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AMP CMD
Inaugural Meeting
Thursday, May 27, 2021
10:00 a.m. - 1:00 p.m. EDT

Join Zoom Meeting
https://fnih.zoom.us/j/94951042134?pwd=cS9PRFJWV2YzZIBxbnJ3SVJrUTlyQT09

Meeting ID: 949 5104 2134

Passcode: 302367

One tap mobile

+13017158592,,949510421344,,,,*302367# US (Washington DC)
+13126266799,,949510421344,,,,¥302367# US (Chicago)

Dial by your location
+1 301 715 8592 US (Washington DC)
+1 312 626 6799 US (Chicago)
+1 646 876 9923 US (New York)
+1 408 638 0968 US (San Jose)
+1 669 900 6833 US (San Jose)
+1 253 215 8782 US (Tacoma)
+1 346 248 7799 US (Houston)
Meeting ID: 949 5104 2134
Passcode: 302367
Find your local number: https://fnih.zoom.us/u/adgl2mT8mQ



https://fnih.zoom.us/j/94951042134?pwd=cS9PRFJWV2YzZlBxbnJ3SVJrUTlyQT09
https://fnih.zoom.us/u/adgl2mT8mQ

<SFENIH

Foundation for the
National Institutes of Health

Accelerating Medicines Partnership—Common Metabolic Diseases
Inaugural Meeting | May 27, 2021 | 10:00 AM-1:00 PM EDT

Welcome Remarks and Introduction to AMP CMD

10:00 AM .
Griffin Rodgers, Director, NIDDK
David Wholley, SVP of Research Partnerships, FNIH
10:15 AM Meeting Overview
Phil Smith, NIDDK, Co-chair AMP T2D, AMP CMD Plan Development
10:20 AM AMP CMD Organizational Overview and Project Governance
Tania Kamphaus, FNIH
10:25 AM Introducing Private Partners

Amgen, Eli Lilly, Novo Nordisk, Pfizer

10:40 AM AMP CMD Research Plan
Melissa Thomas, Eli Lilly, Co-chair AMP T2D, AMP CMD Plan Development

10:50 AM Introduction to NIDDK Foundational Grants and Projects
Norann Zaghloul, NIDDK

SESSION II: FOUNDATIONAL AWARDS AND ONGOING RESEARCH

Evolution of AMP Knowledge Portal and Plans for AMP CMD

11:00 AM
Noel Burtt and Jason Flannick, Broad Institute
11:10 AM Evolution of Analytical Tools and Plans for AMP CMD
Mike Boehnke, University of Michigan
11:20 AM Diabetes Epigenome Atlas
Kyle Gaulton, University of California, San Diego
11:30 AM Bridging the Gap Between GWAS and Therapeutic Targets
Karen Mohlke, University of North Carolina
11:40 AM Functional Interrogation of Disease-associated Genes in Human Stem Cell-
derived Models and Mice
Patrick Seale, University of Pennsylvania
11:50 AM TOPMed ‘Omics of Type 2 Diabetes and Quantitative Traits
James Meigs, Massachusetts General Hospital
12:00 PM Break
12:10-12:40 PM gl Lilly Novo Nordisk Pfizer Amgen

A Shared Vision
Phil Smith, NIDDK

Next Steps and Adjournment
Tania Kamphaus, FNIH

12:40 - 12:50 PM

12:55 PM
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David Wholley, FNIH  Griffin Rodgers, NIDDK

Welcome and Introduction
to
AMP Common Metabolic Diseases




Phil Smith, NIDDK

Meeting Overview




AMP CMD Organizational
Overview and Project
Governance

AMP Organizational Structure

Extended Executive Committee Executive Committee (EC) Executive and Steering
(EEC) Committee Support
Co-chairs i
«Francis Collins, NIH « Mikael Dolsten, Pfizer +David Wholley, FNIH
Participants listed on +Joseph Menetski, FNIH
18 Cos. backup slide Members +Tania Kamphaus, FNIH
+Griffin Rodgers, NIDDK . sharon Terry, Genetic Alliance| | + Eline Appelmans, FNIH
16 NPOs +Joshua Gordon, NIMH . john Reed, Sanofi +Noam Keren, FNIH
*Richard Hodes, NIA + Paul Stoffels, Janssen + Steve Hoffmann, FNIH
«Walter Koroshetz, NINDS
I
| l | | | 1
's Steering Committee 1.0 's Steering Committee 2.0 Common Metabolic Diseases Steering RA, SLE Steering Committee Parkinson’s Disease Steering Schizophrenia Steering Committee
Co-chairs Committee Co-chairs Committee
* Suzana Petanceska, NIA * Marty Hodge, Pfizer . _chai
Co-chairs « Bob Carter, NIAMS Co-chairs Co-chairs

« David Collier, Lilly
« Laurie Ryan, NIA
EC Liaison
* Richard Hodes, NIA
0D Liaison
« Ellen Gadbois, Ellen Wann NIH/OD]
Members
« Billy Dunn, FDA
« Maria Carrillo, Rebecca Edelmayer|
Alzheimer's Association®
* Mark Mintun, Avid RP and Eli Lilly
* Matt Townsend, AbbVie
« Sanjay Kumar, GlaxoSmithKline pid
(GlaxoSmithKline plc (GSK))
« Suzana Petanceska, NIA
« TBD, Biogen Idec
* Walter Koroshetz, Deb Babcock,
NINDS

* Private partner
EC Liaison

« Richard Hodes, NIA
0D Liaison

« Ellen Gadbois, Ellen Wann NIH/OD
Members

« Billy Dunn, FDA

« Eliezer Masliah, Laurie Ryan, NIA

« Janna Hutz, Rosa Canet-Aviles,
Eisai Inc.

« Maria Quinton, Arthur Simen,
Takeda Pharmaceutical Company
Limited Pharmaceutical Company
Limited

« Rebecca Edelmayer, Percy Griffin,
Alzheimer's Association®

« Sanjay Kumar, Gopi Ganji,
GlaxoSmithKline plc (GSK)

« Sharon Bergquist, Niranjan Bose,
Gates Ventures

* Walter Koroshetz, Deb Babcock,
NINDS

Co-chairs
* Industry TBD
* Norann Zaghloul, NIDDK
EC Liaison
« Griffin Rodgers, NIDDK
0D Liaison
« Ellen Gadbois, Ellen Wann NIH/OD
Members
« Eric Fauman, Melissa Miller, Pfizer
* Melissa Thomas, Corey James, Eli Lilly
* Beena Alkokar, Norann Zaghloul,
Afshin Parsa, NIDDK
« Karin Conde-Knape, Rasmus Rabal,
Oona Dierickx, Novo Nordisk
« Saptarsi Haldar, Narimon Honarpour,
Erin Whalen, Amgen

EC Liaison
« Lindsey Criswel, NIAMS
0D Liaison
« Ellen Gadbois, Ellen Wann
NIH/OD
Members
« Dan Rotrosen, Ellen Goldmuntz,
NIAID
« Francisco Ramirez-Valle, BMS
« Frank Nestle, Virginia Savova,
Sanofi
« Fred Baribaud, Matt Loza,
Janssen
« Marc Levesque, AbbVie
« Rab Prinjha, GlaxoSmithKline plc
(GSK)
* Rohit Panchakshari, Takeda
Pharmaceutical Company Limited
« Scott Jelinsky, Pfizer
« Stephen Alves, Nancy Kim, Merck
« Steven Taylor, Arthritis Foundation
* Susana Serrate-Sztein, NIAMS
« Teo Staeva, Mary Collins, LRA

< Deb Babcock, NINDS
« Pablo Sardi, Sanofi
EC Liaison
« Walter Koroshetz, NINDS
0D Liaison
« Ellen Gadbois, Ellen Wann
NIH/OD
Members
+ David Glazer, William Marks,
Verily
+ Ekemini Riley, ASAP
« Gerald Podskalny, Billy Dunn,
FDA
+ Guhan Nagappan,
GlaxoSmithKline plc (GSK)
* Richard Hargreaves, Leslie
Shinobu, Celgene/BMS
* Robert Bell, Pfizer
« Suzana Petanceska, NIA
« Todd Sherer , MJFF
« Patrick Bellgowan, NINDS

« Linda Brady, NIMH
« Carlos Larrauri, NAMI
EC Liaison
+ Joshua Gordon, NIMH
0D Liaison
« Ellen Gadbois, Ellen Wann NIH/OD
Members
+ Adam Savitz, Gahan Pandina,
Janssen
« Ken Duckworth, Teri Brister, NAMI
« Lynsey Bilsland, Wellcome
+ Maria Tome, EMA
+ Michael Davis, Bernard Fischer,
FDA
* Michael Sand, Boehringer
Ingelheim
 Mona Hicks, Brandon Staglin, One
Mind
« Sharin Roth, Andy Forbes, Otsuka
« Tristan Gorrindo, APA Foundation




AMP CMD Program Management

Extended ercutlve AMP Exe.cutlve 3 NIDDK Leadership
Committee Committee

Joint Leadership and
shared scientific

EC/EEC meet 4 times a year

i SCmeets 12-24 timesayear ) LT T T T T vsion TS TTTIETTT T T |

1 AMP CMD Steering NIDDK-Academic Steering | |

| Committee Committee 1

________________ (NIDDK + Partner Companies + =TT (NIDDK + leadership from
FNIH) foundational awards)

|
Y@

FNIH Managed NIDDK Managed
<FNIH

AMP CMD Consortium — Shared Vision, Independent Funding Streams

AMP Executive

Committee
/~ AMP CMD Steering \ /" NIDDK-Academic
. Steering Committee
Committee

National Institute of
Diabetes and Digestive
and Kidney Diseases

National Institute of <
m) SFNIH SHARED VISION s d
|

aveen Lo, FPenn
o - Stanford University
G Pﬁzer W . ¢ UCSanDiego 2 BROAD m
novo nordisk

Joint Working
Groups

Scientific discoveries
to validate targets for

éFNIH common metabolic

FNIH Managed RFPs diseases NIDDK/Academic Pl managed OPs
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Accelerating Medicines Partnersh
Common Metabolic Diseases

Research Plan

Melissa Thomas, MD, PhD

<SFNIH

Foundation for the
National Institutes of Health

From Target Validation Consortium to Accelerating Medicines Partnerships
Unprecedented AMP public-private partnerships to improve therapeutic target identification and validation

©2011: Heads of NIH and Pharma R&D meet and agree: gaps in
understanding human disease drivers fuel high drug attrition rates

©2012: Workshop and consulting drive consensus: a key cause of
drug failures is insufficient target validation; broad support for

private-public research collaboration to address gaps

©2013: Target validation consortium public-private technical groups
form: collaboration designs and prioritizes plans for AMP projects

©2014: AMP-T2D launches and far exceeds original vision

Croclin: Inmags recscdiiel i e rece reca s/t Uit vy Irages Flur

World class “exemplar” knowledge portal combines growing, large
scale genotype, phenotype, epigenetic, and genomic data

Evolving advanced analytic tools enable rapid, public access to
accelerate translation of complex data to human target prioritization

©2019-2021: Productivity of AMP-T2D research expands scale of data Masswe N l H_IndUStry prOJECt Ope ns
and phenotypes, and generates new analytic tools and approaches porta Is to ta rget validation

to set stage for accelerating common metabolic disease research

1 0 i art

<SFNIH

Nature Reviews Drug Discovery - February 27, 2019
https://www.nature.com/articles/d41573-019-00033-8




High Level Objectives and Approaches Guide Framing of AMP Programs:
Breakthrough Understanding of Key Diseases

We do not have systematic understanding of the pathways involved in complex
diseases, and hence a clear idea of the right targets for intervention

The few examples that exist of systematic investigation give us a tantalizing glimpse of
Problem the advances such efforts can provide

No single group is positioned to do this efficiently: the scale is beyond that achievable
even by large academic labs/ RO1 grants, and the benefits too diffuse for any one
pharma company to pursue. Necessary skills span these groups

Systematic characterization of heterogeneous, poorly understood diseases in human
populations, combining clinical and molecular information to facilitate rational
selection of targets, identification of patients, subpopulations for trials and customized
Solution treatment decisions

Working collaboratively across government, academia and industry through
harmonized efforts that harness collective capabilities and scale

<SFNIH

Project Framing Considerations

Strong potential to accelerate development of effective therapies
Impactful/ High ROI for industry funders - ie, resultant therapies likely to be:
Is this a fundable — "Discoverable" in the near/ mid-term (eg, expected increase in # of POC starts
high-priority within 5-10 years)
research — Reimbursed by payers once brought to market
topic to
pursue? High likelihood to achieve impact
Feasible — Acceptable level of scientific risk
— Existing foundation to build from (eg, academic experts, industry interest/
investment, publications, etc)
Addresses gaps in available target validation approaches
Is the topic Reauiresta — Lack of robust, replicable data
"fit for cor?sortium — Inability to translate animal /cell data to successful human trials
fo'::r::’i?lzte- effort Could not be successfully pursued by any one constituent
N — Limitations in individual expertise, tools or resources
public . — Insufficient scale
partnership
focused on Distinct from
targets? ongoing Not currently being pursued — either at all, or at sufficient scale
initiatives

<SFNIH




In Private-Public Partnerships, Not All Project Activities are Prioritized by
Every Partner, yet Project Yields Value for All

Maximize Value, Community
Maintain Focus, Feasibility

Shared Core Project Value

<SFNIH

Common Metabolic Diseases are Major Global Public Health Challenges

Challenge Common metabolic diseases collectively represent a major challenge for public health

Current
Status

Therapeutic interventions have primarily targeted single diseases

Common pathogenic drivers likely exist across multiple common metabolic diseases

Growing

Evidence Increased risk of Individuals often Recent therapeutics for T2D

developing additional common experience several also reduce risk of CVD, KD

metabolic diseases metabolic diseases suggesting common disease drivers
if one occurs throughout a lifetime may be tractable

Opportunity

The opportunity to modify multiple metabolic disease outcomes by addressing
common pathophysiologic disease drivers is compelling




AMP Common Metabolic Diseases Program will Evolve the Knowledge
Portal and Prioritize Targets for Common Metabolic Diseases

KIDNEY NASH JIRE2 CARDIOVASCULAR
DISEASE IR DISEASE
PREDIABETES

ACCELERATING MEDICINES PARTNERSHIP (AMP) ! !
&l cvore Hame Dan Too iormatenGortac | Login

[€e]\%]\7[e]\] Providing data and tools to promote:
METABOLIC DISEASES | understanding and treatment of
KNOWLEDGE PORTAL ‘common metabolic diseases

Deliver prioritized targets for these diseases with supporting mechanistic data

AMP Metabolic Diseases: Program Overview

CLINICAL DATA HUMAN GENOMIC ENHANCED DATA NEW ADVANCED
Part A: EXPANSION DATA EXPANSION HARMONIZATION ANALYTIC TOOLS
Knowledge AND INTEGRATION
Portal +  Phenotypes * Genetic data « Target prioritization
E ) «  Traits + Genomic, epigeneticdata  «  Genetic with genomic «  Functional annotation
xpansion + Endotypes * Tissue and single cell data . Multi trait analyses (noncoding variants)
Module + Clusters *  Perturbation data +  Endotypes and clusters «  Cluster analyses
-+ Biomarkers * Genome wide screens + Biobank data scaling - Pathways/networks
KIDNEY CARDIOVASCULAR OBESITY DIABETES INFLAMMATORY
DISEASE PRE-DIABETES DRIVERS
Part B: Prioritize, acqmre harmonize, and mtegrate eX|st|ng high value genetlc and genomic data in portal
Disease-

Enhance mechanistic understandlng of dlsease

Focused gy I I I I R

Modules Generate new disease-related data to address prioritized gaps for target identification

Prioritize new therapeutic targets and elucidate their mechanism of action

SFEFNIH I




How will the AMP CMD Research Partnership Accelerate
CMD Disease Deconstruction and Therapeutic Development?

