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FireCloud Workshop at MGH Friday, September 9th



Workshop Checklist ❏



Open an incognito window in Google Chrome, and go to portal.firecloud.org.



❏



Register or sign in using the Gmail address or Google Apps account you used to register.



❏



Provide us with your Gmail address or Google Apps account, so we can authorize you for the broad-firecloud-workshops FireCloud Billing Project. This will enable you to clone and create workspaces and launch analyses during the workshop.



❏



Download Workshop_Materials from the email sent on September 9th.



❏



In this folder, please find Instructions and Supplemental Materials and the MutCallingExercise folder, which we will use for hands-on exercises.



Workshop Agenda ●



2:00 - 2:10: Welcome and Workshop Checklist



●



2:10 - 2:40: FireCloud Overview and Basic Concepts



●



2:40 - 3:00: GISTIC Exercise



●



3:00 - 3:20: Best Practice Mutation Calling Exercises (QC and Copy Number)



●



3:20 - 3:30: Methods, Tasks, and Workflows



●



3:30 - 3:40: Break



●



3:40 - 4:00: Best Practice Mutation Calling Exercises (MuTect)



●



4:00 - 4:10: Workspace Access Controls and Sharing



●



4:10 - 4:20: Controlled and Open Access TCGA Data



●



4:20 - 4:35: Google Billing Accounts, Projects, and Buckets



●



4:35 - 4:50: Tool Developers High Level Overview



●



4:50 - 5:00: Forum, Questions, Additional Resources



FireCloud Workshop Goals We hope you will be able to do the following by the end of the workshop:



We hope you will have a basic understanding of the following:



1.



Clone and create a new workspace



●



Pre-loaded workspaces and available methods



2.



Upload meta-data to the Data Model



●



The Data Model



3.



Launch an analysis



●



Method Configuration basics



4.



Monitor runs and review results



●



Basics of Tasks, Workflows, and WDL



5.



Get started with a FireCloud Billing Project



●



Open and Controlled Access TCGA Data



Preview: Hands-on Exercises In this workshop, we will run through these hands-on exercises... 1) GISTIC Workflow – clone a new workspace and launch an analysis – review results summary in a “Nozzle Report” 2) CGA Best Practice Mutation Calling Workflows – clone a new workspace – upload TSV files and copy metadata – import and edit a method config – launch an analysis using the QC, Copy Number, and MuTect workflows – review results Follow along in Instructions and Supplemental Materials



FireCloud Basic Concepts



FireCloud Concepts ● ● ● ● ●



●



Holds TCGA data Data files reside in Google Cloud Storage (buckets) Workspace-centric Tasks and Workflows Provenance is captured for every analysis run (i.e., what version of what method was run on what data at what time) Method Repository



Data Model



FireCloud Concepts ●



●



Cloud computing has a very different billing structure ○ Upload is free ○ Transfer between Google buckets is free ○ Storage is cheap ○ Compute is cheap ○ Download is expensive Charges accrued for compute and storage



Data Model



Preview: FireCloud Billing Projects and Google Billing Accounts ●



Every workspace is linked to a single FireCloud Billing Project that tracks all cloud storage and cloud compute costs incurred within that workspace



●



FireCloud Billing Projects are tied to a Google Billing Account to pay for these charges



●



If you do not have access to a FireCloud Billing Project, you will not be able to clone or create a new workspace



Pre-populated workspaces FireCloud includes three types of workspaces holding data and/or tools • Workshop/Tutorial (open-access data and workflows) • Data (data-only) holds curated data • Best Practice (workflows and data)



Ex



er



ci s



Explore FireCloud Workspaces



e



Available Today in Best Practice or Tutorial Workspaces Mutation Calling QC Workflow



Mutation Calling Copy Number Workflow



Broad_MutationCalling_QC_Workflow_BestPractice



Broad_MutationCalling_CN_Workflow_BestPractice_OA



●



QC Copy Number Task



●



GATK CNV



●



Cross Check Lane Fingerprints



●



GATK ACNV



●



ContEst



●



Picard Metrics Tasks



Mini Mutation Calling Workflow MiniMutationCalling_V1_Tutorial



Mutation Calling Mutect Workflow



●



ContEst



Broad_MutationCalling_MuTect_Workflow_BestPractice_OA



●



MuTect1



●



Oncotator



●



MuTect1



●



MuTect2



●



Oncotator



GISTIC 2.0 Workflow



●



VEP (Variant Effect Predictor - an Ensembl tool)



