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Agronomic interest

Factors responsible of piglets mortality: weight, genotype and maturity

maturation process

Fetal breed-specific mechanisms
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Maturity of fetal muscle

- Motor functions
- Thermoregulation

Muscle transcriptome study (Voillet et al. BMC Genomics, 2014)
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3D Genome dynamics during early development

Establish TAD through Mammalian development
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Dixon JR, et al., Nature 2015



3D Genome dynamics during early development
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Experimental design

> Gene expression (Voillet et al. 2014)
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Experimental design

> Gene expression (Voillet et al. 2014)
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> 3D Genome organization

3 fetuses (90 days gestation)
In situ Hi-C on fetal muscle
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Hi-C data analysis  HiC-Pro (Servant et al. 2015)

Paired-end
(PE) reads
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476—685M read pairs/sample
3.45 billion read pairs (total)

63-73% mapped pairs/sample

122—-283M valid pairs/sample



Hi-C data analysis  HiC-Pro (Servant et al. 2015)

Paired-end 476—685M read pairs/sample
(PE)reads | 345 billion read pairs (total)
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Hi-C data analysis  HiC-Pro (Servant et al. 2015)
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HI-C data ana'ySiS (TADS) Juicer: arrowhead (Neva et al., Cell Systems 2016; Rao et al., Cell 2014)

- 50 Kb resolution matrices

- 1312 TADs per replicate on average

- Average mean size: 1480 Kb

- Global conservation of TAD structure
(74 — 79% of TAD boundaries from each
condition are identical to the other

condition)
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Hi-C data analysis (TADs)

Merged matrix

-@- Sense orientation (sites on forward strand) == Antisense orientation (sites on reverse strand)
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Hi-C data analysis (A/B compartments) (Lieberman-iden et al., Science 2009)

l 500 Kb resolution matrices

A/B 682 compartments/replicate (average)
compartments | njedian size 2.6 Mb — 3.5 Mb




Gene density (#genes/Kb)

Hi-C data analysis (A/B compartments) (Lieberman-iden et al., Science 2009)
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Replicate

A/B compartments
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Genomic regions switching compartments
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Genomic regions switching compartments
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A/B compartments and gene expression

Differential expression values of the probes at 110 vs. 90 days (logFC)

** W =7042932, p-value < 2.2e-16

W =2197624, p-value = 1.22e-04

A-B switch No compartment switch B-A switch

Category of genomic regions (from A/B compartment calling)

19



A/B compartments and gene expression

** W =7042932, p-value < 2.2e-16
W =2197624, p-value = 1.22e-04

Differential expression values of the probes at 110 vs. 90 days (logFC)

A-B switch No compartment switch B-A switch

Category of genomic regions (from A/B compartment calling)

Switching regions are associated to
transcriptional changes
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number of compartments / chromosome (110 days)

Genome-wide fragmentation during the muscle maturation process
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number of compartments / chromosome (110 days)

Genome-wide fragmentation during the muscle maturation process
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Differentially distal genomic regions

» Filtering, normalization and detection of bin pairs with significant number of contacts

(method: Generalized Linear Model “GLM” functionality of edgeR)

500 Kb 200 Kb

Total bin pairs with any count 9,262,199 3,844,272
Differential bin pairs 10,183 (0.11%) | 3,417 (0.09%)




Differentially distal genomic regions

» Filtering, normalization and detection of bin pairs with significant number of contacts

(method: Generalized Linear Model “GLM” functionality of edgeR)

500 Kb 200 Kb
Total bin pairs with any count 9,262,199 3,844,272
Differential bin pairs 10,183 (0.11%) | 3,417 (0.09%)

logFC (bin pair) = log2 [ (counts at 110 days) / (counts at 90 days) ]

Positive logFC = more counts “contacts” at 110 days than at 90 days

= genomic regions closer to each other

Negative logFC = more counts “contacts” at 90 days than at 110 days

= genomic regions closer to each other
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Gene expression in differentially distal genomic regions

Distributions of logFC expression values of probes mapped to different categories of genomic regions

**W = 8, p-value = 1.27e-14
| ***W =5, p-value = 1.99e-07

Differential expression values of the probes at 110 vs. 90 days (logFC)

closer at 90 days No significal'ﬂ difference closer at l1 10 days
Category of genomic regions (from Hi-C differential analysis)
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Gene expression in differentially distal genomic regions

Distributions of logFC expression values of probes mapped to different categories of genomic regions

**W = 8, p-value = 1.27e-14
| *** W =5, p-value = 1.99e-07

Differential expression values of the probes at 110 vs. 90 days (logFC)

closer atl 90 days No significal'n difference closer at l1 10 days
Category of genomic regions (from Hi-C differential analysis)

