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AMP PD is built on Parkinson’s disease (PD) related study data that has been collected, harmonized, 
and made publicly available with the goals of identifying new biomarkers and developing new 
treatments for PD.  Overcoming challenges associated with resources, time, cost, and data 
availability is made possible through the collective efforts of:

● MJFF and NINDS BioFIND Study
● NIA International Lewy Body Dementia Genetics Consortium Genome Sequencing in Lewy body dementia case-control cohort 

(LBD)
● MJFF LRRK2 Cohort Consortium (LCC)
● Brigham and Women's Hospital/MGH Harvard Biomarkers Study
● NINDS Parkinson's Disease Biomarkers Program
● MJFF Parkinson’s Progression Markers Initiative
● NINDS Study of Isradipine as a Disease Modifying Agent in Subjects With Early Parkinson Disease, Phase 3 (STEADY-PD3).
● The MJFF and NINDS Study of Urate Elevation in Parkinson’s Disease, Phase 3 (SURE-PD3)
● Global Parkinson's Genetics Program (GP2)

Special thanks to the study participants who have so graciously contributed their data.

https://amp-pd.org/unified-cohorts/biofind
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Famp-pd.org%2Funified-cohorts%2Flbd&data=04%7C01%7Ckristine.treece%40publicissapient.com%7C6c04f29bbd83461f987d08d8a6a50842%7Cd52c9ea17c2147b182a333a74b1f74b8%7C1%7C0%7C637442575054353589%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=R%2BSb1piO7Fr2jOEwDeJeArd5hZTOktA2%2BTsK8JoMp4A%3D&reserved=0
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Famp-pd.org%2Funified-cohorts%2Fllc&data=04%7C01%7Ckristine.treece%40publicissapient.com%7C6c04f29bbd83461f987d08d8a6a50842%7Cd52c9ea17c2147b182a333a74b1f74b8%7C1%7C0%7C637442575054363583%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=0SWZWDLD27UY9FtVyQlZ77SxxWgWjJZKM3KeWRwPHK0%3D&reserved=0
https://amp-pd.org/unified-cohorts/hbs
https://amp-pd.org/unified-cohorts/pdbp
https://amp-pd.org/unified-cohorts/ppmi
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Famp-pd.org%2Funified-cohorts%2Fsteady-pd-3&data=04%7C01%7Ckristine.treece%40publicissapient.com%7C6c04f29bbd83461f987d08d8a6a50842%7Cd52c9ea17c2147b182a333a74b1f74b8%7C1%7C0%7C637442575054383571%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=Y0Vl63tPFQRFH55cStvzTlU9jQEq%2F%2Bu7U%2BZkdletku4%3D&reserved=0
https://amp-pd.org/unified-cohorts/sure-pd3
https://amp-pd.org/unified-cohorts/gp2
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It Takes a Village
Steering Committee:
•Deb Babcock (NIH/NINDS) – Co-Chair 
•Pablo Sardi (Sanofi) – Co-Chair 
•Billy Dunn (FDA) 
•David Glazer (Verily) 
•Ekemini Riley (ASAP) 
•Ellen Gadbois (NIH/OD) 
•Ellen Wann (NIH/OD) 
•Gerald (Dave) Podskalny (FDA) 
•Gopi Ganji (GSK)  
•Guhan Nagappan (GSK)
•Leslie Shinobu (BMS) 
•Lyn Jakemen, (NINDS)
•Pat Bellgowan (NINDS)
•Robert Moccia (Pfizer) 
•Sonya Dumanis (ASAP)
•Shameek Biswas (BMS) 
•Suzana Petanceska (NIA)
•Todd Sherer (MJFF)
•Walter Koroshetz (NIH/NINDS) 
•William Marks (Verily) 

Ad-hoc/Guest
•Barry Landin (FNIH Contractor)
•Dave Vismer (FNIH Contractor)
•Irit Rapley (BMS) 
•Matt Bookman (Verily)
•Richard Hargreaves (BMS)

AMP PD is made possible by the Public and Private Partners and members who have worked tirelessly to make this 
valuable resource available to the scientific community.

