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Hi-C experimental workflow

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

Pulldown, adapter ligation
and deep sequencing
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Hi-C computational workflow
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& Get .bel files
@ Create fastq files

(J) QC: remove/trim low quality reads

) Align fastq to BAM
<¢) Filter duplicates, artifacts, ...
@

‘ Assay-specific downstream analysis

Hi-C pipeline
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Get .bcl files

‘te fastq fi'

cates, ar.

Generate tracks
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Assay-specific downstream analysis

Hi-C pipeline
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Servant et al., Genome Biol. 2015

Ay & Noble Genome Biol 2015

Hi-C pipeline(s)

Parallel Computing Hi-C Fragment ’
L l B
. —
—_— PE —
— Sequencing g —— M Phasing

— e
= —

(@) Read mapping *_1fq | FASTQfiles | *2fq

vud Trim read end h
eomdriru the ligation
junction sequence é\ <
results 1o filter out

M-p using a short-read aligne —— ambiguous pairs
(Bowtie, Bowtie2, BWA, BWA-GW)

l SAM/BAM
* _1.bam files * 2.bam

Keep only uniquely mapped and

/ high quality (MAPQ > 30) reads
Keep only reads proximal o0 the
nearest site (MAPQ < 300)

SAM/BAM
(C) Read-palr level filtering *_1.bam files *_2bam

(b) Read level filtering

Apply strand filters dst:membn

[ L)
Strand  Type Valid pairs below a distance threshold

— Valid - e.g. self ligation  e.g. valid pair
- pairs — (dhardod)
— o)
—> Posslble —» of duplicate pairs
<4— artifacts ¢—
Valid pairs
(d) Normalization (*.bam or *.txt)
Bin using fixed-size windows (e.g., 40kb)
or meta-fragments (e.g., 10 REs)
v Y
Explicit-factor correction Matrix balancing Joint correction
Corrects explicitly for known Assures uniform visibility for all Simultaneously corrects
factors such as GC content, loci (i.e. equal row sum). for explicit factors and
fragment length and Corrects for known and genomic distance between

mappability potentially unknown biases interacting loci
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Servant et al., Genome Biol. 2015

Ay & Noble Genome Biol 2015

Hi-C pipeline(s) — 2015

Short-read Mapping Read Read-pair o . Confidence Implementation
Tool aligner(s) improvement filtering filtering Normalization Visualization  otimation language(s)
HiCUP [46] Bowtie/Bowtie2  Pre-truncation v/ v — — — Perl,R
Hiclib [47] Bowtie2 Iterative v v Matrix balancing v — Python
HiC-inspector [131]  Bowtie - v v - v — Perl, R
HIPPIE [132] STAR VP v v — - - Python, Perl, R
HiC-Box [133] Bowtie2 — v v Matrix balancing v — Python
HiCdat [122] Subread - v v Three optionsd v - C++,R
HiC-Pro [134] Bowtie2 Trimming v v Matrix balancing - — Python, R
TADbit [120] GEM Iterative v v Matrix balancing v — Python
HOMER [62] — — v v Two options® v v Perl, R, Java
Hicpipe [54] — — — — Explicit-factor — — Perl, R, C++
HiBrowse [69] - — - - - v v Web-based
Hi-Corrector [57] - — — - Matrix balancing - — ANSI C
GOTHIC [135] - - v v - — v R
HITC[121] - - - - Two options’ v v R
chromoR [59] - — — - Variance stabilization — — R
HiFive [136] - - v v Three optionsd v - Python
Fit-Hi-C [20] - - - - - v v Python

@Hiclib keeps the reads with only one mapped end (single-sided reads) for use in coverage computations

PHIPPIE states that it rescues chimeric reads. No details are given
“HiCdat reports no substantial improvement in successfully aligned read pairs when iterative mapping in Hiclib is used for Arabidopsis thaliana Hi-C data