INNOVATION

Assemble global innovators, emerging and
established thought leaders within all-star
academic investigator research teams

Discover new analytic approaches and
methods to deconvolute disease drivers

Incorporate technology advances in deep
molecular phenotyping to generate and
integrate disparate data types

ENGAGEMENT

Bring industry and academic scientists
together with industry and academic
perspectives to frame new research
trajectories

Identify gaps in disease understanding,
proposing research options, and framing
solutions to accelerate progress

Pursue therapeutic target prioritization by
triangulating data scale and dimensionality
with speed of discovery

COMMUNITY

Attract diverse disease-focused
communities to share data and drive
discovery across former silos

Collaborate across consortia to combine
and harmonize deep phenotypes,
longitudinal outcomes data, genetic, and
biomarker data at scale

Partner with biobanks and investigators
to generate data from human biosamples
linked to clinical traits and outcomes

Thank you to all of the academic and industry scientists who demonstrated these values enabling AMP-T2D successes.

We look forward to our work together as we develop the AMP-CMD research community together!

<SFNIH




National Institute of .
Diabetes and Digestive AMP CMD Launch Meeting
and Kidney Diseases

Norann Zaghloul, PhD
NIDDK

May 27, 2021

Home Data Tools KPLabs Information Contact | Login

Providing data and tools to promote

Building on the e, | ‘it
success of AMP T2D

Gene, region or variant | Phenotypes

examples: SLC30A8, rs13266634, chr9:21,940,000-22,190,000

AMP T2D built an unprecedented resource for
public access to T2D genomic data

International catalog of large T2D/metabolic
genomic datasets

Data from over 1.5M individuals ] .
. . . XUX E;bg;e;me Vlgw complementary data at the Diabetes
An expanding suite of powerful analytic tools that tas  Epigenome Atlas.

are free and easily accessible
260 datasets, 309 traits

Setting the stage for the next challenges
* Expanding this success
*  Complications
*  Related metabolic diseases

* Making sense of it all




Translating variants to knowledge

. Disease mechanisms

Positional and heterogeneity
Candidates EXPERIMENTAL STUDIES . Diagnostic and
HUMAN GENETIcs ; (Celllines therapeutic targets

iPSC lines
Animal models
Human tissues

ANIMAL MODELS
CELL LINES

‘ml HIGH THROUGHPUT
SCREENS

T —
GWAS,
Exome, WGS

\

FINE MAPPING | CIS-EXPRESSION

SC-RNA, QTLs
BIONIFORMATICS

|\ V4

Causal |
variant(s) sz lEEy
Elements

CHROMATIN
EPIGENOMICS

Effector
Transcrlpts

Pathways
Networks

|

NETWORK & PATHWAY
ANALYSES
Interaction data

Gene set enrichment
Co-expression

modified from Mark McCarthy

NIDDK Foundational Support for AMP CMD

* NIDDK issued two calls in late 2019 for projects to form a new consortium that will leverage the
successes of AMP T2D

* Four foundational projects were selected for NIDDK funding through Cooperative Agreements,
launched in August 2020

* The funded projects include continued support for the Knowledge Portal as well as three
Functional Genomics Projects that will use large scale -omics and targeted experimental
approaches to identify effector transcripts and elucidate their functional impact in a range of
metabolic tissue and cell types




Jason Flannick
Noel Burtt
Michael Boehnke

Continue to develop
and expand the
AMP-CMD
Knowledge Portal
(CMDKP). This KP is a
public resource of
genomic datasets
and analysis tools
relevant to metabolic
diseases including
T2D, its
complications, and
related traits.

NEWS Team

Karen Mohlke
Jose Florez
Anna Gloyn

Stephen Parker

Identify the causal
variants, the
regulatory gene
networks affected by
the change in DNA
sequence, and the
mechanisms by which
such variation leads to
disease.

Patrick Seale
Struan Grant
Klaus Kaestner

niel Rader
Benjamin Voight
Wenli Yang

Functionally
interrogate
genomic variants
and their target
genes in human
stem cell-derived
models and mice.

NIDDK Foundational AMP CMD Awards

Penn Team

TOPMed Team

James Meigs

Use whole genome
sequence data from
TOPMed to identify
novel common and
rare variants
associated with T2D
and quantitative
traits and to use
other omics data
towards
identification of
target genes and
pathways in
relevant metabolic
cell types

National Institute of
Diabetes and Digestive
and Kidney Diseases

Stanford University!

Organization

AMP CMD

Partnership
Leadership
Committee

e

. ®
novo nordisk

] \
| — Combined Membership from — 1
i ; : oint Industry Steering Committee
int NIDDK Steering Committee Leadership ry 9
Meets regularly to share &
- Shape ViSion -
“TBD *TBD
Scientific Working
Groups & Subgroups
Genetics Effector Models &
Transcripts Assays
r . 1 f A 1 I
Si | Tabulation/ Co- Codi Di Ti Data Variant t El ts t Network
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AMP CMD Scientific Working Groups

Genetics

“Aggregate and integrate human genetics association data sets to identify and characterize and disseminate signals related to T2D and
related traits to support the activities of other working groups

- Identify genetic datasets, synthesize distinct association signals for T2D, QTs, complications

- Identify and prioritize credible set variants at these signals

- Identify coding variants that suggest/implicate effector genes via Exomes or other data (with Effector Transcripts WG)
- Use datasets from multiple individuals to identify QTL; colocalize with GWAS (with Effector Transcripts WG)

- Consider impact of tissue and cell-type heterogeneity in QTL data (with Models and Assays WG)

- Characterize individual disease heterogeneity”

Effector Transcripts

“Apply and compare strategies to prioritize effector transcripts at GWAS signals for T2D and related traits. We will identify the relevant
contexts for effector transcripts, including key regulatory elements, cell types, and cell states. Finally, we will integrate effector
transcripts, along with their associated contexts, into network models to implicate nodes/hubs, with particular attention to those
sensitive to eventual targeted perturbation.”

Models and Assays

“Bring together researchers across the career life-span (student to Pl) working in three main areas: 1. animal models, 2. cell model
development 3. assay development, to achieve the following objectives:

- Share expertise in animal and cell model development

- Share tools (as possible) across the UM1 consortium

- Consensus building on assay and cell model validation

- Design and create new common tools for work across the UM1

- Provide a platform to discuss and interpret data from cellular assays

- Reach consensus on data interpretation to support effective gene prioritization
- Advise on how cellular data can be formatted for deposition into the portal”

National Institute of
Diabetes and Digestive A M P C M D
and Kidney Diseases

NEWS TOPMed “ %ﬂ
[Y] team team ®
EZBROAD , novo nordisk
0 |- Zos L)

Stanford University'




COMMON
METABOLIC DISEASES ’
KP é KNOWLEDGE PORTAL ."4 XUX
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EMBL-EBI

Evolution of AMP Knowledge Portal & plans for
AMP CMD

@ N

)
Noél Burtt

Jason Flannick

May 27, 2021
AM P Accelerating Medicines Partnership

Common Metabolic Disease

ACCELERATING MEDICINES PARTNERSHIP (AMP)
(_/.; CMD[@ Home Data Tools KPLabs Information Contact ‘ Login

COMMON Providing data and tools to promote

METABOLIC DISEASES understanding and treatment of
KNOWLEDGE PORTAL common metabolic diseases

Gene, region or variant | Phenotypes | Disease-specific portals

Search

examples: PCSK9, rs1260326, chr9:21,940,000-22,190,000

cmdkp.org

An open-access resource that presents integrated &
analyzed genetic & genomic data to spark insights
into complex metabolic diseases & traits




. Lomitos Suavecitos
@SuaveslLomitos

How it started:

How its going:

11:11 AM - Oct 12, 2020 - Twitter for iPad

4.7K Retweets

388 Quote Tweets

61.8K Likes

How it started:

Target Validation Consortium: Type 2 Diabetes Technical Group
Detailed Research Plan

Contents

Section 0: Disease context and case for action
o Establish why this disease is relevant for the TVC
* Relay the current "state of the science” for the disease
o Outline the "problem statement" to address

Section I: Project Overview

o Provide a summary of the proposed research objectives and agenda (similar to an
abstract)

 Outline key hypotheses to test

o Convey the value proposition & why via a consortium_

Section |I: Scientific Design
o Define the scientific research strategy and design
o Describe relevant i context,
methodologies, & analyses

studied, key /

Section IIl: Project Management

o Identify individuals likely to be involved in the project
o Identify potential institutional partnerships
o Identify potential sources of support and solicitations

Section IV: Timeline, Milestones and Deliverables

Vision

How its going:
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How it started:
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How it started:

2 Portal staff
members

How its going:

Michael Sanders
David Siedzik

Marcin von Grotthuss
Kaan Yuksel

Ben Alexander
Mary Carmichael
Todd Green

Tad Jordan

Ali Kluge

Matrixed team

Alumni

with alumni




How it started:

T2D-GENES

» WAGIC

Sim Intative in Genomic Medicine for the Americas

DIAGRAM

9 Datasets
25 traits

How its going:

FuSioN
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| datasets r r
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How it started:

ACCELERATING MEDICINES PARTNERSHIP (AMP

TYPE 2 DIABETES GENETICS beta

HOME - ABOUTTHEDATA - TUTORIAL - POLICIES - CONTACT - FORUM

Variant Search Results
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Tables with
lists of results

How its going:
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How it started:

/ First 3 months X

Traffic Channel Source / Medium Referrals
500
400
300
200
100

0

01 01 01 o1

Nov Dec Jan Feb

o Referral e Direct e Organic Search Social Other

Nov 1,2015-Feb 1,2016 v ACQUISITION REPORT >

&_ocal community usagy

How its going:

/ Last 3 months

Traffic Channel Source / Medium Referrals
12K
1K
800
600
400
200
0
01 01 01
Feb Mar Apr May
® Referral @ Direct @ Other

Feb 1,2021 - May 1,2021 v ACQUISITION REPORT >

\International Resource/

How it started:

Home Data Tools KPLabs Information Contact | Login

Providing data and tools to promote
TYPE2DIABETES understanding and treatment of type

ROREEDCEEDRIE 2 diabetes and its complications

Gene, region or variant | Phenotypes
el ™ |

\ /

1 Portal

How its going:

A
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T2DKP

COMMON
METABOLIC DISEASES
KNOWLEDGE PORTAL
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8 Portals
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How it started:

ACCELERATING MEDICINES PARTNERSHIP (AMP)VI

TYPE 2 DIABETES GENETICS teta

How its going:

AIVIP ACCELERATING MEDICINES PARTNERSHIP

& Mo

Providing data and tools to promote
understanding and treatment of
common metabolic diseases

) « COMMON
M METABOLIC DISEASES
KNOWLEDGE PORTAL

Gene, region or variant | Phenotypes | Disease-specific portals

HOME - ABOUTTHEDATA - TUTORIAL - POLICIES - CONTACT - FORUM

Explore data on a gene, variant, or region

13266634 ©,

Search for variants of interest [ = |

fiter by p-value odds ato, predcted effect o proten,and more.

View full GWAS results for a phenotype

About the portal

Thisportal provides access to comprehensive
results from 28 large human genetic association
studies oftype 2 diabetes and related traits that
used sequencing or genotyping arrays. These:
data can shed light on biological functions of
genes and point to possible drugtargets. Click
here tolearn how to use the portal,or here to
signup for email lerts about new features.

“The portali n beta,and some issues are stil
being resolved. Click here to report bugs or
provide feedback.

What's new 0000
New expermenatolsand ntefsce nthe Knowldge
Portae: e test el e added ot i ot updted
temsto.. Resdmre

About the Portal

The Common Metabolic Diseases
Knowledge Portal aggregates,

analyzes, and displays human genetic ~ *
and functional genomic information

View news rchive >

Stay in touch

Signup for emalied quately newsietters and ocsasional

linked to common metabolic diseases
and traits, while protecting the integrity
and confidentiality of the underlying

data.
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How it started: How its going:
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How did we do this?

A %w%@

AMP Accelerating Medicines Partnership

Common Metabolic Disease

Built a data & software platform DOV s,
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The product

H6€

HuGeAMP

HUMAN GENETICS AMPLIFIER

ACCELERATING MEDICINES PARTNERSHIP (AMP)
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Specific aim 1

B.1. Represent additional data types

B.2. Identify and integrate new data

Specific aim 2

C.1. Develop new tools to visualize these data
C.2. Augment tools to integrate other public data

B.3. Develop new pipelines to analyze these data
B.4. Enable public access to these data

C.3. Maintain curated lists of T2D mechanisms
C.4. Allow users to customize data and tools shown

Specific aim 3
D.1. Provide operational support to AMP-T2D
D.2. Foster collaborations with external partners

D.3. Track and timely release data
D.4. Administer opportunity pool funds
D.5. Conduct outreach and training

C.5. Update portal in response to stakeholders




Team Ef . UCSanDiego EMBL-EBI:

SCHOO!
PUBLIC HEALTH
UNIVERSITY OF MICHIGAN

Broad/DCC um

Kenneth Bruskiewicz Ryan Welch
Lizz Caulkins Andy Boughton
Maria Costanzo Alan Kwong
Marc Duby Laura Scott
Clint Gilbert

Quy Hoang

DK Jang

Ryan Koesterer
Jeffrey Massung
Oliver Ruebenacker

Preeti Singh UCSD/DGA
Parul Kudtarkar
Ying Sun
Leadership Sharvari Narendra
Jason Flannick
Now! Burt yyYYy Jmov
Mlke Boehnke HUMAN GENETICS AMPLIFIER
Kyle Gaulton N
Thomas Keane XUX »l‘a‘;
Jose Florez

Primary focus: maintain the CMDKP

+ Identify new datasets inside and out of the consortium

« Transfer these to the DCC, QC/analyze them as needed, and
represent them on the portal

« Maintain and extend web-based tools for accessing and
visualizing these data

» Provide operational support for the consortium

* Manage consortium-wide data tracking

But, in addition:

Research and develop new ways to improve the accessibility of

data to help translate genetic associations to biological insights =
4 ¢
~\




HUMAN GENETICS AMPLIFIER

Aim 1: one area of focus yYvy Y. @

« Making protected data more accessible

-

Individual-
level data

Portal

000

> g
Lo

Visualizations

HUMAN GENETICS AMPLIFIER

Tailored to

specific audiences All of Us Single-Cell Portal Terra Community Molec l 0 cology

Workbench
WORKSPACES
mﬂo“:s Terra Data ﬂ_“ Broad Methods
T
ROP°5It0ry T Repository —
B REPOSITORIES
— =

g—p IMPORT DATA IMPORT TOOLS B ] aw

/ N £ %
! = Galaxy | :m . 5 ‘ & O

External Data Storage
Repositories buckets

The rise of data commons yyYYy Jmm @

Other

Interactive

Analysis Apps

« High barrier of entry to those who want simple summaries
of the data Nj’

[
~
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An example yyYyy g,

HUMAN GENETICS AMPLIFIER
Genetic Association Interactive Tool

Start by entering a gene name, then select one or more masks to filter the available variants. Click "Search Variants" to see the list of available variants. Individual variants may be removed from the list by un-checking
them. Next, select a dataset, one or more phenotypes, and one or more methods. Click "Run analysis" to see gene-level association scores for each phenotype and method.