Broad_GISTIC2_Workflow_BestPractice Cluster Analysis Workflow ClusterAnalysisCNMF_V1_Tutorial



Under Construction / Planned Available Next Week



Currently Under Construction



Broad Mutation Calling - Filtering Workflow



Sample Variant Calling



●



VCF to MAF Converter



GDAC Merge Data Files



●



MAF PoN Filter



GTEx Pipeline



●



FFPE Filter



“BYO” Panel of Normals



●



OxoG Filter



●



Filtered VCF Annotator



Planned MutSig Phylogic



FireCloud Data Model ●



The data model is a framework that captures and formalizes entity relationships



●



The method configuration then binds the data model to workflow inputs and outputs



●



Each method configuration is targeted to a particular entity type ○ The “Root Entity Type”



FireCloud Data Model ●



The data model is a framework that captures and formalizes entity relationships



●



The method configuration then binds the data model to workflow inputs and outputs



●



Each method configuration is targeted to a particular entity type ○ The “Root Entity Type”



FireCloud Data Model ●



The data model is a framework that captures and formalizes entity relationships



●



The method configuration then binds the data model to workflow inputs and outputs



●



Each method configuration is targeted to a particular entity type ○ The “Root Entity Type”



tumor primary



FireCloud Data Model ●



The data model is a framework that captures and formalizes entity relationships



●



The method configuration then binds the data model to workflow inputs and outputs



●



Each method configuration is targeted to a particular entity type ○ The “Root Entity Type”



tumor primary



normal



FireCloud Data Model ●



The data model is a framework that captures and formalizes entity relationships



●



The method configuration then binds the data model to workflow inputs and outputs



●



Each method configuration is targeted to a particular entity type ○ The “Root Entity Type”



tumor primary



normal



FireCloud Data Model ●



The data model is a framework that captures and formalizes entity relationships



tumor primary



●



●



The method configuration then binds the data model to workflow inputs and outputs Each method configuration is targeted to a particular entity type ○ The “Root Entity Type”



normal germline



FireCloud Data Model ●



The data model is a framework that captures and formalizes entity relationships



tumor primary



●



●



The method configuration then binds the data model to workflow inputs and outputs Each method configuration is targeted to a particular entity type ○ The “Root Entity Type”



normal germline



FireCloud Data Model ●



●



Currently we use the TCGA data model The system has been built to be extensible to other data models ○ For example; ■ Trios ■ Germline ■ Time-series



tumor primary



normal germline



Loading Data and MetaData Definitions



Loading Data and MetaData Data is loaded into the Google bucket associated with your workspace. MetaData is imported into FireCloud where it populates the Data Model.



Loading Data and MetaData Data is loaded into the Google bucket associated with your workspace. MetaData is imported into FireCloud where it populates the Data Model.



Loading Data and MetaData



MetaData files (TSVs) must be uploaded in the order listed in the table below Entity Type



Required First-column Header



Participant



entity:participant_id



Sample



entity:sample_id



Pair



entity:pair_id



Participant Set



entity:participant_set_id



Sample Set



entity: sample_set_id



Pair Set



entity:pair_set_id



Data can also be copied from another workspace.



Ex
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Explore Data Model TCGA_ACC_OpenAccess_V1-0_DATA



e



GISTIC 2.0 Workflow The GISTIC 2.0 workflow takes as an input combined seg files from a cohort and identifies regions of the genome that are significantly amplified or deleted across a set of samples. Workspace: broad-firecloud-tutorials/Broad_GISTIC2_Workflow_BestPractice Method Config: Gistic2_v1-0_BETA_cfg Data: TCGA ACC Cohort (pair set) Steps: follow along in Instructions and Supplemental Materials ● Clone workspace ●



