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What is Sage? 

A non-profit research institute focused on finding ways to 
increase collaboration and communication in science



Ongoing efforts to support collaborative science

•  Mobile apps to connect patients within disease 
communities

•  DREAM challenges to incentivize computational 
scientists to study novel biological datasets

•  Work with granting agencies/foundations to support 
data sharing (and ultimately community building) across 
funded scientists
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Sage supports diverse communities across oncology



Some communities have unique metadata needs



What is Project GENIE?
●  A collaboration of the AACR and cancer centers around the world.
●  A data registry of clinical cancer sequencing results accompanied by clinical data.

 By the numbers…

GENIE public release 3.0

39,600 samples
21 sequencing assays

8 cancer centers

15 primary sites with > 1000 

samples
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Sage serves as data harmonization intermediate

Figure 1. GENIE at a glance.
The AACR Project GENIE Consortium. Cancer Discovery. 2017

Kristen Dang



GENIE captures clinical and genomic data

Sample clinical
Sample ID
Oncotree code
Sample type
Seq assay ID
Age at seq report
Patient ID
Center
Seq Quarter

Patient clinical
Patient ID
Sex
Primary race
Secondary race
Tertiary race
Ethnicity
Center
Birth year


Genomic
Position
HUGO Symbol
Seq assay ID
Variant type
Sample ID
+ VEP annotations





GENIE’s clinical data committee establishes data elements and agrees on 
definitions across all consortium members. External standards used:

●  NAACCR (in use)
●  NCI Thesaurus (under consideration)
●  RxNorm (under consideration)
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Others communities work with Sage to adopt standards



CSBC/PS-ON: thematic organization of publicly shared data
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Neurofibromatosis: sharing big data across a small set of patients

http://www.synapse.org/ntap  http://www.synapse.org/ctf  

http://www.synapse.org/dhart  



Despite diversity we can solve common problems
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Projects share common processes & infrastructure: Synapse

•  Typical data ingest
•  Linked from federated 

ecosystem site, e.g. GDC, GEO
•  Uploaded to Synapse

•  Resource management in 
Synapse
•  Cloud-based resource
•  Centrally located projects
•  Scientists can interact with 

individual projects

Project

ProjectProject
Project

Project



Synapse projects create collaborative space

Wiki describes 
project

File browser

Structured 
data

Discussion



Synapse enables flexible data ingestion & governance



Synapse provides protected way to store & share data

Individual projects allow individual contributors to:
• Upload/annotate files ahead of release
• Analyze files

• Share individual files or results with collaborators
• Contextualize data with wiki figures and text

Wiki Tables Discussion
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Every file gets assigned distinct metadata

• Applied to each file
• Standardized 
descriptions of what is 
in the file

• Key-value pairs
• Same values used 
across all projects at 
Sage to facilitate 
cross-dataset analysis



These metadata enable summaries across projects

http://www.synapse.org/pnfCellCulture  



Diverse metadata needs require collective efforts

•  Standardized terms and vocabulary for community 
resources
•  Pulled from known ontologies
•  Updated with missing terms

•  Tooling & processes to ascribe resource annotations
•  Need to provide standards across Sage-led 

communities but also flexibility



Users, Working Groups

Organically evolving metadata and SOPs







Sage Annotations Team

Annotation Browser

GitHub Site

Synapse Table

Define Use Cases
Search Standards



Reviewed by Sage-wide team via GitHub

https://github.com/Sage-Bionetworks/synapseAnnotations 



Metadata dictionary is always evolving

•  Want to get as many terms needed for analysis, but no 
burden researchers

•  Adding weekly to satisfy specific use cases



Challenges



Synapse-based limitations

•  Metadata requires key-value pairs, no hierarchy
•  Metadata are tied to file
•  Very flexible, can annotate with anything

•  We’re working on these things!



Diverse requirements within and across projects
•  Most projects are not data generation projects, require 

on-the-fly identification of metadata terms
•  Some projects require more depth than others, for 

example:
•  Is this cancer or not?
•  What is the organ of origin?
•  What subtype of cancer? 

•  Not just data:
•  Tools
•  Analysis



In the community: lack of single standard

•  Ontologies are limited to a single domain
•  Defining disease and clinical parameters
•  Defining computational analysis or experimental protocols
•  Defining tools

•  We like to balance using existing terms with what is 
provided
•  For example: ChIP-Seq can be applied to transcription factor 

or histone mark, do we:
•  Create TF ChIP-Seq and histone ChIP-Seq? 
•  Create a new term called assayTarget and define there?