The expression values of probes in genomic regions
closer at either 90 or 110 days are significantly lower 26
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Differential interacting regions (90-110 days of gestation)
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Differential interacting regions (90-110 days of gestation)
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Differential interacting regions (cis) == Positive logFC

m—— Negative logFC

30



Differential interacting regions (cis) == Positive logFC

m—— Negative logFC
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Differential interacting regions (cis) == Positive logFC

m—— Negative logFC

Large dynamic
differential regions
(90-110 days gestation)
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13

Differential genomic regions (trans)

m_ Positive logFC

m—— Negative logFC
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Differential genomic regions (trans)

m_ Positive logFC

m—— Negative logFC

Telomeric regions

Negative logFC

«~—— ptel
— qteI
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Differential genomic regions (trans) == Positive logFC

m—— Negative logFC

Telomeric regions

Negative logFC

«~—— ptel
— qteI

Preferential clustering
of telomeres at 90 days
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Differential genomic regions (trans) == Positive logFC

m—— Negative logFC

Telomeric regions

Negative logFC

«~—— ptel
— qteI

Preferential clustering
of telomeres at 90 days
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Preferential associations of telomeres (90 days gestation)

SSC2pter-SSC9qter

SSC2pter-SSCOqter SSC13qter-SSCO9qter SSC15qgter-SSCOqter

No assoclation

Assoclation

Cell proportion

1 i:iw Ev'il 1 i:i' E-I:J 1 | 0
Days of gestation




General output

» Changes in genome structure at late gestation = switching A/B compartments
=» genome-wide fragmentation
=>» differentially interacting regions (telomeres)

» These changes are associated with variations in gene expression

N genes muscle N genes energy
development metabolism

>

Gene expression

(Voillet et al. 2014)
J genes energy genes muscle

metabolism development

3D structure —

Expression changes associated
to the switching regions

Expression changes associated
to differentially distal regions

3,1% regions switching compartment

Up to 10,000 differential interacting pairs
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Hi-C bioinformatics workflow 2 Read alignment

Paired-end HiC-Pro (Servant et al. 2015)
o Hi-C Fragments
(PE) reads 5
l = S — 476 — 685 M read pairs / sample
Read > —t— =>» 3.45 billion read pairs
alignment . | ¢
=t PE o
ﬂ = Sequencing d=
End-to-end genome Alignment
ﬂ Aligned Reads Unmapped Reads
e -
: e
—— N
I e E
Trim 3’ LS site
Jone
—
—
End-to-end genome Alignment
Aligned Reads Unmapped Reads
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Normalized matrices

Raw

ICE normalized
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Identification of A/B compartments

Iced normalized
matrix

Raw matrix
(500 Kb)

Distance-based
normalized matrix

Pearson correlation a
matrix

chrl

Principal Components
O AN#w+43

m Ls

0.10
1

1- ICE normalization (matrix balancing)
2- « Distance normalization »
(observed/expected)

0.05
1

0.00
|

3- Pearson correlation matrix
4- Principal Component Analysis on
the bins

-0.05

Principal component of the correlation matrix
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Genome-wide fragmentation during development
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number of valid read pairs ( X 10” ) / chr length
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Differentially distal genomic regions

» Filtering, normalization and detection of bin pairs with significant number of contacts

(method: Generalized Linear Model “GLM” functionality of edgeR)

500 Kb 200 Kb
Total bin pairs with any count 9,262,199 3,844,272
Differential bin pairs 10,183 (0.11%) | 3,417 (0.09%)
% differential bin pairs with logFC(+) 56.9 50.7
% differential bin pairs with logFC(-) 43.1 49.3

logFC (bin pair) = log2 [ (counts at 110 days) / (counts at 90 days) ]

Positive logFC = more counts “contacts” at 110 days than at 90 days

= genomic regions closer to each other

Negative logFC = more counts “contacts” at 90 days than at 110 days

= genomic regions closer to each other
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Differential analysis (90 — 110 days of gestation)

log2(count +1)

» Raw matrices of the 18 autosomes (500, 200 and 40 kb)

> Inter-matrix normalization

Pseudo counts per simple (before normalization) Pseudo counts per simple (after normalization)

- - - - |

Rep1-110 Rep2-110 Rep3-110 Repl-90 Rep2-90 Rep3-90 Rep1-110 Rep2-110 Rep3-110 Repl-90 Rep2-90 Rep3-90

» Detecting pairs of bins with a significant difference in the number of counts

Generalized Linear Model based on the negative binomial distribution (edgeR)
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