4HiCdat provides three options for normalization: coverage and distance correction, HiCNorm and ICE
¢HOMER provides two options for normalization: simpleNorm corrects for sequencing coverage only and norm corrects for coverage plus the genomic distance between loci
fHITC provides two options for normalization: normLGF implements HiCNorm and normICE implements ICE algorithm from Hiclib
9HiFive provides three options - Probability, Express, and Binning - for normalization. The Express and Binning algorithms correspond to matrix balancing and explicit-factor
correction schemes, respectively

Introduction to Hi-C
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Common Hi-C processing steps

P
Fastq files W
- * R1.fq.9z # Mapping (iterative)  Pairs parsing Pairs sorting Pairs filtering Pairs binning Matrix normalization/coarsening

- * R2.fq.9z ( S 1 ( Matrix file ) { Multi-resolution 1

L ( Pairs file ] ( Sorted pairs W ( Filtered sorted pairs w A e e e 1

- N - *_R1.bam . . _ . il , * co0l *.mcool
Genome reference _+ R2.bam .pairs sorted.pairs sorted.filtered.pairs .CO0 * hic
- Local fasta file

- Local bowtie2 idx
- iGenome ID -

- refgenie ID
- y
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Open2C collective

Welcome to Open2(C!

We are the Open Chromosome Collective (Open2C)

Welcome to Open2C!

We are a group of computational biologists working on chromosome structure and interested in
developing open source tools for the wider community.

We are particularly interested in the 3D organization of chromosomes, and most of the tools are
focused on the analysis of data obtained using Hi-C and related technologies. We like our tools to be
easy to use, flexible, to facilitate active development of novel analytical approaches, and scalable, to
make use of the latest and largest datasets.

X For analysis of Hi-C (and related) data, we have a suite of tools:
e cooler* for generation, normalization and storage of interaction matrices
e pairtools* for analysis and filtering of mapped reads

e cooltools* for extracting and quantifying features from Hi-C data, including: contacts vs.
distance, compartments and saddles, insulation, and peaks

e coolpup.py for flexible pileup analysis
o distiller - a Nextflow pipeline for automation of Hi-C data processing, from reads to Cooler files

e quaich - a Snakemake pipeline for automated Hi-C postprocessing using cooltools and
coolpup.py

https://qgithub.com/open2c/

Physalia
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Pairtools

align identify bin and count
reads to reference genome ligation junctions junctions
(bwa, bowtie2, ...) (pairtools) (cooler)
paired-end DNA paired-end ligation junctions Hi-C contact maps
sequencing reads sequence alignments aka Hi-C pairs
(.cool)
(.Fastqg/.sra) (.sam/.bam) (.pairs)

https://pairtools.readthedocs.io/en/latest/

Introduction to Hi-C
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https://pairtools.readthedocs.io/en/latest/

reads (.fastq)

alignments (.sam/.bam)

https://pairtools.readthedocs.io/en/latest/

Pairtools

pairtools parse pairtools sort pairtools dedup
snde1 sude2 ) — ) —
D
= R
D g2 43
g D q
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Cooler

- © format
format-versior
EB— & chroms metadata
I:] name assembly
] length storage-mode
B3— = bins
~ | chrom
— | start
- | end
BB— = pixels
~ | binl_1id
— ] bin2_id
— | count
— = indexes
~ | chrom_offset
— ] binl_offset

httos://cooler.readthedocs.io/en/latest/

Introduction to Hi-C
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https://cooler.readthedocs.io/en/latest/

or matrix

| $ |
Bl
cooler cload cooler load

hgl9.chrom.sizes:1600 ingest
hgl9.DpnII.bins.bed I I

@ * 1kb.cool

e ¥ J% ] @

aggregate combine normalize view/export
cooler coarsen cooler merge cooler balance cooler dump
cooler zoomify cooler show

(oD HA W w B

3 : :resolutions/16080 bins/weight
::resolutions/26680 bins/weight cis
: sresolutions/50080 bins/weight_trans

*.mcool ..

httos://cooler.readthedocs.io/en/latest/
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Handling Hi-C data in R

Wecoms Orchestrating Hi-C analysis with Bioconductor

Preamble
Fundamentals concepts v Package: OHCA
Chapter 1 — Hi-C pre-processing steps AuthOrS: Jacques Serizay [aUt! Cre]