Dearth of tools in the field

•  How can we validate that metadata is correct?
•  Schema are still very hard to visualize, select in 

piecemeal
•  Semi-automated metadata assignment
•  Mapping between ontologies



Summary

•  Sage has a diverse set of projects/communities
•  We work to standardize metadata and tools across 

these communities
•  Adhere to standards whenever possible



Questions?



Extra slides



Select metadata dictionary

•  Online tool enables download of manifest or JSON file

https://shiny.synapse.org/users/nsanati/annotationUI/ 



Select metadata dictionary

•  Select module of interest
•  experimentalData
•  cancer
•  sageCommunity
•  ngs

https://shiny.synapse.org/users/nsanati/annotationUI/ 



Select metadata dictionary

•  Learn about keys/values

https://shiny.synapse.org/users/nsanati/annotationUI/ 



Download terms as manifest, fill out

•  Identify files of interest
•  Browse keys/values
•  Upload to file view 

programmatically or via 
web UI



Can be applied via command line or file view
•  Results are viewed on web
•  Can be edited/updated



Summaries can be aggregated across projects workspaces

Sponsors can:
•  See activity of individual projects
•  Provide a portal to funded research

Individual contributors can:
•  Maintain their own site

•  Upload/analyze/download files as needed
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Building data repositories: a way to encourage data sharing

•   Journals and the NIH are more actively monitoring - and 
enforcing - data sharing policies.




New terms are gleaned from existing ontologies



Sage approach: build community, not just a repository

•  Platform is the foundation of a community
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Sage approach: build community, not just a repository

•  Platform is the foundation of a community
•  Engaging the people in the community
•  Shared principles build trust across community



Sage is built on these three pillars
Platform People Principles
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Workflows on Synapse: Emerging Requirements

•  Workflow use cases for Sage and 
Synapse communities:
•  Challenges, benchmarking
•  Data coordination, curation, & 

validation
•  Mobile data processing
•  Scientific computation

•  Solutions and standards developed 
by communities like GA4GH, BD2K 
aim to make writing, sharing, and 
running workflows easier



• Building towards “data commons” vision

Reproducible analysis ecosystem through Synapse

• Currently still defining requirements…

Synapse User

Synapse data

Workflow queues

Job monitoring

Identify data & 
tools/workflows

Parameterize 
workflow Workflow execution

Workflow data

Tool registry
Workflow Execution Service

Submit job

Tool execution



Future: “Communities” and Real-Time Insights

•  Vision: Synapse as an interoperable platform/commons
•  Native support for concept of a “community” comprised 

of multiple projects/teams
•  Activity feeds for project/community insight
•  Platform-driven notifications of key activity
•  Dashboards for key community metrics



Share Annotated, Standardized Tools through Unified Portal

Tool Portal

Tool Catalog:
retrospective, in development

Tools on Synapse:
in development, published

Tool Registry:
published, searchable

Future tool catalog will link to all tool resources



Precision Immunology: Tumor Neoantigen Selection Alliance (TESLA)

•  Began in 2017 with Parker Institute and CRI
•  A benchmarking exercise in predicting 

immunogenic (neo)epitopes.
•  Multiple validation assays (MHC binding, 

TCR binding by flow and nanoparticles, T 
cell reactivity)

•  >25 teams participating
•  Multiple cancer types: melanoma, breast 

cancer, NSCLC, CRC (MSI-high, MSS)

Sample procurement 
and sequencing 
(WES, RNA)

Team predictions

Validation assays

Analysis of predictive 
ability and features of 
immunogenicity



Tool Catalog Collates Submissions from Centers

Individual centers submit data to survey



Single Interface Combines All Tools and Provides Links

Xindi Guo



Single Interface Combines All Tools and Provides Links

Filter by 
data type

Xindi Guo



Single Interface Combines All Tools and Provides Links

Broken down 
by type of tools

Filter by 
data type

Xindi Guo



Single Interface Combines All Tools and Provides Links
Abstract and information

Xindi Guo



CSBC/PS-ON Tool Registry: Vision
•  Dockerize/standardize tools and 

workflows in the CSBC/PS-ON 
Tool Catalog

•  Register tools and workflows in 
Dockstore to enable findability 
and sharing

•  Proposed Dockstore integration 
in Synapse would provide a way 
to view and access curated 
computational tools from CSBC/
PS-ON investigators


