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The Cancer Transcriptome

A window into the (expressed) genetic and epigenetic state of a tumor
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The Cancer Transcriptome

A window into the (expressed) genetic and epigenetic state of a tumor
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+ the associated microbiome, virome...



Contemporary strategies for transcript analysis from RNA-Seq

RNA-Seq reads

Two paradigms for transcriptome Analysis
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Contemporary strategies for transcript analysis from RNA-Seq
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The Ever-Growing Trinity User Community

namre
bmluhnuloﬂ\

e ~2k unique users per month
e >4k literature citations (~“20% cancer community)
* Open Source software development contributions from

the Trinity community.
"
GitHub*

http://trinityrnaseq.github.io

Trinity Usage Tracked by Unique IP Address
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Trinity Galaxy Users 2017

Use at 486 institutions in 51 countries

*O
w o
W
User support and training: 1 10 100 1k
* Google group and Twitter feed for community  Demo and training videos
interaction and support.
* Extensive documentation, user guides, tutorials * On-site training workshops

and protocols



O for Cancer Research

Cancer Transcriptome Analysis Toolkit (CTAT)

Goal: to assist cancer researchers in applying
RNA-Seq to genetic and functional
analyses of cancer



Trinity Cancer Transcriptome Analysis Toolkit

Genome Alignments
for Reads & Transcripts
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Trinity Cancer Transcriptome Analysis Toolkit
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Trinity CTAT Available Through Galaxy via NCGAS at Indiana University

& (& https://galaxy.ncgas-trinity.indiana.edu/root v a @ JB =
T . ? Analyze Data Work
ranscriptome
p Tools _f’ History C Q ED
Assembly
) : o
| Import Data - Nathnal Center er Trinity small test
. Helper Tools POWON otton, Gendme Anmupp 4 shown
Mutation "l ANGEEH 11.31 M8 ALY

\» Trinity CTAT Assembly Tools , s g Indiana University Pervasive Technology In
H Trinity CTAT Mutation Tools ’
Detection

Trinity CTAT Fusion Tools

4: Trinityondataland @ 4 %
data 2: Assembled Trans

| Fusion Inspector In silico cripts
l Validation of Fusion Transcript
Predictions 3: Trinity on data 1 and OW AR
F u Sio n 0 Welcome to the Trinity Galaxy Instance data 2: log
Star Fusion Fusion-finding
H | Pipeline Using the STAR Aligner 2: reads.right.fi LOW 2B
DeteCtlon | e . ; Thank you for choosing Galaxy!
| DISCASM Discordant an - o
| Unmapped Read De novo Get started with some help moving files into Galaxy. Feel free to visit our FAQ page for Li.reads.JefLf ® /X
Transcriptome Assembly additional information.
GMAP-fusion Fusion-finding We are committed to helping you succeed with your research. Don't hesitate to contact
| Using De novo RNA-Seq help@ncgas.orgq if you need help or if you have questions or suggestions.
| Transcript Assemblies
T This Galaxy instance is running on hardware that is scheduled to be unavailable
on the first Tuesday of every month for maintenance. Jobs that are started
| Workflows before this time will resume after maintenance.
i = All workflows
Tweets ¥ Follow
| Trinity_CTAT @Trinity_CTAT 27 Nov
| g Trinity Galaxy will be shutting down for updates this weekend. Stay
tuned for new content after maintenance this Tuesday, December
1st!
Trinity_CTAT @Trinity_CTAT 13 Nov
% Trinity Galaxy will be down over the weekend for updates. We are
adding new tools to the Galaxy interface for detecting variants!
< >

Simply Google: Trinity Galaxy or visit: https://galaxy.ncgas-trinity.indiana.edu/




Galaxy Integration of CTAT Inspectors




Trinity Cancer Transcriptome Analysis Toolkit
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Mutation Detection Using RNA-Seq
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Genome Alignments

% for Reads & Transcripts
Mutations

Interactive Visualizations and Summary Reports




Trinity CTAT Cancer Mutation Identification Module

| Custom visualizations & reports

Fastqgs
J L are made possible by .
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3 &
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Mutation Inspector Report




Exploring a Single Variant

Powered by IGV.js

(ITCR collaborators — Jill Mesirov and James Robinson)



MUuPIT Provides Additional 3D Context for Mutation

Visualize variants within
protein structure.

