bioinformatics.ca

Canadian Bioinformatics Workshops

www.bioinformatics.ca



Creative Commons
This page is available in the following languages:
Afrikaane Gunrapco Catala Danek Deutsch EAAnvid English English (CA) English (GB) English (US) Esperanto
Castellano Castsliano (AR) Espafiol (CL) Castellano (CO) Espafiol (Ecuador) Casteliano (MX) Castellano (PE)
Euskara Suomeksi frangais frangais (CA) Galego v hrvalski Magyar Itakano B8 8130 Macedonian Melayu

Nedertands Norsk Sesotho sa Leboa polski Portugués romand siovenski jezik cpnci srpeki (lalinica) Sotho svenska
R M (4R) miZu

You are free:

to Share — o copy

to Remix — It

Under the following conditions:

Share Alike

o The authee's moral rights are redainred in th

Learn how 1o distribute your work using this licence



Informatics for RNA-seq Analysis

Malachi Griffith and Obi Griffith
May 28-30, 2018

bioinformatics.ca

PS 'd .o 0o I - .
2 o i . -
® o -
LJPS o} o
v . . ' —_—
@ o ' o S
)0 o
e _o ® s

Cold

Spring
Harbor
Laboratory

@’
@
bioinformatics.ca

‘_)
THE

GENOME

INSTITUTE



Introductions to MGI/WUSTL instructors

Malachi Griffith Obi Griffith, PhD
Assistant Professor of Medicine  Assistant Professor of Medicine

Assistant Professor of Genetics Assistant Professor of Genetics
Assistant Director, MGI Assistant Director, MGI

McDonnell Genome Institute, Washington University School of Medicine
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The McDonnell Genome Institute has pursued the field of genomics since inception: >1000 whole
genomes, >5000 exomes, >1000 transcriptomes for dozens of tumor types
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Human Genome Project

First to sequence and analyze a
tumor whole genome sequence
(Ley et al, 2008)

Major contributor to TCGA, PCGP,
etc.

Most comprehensively sequenced

single patient tumor ever
published (Griffith et al, 2015)

Early proof-of-principle for cancer
precision medicine (Griffith et al,
2016)

Analysis and tools for first
personalized cancer vaccine

design in humans (Carreno et al,
2015)

Many other widely used tools

MGI — 1000+ tumor whole genomes, many more exomes, X10 & NovaSeq will accelerate this!
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Whole genome, exome, transcriptome and other ‘omic’ sequencing allows us to
detect and con
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SNVs, Indels, CNVs, SVs, fusions, LOH, expression changes, methylation changes, and more
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Comprehensive and integrative analysis methods are needed

Cytogenetics == Exome == WGS =P RNA-seq =P Custom Capture

Chromosome Copy number
alterations SNVs variants Mutant expression Variant validation
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FISH detection RT-PCR detection of Custom capture
of ETV6 deletion EP300-ZNF384 fusion reagent

Kilannin Krysiak
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Each study often requires considerable customization
30x whole genome 300x whole genome

Sta N d a rd 50X exome O pti m ize 400X exome

10,000x targeted

Basic analysis Comprehensive analysis
y P Y RNA-seq

PRIMARY

TUMOR & FOXP1/FLT3
NRR SRS REERe! _e Dot
BETT DOOUCH TP53 m,,,;jzizjzj{:::::
e &~ FLT3/IDH1 R S o ~ FLT3/IDH1
Ll et IDHZRUNX1 e e ee
NPM1/DNMT3A — © ooee NPM1/DNMT3A eeee ~CXCL17
RELAPSE
::I : TP53’%
IDH2 S IDH2/RUNX1 Peceenanss
NPM1/DNMT3A oo NPM1/DNMT3A eeee ~CXCL17

CLONAL . - S . . .
EVOLUTION —
5 driver mutations, 10 driver mutations,
2 cells of origin, 6 subclones

Kilannin Krysiak 1 cell of origin, 2 subclones Griffith et al. 2015
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Personalized medicine requires personalized strategies

0 Day 4500
Relapse

Monitoring

Experimental
o ) :"; l}i CrossMark HemaiOIOQY

ELSEVIER Experimental Hematology 2016;44:603-613

Comprehensive genomic analysis reveals FLT3 activation and a therapeutic
strategy for a patient with relapsed adult B-lymphoblastic leukemia

Kilannin Krysiak Griffith et al. 2016
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High-throughput sequencing has been largely automated

1. Data Production

<
} ccac® Taqe (
| TAac, TA4e s G,
y Q C4GATT ACGTTA ‘) S 6‘47.
» 2 CCAGASY GaTTACCTTA B coug -
o&c CATTA . N ACGCCA JGOA . %4y nCCA Millions of raw sequence
cTw o 4GATA Ovs’ o < reads are produced for a
G (SACG T AGACCATEAGY .
aACCATCNGAS e, % Ry TN TAGY patient tumor.

Sequences are
aligned to the
reference genome and
tumor-specific events
predicted.

2. Processing and
Event Detection

Data are reviewed and
validation experiments
performed to identify high
quality events.

3. Filtering, Review,
and Validation

Events are annotated and scored in an
effort to predict events of functional
significance.

