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Supplementary Figure 1

Freebayes workflow
Freebayes workflow can be used for small variant discovery and genotyping and splits into tasks by chromosome, where each task can
run in parallel (not all tasks are visible in figure to save space). Workflow is started and ended by standard start_analysis_run and

end_analysis_run that keep track of Analysis state. validate_sample makes sure that access to the data is available.
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Supplementary Figure 2
Freebayes task durations

Boxplot of freebayes task durations during the SNV genotyping stage across 5668 samples. Durations are highly correlated with
chromosome length (Pearson’s r=0.92). n=5668 biologically independent samples Boxplot center line corresponds to the median, lower
and upper hinges to the 25%th and 75%th percentiles, and whiskers to +- 1.5 Interquartile range from the hinges. The experiment was
performed once.
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Supplementary Figure 3
Delly workflow durations

(a) Distribution of Delly workflow durations for genotyping of 244,889 germline deletions across 5668 PCAWG samples. (b) Distribution
of Delly workflow durations for genotyping of 217,433 germline duplications across 5668 PCAWG samples. n=5668 biologically
independent samples. The experiment was performed once.
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Supplementary Figure 4

Analysis Tracker UML diagram
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set_status

The Analysis Tracker consists of four entities that are necessary for keeping track of the state of scientific analyses run in Butler. The
Workflow object keeps a registry of known workflows and their attributes. The Analysis object keeps track of analyses that are being
performed. An Analysis Run represents an instance of running a particular workflow under a particular analysis on a particular sample.
Configuration objects keep track of the parameters supplied to the workflow invocation.
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Supplementary Figure 5
Analysis Run state transitions

Each Analysis Run keeps track of its state and has a set of rules governing allowable state transitions. A Run is created in the Ready
state from which it may be scheduled for execution. Once the corresponding workflow task is picked up for execution it is transitioned to
In-Progress. Upon successful completion it is marked Completed. At any point a failure may put this run in an Error state from which it



can recover only to the Ready state to initiate a re-execution of the corresponding workflow.
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Supplementary Figure 6
Hierarchical tri-level configuration

Configuration can be applied at three levels of granularity within Butler - Workflow, Analysis, and Analysis Run. Each higher level
configuration may override and augment the configurations supplied at lower levels. At runtime all three levels of configuration are
resolved into an “effective configuration”, which is then applied for execution.
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Supplementary Figure 7

Butler compute cluster performance metrics during germline deletion genotyping for PCAWG



(a) Overall load per VM that is part of the Butler cluster - shows no load prior to analysis kick-off, then steady load throughout the
analysis, and drop-off in load at the end when VMs start running out of work. (b) CPU profile shows highly variable CPU utilization that
is typical of Delly executions. (c) Memory profile is stable and similar between all VMs that are running the analysis. Similar
measurements have been observed over the other 5 analyses performed with Butler during PCAWG, although the exact pattern of CPU
and Memory utilization is dependent on the algorithms that comprise the workflow being executed.
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Supplementary Figure 8
SQL Database state monitoring dashboard

SQL Database health can be ascertained from logs harvested on the database server. (a) 75th, 99th, and 99.5th percentile of query
response times. (b) Count queries by type. (c) Database READ and WRITE counts. (d) Data throughput in and out. These
measurements were collected over a single 2-hour run of the software and serve as an example of visualization capabilities, not an
indication of typical database performance.



Supplementary Tables

PCAWG Butler Toil Nextflow | GenomeVIP
Tech
Language Java Python Python Groovy PHP
Cloud
platforms
with full 3 4 1 1 1
support”
Cloud
platforms
with partial 0 8 1 0 0
support™
HPC support No No Yes Yes Yes
Software
Configuration Yes Yes No No No
Management
Networklr_lg No Yes No No No
and security
Healt.h No Yes No No No
Metrics
Log . No Yes No No No
Harvesting
Anoma}ly No Yes No No No
Detection
Multi-
channel No Yes No No No
Alerting
Self-healing No Yes No No No
Docker Yes Yes Yes Yes No
support
CWL support Yes Yes Yes No No
_Code Sh?rmg Yes Yes No Yes No
integration
Workflow No Yes No Yes No
modules
DAG . Yes Yes Yes Yes Yes
Rendering
Distributed
Cluster
support No Yes Yes Yes No
(Spark,
Mesos)

Supplementary Table 1 - Comparison of cloud-enabled scientific workflow frameworks. * full supportis
defined here to mean that all or most features of the framework are available on that cloud, including
automated configuration, networking, security, storage, metrics, monitoring, and anomaly detection. **



partial support is defined to mean that only a partial implementation exists for a cloud, with fewer
features, manual setup, or limited testing.



) RAM(GB) | Disk(GB) Roles Count
Machine CPU
4 6 1
salt-master 50 ephemeral salt-master
1000 block for consul-
metrics storage bootstrap
monitoring-
server
4 4 1
tracker 40 ephemeral tracker
1000 block for consul-server
elasticsearch elasticsearch
] 4 4 | 40 ephemeral ] 1
job-queue job-queue
consul-client
8 16 1
db-server 80 ephemeral db-server
1000 block for db consul-client
8 32 175
worker 100 ephemeral worker
germline
consul-client

Supplementary Table 2 - Butler deployment on EMBL-EBI Embassy Cloud




Core PCAWG
BWA 0.16
Broad 0.14
Sanger 0.07
0xoG 0.14
Butler
SNV Discovery 0.27
SNV Genotyping 0.90
SV Duplications 0.39
SV Deletions 0.28

Supplementary Table 3 - Optimal rates for PCAWG and Butler pipelines.



Supplementary Note 1

Below is a detailed description of the various sub-systems of Butler.

Cluster Lifecycle Management

This sub-system deals with the task of creating and tearing down clusters on various
clouds, including defining VMs, storage devices, network topology, and network security
rules. To fulfill these requirements in a cloud agnostic manner Butler utilizes an open-
source framework called Terraform, developed by Hashicorp. Terraform uses a
proprietary human- and machine-readable file format for specifying cluster
configurations that is called HashiCorp Configuration Language (HCL). Using this
language the end user can define a number of constructs for cluster management. The key
task of Terraform is to perform Create, Read, Update, and Delete on cluster resources.
Running Terraform causes the tool to inspect the current state and compare it to the target
state, issuing any necessary commands to update current state to the target. Butler comes
with a set of Terraform configuration files that define templates for all of the VMs that
constitute a functional Butler cluster, as well as configurations for network security. A
typical Butler cluster consists of Control VMs and Worker VMs and templates for both
are available. The users are expected to adapt the templates as needed for their use case,
providing their own credentials, cluster size, and other configurations.

Cluster Configuration Management

This sub-system deals with configuration and software installation of all VMs in the
cluster. VMs typically will have hundreds of programs installed and configured on them,
oftentimes with intricate interdependencies and inter-machine communication
requirements. The Saltstack open-source Configuration Management system integrated in
Butler allows managing these dependencies and installation details independently of the
Operating System (OS) chosen for the Virtual Machines for deployments involving
hundreds of servers (Figure 1). The Configuration Management System is controlled by
a Master node that acts as the authority on the state of a cluster of Minion nodes. The
Master has a set of configuration definitions defined and accessible through a git
repository. Each Minion can have a number of roles assigned to it, and the Master
maintains mappings between roles and configuration definitions. Once the Master has
determined what roles a Minion has it can issue the necessary commands to apply
relevant configurations to the Minion. Butler ships with configuration definitions
required to run Butler itself as well as those needed to execute the bundled workflows
(for example, sequence alignment with BWA, germline variant calling with freebayes
and Delly, and somatic variant calling with Sanger Institute’s CGP tools). Additional
configurations can be defined by the user as necessary.



Workflow System

The Workflow sub-system is responsible for allowing users to define and run scientific
workflows on the cloud. Butler integrates the open-source distributed workflow system
called Airflow, originally developed by Airbnb (www.airbnb.com), for this purpose. The
key component at the heart of Airflow is the Airflow Scheduler (Figure 1). The airflow-
scheduler is a service that runs perpetually on a VM and examines the state of all running
workflows. All workflow tasks that meet the preconditions for being runnable are
immediately "scheduled” for execution. In the context of Airflow scheduling means
depositing the task into a queue (running on a separate Queue Server VM) from which a
Worker VM (Figure 1) can eventually pick it up. The Worker VMs run an airflow-
worker service that periodically polls the task queue for available tasks, and when the
task is runnable by a particular Worker, that Worker consumes the task message from the
queue and assumes execution. In order to keep track of the status of Workers and
workflow execution each Worker periodically sends heartbeat messages to the Scheduler
to communicate its state. The state is persisted by the Scheduler to a PostgreSQL
database, which runs on a DB Server VM (Figure 1).

The user can communicate with and commandeer Airflow via the Airflow CLI, as well as
a Web UI. The Web Ul is provided via the airflow-flower, and airflow-webserver
services, which can run on the same VM as the Scheduler or on a separate VM,
depending on system load. Conceptually, an Airflow workflow is a Directed Acyclic
Graph whose vertices represent tasks and edges indicate task sequence. In its
implementation, an Airflow workflow is a Python program that can use any Python
language construct or library. This allows the users to create workflows of arbitrary
complexity and functionality.

An Analysis Tracker module is built into Butler in order to allow the user to define
analyses, specify what workflows are part of these analyses, and track the status and
execution of Analysis Runs - instances of running a particular workflow on a particular
data sample within the context of an Analysis (Supplementary Figure 4).

When an Analysis Run is first created it is given a Ready status (Supplementary Figure
5), indicating that it is ready to be scheduled for execution. Once the Scheduler has
scheduled the Run for execution it is given a Scheduled status. When workflow execution
starts the Run is marked In-Progress. Once the Run is successfully completed it enters a
Completed status. If, at any point, the Run encounters an error condition it cannot recover
from, the Run Status is set to Error. When the error condition is addressed the Run status
should be set to Ready so that it can start from the beginning.