Proteomics Working Group
•Deb Babcock (NINDS) – Co-Chair
•Samantha Hutten (MJFF) – Co-Chair 
•Amilcar Flores-Morales (Sanofi)
•Andy Christoforou (BMS)
•Bailin Zhang (Sanofi)
•Barry Landin (FNIH Contractor)
•Bradford Casey (MJFF)
•Christine Swanson-Fischer (NINDS)
•Eline Appelmans (FNIH)
•Howard Schulman (KOL)
•Lyn Jakeman (NINDS)
•Marcus Bantscheff (GSK)
•Pablo Sardi (Sanofi)

Metabolomics Working Group
•Deb Babcock (NINDS) – Co-Chair
•Lilu Guo (Sanofi)  – Co-Chair 
•Barry Landin (FNIH Contractor)
•Chrissa Dwyer (GSK)
•Eline Appelmans (FNIH)
•Kevin Jensen (Celgene/BMS)
•Marcus Bantscheff  (GSK)
•Mark Frasier (MJFF)
•Suzana Petanceska (NIA)

Ad-hoc
•Rima Kaddurah-Daouk (Duke) 
•Michael Schwarzchild (Harvard) 

Clinical Data Harmonization Working Group
•Alyssa Reimer (MJFF) – Co-Chair
•Deb Babcock (NINDS) – Co-Chair 
•Barry Landin (FNIH Contractor)
•Clemens Scherzer (BWH)
•David Pulford (GSK)
•David Vismer (FNIH Contractor)
•Eline Appelmans (FNIH)
•Erin Teeple (Sanofi)
•Mary Makarious (NIA/NINDS)
•Matt Bookman (Verily)
•Nicole Glazer (Celgene/BMS)
•Robert Moccia (Pfizer) 
•Yuliya Kuras (Harvard)

Outreach and Portal Working Group
•Patrick Bellgowan(NINDS) – Co-Chair 
•Leslie Kirsch (MJFF) – Co-Chair 
•Suzanne Beschamps (FNIH)
•Carl Wonders (NINDS) 
•Chris Swanson-Fischer (NINDS)
•David Alonso (MJFF)
•Deb Babcock (NINDS)
•Eline Appelmans (FNIH)
•Kathleen Parkes (Verily) 
•Kristine Treece (NINDS Contractor)
•Sumit Dey (QMUL/GP2)

Ad-hoc
•Matt Bookman (Verily)
•Barbara Marebwa (MJFF)
•Amy Adams (NINDS)
•Barry Landin (FNIH Contractor)
•Katherine Thompson (FNIH)
•Nadia Douaji (NINDS)
•Ryan Stewart-Frederick (FNIH Contractor)

Data Usage and Policies Working Group
•Alyssa Reimer (MJFF) – Co-Chair
•Deb Babcock (NINDS) – Co-Chair 
•Claire Wegel (IU/GP2)
•Clemens Scherzer (BWH)
•Ekemini Riley (ASAP)
•Eline Appelmans (FNIH)
•Matt Bookman (Verily)
•Yuliya Kuras (Harvard)
•Sonja Scholz (NIA – LBD)
•Dave Alonso (MJFF – LCC)

RNA Seq Brain Working Group
•Deb Babcock (NINDS) – Co-Chair
•Kevin Jensen (Celgene/BMS)– Co-Chair 
•Barry Landin (FNIH Contractor)
•Bradford Casey (MJFF)
•Charissa Dwyer (GSK)
•Eline Appelmans (FNIH)
•David Craig (USC)
•Dinesh Kumar (Sanofi)
•Suzana Petanceska (NIA)