(e mupit.icm.jhu.edu/?gm=chr17:3489155 o
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© 2014 Karchin lab | Funding: 5U01CA180956-02, NIH 3U24CA143858-2S1, NIH 5R21CA152432-02 | To cite: PMID: 23793516 | Credits

(ITCR collaborators - Rachel Karchin and Mike Ryan)



Fusion Transcript Detection

Genome Alignments
for Reads & Transcripts

&

Fusion
Transcripts

Interactive Visualizations and Summary Reports




Top-down Approaches to Fusion Transcript Discovery

Paired-end
lllumina RNA-Seq

\ De novo RNA-Seq assembly

(JF; % Trinity or Oases (MK)

GMAP-fusion
‘ * In collaboration with Tom Wu,

developer of GMAP

STAR-Fusion

* In collaboration with Alex Dobin,
developer of STAR

Align reads to the genome, Align transcripts to genome,
Identify discordant pairs and junction/split reads. Identify Fusion Transcripts
/> 1
¢ .
Chr-A a ) Chr-A
Spannipg frag
i /2 [ e e o]
Chr-B , . Chr-B'




Top-down Approaches to Fusion Transcript Discovery

Paired-end
lllumina RNA-Seq

\ De novo RNA-Seq assembly

(JFj % Trinity or Oases (MK)

DISCASM GMAP-fusion

* In collaboration with Tom Wu,

STAR-alignments — developer of GMAP

Just discordant or

STAR-Fusion

* In collaboration with Alex Dobin,
developer of STAR

Align reads to the genome, unmapped reads Align transcripts to genome,
Identify discordant pairs and junction/split reads. Identify Fusion Transcripts
/> 1
¢ .
Chr-A A ) Chr-A
Spannipg frag
i /2 =]
Chr-B , . Chr-B'




Cold (e} (e}
Spring
Harbor l O lV
Laboratory
beta
THE PREPRINT SERVER FOR BIOLOGY

New Results

STAR-Fusion: Fast and Accurate Fusion Transcript Detection
from RNA-Seq

Brian Haas, Alexander Dobin, Nicolas Stransky, Bo Li, Xiao Yang, Timothy Tickle,
Asma Bankapur, Carrie Ganote, Thomas Doak, Natalie Pochet, Jing Sun, Catherine Wu,
Thomas Gingeras, Aviv Regev

doi: https://doi.org/10.1101/120295

This article is a preprint and has not been peer-reviewed [what does this mean?].

Abstract Info/History Metrics Supplementary material

(3 Preview PDF



Benchmarking Fusion-finding Tools

Simulated data
* 5replicates
e 2500 Simulated fusions
 30M PE sim RNA-Seq data

Genuine data
e 65 Cancer Cell Lines

Precision

Precision — Recall Curves
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Precision =TP / (TP + FP)
Recall = TP / (TP + FN)

1.0

Accuracy = area under the curve (AUC)

STAR-Fusion
ChimPipe
ChimeraScan
EricScript
FusionCatcher
FusionHunter
InFusion
JAFFA-Assembly
JAFFA-Direct
JAFFA-Hybrid
MapSplice
PRADA
SOAP-fuse
TopHat-Fusion
deFuse

nFuse



Benchmarking Fusion-finding Tools

(results shown for simulated data)

Fusion Prediction Accuracy
(AUC value distribution across 5 replicates)
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Fusion Prediction Sensitivity vs. Expression
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STAR-Fusion is accurate and FAST

- - STAR-Fusion (kickstart)
__.||. ___________________________________________ - STAR-Fusion
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Cold (o] ]
Spring
@ Harbor b l o R lV
Laboratory
beta
THE PREPRINT SERVER FOR BIOLOGY

New Results

STAR-Fusion: Fast and Accurate Fusion Transcript Detection
from RNA-Seq

Brian Haas, Alexander Dobin, Nicolas Stransky, Bo Li, Xiao Yang, Timothy Tickle,
Asma Bankapur, Carrie Ganote, Thomas Doak, Natalie Pochet, Jing Sun, Catherine Wu,
Thomas Gingeras, Aviv Regev

doi: https://doi.org/10.1101/120295

Reproducible data analysis
e All fusion prediction results from all programs included
* Single command to reanalyze data, generate all figures

-
dOCer and tables




Cold
Spring
Harbor
Laboratory
beta
THE PREPRINT SERVER FOR BIOLOGY

New Results

STAR-Fusion: Fast and Accurate Fusion Transcript Detection
from RNA-Seq

(® Brian Haas, Alexander Dobin, Nicolas Stransky, Bo Li, Xiao Yang, Timothy Tickle,
Asma Bankapur, Carrie Ganote, Thomas Doak, Natalie Pochet, Jing Sun, Catherine Wu,
Thomas Gingeras, Aviv Regev

doi: https://doi.org/10.1101/120295
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Bottom-up Fusion ‘In silico Validation’ Using

Fusionlnspector
Add to whole genome. Align reads, score and assess.