In order to fulfill the workflow configuration and parametrisation requirements Butler
implements a tri-level configuration mechanism (Supplementary Figure 6), allowing the
user to specify configurations at Workflow, Analysis, and Analysis Run levels. At
runtime all three configuration levels are merged into one “effective” configuration that
applies within the execution context. Because it is important for configurations to be both
human-readable and machine-readable Butler uses the JSON format to encode



configuration information. PostgreSQL, in turn, has native support for storage and deep
querying of JSON values, thus making it an ideal choice for configuration persistence.

Operational Management

This sub-system provides tools for ensuring continuous successful operation of the
cluster, as well as for troubleshooting error conditions. In general, the Operational
Management tools fall into two categories, those that collect observations about the state
of each component in the system at runtime, and those that aggregate this data and
present it to the user in the form of queryable databases and management reports. We
delineate two major sources of data that are indicative of system state - System Metrics,
and Server Logs. While metrics provide more of a coarse-grained view of the overall
health of a particular Virtual Machine, server logs can give much more of a fine-grained
view of the underlying system at an application level, and down to individual lines of
code that are running at any given time. Butler has dedicated components for the
collection and management of these data sets

Each VM runs a metric collection daemon called Telegraf, which is an open-source
package that is able to make periodic measurements of a large number of system metrics
and ship them off to a centralized Monitoring Server. The definition for which metrics
are collected is specified in a special configuration file. Because we are interested in
observing not only the metrics as they are measured in the present, but also the dynamics
of how metric values change over time, we need a mechanism for persisting this
information. For this purpose the Monitoring Server component of Butler contains an
instance of a database product called InfluxDB, which is an Open Source database system
that is optimized for recording time series data.

The metrics collection system is collecting 50 different metrics per host on average,
sampled at intervals of 10 seconds. Given a cluster of 200 Virtual Machines the
monitoring system collects and stores 86,400,000 data points in a 24 hour time period.
This volume of data is quite difficult for the user to comprehend and make use of, and
Butler provides visualization tools to enable the display of aggregate statistics based on
the monitoring data using a Graphical User Interface (Supplementary Figure 7). The
main goal of the visualizations is to give the user an overview of the trends observed
within the compute cluster with respect to a set of representative performance metrics,
and to alert the user to any conditions that threaten the health of Virtual Machines and the
scientific analyses they run.

Because of the potentially extremely high value of the information contained in server
logs, we deploy a system of log harvesting and centralized storage that enables the
Virtual Machines that are part of Butler to parse the logs that are being generated locally
for interesting events and send those events to a centralized search index which is
amenable to efficient querying and visualization. These open-source tools are known as
the ELK stack (Elasticsearch, Logstash, Kibana).



Each Virtual Machine in the cluster runs a log shipper - Filebeat. It is responsible for
finding, harvesting, and locally aggregating logs. Logstash runs on a separate centralized
server and is responsible for parsing the logs forwarded from Filebeat and sending the
parsed information on to the Elasticsearch index. Elasticsearch is a general-purpose
scalable text indexing and search engine that supports clustering and sharing of data. Just
as it is difficult to grasp and analyze performance metrics due to the number of data-
points generated, it is as difficult to grasp log messages from a large cluster. We utilize a
similar set of visualization tools to the ones we use for metrics, to solve this problem for
server logs within Butler. The Kibana dashboarding framework allows us to create
graphical dashboards that visualize log events of interest, as well as providing a web-
based query interface to the Elasticsearch log messages index (Supplementary Figure
8).

The Monitoring Server runs an anomaly detection and alerting library called Kapacitor,
which defines a series of rules that specify the normal operating conditions for the
cluster, such as all hosts regularly responding to ping, CPU below 80%, disk utilization
below 85%, workflow tasks and other Butler services sending heartbeats every minute.
Coupled with the application metrics gatherer statsd, the system builds an empirical
distribution of the duration of various workflow tasks and knows when tasks take longer
than they historically have. The anomaly detection software monitors the time series
database that records all metrics and periodically evaluates the rule-set against it. When
the system detects a breach of one or more rules it can take a remedial action, such as
sending a warning email, a message to a Slack topic, a Telegram, or schedule the restart
of a particular service, workflow or the reprovisioning of a particular VM (Figure 1 b).
These abilities allow Butler users to be always up to date about the health of the system
and allow Butler clusters to self-heal when they encounter problematic scenarios.

This approach is markedly different, and offers dramatic improvements, over error
handling routines implemented in other workflow frameworks. Nextflow, for instance,
provides a workflow onError event handler and an errorStrategy
(https://www.nextflow.io/blog/2016/error-recovery-and-automatic-resources-
management.html); these allow for simple retry logic to be set up including the ability to
request more resources (such as memory) during the retries, and possibly notify users via
email — but to trigger this routine requires that a workflow can signal the error, which in
practice will often not be the case. Toil, similarly, allows for job retries upon failure
(http://toil.readthedocs.io/en/releases-3.6.x/running/running.html#error-
handling-and-resuming-pipelines), again requiring that workflows are able to report
crashes. These routines, therefore, are predicated on the workflows actually failing and
being able to report that. In practice, workflow failure may not happen right away, may
not happen at all, or may not be successfully reported, for example when systemic IT
infrastructure issues are the root cause of failure — which in practice leaves significant
gaps and is the cause of some of the hardest to detect, and costly project issues.
Additionally, before the underlying issue is resolved, no amount of retrying will cause the
workflow to succeed, ensuring that the workflow retry logic on its own has limited utility
in practice.


http://toil.readthedocs.io/en/releases-3.6.x/running/running.html#error-handling-and-resuming-pipelines
http://toil.readthedocs.io/en/releases-3.6.x/running/running.html#error-handling-and-resuming-pipelines

For example, consider a scenario where the job scheduler component crashes or stops
responding. This does not cause any jobs to fail because they are handled by the worker
nodes. Instead, new workflows simply fail to get scheduled, causing the system to slowly
run out of work and become idle. In a large deployment with hundreds of VMs this
condition quickly becomes costly, yet may go undetected because no workflows are
failing. Butler deals with these situations easily, since it collects heartbeats from all
essential services. As soon as the heartbeat is missing for a pre-determined period of time
an alert is raised. Butler’s self-healing agent will communicate with Butler’s
Configuration Server using its HTTP API and will instruct the Configuration Server to
restart the Workflow Scheduler (Figure 1 b). If it is not able to bring the scheduler back
online automatically it will alert users via email and Slack notifications.

It is important to understand that even though Butler provides the anomaly-detection and
self-healing framework along with some preconfigured rules and actions, the types of
rules and actions that it makes sense to deploy at a given time is highly dependent on the
context of the analysis being performed and the IT infrastructure that the system is
deployed on. Thus, users should expect to spend effort working within this framework to
properly set up and tune the rules that will best serve their needs. For example, if users
set up a rule of the form “Automatically reschedule workflow tasks that have taken above
3 standard deviations of the mean runtime and have not yet completed” and train this rule
on a workflow that analyses small bacterial genomes, but then decide to deploy it on an
organism with a much larger genome, this rule may trigger unnecessarily given marked
differences in expected and acceptable runtimes. While high levels of automation can be
extremely powerful and save time and costs when used in the right context, they may also
wreak havoc when ill-configured.

There are in general three types of situations that the anomaly detection and self-healing
components can go after:

The most high-level scenario involves detecting and resolving when an entire VM
becomes stuck or otherwise unresponsive. Detection is accomplished via an uptime
metric, which is collected for all hosts and measures how long each host has been up. If
this metric is not updated for a long time the VM can be considered “dead”. This is fairly
easy to deal with when a VM is a worker node; a new node can simply be launched using
Butler’s existing provisioning functionality. It is more difficult to replace one of the
management nodes in an automated fashion due to the need to rescue and migrate
existing services like databases and queues. Thus, it is recommended to run these services
with standby backups if high availability is desired and manually replace the nodes that
go out of commission.

At times, one of the individual services that Butler relies upon for its operation will crash.
The greatest majority of these can be solved by a service restart. Butler collects a
heartbeat from all such services and when the heartbeat is not detected will attempt to
restart the offending service via the Configuration Server (Figure 1 b). As Butler collects
detailed statistics about each service it can potentially act on some other conditions that
may affect a service (such as running out of disk space) in an automated fashion. There



are scenarios, however, such as network outages, which are impossible to fix
automatically; if Butler is not able to bring the service back online after several tries it
will notify a human via email and Slack notifications to ensure the issue will be resolved
through human intervention, in a timely manner.

The most advanced and fine-grained application of anomaly-detection is instrumenting
individual workflows with metrics using the statsd library in order to collect timings,
CPU, memory, and disk footprint. This allows the finest degree of automated control over
workflow execution letting the system operator to detect workflows that are not crashing,
but are not likely to ever finish because of a bug in the software or a data issue. Setting
appropriate detection thresholds for these types of events requires detailed understanding
of the resource requirements and usage patterns of the underlying algorithms that are
being implemented by the workflow. Usage of these features is highly recommended for
large-scale, long-running projects (e.g. studies at the scale of PCAWG or PPCG) or for
ongoing production operations with a high degree of tuning.

Although the anomaly-detection and self-healing capabilities of Butler are extremely
powerful, they also have some remaining limitations. Since these components themselves
are not immune to failure, adverse events that impact their ability to function will
inevitably prevent the system from being able to adequately detect and respond to other
failures. This includes failures of individual metrics collection agents, the time-series
database, the rules engine, and the configuration server, as well as system-wide events
like network outages that prevent VMs from being able to communicate with each other.
In this regard the time series database and the rules engine stand out as single points of
failure for the entire self-healing functionality while the failure of other components will
only have a limited effect. These key components, however, can be deployed in cluster
mode with standby backups to mitigate the risk of such events. One additional source of
issues that is difficult for the self-healing functionality to address is the class of errors
caused by data issues. Such issues are virtually impossible to deal with generically, and
require a degree of expert understanding of the underlying data sets and data formats that
we would advise against implementing at this level of a workflow system. Instead, we
would recommend implementing the data quality assurance steps as a separate workflow
that should run over the samples before they undergo further analysis.

The anomaly detection and self-healing capabilities of Butler implement a host-, service-,
and workflow-level quality assurance framework that dramatically increases system
robustness when operating at large scale. It should be used with care, however, to not
over-automate, inadvertently introducing false-positive signals, in order for the users to
reap the most benefit from this powerful functionality.