Association statistics for selected variants

Criteria [ sLcaoas [ 5is ]
Variants  Fasting glucose | Type 2 diabetes
Results

Fasting glucose

Test Variants Z-Score P-Value Beta Standard Error Sample Size
Collapsing Burden 19 -3.5921937 0.0003279 v -0.1107 0.0308079 26,807

Type 2 diabetes

Test Variants Z-Score P-Value Odds Ratio Standard Error Sample Size
Collapsing Burden 24 -2.9837776 0.0028471 v 0.7030 0.1180989 44,083

Implementation of GAIT HOO@ tvGervp

Individual- _)Q Q
©
level data E .
{£ =050
[72)
-]
[72)
C
i)
©
N
©
=}
g (2]
Covariance > (| S
matrices




Next extension: TOPMed + yyYYy Jmoy . @
BioData catalyst

Tailored to

specific audiences All of Us Single-Cell Portal Terra Community  Molecular Oncology
Workbench Almanac

Other WORKSPACES
:l::floys‘s Terra Data Broad Methods
i -
s R°P°"*°"Y Repository EXTERNAL TOOL
REPCSITORIES
= D [ ez —
= Galaxy o «4,1__-' / \
Studic = %{wdl)
CLOUD
TOPMed

& 0

External Data

Interactive Batch
Repositories

Analysis Apps Workflows

A

Next extension: TOPMed + yyYYy Jmoy . @
BioData catalyst

TOPMed

Portal

_,Q
_,O
_,Q

000

BioData Catalyst

Covariance
matrices

Visualizations
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Aim 2: one area of focus

« Representing functional geno

H0 0

mic data

HuGeAMP

HUMAN GENETICS AMPLIFIER

Causal
variant

Tissue

- Reference chromatin state
- Transcription factor binding sites
-eQTLs

- Association
statistics

- Meta-analysis

- Fine mapping

- Variant effect
predictors

- Regulatory element prediction
- Tissue-specific enrichment

)

Gene HPathwayH Disease I

- Chromatin capture _ \otworks - Cellular
- Gene expression models
- Path .
- Gene function athways - Animal
models
- Gene prioritization G t
- eQTL colocalization - >°Ne s€
- Chromosome enrichment
contact prediction
¢ /

Standard browser view

Add annotation

Add an annotation s Add a credible set

g

Set page level parameters

H0®

Filter annotations by global enrichment

s P-Value (5) Fold (2)
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Another model: relationships

variant-gene
annotations

annotations

Minimum Exome
MAGENTA p-value

scores exomes

(masks)

MetaXcan Tissues
Cell-type
specific
LD-score
MAGENTA regression

Stratified
LD-score

Annotations Phenotypes

Stratified

LD-score

Roadmap Tissue-specific regression
Variant

Bottom-line analysis
(METAL)

Credible sets
(CAVIAR)

sequence

GWAS
(datasets)

M H}HAEGEATMS EMPLIFIER

A

Alternative visualizations

Searched fissues

Annotation 1

Annotation 2

Annotation 3

M H}HAEGEATMS EMPLIFIER

Search Select region or gene Set credible sets Select phenotype Set p-value
Options Add annotation
Filters Tissue

Tissue name / annotation / fold
Tissue name / annotation / fold

Tissue name / annotation / fold

Tissue name [ fold

Tissue name / fold

Tissue name / fold

Tissue name / fold

Tissue name / fold

Tissue name / fold
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Emphasize relationships
rather than genomic
coordinates
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Leverage integrated data
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Evolution of analytical tools and plans for AMP CME

Michael Boehnke for the Michigan team

AMP CMD Inaugural Meeting, May 27, 2021
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Michigan team role in the portal project

Goal: accelerate investigation and discovery for common metabolic
disease genetics

Build tools for data analysis and visualization to facilitate data
exploration

Integrate tools onto the portal while also making them broadly
available as standalone tools

Examples: LocusZoom, PheWeb, bottom-line analysis, FIVEX, ...

ACCELERATING MEDICINES PARTNERSHIP (AMP) - ¥
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LocusZoom: explore GWAS results

4 LD Ref Var
©1.0>r220.8
©08>r>0.6
©06>r2204 pes
©04>r220.2
©0.2>r220.0
© no r2data

Visualization tool for regional
plotting of association results

&
Recombination Rate

Originally a command-line
tool in R and Python
(Pruim, Welch et al. 2010)

Chromosome 7 (Mb)

| . mmnnn | I
W Active Promoter 1 Weak Promoter Poised Promoter Strong enhancer Strong enhancer Weak enhancer
Weak enhancer i Insulator W iptic transiton W iptic { Weak i

Now interactive web version = oy : o ow sgna
deployed on portal, PheWeb, . e o
and my.locuszoom.org - - nees-.

| | B

JAZF1-AST—

Boughton et al. Bioinformatics 2021 in press

g
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Population-specific linkage disequilibrium (LD)

LocusZoom .« 5 ~ e
t [ Soow - =)
wo
P -
L
i “ 8
-«
e “©
su
- AT
° i to
%0
VIIIA- ALISE212. 1 TCFL2 -
— } -+
ALISS2123 —ALIS82122
ALISS212.4 - RS 15AP30 -«

Powered by Michigan LDServer
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Joint display of regional plots and annotation tracks

* Specify a regional association plot =~ e R s

° Choose from Wide range Of EBIGWASCMO\“\I [ ; i |
annotations to build customized

Bottom-line meta-analysis
e . iy
mi
display within the browser o |

Chromosome 1 (M)

* Customized information shown in R—
dropdown menus and the chosen s

panels are stacked B i
* Filter results based on p-value or L
fold change for enrichment analysis = == -
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Bottom-line analysis

* Portal includes results for many (overlapping) datasets

* Naive meta-analysis ignores overlap, misstates evidence

» We (Sengupta et al. 2021) developed method to estimate the overlap
and adjust for it

(a) Naive Meta-Analysis (b) Meta-Analysis Correcting for Overlap

* Use pair-wise correlation estimates
between Z-scores to estimate overlap
and adjust meta-analysis weights

P-value

- logy Meta-Analysis
- logyy Meta-Analysis P-value

* Incorporated into METAL, portal

[ Example: HDL cholesterol - logy, Target P-value - log,, Target P-value
ACCELERATING MEDICINES PARTNERSHIP (AMP) -l ¥
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Planned near-term additions to
LocusZoom and the portal
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Conditional analysis: proposed user interface

Select individual covariates via tooltip List of covariates in dropdown

Select variants of interest menu: synchronized with plot

. Y/

oF 3 10:114774433 ArC Model Covariates (2)

o
=]
1

ool :.‘: P Value: 8.79 x (x] 10:114758349_C/T
107-102 (x] 10:114774433 A
Ref. Allele: A

-log10 p-value
3
Il

Make LD Reference x Remove All Covariates
IAdd a variant l Add

Add/remove covariate

T T 0 o
114.60 114.70 114.80 114.90 115.00

Chromosome 10 (Mb)

Results will be shown by re-drawing same points with new p-values. Toggle view (before/after conditioning).

ACCELERATING MEDICINES PARTNERSHIP (AMP)
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Display LD for multiple signals on same plot

25

* Conditional analysis often . o oxue e o
. .o . ‘:l:ﬁrswgsas
identifies multiple 1 s ¥
independent signals L § T ——

* Useful to differentiate )
multiple signals on one plot |

* This example uses color for A Y LG !. |
that purpose " N

* Huyghe et al. Nat Genet [l

T T T T T
2 0 1 9 6 6.2 6.4 6.6 6.8 7 72
Position on chr20 (Mb)
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Aggregation tests: WGS data on the portal

* On-the-fly rare variant aggregation tests are available
for exomes on the portal

* WGS data: (a) individual-level or (b) summary statistics and
covariance matrices

* Individual-level data: GoT2D, METSIM (soon)
* Summary statistics: TOPMed

* Updating LocusZoom and portal (covariance ingest pipeline,
storage) to handle WGS data

e Continue to intake relevant non-coding annotations
ACCELERATING MEDICINES PARTNERSHIP (AMP) 55 ¥, Y
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Under development:
eQTL browser
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FIVEx: Visualization for Genotypes, Expressions, and Tissues

Search for a variant, region, or gene: chr19:488506, rs10424907, or SHC2 n

Search for: Variant by position: chr1:109274968 « chr2:21044589 « rsID: rs12740374 « rs934197
Region: chr1:108774968-109774968 » chr2:20501429-21544073 » Gene: SORTT - APOB
First time? View the tutorial here to see what FIVEx can do

https://eqtl.pheweb.org/

* A new tool to explore and compare eQTLs

* Two different views of gene expression associations

* Region view: effects of multiple variants on a single gene in a single tissue
* Variant view: effect of a single variant on multiple genes across multiple tissues

® Real-time visualization to suit researcher needs

Kwong, Boughton, Wang, VandeHaar, Boehnke, Abecasis, Kang, Bioinformatics, in revision

ACCELERATING MEDICINES PARTNERSHIP (AMP) : 78
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Jumpto: piot]  Extemallinks]  eQTLTable 1 —

. Single-tissue eQTLs near APOB (chr2:20,890,000-21,230,000)
eQTLs: region view s

Explore variants’ effects on gene o
expression in different tissues
e Compare genes/tissues in stacked plots
¢ Show LD information across panels

RPG S a5

valuo
IR

Multiple eQTL metrics
* P-value

* Effect size

® Posterior inclusion probability SigiticareqLsin ARoR

Chr * Position Ref * Alt * Tissue -logio(p) ~ FEffectSize ~  SE(EffectSize) ~ PIP T PIPcluster ~ SPIP

21042269 A 2098 035 0027 097 1 10

Interactive interface
¢ Clicking on any point shows eQTL info
¢ Navigate to single variant view

21044589 A Esophagus_Gastroesophageal Junction 816 -028 0046 0% 1 096

21044589 Artery_Tibial 1010 -019 0029 083 1 098

A o o n

Heart_Atrial Appendage 1095 023 0032 ors 1 098

ACCELERATING MEDICINES PARTNERSHIP (AMP)
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Jump to: piot] Varantinfod  eQTLTabled

cis-eQTLs associated with variant: rs570877 (chr2:21,028,168 T/G)

eQTLs: variant view

.....

Explore a variant’s association
with gene expression across :
tissues

Interactively change grouping
and coloring to aid comparison

See strength of signals,
direction of effect

ACCELERATING MEDICINES PARTNERSHIP (AMP) < f-d ¥
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Summary

® Continuing goal: bring together data and tools to accelerate
investigation and discovery for genetics of common metabolic
diseases and related traits

® Create reusable visualization and analysis tools applicable to a
wide array of problems on the portal and more generally

ACCELERATING MEDICINES PARTNERSHIP (AMP)
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Diabetes Epigenome Atlas: annotating non-coding risk
variants for complex disease

Kyle Gaulton
Assistant Professor, UCSD
May 27, 2020

Most common disease risk variants are non-coding

Determining the function of non-coding risk variants is critical to understanding
the cell types, genes, and pathways involved in common disease

However - requires effective annotation of the genome and epigenome

?
Risk

i i variant i i




Epigenome data repository and web server
Dm Database of epigenomic and other functional
genomics data from human tissues and cells
E]m relevant to diabetes, complications and other
common diseases

Alas
. . Based on open-source software developed by
https://www.diabetesepigenome.org ENCODE

Primary goals:
Collect, process and deposit relevant experimental and

g .7
ACCELERATING MEDICINES PARTNERSHIP (AMP) |

Daa  Toos  Help

XUX DRDEES o annotation data and meta-data
pigenome

tlas

, Create forum for AMP CMD and other consortia to share
o experimental and annotation data

Enable comprehensive annotation of non-coding variants

News ..

- Provide data to the CMDKP to annotate disease-
i — associated non-coding variants

Intake and representation of data in DGA

Sources Data types Availability
( ENCODE, GTEx )
and other
resources
N - Experiments DGA
-
GEO/EGA for
published studies e.g. ATAC-seq, RNA-seq, HI-C, Web interface, API
J snRNA-seq, Perturb-seq
N l lCustom API
AMP-CMD
consortium _ _
" J Annotations (derived CMD KP

from experiments)

Other consortia

(e.g. HPAP) e.g. chromatin state, cCREs, gene
expression, ABC predictions




Data currently in DGA

Total experiments and annotations (released and pending) as of 05/19:

Annotations: 4,193

Annotation Annotation type Date rleased Avaiable data
Gliek to fiter the o8 February.2021 2623 bedbeds
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I {FiEfEERIES
stom coll s
EndoCBH1 1 18 8 1 1
Organ ]
eptheium ur 14 3 1
Vadney 201 4
bain 262 2
conective tiasve 2
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i 1wz 2 2 151
334 1
Project 1811 2
e 820 269121 1
o 320 1 a0 A
ENCODE 5 “a
Genome assembly (visualizatior) Waney 215619 1 1121 2
hgta 208 islotof Langerhans 1 2 8 13 1 1 1 3 3
GRGnss 17 Bt 11815212 3
2

https://www.diabetesepigenome.org/matrix/?type=Experiment

Experiments: 4,955

Experiment Matrix

Assay Assay catagory Targot of assay Date relensed Availabla dats
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eson 2z DA O vascipmonmcers?s Mz W
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Langernans ot P
Project pancreatic alpha cell 13 27 13 13 7
o 2 pancrastc beta ced 13 27 14 12 7
TID as2 hepatocyte & 3530 1 1
HPAP 142 0 95 mors
Encove "
Hepa2 X 14 1 11 2 2 1
Ganome assembly {visualization) EndoC_BH1 15 33 19 ! .

ng1e

ol e e e i

https://www.diabetesepigenome.org/matrix/?type=Annotation

Data currently in DGA

Annotations broken down by tissue category

https://www.diabetesepigenome.org/matrix/?type=Annotation

Experiment Matrix

Click of enter Search terms 1o filter the
experiments included I the matrix.
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Types of data in DGA

Cis-regulatory elements

Chromatin state (ChIP-seq)

Histone modification sites (ChlIP-seq)
TF binding sites (ChIP-seq)

Accessible chromatin (ATAC/DHS-seq)

Cis-regulatory
elements (cREs)

Types of data in DGA

Cis-regulatory elements
Gene target predictions

Chromatin state (ChIP-seq)

Histone modification sites (ChIP-seq)
TF binding sites (ChIP-seq)

Accessible chromatin (ATAC/DHS-seq)

Genes linked to
cCREs

Cis-regulatory
elements (cREs)