* STAR enhancements to
support Fusionlnspector T

Make mini-fusion contigs
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Driving Cancer Project:
Search for Gene Fusions in
Chronic Lymphocytic Leukemia (CLL)

* A common adult leukemia in Europe and North America
* Tremendous clinical heterogeneity

* Incurable by conventional chemotherapy

* Molecular understanding largely unknown

DANA-FARBER

CANCER INSTITUTE

FEZBROAD

INSTITUTE

* Work done in collaboration with Cathy Wu, Dana Farber Cancer Center & BI.



Defining Recurrent Fusion Transcripts in Chronic Lymphocytic Leukemia

270 CLL tumor samples, 18 normal samples  Total fusions Unique fusions
8322 4898
Filter GTEX 6587 (79%) 4644 (95%)
Remove Normals
5893 (71%) 4558 (94%)
Expression Filter
0.1 FFPM 599 (7%) 320 (7%)

Define
recurrent



Top 25/62 Recurrent Fusions in CLL

so|dweg juanled #

(*) Known oncogene
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mark means validated by Sanger-

SuperScript 2,
random primer
ThermoScript,
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Jintaek Kim




band 9

TLE4-PYT1
9a-1
9a-3
9b-3
9c-4
9c-2
9b-1
9b-2

Consensus

band 10

TLE4-PY¥T1
10a-1
10a-3

Consensus

TLE4-PY¥T1
10a-1
10a-3

Consensus

TLE4-P¥T1
10a-1
10a-3

Consensus

Targeted Fusion Transcript Validated by Sanger Sequencing

break point

131 140 150 160 170 180 190 200 210 220 230 240 250 260
[ + ' !

AGGTGACCATGGCAGARCTGARCGCCATCATTGGGBGACTTCGCAGGTGAGCAGTARCGGARATCAGCCCCGTTTATTCCTCCCAGCACCTGCCTTATCCARCTCCC
TTTARACGAATTCGCCCTTAGGTGACCATGGCAGARCTGARCGCCATCATTGGG=GACTTCGCAGGTGAGCAGTAACGGARATCAGCCCCGTTTATTCCTCCCAGCACCTGCCTTATCCARCTCCCARGG
TTTARACGARTTCGCCCTTAGGTGACCATGGCAGAACTGAACGCCATCATTGGG=GACTTCGCAGGTGAGCAGTARCGGAARTCAGCCCCGTTTATTCCTCCCAGCACCTGCCTTATCCARCTCCCARGG
TTTARRCGARTTCGCCCTTAGGTGACCATGGCAGARCTGAACGCCATCATTGGG=-GACTTCGCAGGTGAGCAGTARCGGARATCAGCCCCGTTTATTCCTCCCAGCACCTGCCTTATCCARCTCCCARGG
TTTARACGARTTCGCCCTTAGGTGACCATGGCAGAACTGAACGCCATCATTGGG-GACTTCGCAGGTGAGCAGTARCGGARATCAGCCCCGTTTATTCCTCCCAGCACCTGCCTTATCCARCTCCCARGG
TTTARACGARTTCGCCCTTAGGTGACCATGGCAGARCTGARCGCCATCATTGGG-GACTTCGCAGGTGAGCAGTAACGGARATCAGCCCCGTTTATTCCTCCCAGCACCTGCCTTATCCARCTCCCARGG
TTTARACGARTTCGCCCTTAGGTGACCATGGCAGARCTGARCGCCATCATTGGG-GACTTCGCAGGTGAGCAGTAARCGGARATCAGCCCCGTTTATTCCTCCCAGCACCTGCCTTATCCARCTCCCARGG
--=CCGCGARTTCGCCCTTAGGTGACCATGGCAGAACTGAACGCCATCATTGGG-GACTTCGCAGGTGAGCAGTARCGGARRTCAGCCCCGTTTATTCCTCCCAGCACCTGCCTTATCCARCTCCCARGG
tttaaacgaattcgeccttAGGTGACCATGGCAGARCTGAARCGCCATCATTGGG,GACTTCGCAGGTGAGCAGTAARCGGARATCAGCCCCGTTTATTCCTCCCAGCACCTGCCTTATCCARCTCCCaagy

