection on the first two PCs

401

|
+ cd4+
A

PCA on samples
(gene expression)

PC2 (2 %)

=20

4 Cd8+

liver

-100 0
PC1 (93 %)

100

Filtering: TPM>0.1 in min 2 samples
Normalization: TMM (edgeR)
N=15,928

cd8 vs. liver

GenoTouL

ese
ssa00
aneee o
ceesew
L e

200

Differential
gene
expression
(S. scrofa)

individual
@ pigl
A pig2
W pig3

+ pig4

tissue

© cd4
® cds
© liver

PC2 (17 %)

Projection on the first two PCs

1004 + A Cd4+

50 1

PCA on samples
ol (peak accessibility)

-50 4

- g W cd8+

individual
@ pigt
A pig2
. M pig3
liver + ps
A tissue
u © cda
® cds
© liver

-1 IOO 0 1(I)0
PC1 (26 %)

Filtering: none

200

Normalization: LOESS (csaw)

N=120,914

Top- significant GO terms (Biol. Proc.) for
over-expressed genes in liver vs. T cells

oxoacid metabolic process

small molecule
catabolic process

oxidation—reduction process

small molecule

carboxylic acid
biosynthetic process

carboxylic acid
catabolic process

alpha—amino acid
catabolic process

biosynthetic process lipid metabolic process

3D genomics with Hi-C // Toulouse, Nov. 28, 2017 /I sylvain.foissac@inra.fr

==INA

= SCIENCE & IMPACT



FR-AQENCODE results: RNA-seq & ATAC-seq

Gene Ontology analysis
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FR-AQENCODE results: RNA-seq & ATAC-seq

Expression of orthologous genes: multi-species clustering
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chicksnd.oda
shicksna.cda
catib=2 Fwer
catib1 Fwer
catib=d Fwer
catib=z Fwer
goabd Beer
goat] . Feer
goaltE. Beer
goatz. Feer
pige. Fwer
pig1.Ewer
pi2. e
pigz.Fwer
chickenz. Fwer
chicken1 Fwer
chickend Fwer
chicken3 . Fwer

W cdd
cda
liver

T

e

chiche n3 oda
chicha nd odd
chichea nd o
chicka nl o
Fg2 oo
Figh oo
gaall odd
goal? ot
goaid okt
gaakh okt
gaall 43
gaal? 43
goat sl
goak ol
cartlod o
catl=d odd
catle] odd
catla? o
catled odd
o e o
catiad odd

species
tissue

catl=2

INRA
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Hi-C : the protocol

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

A crosslink and isolate B digest and biotin fill in C ligation and DNA isolation
crosslink DNA - (ﬁﬁ
(“fixation”) Qe

cleave genome with
restriction enzyme

biotin-mark and
ligate extremities

Pulldown, adapter ligation
and deep sequencing

fragment, select
biotin-marked junctions

-

&
- P
a

sequence fragments
(paired-ends)

5\ GenotouL === IN?A
“T3ees GET 3D genomics with Hi-C // Toulouse, Nov. 28, 2017 /I sylvain.foissac@inra.fr ===
—= SCIENCE & IMPACT



Hi-C : the protocol

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

Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
restriction and mark pull down biotin paired-ends
enzyme with biotin

HindlI]

AAGCTT
TTCGAA

Rao et al, Cell, 2014
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Hi-C : the analysis pipeline

Hi-C Fragments
ﬁ 1

o —

FR-AQENCODE pipeline N. Servant —— —

- Trim reads (ligation site) etal 2015 — =

- Map on reference genome —— e
—

- Discard inconsistent pairs J,
- Count reads in pairs of genomic

bins & generate contact matrix §’Sequencmg§
- Normalize contact matrix

(non parametric, matrix balancing) End-to-end genomeAhgnment

- Generate html report /\

- Identify Topological Associated

Domains, cis and trans interactions ,:"‘."i“fiii"’i_. Jnmappedfeads

- Identify A and B compartments i et S R wl
: T -—

Software e = ] i 37 1S site
- HIC-Pro pipeline (Servant et al 2015) P-4 i ._
- Bowtie2 mapping (Langmead et al, 2009) ——
- ICE normalization (Imakaev et al, 2012) '
- HITC display and A/B comp. (Servant et al, 2012) J