The Butler framework consists of many different services that reside on a number of
different servers and need to be able to communicate with each other. To accomplish this
in a flexible manner we needed to establish a Service Registry so that IP addresses of
servers that host particular services can be looked up by service name. To accomplish
this, Butler uses an open-source service discovery framework called Consul. Consul
provides a cross-data-center distributed Service Name Registry that is available via



HTTP and DNS protocols. In addition to registry capabilities Consul provides basic
health checks for the underlying services, testing whether the IP and port the service is
supposed to be listening on are actually reachable.
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Kellis3’253, Jan O. Korbel7’8, Morten Muhlig Nielsen153, Jakob Skou Pedersen153’154, Paz Polak3’4’6, Jiiri
Reimand'*"®, Esther Rheinbay3’6’19, Nicola D. Roberts', Gunnar Ritsch''2!!>!14!15:1617 "Richard Sallari’, Nasa

3,45

Sinnott-Armstrong™™*, Alfonso Valencia**"®, Miguel Vazquez40’4l, Sebastian M. Waszak®, Joachim

Weischenfeldt**'?°, Christian von Mering”**** & Ekta Khurana'®"""">"*

PCAWG Quality-Control Working Group Sergi Beltran*"*, Ivo Buchhalter***°, Peter J. Campbell'?,
Roland Eils?®*%!% ’144, Daniela S. Gerhard®? , Gad Getz*>* ’6, Marta Gut49’74, Barbara Hutter”O’Mg’lSO, Daniel
Hiibschmann?®12%:143.242.243 , Kortine Kleinheinzzg’zo, Jan O. Korbel7’8, Dimitri LiVitZz, Marc D. Perry”’15 , Keiran
M. Raine', Esther Rheinbay3’6’19, Mara Rosenberg3’19, Gordon Saksena®, Matthias Schlesner”*', Miranda D.

Stobbe*™, Jean-Rémi Trotta™, Johannes Werner”™'®', Justin P. Whalley74 & Ivo G. Gut®™

PCAWG SNV Calling Working Group Matthew H. Bailey**”’, Beifang Niu*®, Matthias Bieg"**'*’, Paul C.
Boutros'*'®**?! Tvo Buchhalter’®***°, Adam P. Butler', Ken Chen'*!, Zechen Chongm, Oliver Drechsel**,
Lewis Jonathan Dursilz’zs, Roland Eils28’30’143’144, Kyle Ellrottzg, Shadrielle M. G. Espiritulz, Yu Fan”, Robert S.
Fulton®*?"3* , Shengjie Gaolgo, Josep L. Gelpi40’145, Mark Gerstein63’64’69, Gad Getz3’4’5’6, Santiago Gonzalez7’8,
Ivo G. Gut49’74, Faraz Hach146’147, Michael C. Heinoldzg’zo, Julian M. Hess3’152, Jonathan Hintonl, Taobo Hu”g,
Vincent Huanglz, Yi Huanglsg’m, Barbara Hutter”O’Mg’lSO, David R. Jonesl, Jongsun Jung15 1, Natalie Jéigerzg,
Hyung-Lae Kim®®, Kortine Kleinheinz”**°, Sushant Kumar®**, Yogesh Kumar'**, Christopher M. Lalansingh'?,
Ignaty Leshchiner’, Ivica Letunic®, Dimitri Livitz®, Eric Z. Ma'*®, Yosef E. Maruvka™'*"*? R. Jay Mashl?",
Michael D. McLellan***"**, Andrew Menzies', Ana Milovanovic*’, Morten Muhlig Nielsen'”, Stephan
Ossowski47’48’49, Nagarajan Paramasivam28’140, Jakob Skou Pedersen153’154, Marc D. Perry”’15 , Montserrat
Puiggros™, Keiran M. Raine', Esther Rheinbay”®*'?, Romina Royo®’, S. Cenk Sahinalp'*’"*>!*%, Gordon
Saksena® , Iman Sarraﬁm’m, Matthias Schlesner™? 1, Lucy Stebbingsl, Chip Stewart® , Miranda D. Stobbe49’74,
Jon W. Teaguel, Grace Tiao® , David Torrents40’76, Jeremiah A. Wala>®" 77 iayin Wang27’5 8,15 8, Wenyi Wangzz,
Sebastian M. Waszak®, Joachim Weischenfeldt**'?°, Michael C. Wendl?”'*'®°, Johannes Werner*'®!, David
A. Wheeler***, Zhenggang Wu'**, Hong Xue'*®, Sergei Yakneen®, Takafumi N. Yamaguchi'?, Kai Ye***,
Venkata D. Yellapantula®*®, Christina K. Yung"®, Junjun Zhang", Li Ding”**"** & Jared T. Simpson'**®

PCAWG Drivers and Functional Interpretation Working Group Federico Abascal', Samirkumar B.
Amin'®1% ’186, Gary D. Bader"? , Pratiti Bandopadha3/ay3’258’25 9, Jonathan Barenboimlz, Rameen Beroukhim® ’6’168,
Johanna Bert!'> ’206, Keith A. Boroevich®'* 3, Seren Brunak260’261, Peter J. Campbelll’z, Joana Carlevaro-
Fita?®*263 ’264, Dimple Chakravarty265 ’266, Calvin Wing Yiu Chanzg’m, Ken Chenm, Jung Kyoon Choi267, Jordi

Deu-Pons®*?%® , Priyanka Dhingra”’73 , Klev Diamanti268, Lars Feuerbachm, J. Lynn Fink40’269, Nuno A.

205 49,74

Fonseca”'**, Joan Frigola™, Carlo Gambacorti-Passerini*’’, Dale W. Garsed®”", Qianyun Guo™, Ivo G. Gut™™,
David Haan’, Mark P. Hamilton?*, Nicholas J. Haradhvala>'?, Arif O. Harmanci®**">, Mohamed Helmym, Carl
Herrmann®>%7, Julian M. Hess™'%, Asger Hobolth'****, Ermin Hodzic'*®, Chen Hongm’m, Henrik
Hornshej'>, Keren Isaev'>'®, Jose M. G. Izarzugaza®®, Rory Johnson®®*"*, Todd A. Johnson™*, Malene Juul'>’,
Randi Istrup Juulm, Andre Kahles“z’m’l14’“5’175, Abdullah Kahraman®** 1’252, Manolis Kellis3’253, Ekta

Khurana70’71’72’73, Jaegil Kim® , Jong K. Kim?”® , Youngwook Kim'®163 , Jan Komorowski268’276, Jan O. Korbel7’8,
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Sushant Kumar® ’64, Andrés Lanzész63’264’274, Erik Larsson“z, Donghoon Lee64, Kjong-Van
Lehmann!!'2!14115.174.175 , Shantao Li64, Xiaotong Li64, Ziao Lin3’277, Eric Minwei Liu71’73’278, Lucas
Lochovsky63’64’186, Shaoke Lou®**, Tobias Madsen'”, Kathleen Marchal®”***, Iiigo Martincorena', Alexander
Martinez—Fundichely71’72’73, Yosef E. Maruvka™'*">?, Patrick D. McGillivray63, William Meyerson64’281, Ferran

'3 Marta Paczkowska'?,

Muifios*”®, Loris Mularoni®”*, Hidewaki Nakagawagl, Morten Muhlig Nielsen
Keunchil Park”***, Kiejung Park®™, Tirso Pons**, Sergio Pulido-Tamayo®”"**, Jiiri Reimand'*'®, Iker Reyes-
Salazar87, Matthew A. Reynazgé, Esther Rheinbay3 ’6’19, Mark A. Rubin274’287’288’289’290, Carlota Rubio-Perez®”%*" R
S. Cenk Sahinalp147’155’156, Gordon Saksenaz, Leonidas Salichos“’“, Chris Sander”z’157’291’292, Steven E.
Schumacher3’204, Mark Shackleton271, Ofer Shapira3’157, Ciyue Shen292’293, Raunak Shrestham, Shimin Shuai'>" s
Nikos Sidiropoulosloo, Lina Sieverling127’128, Nasa Sinnott—Armstrong3’45, Lincoln D. Steinlz’lz, David
Tamborero®*’, Grace Tiao®, Tatsuhiko Tsunoda®******>*° Husen M. Umer’***"’, Liis Uuskiila-Reimand®**”,
Alfonso Valencia*®, Miguel Vazquez40’4l, Lieven P. C. Verbeke?™**™, Claes Wadelius®®', Lina Wadi'?, Jiayin
Wang27’58’158, Jonathan Warrell®***, Sebastian M. Waszak®, Joachim Weischenfeldt®™**'%, Guanming Wu*®, Jun
Yu’”, Jing Zhang®, Xuanping Zhang"***", Yan Zhang®~***>%, Zhongming Zhao®’, Lihua Zou’"®, Christian von

Mering252’254, Mark Gerstein63’64’69, Gad Getz3’4’5’6, Michael S. Lawrence®!'* 3, Jakob Skou Pedersen'® 3’154,

Benjamin J. Raphael®, Joshua M. Stuart’ & David A. Wheeler™**

PCAWG Transcriptome Working Group Samirkumar B. Amin'**'*>'%¢_ Philip Awadalla'*"?, Peter J.

