Why care about scientific computing?



Vignette 1: Polygenic Risk Scores & Patient Selection

( Khera et al, Nature Genetics, 2018 )
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Some traditional risk factors are slightly elevated,
but not enough to be useful

Fahed et al, Nature Communications, 2022




Vignette 1: Polygenic Risk Scores & Patient Selection
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Damask et al, Circulation, 2020
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Vignette 2: Risk Prediction of Incident Afib
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1-D deep convolutional neural network with survival curve loss
to predict time to AF.
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Individuals with high estimated AF risk have a longer P wave
duration and slightly wider QRS and a flatter ST segment

P wave and surrounding regions had the greatest
effect on ECG-AI AF risk

* Khurshid et al.,Circulation, 2021


https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.121.057480

Vignette 2: Risk Prediction of Incident Afib
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https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.121.057480

Magical and sparkly!
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Standalone analytic
software projects

Not software products
that scale, create

leverage for others, or
accelerate other work



Collective intelligence in culture
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Collective intelligence in culture N ET FL I X

@® Data Size @ Unused Data

2 petabytes / week

50% increase in storage
cost YoY

Petabytes (PBs)

40% of data goes unused

2020 2021 2022 2023 2024 2025

Year

https://netflixtechblog.medium.com/navigating-the-netflix-data-deluge-the-imperative-of-effective-data-management-e39af70f81f7



https://netflixtechblog.medium.com/navigating-the-netflix-data-deluge-the-imperative-of-effective-data-management-e39af70f81f7

We lack the collective intelligence in science that we have
in culture

Figure 1

Blockers: data withholding, format
drift, biological complexity, sharing
knowledge as papers behind
paywalls, you name it

Multiple social movements and ;
mass ive i nve St men tS ma d e to Parachutes reduce the risk of injury after gravitational challenge, but their effectiveness has not been proved with

randomised controlled trials

address these! Some successful!



(these are not the blockers)




My own opinion on collective intelligence blockers:

1. It's hard to make (scaled, platform)
software that expands the universe
of biomedical software beyond the
unicorns - because we don’t meet
scientists where they live / have an
expansive idea of “scientist”

2. When we actually do meet scientists
where they live, the political
economy of biomedical software
restricts longitudinal knowledge
accumulation in many (most?) large
organizations
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Sound familiar?

“Many of these people work on tasks that rapidly vary on a yearly,
monthly, or even daily basis. Consequently, their software needs are
diverse, complex, and frequently changing. Professional software
developers cannot directly meet all of these needs because of their
limited domain knowledge and because their development processes are
too slow.”

“End-user development (EUD) helps to solve this problem. EUD is "a set
of methods, techniques and tools that allow users of software systems,
who are acting as non-professional software developers, at some point
to create, modify, or extend a software artifact" (Lieberman et al 2006)”

https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/end-user-development



https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/end-user-development
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WolframAlpha | notesook ebiTion

Hyperbolic Paraboloids
A hyperbolic paraboloid is a conical surface that has the following base form:
z=ax*-by

Drag the sliders to see how coefficients a and b affect the saddle-like shape:

B plot axA2-byA2 varying a,b

Out[1)=




\# *Untitled1 |DataSet0] - IBM SPSS Statistics Data Editor
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“The earliest spreadsheets were
ghastly by today’s user interface
design standards (obscure
command names, completely
text-based, etc) but they were
immediate successes with
ordinary end users who
recognized in them the high-
level support for their own
problem-solving tasks.”
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power tools!






EUD systems also draw on
distributed cognition - a
built environment that
helps users make good
decisions as a force of UX
and habit




(the opposite of magical
and sparkly)
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How do you build a
complex and useful data
platform for scientists?

“Five problems at a time,
with technical standards
and steady principles”

It is itself a form of
collective intelligence built
over time




Terra, from the Broad’s DSP
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Copy-paste-edit as collaboration practice
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Software that centers policy

Traditional approach

Bring data to researchers

Tools Tools
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Tools Tools
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Discourages shared research
Data sharing = data copying
Few audit controls
Huge infrastructure needed
Siloed compute

Cloud-centric approach

Bring researchers to data
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Facilitates collaboration
Cost

Threat Detection and auditing
Increased accessibility

Shared & elastic compute
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8 years of platform development for end users

Al Methods Store, Share, Explore

Visualize, Analyze Data
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An organization of ~230 software engineers and ML experts, building
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It is remarkably hard to build and m
maintain this product. Why?

