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Plan

* High-throughput sequencing technologies

* Sequencing needed

 Computational analyses — Primary vs. Secondary vs. Tertiary
* Free resources

* DISCLAIMER: Goal is to present an overview
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llumina — Sequencing by synthesis (2"¢ gen)

A. Library Preparation
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MNGES library is prepared by fragmenting a gDMNA sample and
ligating specialized adapters to bath fragment ends.

B. Cluster Amplification

l Flow Cal

Bridge Amplification
Cycles

Clusters

Library is Ioaded into a flow cell and the fragments are
hybridized to the flow cell surface. Each bound fragment
is amplified into a clonal cluster through bridge amplification.



Primer
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llumina — Bridge amplification on flowcell




Illumina — Sequencing by synthesis

C. Sequencing D. Alignment and Data Anaylsis
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ATGGCATTGCAATTTGACAT
TGGCATTGCAATTTG
— AGATGGTATTG
Sequencing Cycles REES GATGGCATTGCAA
GCATTGCAATTTGAC
ATGGCATTGCAATT

_ AGATGGCATTGCAATTTG
Digital Image peference  AGATGGTATTGCAATTTGACAT

Data is exported to an cutput file l

Cluster 1 > Read 1: GAGT...
Cluster 2 > Read 2: TTGA...
Cluster 3 > Read 3: CTAG...
Cluster 4 > Read 4: ATAC... Text File

[ 1 i I 1 v | a » . gin

Sequencing reagents, including fluorescently labeled nucleo Reads are aligned to a reference sequence with bioinformatics
added ar na firet haece ic incoarnnrated 1 g ’

tides, are added and the first base is incorporated. The flow software. After alignment, differences between the reference

cell is imaged and the emission from each cluster is recorded. genome and the newly sequenced reads can be identified.

I'he emission wavelength and intensity are used to identify
the base. This cycle is repeated “n" times to create a read
length of “n"” bases.



llumina — Paired end reads + Multiplexing

Paired-End Reads Alignment to the Reference Sequence
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Illumina — Pros & Cons

* Reads between 50-150 bp, SE or PE

* Up to 2.5 billion reads per flowcell
lanes (NovaSeq), up to 8 lanes

e« 20 B reads

* Quantitative (# reads proportional
with #DNA/RNA molecules)

e Issues with GC-rich content
(underrepresentation)

* Anything de novo difficult

lllumina




PacBio — SMRT single-molecule real-time (3™ gen)

How are HiFi reads generated?

Start with high-quality Circularized DNA
double stranded DNA is sequenced in

repeated passes &
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Prepare SMRThbell libraries :,v”“"'-"h"- — ..‘,a*"""s.i E;.m;n.-mmmm;.m.m.m..;mmm.mm-..=..."'
oo T, The polymerase reads e T %
are trimmed of adapters l:.*'nl.ll-AA-l--i-i-iili--ll-lll--ii-dll--ii--iillll-iii-iiI.I'-'-.
to yield subreads e T
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HiFi read
(99.9% accuracy)



PacBio — Circular consensus reads

HOW DOES CIRCULAR CONSENSUS SEQUENCING WORK

Sequence
i ;
Subread
........................ e (\’((‘]IC, ——
"% Subreads
(e ——— “(passes)
k3
Generate R
consensus read CcTaAG
ACCAG Reference



PacBio — 1 molecule/well, DNA poly at bottom

e Real-time detectionBof light of nt incorporation by 1 DNA polymerase

A

Intensity s




PacBio — Zero-mode waveguide

* A nanophotonic device for confining
light to a small observation volume.
This can be, for example, a small hole
in a conductive layer whose diameter
is too small to permit the propagation
of light in the wavelength range used
for detection.

e Light illumination of only bottom 30
nm, ZMW smaller than wavelength of

light




PacBio — Pros & Cons

* Reads up to 50-250 kb PacBio
e About 0.5-4 M reads per flowcell ‘
* Real-time analysis and detection