187, Claudia Calabrese7’8, Aurélien Chateignerls, Isidro Cortés—Cirian093’94’95, Brian Craftm, David

Bailey
Craft™*", Chad J. Creightonzoo, Natalie R. Davidson''*'"*!!5!1717 ‘Deniy Demircioglu178’l79, Serap Erkek®,
Nuno A. Fonseca”'*, Milana Frenkel-Morgenstern'®, Mary J. Goldman'*, Liliana Greger’, Jonathan
Goke'™™* Yao He'”, Katherine A. Hoadley2 324 Yong Hou'®*'®! Matthew R. Huska''®, Andre
Kahlesl12’“3’”4’“5’175, Ekta Khurana'®7!7>73 , Helena Kilpinenlgg, Jan O. Korbel7’8, Fabien C. Lamazelz, Kjong-
Van Lehmannl12’”4’“5’174’175, Chang Lilgo’m, Siliang Lilgo’lgl, Xiaobo Lilgo’lgl, Xinyue Lilgo, Dongbing Liulgo’lgl,

3,6,157

“8, Matthew Meyerson s

Fenglin Liu176’177, Xingmin Liulgo’m, Maximillian G. Marin’ 7 Julia Markowski

190 16,17

Tannistha Nandi'”°, Morten Muhlig Nielsen'>, Akinyemi I. Ojesina'*""'**!**, B. F. Francis Ouellette'®", Qiang
Pan-Hammarstrdm'**'**, Peter J. Park’*®, Chandra Sekhar Pedamallu®®'®®, Jakob Skou Pedersen'>*'**, Marc D.
Perry”’ls, Roland F. Schwarz”'"*!"*'? Yuichi Shiraishi®, Reiner Siebert’”*’, Cameron M. Soulette’’, Stefan G.
Stark115,174,182,183 Oliver Stegle7,8,124 Hong Su180,181 Patrick Tan190,195,196,197 Bll'l Tean Tehl95,196,197,198,199 Lara
Urban’®, Jian Wanglgo, Sebastian M. Waszak®, Kui Wu"**'®!, Qian Xiangm, Heng Xionglgo’lgl, Sergei
Yakneeng, Huanming Yanglgo, Chen Yelgo’lgl, Christina K. Yung15 , Fan Zhangm, Junjun Zhang15 , Xiuqging
Zhanglgo, Zemin Zhang176’202, Liangtao Zhengm, Jingchun Zhu' 2, Shida Zhulgo’m, Alvis Brazma’, Angela N.

Brooks3,37,157 & Gunnar RétSChllz’l13’“4’115’“6’“7

PCAWG Epigenome Working Group Hiroyuki Aburatani’'’, Hans Binder’''*'%, Huy Q. Dinh*", Lars
Feuerbach'?’, Shengjie Gao'™, Ivo G. Gut™’, Simon C. Heath*””*, Steve Hoffmann®''*'**'**5 Charles David
Imbusch'?’, Ekta Khurana”"""*73| Helene Kretzmer®'**"*, Peter W. Laird*'®, Jose L. Martin-Subero’®*"”, Genta
Nagae310’318, Paz Polak™®, Hui Shen®"’, Reiner Siebert’”*’, Nasa Sinnott—Armstrong3’45, Miranda D. Stobbe®”™,
Qi Wang246, Dieter Weichenhan®”, Sergei Yakneen®, Wanding Zhou"’, Benjamin P. Berman®"**?'*% Benedikt

Brors'?7'*%3% & Christoph Plass®
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PCAWG Structural Variation Working Group Kadir C. Akdemirm, Eva G. Alvarez***# ’44, Adrian Baez-
Ortegass, Paul C. Boutroslz’lg’zo’ﬂ, David D. L. Bowte11271, Benedikt Brors'?713%323 , Kathleen H. Burns®24*% s
John Busanovich®**, Kin Chan™”’, Ken Chen'"', Isidro Cortés-Ciriano’>**°*>, Ana Dueso-Barroso®, Andrew J.
Dunford’, Paul A. Edwards****?, Xavier Estivill'"**, Dariush Etemadmoghadamm, Lars Feuerbach'?’, J. Lynn
Fink****°, Milana Frenkel—Morgenstemlgg, Dale W. Garsed””!, Mark Gerstein®**% Dmitry A. Gordenin”’,
David Haan’, James E. Haber’*’, Julian M. Hess>'**, Barbara Hutter'**'*>"*°, Marcin Imielinski'**'*’, David T.
W. Jones*? 1’332, Young Seok Ju1’267, Marat D. Kazanov***3343% , Leszek J. Klimczakgg, Youngil Koh336’337, Jan O.
Korbel7’8, Kiran Kumar® , Eunjung Alice Lee338, Jake June-Koo Lee’*” , Yilong Lil, Andy G. Lynch328’329’339,
Geoff Macintyrem, Florian Markowetz’ 28’329, Inigo Martincorenal, Alexander Martinez-Fundichely71’72’73 s
Matthew Meyerson®*'*’, Satoru Miyano*’, Hidewaki Nakagawa®', Fabio C. P. Navarro®, Stephan
Ossowski*"***° Peter I. Park’*”, John V. Pearson**"**', Montserrat Puiggros*, Karsten Rippe'*’, Nicola D.
Roberts', Steven A. Roberts'”’, Bernardo Rodriguez-Martin**** Steven E. Schumacher™*", Ralph Scully**,
Mark Shackleton?”!, Nikos Sidiropoulosloo, Lina Sieverling127’128, Chip Stewart®, David Torrents*"®, Jose M. C.
Tubio*** Izar Villasante™, Nicola Waddell*****!, Jeremiah A. Wala®*'*", Joachim Weischenfeldt***'%,

Lixing Yang343, Xiaotong Y30166’344, Sung-Soo Yoon® 37, Jorge Zamora1’42’43’44, Cheng-Zhong Zhang3’6’15 7

Rameen Beroukhim®®'®® & Peter J. Campbell'

PCAWG Mutational Signatures Working Group Ludmil B. Alexandrov"'"!, Erik N. Bergstrom345, Arnoud
Bootl%’m, Paul C. Boutroslz’lg’zo’ﬂ, Kin Chan327, Kyle Covington34, Akihiro Fujimotogl, Gad Get23’4’5’6, Dmitry
A. Gordenin’’, Nicholas J. Haradhvala®'"®, Mi Ni Huang1%’346, S. M. Ashiqul Islam'®", Marat D.
Kazanov>*****33 Jaegil Kim®, Leszek J. Klimczak®®, Michael S. Lawrence®'**, Iiigo Martincorena', John R.
McPherson'****®, Sandro Morganellal, Ville Mustonen®’>***_ Hidewaki Nakagawagl, Alvin Wei Tian Ng350,
Paz Polak3’4’6, Stephenie D. Prokopeclz, Steven A. Robertsm, Radhakrishnan Sabarinathan87’88’89, Natalie
Saini97, Tatsuhiro Shibatam’m, Yuichi Shiraishi”, Ignacio Vézquez-Garcial’67’354’355, Yang Wu1%’346, Fouad

Yousiflz, Willie Yu356, Steven G. Rozen196’197’346, Michael R. Stratton' & Bin Tean Teh!%%196:197:198.199

PCAWG Germline Cancer Genome Working Group Ludmil B. Alexandrov"'’!, Eva G. Alvarez****,
Adrian Baez—OrtegasS, Matthew H. Bailey26’27, Mattia Bosio****, G. Steven Bova'*®, Alvis Brazma’, Alicia L.
Bruzos***, Ivo Buchhalter™**, Carlos D. Bustamante*’®, Atul J. Butte'*, Andy Cafferkey7, Claudia
Calabrese”®, Peter J. Campbell'?, Stephen J. Chanock’®, Nilanjan Chatterjee'**'*, Jieming Chen®*'"’, Francisco
M. De La Vega45’46’78, Olivier Delaneau "%, German M. Demidov*’ %%, Anthony DiBiase®, Li Ding26’27’35,
Oliver Drechsel47’49, Lewis Jonathan Dursi'>* , Douglas F. Eastongz’gz, Serap Erkekg, Georgia Escaramis47’103’104,
Erik Garrisonl, Mark Gerstein63’64’69, Gad Getz3’4’5’6, Dmitry A. Gordenin97, Nina Habermanng, Olivier
Harismendy'?’, Eoghan Harrington'”, Shuto Hayashi*’, Seong Gu Heo'”, José Maria Heredia-Genestar™,
Aliaksei Z. Holik47, Eun Pyo Hong173 , Xing Hua%, Kuan-lin Huang”’“, Seiya Imoto”, Sissel Juul'® , Ekta
Khurana """, Hyung-Lae Kim™, Youngwook Kim'**'%, Leszek J. Klimczak®, Roelof Koster'*, Sushant
Kumar®**, Tvica Letunic®, Yilong Li', Tomas Marques—B0net74’75’76’77, R. Jay Mashl?”*’, Simon Mayesw(’,
Michael D. McLellan?**"**, Lisa Mirabello’, Francesc Muyas47’48’49, Hidewaki Nakagawagl, Arcadi
Navarro’*”>”7¢, Steven J. Newhouse’, Stephan Ossowski****° Ji Wan Park'”, Esa Pitkinen®, Aparna Prasad®,
Raquel Rabionet47’49’102, Benjamin Raederg, Tobias Rauschg, Steven A. Roberts'"’

Martin42’43’44, Vasilisa A. Rudnevag, Gunnar Réitschl12’“3’”4’“5’”6’“7, Natalie Saini97, Matthias Schlesnerzg’zl,

Roland F. Schwarz”'"®!"*12° Avellet V. Segre®, Tal Shmaya™, Suyash S. Shringarpure45, Nikos

, Bernardo Rodriguez-
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Sidiropoulosmo, Reiner Siebert79’80, Jared T. Simpson12’36, Lei Song%, Oliver Stegle7’8’124, Hana Susak47’49,
Tomas J. Tanskanenmg, Grace Tiao3, Marta Tojo44, Jose M. C. Tubio42’43’44, Daniel J. Turnerwé, Lara Urban7’8,
Sebastian M. Waszak®, David C. Wedge"*>, Joachim Weischenfeldt***'”, David A. Wheeler’>**, Mark H.
Wright45, Dai-Ying Wu', Tian Xia®’, Sergei Yakneen®, Kai Ye*®*°, Venkata D. Yellapanm1a67’68, Jorge

Zamora"**** Bin Zhu®, Xavier Estivill** & Jan O. Korbel”*

PCAWG Pathology and Clinical Correlates Working Group Fatima Al-Shahrour'”’, Gurnit Atwal'>'>'"?,
Peter J. Bailey187, Paul C. Boutros12’18’20’21, Peter J. Campbelll’z, David K. Changm’m, Susanna L. Cooke187,
Vikram Deshpandelg, Bishoy M. Faltas' 17, William C. Faquinlg, Gad Getz*** ’6, Syed Haiderlz, Wei ] iaolz, Vera
B. Kaiser™ 9, Rosa Karlic’360, Mamoru Kat0361, Kirsten Kiibler’ ’6’19, Alexander J. Lazarzz, Constance H. Lilz’lg,
David N. Louislg, Adam Margolin38, Sancha Martin1’362, Hardeep K. Nahal-BoselS, G. Petur Nielsenlg, Serena
Nik-Zainal'**"***3% L arsson Omberggs, Christine P’nglz, Marc D. Perry”’ls, Paz Polak™**®, Esther
Rheinbay3’6’19, Mark A. Rubin?’*#7-2882892% " Colin A. Semplem, Dennis C. Sgroiw, Tatsuhiro Shibata®®*’,
Reiner Siebert””*’, Jaclyn Smith®®, Miranda D. Stobbe®””*, Ren X. Sun'?, Kevin Thai'®, Derek W. Wright363’364,
Chin-Lee Wu'?, Ke Yuan®***636, Junjun Zhangls, Andrew V. Biankin'®?%%3663¢7 [ evj Garrawaym, Sean M.