Chromatin interactions (Hi-C/pcCHi-C)
Co-accessibility (ATAC-seq)
ABC predictions (ATAC-seq/Hi-C/ChlIP-seq)




Types of data in DGA

Genes linked to Chromatin interactions (Hi-C/pcCHi-C)
Cis-regulatory elements CCREs Co-accessibility (ATAC-seq)
ABC predictions (ATAC-seq/Hi-C/ChIP-seq)

Gene target predictions
Variant allelic effects /

Variant effects

on cCRES eQTLs (RNA-seq)

Chromatin state (ChIP-seq)

Histone modification sites (ChIP-seq)| Cis-regulatory
TF binding sites (ChIP-seq)| elements (cREs)
Accessible chromatin (ATAC/DHS-seq)

caQTL/hQTL (ATAC-seq/ChIP-seq)
eSNP/pbSNP (STARR-seq/SELEX-seq)
Predicted effects (dSVM, Bassett)

Variant effects
on cCREs

Types of data in DGA

Genes linked to | Chromatin interactions (Hi-C/pcCHi-C)
C/'S_regu|atory elements CREs Co-accessibility (ATAC-seq)
ABC predictions (ATAC-seq/Hi-C/ChlP-seq)

Gene target predictions

Variant allelic effects / )

Gene activity and function Variant effects
on cCREs

eQTLs (RNA-seq)

Expression level
Chromatin state (ChIP-seq) Gene function (RNA-seq)
Histone modification sites (ChIP-seq)| Cis-regulatory
TF binding sites (ChIP-seq)| elements (cREs)
Accessible chromatin (ATAC/DHS-seq)

caQTL/hQTL (ATAC-seq/ChlIP-seq)
eSNP/pbSNP (STARR-seq/SELEX-seq)
Predicted effects (dSVM, Bassett)

Variant effects
on cCREs

Other upcoming data types:
CRISPRi screens, Gene manipulation (e.g. KO), spatial imaging




Annotating variants in DGA directly

rs11680058 Variant search
T2D DIAMANTE PPA=0.98

Enter coordinates or rsid

rs11680058

Pancreatic islets: Succoss
Accessible chromatin

Active Enhancer

Chromatin loop to MYCN

‘Searched coordinates: chr2:168574669-16574669

Annotation Type Showing 6 of 6
accessible chromatin
chromatin state 1 | Pownicad Elements - M Knowledge Portal
target gene predictions 1 s
Tissue
pancreas 6

Annotation Dataset: Islet of Langerhans accessible chromatin annotation of
overlapping ATAC-seq sites from 38 non-diabetic samples with most

Biosample term

islet of Langerhans. 8 =
= y; significant peak selected
endothelial call of umbilical vein 3 Annotation type: accessible chromatin
heart loft ventricle 3 Biosample: islet of Langerhans
Overlapping Coordinate State

pancreatic alpha cell 3

chr2:16574471-16574953

Annotation Source
ATAC-s8q peaks
ChromHMM states
Chromatin loops
DNase-seq peaks

3
1
1
1

Underlying Assay
ATAC-seq
ChiP-seq
DNase-seq
PCHI-C

aileedn

Annotation type: accessible chromatin
Biosample: islet of Langerhans.

Overlapping Coordinate State

chr2:18574471-16574853

with

Value

Annotation Dataset: Islet of Langerhans accessible chromatin annotation of *
overlapping ATAC-seq sites from 43 i ic and T2D p i
most significant peak selected.

Value

=3

DGA annotation data in CMD KP

Cis-regulatory elements

Globally enriched annotations

Which cis-regulatory elements are enriched for trait or disease association?

Globally enriched annotations for Chronic kidney disease @

This table lists tissue- or cell type-specific annotations from the Diabetes Epigenome Atlas that are enriched for genetic associations with
this phenotype, as determined by the GREGOR method. These enrichments can suggest which lissues are most relevant for a disease or
trait,

Annotations Methods Tissues Ancostry

P-Value () Fold (2)

Selected Filters:

Download CSV
Tissue Annotation Ancestry P-Value Fold
Kidney Accessible Chromatin East Asian 9.36e-7 2.50
Kidney Accessible Chromatin South Asian 10.000059 233
Muscle Structure Accessible Chromatin East Asian 0.0002456 188

Genomic region viewer

Which variants at a specific locus overlap cis-regulatory elements?

Add tissue Add annotation

Add a tissue. s Add an annotation

Add credible set

Add a credible set

Filter annotations by global enrichment

P-Value (3) |

Fold ()

Selecad Fiters: CETED ETIEIIID

eGFR-creat (serum creatinine) Variant Ca]talugl |
I

eGFR-creat (serum creatinine) Variant Associations
0
. ¢

-log10 p-value
8 & B

207 2078
Kidney. some 11 (Mb)
y . 30748395-30740568
Ci Regions

-\!I USRI R [T B

[0 Popuiation: AL ]




DGA annotation data in CMD KP

Gene target predictions

Genomic region viewer | cuszoom o inoseas
(in progress) liver abc

015 i
Which genes are affected by cis oo / \I "
regulatory elements? 5 [ )|

@ N e
005 | ‘I“.‘\ // \
000 1__/ N _
48,80 4880 881 881
Chromosome 20 (Mb)

CD14-positive monocyte abc

/ AN
0.15
\

®
10 \
@ It/

0.05- |

~ ||
000 — b r T
4880 4880 4881 4881

Chromosome 20 (Mb)

Andy Boughton
Mike Boehnke —CEBPB-AST

Parul Kudtarkar

DGA annotation data in CMD KP

Gene target predictions

Genomic region viewer

. LocusZoom v0.130-betad
(ln progreSS) Pancreatic islet eQTL GI-
Which genes are affected by cis
regulatory elements?

Chromosome 10 (Mb)
Pancreatic islet Chicago Score >= (EEY)
s — - B -
2" .
8 ™~
a
s
~
s o g i
Chromosome 10 (Mb)
Andy Boughton [T
H - 1 L ToF7Le— ]
Mike Boehnke & ‘
—AL158212.2 RPS15AP30—

Parul Kudtarkar




DGA annotation data in CMD KP

Other developments in progress

[Ecellxgene [—— v 2o [l @ @ Bla & w5

Single cell browser

Creating comprehensive catalog of
single cell embeddings from AMP
and other relevant studies:

e.g. pancreas, pancreatic islets, peripheral

blood, heart, skeletal muscle, kidney + many
other tissues

¥

HEE

What cell types/states are genes
expressed in? What cell types/states are
relevant cis regulatory elements active
in?

FEESsides

Parul Kudtarkar T

DGA annotation data in CMD KP

Other developments in progress

Gene expression browser

Select Gane
(Gne oc More) Sasct Calor Adustths Lt Margin

TMPRSSZ vinds

What cell types/states are genes
expressed in? How does expression
change across relevant phenotypes, e.g.
sex, age, disease status, drug status etc.

Select Cell Type
(Gne oe Mors)

A1 Cal Types

Rosetto Datacit

Gene Links
Select Gane -

PRS2

<. .s000

Cllk here o see the Input Gene in

Variant Ragion Overtap

CareCarda Vet

T

Parul Kudtarkar
Sharvari Nardendra
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The NEWS Team:
Bridging the gap between T2D GWAS
and therapeutic targets

RIsEA

Q HZ V# hdp

From T2D GWAS to therapeutic targets

Variant = Element = Tissue = Potential effector transcript

Transcript = Function = Mechanism = Therapeutic hypotheses

Data integration = Network analysis = Target prioritization

QHZ V# hdp



From Variant - Element— Tissue -~ Potential Effector Transcript

Genetics Genetic Variants from GWAS and Sequencing Studies
Working Type 2 diabetes, related traits, complications
Group Individual populations and trans-ancestry analyses

Dissect signals, fine-map variants

4 ik i 2 N
f Perturb Variants \ (Perturb Elements\ ( Perturb Cells \

Genome-Wide Omics

Colocalize with QTLs for STARR-seq massively parallel CRISPRI of regulatory Assay effects on
chromatin accessibility: caQTL reporter assays elements transcriptome and epigenome
gene expression: eQTL General and cell-specific Assay effects on gene across development and

promoters expression stimulation conditions

splicing/isoform level: sQTL

metabolites: mQTL

proteins: pQTL

AL @exe) A LRSS

¥ ¥ ¥ 4 Models and

Working Prioritize Tissues of Action & Link Regulatory Elements to Genes V'?lsslf'ys
= orkin
group Systematic predictions of regulatory element connections to genes 9
Effector Tissue of action based on expression and epigenomic annotation Group
= . PheWas — agnostic to transcript based on physiology
Transcripts
QHZ V# hdp
From Variant - Element— Tissue ~ Potential Effector Transcript
GWAS colocalizati ith lecular QTL
QTL data available or in process R rs702634qy o234y
QTL & tissue n QTL & tissue n ) L o ‘
eQTL-islet 420 caQTL-islet 228 210 o
eQTL-islet ~1500 caQTL-liver 149 a I~
eQTL-liver 1183 caQTL-adipocyte 50 N &
eQTL-adipose ~2400 caQTL-sn-muscle 343 = s 14|
eQTL-muscle 977 methylQTL-islet 125 2 '6
eQTL-sn-muscle 343 methylQTL-adipose 276 = D
eQTL-blood 31684 methylQTL-muscle 265 (G]
sQTL-islet ~1500 miQTL-adipose 263 o 0 i
sQTL-liver 208 miQTL-muscle 290 @ @ @ s as
sQTL-adipose 434 metaboQTL-adipose | 276 157026349 >. 60
sQTL-muscle 706 metaboQTL-muscle 293 8 x =001
pQTL-blood 6861 metaboQTL-blood 184 = S = p=
K 8 .
16.68 Il - ‘_U
= Y CaQTL SNP 15702634t the ARL 15 locus GG (31) 2 S
5= a sl g
G g E AA(122) 8 , 5 20 .
v O —
©a o =
E ‘P 52.8 53.0 532 535 53.8 o
- } C s } ¢ ¢ v
€ Skeletal muscle mesenchymal rs702634 allelic differences
_g < stem cells (~5% of nuclei) in mesenchymal stem cell
v 53.266 Mb 53.270 Mb 53.273Mb 53.276 Mb [CO|OC H4 PP= 095] tranSCrlpthnal reporter aSSay

Q HZ V# hdp Arushi Varshney, Steve Parker, Swarooparani Vadlamudi




From Variant - Element— Tissue -~ Potential Effector Transcript

Perturb variants: STARR-seq
:_f: YL :_i": ; SCP1 Promoter INS Promoter
: R oros N ET: 2.81x10% 5.98x10%
b S Ty 1.51x10% 2.14x10%
% S s 1.02x10% 3.80x10%
§ Pool and transfect cell 2 . ~173x10%
'00l and transfect cells ﬁ
AVAY O &
VM E 25
AAAW 2
\VAVAR %I 0.0
‘ Collect RNA, RT (add second e-
barcode @), PCR w
leferem N _25
\/. .W RNA bc 8’
= Distincf —
\\/VO\X\/“ st Empty CMV  NonRisk Risk ~ Empty CMV  Non-Risk Risk
I — |
VV. ) \)ao EEEE"” Vector Enhancer ————— pr— Vector Enhancer —
duplicates rs7163757 Enhancer rs7163757 Enhancer
High-throughput sequencing
e Enhancer variant only affects transcription with a cell-type-specific promoter
DNAbc + RNAbc = UMI

QHZ V# hdp Steve Parker, Jacob Kitzman

From Variant - Element— Tissue ~ Potential Effector Transcript

Perturb elements: CRISPRI

CRISPRi sensitively maps the effects of enhancers on target genes

| |

KRAB- R < RNA -
(CRISch’:F?Sg & oS lements 1.4 Mb
\{(:ﬁ wif . Regulatory connections 3 W \F
Cells expressmg P i Genes “« C 4 » {
KRAB-dCas9 80%00 .
[SNe)
gRNA virus i . H3K27ac RRSSIONTY N DU | 0 I VOO0 1 W0 XY | . J» I —
: DNase peaks CIOT L N T e W e [
* Example: BCL2 locus "1
Associated with increased risk for T2D, i i

insulin resistance, WHRadjBMI, & decreased
subcut. adipose tissue mass

o)
Ea——

adgose tssve
I W TR0 NN 0D N R e ——

skeeta muscle
O U I e ————

* Predicted effector BCL2 affects T ma onm MR
. subcutaneous adipocyte storage capacity . SEhe pe
= via mitochondrial impairment. | L

QHZ V# hdp Fulco CP*, Nasser J* et al. Nat Genet (2019); Strobel*, Laber* et al manuscript in preparation



From Variant - Element— Tissue -~ Potential Effector Transcript

Integrative analysis

Fine-mapped T2D variants

Activity-by-contact (ABC) ! !

| IS | |
Il'\llﬂ | |
s “Ll | ABC | e

Epigenome maps in 131 cell types

1 lll.n.

DHS peaks \ (]

. | - L

Lo Lids

Enhancer-promoter maps

QHZ V# hdp Fulco CP*, Nasser J* et al. Nat Genet (2019)

From Potential Effector Transcript—+ Function— Mechanism— Therapeutic Hypotheses

Systematic evaluation of transcripts

+\{ Genome Wide Data Lo e
\ : 5. T Available genome-
1 ’ . ' i
e == -+ oS |\
90 =

—>\ 100s T;égclod Screening o

020000.000000
ooocoooooooo
RO R e S )

0,000000.'000
(S X R X
R R R

R A SRR R

~240 prioritized T2D genes
(# sgRNAs/gene)

D Insulin secretion, Cell number Model d ® -
Lipid accumulation
g Mitochondrial function odels an
@ Differentiation
- Glucose uptake Assays

10-100s Focused Studies Wo rkl ng

Electrophysiology Group
8 . Mitochondrial

D Gluconeogenesis
&0 Lipid metabolism
“ Signaing

—

® oD

insulin secretion lipid accumulation differentiation
5:‘;&,’,‘,’:5::" beta cell death mitochondrial activity glucose uptake
e ER stress morphological profiling

1-10s Prio {Effectors

Cam @ variant editing

Therapeutic
Hypotheses

QHZ V# hdp

Screen in doxycycline-inducible dCasg-KRAB-expressing human cell lines




From Potential Effector Transcript—~ Function—~ Mechanism— Therapeutic Hypotheses

Targeted arrayed screens

" H H 2 ”
MetabolicCell Palating Targeted metabolic readouts

Lipid droplets Mito Alllm
Nuclei “w

Hepatocyte.

3%
300
200
1% H
H P 100
subpopulatlons\ o000 Lipids Feature w
RPN o J
:.'o; XX ;°:.; Cell contexts extraction BSA lele-z acid) 0 (fccr)
PRRRBRERELE  Stimulations . & analyses

000000008 ———» M —— High-dimensional feature analyses
~3000 —

/' e e P
Adipocyte &) Golgi features Seltel N | 4 ’
22 e 3 /
’ AR

differentiation

® o
.:. .