 Single-molecule, no PCR artifact
before flowcell loading

* Can look directly at DNA methylation

* Circular consensus mode 99.9%+ R e
accuracy Shorter reads in CC 1




Oxford Nanopore — Nanopore sequencing (3™ gen)

* Pore forming protein alpha-
hemolysin

DNA |

* Inner diameter 1 nm — single
strand of DNA/RNA molecule

* \Voltage to attract negatively

nanopore
protein

N

L—-‘ ( U —_LFU

current intensity

J( WJ

charge DNA/RNA through
nanopore -> current variation - —
based on A/C/G/T ->
sequence
ACTGCT ..

* Motor protein on top
* No polymerase



Oxford Nanopore — Scalability

* Size of cell phone to microwave
[ Ru NS ON a |a ptopl Fig. 1: Principle of nanopore sequencing.
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Oxford Nanopore — Pros & Cons

N
* Reads up to 4 Mb 2NopAre
* About 0.2-1 M reads per flowcell
* Real-time analysis and detection
* Single-molecule, no PCR artifact before
flowcell loading
* Can look directly at DNA methylation High error rate of 1D ch
* Issues initially with error rate -> new S with :-f__ s
chemistries towards Illumina error rate e e
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Sequencing needed - l[lumina
* Slide from IRCM bioinfo

Library size

i RNA"Seq millions reads :' ChlP-seq
* Absolute quantification of ! 30 | * Narrow peaks |
transcripts (e Broad peaks ‘
= Differential expression- | S T
Co-expression \ ATAC-seq
: oy : ‘ * Broad S
» Allele specific-expression | S _‘F: ,:3 gt &
= Alternative splicin ‘
: RESHE 100
Single nucleotide variation!
discovery (in exons) |
250 e

mRNA edition
WGS

350 '* SNP-CNV

* Fusion gene detection




Sequencing needed — Design is key

* RNA Seq

» 20-30 M reads sufficient for differential gene expression, gene counting
* 60-80 M reads probably OK for allele-specific expression, alternative transcript
e 100-200 M reads for RNA editing, SNV calls on RNA, fusion

* Exome-Seq
* 50-100X coverage for most applications

* Whole Genome
e 250-350 M reads for decent coverage (10-30X)



Sequencing needed — Design is key

* ChIP-Seq

* Depends on frequency and size of peaks

e 30-40 M reads for sharp peaks
* 60-100 M reads for broad peaks

* ATAC-Seq
* Similar to ChIP-Seq

A

Enrichment over input

Point sources

e.g.
CTCF
MYC
H3K4me3

Broad sources

—100s of base pairs —

e.g.
H3K27me3
H3K9me3

H3K36me3

Mixed sources

—100s of kilobases —|

Chromosome position

——10s of kilobases =

e.g.
RNA Pol Il
SUZ12



Sequencing needed — Other considerations

* Targeted (re)sequencing — size of panel + depth of coverage

 Sample heterogeneity

* Mutational burden

* Frequency of particular events (fusion transcripts, alternative splicing)

* Experimental design — paired vs. not
* Lesional vs. normal

* Hard to sequence areas (subtelomeric, large CNV regions)
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Computational bio nomenclature

Primary
Analysis

Secondary
Analysis

Tertiary
Analysis

Demultiplexing

UMI Extraction

Read Trimming

Alignment

UMI Collapsing

Quantification

For Example:

* Differential Gene
Expression Analysis

» Functional Enrichment
Analysis

Primary analysis

Flle conversion

Secondary analysis

s

Y

Genetic
charactenzation

Tertiary analysis

A

JRAN

Data visualization and
interpretation



Primary — From image to fasto

* On sequencer

* In practice, people will call secondary -> primary; and tertiary ->
secondary.... Because sequencer does true primary