Grimmond®®, Katherine A. Hoadley”** & Lincoln D. Stein'>"

PCAWG Evolution & Heterogeneity Working Group David J. Adams', Pavana Anur’®®, Rameen
Beroukhim3’6’168, Paul C. Boutroslz’lg’zo’ﬂ, David D. L. Bowte11271, Peter J. Campbelll’z, Shaolong Caozz,
Elizabeth L. Christie271, Marek Cmero®’%*7! 72, Yupeng Cun®” , Kevin J. Dawsonl, Jonas Demeulemeestergl’gz,
Stefan C. Dentro"**', Amit G. Deshwar ", Nilgun Donmez'*""*®, Ruben M. Drews***, Roland Eils**3*!#1*,
Yu Fan®?, Matthew W. Fittall’', Dale W. Garsed””', Moritz Gerstung7’8, Gad Getz***, Santiago Gonzalez”®,
Gavin Ha®, Kerstin Haase’', Marcin Imielinski'®*'®’, Lara Jerman®*"®, Yuan Ji*"**"7, Clemency Jollygl, Kortine

Kleinheinzzg’zo, Juhee Lee® 78, Henry Lee-Sixl, Ignaty Leshchiner® , Dimitri Livitz® , Geoff Macintyrem, Salem

Malikic147’156, Florian Markowetzm’m, Inigo Martincorenal, Thomas J. Mitchelll’329’379, Quaid D. Morrism’m,

382 1286

Ville Mustonen®’**** Layla Oesper®', Martin Peifer’”?, Myron Peto®, Benjamin J. Raphael**®, Daniel

Rosebrock® , Yulia Rubanova36’172, S. Cenk Sahinalp147’155’156, Adriana Salcedolz, Matthias Schlesnerzg’zl, Steven
E. Schumacher’*", Subhajit Sengupta383, Ruian Shi**’, Seung Jun Shin'*?, Oliver Spiro3, Lincoln D. Stein'*",
Maxime Tarabichi"”', Shankar Vembu®****, Ignacio Vazquez-Garcia"®****>* Wenyi Wang’?, David A.
Wheeler®***, Jeffrey A. Wintersinger170’17l’172, Tsun-Po Yang373, Xiaotong Yao'**** Kaixian Yu’®, Ke

Yuan?®?8362363, Hongtu Zhu*****7 Ppaul T. Spellman388, Peter Van Loo’? & David C. Wedgel""5 66

PCAWG Portals and Visualization Working Group Fatima Al-Shahrour'*, Elisabet Barrera’, Wojciech

Bazant’, Alvis Brazma’, Isidro Cortés-Ciriano’>*+% , Brian Craftm, David Craft® ’309, Vincent Ferretti' ’86, Nuno
A. Fonseca”"? 3, Anja Fl'illgrabe7, Mary J. Goldmanm, Wolfgang Huberg, Maria Keays7, Alfonso Mufioz’, Brian
D. O’Connor" ’37, Irene Papatheodorou7, Robert Petryszak7, Elena Pifieiro-Yafiez" 3 Alfonso Valencia40’76, John

137,138

N. Weinstein , Qian Xiang"*, Junjun Zhang'®, David Haussler"*>"*°, Miguel Vazquez*"*' & Jingchun

Zhu132

PCAWG Mitochondrial Genome and Immunogenomics Working Group Peter J. Campbell, Yiwen
Chen’?, Chad J. Creightonzoo, Li Ding26’27’35, Akihiro Fuj imoto®!, Masashi Fuj ita®, Gad Getz>*>°, Leng Han’",
Takanori Hasegawa”, Shuto Hayashi*’, Seiya Imoto™, Young Seok Ju'**", Hyung-Lae Kim™, Youngwook

Kim'®163 , Youngil Koh336’337, Mitsuhiro Komura”, Jun Li32, Inigo Martincorenal, Satoru Miyano”, Shinichi
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Mizunozgg, Keunchil Park?*%3 , Eigo Shimizu® 9, Yumeng Wang3 2’390, John N. Weinstein'*-? 8, Yanxun Xu391,

337

Rui Yamaguchi3 9, Fan Yangzgo, Yang Yang304, Christopher J. Y00n267, Sung-Soo Yoon™’, Yuan Yuanzz, Fan

Zhang'"®, Zemin Zhang'"**”?, Han Liang™* & Hidewaki Nakagawa®'

PCAWG Pathogens Working Group Malik Alawi**>**, Ivan Borozan'?, Daniel S. Brewer’*****, Colin S.
Cooper395’396’397, Nikita Desai'’, Roland Eils****'**!'* Vincent Ferretti'"*, Adam Grundhoff*****, Murat
Iskar’®, Kortine Kleinheinz***°, Hidewaki Nakagawagl, Akinyemi I. Oj esina'”""?*!% Chandra Sekhar

Pedamallu®®'®®, Matthias Schlesner™*', Xiaoping Su*”’, Marc Zapatka®” & Peter Lichter'****’
Providers of tumour-sequencing data

Tumour-specific providers (ovarian cancer) in Australia Kathryn Alsop?”', Timothy J. C. Bruxner®®,
Angelika N. Christ269, Elizabeth L. Christiem, Stephen M. Cordner*® , Prue A. Cowin‘m, Ronny Drapkin404,
Dariush Etemadmoghadam271, Sian F ereday4°1, Dale W. Garsed®”", Joshy Georgelg(’, Sean M. Grimmond®®,
Anne Hamilton™"', Oliver Holmes*****!, Jillian A. Hung405’406, Karin S. Kassahn?***"’, Stephen H.
Kazakoff*****!| Catherine J. Kennedy408’409, Conrad R. Leonard*****', Linda Mileshkin?’', David K.
Miller®®**¥4!° Gisela Mir Arnau*”', Chris Mitchell*”!, F elicity Newell*****! Katia Nones®****!, Ann-Marie
Patch340’341, John V. Pearson340’341, Michael C. Quinn340’341, Mark Shackleton271, Darrin F. Taylor269, Heather
Thorne401, Nadia Traﬁcante401, Ravikiran Vedururu401, Nick M. Waddell341, Nicola Waddellz40’341, Paul M.

Waring4“, Scott Wood*****!, Qinying Xu*****', Anna deFazio*'**"**'* & David D. L. Bowtell*’!

269 415

Tumour-specific providers (pancreatic cancer) in Australia Matthew J. Anderson™", Davide Antonello™ ,

Andrew P. Barbour*'®*"7, Claudio Bassi*'®, Samantha Bersani*'®, Timothy J. C. Bruxner’®”, Ivana Cataldo*'®*,
David K. Chang'®***  Lorraine A. Chantrill>****, Yoke-Eng Chiew*'?, Angela Chou®****', Angelika N.
Christ’®, Sara Cingarlinizzg, Nicole Cloonan**, Vincenzo Corbo*'****, Maria Vittoria Davi***, Fraser R.
Duthielg7’425, J. Lynn Fink40’269, Anthony J. Gill® 58’421, Janet S. Grahamm’m, Ivon Harliwong269, Oliver
Holmes340’34l, Nigel B. Jamieson187’367’427, Amber L. Johns358’410, Karin S. Kassahn269’407, Stephen H.
Kazakoff340’341, James G. Kench®*** 1’428, Luca Landoni415, Rita T. Lawlorm, Conrad R. Leonard340’341, Andrea
Mafﬁcini419, Neil D. Merrett415’429, David K. Miller269’358’410, Marco Miotto“s, Elizabeth A. Musgrovem, Adnan

M. Nagrial358, Felicity Newell*****!| Katia Nones®****!, Karin A. Oien*'"**°, Marina Pajic358, Ann-Marie

Patch®*%**!, John V. Pearson’****!, Mark Pinese*', Michael C. Quinn®****!, Alan J. Robertson®®, Ilse

358 358,432

Rooman®*®, Borislav C. Rusev''’, Jaswinder S. Samra*'>**', Maria Scardoni*'®, Christopher J. Scarlett ,
Aldo Scarpa419, Elisabetta Sereni*"’, Katarzyna O. Sikora*"’, Michele Simbolo*?, Morgan L. Taschuk",
Christopher W. Toon*’ 8, Giampaolo Tortoram’m, Caterina Vicentini“g, Nick M. Waddell341, Nicola
Wadde11340’341, Scott Wood340’341, Jianmin Wu? 58, Qinying Xu340’341, Nikolajs Zeps433 ’434, Andrew V.

Biankin'®733:3%6:3¢7 & Sean M. Grimmond®®®

Tumour-specific providers (skin cancer) in Australia Lauri A. Aaltonen'', Andreas Behren™’, Hazel

30 Matthew

Burke*, Jonathan Cebon*, Rebecca A. Dagg®’, Ricardo De Paoli-Iseppi***, Ken Dutton-Regester
A. Field*”’, Anna F itzgerald440, Sean M. Grimmond®®, Peter Hersey436, Oliver Holmes*****', Valerie Jakrot*®,
Peter A. Johansson*’, Hojabr Kakavand*®, Stephen H. Kazakoff’****', Richard F. Kefford*"', Loretta M. S.
Lau*?, Conrad R. Leonard®****!, Georgina V. Long443, Felicity Newell*****! Katia Nones®****!, Ann-Marie
Patch340’341, John V. Pearson340’341, Hilda A. Pickett442, Antonia L. Pritchardm, Gulietta M. Pup0444, Robyn P.