All About
We fund biology on predetermined Grants
multi year time cycles, and software
on the same circadians

Which leads to some truly difficult
software development models
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Stakeholder-led software:

“Here is a laundry list of
things that some folks
wanted, please add them”

“Why can'’t you put a
green button here?”

“Project’s over, time to
transfer to sustainability

I))




Stakeholder-led software:

“Here is a laundry list of
things that some folks
wanted, please add them”

“Why can'’t you put a
green button here?”

“Project’s over, time to
transfer to sustainability!”
“Can you put some Al in
it?”




Data data everywhere, let’s all write 15 data access requests

// 2 S /A’\\ / o
(1) (2) (3)
N/ N N/
Pre-Submission Investigator Submits Signing Official
Reviews

Most Common Reasons for Rejection of Data Acce

¢ The Institutional Review Board (IRB) approval letter does not satisfy r

o Some datasets require local IRB approval for use, as noted on the di
* The Research Use Statement in the request is not consistent with the

o To understand data use limitations on datasets, please review the R{_ 5=

¢ Personnel errors (for example: requestor is not the PI, collaborators are § ,,.v
| Mfc’

him/herself as the signing official or the IT director for the project) -
o For all non-intramural investigators, dbGaP receives information on
o In addition, the signing official's and IT director's emails must be fro

o For more information on who may request data from dbGaP, check t
officials and IT directors, see How Can | Find the SO and IT Director

Was this page helpful? ‘ Yes ’ ‘ No |




THIS 1S WHERE YOU
LOST YOUR WALLET?

NO, I LOST IT IN THE PARK.
BUT THIS IS WHERE THE LIGHT IS.




This is the data
you need?

No, this is the data | can
| access and compute on




(this is all going to get much worse because of scale pressure)

m) National Institutes of Health Search Common Fund
Office of Strategic Coordination-The Common Fund

Research Funding v News & Media v Strategic Planning v Evaluation & Asseq

Can | download GTEx V8 protected data from SRA?

Protected data for GTEx V8 and future releases are only available in AnVIL. Due to the large size of these data, we recommend against downloading
the data, as that will incur significant egress charges. Instead, we recommend that you consider performing your computations in the AnVIL/Terra
environment. That will incur compute charges, but those might be significantly less than the egress charges (depending upon your computation).

Access to protected data is described here

Expression Program The Common Fund's Genotype-Tissue Expression (GTEx) Program established a data
resource and tissue bank to study the relationship between genetic variants (inherited

(GTeX) ) ) .
changes in DNA sequence) and gene expression (how genes are turned on and off) in
multiple human tissues and across individuals. GTEx also increased our understanding of

For the Public how gene expression varies between male and female.
Health Relevance The GTEx program has transitioned from Common Fund support. Common Fund programs
are strategic investments that achieve a set of high-impact goals within a 5-10 year
Science Highlights timeframe. At the conclusion of each program, deliverables will transition to other sources

of support or use within the scientific community.

For Researchers The GTEx program supported by the Common Fund from 2010 to 2019. Currently, GTEx data
are widely used as a reference dataset to design new methods and tools, such as a
statistical method called PrediXcan. This novel method is used to predict the expression of
a gene using DNA sequence data. PrediXcan also predicts visible traits of diseases. GTEx

cemanehans rread e melbaed fe t e adili cmssillic cam e sesaetasbad salih Boa: dieaseaes

Funding Opportunities

Funded Research



C 2% genomeweb.com/informatics/anvil-platform-makes-popular-nhgri-gtex-database-free-download

fold.

Last month, NHGRI issued version 8 of GTEX, the first "free" release on the Genomic Data Science
Analysis, Visualization, and Informatics Lab-space (AnVIL) platform. NHGRI established AnVIL in late
2018 to create a cloud-based environment for working with the GTEx dataset, which includes
genotype data from 838 donors plus 17,382 RNA sequences across 54 tissue sites and two cell
lines.