Q
.. ®o e

OO
)

10910 q-value

Mito

oo

* Cell context

rei & Gene knockout vs control
High Content Imaging

QHZ V# hdp Suzanne Jacobs, Melina Claussnitzer
From Potential Effector Transcript—+ Function— Mechanism— Therapeutic Hypotheses

Selected genes — detailed mechanistic studies

S o : o Sharing of IPS cell resources across groups with
Expertise in focused mechanistic studies across metabolic tissues domain expertise

Type 2 Diabetes Variants Disrupt Function Loss of ZnT8 function protects against diabetes
of SLC16A11 through Two Distinct Mechanisms by enhanced insulin secretion .
21810 as Mercader,45 . 2020 \ Viash Chandra©”,
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release from human pancreatic p-cells EA
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A regulatory variant at 3g21.1 confers % TR
an increased pleiotropic risk for hyperglycemia
and altered bone mineral density *

Nasa Sinnott-Armstrong, %22 Isabel S. Sousa,'*** Samantha Laber,'-** Elizabeth Rmdlnl—Ruody,’

Simon E. Nitter Danksl 910 Teresa Ferreira,® Gunnar Mellgren,*®'° David Karasik,'':'* Manuel Rivas,'

Jonathan Pritct l:g;d “ Anyonya R. (§umur Roger D] C‘?x ,° Cecilia M. I;l;nﬁ;:v; % Hans Hlll\.!“ s = 3 " o R . b
i o Vrisiang He I Eilo S, Latlec Douglas P. Kiel Confirming CRISPRI results using CRISPR editing ecruit by genotype

of SNPs in enhancers in isogenic lines

QHZ V# hdp




Data Integration ~Network Analysis —~ Target Prioritization

Map multi-omic gene networks and modules

Mitochondrial
Tespraon Network hubs & modules

RNA-seq, metabolic, proteomics

1c0c1 2 ]cOcl 2 glcOcl 2 o DNA repair
[ e [ [RSe <) IERP 5 \ @ L ;
P F:= Sl I - DA S . containing effector transcripts
[ - 93 e g3.. Mitochondrial
(<L TRpr— [ — G4 import =
=< mMRNA expor
@ Mitochondrial i 4 J\.
ribosome N )
@ MTORC2/PISK-AKT &a Endosome — N
signaling i e T
. . ° g o
Gene association matrices Kefutihe ° @ transport
" P NA processing @ Centromere © /.'

l oA Peroxisome
o NFkB Major Histocompatibility & - GPI = »
| | signaling ] Cama synthesis o
L] o\ s 7 xSRI . , -
O RINA polymeras I ° Differential network module activity
ER

Interferon
v ST N across cell types & conditions
()\ycoslyluhon s Centriole B siomere 5 E

Mitosi signaling
o 0y g0 0 el O P Shiomit

Ry L ¥/ L@ adhesion romodeing
o o % 7% U DS LS : '
0 0 oo o signaling ¥ nucleotide ® H H
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oo 0 o%
@Spliceosom

Lipid
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igh B ©Autophagy H Y i

Functional . . .
enrichment Network visualization . :
O - ‘@‘ e

Annotations
Data Integration ~Network Analysis —~ Target Prioritization

Individual disease heterogeneity

Pathway-Specific ~ Clustering
Precision Risk individuals

based on risk
g E Pathways
::f) N

A

...................................

...................................

CoreT2D Individuals
Pathways

- b
| i

Individuals

Pathways

e
T2D Risk

QHZ V# hdp Jose Florez




Summary e

Variant = Element = Tissue = Potential effector transcript
* ¢/caQTL Colocalization * CRISPRi screens
* STARR-seq * Activity By Contact

Transcript = Function = Mechanism = Therapeutic hypotheses
* Targeted screens * Drosophila models

* Mechanistic studies * Allelic series
Data integration = Network analysis = Target prioritization

* Gene networks and modules ¢ Cell-specific regulators

* Network visualization * Individual disease heterogeneity

Q HZ V# hdp
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Functional Interrogation of T2D-associated genes
in human stem cell-derived models and mice

FNIH AMP CMD Inaugural Meeting o May 27, 2021

& Penn Medicine  CH guemzige

Project Workflow

Computational Genetics Physiological Assessment of Effector Transcripts
Variant-to-Gene Mapping Mechanistic/Pathway Analyses
Pancreas |
Genomic position (p) - - Genomic position (bp) > : / G,‘c/zl;gsf-,e LipoJI:Vs/s J(z;j/;f:,f;\
Which are the i
causal variants? S -go \
Fine-mapping ’ / t A \\,J, .
YO
S S =
. s NN
In which cell types ‘ E Liver Adipose Tissue Sk. Muscle
do the variants act? g
2|
SNP enrichment J 5
. E\ ;\f/ \’ \\’
Ceigs Genomic:position (bp) & !77 Y NG
Which genes are regulated - KHH Primary cell & iPSC-models Mouse models of obesity
by the vefnar'\ts? H1 e Disease Modeling & diabetes
Colocalization Genes Mechanistic Studies - Integrated Physiology

Adapted from Cano-Gamez & Trynka, Front. Genet. 2020 ..
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Ben Voight

Co-Leader,
Genetics
Working
Group

Computational Genetics

Computation studies using human genomics data Focal Traits (Beyond T2D)
Causal inference Studies via Mendelian Randomization CVD and PAD
Multivariate association studies (mvGWAS) Non-alcoholic Fatty Liver Disease
Statistical Genetics + Genetic Epi: Post-GWAS analysis Causal traits related to CVD, PAD,
Population Genomics Studies T2D, and NAFLD

Active involvement with the Million Veteran Program

15 to 20 years of EHR data, >450,000 participants: Genotyped + Imputed Data

Importantly: Diverse Ancestries, ~1M by 2022; + exome sequencing, + genome sequencing

Causal inference studies for cardiometabolic, glycemic traits, NAFLD
The search for insulin-resistance and non-beta-cell biology T2D associated loci

Methods development + analysis with multi-ancestry data: causal inference, polygenic risk scores, and mvGWAS

QTL discovery and analysis efforts using data generated by the Human Pancreatic Analysis Program (HPAP)

& Penn Medicine @H gimtoiet

Struan Grant
Functional Genomics
Co-Director,
Center for Spatial &
Functional Genomics
Co-Leader
Effector Transcripts
Working Group

Andrew Wells

Chromatin Regulation
Immune Signaling
Co-Director,
Center for Spatial &
Functional Genomics

‘Variant-to-Gene Mapping — At Scale’

GWAS
SNP

§ § é Causal SNP ® !

ELELE s o o . —
R S ——

N

Chromatin Accessibility

PROXY
PROXY
SENTINEL

High-resolution
Identify proxy SNPs Identify open SNPs with Capture C: Contacts
in LD with sentinels ATAC-seq with putative effector
gene promoters

Cousminer, Wagley, Pippin et al. Genome Biology 2021

@ Penn Medicine GH gpgi,;f;;zz:?:im Center for Spatial

& Functional Genomics




e.g. ldentification of ING3 at 'CPEDT' locus
for Bone Mineral Density

200 Kb
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CON Knockdown of ING3 expression
z * Impairs osteoblast differentiation
ING3 \' )) ; * Butnot WNT16 or CPED1
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@ Penn Medicine £} Chilrens Hospital

of Philadelphia

Human Pluripotent Stem Cell Discovery Platform for the
Study of Genetic Contributions to Diabetes

#
= Insulin reporter ER stress reporter
| Fluorescent protein NeonGreen Various cell stressors, such as ER
5 3 u is targeted to the endogenous INS  stress, induce splicing of XBP1 into
©) 'S:'L‘:Lf'}’er zf:“egtl'glfﬁl‘:fe":f"‘s ] locus, creating a fusion protein  XBP1s. This splice changes the
Paul Gadue . . patients or large scale genomics that traffics with endogenous frame of the protein. Including a
Human stem cell models, @ Patient-derived Seiadios défino mutsHos of insulin. Allows quantification of portion of XBP1 with the splice site
-cell biolo iPS cell lines vaflaiite sssoclated Wit dIabetes insulin content and localization.  allows the generation of a spliced in
9y Generate induced pluripotent : H frame RFP only upon cell stress.
Assoc. Director, stem (iPS) cell lines from i
CHOP ES cell Core diabetic patisnts; NG __exond

splice= in frame &

No splice= out of frame

Use of reporter stem cell lines to
study beta cell biology (2 examples
@Correct/ Introduction shovm sbove):

of mutations
Generate corrected patient
iPS cell lines through genome
editing. Alternatively,
introduce mutation into WT
iPS or ES cell line.

INS-GFP+
beta-like cells

Assay impacts on beta cell
development and function

Assay gene expression, functionality such as
insulin secretion and metabolic activity.

patient control

©®

@ Differentiaion beta cells
Using genetically matched isogenic
stem cell lines harboring various
genomic lesions, differentiate into
pancreatic beta cells.

@ Penn Medicine £} Chilrens Hospital

of Philadelphia




IPSC-derived cell and disease models

iPSC-Hepatocytes

Medium apoB
Cellular apoB ssaiG o ium ap

3
i Control _R46G_ Correction X '
H Control _R46G_ Correction
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]
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iPSC- Skm IPSC CM
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*
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¥
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Wenli Yang —_—— .
iPSC models 87
Dirccter RIS ST S R R . $ 0 e o Y coma e cometon
Penn iPSC Core
Co-Leader, c:ntrol
Models & Assays
Working Group IPSC EC IPSC RPE IPSC Adlp
Liu...Yang and Rader Cell Rep 2017
ApoE . .
iPSC-Adipocytes
350000
; ; 300000 I
Stem cell resources for this project 250000
> Human induced pluripotent stem cell (hiPSC) lines from 132 healthy donors 2 izzzzz Insulin-stimulated
> All donor and hiPSC DNA are fully genotyped w000 | glucose uptake
> 90+ lines differentiated into hepatocytes and RNA sequenced 5”‘”2
> All lines are available at WiCell repository 0nM | 10nM
> These lines provide a rich source of common variants for investigation nsulin
% Penn Medicine Chdrar's Hosplisl

Mouse Modeling

» Developed over 50 T2D-relevant genetic and disease models
» Derivation of a new targeted point mutation or loxP allele in less than 2 months

» Outstanding capability for metabolic phenotyping via DRC-supported cores
* Mouse metabolic phenotyping (Joe Baur)
* |Islet Biology Core (Doris Stoffers)
* Metabolomics Core (Josh Rabinowitz/Princeton)
* Penn Human Metabolic Tissue Bank (Ray Soccio)

Jax.org

% Penn Medicine Chdrar's Hosplisl




i

Klaus Kaestner

Diabetes mechanisms,
Pancreas & liver biology
Mouse Modeling

Investigator,
Human Pancreas
Analysis Program

Pancreatic Islet Biology

Assessment of Islet Function in
Genetically Modified Mice

Acinar

Sarnett Cellular,
Classifications
@Acinar
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% Penn Medicine

Liver Biology and Disease

Functional Genomics

7 o i
27
Klaus Kaestner
Liver development &

physiology

S

Day 0 Day 5 Day 15
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) ) Primary hepatocytes
Lipogenesis Glucose Output Acety-CoA
Paul Titchenell 4 rkk 3 g
Insulin Signaling E 245
Integrated Metabolic Hepatic =3 &2 8
p 0
Physiology Metabolism %2 E: 3
€ 1 3 5
1 3
0
m o o Fructose: 2C G 12C -
P - Control  L-Akt DKO Control L-Akt DKO Acetate: 2C 2C 3C 1°C
4 Ny In vivo metabolism Flux studies analysis
‘ (Titchenell et al Cell Met 2016) (Zhao et al Nature 2020)
Dan Rader - tati
3D hPSC-differentiation
Lipid Metabolism

Day 20

20 Hies [l 30 organoids

Abbey et al., Hepatol Commun, 2020

% Penn Medicine
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Wenli Yang
Cellular models

Insulin Tolerance Test

100
—e- Control

\ -#- M-Akt KO
NS

% Initial Glucose
8

Time (min)

Insulin resistance in Akt-KO mice

Ex vivo physiology (Jaiswal et al Mol Met 2019)

Muscle Metabolism and Function

Time (msec)

MYHC/DAPI

hPSC-derived muscle cells
for functional analyses

Skeletal Muscle Biology

MYH3/DAPI

Glucose Uptake
UNS

INS
= INS + Wortmannin

123
Mi3 @08 Licwe — > Lacue
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M3 @0 Pyruviic

123 123456

1
M3 089 THosephosphac

M 000000

Masde

In 7\7/ivro glucose uptake & flux analysis
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CPM/mg protein

500000

1 10 100
Insulin (nM) 20 min

Insulin-stimulated glucose uptake
Human primary muscle cells

Children's Hospital
of Philadelphia

% Penn Medicine &

Pathologic Expansion - inflammation

« Hypoxia

&y

Patrick Seale
Adipocyte biology,

Ectopic Lipid
Accumulation and
Lipotoxicity

Obesity pathogenesis
adipocyte
differentiation
+ Angiogenesis |
Insulin Resistance
. Adapted from Hepler,
Healthy Expansion Mol Cell Endocrinol. 2017
Phase Qil Red O
Lipolysis
PGCla H.Mito P y
(ATPV-a)) 0.4 * =
(UQCRC2) o
I} 2L 03
hASC- 5 : <5
. 5 >
adipocytes {Dmsoy e ] 8 220
_— e = = =] i
(NDUFBS) fope)
kot 82 01
PPARy cs
PACTIN | S————— Rt BAT 0
Ll Iso: ~ +
Rosi - ¢ - ¢ - # - & Insulin: - -+

et al, Mol Cell Endocrinol. 2015

UMAP 2

Adipose tissue and obesity pathogenesis

10 i
PROX1+ %
&
Adipocytes SEMAsA’. ‘:
5 A
PPARg+ L%
SMClke  F13A7+
5 x
-5
-10
-10
Pro-fibrotic/
-inflammatory
‘x Preadipocyte White Adipocyte
s ~
Obesity/Diabetes > > / \
> ° {
—/

Mesenchymal \
Stem Cell —

Brown Adipocyte

Wang et al, PNAS, 2014; Merrick, Sakers et al. Science 2019;

Angueira, Sakers et al., Nat Metab, 2021;

Children's Hospital
of Philadelphia

% Penn Medicine &




Summary & Current Focus

> Refine list of T2D-related transcripts and site(s) of action
» Additional development and validation of iPSC models

» Establishment and validation of robust cellular assays for insulin-action
» Emphasis on development of novel mouse models, integrated physiology studies

Thanks!