Launch analysis



●



View Nozzle Report



Ex



er
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GISTIC 2.0 Exercise broad-firecloud-tutorials/Broad_GISTIC2_Workflow_BestPractice



e



Ex



er



ci s



View GISTIC 2.0 Results



e



Ex



er
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Best Practice Mutation Calling Exercise MutationCalling_QC- Mutect-CN_Workflow_BestPractice_Workshop



e



Best Practice Mutation Calling Workflows Workspace: broad-firecloud-workshops/MutationCalling_QC- Mutect-CN_Workflow_BestPractice_Workshop Methods: QC, Copy Number, and MuTect Data: ● HCC1954_100_gene_pair: "tiny" 100-gene BAMs ● HCC1143_WE_pair: whole exome BAMs Steps: follow along in Instructions and Supplemental Materials ● Clone a workspace ●



Upload TSV files and Import Data Entities



●



Import and edit MuTect method config



●



Launch QC, MuTect, and Copy Number methods



Best Practice Mutation Calling Workflow: QC Runtime The expected runtime for this workflow depends on the size of the pair or pair set you select for analysis. Pair HCC1954_100_gene_pair runs on "tiny" 100-gene BAMs and its runtime is roughly 15 minutes. HCC1143_WE_pair runs on Whole Exome BAMs and the expected runtime is roughly 2.5 hours. QC Task The QC task counts reads overlapping regions for tumor and normal BAM files. The task concludes with a report of the counts over the BAMs and lanes. Correlation values are included for comparison purposes. ContEST Task ContEst uses a Bayesian approach to calculate the posterior probability of the contamination level and determine the maximum a posteriori probability (MAP) estimate of the contamination level. Picard Metrics Tasks Picard Metrics Tasks invoke multiple metrics reporting routines from the Picard toolkit.



Best Practice Mutation Calling Workflow: Copy Number Runtime The expected runtime for this workflow depends on the size of the pair or pair set you select for analysis. Pair HCC1954_100_gene_pair runs on "tiny" 100-gene BAMs and its runtime is roughly 45 minutes. HCC1143_WE_pair runs on Whole Exome BAMs and the expected runtime is roughly 1.5 hours. The workflow is split into two major portions: 1. GATK CNV: Using coverage data that has been normalized against a Panel of Normals (PoN) to remove sequencing noise, targets are partitioned into segments that represent the same copy-number event. In GATK CVN, segmentation is then performed by a circular-binary-segmentation (CBS) algorithm, developed to segment noisy array copy-number data. Amplifications, deletions, and copy-neutral regions are then called from the segmentation. 2. GATK ACNV: Heterozygous sites are identified in the normal case sample and segmented, again using CBS, according to their ref:alt allele ratios in the tumor sample. These allele-fraction segments are combined with the copy-ratio segments found by GATK CNV to form a common set of segments. Modeling of both the copy ratio and minor allele fraction of each segment is alternated with the merging adjacent segments that are sufficiently similar according to this model, until convergence.



Ex



er
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Best Practice Mutation Calling Exercise MutationCalling_QC- Mutect-CN_Workflow_BestPractice_Workshop



e



Methods: Tasks and Workflows ● ●



Task: A bioinformatics tool that is packaged as a Docker image, which can be launched and run within a Docker container. Workflow: A description of a collection of tasks with the wiring of task outputs to downstream task inputs.



Methods and Method Repository ●



Methods: A (WDL) description of a task or workflow in FireCloud



●



Method Repository: Contains methods and method configurations



Method Configurations ● ●



Method Configurations (Method Configs) bind data to Methods and specify which attributes to use as inputs and outputs to an analysis runs. You can specify attributes in Method Config output fields that will get updated with results from an analysis run.



Workspace Attributes Workspaces attributes are globally accessible input values within a workspace. If you enter workspace attributes in the workspace Summary tab, a Method Config in your workspace can reference them as workflow inputs. For example, if you enter a workspace attribute called markers_file and provide the attribute value (e.g., gs://firecloud/markers_file.txt), a Method Config can reference this file as an input to its workflow when you run an analysis in that workspace. Workspace Attributes



The Workflow and the Method Configuration FireCloud runs Workflows on entities within your data model ● ●



WDL specifies the Workflow



Entity Name



participant



tissue



WXS_bam



HCC143_Normal



HCC143



bload



tutorial/bams/C835.HCC1143_BL.4.b ai



HCC143_Tumor



HCC143



breast



tutorial/bams/C835.HCC1143.2.bai



HCC1954_Normal



HCC1954



blood



tutorial/bams/HCC1954_BL.100_gen e_250bp_pad.bai



The Method Configuration binds the inputs and outputs of the workflow to the data model