M. Saw443, Sarah-Jane Schramm445, Mark Shackletonm, Catherine A. Shang440, Ping Shang443, Andrew J.
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Spillane443 , Jonathan R. Stretch*? , Varsha Tembe*!>#4 ,John F. Thompson443, Ricardo E. Vilain446, Nick M.
Wadde11341, Nicola Wadde11340’341, James S. Wilmott** , Scott Wood340’341, Qinying Xu340’341, JeanY. Yang447,

Nicholas K. Hayward®****°, Graham J. Mann*'>***4% & Richard A. Scolyer*'*#*44¢4%0

Tumour-specific providers (pancreatic cancer) in Canada John Bartlett*'***, Prashant Bavi*>, Ivan
Borozan'?, Dianne E. Chadwick***, Michelle Chan—Seng-Yue453, Sean Cleary453’455, Ashton A. Connor**>*°,
Karolina Czajka241, Robert E. Denroche*”, Neesha C. Dhani*’, Jenna Eagles241, Vincent Ferretti'>*®, Steven
Gallinger453 45 5’456, Robert C. Grant® 3’456, David Hedley457, Michael A. Hollingsworth458, Gun Ho Jang45 3,
Jeremy J ohn5241, Sangeetha Kalimuthu*>* , Sheng-Ben Liang45 9, Ilinca Lungu45 3’460, Xuemei Luolz, Faridah
Mbabaa1i241, Treasa A. McPherson456, Jessica K. Miller241, Malcolm J. Moore457, Faiyaz Notta*? ’461, Danielle
Pasternackz“, Gloria M. Petersen462, Michael H. A. Roehrll8’453’463’464’465, Michelle Sam241, Iris Selander456,
Stefano Serra*!!, Sagedeh Shahabi*®’, Morgan L. Taschuk'’, Sarah P. Thayer458, Lee E. Timms**!, Gavin W.
Wilson'**, Julie M. Wilson*®, Bradly G. Wouters**®, Thomas J. Hudson?****!, John D. McPherson®*'***4%7 &

Lincoln D. Stein'*!?

Tumour-specific providers (prostate cancer) in Canada Timothy A. Beck'***®, Vinayak Bhandari'?, Colin C.
Collinsm, Shadrielle M. G. Espiritulz, Neil E. Fleshner469, Natalie S. Foxlz, Michael Fraserlz, Syed Haiderlz,

Lawrence E. Heisler!
Alice Meng471, Veronica Y. Sabelnykovalz, Adriana Salcedolz, Yu-Jia Shiahlz, Theodorus Van der Kwastm,

Takafumi N. Yamaguchi'?, Paul C. Boutros'>'®?**! & Robert G. Bristow'®*73474:475.476

, Vincent Huanglz, Emilie Lalondelz, Julie LiVingstonelz, John D. McPherson241’453’467,

Tumour-specific providers (gastric cancer) in China Shuai Ding*”’, Daiming Fan*”®, Yong Hou'®'*', Yi
Huang"**’ Lin Li'"*, Siliang Li"*"'®', Dongbing Liu"*"'*', Xingmin Liu"*'®', Yongzhan Nie***”®, Hong
Su'**®! Jian Wang'®, Kui Wu"**"®'| Xiao Xiao'*®, Rui Xing”***, Shanlin Yang*”’, Yingyan Yu*', Xiuqing

Zhang'®, Yong Zhou'*’, Shida Zhu'**'®!, Youyong Lu**'*22% & Huanming Yang180

482 Guillaume

Tumour-specific providers (renal cancer) in the EU and France Rosamonde E. Banks
Bourque483’484, Alvis Brazma’, Paul Brennan*®® , Louis Letourneau486, Yasser Riazalhosseini484, Ghislaine

Scelo485, Naveen Vasudev482’487, Juris Viksna488, Mark Lathrop484 & Jorg Tost*™

Tumour-specific providers (breast cancer) in the EU & United Kingdom Sung-Min Ahn*’, Ludmil B.
Alexandrov"'”!, Samuel Aparicio491, Laurent Arnould®?, M. R. Aure*”’, Shriram G. Bhosle', Ewan Birney7,
Ake Borg494, Sandrine Boyau1t495, Arie B. Brinkman**®, Jane E. Brock™”’, Annegien Broeks*”®, Adam P. Butler',
Anne-Lise Borresen-Dale*”, Carlos Caldas**>%, Peter J. Campbelll’z, Suet-Feung Chin**”", Helen
Daviesl’351’352, Christine Desmedtsm’soz, Luc Dirix**® , Serge Dronovl, Anna Ehinger504, Jorunn E. Eyfjordsos,
Aquila Fatimam, John A. Foekensm, P. Andrew Futrealsm, @ystein Garredsog’sog, Moritz Gerstung7’8, Dilip D.
Giri® 10, Dominik Glodzikl, Dorthe Grabau®' 1, Holmfridur Hilmarsdottir®® , Gerrit K. Hooijer5 12, Jocelyne

S15 , Hyung-Yong Kimm, Tari A. Kingm’5 17, Stian

Jacquemierm, Se Jin Jangm, Jon G. Jonassonsos, Jos Jonkers
Knappskog''®, Gu Kong®", Savitri Krishnamurthy’'®, Sunil R. Lakhani®*’, Anita Langerod*”, Denis
Larsimont™*!, Hee Jin Lee", Jeong-Yeon Lee’”, Ming Ta Michael Lee®”, Yilong Li', Ole Christian
Lingj&rdem, Gaetan MacGrogan524, John W. M. Martens’”, Sancha Martin'~%, Iiigo Martincorena', Andrew
Menzies', Sandro Morganellal, Ville Mustonen®’****_ Serena Nik-Zainal**'******  Sarah O’Meara', Iris

526

Pauporté2 14, Sarah Pinder’” , Xavier Pivot’*”, Elena Provenzan0527, Colin A. Purdieszg, Keiran M. Rainel,

Manasa Ramakrishnal, Kamna Ramakrishnanl, Jorge Reis-Filho’ 10, Andrea L. Richardson204, Markus

Page 12 of 46



Ringnér494, Javier Bartolomé Rodriguez40, F. German Rodriguez—GonZélezzm, Gilles Romieum, Roberto

, Marcel Smid506,

Christos Sotiriou®*, Paul N. Span™’, Lucy Stebbings', Olafur Andri Stefansson®®!, Alasdair Stenhouse*, Henk

Salgado‘m, Torill Sauer’” , Rebecca Shepherdl, Anieta M. Sieuwertsm, Peter T. Simpson520

G. Stunnenberg181’533, Fred Sweep534, Benita Kiat Tee Tan>>, Jon W. Teaguel, Gilles Thomas™®, Alastair M.
Thomps0n532, Stefania Tommasi™, Isabelle Treilleux>>**, Andrew Tutt***, Naoto T. Ueno”*’, Steven Van
Laere™, Peter Van Loo’ "%, Gert G. Van den Eynden503, Peter Vermeulen®®, Alain Viari*'’, Anne Vincent-
Salomon®* , David C. Wedgel’“’“, Bernice H. Wong540, Lucy Yatesl, Xueqing Zoul, Carolien H. M. van

411

> Marc J. van de Vijver

Deurzen , Laura van’t Veer** & Michael R. Stratton'

Tumour-specific providers (malignant lymphoma) in Germany Ole Ammerpohl>****% Sietse
Aukema544’545’546, Anke K. Bergmann547, Stephan H. Bernhart>!31231 , Hans Binder’'? 12, Arndt Borkhardt548,
Christoph Borst™®, Benedikt Brors'?"'*%%, Birgit Burkhardt™, Alexander Claviez™', Roland Eils**-*4>144,
Maria Elisabeth Goebler’>?, Andrea Haake™*, Siegfried Haas>*’, Martin Hansmann’>, Jessica 1. Hoell*, Steve
Hoffmann®''*'%*'**!* ‘Michael Hummel’**, Daniel Hiibschmann®*'?*!*2*%2% Dennis Karsch®*®, Wolfram
Klapper545, Kortine Kleinheinz***°, Michael Kneba>>, Jan O. Korbel”®, Helene Kretzmer®'>*'°, Markus
Kreuz” 6, Dieter Kube®’, Ralf Kl'ippers55 8, Chris Lawerenzm, Dido Lenze554, Peter Lichter'*? 99, Markus

560, German Ott’ 61, Bernhard

Loeffler’ 56, Cristina L(’)pezgo’m, Luisa Mantovani-Loffler® 59, Peter Moller
Radlwimmer® 99, Julia Richter™® ’545, Marius Rohde’ 62, Philip C. Rosenstie1563, Andreas Rosenwald564, Markus B.
SchilhabelS63, Matthias Schlesnerzg’zl, Stefan Schreiber’® , Peter F. Stadler®!!? 12’315, Peter Staib566, Stephan
Stilgenbauer™®’, Stephanie Sungalee®, Monika Szczepanowski’*’, Umut H. Toprak’*®*, Lorenz H. P.