Investigators
Wenli Yang, PhD
Ben Voight, PhD
Struan Grant, PhD

Klaus Kaestner, PhD

Dan Rader, MD
Patrick Seale, PhD
Paul Titchenell, PhD
Paul Gadue, PhD
Andrew Wells, PhD
Casey Brown, PhD

Yang Chen, PhD
Mitch Conery

Donna Conlon, PhD
Kate Creasy, PhD
Karima Drareni, PhD
Long Gao, PhD

Nick Hand, PhD

Collaborators

Doris Stoffers, MD, PhD
Mitch Lazar, MD, PhD
Joe Baur, PhD
Ray Soccio, MD, PhD
Josh Rabinowitz, PhD

Team Members

Mary Ann Hazuga
Natasha Jaiswal, PhD
Kim Lorenz, PhD
Dawn Marchadier
John Millar, PhD

Matt Pahl, PhD

Joe Park

Jim Pippin

Dominic Santoleri
Subhshri Sahu, PhD
Carolin Schneider
Rachel Stine, PhD
Marijana Vujkovic, PhD
Jaclyn Welles

National Institute of
Diabetes and Digestive
and Kidney Diseases




Accelerating Medicines Partnership
Common Metabolic Diseases Inaugural Meeting
May 27, 2021

TOPMed ‘Omics of Type 2 Diabetes and Quantitative Traits

James B Meigs MD MPH
Division of General Internal Medicine
Massachusetts General Hospital
Harvard Medical School

MASSACHUSETTS “'”’ Harvard Medical ’ ' FRAMINGHAM .—NHLB[q '
@ GENERAL HOSP]TAL Sehoot E %&({)TI%R $A0) HEArTsTUDY ’m
TOPMed

©®NOoO R ON =
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UM1 DK078616 — TOPMed Team

MGH: James Meigs (Pl), Alisa Manning, Jose Florez, Aaron Leong
Broad Institute: Josep Mercader, Jason Flannick

Boston University: Josée Dupuis, Ching-Ti Liu

U of North Carolina: Laura Raffield

U of Indiana: Jennifer Wessel

U Colorado-Denver VA: Sridharan Raghavan

U of Texas Houston: Paul De Vries, Alanna Morrison

U of Washington: Susan Heckbert, Jen Brody

Fred Hutchinson Cancer Research Center: Charles Kooperberg

10. Lundquist Institute: Jerry Rotter, Kent Taylor
11. Cedars Sinai: Mark Goodarzi
12. McGill University, Montreal, QC: Rob Sladek




AMP CMD - TOPMed Steering Committee Members

James Meigs Alisa Manning Jerry Rotter Rob Sladek Laura Raffield Sridharan
Harvard Harvard Lundquist McGill University of Raghavan
MGH MGH Institute University North Carolina University of
Broad Broad Colorado
Denver VA

2 UM1DK078616-13 TOPMed Omics of Type 2 Diabetes and Quantitative Traits
Project Period Start Date 04/01/2008 — End Date 12/31/2025

Aim 1: Test WGS-wide for known and new T2D and QT- associated loci in five ancestry groups
 Common and rare variant tests will find validated variants associated with T2D, FG, Fl and HbA1c
* MR, PRS and allelic series tests will reveal T2D physiology and disease etiology

Aim 2: Test omic measures individually and in multilevel network models of T2D pathobiology
» Methylomic, transcriptomic, proteomic and metabolomic signatures are associated with T2D and QTs
+ Multidimensional omic and genomic network models will reveal new pathobiology of T2D

Aim 3: Integrate TOPMed WGS, omics with AMP T2D DGA, T2DKP for variant-to-function analyses
+ Tissue-specific DGA epigenomic data will inform variant-to-function knowledge for T2D associations

* Genomic and phenomic cardiometabolic data in the T2DKP will inform variant-to-function and health
impact for T2D associations

Aim 4: Participate in AMP T2D CMD Consortium activities




AMP T2D “OP6” - TOPMed Freeze 5b Whole Genome Sequence

Manuscript
m“

9,639 T2D cases and Wessel, J. et al. Rare Non-coding Variation Identified by
Type 2 Diabetes 34,994 T2D controls from Submitted and Large Scale Whole Genome Sequencing Reveals

16 studies and 5 in preprint Unexplained Heritability of Type 2 Diabetes. Medrxiv 2020.

ancestries https://dx.doi.org/10.1101/2020.11.13.20221812

DiCorpo, D. et al. Whole Genome Sequence Association
Submitted and Analysis of Fasting Glucose and Fasting Insulin Levels in
Diverse Cohorts from the NHLBI TOPMed Program.

26,920 non-diabetic

Fasting Glucose & .\ 4+ als from 15 cohorts

Insulin and 5 ancestries n preprint Medrxiv 2020.
https://dx.doi.org/10.1101/2020.12.31.20234310
Sarnowski C. et al. Impact of Rare and Common Genetic
10,338 non-diabetic Published Variants on Diabetes Diagnosis by Hemoglobin A1c in Multi-
HbA1c individuals from 5 studies AJHG Ancestry Cohorts: The Trans-Omics for Precision Medicine
and 4 ancestries Program. Am J Hum Genet 2019.

https://dx.doi.org/10.1016/j.ajhg.2019.08.010

TOPMed WGS Variant Frequency Spectrum by Islet Functional Annotation

T2D Prevalent Case-Control Freeze 5b Analysis, 373.3M variants, average sequence depth 38x

c
2 SES  Eonancer 0415 - |
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B 0.1%<=MAF<1% 1%<=MAF<5% MAF>=5%

TOPMed




TOPMed Freeze 9 Diabetes

- T2D: Fasting Glucose = 7 mmol/L or

HbA1c = 6.5%

- Prediabetes : Fasting Glucose = 5.6

mmol/L or HbA1c =2 5.7%

[Self Reported Race/Ethnicit

African 24%
Asian 7%
European 46%
Hispanic 21%
Samoan 2%

Amish 933
ARIC 3,114
BioMe 2,461
CCAF 324
CFs 477
CHS 2,651
DHS 20
FHS 1,641
GeneSTAR 1,155
GENOA 415
GenSalt 1,133
GOLDN 656
HCHS_SOL 1,947
HVH 608
HyperGEN 1,382
JHS 709
MESA 2,687
MGH_AF 910
Partners 97
SAFS 733
Samoan 801
THRV 815
VAFAR 144
VU_AF 921
WHI 1,944
Total 28,678

3, 406
3,389
0
226
0
0
1,692
318
208
470
87
3,013

27
1,300
1,467

226
186
521
0
0
3,573

20,109

962
W 836 8,356
4,747 10,597
15 339
223 926
866 3,517
342 362
695 4,028
210 1,683
306 929
153 1,756
58 801
2,274 7,234
61 669
350 1,759
980 2,989
1,149 5,303
56 966
20 17
315 1,274
198 1,185
529 1,865
27 171
186 1,107
3,009 8,616
18,724 67,511

TOPMed Freeze 9 Glycemic Traits

Fasting Glucose (mmol/L)

Self Reported Race / Tl
Ethnicity

African 11,657 5.27
Asian 4,799 4.80
European 23,013 5.23
Hispanic American 6,174 5.21
Hispanic 6,146 5.52
Samoan 987 4.94
Other 8 5.61
Total 52,784 5.22

Fasting Insulin (mIU/L), Log Transformed

Self Reported Race /
Ethnicity m s

African 8,819 2.29
Asian 2,802 2.96
European 19,275 2.30
Hispanic American 6,194 4.07
Hispanic 1,998 2.32
Samoan 987 242
Other 8 2.68
Total 40,083 2.62

(1.58)
(1.74)
(0.87)
(0.47)
(2.60)
(0.75)
(0.60)
(1.42)

(0.70)
(1.95)
0.77)
(0.68)
(0.83)
(0.78)
(0.40)

(1.09) m

TOPMed

Metabolomics*

Proteomics

RNA-seq

Methylation

FHS
MESA
WHI
Total

FHS
MESA
WHI
Total

FHS
MESA
WHI
Total

FHS
MESA
WHI
Total

3025 LC/MS
982 LC/MS
1400 LC/MS
5407
2128 SOMAscan™
982 SOMAscan 1.3k
1400 Olink
4510
3780 TrueSeq
794 TrueSeq
1400 TrueSeq
5974
5265 EPIC
907 EPIC
1400 EPIC
7572

TOPMed Omics Resources May 2021

_ Studies with prevalent m Generated through Currently
T2D harmonized data size TOPMed? available?

TOPMed and other

TOPMed
TOPMed

TOPMed and other

TOPMed
TOPMed

TOPMed
TOPMed
TOPMed

Other/TopMed
TOPMed
TOPMed

*Metabolites include C8 (Fatty acids and bile acids), C18 (TAGs, DAGs, Ceramides), HILIC pos (amino acids, acylcarnitines)
TExpecting an additional 2730 metabolomic samples and 2900 RNA-seq samples from MESA in 2021

yes
yes
yes

yes
yes
yes

yes
yes
yes

yes
yes
yes

~ NHLBI
VON
Ny

TOPMed




TOPMed Omics of Cardiovascular Disease in Diabetes
1 RO1HL151855-01 - Project Period: 07/01/2020 — 06/30/2024

Aim 1: Test WGS-wide for known and new CVD-T2D associated loci

Aim 2: Test individual omic measures for associations with CVD in T2D

Aim 3: Integrate omics in a multilevel network model of CVD in T2D

GWAS of Incident Cardiovascular Disease in Type 2 Diabetes
Confirms Known CHD Loci and Identifies Two Novel Loci

Sample Size and CVD Event Rate

ARIC 2,184 249
BIOME 851 oo 188
CHs 379 225 50.4
FHS 762 283 a1
MESA 302 64 163
MGE 1,181 389 335
S— PMEB 603 244 405
European American | o ER 52 39 a8
kBB 15,643 1,498 96
REGARDS 303 195 644
ROTTERDAM 611 ] 160
SANFORD 2,082 174 84
WGHS 2,043 105 5.1
WHI 4542 998 220
Subtotal 31,988 (66.5%) 4,918 (57.3%) 155
ARIC 1141 310 272
BIOME 1764 67 265
CHS 130 76 565
MESA 508 85 167
AncaAence PMBB 1,242 388 312
REGARDS 2483 733 205
WHI 3208 893 218
Subtotal 10,476 (21.8%) 2,752 (31.4%) 263
BIOME 2681 668 2439
HispaniciLatinx e - o b
Subtotal 3,163 (6.6%) 757 (8.6%) 239
KOGES 2317 125 20
) MESA 194 a2 218
East Asian WHI 178 ) 185
Subtotal 2,511 (51%) 227 (2.7%) 2.0
Total 48,138 8,752 18.2

CACNATE
+ ZNF648 TFB1M
| Nox3 P<5.0x10°
|
I' ! ' !
PR ! e "
T T T TTTTT
1 5 9 10 11 12 13 141516 18 20 2

Chromosome: h
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UM1 DK078616 — TOPMed - Next Steps

» Association analyses
« Complete incident T2D harmonization; begin Ml and stroke in T2D harmonization

* Invent regulatory functional units based on functional data from four tissues to
frame or mask RV burden tests

* Produce all association summary data sets for easy CMDK Portal posting

» How to become a TOPMed investigator
» Join TOPmed work group: ask James or Alisa
» Get your hands on TOPMed data
» Get on “the list” of 8 approved cohort sites for TOPMed analysis
» Get data yourself from dbGaP (not recommended)
* We do analysis for you

» dbGaP — upload curated phenotype files for others to download
» Aspirational, has NCBI and NHLBI support, and underway with our leadership
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Novo Nordisk company presentation

Products marketed in Total net sales Supplier of nearly

Novo 169 126.9 50% 32.8

million people use our
diabetes care products

[ )
Affiliates in R&D centres About
O 1S in China, Denmark,
I India, UK and US
o © [ )
° sites in Denmark, ,

Brazil, China, France

ata glancc W= - _ —

disorders

countries billion DKK of the world’s insulin

(C)

: \\\\m\\\\\\\w.

Novo Nordisk is a leading global
healthcare company, founded in 1923

and headquartered in Denmark.

Our purpose is to drive We do so by pioneering AT\Z;%}:e
change to defeat diabetes scientific breakthroughs,

and other serious chronic expanding access to our

diseases such as obesity medicines and working to

and rare blood and prevent and ultimately

endocrine disorders. cure disease.

largest pharma companies
. 1
O b es Ity measured by market value
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novo nordisk”

Our heritage enables us to
defeat diabetes and other

serious chronic diseases

vio Domingos d
ype 2 diabetes




Novo Nordisk company presentation

Our corporate strategy

Diabetes care

Strengthen leadership by
offering innovative medicines
and driving patient
outcomes

Driving change to
defeat diabetes
and other serious
chronic diseases

Obesity care

Strengthen treatment options
through market development
and by offering innovative
medicines and driving patient
outcomes

Other serious
chronic diseases

Establish presence by
building competitive pipeline
and scientific leadership

Novo Nordisk ®



Novo Nordisk company presentation

Our core
technology
platforms

& peptides



Novo Nordisk company presentation

Innovation and therapeutic focus

Pipeline overview

Diabetes care

® O O O Phase 1

® ® O O Phase 2

® @ ® O Phase 3

® ® ® ® Submission and/or approval

Novo Nordisk ®

Project Indication Description Phase
Sogroya ® Adult GHD ! A long -acting HGH ' derivative intended for
NN8640 once-weekly subcutaneous administration in adults.
Somapacitan GHD A long -acting HGH 2 analogue intended for
NN8640 once-weekly subcutaneous administration
in children.
Concizumab Haemophilia A monoclonal antibody against tissue factor
NN7415 A and B w/wo pathway inhibitor intended for subcutaneous
inhibitors prophylaxis treatment.
MacrilenTM GHD An oral diagnostic agent used for the diagnosis
EX2020 of GHD in adolescents and children.
Mim8 Haemophilia A A next generation FVIII mimetic bispecific antibody
NN7769 with or without  for subcutaneous prophylaxis of haemophilia A
inhibitors regardless of inhibitor status.
Eclipse Sickle cell An oral combination treatment of sickle cell disease
NN7533 disease and beta thalassaemia. Project is developed in

collaboration with  EpiDestiny .

Other serious chronic diseases

Semaglutide NASH? A long-acting GLP-1 analogue for once -weekly

NN9931 treatment of NASH. o0 O O
Ziltivekimab cvD A novel once -monthly monoclonal antibody

NN6018 intended for inhibition of IL -6 activity. L J O O
PCSKOi peptide CcvD* A long -acting PCSK9 inhibitor for subcutaneous

NN6434 treatment. ® O O O
Anti -ApoC3 cvD A novel monoclonal antibody intended for

NN5058 inhibition of ApoClII activity. Project is developed 000

in collaboration with STATEN.

Project Indication Description Phase

Semaglutide 2.0 mg Type 2 A long -acting GLP-1 analogue for

NN9535 diabetes once-weekly treatment. o000

Oral semaglutide HD Type 2 A long -acting oral GLP -1 analogue, 25 and 50 mg,

NN9924 diabetes intended for once -daily oral treatment. o000 O

Icodec Type 1 and A long -acting basal insulin analogue intended

NN1436 2 diabetes for once -weekly treatment. 00 O

Insulin 965 Type 1 and A novel basal insulin analogue intended

NN1965 2 diabetes for once -daily treatment. o O O O

Icosema Type 2 A combination of GLP -1 analogue semaglutide and

NN1535 diabetes insulin icodec intended for once -weekly treatment. o O O O

FDC Sema —OW GIP Type 2 A combination of semaglutide and novel GIP

NN9389 diabetes intended for once -weekly treatment. ® O O O

Glucose -sensitive insulin Type 1 and A glucose-sensitive insulin analogue intended

NN1845 2 diabetes for once -daily treatment. L O O O

Ideal Pump Insulin Type 1 A novel insulin analogue ideal for use in a closed

NN1471 diabetes loop pump device as delivery. o O O O

DNA Immunotherapy Type 1 A novel plasmid encoding pre -and pro -insulin

NN9041 Diabetes intended for preservation of beta cell function. o O O O

Obesity care

Semaglutide 2.4 mg Obesity A long -acting GLP-1 analogue intended for

NN9536 once-weekly treatment. 0000

AM833 Obesity A novel long -acting amylin analogue intended

NN9838 for once -weekly treatment. oo O O

AMB833 + semaglutide Obesity A combination of amylin analogue and GLP -1

NN9838 analogue semaglutide intended for once -weekly [ ) O O O
treatment.