Data Analyses Working Group
•Bradford Casey (MJFF) – Co-Chair
•Hirotaka Iwaki (NIA) – Co-Chair 
•Alyssa Reimer (MJFF) 
•Andrew Sharp (MSSM)
•Andy Singleton (NIA/LNG) 
•Christoph Bussler (Verily)
•Clemens Scherzer (BWH) 
•David Alonso (MJFF)
•David Craig (USC)
•David Knowles (NYGenome)
•David Vismer (FNIH Contractor)
•Deb Babcock (NINDS) 
•Eline Appelmans (FNIH)
•Elizabeth Hutchins (TGEN)
•Erin Teeple (Sanofi)
•Hampton Leonard (NIA/NINDS)
•Ivo Violich (USC)
•Jie Yuan (BWH)
•Kendall Jenssen (TGEN) 
•Mary Makarious (NIA/NINDS)
•Matt Bookman (Verily)
•Meaghan Cogswell (Sanofi)
•Mike Nalls (NIA/NINDS)
•Ninad Amondikar (MJFF)
•Ramsey Magana (GSK)
•Ramiya Sivakumar (USC)
•Ricardo Vialle (MSSM)
•Rob Woodruff (GSK)
•Ruifeng Hu  (BWH)
•Samantha Hutten (MJFF)
•Shameek Biswas (BMS)
•Srini Shankara (Sanofi)
•Towfique Raj (MSSM)
•Xianjun Dong (BWH)

Umbrella Data Working Group
•Deb Babcock (NINDS) – Co-Chair
•Matt Bookman (Verily) – Co-Chair
•Alyssa Reimer (MJFF)
•Andy Singleton (NIA/LNG)
•Arthur Toga (USC)
•Bailin Zhang (Sanofi)
•Barry Landin (FNIH Contractor)
•Bradford Casey (MJFF)
•Codrin Lungu (NINDS)
•David Craig (USC)
•Eline Appelmans (FNIH) 
•Erin Teeple (Sanofi)
•Juan Botia (KCL)
•Lungu Codrin (NINDS)
•Mike Nalls (NIA, LNG)
•Pablo Sardi (Sanofi)
•Ritu Kapur (Verily)
•Robert Moccia (Pfizer)
•Shameek Biswas (BMS)
•Willy Nojopranoto (Verily)

Access Compliance Team
Admin Support Team
Operations Team
Publication Subcommittee
and all the alumni and external experts 
that have helped us along the way

WGS  and TS Subgroup
•Andy Singleton (NIA/LNG) – WGS Co-Chair
•Shameek Biswas (Celgene/BMS) – WGS Co-Chair
•Kendall Jensen (TGen) – Co-chair
•Deb Babcock (NINDS) – Co-Chair (Temp)
•Ashutosh Pandey  (GSK)
•Barry Landin (FNIH Contractor)
•Bradford Casey (MJFF)
•Christine Swanson-Fischer (NINDS) 
•Christoph Bussler (Verily)
•Daniel Seaton (GSK)
•David Craig (USC)
•David Pulford (GSK)
•David Vismer (FNIH Contractor)
•Dena Hernandez (NIA)
•Eline Appelmans (FNIH) 
•Elizabeth Hutchins (TGen) 
•Guhan Nagappan (GSK) 
•Hampton Leonard (NIA)
•Hirotaka Iwaki (NIA) 
•Ivo Violich (USC) 
•Jerrod Schwartz (Verily)
•Jie Yuan (BWH)
•Lyn Jakeman (NINDS)
•Mark Frasier (MJFF)
•Mary Makarious (NIA/NINDS)
•Matt Bookman (Verily)
•Matt Edwards (Verily)
•Meaghan Cogswell (Sanofi)
•Mike Nalls (NIA) 
•Ramsey Magana (GSK)
•Robert Moccia (Pfizer) 
•Robert Woodruff (GSK) 
•Ruifeng Hu  (BWH)
•Shawn Levy (Hudson Alpha)
•Sonja Scholz (NIA)
•Srini Shankara (Sanofi) 
•Willy Nojopranoto (Verily)
•Xianjun Dong (BWH)

Special thanks to all 
cohort contributors 
& study participants
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AMP PD Organization and Objectives



terra.bio

Non-profit IndustryGovernment

National Institute of 
Neurological 
Disorders

National Institute on 
Aging



terra.bio

What: Public/private partnership managed through the FNIH
When: Kickoff 2018; initially funded for 5 years
Who:

Government: FDA, NINDS, NIA
Industry: Bristol-Myers Squibb, GSK, Pfizer, Sanofi, Verily
Nonprofit: Michael J. Fox Foundation (MJFF)

Goal: Create a resource for biomarker discovery for Parkinson's Disease
URL: https://www.amp-pd.org

Accelerating Medicines Partnership 
- Parkinson’s Disease (AMP PD)



terra.bio

Data:
- Harmonize clinical data from 4 (now 8) separate studies
- Generate new, analysis-ready, RNASeq, WGS, and proteomics data
- Integrate existing WGS data (leveraging functional equivalence)

Researchers:
- Bring researchers to the data (where it is)
- Accelerate researcher onboarding with getting started code and 

documentation
- Derive results, generate knowledge, and return it to the program
- Enable collaboration between researchers, informaticians, software 

engineers

AMP PD: Create a resource for biomarker discovery



Advantages
More accessible and secure data

Shared tool ecosystem
Decreased cost of storage & compute

Facilitates collaboration

Challenges
Data sharing = data copying + poor security

Bespoke & unsupported tools
Huge infrastructure needed

Discourages shared research

Silos Integrated
Platform

Tools

Tools

Tools

Tools

Tools

Tools

Traditional approach
Bring data to researchers and build tools 

Tools

Tools

Data Biosphere approach
Bring research to data and share tools

Data Biosphere approach to biomedical research



terra.bio

Code, Tools, 
Examples

AMP PD data & researcher access

Transcriptomes

Whole Genomes

Clinical DataBioFIND

HBS

LCC

LBD
amp-pd-researchers

BigQuery

Cloud
Storage

Google 
Cloud 
Platform

PDBP

Steady-PD3

PPMI

Release 1
(2019)

Release 2
(2020)

Release 2.5
(2021)

Sure-PD3

Proteomics

4,298 
participants

10,772 
participants

10,247 
participants Getting Started

Workflows

QC and PCA

Data

Interactive Analysis

Workflows

app.terra.bio

Data Explorer



AMP PD Platform Architecture 



AMP PD Architecture Overview

Data

Portal Researcher 
Workbench

Data 
Explorers



AMP PD Architecture Overview

Data

Portal Researcher 
Workbench

Data 
Explorers

Google Cloud 
Platform



AMP PD Key Components



terra.bio

● Information about AMP PD 
organization and objectives

● Details about contributing 
studies

● Data summary dashboard
● Data governance policies

● Forms to register for access

● Links to the Data Explorer
● Links to Terra

AMP PD public web site

Portal



terra.bio

● Access Control managed by 
data stewards (AMP PD)

● "Granted Access" =
data + tools + code

- Data
(Google Cloud)

- Tools
(Data Explorer, 
etc.)

- Examples
(Terra 
Workspaces)

AMP PD researcher access

Portal



terra.bio

AMP PD data organized by type

BigQuery

Cloud
Storage

Transcriptomics

● BAMs (.bam)
● Quantification (.sf)
● Feature Counts

Whole Genome 
Sequencing

● CRAMs
● VCFs
● QC Metrics

Clinical

● Demographics.csv
● MDS_UDPRS.csv
● MOCA.csv
● ...

Transcriptomics

● Quantification (TPMs)
● Feature Counts

Whole Genome 
Sequencing

● Variants
● QC Metrics

Clinical

● Demographics
● MDS_UDPRS
● MOCA
● ...