4. Annotation and Functional
Prediction

A genome analyst attempts to interpret,
prioritize, and summarize functionally
significant events in the context of
published literature, clinical trials, and a
multitude of knowledgebases.

5. Interpretation and
Report Generation

‘ Q Pathologists and oncologists evaluate the
. . e significance of potentially clinically
6. Clinical Application N actionable events, and incorporate their

research into patient care.

This figure, by Good et al, is licensed under CC BY 4.0 l

Good BM, Ainscough BJ, McMichael JF, Su Al, Griffith OL. 2014.
Joshua McMichael Genome Biology. 15(8):438.
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The rest of this workshop will focus on the methods and tools needed to take
raw sequence data to interpretation and application - still the bottleneck!

1. Data Production
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2. Processing and
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3. Filtering, Review,
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4. Annotation and Functional
Prediction

5. Interpretation and
Report Generation

6. Clinical Application

This figure, by Good et al, is licensed under CC BY 4.0
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Events are annotated and scored in an
effort to predict events of functional
significance.

A genome analyst attempts to interpret,
prioritize, and summarize functionally
significant events in the context of
published literature, clinical trials, and a

) multitude of knowledgebases.

<

Pathologists and oncologists evaluate the
significance of potentially clinically
actionable events, and incorporate their
research into patient care.

Good BM, Ainscough BJ, McMichael JF, Su Al, Griffith OL. 2014.

Joshua McMichael
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The Griffith lab is focused on developing methods to
address this bottleneck for precision medicine in cancer

* Cancer genome analysis

— AML
e Optimizing cancer genome analysis

— Breast cancer
Immunotherapy (cancer vaccines)
STAT1-/- mouse model
* Targeted sequencing of 625 ER+ with long-term follow-up

— Liver cancer
— Small cell lung cancer
— OSCC...

*  Precision Medicine for Cancer

— Genomics Tumor Board
Case Reports and Clinical Trials

* Education projects

— RNA-seq analysis and cloud computing
— CSHL and CBW
— Genomic Data Visualization/Interpretation

* Tool development

RNA sequencing and analysis



Where tools/resources do not exist we build them

www.dgidb.org sgq

T DGIdb

Search genes for known and 1777777112722 L 2 L. L/
. potentially druggable
THE DRUG-GENE INTERACTION DATARASE https://github.com/griffithlab/pVAC-Seq
Personalize vaccine design

www.docm.info e GenVisR

Filter against highly curated B . d
DOCM set of mutations known to ]Ocon UCtOr
DATABASE OF CANONICAL MUTATIONS cause cancer OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

https://github.com/griffithlab/GenVisR
Create genomic visualizations

www.civicdb.org < |
)
CIV " C Identify highly curated summaries >N ! I'egt00|S
of clinical interpretations for . | > .
CLINICAL INTERPRETATIONS OF . .
VARIANTS IN CANCER variants in cancer [ I
https://github.com/griffithlab/regtools

|dentify regulatory variants
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Encourage best practices for software development

Pull requests Issues Gist

The Griffith Lab
Academic Lab of Obi and Malachi Griffith
http://www.griffithlab.org

[l Repositories People 25 Teams 21 Projects 0 Settings

Type: All » Language: All

Customize pinned repositories

Top languages

dgi-db
Rails frontend to The Genome Institute's drug gene interaction ®R @ Python @Ruby @ Perl
database. @ HTML
@ORuby %23 ¥14 Updated 2 days ago
People
pVAC-Seq
A cancer immunotherapy pipeline M .

@®Python %37 %33 Updated 2 days ago

& ﬂl
248
AR~

GenVisR

Genome data visualizations A

O®R %95 ¥37 Updated 2 days ago

* All code deposited in Github
+ 35 repos for different software/projects
- Virtually all public and open-source
- Test-driven, code review, pull requests, etc

https://github.com/griffithlab https://github.com/genome

RNA sequencing and analysis
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Informatics background poll

e Student poll
— Are you doing genomics research?
— Do you consider yourself a bioinformatician?
— What kind of NGS data are you working with?
e WGS?
e Exome?
* RNAseq?
* Epigenome?
e Single cell?
e Other?
— What organism do you work with?

* Does it have a reference genome?

— Did you bring data?

RNA sequencing and analysis



Student poll continued

Not counting the pre-requisites and materials for this course:
e Are you familiar with linux/command line?

— Intermediate?
— Expert?

Do you sometimes write code?
— What language?

* Are you familiar with R?

— Intermediate?
— Expert?

* Are you familiar with ggplot?

— Intermediate?
— Expert?

* Do you use git/github?

RNA sequencing and analysis



WUSTL — MGI: Group members

Malachi Obi : i :
Griffith Griffith Benjamin Erica Katie Kaitlin Adam Kelsy
Ainscough Barnell Campbell Clark Coffman Cotto

Arpad Yang-Yang Felicia Jasreet Susann Kilanin Lynzey Jagon .
Danos Feng Gomez Hundal a Kiwala Krysiak Kujan Kunisaki

Josh Cody Zachary Nick

. Jason
McMichael Ramirez Skidmore Spies

Walker
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