MuTect1 and MuTect2 Oncotator VEP (Variant Effect Predictor) Nozzle Report



The Method Configuration



This Method runs on a pair



Workspace Data Model



WDL: the workflow block



Workspace Attributes



Ex
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Tour Method Config, WDL, and Workspace Attributes



e



The Method Configuration



This Method runs on a pair



Workspace Data Model



WDL: the workflow block



Workspace Attributes



The Method Configuration



This Method runs on a pair



Workspace Data Model



WDL: the workflow block



Workspace Attributes



The Method Configuration



This Method runs on a pair



Workspace Data Model



WDL: the workflow block



Workspace Attributes



The Method Configuration



This Method runs on a pair



Workspace Data Model



WDL: the workflow block



Workspace Attributes



The Method Configuration



This Method runs on a pair



Workspace Data Model



WDL: the workflow block



Workspace Attributes



The Method Configuration



This Method runs on a pair



Workspace Data Model



WDL: the workflow block



Workspace Attributes



The Method Configuration



This Method runs on a pair



Workspace Data Model



WDL: the workflow block



Workspace Attributes



The Method Configuration



This Method runs on a pair



Workspace Data Model



WDL: the workflow block



Workspace Attributes



The Method Configuration



This Method runs on a pair



Workspace Data Model



WDL: the workflow block



Workspace Attributes



The Method Configuration



This Method runs on a pair



Workspace Data Model



WDL: the workflow block



Workspace Attributes



The Method Configuration WDL: the output block



Workspace Data Model



10 Min Break



Ex
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Review QC Workflow Results



e



Best Practice Mutation Calling Workflow: MuTect



Ex



er



ci s



Runtime The expected runtime for this workflow depends on the size of the pair or pair set you select for analysis. The expected runtime for this workflow depends on the size of the pair or pair set you select for analysis. Pair HCC1954_100_gene_pair runs on "tiny" 100-gene BAMs and its runtime is roughly 45 minutes. HCC1143_WE_pair runs on Whole Exome BAMs and the expected runtime is roughly 1.5 hours.



e



MuTect1 and MuTect2 MuTect1 is the original DREAM challenge-winning somatic point mutation caller. It identifies somatic point mutations in next generation sequencing data of cancer genomes. MuTect2 is a somatic SNP and indel caller that combines the original MuTect with the assembly-based machinery of HaplotypeCaller. Oncotator and VEP (Variant Effect Predictor) Oncotator is a tool for annotating information onto genomic point mutations (SNPs/SNVs) and indels. By extension, Oncotator can be configured to annotate genomic point mutation data with HTML reports as it does in this workflow. Ensembl’s VEP (Variant Effect Predictor) program processes variants for further annotation. This tool annotates variants, determines the effect on relevant transcripts and proteins, and predicts the functional consequences of variants.



Best Practice Mutation Calling Workflow Workspace: broad-firecloud-workshops/MutationCalling_QC-Mutect-CN_ Workflow_BestPractice_Workshop Methods: QC, Copy Number, and MuTect Data: ● HCC1954_100_gene_pair: "tiny" 100-gene BAMs ● HCC1143_WE_pair: whole exome BAMs Steps: follow along in Instructions and Supplemental Materials ● Clone a workspace ●



Upload TSV files and Import Data Entities



●



Import and edit MuTect method config



●



Launch QC, MuTect, and Copy Number methods



Ex



er



ci s



e



Ex



er
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Import, Examine and Edit the MuTect Method Config



e



Workspace Access Controls and Sharing FireCloud workspace access control lists (ACLs) contain three access levels: READER, WRITER, and OWNER where each access level represents an expanded set of permissions from the previous ● ● ● ●



READER access: enter workspace, view contents, download files, clone, copy entities WRITER access: READER + upload data, create/edit method configs, run analyses OWNER access: WRITER + edit ACL When you create or clone a workspace, the new workspace’s ACL automatically grants you OWNER-level permissions