Data



terra.bio

AMP PD data access with cloud native tools

Data



terra.bio

AMP PD Getting Started Workspaces

Researcher 
Workbench



terra.bio

AMP PD Getting Started Workspaces

Researcher 
Workbench



terra.bio

Workspaces: Read and then Clone

Researcher 
Workbench



terra.bio

RNASeq 
samples

WGS 
samples

Variant 
Annotation

AMP PD omics workflows (Terra / Google Cloud)

Annotated 
VCFs

Plink files

BigQuery 
tables

Single-sample 
gVCFs

CRAMs, 
gVCFs, 
metrics

Paired 
fastq

Sequencing
Single 
Sample 
Processing

Joint 
Calling

plink

Variant 
TransformsVCFs, 

joint 
calling 
metrics

Paired 
fastq

Sequencing

Salmon

STAR FeatureCounts

TPMs

BAMs Counts

> 10,000

8,600

Researcher 
Workbench



terra.bio

AMP PD omics workflows

Available in TerraAvailable in Github

Researcher 
Workbench



terra.bio

AMP PD RNASeq Workflows workspace

Researcher 
Workbench



terra.bio

Workspace Collaboration (RNASeq QC)

Computational Scientist

Researcher 
Workbench

Bioinformatician
Principle Investigator
Principle Investigator

Computational Scientist
Software Engineer

Bioinformatician
Principal Investigator
Principal Investigator
Computational Scientist
Computational Scientist
Software Engineer
Software Engineer



terra.bio

Notebook Collaboration (RNASeq QC)

Researcher 
Workbench



terra.bio

Notebook Collaboration (RNASeq QC)

Researcher 
Workbench



terra.bio

● Data Explorers are a category of
○ dataset-specific tools
○ general-purpose tools 

configured for the dataset

● Allows for interactive tools 
focused on your dataset; can 
account for cohort and datatype 
nuances

● Easy to deploy behind dataset-
specific access groups

● Different tools can target different 
personas

Data 
Explorers

AMP PD Data Explorer



Case Study: Integrative Analysis with 
AMP PD Transcriptomics Data



Integrative Analysis and Visualization of 
AMP-PD Transcriptomic Data

Ivo Violich Ramiyapriya Sivakumar

David W. Craig, Ph.D.



Overview
Goal:
┕ Full Variant aware alignment w/ VCFs
┕ Development of a visualization Platform

Analysis Considerations
┕ Full Implementation in Terra
┕ Samples: 8,357 @ 200M 125bp Reads
┕ Bases: 208.9 Terabases
┕ Size: >200 Tbtes
┕ Files: >25,000 Files



Focus on Costs
Focused Development/Optimization:
┕ Initial 100 samples & Optimization
┕ Focus on CPU costs
┆Rounds of identifying optimal CPU/storage
┆Pre-emptible CPUs allowed for 80% reduction in costs
┕ Expanded to larger set
┆About 2-5% failure rate for jobs to run (due to pre-emtible

File Sizes
┕ FASTQ: 4 GB ~ 33 Tbytes
┕ BAM: 4 Gb ~ 33 Tbytes
┕ Tables: 1-2 Tbytes

Storage
┕ ~70 Tb @ 0.020 Gb/Mo is $1400 Mo Standard

Notes
┕ Egres 
┆(data b/t cold-line & offsite could be significant)



Visualization Platform
Allow Gene Level Viewing / 
Downloading
┕ Allow gene/region browsing integrating the multi-omic 

data/analysis & clinical harmonization
┕ Content Appropriate To Tier 1/Tier 2 access

Component 1: Graph Builder (Gene/Transcript 
Level)
┕ Dynamic graph building w/ 10+ Types of Joined Data by 

Gene/Transcript/SNP

Component 2: Genome Browser (Region Level)
┕ Multiple Tracks/Interactivity/Indiviudal & Summary Level Data

Integration With Other (FOUNDIN-PD)



INTEGRATION W/ OTHER PROJECTS

┠AMP-PD
┕ Whole-blood RNA
┕ Whole-blood DNA
┕ >4,000 individuals

┠FOUNDIND PD
┕ 96 IPSCs
┕ Overlapping Donors
┕ Multiomics

FOUNDIN PD 
Team



Browser

Tracks 
Allow 

Individual 
Integration

AMP-PD

Foundinpd.org

INTEGRATION W/ OTHER PROJECTS



IDENTIFICATION: IDENTITY AWARE MANAGEMENT

Single Sign On Groups Management

Buckets



Enabling Community Contributions:
Post-launch activities



terra.bio

Different Use Cases and User Profiles

Data Explorers and Visualization Tools
● AMP PD Data Explorer
● Gene Explorer
● GenoML Model Explorer
● Parallel Coordinates Clinical Explorer
● Extensions via Workspaces

