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Life, cell, chromosome & DNA

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

From DNA loops to ... chromosome territories
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Life, cell, chromosome & DNA
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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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* a French pilot project of the
FAANG consortium

*+ goal: improve functional
annotation of livestock genomes

* founding: INRA, France (300KE) m&w N
* 4 INRAsSites, 9 labs, 58 scientists ~ [sin | F
» 4 species: pig, chicken, cattle, goat  [#™=-¢ | g/
* primary targets: e I
liver & blood cells (CD4+ & CD8+) @ » % - e
*» molecular assays: ey
RNA-seq, Hi-C & ATAC-seq L e “}gm
+ duration: 2015-2017 “”"’“Li}“"““"” < Foren
* Experimental animall  /NRA GenPh)’/SE
facilities
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The FR-AgENCODE 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 Sus scrofa  Gallus gallus ~ Bos Taurus Capra hircus

patches, ovary, oocytes, oviduct, uterus, mammary gland, (Large White) (White Leghorn)  (Holstein) (Alpine)
acini, testis, seminal vesicle, etc) - - -
=> INRA CRB-Anim biorepository

Tn5
transpost\)me

Closed

SRR a o RNA-seq: long & short RNAs
— - Amplify &
sequence -
Molecular assays: 3 target tissues
SR o transcriptome & chromatin structure profiling
Buenrostro et al, 2013 polyA+ RNA-seq (MRNAs & IncRNAs, 130M RP/lib)
small RNA-seq (miRNAs & <200nt RNAs, 40MR/lib)
ATAC-seq: chromatin accessibility Hi-C (130M RP/lib) & ATAC-seq (40M RP/lib)
Hi-C: chromosome conformation capture
Culv.nlh Fill ends = s
striction  and mark Purify and shear DNA;  Sequence using
Crogslink DNA with bictin Ligate wlldmnhmn paired-gnds
?/ {] - Bioinformatics data analysis

genome annotation, gene expression, INCRNAs & sRNAs

. ) t'
A <, \l U d@-*@ annotation/prediction, chromosome interaction matrices &

contact heatmaps, allele-specific expression, chimeric
Rao et al, Cell, 2014 transcripts detection, comparative genomics, etc

NUCLEUS
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The Porcinet project

maturation process

Fetal breed-specific mechanisms

] . . . asssssassasssssaass 1 - 1 +
* Context: pig development Day 90 Late gestation Day 114
and maturation process (muscle) farrowing

Increase of plasma cortisol "
.¢| Glycogen accumulation in Muscle and Livsr._
) Maturation of tissues

¢ 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

maturation process

Fetal breed-specific mechanisms

] . . . asssssassasssssaass i - 1 *
* Context: pig development Day 90 Late gestation Day 114
and maturation process (muscle) farrowing

Increase of plasma cortisol

v Ag ronomic interest: 7 W'Y Glycogen accumulation in Muscle and Liver:
maturity => piglet mortality at birth by Maturation of tissues >
(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
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90 days (x3) 110 days (x3)
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Chromosome Conformation Capture assays
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Chromosome Conformation Capture assays
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Reatricon enzyme Biotin fill-in of restriction
dlgenimcll‘:E I enzyme cut d‘t&g Sonication
. y — Enhanoeé1a . Enhancer 1
3C library nhancer Q Promoter — Enhancer 2 —
preparation Enhancer 28 G Promoter
B
Ligation
Chromatin
Enhancer 1 Elunt ligation immunoprecipitation
Enhancer1 B
i B
Enhancer Promoter
Enhancer -
~10 kb concatamers 4 Promoter
De-cross-linking and
DNA extraction
Enhancer 1~ Enhancer 2
pmc De-cross-linking and Proximity ligation using
Promoter DNA extraction biotinylated linkers
Enhancer 1 Enhancer 2
B B —B B
Promoter
ac 4C 5C Capture-C -
ircularizat B
(AR R A T PR Gircuarization Hybridization and ligation ~ Sonication and addition of e~ Decrosslinking and
- of oligos sequencing adaptors hy " | — Mme 1 digest el
- - — - B¢
O O T T7 Tae 17 ——— (
S —
L CGATGT
Indexing barcode o
53’_5"’"“" Streptavidin bead pull-down
Inverse PCR Hybridization with biotinylated PU'-doWn @) 9
PCR quantification , 5 " PCR amplification of junctions oligonucleotides ~8 A~ Q (%]
B
'O T 7 T T7 - = BC 0
. g _— (») B,
e — AR Streptavidin bead S— - .
pulldown Addition of sequencing adaptors
—_— = - = e —— 5 ,— —— ——
_? Se——
Davies et al, Nature Methods, 2017 , ,
High-throughput sequencing
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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)