End-to-end genome Alignment

- HiFive pipeline (Sauria et al, 2015) /\
- Armatus TAD finding (Filippova et al, 2014)

- Juicebox browser (Durand et al, 2016) Aligned Reads Unmapped Reads
-4
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Hi-C results : the Interaction matrix
274.3 N

Sus scrofa
chrom #1
pig #1

genomic
position
(Mb)

genomic position (Mb) 274.3
i, GenoTouL

& GeT
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Hi-C results : the interaction matrix

Sus scrofa
chrl

merged

5\ GenotouL

& GeT
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Hi-C results : the interaction matrix

Pig

Goat

== INRA

) ~ SCIENCE & IMPACT

Chicken

GenoTtoul

& GeT




Hi-C results : finding A/B compartments

* Normalization 1: matrix balancing
(GC%, repeats, RS density, etc)

 Normalization 2: observed/expected counts
(genomic distance)

* Pearson correlation matrix
* Principal Component Analysis => 1st PC sign
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Hi-C results : finding A/B compartments

 Normalization 1: “ICE” matrix balancing
(GC%, repeats, RS density, etc)

pig, chrl, raw

e ——

A GenoTtoul
3D genomics with Hi-C // Toulouse, Nov. 28, 2017 /I sylvain.foissac@inra.fr —
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Hi-C results : finding A/B compartments

 Normalization 1: “ICE” matrix balancing
(GC%, repeats, RE density, etc)

pig, chrl, raw - pig, chrl, norml

e Genotoul ——— INQA
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Hi-C results : finding A/B compartments

 Normalization 2: observed/expected counts
(genomic distance)

pig, chrl, norml

JJJ
........

e ——

A GenoTtoul
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Hi-C results : finding A/B compartments

 Normalization 2: observed/expected counts
(genomic distance)

pig, chrl, norm2
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Hi-C results : finding A/B compartments

e Pearson correlation matrix

GenoTtouL
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Hi-C results : finding A/B compartments

* Principal Component Analysis => 1st PC sign

pig, chrl, pearson

iTamw

chr1

0.10 0.15

0.05

e correlation matrix

Principal Gomponent of th
0.00

-0.05

-0.10

0.0e+00 5.0e+07 1.0e+08 1.5e+08 2.0e+08 2.5e+08

Genomic position (bp)

N e e m o o il )
e

GenoTtouL
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Hi-C results : finding A/B compartments

E(Q

g 4 S
1]

|l

Pig

Goat

Chicken
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Results consistency: Hi-C + RNA-seq + ATAC-seq

3D nuclear
organization
& features

ilA”
L ra¥if ¥ * 2 Compartments
- A: open, expressed f)

- B: closed, repressed

[

={[\p)

T—=" SUENCE& IMPACT
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Results consistency: Hi-C + RNA-seq + ATAC-seq
Goat Chicken Pig

Ccapra_ hirncus gallus_ _gallus sus_  scrofa

* T n * *
il I

RNA-seq >
/ \ gene

expression =e-

ilA!,
) o4
' - A~ = A B a~ =)
- HIiC compartment
capra  hircus ] gallus gallus | sus scrofa
150
* * *

ATAC-seq

/ \ chromatin i '
& A Kya.  accessibility - - * + ! |

.Pa.l EEI .Pa.l =] .Pa. EE.
Hi compartment

A B A B A B
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Conclusion

 Livestock genomes need a better annotation

* The 3D organization of the genome can be profiled with
Hi-C from tissue samples in livestock species

 Chromosomes are structured in A/B compartments

* Hi-C results are consistent with RNA-seq and ATAC-seq
data: compartments A > B for gene expression and
chromatin accessibility

 The FR-AQENCODE project is a valuable contribution to
the functional annotation effort of the FAANG consortium
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Predicted CTCF binding sites peak at
Topologically Associating Domain (TAD)
_poundaﬁes__

Hi-C contact
matrix
88

@
=
o
E
o
o
Li et al, Scientific Reports, 2016
capra_hircus CTCF gallus gallus CTCF o450 sus scrofa CTCF
() |
(@)] 080 i : 0.425 -
E 0.45- l I
CI>J 0.75- i i 04007
Q | i
o o : : 0.375+
(D 0.70- i E
2 0.35- i E 0.250 -
il T TR T I i
e GenoToul ;'é%a INQA
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