Controlled and Open Access TCGA Data FireCloud users can co-analyze and compute on TCGA data (open and controlled access). ●



Controlled access data is de-identified data that may be unique to individuals: ○ For example: ■ SNP array cel and birdseed files ■ somatic and germline mutation calls ■ DNA-seq and RNA-seq BAM files ○ FireCloud users with dbGaP-authorization can access controlled access data ○ Access via secure authentication through eRA Commons



●



Open access data is public de-identified data that is not unique to individuals: ○ e.g., clinical and demographic data ○ available in the TCGA Data Portal ○ all FireCloud users can access open access data



Controlled and Open Access TCGA Data Open access workspaces will be public with READER-level access. All users can: ● enter the workspace and view its contents ● clone the workspace ● copy workspace meta-data and method configs to another workspace in which the user has WRITER or OWNER access Controlled access workspaces will be limited to dbGaP-authorized users who will have READER-level access. dbGaP-authorized users can: ● enter the workspace and view its contents ● clone the workspace ● copy workspace meta-data and method configs to another workspace in which the user has WRITER or OWNER access FireCloud users are responsible for sharing controlled access data properly.



Authorization for Controlled Access Data Requirements for accessing Controlled Access data



● You must have an eRA Commons account ● You must have dbGaP authorization for TCGA data ● You must have logged into dbGaP at least once



Authorization for Controlled Access Data Accessing Controlled Access data ●



Once your FireCloud account is activated, you will find another button on the bottom of your User Profile that will allow you to link your eRA Commons account.



TESTUSER TESTUSER



●



Log in to FireCloud



●



Click on your name (User Profile) at the top right.



●



Then, click on Log-in to NIH to link your account.



Authorization for Controlled Access Data Clicking the link at the bottom of the User Profile page will take you to the eRA Commons log-in page. Logging in will link your Account.



Authorization for Controlled Access Data Accessing Controlled Access data In summary: ● If you are able to a. successfully link to eRA Commons AND b. you have dbGaP approval for TCGA Controlled Access data, . . . you will be authorized to access Controlled Access data in FireCloud. NOTE: It may take up to 24 hours for FireCloud to recognize that you are dbGaP authorized.



Authorization for Controlled Access Data Accessing Controlled Access data ●



After 24 hours, you will see the Authorized status in FireCloud.



●



You can now access all Controlled Access tutorial workspaces in FireCloud.



●



For security reasons, you will need to periodically re-link your account.



Derived Data from Controlled Access Data The National Cancer Institute (NCI) and dbGaP consider some data derived from TCGA Controlled Access data to also be TCGA Controlled Access data. FireCloud users can derive data from Controlled Access data by 1. Cloning a Controlled Access workspace and running analyses in the cloned workspace. 2. Creating a new workspace, copying entities referencing Controlled Access data into the new workspace, and running analyses in that workspace. Rather than track specific data objects as Controlled Access, FireCloud identifies workspaces as TCGA Controlled Access and restricts access to those workspaces to users whom FireCloud recognizes as being dbGaP authorized.



Creating Controlled Access Data Workspaces When you create a new workspace, you can check a box to make it a TCGA Controlled Access workspace. Once a workspace is declared as Controlled Access, it remains a Controlled Access workspace.



Cloning Controlled Access Data Workspaces When you clone a Controlled Access workspace, the cloned workspace will automatically become Controlled Access. A message appears when you attempt to clone a Controlled Access workspace.



Sharing Controlled Access Data Workspaces If you are the OWNER of a Controlled Access workspace, FireCloud will not prevent you from sharing the workspace with a user who is not recognized as being dbGaP authorized. However, these users will not be able to enter the workspace you shared with them unless they have dbGaP authorization and a linked eRA Commons account.



Copying Entities from Controlled Access Data Workspaces In order to copy entities from a Controlled Access workspace, the destination workspace must also be Controlled Access. If you attempt to copy entities to an Open Access workspace, FireCloud will not allow you to choose a Controlled Access workspace from which to copy entities.



This image displays the available workspaces from which to copy entities into an Open Access workspace. Controlled Access workspaces are unavailable because the target workspace is Open Access.