A crosslink and isolate B digest and biotin fill in C ligation and DNA isolation

+ crosslink DNA
(“fixation”)

* cleave genome with
restriction enzyme

¢ Diotin-mark and
ligate extremities

Pulldown, adapter ligation
and deep sequencing

+ fragment, select R ,é)
6}

biotin-marked junctions  — g -
+ sequence fragments ‘ v —
(paired-ends) , ! W — 5 _
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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 Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
restriction and mark pull down biotin paired-ends
HindIN enzyme with biotin

AAGCTT
TTCGAA

Rao et al, Cell, 2014
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Hi-C: the experiment

Conformation at the time of fixation Digestion of chromatin Re-ligation

Initial sequence

Sequence reflective of structure ‘

) C Probability distribution from a single viewpoint (4C-like)

Viewpoint

Heat map (Hi-C-like) g
4

Davies et al, Nature Methods, 2017 m "'-b T
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Hi-C data analysis: the contact matrix
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Sexton et al, Cell, 2012
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Hi-C data analysis: the contact matrix

Lieberman-Aiden et al.

In situ Hi-C Rao et al, Cell, 2014
(GM06990) (GM12878)
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Hi-C data analysis: bioinformatics pipeline

Hi-C Fragments

— 1
— ) 1 —
FR-AQENCODE pipeline 0 e S —
-Trim reads (ligation site) S — =t
- Map on reference genome K] —
- Discard inconsistent pairs [ !
- Count reads in pairs of genomic 3
bins & generate contact matrix § 3 Seq“e”c'"gg
- Normalize contact matrix e dto-end
. . ; -to- genomeAllgnment
(non parametric, matrix balancing) /\
- Generate html report
_ ; ; i Aligned Reads Unmapped Reads
Identify Topologically Associated e
Domains, cis and trans interactions — e e *—i—l _
- Identify A and B compartments : = —
I=|'--'"|_| Trim 3’ LS site
Software - E—— i
- HIC-Pro pipeline (Servant et al 2015) L ]
- Bowtie2 mapping (Langmead et al, 2009) —
- ICE normalization (Imakaev et al, 2012) J
- HiTC display and A/B comp. (Servant et al, 2012) End-to-end genome Alignment
- HiFive pipeline (Sauria et al, 2015) /\
- Armatus TAD finding (Filippova et al, 2014) Aligned Reads Unmapped Reads
- Juicebox browser (Durand et al, 2016) —y iy —
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Hi-C data analysis: FR-AGQENCODE QC

Read pairs status after mapping

Read Pair Filtering (IMR90)

Statistics of Read Pairs Alignment on Restriction Fragments

Hi-C Fragment

Self-Circle (%) - _;
200 , Dumped (%) /\
g - Invalid Pairs (%) Valid Pairs Invalid Pairs
E Dangling end (%) I=|'"'"'"': — i | - 1 .
g 18.4% single-end (%) - I —— —— i Singleton
3 oo - valid Pairs (%)
s sy 38% ValidFE (%) bt pm——p— |=t_=| Dangling End
2 Carw L I— i =
ﬁ 14.6% 36.5% Valid RF (%) was ! T — 1 e L‘ self Circle
valid FR (%) o . W
14»5 % . 14.2% H
Valid RR (%) | Dumped Pairs
0 0% I h h L]
Dixon et al data Rao et al data Servant et al 2015

(human, from Servant et al 2015) (mouse, CH12 cells)

62% 71%
valid pairs valid pairs
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Hi-C data analysis: FR-AGQENCODE QC

Read pairs status after mapping

Read Pair Filtering (IMR90)

Statistics of Aliy it on rag)

Self-Circle (%)
200 Dumped (%) 7%
g  Invalid Pairs (%)
E Dangling end (%)
g 18.4% Single-end (%) - g ot o
K . valid Pairs (%)
E . 14.5% 834 Valid FF (%) 1% o
3 10.6% 26.5% Valid RF (%) e —
Valid FR (%) -
14.5% Valid RR (%) e x|
0 0% 00e+00 08%
Dixon et al data Rao et al data FR-AgENCODE data
(human, from Servant et al 2015) (mouse, CH12 cells) (mouse, STO cells)
62% 71% 90%
valid pairs valid pairs valid pairs
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Hi-C data analysis: FR-AGQENCODE QC

