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Canonical model of drivers & passengers in cancer
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Conceptual extension
of the canonical model of drivers & passengers
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Mutational processes carry context-specific signatures
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A case study: pRCC

» Kidney cancer lifetime risk of
1.6% & the papillary type (pRCQC) —
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Passenger mutations in >2500 cancer genomes:
Overall molecular functional impact

* Introduction
- Background: driver-passenger model
(w/ conceptual extension) + mutational
spectra & signatures

- Data source: PCAWG comprehensive WGS
on >2.5K + focus on 35 pRCC WGS

- Overall functional impact of variants

- FunSeq entropy-weights multiple features
to evaluate the functional impact of SNVs

- Investigating how the fraction of high-
impact (non-strong-driver) SNVs scales &
how it relates to survival

- Differential burdening from various
mutational processes

- Diff. burdening of TF sub-networks results
from spectra & signatures differentially
affecting binding motifs

- High & low impact mutations assoc. w/ diff.
signatures

- Number of mutations in DHSes assoc. w/
specific chromatin mod. mutation
- Functional impact & tumor evolution

- Mutational timing & tree topology classifies
pPRCC subtypes

- Differences in functional impact betw. early
& late passenger mutations (eg in TSGs &
oncogenes)
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Funseq: a flexible framework to determine

functional impact & use this to prioritize variants
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[Fu et al., GenomeBiology ('14),
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« Entropy based method for weighting
consistently many genomic features

 Practical web server
sps ot e e * Submission of variants & pre-
o) —| | | computed large data context from

Overview
+ Note: This online web server is based on Funseq2

= This tool is specialized to prioritize somatic variants from cancer v2.10. In addition to on-site calculation, we also provide . .

whole genome sequencing. It contains two components : 1) buiding g;g;‘mf;-umggl:'oz?mmmﬁ’m

SETETIEET. B uniformly processing large-scale

provided downloadable scripts for users to customize the data oput Fil: (ol for 19 SKVe)

context (found under ‘Downloads’). The variants prioritization step is

downloadable, and also implemented as web server (Right Panel), Choose File No file chosen §
:| with pre-processed data context. BED or VCF files as input. Sample input file
Process ot e Output Format:
bed §
-H Pre-collected data 4 Input File - BED or VCF formatted. Click the *green” button to add MAF
multiple files. With multiple files, the tool will do recurrent analysis. 0
O  User-optional input (Note: for BED format, user can put variants from multiple genomes Minor st roaency
1KG (value 0~1
95 Cancer Type from Recurrence DB: Summary table
~J User-specific input/output S Carcas s :

Add a gene list (Optional

+ Gene List - Option to analyze variants associated with a particular

10 = Lectures.GersteinLab.org

[Fu et al., GenomeBiology ('14)]

st of genes. Note: Please use Gene Symbols, with one row per Add differential gene expression analysis (Ootional




Overall functional impact
distribution of
PCAWG mutations
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In many PCAWG cohorts, the fraction of impactful “passengers”
decreases with increase in total mutation burden
(A result of selection?)
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Passenger mutations in >2500 cancer genomes:
Overall molecular functional impact

* Introduction
- Background: driver-passenger model
(w/ conceptual extension) + mutational
spectra & signatures
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- FunSeq entropy-weights multiple features
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Differential Mutational burdening of TF-subnetworks
due to SNVs breaking & creating binding sites
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Mutations/MB

0.05 0.10 0.15 0.20 0.25

0.00

Kidney cancer as an example: differential burdening
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Mutations per millian

Loadings on PC1
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CpGs drive inter-patient variation
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Passenger mutations in >2500 cancer genomes:
Overall molecular functional impact

* Introduction
- Background: driver-passenger model
(w/ conceptual extension) + mutational
spectra & signatures

- Data source: PCAWG comprehensive WGS
on >2.5K + focus on 35 pRCC WGS

- Overall functional impact of variants

- FunSeq entropy-weights multiple features
to evaluate the functional impact of SNVs

- Investigating how the fraction of high-
impact (non-strong-driver) SNVs scales &
how it relates to survival

- Differential burdening from various
mutational processes

- Diff. burdening of TF sub-networks results
from spectra & signatures differentially
affecting binding motifs

- High & low impact mutations assoc. w/ diff.
signatures

- Number of mutations in DHSes assoc. w/
specific chromatin mod. mutation
- Functional impact & tumor evolution

- Mutational timing & tree topology classifies
pPRCC subtypes

- Differences in functional impact betw. early
& late passenger mutations (eg in TSGs &
oncogenes)



Constructing evolutionary trees in pRCC

* Infer mutation order (eg early v late) & tree toplogy based on
mutation abundance (PhyloWGS, Deshwar et al., 2015)

- Some key mutations occur in all the clones while others are
just in parts of the tree

DNMT3A: premature stop KDMG6A: missense
NEATT: noncoding
SMARCA4: missense

0.2 Mutation
O distance

Germline

Population
(%)

Mutation

[S. Li, B. Shuch and M. Gerstein PLOS Genetics (‘17)]
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Tree topology correlates with molecular subtypes
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[Li et al., PLOS Genetics (‘17)]
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As expected, drivers are enriched in
earlier subclones. Overall, no such
enrichment among passengers.

High impact passengers are slightly
enriched among early subclones
(weak drivers?)

Particularly, passengers in tumor
suppressor (in contrast to oncogenes,
which require specific mutations).

24 = Lectures.GersteinLab.org



Early vs Late (mean VAF)
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driver variants from driver genes.
(Latent drivers?)

Outside driver genes:
higher impact mutation
(Deleterious passengers?)
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Passenger mutations in >2500 cancer genomes:
Overall molecular functional impact

* Introduction
- Background: driver-passenger model
(w/ conceptual extension) + mutational
spectra & signatures

- Data source: PCAWG comprehensive WGS
on >2.5K + focus on 35 pRCC WGS

- Overall functional impact of variants

- FunSeq entropy-weights multiple features
to evaluate the functional impact of SNVs

- Investigating how the fraction of high-
impact (non-strong-driver) SNVs scales &
how it relates to survival

- Differential burdening from various
mutational processes

- Diff. burdening of TF sub-networks results
from spectra & signatures differentially
affecting binding motifs

- High & low impact mutations assoc. w/ diff.
signatures

- Number of mutations in DHSes assoc. w/
specific chromatin mod. mutation
- Functional impact & tumor evolution

- Mutational timing & tree topology classifies
pPRCC subtypes

- Differences in functional impact betw. early
& late passenger mutations (eg in TSGs &
oncogenes)
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Info about this talk

General PERMISSIONS

« This Presentation is copyright Mark Gerstein, Yale University, 2016.
* Please read permissions statement at

gersteinlab.org/misc/permissions.html .

» Feel free to use slides & images in the talk with PROPER acknowledgement (via citation to
relevant papers or link to appropriate site).
Paper references in the talk probably from Papers.GersteinLab.org.

PHOTOS & IMAGES

For thoughts on the source and permissions of many of the photos and clipped images in this
presentation see streams.gerstein.info . In particular, many of the images have particular EXIF
tags, such as kwpotppt , that can be easily queried from flickr, viz:
flickr.com/photos/mbgmbg/tags/kwpotppt
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