LA-GDF15 Obesity A long -acting GDF 15 analogue intended for appetite

NN9215 regulation leading to weight loss. ® O O O

PYY1875 Obesity A novel analogue of the appetite -regulating

NN9775 hormone, PYY, intended for once -weekly treatment. . O O O

1. GHD = Growth hormone deficiency 2. HGH = Human growth hormone 3. NASH = Non

-alcoholic steatohepatitis 4. CVD = Cardiovascular disease



8 Novo Nordisk company presentation Novo Nordisk ®

AMP-CMD & Novo Nordisk:
because in union there is strength

PREVENTION ACCESS AND AFFORDABILITY

defeat
diabetes
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Novo Nordisk company presentation

AMP-

This partnership will provide a
comprehensive, integrated approach
for understanding disease triggers

& path to prevention  as AMP-CMD’s
therapy areas also address co -
morbidities for many people living

with diabetes and obesity and

support our existing internal core
capabilities.

MD &
Novo Nordisk

Additional elements

A common core strategy
metabolic diseases

. common

Novo Nordisk’s first significant Public -

Private Partnership participation in ~ US

Synergies with Public -Private Partnerships

in Europe such as IMI SOPHIA

A long -term partnership
to

to look forward

Nadia Sadi
Nadia lives
with NASH

Denmark

Novo Nordisk ®

70% of people with diabetes die
from atherosclerotic CVD '

40% of people hospitalised for
heart failure have diabetes 2

80% of people with NASH
have obesity 3

40% of people with NASH
have diabetes 3

40% of people with diabetes have
diabetic nephropathy 5

50% of people with diabetic
nephropathy have obesity ©
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Non-communicable diseases (NCDs) are the
leading cause of death and disability globally'

4%

of global deaths
in 2019 were due to NCDs '
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Partner’s Aspirations for
AMP CMD

Eric Fauman, Senior Scientific Director,
Internal Medicine Research Unit,

Pfizer Worldwide Research Development and Medical

$

Pfizer’s purpose:
Breakthroughs that change patients’ lives

For Internal Medicine this means we’re looking for novel therapies to address
unmet medical need in common metabolic disorders or diseases which have a
metabolic dysfunction component.

Currently the Internal Medicine Research unit focuses on disease including

NAFLD and NASH, cachexia, diabetes and diabetic complications, obesity, and
abnormalities in cardiac metabolism.

SFNIH




Pfizer’s aspiration for AMP CMD:
Super-powered human genetics

Evolve from: rs646776 has a p-value of 5x10-241 for LDL-cholesterol

To this: 80% decrease in sortilin activity in human livers results in a doubling of circulating LDL-C levels
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Pfizer’s aspiration for AMP CMD:
Super-powered human genetics

Evolve from: rs646776 has a p-value of 5x10-241 for LDL-cholesterol

To this: 80% decrease in sortilin activity in human livers results in a doubling of circulating LDL-C levels

* What gene is implicated by a particular genetic association?
What is the certainty or confidence in that conclusion?
+ What tissue and cell type is responsible for the genetic association?
* What is the maximum possible effect of inhibiting or activating the implicated gene?
* What pathway or mechanism is implicated by a specific variant/gene or an entire GWAS?
+ What other phenotypes are likely to accompany a therapeutically-meaningful alteration in
target activity?

<SFNIH
Musunuru et al, Nature. 2010 466(7307):714-719




Future directions:

Leveraging PheWAS and
tissue-specific epigenetic
marks to define independent
causal mechanisms and
pathways contributing to
traits of interest

<SFNIH
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@yvind Helgeland et al (2021) Characterization of the genetic architecture of BMI in infancy and early childhood reveals

age-specific effects and implicates pathways involved in Mendelian obesity. medRxiv 2021.05.04.21256508
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Future directions:

Sampling multiple independent
populations to help fill out
information on disease-relevant
pathways, mechanisms and
targets

Spracklen, C.N., Horikoshi, M., Kim, Y.J. et al. Identification of

type 2 diabetes loci in 433,540 East Asian
individuals. Nature 582, 240-245 (2020).
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Together we will:

Identify, generate and
collect the information
necessary to enable “super
powered human genetics”

Develop the tools and
methods to turn that data
into actionable hypotheses
for common metabolic
diseases

Keeping in mind the two
key groups of users of this
information:

<SFNIH

GWAS scRNAseq H3K27ac ExXWAS
snATACseq WES WGS phenotypes
functional genomics genomic screens

KNOWLEDGE PORTAL common metabolic diseases

COMMON Providing data and tools to promote
s i METABOLIC DISEASES understanding and treatment of

Gene, region or variant | Phenotypes | Disease-specific portals

eexamples: PCSK9, rs1260326, chr9:21,940,000-22,190,000

Casual user, bench biologist Expert user, Computational biologist
“biology first” “genetics first”

What can human genetics tell me What can human genetics tell me the
about my favorite gene best genes and pathways to pursue for a

specific indication




Partner’s Vision




ACCELERATING MEDICINES

PARTNERSHIP
COMMON METABOLIC DISEASES

A Shared Vision
SFNIH25




Accelerated Medicines Partnership

Common Metabolic Diseases
Stakeholders

Confidential

Beena Akolkar, Ph.D.
Program Director, Division of Diabetes, Endocrinology, and Metabolic
Diseases, NIDDK

Dr. Beena Akolkar, Senior Advisor, Immunopathogenesis and Genetics of
Diabetes at DDEMD, NIDDK is an expert on autoimmune diseases such as type
1 diabetes and celiac disease. She coordinates several major international,
NIH-sponsored clinical networks such as TEDDY (The Environmental Determinants of Diabetes in the
Young) that conducts studies to identify environmental triggers of T1D in genetically susceptible
individuals. She is also the project scientist for the NIH portion of the AMP-CMD consortium. It aims to
elucidate the mechanisms of metabolic disease, through generation and integration of novel genomic
datasets. She received her PhD from Bombay University, India in 1984. She was an Assistant Professor,
Medicine and Pathology, NYU School of Medicine, Division of Molecular Medicine, Department of
Medicine, North Shore University Hospital, 1996-2000 before joining NIDDK.

Michael Boehnke, Ph.D.

Michael Boehnke is the Richard G. Cornell Distinguished University Professor
of Biostatistics. He is Director of the University of Michigan Center for
Statistical Genetics and Genome Science Training Program, a member of the
National Academy of Medicine, and a Fellow of the American Statistical
Association and of the American Association for the Advancement of Science.
Dr. Boehnke's research focuses on problems of study design and statistical
analysis of human genetic data with a particular emphasis on development and application of statistical
methods for human gene mapping, and a current focus on disease and trait association studies based on
genome sequence and genotype-array data. He is a principal investigator of the FUSION study of the
genetics of type 2 diabetes and a founder and steering committee member of the DIAGRAM (type 2
diabetes), DIAMANTE (type 2 diabetes), MAGIC (glucose and insulin traits), GIANT (anthropometric
traits), and Global Lipids genome-wide association meta-analysis consortia. He was previously chair of
the T2D-GENES steering committee and currently is a Pl of the NIH AMP CMD portal project.




Noel Burtt, M.S.

Noél Burtt is the Director of Operations and Development for Knowledge
Portals and Diabetes Research at the Broad Institute and a Principal
Investigator for the AMP CMD Portal award. Trained in molecular biology and
human genetics, for the last 15 years, she provided operational and
organizational leadership to large-scale, international consortia and
public/private partnerships for human genetics, with a focus on type 2
diabetes and cardio-metabolic diseases. She directs operations and data coordination for the AMP T2D
Data Coordinating Center at Broad Institute. She also leads outreach, user experience, external
partnerships, and community engagement for the AMP T2D Knowledge Portal and now the AMP
Common Metabolic Disease Knowledge Portal.

Karin Conde-Knape, Ph.D.
Senior Vice President, Global Drug Discovery, Novo Nordisk

Karin Conde-Knape is a Senior Vice President for Global Drug Discovery/GDD
within Novo Nordisk. She is involved in driving the early pipeline and
innovation within the areas of Diabetes, Obesity, Cardiovascular, Renal, Rare
endocrine and metabolic diseases. She is an experienced executive within the
pharmaceutical industry for the last 19 years with different areas of
responsibility, including project leadership, line management, strategic planning and execution as well
as business development. Karin spent 11 years at Hoffman-La Roche in the Cardiovascular and
Metabolism Discovery and early development areas, responsible for pharmacology teams as well as
discovery and biomarker teams. Before joining NN she spent 4 years at Johnson and Johnson,
responsible for external innovation in Europe and Asia Pacific in the area of Cardiovascular and
Metabolism. During these years she led cross functional teams in the evaluation for external
opportunities and creating the business cases to support deal making for different external
opportunities.

Oona Dierickx, M.A., MIS
Public-Private Partnership Manager, Global Chief Medical Office, Novo
Nordisk A/S, Denmark

Oona Dierickx is an alliance project manager who drives Novo Nordisk’s
participation in public-private partnership projects like IMI SOPHIA and NASH
consortia such as Liver Forum and NIMBLE. Oona, who is originally from
Belgium, joined the Novo Nordisk R&D Innovation sourcing team in 2014,
after having worked in South East Asia for the European Chamber of Commerce. She brings extensive




knowledge in multilateral and public-private partnerships thanks to her academic background and
professional experience with associations such as PCDE (Primary Care Diabetes Europe).

Oona has a specialist degree in Development Aid Projects and holds a Master of International Studies
and Conflict Management as well a Master of Arts & Humanities.

Eric Fauman, Ph.D.
Senior Scientific Director, Pfizer

Eric Fauman, PhD, is a Senior Scientific Director of Integrative Biology in the
Internal Medicine Research Unit at Pfizer. Eric’s team uses and develops
computational methods to evaluate genetic, multi-omics and imaging data to
support the discovery of new medicines to address unmet medical needs in
cardiovascular and metabolic diseases. Eric joined Pfizer in 1998. Prior to Pfizer, Eric completed graduate
and post-doctoral work in protein structure and X-ray crystallography at UC San Francisco and the
University of Michigan.

Jason Flannick, Ph.D.

Jason Flannick is an Assistant Professor in the Division of Genetics and
Genomics at Boston Children's Hospital and the Broad Institute. He received
his PhD in Computer Science from Stanford University and trained as a
postdoctoral scholar in human genetics at Massachusetts General Hospital
and the Broad Institute. He has published numerous discoveries on the
genetic basis of type 2 diabetes, particularly with respect to the role of rare
coding variation in disease, and his group has developed and maintains the type 2 diabetes knowledge
portal, a public resource of genetic and genomic data for type 2 diabetes and its complications. His
current research interests are on the use of rare coding variants to learn about rare and common
diseases and their clinical subtypes, as well as on methods to integrate genetic and genomic data to
translate genetic associations to biological insights.




Kyle Gaulton, Ph.D.

Kyle J Gaulton, PhD is an assistant professor at the University of California San
Diego. He has a BAS in computer science from the University of Pennsylvania,
a PhD in molecular biology and genetics from UNC Chapel Hill and did
postdoctoral training at the University of Oxford. The primary focus of his
research group is mapping the epigenome and gene regulatory programs in
human cell types, defining changes in the epigenome and gene regulation
across phenotype and genotype, and determining the role of genetic variants affecting cell type-specific
gene regulation in complex traits and disease. This research has recently generated single cell epigenome
maps in the human pancreas, lung, heart, peripheral blood and other tissues, and through integration of
genetic association and functional genomics data uncovered novel insight into the biological mechanisms
of complex metabolic, autoimmune, respiratory and cardiovascular disease. His group has also developed
multiple collaborative platforms and visualizations for epigenomic data (lungepigenome.org,
diabetesepigenome.org).

Saptarsi M. Haldar, M.D., FAHA
Vice President, Research Head, Cardiometabolic Disorders, Amgen

Saptarsi (Sap) Haldar joined Amgen as Vice President of Research in August
2018, overseeing the Cardiometabolic Disease Therapeutic Area. He joined
. Amgen from the Gladstone Institute of Cardiovascular Disease and University of
aRiil California San Francisco, where he was a Professor of Medicine. In that role, he
rana Iaboratory focused on how cells in the cardiovascular and metabolic system control gene expression
and how these gene control mechanisms go awry during disease. His lab had a major interest in
congestive heart failure, a very common and deadly condition that affects a large number of adults. More
specifically, he has developed therapeutic approaches that target gene-control mechanisms in the
stressed and failing heart, a process that has striking similarities to uncontrolled growth in cancers. Sap
received his B.S. from Cornell University and M.D. from Johns Hopkins University. He trained in internal
medicine at Johns Hopkins followed by Fellowship training in Cardiovascular Disease at Brigham and
Women’s Hospital, Harvard Medical School. He has had continuous funding from the National Institutes of
Health and has been the recipient of several awards including the Jeremiah Stamler Distinguished Young
Investigator Prize, appointment to the board of Associate Scientific Advisors to Science Translational
Medicine, election as a Fellow of the American Heart Association, and induction into the American Society
for Clinical Investigation. He has also chaired major research symposia, served on several scientific
advisory boards for academic and non-profit organizations in biomedical research and is deeply
committed to mentorship of junior colleagues, including those on a physician-scientist pathway. In
addition to his lab’s research, Sap co-founded Tenaya Therapeutics, which is focused on developing
therapies for heart failure. Sap is also a board-certified cardiologist who continues to actively see patients
while conducting basic research and leading cardiometabolic drug discovery.




Narimon Honarpour, M.D., Ph.D.
Vice President of Translational Medicine, Amgen

In leading Translational Medicine, Narimon oversees the integration of
and collaboration between four core functions: Early Development,
Clinical Biomarkers & Diagnostics, Clinical Pharmacology Modeling &

S 2 Simulation, and Clinical Immunology. Each function has a critical role in
advancmg therapeutics from Research to Global Development. Together, these teams generate
the evidence base necessary to support progression of Amgen’s pipeline assets into late phase
clinical trials.

Narimon joined Amgen in 2011 and has held diverse leadership roles supporting both
Cardiovascular and Inflammation Therapeutic Areas. Prior to joining Amgen, Narimon was at
UCLA where he completed his clinical training in Internal Medicine and Cardiology. His
postdoctoral work at Caltech focused on the role of the ubiquitin proteasome system in
mediating stem cell differentiation into cardiovascular tissue.

Corey James, M.S.
Bioinformation Scientist, Eli Lilly

| am a scientist in the Bioinformatics and Genetics group within the Diabetics
and Complications Therapeutic Area of Lilly Research Labs. | have a broad
computational background that started in healthcare informatics and has
moved into a more traditional bioinformatics role during my time at Lilly. My
experience has ranged from data engineering and capabilities focused roles
within the bioinformatics core supporting cross functional teams and therapeutic areas, to more
recently a translational bioinformatics role within Diabetes supporting early discovery research through
data analysis and algorithm design and implementation.