Read pairs status after mapping

100

Read Pair Count (Millions)

Read Pair Filtering (IMR90)

18.4%

14.5 %

14.6 %

14.5%

Dixon et al data
(human, from Servant et al 2015)

62%
valid pairs

’ SCIENCE & IMPACT

Statistics of Aliy it on rag)
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Dangling end (%)
283 %
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- Valid Pairs (%)

Valid FF (%) e

Valid RF (%)
36.5% T3

Valid FR (%)

253 %

Valid RR (%) e

0%

All Pairs Valid 3C Pairs
ch12_rao

Rao et al data
(mouse, CH12 cells)

Invalid 3C Pairs

71%
valid pairs

SF' & NV2 Hi-C data analysis
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008+00 0.9%
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FR-AgENCODE data
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Invalid 3C Pairs

90%
valid pairs

Statistics of Read Pail on rag

50407
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¥

N fi% ox

All Pairs Valid 3C Pairs
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FR-AgENCODE data
(pig, hepatocytes)

Invalid 3C Pairs

4%
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Hi-C data analysis: FR-AGQENCODE QC

Hindlll
Biotin adapter Specific  Nonspecific
78% 22%

O AT

—
il 2
ot m
= o
Monspecific product: E
(d1+d2) = 500 bp
/ =
\ =] - = d1 1
—] T T T
e 100 1,000 10,000
Yaffe & Noble, 2011 Sum of ::Iistances
to cutter sites (d1+d2)
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Hi-C data analysis: FR-AGQENCODE QC

i
i
Biotin adapter %
!
\./ &5 |

—»
[

di

d2

Monspecific product:
(d1+d2) = 500 bp

" di
d2

Yaffe & Noble, 2011

Peat Cranin - it o Bee 0 | rreaoseea
1 1 r
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Hi-C data analysis: FR-AGENCODE results

chromosome
territory / \

“AI!

compartments
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Hi-C data analysis: PORCINET results

Full-depth sequencing (v11.0):

||
% Mapped Pairs 100 @
£ w9 i s /alid Pairs & E
E 210 I Total Read Pairs g
: 73,34 80 g
180 70
. — . . 61,56 4
Paired-end sequencing: lllumina Hi-Seq3000 6 e
120 39

40,42 33
, 7,81 38,47
3 34,51 34,52

1) Low-depth sequencing:

6 pig lib + 7 lib -
13 libraries sequenced in 1 line o

~20 M read pairs / library

40

35,8
30
20,73
20
I 10
1]

Human ES Mouse |PigLlWS0- PigLWS0- PigLWS0- PigLWI110-PigLW110 -Pig LW110-
{Dixonet CH12{Racl Repl Rep2 Rep3 Repl Rep2 Rep3

2) Full-depth sequencing: al.2015) etal 2014)
]

6 pig lib = pool oo ]

6 libraries sequenced in 3 lines = 2 libraries / line i
~180 M read pairs / library o i
70% ; 5
60% 3 '
50% :
40% E
3) Human data set (Dixon 2015) = SRR1030718_1.fastq 00 :
SRR1030718_2.fastq o i
~ 170 M read pairs 0% 2 I

0%

HumanES Mouse | Pig LW90 - Pig LW90 - Pig LW90 - Pig LW110 Pig LW110 Pig LW110
Mouse data set (Rao 2014) = SRR1658716_R1.fastq e iz (| aan P | a0 Fle W10 Pl
SRR1658716_R2.fastq . 2015) ot 2014
~110 M read pairS W Trans contacts mCislong-range contacts m Cis short-range contacts
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Hi-C data analysis: PORCINET results

Contact matrices for chrl3, 500Kb/bin, Sscrofa v11

LW90-Repl LW90-Rep2 LW90-Rep3

LW110-Rep2 LW110-Rep3
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Hi-C data analysis: PORCINET results

Enrichment of genomic features around TAD boundaries

Homo sapiens (Dixon et al, Nature, 2012)
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FR-AgGENCODE: molecular assays
*+ RNA-seq

+ Hi-C: chromosome conformation capture
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