The National Institutes of Health Common Fund established GTEx in 2010 as a 10-year multi-
institutional research effort to present a comprehensive atlas of genetic regulatory variation across
cell types and tissues and an analysis of how these changes in regulation can contribute to risk for
disease and the development of traits. The research concluded in September, but the dataset
endures to assist outside scientists.

Michael Schatz, program director for the AnVIL platform, said that GTEXx is the "most highly
requested" dataset throughout the entire National Institutes of Health.

"We started to take it for granted that you can just go to the web at any time and download it, but in
reality, there's a lot of infrastructure costs," said Schatz, an associate professor of computer science
and biology at Johns Hopkins University. The full GTEx dataset contains about 40,000 individual files
and requires about 150 terabytes of storage.

"If you want the whole collection, it's going to take realistically several days to download," Schatz
said. "Researchers constantly streaming those data would consume all of [the National Center for
Biotechnology Information's] bandwidth. There's just a lot of overhead with that."
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States are figuring this out! e  EMIRATI
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Online Help

Welcome to Application Submission System &
Interface for Submission Tracking (ASSIST)
Online Help

Application Structures in ASSIST

Latest Updates

Using ASSIST Y%

Using ASSIST to Apply for an LRP Award

Prepare an Application

Application Submission Status Workflow

v
Forms Data Entry N
v
v

Generate a Preview of the Application

Non-Research Amendments (for Non-
Research Agencies)

Non-Competing Continuation Overview ¥

Validate the Application

Prepare an OTA Application

Initiating an OTA Application

OTA Summary Screen

OTA Form Screen

OTA Application Submission Status

Application Errors and Warnings Results

Verify Senior Key Personnel

Application Submission v

Application Submission System & Interface for Submission
Tracking (ASSIST): Revised May 13,2024

=X ®

For additional assistance, please contact the eRA Service Desk. j} PDF version

About Other Transactional Authority (OTA) Awards

What is an Other Transactions Authority?

An Other Transactions Authority (OTA) allows for Federal Government agencies to enter into Other Transactions (OTs).

What is an Other Transaction?

An Other Transaction (OT) is a unique type of legal instrument other than a contract, grant, or cooperative agreement. Generally, this awarding instrument is not
subject to the FAR. nor grant regulations unless otherwise noted for certain provisions in the terms and conditions of award. It is, however, subject to the OT
authority that governs the initiative as well as applicable legislative mandates.

Why are Other Transactions used instead of traditional funding mechanisms?

Reasons to use an OT may include a combination of the following, among others:

An Other Transactions Authority (statute’s citation);

Need for flexibility to negotiate terms and conditions appropriate for the specific program requiring fluid implementation:

Nontraditional review and award management practices are needed because the science is expected to be highly evolving, with requirements for additional aims or
expertise added to, or removed from, the project throughout the term of execution;

Collaborative involvement by the NIH in the technical direction and oversight of the research, which can be akin to partnering (e.g., participation in progress
reviews and decisions on future efforts or direction; government may be a voting or nonvoting member of the consortium);

Negotiate intellectual property rights: and/or



Communities are figuring this out!
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The opportunity / the risk

Growing conviction by researchers of the
value of genotyped patients for research
and clinical development

5
$0p° E@E a0

A growing number of biobanks around
the world collecting exponential genetic
data on patients

41



The opportunity / the risk

Growing conviction by researchers of the A growing number of biobanks around
value of genotyped patients for research the world collecting exponential genetic
and clinical development data on patients

%
$0p° E@Q a0

The opportunity exists, now, to connect the explosion in data to the collective intelligence of
biology writ large - and to make it fair and equitable

. But we won’t meet that opportunity without a systemic and cultural shift in how we fund,
build, staff, and sustain biological software platforms. 42



“Most importantly, the
advanced expertise gained 77
by individual users becomes s
more than just the V'
knowledge of a single
individual; it is a shared
community resource”

(please go read Bonnie Nardi!)



Thank you!

wilbank@broadinstitute.org
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