FireCloud Billing Projects and Google Billing Accounts ● ● ●



Every workspace is linked to a single FireCloud Billing Project that tracks all cloud storage and cloud compute costs incurred within that workspace FireCloud Billing Projects are tied to a Google Billing Account to pay for these charges If you do not have access to a FireCloud Billing Project, you will not be able to clone or create a new workspace WORKSPACE compute



bucket



storage



Project



Billing Account



Google Cloud Storage Charges ●



●



A workspace “owns” the data file



Entity Name



participant



WXS_bam



vcf



abc



objects residing in its dedicated bucket



HCC2565_Tumor



HCC2565



gs://…./hcc2565_ Tumor.bam



gs://…./hcc2565_Tumor. vcf



gs://.../data.abc



A workspace’s data model may reference data files in its dedicated bucket, in buckets associated with other workspaces, or in buckets that



My



WORKSPACE



exist independently (e.g., TCGA Open



TCGA or other Bucket not belonging to Workspace



compute



Access bucket) ●



The workspace’s FireCloud Billing



WS’s Dedicated bucket



storage



My Project



Billing Account



Project is only charged for cloud storage in its dedicated bucket; it is not charged for the storage costs of “external” data objects



Another



WORKSPACE



WS’s Dedicated bucket



Another Project



Google Cloud Storage Charges ●



Cloning a workspace does a shallow copy, retaining the bucket references from the



Entity Name



participant



WXS_bam



vcf



abc



HCC2565_Tumor



HCC2565



gs://…./hcc2565_ Tumor.bam



gs://…./hcc2565_Tumor. vcf



gs://.../data.abc



parent workspace. ●



You will NOT pay for the data storage associated with bucket references inherited from the parent.



●



My



WORKSPACE



Files created by running analyses in the clone will be stored in the clone’s dedicated bucket, and storage charges will be directed to the clone’s FireCloud Billing Project.



●



TCGA or other Bucket not belonging to Workspace



compute



WS’s Dedicated bucket



storage



My Project



Billing Account



If your clone’s parent workspace is deleted, you will lose access to the referenced files stored in the parent workspace’s dedicated bucket.



Another



WORKSPACE



WS’s Dedicated bucket



Another Project



Single Billing Account and Single Project



PI Lab’s



WORKSPACE



PI Project



PI Lab’s



WORKSPACE



PI Billing Account



Single Billing Account and Multiple Projects PI Lab’s - Grant A



WORKSPACE Grant A Project PI Lab’s - Grant A



WORKSPACE PI’s Billing Account PI Lab’s - Grant B



WORKSPACE Grant B Project



PI Lab’s - Grant B



WORKSPACE



Multiple Billing Accounts and Multiple Projects PI Lab’s



WORKSPACE Grant A Project



PI’s Grant A Billing Account



Grant B Project



PI’s Grant B Billing Account



PI Lab’s



WORKSPACE



PI Lab’s



WORKSPACE



PI Lab’s



WORKSPACE



Projects and Billing Accounts in FireCloud Registering for FireCloud is free. However, you must have access to at least one FireCloud Billing Project in order to create or clone a new workspace. There are two ways you can gain access to a FireCloud Billing Project: 1. The owner of an existing FireCloud Billing Project can authorize you for his or her FireCloud Billing Project. 2. You can request a new FireCloud Billing Project using the Internal Broad Request Form or FireCloud Billing Project Request Form. You must first set up a Google Billing Account. Please refer to Projects & Billing Accounts in the User Guide for more information.



Request your own FireCloud Billing Project You must first set up a Google Billing Account. Go to the Projects and Billing Accounts topic in the User Guide and read the section, Getting Started with a FireCloud Billing Project: General Public. After setting up a Google Billing Account, read the instructions to locate your Google Billing Account ID. Then, fill out the FireCloud Billing Project Request Form.