Compiled: 2024-11-11

Package version: 1.3.0

R version: R Under development (unstable) (2024-10-21 r87258)
BioC version: 3.21

In-depth Hi-C analysis v License: MIT + file LICENSE

Chapter 5 — Matrix-centric analysis

Chapter 2 — Hi-C data structures in R

Chapter 3 — Manipulating Hi-C data in R

Chapter 4 — Hi-C data visualization

Chapter 6 — Interactions-centric analysis

Welcome

Chapter 7 — Finding topological features in

Hi-C

This is the landing page of the “Orchestrating Hi-C analysis with Bioconductor” book. The primary aim of this book is to
introduce the R user to Hi-C analysis. This book starts with key concepts important for the analysis of chromatin
conformation capture and then presents Bioconductor tools that can be leveraged to process, analyze, explore and visualize
Hi-C data.

Advanced Hi-C topics v

Chapter 8 — Data gateways: accessing public

Hi-C data portals

Chapter 9 — Interoperability: using
HiCExperiment with other R packages

Workflow 1: Distance-dependent interactions

across yeast mutants

Workflow 2: Chromosome compartment

cohesion upon mitosis entry

Workflow 3: Inter-centromere interactions in

yeast

httos://www.nature.com/articles/s41467-024-44761-x
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Granges vs GInteractions

GRanges

> gr = exons(TxDb.Hsapiens.UCSC.hg19.knownGene); gr
length(gr); grl[1:5]

GRanges With 289969 ranges and 1 metadata column:

/gﬁﬁames ranges strand *T\‘ exon_id ™\ seqnames (gr)
<Rle> <IRanges> <Rle> | kinteger> start(gr)

[1] chr1 (11874, 12227] o 1 end(gr)

[2] chr1 [12595, 12721] + 2 width(gr)

[3] chri (12613, 12721] o 3 strand(gr)
[289967] chrY [59358329, 59359508] - 77748 DataFrame
[289968] chrY [59360007, 59360115] - 77749 mcols(gr)
[289969] \\\_chrv [59360501, 59360854] - <4L/ 77750 y gr$exon_id
seqlengths: Seqinfo

chri chr2 ... chrUn_glo0e249 seqlevels(gr)
249250621 243199373 ... 38502 seqlengths(ar)
genome(gr)
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Granges vs GInteractions

GInteractions

X 1 3 chrl [10, 15]
y 1-2——>chrl[30, 35
Z 2 3——chrl[50, 55]

@regions

Introduction to Hi-C
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Handling Hi-C files in R

<ContactFile> .(m)cool, .hic, HiC-Pro <PairsFile> " S
< | as: Glnteractions
ContactFile: PairsFile: © | as: "InteractionSet"
- path to disk-stored cool file - path to disk-stored pairs file 2 | as: "ContactMatrix"
- (resolution) - (metadata) S | as: "matrix”
(&)

- ?pat? Lo ;ﬁ)sk-stored pairs file) as: "data.frame"
- (metadata

refocus|()
availableResolutions(*File) import(PairsFile) 2 | zoom()
availableChromosomes(*File) <Glnteractions> ol e
% | anchors()
import(*File, focus = "I1:1-10000", resolution = 2000) = | regions()
. seqinfo()
<HiCExperiment>
( fileName() <character> interactiops() scores(),.scorels<- metadata(), )
[- path to disk-stored cool file ] <Glnteractions> <SimpleList>  metadata<-
1 - <list>
1 ™
pairsFile() <character> 1 - log
<GRanges> ! <GRanges> <Num> _ ;
[- path to disk-stored pairs file] . 1 ¢ _ E;SIZZ?:;TQ steps
E information
focus() <character> | -
1
- 1 1
Imported genomic locus ] ! topologicalFeatures(),
resolutions() <numeric> : dejp gl ez
1 <SimpleList>
- 1000 ! —
: 421888 | - borders
- 8000 | - commpartments
; 1 - viewpoints
. . i
l 1 4
Y
resolution() anchors(x)[[1]] scores(x, 2)
L <numeric> <GRanges> <numeric> )
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