Triimper™’, Rabea Wagener*>*, Thorsten Zenz'*" & Reiner Siebert’”*

Tumour-specific providers (paediatric brain cancer) in Germany Ivo Buchhalter’™***°, Juergen Eils'**'*,

Roland Eils?®*%!% ’144, Volker Hovestadt® 99, Barbara Hutterm’m’lso, David T. W. Jones® 31’332, Natalie Jéigerzg,
Christof von Kallem, Marcel Kool 31, Jan O. Korbel7’8, Andrey Korshunov246, Pablo Landgraf5 69’570, Chris
Lawerenzm, Hans Lehrach’ 71, Paul A. Northcottm, Stefan M. Pfister?#¢331573 , Bernhard Radlwimmer® 99, Guido
Reifenberger5 70, Matthias Schlesner®®” 1, Hans-Jorg Warnatzm, Joachim Weischenfeldtg’”’loo, Stephan Wolf574,

Marie-Laure Yaspo’’', Marc Zapatka® & Peter Lichter'*"*

Tumour-specific providers (prostate cancer) in Germany Yassen Assenov’”, Benedikt Brors'*"'*"7%,

Juergen Eils'*'* Roland Eils****'**!'* Lars Feuerbach'?’, Clarissa Gerhauser'>’, Jan O. Korbel”*, Chris

Lawerenz'*, Hans Lehrach®”', Sarah Minner®'®, Christoph Plass*®, Thorsten Schlomm®”*"’, Nikos

100 578

Sidiropoulos ", Ronald Simon”"®, Hans-Jorg Warnat2571, Dieter Weichenhanm, Joachim Weischenfeldtg’”’mo,

571 578 150,579

Marie-Laure Yaspo®', Guido Sauter’” & Holger Siiltmann

Tumour-specific providers (oral cancer) in India Nidhan K. Biswas**’, Luca Landoni*'®, Arindam Maitra®*’,

Partha P. Majumder’®® & Rajiv Sarin®®'

Tumour-specific providers (pancreatic cancer) in Italy Davide Antonello*", Stefano Barbi**, Claudio
Bassi*"”, Samantha Bersani*'®, Giada Bonizzato*'?, Cinzia Canti*'’, Ivana Cataldo*'®*"°, Sara Cingarlinizzg,
Vincenzo Corbo*'”***, Maria Vittoria Davi***, Angelo P. Dei Tos™™, Matteo Fassan®®, Sonia Grimaldi*"’
Landoni*"®, Rita T. Lawlor*"’, Claudio Luchini*'®, Andrea Mafficini*", Giuseppe Malleo*", Giovanni

415

Marchegiani415 , Michele Milellam, Marco Miotto*"® , Salvatore Paiella“s, Antonio Pea*"® , Paolo Pederzoli™~,

, Luca
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419

Borislav C. Rusev 18

, Andrea Ruzzenente*"® , Roberto Salvia“s, Maria Scardoni™ °, Elisabetta Sereni*'’ , Michele

Simbolo**, Nicola Sperandio*'®, Giampaolo Tortora****, Caterina Vicentini*'® & Aldo Scarpa*'”

Tumour-specific providers (biliary tract cancer) in Japan Yasuhito Arai**®, Natsuko Hama**®, Nobuyoshi
Hiraoka™*, Fumie Hosoda?*****, Mamoru Kato®®', Hiromi Nakamura®*®, Hidenori Ojimasgs, Takuji Okusaka®*®,

Yasushi Totoki**®, Tomoko Urushidate?”’ & Tatsuhiro Shibata?****’

587

Tumour-specific providers (gastric cancer) in Japan Yasuhito Arai**’, Masashi Fukayama®’, Natsuko

588 :589

Hamam, Fumie Hosodam’m, Shumpei Ishikawa™", Hitoshi Katai™ ', Mamoru Kat0361, Hiroto Katohsgg,
Daisuke Komura’ 88, Genta Nagae3 10’318, Hiromi Nakamuram, Hirofumi Rokutan’ 61, Mihoko Saito-Adachi%l,
Akihiro Suzuki®'**°, Hirokazu Taniguchi®”', Kenji Tatsuno®'’, Yasushi Totoki**®, Tetsuo Ushiku®®’, Shinichi

Yachida®**?, Shogo Yamamoto®'’, Hiroyuki Aburatani’'’ & Tatsuhiro Shibata*****

Tumour-specific providers (liver cancer) in Japan Hiroyuki Aburatani®'’, Hiroshi Aikata®”, Koji Arihiro®”,
Shun-ichi Ariizumi**, Keith A. Boroevich®'**, Kazuaki Chayama593, Akihiro F ujimotogl, Masashi F ujitagl,

Mayuko Furuta®', Kunihito Gotoh®”’, Natsuko Hama**®, Takanori Hasegawa”, Shinya Hayamis%, Shuto

361

Hayashi”, Satoshi Hirano*”’, Seiya Imoto*, Mamoru Kato™®', Yoshiiku Kawakami®”®, Kazuhiro Maejimagl,

Satoru Miyano”, Genta Nagae3 10’318, Hiromi Nakamuram, Toru Nakamura® 97, Kaoru Nakanogl, Hideki
Ohdan™”, Aya Sasaki-Oku®', Yuichi Shiraishi*’, Hiroko Tanaka, Yasushi Totoki**, Tatsuhiko
Tsunoda® 3’294’295’296, Masaki UenoS%, Rui Yamaguchi”, Masakazu Yamamoto® 94, Hiroki YamaueS%, Hidewaki

Nakagawa®' & Tatsuhiro Shibata®**?’

Tumour-specific providers (biliary tract cancer) in Singapore Su Pin Choo™", Ioana Cutcutache'****,

Narong Khuntikeo**”*, John R. McPherson'****, Choon Kiat Ong(’oo, Chawalit Pairojkul4“, Irinel Popescu(’m,

196,197,346 . 190,195,196,197 . 195,196,197,198,199
Steven G. Rozen """ """, Patrick Tan "> """ & Bin Tean Teh "> """

602

Tumour-specific providers (blood cancer) in South Korea Keun Soo Ahn®”, Hyung-Lae Kim®, Youngil

Koh****’ & Sung-Soo Yoon™’

Tumour-specific providers (chronic lymphocytic leukaemia) in Spain Marta Aymerich®”, Josep L.

Gelpi40’145, Ivo G. Gut49’74, Marta Gut49’74, Armando Lopez-Guillermo604, Carlos L(’)pez-OtinGOS, Xose S.

Puente®”, Romina Royo*, David Torrents**’® & Elias Campo®®**"’

608

Tumour-specific providers (bone cancer) in the United Kingdom Fernanda Amary®®, Daniel Baumhoer®”,

Sam Behjati', Bodil Bjerkehagen®”°'"’, P. A. Futreal®”’, Ola Myklebost’'*, Nischalan Pillay®'!, Patrick Tarpey®'?,

Roberto Tirabosco®"?, Olga Zaikova®'?, Peter J. Campbell* & Adrienne M. Flanagan®"”

Tumour-specific providers (chronic myeloid disorders) in the United Kingdom Jacqueline Boultwood®'®,

617 329

David T. Bowenl, Adam P. Butlerl, Mario Cazzola® ’, Carlo Gambacorti-Passerinim, Anthony R. Green™”", Eva

618

Hellstrom-Lindberg”°, Luca Malcovati617, Sancha Martin1’362, Jyoti Nangaliam, Elli Papaemmanuill, Paresh

Vyas®***62° & Peter J. Campbell'

Tumour-specific providers (oesophageal cancer) in the United Kingdom Yeng Ang®', Hugh Barr®?,
Duncan Beardsmore®”, Matthew Eldridge328, James Gossage624, Nicola Grehan¥, George B. Hanna®®, Stephen
J. Hayes®**®7  Ted R. Hupp®®®, David Khoo®”, Jesper Lagergren®'®*°, Laurence B. Lovat'"’, Shona MacRae'"’,

Maria O’Donovan®>, J. Robert O’Neill®®', Simon L. Parsons®*, Shaun R. Preston®”, Sonia Puig634, Tom
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Roques63 3 Grant Sanders24, Sharmila Sothi® 6, Simon Tavarém, Olga Tucker® 7 Richard Turkington63 8,

Timothy J. Underwood®’, Tan Welch®® & Rebecca C. Fitzgerald®*

Tumour-specific providers (prostate cancer) in the United Kingdom Daniel M. Berney®', Johann S. De
Bono™, G. Steven Bova'?®, Daniel S. Brewer’****, Adam P. Butler', Declan Cahill®*?, Niedzica Camacho®*®,
Nening M. Dennis®?, Tim Dudderidge(’“’(’“, Sandra E. Edwards®, Cyril F isher®®, Christopher S. Foster®*%,

Mohammed Ghori', Pelvender Gill®*’, Vincent J. Gnanapragasam®***’, Gunes Gundem®”®, Freddie C.

379 648

Hamdy647, Steve Hawkins328, Steven Haze11642, William Howat™ ", William B. Isaacs’ ™, Katalin Karaszi620,

189 642

Jonathan D. Kay , Zsofia Kote-J. arai’ 96, Barbara Kremeyerl, Pardeep Kumar642, Adam

620

, Vincent Khoo
Lambert®”’, Daniel A. Leongamornlert'**’, Naomi Livni®?, Yong-Jie Lu**"**, Hayley J. Luxton'¥’, Andy G.
Lynchm’m’3 39, Luke Marsdenm, Charlie E. Massie328, Lucy Matthews® 96, Erik Mayer642’650, Ultan MCDermottl,
Sue Merson®”®, Thomas J. Mitchell****”° David E. Neal’***” Anthony Ng®', David Nicol**, Christopher
Ogden642, Edward W. Rowe®?, Nimish C. Shah®”’, Jon W. Teaguel, Sarah Thomas®*, Alan ThompsonW, Peter
Van Loo’"*?, Clare Verrill®**** Tapio Visakorpi'*’, Anne Y. Warren®”**> David C. Wedge"*>*, Hayley C.
Whitaker', Jorge Zamora"**** Hongwei Zhang®”, Nicholas van As**?, Colin S. Cooper™>**** & Rosalind

A. Eeles**%%

Tumour-specific providers (TCGA) in the United States Adam Abeshouse””®, Nishant Agrawal163 , Rehan
Akbani® 52’654, Hikmat Al—Ahmadiem, Monique Albert452, Kenneth Aldape“oo’655 , Adrian Ally65 6, Yeng Ang621,
Elizabeth L. Appelbaum27’189, Joshua Armenia657, Sylvia Asa®>6 8, J. Todd Auman® 9, Matthew H. Bailey26’27,
Miruna Balasundaram®®, Saianand Balu®, Jill Barnholtz-Sloan®**®®", Hugh Barr®*?, John Bartlett**'**%, Oliver F.
Bathe®*%%3, Stephen B. Baylin123’643, Duncan Beardsmore®>, Christopher Benz®*, Andrew Berchuck®®’,
Benjamin P. Berman®"**?'** Rameen Beroukhim®*'®®, Mario Berrios®®, Darell Bigner667, Michael Birrer'"?,