FireCloud Tool Development Overview



Workflows and WDL ●



●



FireCloud runs Workflows on Entity Name



participant



tissue



WXS_bam



entities within your data model



HCC143_Normal



HCC143



bload



tutorial/bams/C835.HCC1143_BL.4.b ai



A Workflow is a sequence of



HCC143_Tumor



HCC143



breast



tutorial/bams/C835.HCC1143.2.bai



HCC1954_Normal



HCC1954



blood



tutorial/bams/HCC1954_BL.100_gen e_250bp_pad.bai



computational tasks



Workflows and WDL ●



FireCloud workflows described using a Broad-developed Workflow Description Language (WDL)



●



WDL specifies the individual tasks in a workflow and how the tasks are “wired” together to form a workflow



●



WDL explicitly declares a workflow’s inputs and outputs, and the inputs and outputs of each task in the workflow



●



FireCloud’s Workflow Execution Service (Cromwell) responsible for running WDL workflows



●



task taskA { File bam String prefix ... } taskB { ... }



Cromwell launches each task in a workflow when task’s inputs are available



Task C { ... } workflow myWorkflow { File bam String prefix ... }



WDL Tasks run in Docker Containers on Virtual Machines ●



Each task in a workflow runs on its own dedicated virtual machine in the cloud; virtual machine only exists for the lifetime of the task.



●



Virtual machines are provisioned to meet the needs of the task they are running ○



RAM, Disk Space, number of CPUs



○



Task Descriptions in WDL specify task’s VM requirements



●



Cromwell calls on a Google Cloud-based service call Google Job Execution System (JES) to run thse individual tasks.



●



JES runs Dockerized tasks: application is packaged into a portable Docker Container containing the the complete software environment required to run the task



From https://training.docker.com



How do you create FireCloud Workflows? ●



Dockerize your task applications and place the resulting docker images into the docker hub repository (hub.docker.com) ○



●



References to the docker image are included in a WDL task definition



Describe your workflow and its constituent tasks in WDL ○



Can run tools locally (on your laptop) to validate your WDL.



●



Upload your WDL to FireCloud’s Method Repository



●



Test your workflow in a workspace whose data model contains test data



●



Workflow development (write/test/debug cycle) on FireCloud currently is cumbersome - we are developing automation and debug tools to streamline workflow dev



Ex
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Review Results: MuTect and Copy Number Workflows



e



Open Source Code in GitHub ●



●



●



●



●



agora ○ Methods Repository ○ https://github.com/broadinstitute/agora cromwell ○ Workflow Execution Engine ○ https://github.com/broadinstitute/cromwell rawls ○ Workspace Service ○ https://github.com/broadinstitute/rawls firecloud-orchestration ○ Orchestration Service ○ https://github.com/broadinstitute/firecloud-or chestration firecloud-ui ○ FireCloud Portal (web interface) ○ https://github.com/broadinstitute/firecloud-ui



●



●



●



●



wdl ○ Workflow Description Language ○ https://software.broadinstitute.org/wdl/ ○ https://github.com/broadinstitute/wdl thurloe ○ Key/Value pair storage service (to be used for User Profile Service) ○ https://github.com/broadinstitute/thurloe firecloud-cli ○ Command line tools for firecloud ○ https://github.com/broadinstitute/firecloud-cli shibboleth-service-provider ○ A generic Shibboleth service provider service for use in Shibboleth authentication schemes ○ https://github.com/broadinstitute/shibboleth-se rvice-provider



FireCloud Resources ●



FireCloud User Guide



●



FireCloud Help Forum



●



Google Cloud SDK (includes gsutil download)



●



Google Developers Console



●



WDL User Guide



Also, look for our webinars on the FireCloud Youtube Channel.



FireCloud Forum, User Feedback and Questions ●



Go to http://gatkforums.broadinstitute.org/firecloud for documentation and user support



Questions?



Team chart Gad Getz, PD Megan Hanna, PM Core Team (CGA) Chet Birger, PA Eddie Salinas Gordon Saksena Mike Noble Jason Neff



Anthony Philippakis, PI



David Haussler, PI



Infrastructure Team (DSDE/KDUX) Alex Baumann Kristian Cibulskis David Mohs Doug Voet Matthew Bemis Hussein Elgridly Joel Thibault David An Gregory Rushton Matt Putnam David Siedzik



Jason Carey David Shiga George Grant Brad Taylor Vivek Dasari Jeff Gentry Scott Frazer Ruchi Munshi Miguel Covarrubias Khalid Shakir Chris LLanwarne



David Patterson, PI Security Team Ian Poynter Pat OBrien Walter Lewis Carroll Hawkins



UC Team Matt Massie Timothy Danford Benedict Paten Hannes Schmidt
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