Workspaces and Notebooks
● Basic Mechanics
● Proteomics, Genomics, Transcriptomics Analyses
● Multiple Omics Analyses
● Data Production Workflows
● Data Production QC Analyses



terra.bio

Building the AMP PD Community
Transitioning Data Production to Resource Ecosystem 

50+ Workspaces Underway
● AMP PD Official Workspaces
● Partners and Collaborators
● Funded Grantees
● User Community

○ Vendors
○ Analysts

Encouraging Contributions
● Outreach
● Training and Webinars
● Grants
● Subsidized Workspaces

AMP PD OfficialUser Workspace Subsidized Data



terra.bio

Enabling Collaboration
Key Components of the AMP PD Resource Ecosystem

Research Data

Organized data harmonized across datasets

Community Building

Outreach, training, grants, and subsidies

Terra Platform and Explorers

Workspaces, workflows, notebooks and visualizations

Google Cloud Infrastructure

Core infrastructure for storage and compute

Encouraging Contributions
● Well Organized Data
● Flexible Infrastructure
● Simple Access Management
● Getting-Started Examples
● Compelling Analyses
● Active Community
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•Andy Singleton (NIA/LNG)
•Arthur Toga (USC)
•Bailin Zhang (Sanofi)
•Barry Landin (FNIH Contractor)
•Bradford Casey (MJFF)
•Codrin Lungu (NINDS)
•David Craig (USC)
•Eline Appelmans (FNIH) 
•Erin Teeple (Sanofi)
•Juan Botia (KCL)
•Lungu Codrin (NINDS)
•Mike Nalls (NIA, LNG)
•Pablo Sardi (Sanofi)
•Ritu Kapur (Verily)
•Robert Moccia (Pfizer)
•Shameek Biswas (BMS)
•Willy Nojopranoto (Verily)

Access Compliance Team
Admin Support Team
Operations Team
Publication Subcommittee
and all the alumni and external experts 
that have helped us along the way

WGS  and TS Subgroup
•Andy Singleton (NIA/LNG) – WGS Co-Chair
•Shameek Biswas (Celgene/BMS) – WGS Co-Chair
•Kendall Jensen (TGen) – Co-chair
•Deb Babcock (NINDS) – Co-Chair (Temp)
•Ashutosh Pandey  (GSK)
•Barry Landin (FNIH Contractor)
•Bradford Casey (MJFF)
•Christine Swanson-Fischer (NINDS) 
•Christoph Bussler (Verily)
•Daniel Seaton (GSK)
•David Craig (USC)
•David Pulford (GSK)
•David Vismer (FNIH Contractor)
•Dena Hernandez (NIA)
•Eline Appelmans (FNIH) 
•Elizabeth Hutchins (TGen) 
•Guhan Nagappan (GSK) 
•Hampton Leonard (NIA)
•Hirotaka Iwaki (NIA) 
•Ivo Violich (USC) 
•Jerrod Schwartz (Verily)
•Jie Yuan (BWH)
•Lyn Jakeman (NINDS)
•Mark Frasier (MJFF)
•Mary Makarious (NIA/NINDS)
•Matt Bookman (Verily)
•Matt Edwards (Verily)
•Meaghan Cogswell (Sanofi)
•Mike Nalls (NIA) 
•Ramsey Magana (GSK)
•Robert Moccia (Pfizer) 
•Robert Woodruff (GSK) 
•Ruifeng Hu  (BWH)
•Shawn Levy (Hudson Alpha)
•Sonja Scholz (NIA)
•Srini Shankara (Sanofi) 
•Willy Nojopranoto (Verily)
•Xianjun Dong (BWH)

Special thanks to all 
cohort contributors 
& study participants
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