Secondary — From Fastg to counts/variants

Raw Unmapped Reads
* GATK (Genomic Analysis ToolKit) UBAM or FASTQ

* Pre-processing [ Map to Reference ]

|

Raw Mapped Reads

MarkDuplicatesSpark
. I y

Recalibrate Base
Quality Scores

¥

Analysis-Ready Reads
BAM




Secondary — From Fastg to counts/variants

______________________________________________________________________

* GATK (Genomic Analysis ToolKit)
e Somatic short variants |

[

: F1R2 Counts (tar.gz)
(optional output of Mutect2)

|

1
1 LearnReadOrientation




Secondary — From Fastg to counts/variants

* GATK (Genomic Analysis ToolKit)
e Germline short variants

Main steps for Germline Cohort Data

______ Raw SNPs + Indels [ 1
Raw Unmapped Reads Analysis-Ready Reads :
uBAM or FASTQ E : l

A . ! [ Filter Variants ]
[ Map to Reference ] : Call Variants Per-Sample :
‘ . HaplotypeCaller in GVCF mode g [ Refine GEI'IDtypBS ]
Raw Mapped Reads : E
P (R stes Jinoers) i (Lannocats variants |
1 Pl : i
[ Mark Duplicates ] : b - : ‘ Analysis-Ready [l \
I H .
[ Recalibrate Base l-[ Consolidate GVCFs ]J : :
Quality Scores . 1 :
¥ Joint-Call Cohort [ Sl e ]
‘ Analysis-Ready Reads \ GenotypeGVCFs E @ * @
Raw SNPs + Indels [
= dl Tttt [ Troubleshoot ] [ Uselnpfolect]




Secondary — From Fastg to counts/variants

* RNA-Seq workflow (basic)

(Optional)

Statistical analysis to identify
differentially expressed genes



Tertiary - Examples

* RNA — Differentially-expressed genes, pathway analysis
* DNA — Phenotype-variant correlations, waterfall plots

* ChIP-Seq — Motif finding, co-regulations

* ATAC-Seq — Footprinting



Tertiary — Key concepts

* Dimension reduction

* Multiple hypothesis testing correction
e Bonferroni (based on alpha; adjusted p-value)
* Benjamini-Hochberg (based on FDR; Q-value)

e Data visualization

100

50

PC2

50

O Sensitive A Resistant

,\A.375 UACC903
MGH-CH-1 &

SKmel-28

“Resistance

zone” WM164

-150 -100 -50 0 50 100

PC1



Tertiary — Very high dimension representations
* t-SNE (t-stochastic neighbor embedding)
 UMAP (uniform manifold approximation and projection)

* Can show individual cell (single cell) or each sample (1000s)

d UMARP of all celis from all samples ® ACC ® LUAD

o ® BCC @ LUSC

o - réPo P ® BLCA ® MESO
® BRCA ® OV

* & a -@ ® CESC ® PAAD

ol s e ® CHOL ® PCPG

Cell phenotype v i ” ‘ cesc ® COAD ® PRAD

. 3 ootes g Q ‘& oo US| © DLEC © READ

2 o O o mroL & ' : 9 TeeT ® ESCA ® SARC

5 ® CD3 POL1 high GOS8 hgh L17 mid Q & & 1! ® GBM ® SKCM
® FAP IL17 high UM ® HNSC @ STAD

—104 b d % g ® KICH ® TGCT

> i % "e° w ) ® KRC ® THCA

® KRP ® THYM

- i’ ® LAML ® UCEC
' ' . ® GG ® ucs

- 5 5 e SRS % ® LHC ® UuwM
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The “Alliance” (DRAC) — formerly ComputeCanada

Digital Research Alliance de recherche
Alliance of Canada numerique du Canada

* High-performance computing clusters, pan-Canadian

e alliancecan.ca

* Free basic account for Pl with university affiliation

e Can apply for more (Research Allocation Competitions)

* Excellent wiki: https://docs.alliancecan.ca/wiki/Main Page

* UNIX-based, Bash programming


https://docs.alliancecan.ca/wiki/Main_Page

GATK (Genomic Analysis ToolKit)