Tania Kamphaus, Ph.D., M.Sc.
Scientific Program Manager, Metabolic Disorders Portfolio of Research
Partnerships, FNIH

Tania Kamphaus is the Scientific Program Manager for Metabolic Disorders at
the FNIH. In her role, she leads the Metabolic Disorders Research Partnership
programs and manages the Steering Committee for Metabolic Disorders Biomarkers Consortium
including projects on non-alcoholic steatohepatitis, heart failure, cachexia and bone health as well as the
Type 2 Diabetes Accelerated Medicines Partnerships (AMP T2D) program in coordination with the NIH,
non-profit and industry leaders. Dr. Kamphaus is trained in molecular genetics, molecular and cell
biology and skilled in strategic planning and collaborative program development across basic,
translational and clinical research. Prior to joining the FNIH, Dr. Kamphaus was the Director of the Office
of Clinical Protocol Development at the University of Wisconsin-Madison, where she supported
development of large clinical trial protocols ranging from interventional and observational studies to
implementation and dissemination studies. She also served as a key member of the Trial Initiation
Network (TIC). Before her work in clinical trials, Dr. Kamphaus was Director of Collaborative Research at
the Crohn’s and Colitis Foundation. Dr. Kamphaus conducted her postdoctoral fellowship at Columbia
University at the department of Pathology and Cell Biology. She earned her PhD in Molecular Genetics
from The Ohio State University and her Masters in Biotechnology from Madurai Kamaraj University,
India.

James B. Meigs, M.D., M.P.H.

James B. Meigs is Professor of Medicine at Harvard Medical School, a primary
care internist at Massachusetts General Hospital, the Director, MGH Division of
Clinical Research’s Clinical Effectiveness Research Unit and an Associate
Member, Broad Institute. His research interest is the cause and prevention of

type 2 diabetes and cardiovascular disease using biochemical and genetic
epidemiology and health services translational research approaches. In 2009 he was awarded the ADA’s
prestigious Kelly West Award for Outstanding Achievement in Diabetes Epidemiology. He is a senior leader
of many major large international T2D genomics consortia, including MAGIC, DIAGRAM, AAGILE, CHARGE-
and TOPMed-diabetes, NIDDK T2D AMP/CMD and the VA’s MVP cardiometabolic work group, and is the
Pl, co-Pl or co-investigator on many NIH grants, currently including UM1 DK078616-13 TOPMed Omics of
T2D and Quantitative traits and R01 HL151855-01 TOPMed Omics of CVD in T2D and Quantitative traits.
He has formally mentored over 50 early career investigators, most of whom have remained in academic
medicine, and is an MGH Institutional Research Mentor.



Joseph P. Menetski, Ph.D.
Vice President of Research Partnerships, FNIH

Joseph Menetski received his Ph.D. from Northwestern University Medical
School with Dr. Stephen Kowalczykowski and completed his post-doctoral
training at the Laboratory of Molecular Biology, National Institutes of Health
(NIH/NIDDK) with Dr. Martin Gellert. He started his career in industry in 1993
in the Immunopathology Department at Parke-Davis (later Pfizer), where he established a discovery
research program in cellular inflammation that eventually transitioned to the molecular study of
osteoarthritis. Joseph moved to Merck in 2004 where he continued his work in osteoarthritis in the
Department of Immunology. He held positions in several groups primarily focusing on large data set
analysis and competitive intelligence. Currently, Joseph manages the Research Partnerships department
and guides the work of several large public-private partnerships (including the Alzheimer’s Disease
Neuroimaging Initiative, the Biomarkers Consortium, the Accelerating Medicines Partnership and the
Accelerating COVID19 Therapeutic Interventions and Vaccines).

Melissa R. Miller, Ph.D.
Director of Human Genetics, Pfizer

Melissa R. Miller, PhD, is a Director of Human Genetics in the Internal
Medicine Research Unit at Pfizer. Melissa and her team use human genetics
and statistical genetics methods to help identify and prioritize targets to
support the discovery of new medicines to address unmet medical needs in
cardiovascular and metabolic diseases. In addition to serving on the AMP-
T2D steering committee, Melissa has also been involved in other pre-competitive consortia including the
UK Biobank whole exome sequencing consortium and the IMI Liver Investigation: Testing Marker Utility
in Steatohepatitis (LITMUS) project. Melissa joined Pfizer in 2014. Before joining Pfizer, Melissa
completed her PhD in Epidemiology at the University of Colorado and completed a post-doctoral
fellowship in statistical genetics and genetic epidemiology at the Hospital for Sick Children in Toronto.




Karen L. Mohlke, Ph.D.

Karen Mohlke is a human geneticist from the University of North Carolina in
Chapel Hill, where she is currently Professor, Oliver Smithies Investigator, and
Associate Chair for Research in the Department of Genetics.

Karen's research focuses on genetic susceptibility to type 2 diabetes, obesity, and variation in related
guantitative traits. Her lab uses genetic association studies and fine-mapping to identify susceptibility
variants; transcriptome and epigenome analyses to characterize variants, and molecular and cellular

assays to determine the functional consequences of variants on disease processes.

Lynette Nguyen, Ph.D., PMP

Lynette Nguyen is a Scientific Project Manager for Metabolic Disorders
projects at the FNIH. In her role, she collaborates with NIH, industry leaders,
academics and non-profit organizations to support the Accelerating Medicines
Partnership Type 2 Diabetes. Prior to joining the FNIH, she was a project
manager for seven years at the United States Pharmacopeia, managing the work of expert committees
for small molecules. Lynette received her Ph.D. from the Medical College of Virginia in neuroanatomy
and completed her post-doctoral training at the Smith Kettlewell Eye Research Institute in San Francisco,
California.

Afshin Parsa, M.D., M.P.H.
Program Director, Division of Kidney, Urologic, and Hematologic Diseases,
NIDDK




Rasmus Rabgl, M.D., Ph.D.
Corporate Vice President, Translational Science and Medicine, Novo Nordisk

Rasmus Rabgl has several years of experience in drug development within
diabetes and obesity. During his ten years with Novo Nordisk he has held
positions within clinical development and project management and is
currently head of the area of Translational Science and Medicine.

Prior to joining Novo Nordisk, Dr. Rabgl worked in internal medicine, and he earned his PhD in
endocrinology from the University of Copenhagen while working part time for the Danish Medicines
Agency.

Griffin P. Rogers, M.D., M.A.C.P.
Director NIDDK

Dr. Griffin P. Rodgers was named Director of the National Institute of
Diabetes and Digestive and Kidney Diseases (NIDDK)--one of the National
Institutes of Health (NIH)--on April 1, 2007. He had served as NIDDK'’s Acting
Director since March 2006 and had been the Institute’s Deputy Director since
January 2001. As the Director of NIDDK, Dr. Rodgers provides scientific leadership and manages a staff
of over 600 employees and a budget of ~$2.3 billion.

Dr. Rodgers received his undergraduate, graduate and medical degrees from Brown University in
Providence, R.l. He performed his residency and chief residency in internal medicine at Barnes Hospital
and the John Cochran VA, respectively, at Washington University in St. Louis, MO. His fellowship training
in hematology was in a joint program of the NIH with George Washington University. In addition to his
medical and research training, he earned an MBA, with a focus on the business of medicine/science,
from Johns Hopkins University in 2005, and a Masters in Legal Studies in 2017.

Dr. Rodgers is a member of the American Society of Hematology, the American Society of Clinical
Investigation, the Association of American Physicians, the American Academy of Arts and Sciences, the
American Association for the Advancement of Science, and the National Academy of Medicine, among
others.



Patrick Seale, Ph.D.

Patrick Seale is an Associate Professor of Cell and Developmental Biology in the
Institute for Diabetes, Obesity and Metabolism at the University of
Pennsylvania. He obtained his Ph.D. from McMaster University, Canada where
he studied skeletal muscle stem cells and regeneration. He conducted
postdoctoral research in Dr. Bruce Spiegelman’s lab at Harvard Medical School.
His research program focuses on adipocyte biology and obesity pathogenesis, with an emphasis on the
mechanisms that control the fate and function of adipocytes under various contexts, including
development, cold exposure, and obesity. He has discovered several key transcriptional regulators of
brown fat cells, including PRDM16 and EBF2. Recent studies in his lab have focused on the regulation of
adipose tissue progenitor cells and fibrosis responses.

Philip Smith, Ph.D.
Deputy Director, NIDDK, Co-Director, Office of Obesity Research

Melissa Thomas, M.D., Ph.D.

Melissa Thomas is a physician scientist who received her MD and PhD in
Molecular Physiology and Biophysics from Vanderbilt University and
completed clinical postgraduate training in Internal Medicine and
Endocrinology at Massachusetts General Hospital. Before joining Lilly
Research Laboratories, Dr. Thomas served as Associate Chief of the Laboratory of Molecular
Endocrinology at Massachusetts General Hospital, where she led a basic diabetes research program
focused on pancreatic islet cell biology and served on faculty of Harvard Medical School and affiliated
faculty with the Harvard Stem Cell Institute.




Dr. Thomas is a Senior Medical Fellow in Diabetes Discovery and Clinical Investigation at Lilly Research
Laboratories where she applies expertise in translational science and medicine to support diabetes and
complications discovery and clinical research portfolios. Her contributions include advancing target
identification and validation, developing and translating innovative human cellular disease models,
discovering and translating mechanistic biomarkers, advancing novel therapeutic modalities, and leading
and building international collaborations and private-public partnerships. Melissa was a founding co-
chair of the Innovative Medicines Initiative (IMI) Strategic Governing Group for Diabetes and Metabolic
Disorders that framed strategic direction to build multiple diabetes and complications-related private-
public partnerships between pharma and the European Commission. Dr. Thomas represented Lilly in the
Target Validation Consortium team that framed the original Accelerating Medicines Partnership (AMP)-
Type 2 Diabetes project plan, has served on its Steering Committee since its inception, and currently is
industry chair. Dr. Thomas co-led design and framing of the AMP-Common Metabolic Diseases project.

Erin Whalen, Ph.D.
Executive Director, Research Cardiometabolic Disorders, Amgen

Erin Whalen, Ph.D., joined Amgen on March 1, 2021, as Executive Director in
Cardiometabolic Disorders, Amgen Research.

! Erin has a broad scientific background in cardiometabolic biology and extensive
experience in drug discovery. He received his PhD from the University of lowa and postdoctoral training
in the lab of Robert (Bob) J. Lefkowitz (2012 Nobel Prize for Chemistry) at Duke University, where he made
fundamental contributions to our understanding of G-protein coupled receptor signaling and
trafficking. Erin was a co-founder of Trevena Inc. (TRVN), a biotech company focused on the discovery
and development of G-protein coupled receptor biased ligand therapeutics. Trevena has taken multiple
compounds into clinical trials for acute heart failure and pain. After Trevena, Erin spent 5 years at the
Novartis Institutes for Biomedical Research in Cambridge, Massachusetts as a Senior Investigator in the
Cardiovascular and Metabolic Disease group. Most recently he was the Director of in vitro Pharmacology
and subsequently External Evaluation and Diligence for Obesity Research at Novo Nordisk in Seattle,
Washington. He has published 45 articles in highly respected scientific journals and is also recognized for
his collaborative ethos and dedication to mentorship.



David Wholley, M.Phil.
Senior Vice President of Research Partnerships, FNIH

David Wholley manages the Research Partnerships Division of the Foundation,
which is responsible for major research collaborations including the
Accelerating Medicines Partnership (AMP), the Biomarkers Consortium, the
Partnership for Accelerating Cancer Therapies (PACT), the LungMAP precision
medicine trial in lung cancer, and the Alzheimer’s Disease Neuroimaging
Initiative (ADNI). Mr. Wholley has also served as Director of the Genetic
Association Information Network (GAIN), a public-private partnership dedicated to helping discover the
genetic basis of common diseases, and led the development of a major public-private partnership in
drug safety with the biopharmaceutical industry and FDA. Prior to joining the Foundation in 2006, Mr.
Wholley’s career spanned nearly 25 years in healthcare technology business management, including
extensive experience in product development, sales, marketing, corporate strategy and partnership and
project development. Mr. Wholley has held senior management roles in several venture-funded
technology startup companies, including head of Global Marketing and Development for First Genetic
Trust, Inc., which developed software for large-scale collaborative genetic research and personalized
medicine. During a 16-year career at IBM, he co-led the corporate strategy team that guided IBM’s
formation of its Life Sciences industry organization. Mr. Wholley holds an M.Phil from Rutgers University
and a Certificate in Business Administration from the Stern School of Business at New York University.

Norann Zaghloul, Ph.D., M.S.

Norann Zaghloul currently serves as a Program Director in NIDDK within the
Division of Diabetes, Endocrinology, and Metabolism where she is overseeing
portfolios in type 2 diabetes genetics and genomics and functional genomic
modeling of diabetes and related metabolic conditions. As part of her responsibilities, she is the
Program Official for the Accelerating Medicines Partnership (AMP) in T2D and the newly formed AMP in
Common Metabolic Diseases. Prior to joining NIDDK, she was an Associate Professor at the University of
Maryland School of Medicine where she ran a research laboratory focused on functional genomics of
diabetes and related cardiometabolic conditions in both common and rare disease. Dr. Zaghloul’s
research interests focused on understanding genetic regulation of metabolic diseases using a
combination of human genetics and functional modeling approaches in animal and cell-based systems to
understand gene function in relevant tissues and cell types. These interests have evolved over her
career starting with my training that included an undergraduate degree in Public Health from the Johns
Hopkins University, followed by graduate degrees in Genetics from The George Washington University,
and postdoctoral training at the Johns Hopkins University School of Medicine.




	00. 2021-05-27 BB Cover
	0a. Content_draft
	0b. Zoom meeting details and FNIH Events contacts
	0c. 2021-05-27 AMP CMD Inaugural Agenda Final
	1a. Opening placholder
	1c. CMD Organiz Overview_Kamphaus
	1d1. Partner Intro_Amgen
	1d2. Partner Intro_Lilly
	1d3. Partner Intro_Novo
	1d4. Partner Intro_Pfizer
	1e. CMD Rsch Plan_Thomas
	1f. NIDDK_Norann
	2a. AMP_CMD_portal_v2_BurttFlannick
	2b. Evol Anal Tools_Boehnke
	2c. DGA_Gaulton
	2d. NEWS_Mohlke
	2e. Functional Interrogation UPENN_Seale
	2f. TOPMed_Meigs
	3a2. Novo Nordisk company presentation_AMP-CMD meeting
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Non-communicable diseases (NCDs) are the leading cause of death and disability globally1 
	PURPOSE
	Pipeline overview
	Slide Number 7
	AMP-CMD & Novo Nordisk: �because in union there is strength 
	Slide Number 9

	3a3. AMP CMD Pfizer
	4. AMP CMD Bio sketch_v1
	3a2. Novo Nordisk company presentation_AMP-CMD meeting_R.pdf
	Slide Number 1
	Slide Number 2
	Slide Number 3
	PURPOSE
	Our corporate strategy
	Slide Number 6
	Pipeline overview
	AMP-CMD & Novo Nordisk: �because in union there is strength 
	Slide Number 9
	Slide Number 10
	Non-communicable diseases (NCDs) are the leading cause of death and disability globally1 