634 666 668 Reanne Bowlby®®, Jeffrey

Tom Bodenheimer“, Lori Boice™", Moiz S. Bootwalla
Boyd669, Russell R. Broaddus400, Malcolm Brockm, Denise Brooks656, Susan Bullman3’168, Samantha J. Caesar-
Johnsonm, Thomas E. Carey671, Rebecca Carlsen656, Robert Cerfoliom, Vishal S. Chandanm, Hsiao-Wei
Chen621’657, Andrew D. Cherniack3’3’157’168, Jeremy Chien674, Juok Choz, Eric Chuah656, Carrie Cibulskisz,
Kristian Cibulskis®, Leslie Cope®”’, Matthew G. Cordes®”***, Kyle Covington®, Erin Curley®’®, Bogdan
Czerniak*”*”, Ludmila Danilova®”, Ian J. Davis®’’, Timothy Defreitas’, John A. Demchok®', Noreen

Dhalla®®, Rajiv Dhir®"®, Li Ding26’27’35, HarshaVardhan Doddapaneni“, Adel El—Naggar400’629, Ina Felau™',

, Marcus Bosenberg

Martin L. Fergus0n679, Gaetano Finocchiaro®’, Kwun M. Fong(’gl, Scott Frazer’, William Friedman®?, Catrina
C. Fronick®"%* , Lucinda A. Fulton27, Robert S. Fulton®®?7 , Stacey B. Gabrielz, Jianjiong Ga0657, Nils
Gehlenborgz’683 , Jeffrey E. Gershenwald®**% , Gad Getz>* ’6, Ronald Ghossein’ 10, Nasra H. Giama686, Richard
A. Gibbs34, Carmen Gomezém, James Gossage624, Ramaswamy Govindan26, Nicola Grehanm, George B.
Hanna®”, D. Neil Hayes*****%*_ Stephen J. Hayes®***", Apurva M. Hegde"*”'*®, David I. Heiman®, Zachary
Heins®’®, Austin J. Hepper1a24, Katherine A. Hoadley23’24, Andrea Holbrook®®, Robert A. Holt*, Alan P.

Hoyle®, Ralph H. Hruban®”*"*, Jianhong Hu**, Mei Huang®*, David Huntsman®’, Ted R. Hupp®*®, Jason

278 510

Huse®”®, Christine A. Iacobuzio-Donahue’'’, Michael Ittmann®"*? Joy C. Jayaseelan®, Stuart R. Jefferys™,
Corbin D. Jones®”, Steven J. M. Jones®, Hartmut Juhl*”, Koo Jeong Kang®’, Beth Karlan®’, Katayoon
Kasaian694, Electron Kebebew698’699, David Khoom, Hark Kyun Kim700, Jaegil Kim® , Tari A. King5 16,5 17,
Viktoriya Korchina34, Ritika Kundra621’657, Jesper Lagergren618’630, Phillip H. Lai666, Peter W. Laird® 16, Eric

Lander’ , Michael S. Lawrence>!%?3 , Alexander J. Lazarzz, Xuan Lem, Darlene Lee® 6, Douglas A. Levine278’702,
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Lora Lewis34, Tim Ley703 , Haiyan Irene Li656, Pei Lin® , W. M. Linehan704, Eric Minwei Liu71’73’278, Fei Fei
Liuzgo, Laurence B. Lovatlgg, Yiling Lu”g, Lisa Lype705 , Yussanne Ma656, Shona MacRaem, Dennis T.
Maglintem’m(’, Elaine R. Mardis*"**7"7, Jeffrey Marks*'>"® Marco A. Marra®’, Thomas J. Matthew®’, Michael
May0656, Karen McCune’”, Michael D. McLellan?**"**, Samuel R. Meier’, Shaowu Meng24, Matthew
Meyerson3’6’157, Piotr A. Mieczkowski*, Tom Mikkelsen’"?, Christopher A. Miller”’, Gordon B. Mills”"!,
Richard A. Moore®®, Carl Morrison*' "2, Lisle E. Mose**, Catherine D. Moser®™, Andrew J. MungallGSG, Karen
Munga11656, David Mutchm, Donna M. Muznym, Jerome Myersm, Yulia Newton”, Michael S. Noble® , Peter
O’Donnellm, Brian Patrick O’Neillm, Angelica Ochoam, Akinyemi I. Ojesinalgl’m’193 , Joong-Won Parkm,
Joel S. Parkerm, Simon L. Parsons632, Harvey Passm, Alessandro Pastore“z, Chandra Sekhar Pedamallu3’6’168,
Nathan A. Pennellm, Charles M. Peroum, Gloria M. Petersen462, Nicholas Petrellim, Olga Potapovam, Shaun
R. Preston®”, Sonia Puig634, Janet S. Rader”, Suresh Ramalingamm, W. Kimryn Rathmell’”’, Victor Reuter®'”,
Sheila M. Reynolds’”, Matthew Ringel’®®, Jeffrey Roach’, Lewis R. Roberts®*®, A. Gordon Robertson®>’, Tom
Roquesm, Mark A. Rubin?’*#¥7-2882892% 'qarq Sadeghi“(’, Gordon Saksena®, Charles Saller™’, Francisco
Sanchez—Vega621’657, Chris Sander''*"*"*"*?2 Grant Sanders®', Dirk Schadendorf'**”*!, Jacqueline E. Schein®®,
Heather K. Schmidt”, Nikolaus Schultz® 7 Steven E. Schumacher® ’204, Richard A. Scolyer413 ’443’446’450, Raja
Seethala” 2, Yasin Senbabaoglu“z, Troy Shelton676, Yan Shi24, Juliann Shih® ’168, Ilya Shmulevich705, Craig
Shriverm, Sabina Signoretti168’263’734, Janae V. Simon524, Samuel Singer415’735, Payal Sipahimalani656, TaraJ.
Skelly”, Karen Smith-McCune709, Nicholas D. Socci”z, Heidi J. Soﬁam, Matthew G. Solowaym, Anil K.
Sood"*®, Sharmila Sothi®*’, Angela Tam®*°, Donghui Tan”, Roy Tarnuzzer™', Nina Thiessen®®
Thompson”’, Leigh B. Thorne®*, Ming Tsa0o®*%*, Olga Tucker®’, Richard Turkington®®, Christopher

Umbricht’****7* Timothy J. Underwood®”’, David J. Van Den Berg®®, Erwin G. Van Meir*’, Umadevi

, R. Houston

Veluvolu® , Douglas Voet® , Jiayin Wang27’58’15 8, Linghua Wang”, Zhining Wang23 1, Paul Weinberger740, John N.
Weinstein137’138, Daniel J. Weisenberger666, Ian Welch640, David A. Wheeler33’34, Dennis Wiglem, Matthew D.

Wilkersonzz, Richard K. Wilson27’742, Boris Winterhoff’* , Maciej Wiznerowicz744’745, Tina Wong27’656,

Winghing Wong746, Liu Xi*, Liming Yang®', Christina Yau®", Venkata D. Yellapantula®”*®, Hailei Zhang’,

Hongxin Zhang®’, Jiashan Zhang®', Carolyn M. Hutter’'” & Jean C. Zenklusen™'

'Wellcome Sanger Institute, Hinxton, UK.

*Department of Haematology, University of Cambridge, Cambridge, UK.

*Broad Institute of MIT and Harvard, Cambridge, MA, USA.

“Center for Cancer Research, Massachusetts General Hospital, Boston, MA, USA.

5Department of Pathology, Massachusetts General Hospital, Boston, MA, USA.

®Harvard Medical School, Boston, MA, USA.

"European Molecular Biology Laboratory, European Bioinformatics Institute (EMBL-EBI), Hinxton, UK.
¥*European Molecular Biology Laboratory (EMBL), Genome Biology Unit, Heidelberg, Germany.
’Biomolecular Engineering Department, University of California Santa Cruz, Santa Cruz, CA, USA.

" Adaptive Oncology Initiative, Ontario Institute for Cancer Research, Toronto, Ontario, Canada.
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"International Cancer Genome Consortium (ICGC)/ICGC Accelerating Research in Genomic Oncology

(ICGC-ARGO) Secretariat, Toronto, Ontario, Canada.

2Computational Biology Program, Ontario Institute for Cancer Research, Toronto, Ontario, Canada.
13Department of Molecular Genetics, University of Toronto, Toronto, Ontario, Canada.
"“Department of Radiation Oncology, University of California San Francisco, San Francisco, CA, USA.
Genome Informatics Program, Ontario Institute for Cancer Research, Toronto, Ontario, Canada.
Department of Cell and Systems Biology, University of Toronto, Toronto, Ontario, Canada.
"Genome Informatics, Ontario Institute for Cancer Research, Toronto, Ontario, Canada.
"®Department of Medical Biophysics, University of Toronto, Toronto, Ontario, Canada.
“Massachusetts General Hospital, Boston, MA, USA.

**Department of Pharmacology, University of Toronto, Toronto, Ontario, Canada.

21University of California Los Angeles, Los Angeles, CA, USA.

*Department of Pathology, Department of Genomic Medicine and Department of Translational Molecular

Pathology, The University of Texas MD Anderson Cancer Center, Houston, TX, USA.
“Department of Genetics, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA.

*Lineberger Comprehensive Cancer Center, University of North Carolina at Chapel Hill, Chapel Hill, NC,
USA.

BThe Hospital for Sick Children, Toronto, Ontario, Canada.

% Alvin J. Siteman Cancer Center, Washington University School of Medicine, St Louis, MO, USA.

*"The McDonnell Genome Institute, Washington University, St Louis, MO, USA.

*Division of Theoretical Bioinformatics, German Cancer Research Center (DKFZ), Heidelberg, Germany.

»Heidelberg Center for Personalized Oncology (DKFZ-HIPO), German Cancer Research Center, Heidelberg,

Germany.

*Institute of Pharmacy and Molecular Biotechnology, and BioQuant, Heidelberg University, Heidelberg,

Germany.
*'Bioinformatics and Omics Data Analytics, German Cancer Research Center (DKFZ), Heidelberg, Germany.

**Department of Bioinformatics and Computational Biology, The University of Texas MD Anderson Cancer

Center, Houston, TX, USA.
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