 Standardized workflows for variant discovery

Genome Analysis Toolkit

Variant Discovery in High-Throughput Sequencing Data

@ gatk

best practices™




ENCODE

* For gene regulation, but highly integrated with standardized analyses

ENCODE Data Encyclopedia  Materials & Methods ~ Help |

Search the ENCODE Portal @



UseGalaxy

* Free, convivial, good for beginners without programming knowledge
* GUI makes it easy to start standard analyses
* Cloud-based -> https://usegalaxy.org/

/ﬁ‘ Workflow Visualize Shared Data~ Help > Login or Register ‘. r= Using 8%
Tools w History + 2 -
search tools ¥ uA The list of laboratories that can host Ukrainian scientists can be found search datasets ¥ x
here. Galaxy Project has a number of positions at its EU and US sites.
2 Upload Data Contact us at ukraine@galaxyproject.org | Cnucok nabopatopiii Aki Unnamed history s
MOKYTb MPUAHATU YKpaiHCbKUX HayKOBLIIB YCiX PIBHIB AOCTYMHWIA TyT.
Get Data Galaxy Project mae BiakpwTi BakaHcil y CBOIX eBpOMEACbKIX Ta
q 5 q o8 e &
Send Data amepuKaHcbkux ocepeakax. Muwite Ham Ha ukraine@galaxyproject.org | = 90 &
H &

Collection Operations
GENERAL TEXT TOOLS

Text Manipulation

Filter and Sort

Join, Subtract and Group

Datamash

GENOMIC FILE MANIPULATION
FASTA/FASTQ

FASTQ Quality Control
SAM/BAM

Cnucok nabopaTopuid, KOTOPbIE MOTYT NPUHATL YKPAUHCKUX YUEHbIX
AOCTyNeH 3eck. Galaxy Project MeeT OTKpbITbe NO3ULIMK Ha CBOMX
eBPONericKnX U aMepuKaHcKix caiitax. KoHTakTupyiiTe Hac ucnonbaya
ukraine@galaxyproject.org

Galaxy is an open source, web-based platform for data intensive
biomedical research. If you are new to Galaxy start here or consult
our help resources. You can install your own Galaxy by following the

tutorial and choose from thousands of tools from the Tool Shed.

B I

Galaxy version 23.0.1.dev®, commit 6c4141bee122d505178160F9F1ce@5a6563ef950

© This history is empty.
You can load your own data or get
data from an external source.



Biostars

* Forum with Q&As and tutorials for computational biology
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R & Bioconductor

* For tertiary analyses mostly, also some secondary analyses
e Statistical and programming language, object-oriented so easier to learn

The Comprehensive R Archive Network

Download and Install R

Precompiled binary distributions of the base system and contributed packages, Windows and Mac users most likely
want one of these versions of R:
CRAN

Mirrors %l s Search: _
What's new? priing ol
S B] O CO n d U Cto r Developers About

CRAN Team OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

About R

About

Bioconductor Bioc2023 Conference» Important Notice!»

The mission of the Bioconductor This is a hybrid in-person (Boston, MA, On March 8th, the Bioconductor Core
project is to develop, support, and USA) and virtual conference from August Team will rename the default branch on
disseminate free opén Source! 2-4, 2023. * git.bioconductor.org™ to “devel .
software that facilitates rigorous and Register for Bioc2023 This changes affects maintainers of
reproducible analysis of data from packages.

Abstract Submission is now closed.

Furrant and Aamaraina hinlaaical



Challenges

* Many programming languages (Bash, UNIX/Linux, R, Python, Perl, java)
* Dealing with terabytes of data -> summary files can be several Gbs
* Vignettes, papers, repositories not always clear, rarely updated

* Advanced statistics (non-parametric, MCMC, HMM, multivariate, resampling,
sliding windows)

* Power issue (n is small, p is extremely large)
* Rapidly evolving
* Storage, transfer and data security



Questions?

Interested by skin cancer research?

Please email me: philippe.lefrancois2 @mcgill.ca



mailto:philippe.lefrancois2@mcgill.ca
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