Alternatively Spliced Fusion Transcript Validated
break point

911 920 930 940 950 960 70 980 990 1000 1010 1020 1030 1040
| + + + + + + + + + I

AGGTGACCATGGCAGAACTGAACGCCATCATTGGGB

AGGTTTARACGARTTCGCCCTTAGGTGACCATGCCAGAARCTGAACGCCATCATTGGGATTCCTGGGARCACCACCATGGAGGGCCTGGCCTTTGGCGGTGGACAGTCTGTGGCTGGGTGGGAACGTCAGG
AGGTTTARACGAATTCGCCCTTAGGTGACCATGCCAGAACTGAACGCCATCATTGGGATTCCTGGGAACACCACCATGGAGGGCCTGGCCTTTGGCGGTGGACAGTCTGTGGCTGGGTGGGAACGTCAGG
aggtttaaacgaattcegeeccttAGGTGACCATGeCAGAACTGAACGCCATCATTGGGatLcctgggaacaccaccat ggagggectggectggeggtggacagtetgbggctgggtgggaacgtecagy

1041 1050 1060 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160 1170
| + + + + + + + + + + + + I
GACTTCGCAGGTGAGCAGTARCGGARATCAGCCCCGTTTATTCCTCCCAGCACCTGC
AGTGGGGCCTGCCTCTTTGCTGGGARTGCCGTGCACTCCCAGCCCACTTGCCCCATGCCAGCACTCGAGGCAGGACTTCGCAGGTGAGCAGTAACGGAARATCAGCCCCGTTTATTCCTCCCAGCACCTGE
AGTGGGGCCTGCCTCTTTGCTGGGARTGCCGTGCACTCCCAGCCCACTTGCCCCATGCCAGCACTCGAGGCAGGACTTCGCAGGTGAGCAGTAACGGAARATCAGCCCCGTTTATTCCTCCCAGCACCTGE
agtggggcctgectetibgectgggaat gccgbgecactecccageccacttgecccatgecageactecgaggcagGACTTCGCAGGTGAGCAGTAARCGGAARATCAGCCCCGTTTATTCCTCCCAGCACCTGE

1171 1180 1190 1200 1210 1220 1230
| + + + + + |

CTTATCCAARCTCCC
CTTATCCARCTCCCAAGGGCGARTTCGCGGCCGCTAARTCAARTCGCCCTATAGATHCHN
CTTATCCARCTCCCAAGGGCGAATTCGCGGCCGCTARATCAATCGCCCTATAGTAGNNNN
CTTATCCAACTCCCaagggcgaattcgeggecgetaaatcaatcgecctatag, .. .nn,

JNO8 TLE4--PVT1

* Work by Jintaek Kim, Dana Farber CHO9--CH8



Single Cell Tumor Heterogeneity

Genome Alignments

for Reads & Transcripts :> Viruses &

Microbes

Interactive Visualizations and Summary Reports




Centrifuge +/- Trinity Applied to HPV-Driven HNSCC

* Collaboration with Steven Salzberg, JHU. Centrifuge: Kim et al. Genome Research, 2016

Longer Sequences and Taxonomic Resolution Using Trinity

5000 252

4500

4000

3500 313

* L
6
3000 *
# RNA-Seq 232 * Trinity reconstructed HPV contigs.
2500
Reads (259 base to 1.3 kb length)
(50 base) 2000

1500

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

| J 1 J
HPV+ HPV-

* RNA-Seq data from : Gene expression analysis of TIL rich HPV-driven head and neck tumors reveals a
distinct B-cell signature when compared to HPV independent tumors. Wood et al. Oncotarget, 2016



Single Cell Tumor Heterogeneity

':E:' Single Cell Tumor
Heterogeneity

Genome Alignments
for Reads & Transcripts

Interactive Visualizations and Summary Reports




Single Cell Resolution of Tumor Heterogeneity via RNA-Seq

Single Cell Workflow

Expression Heterogeneity
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Large-scale Copy Number Variation Inferred from Single Cell RNA-Seq Data

B % C S
Single-cell RNA-seq highlights intratumoral { = | ‘f
heterogeneity in primary glioblastoma | el S

Patel, Tirosh, ..., Regev, Bernstein; Science 2014
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Trinity CTAT InferCNV: Utility to identify large-scale CNV from single cell RNA-Seq
https://github.com/broadinstitute/inferCNV
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* Example from oligodendroglioma First official software release: May 30, 2017




Firecloud

Scalable Cancer Computing Solution
for the
NCI Cloud

* Integration of Trinity CTAT into Docker and WDL

workflows
* Process TCGA data
 Shareable workflows and data resources

Integration of Trinity CTAT into:

Clinical Research Sequencing Platform (CRSP)
BROAD  cuices
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Pilot study in pediatric oncology underway




Got Cancer RNA-Seq? Run Trinity!

Lots more to comel!!l

https://galaxy.ncgas-trinity.indiana.edu/
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