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One simple ask for all of you:

Let us create value from
biomedical data together
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Data management important to extend life span of investment in cohort data

To address national health challenges & needs, A*STAR is increasingly
directing efforts towards population health and well-being

Prevention to Treatment

Early life development Function and Performance Healthy longevity
Childhood Adulthood Older age

Family ® °

@ .
@ o building x' m
. / Contributing PM

/ Adolescent research

Cohort studies Expanded scope Precision Medicine
(e.g., S-PRESTO/GUSTO) (National Precision Medicine Prog)

Biodata
Biomed Data Architecture Repository (DAR)

Building on existing strengths in Early Life Research (e.g., S-PRESTO/GUSTQO), Genomics

(Precision Medicine) and Biodata capabilities (Biomed DAR), BMRC will expand our scope to
address broader Population Health challenges for Singapore
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A*STAR Bll's Winning Strategy

Mission Creating Value from  medical Data

< B
Genomics at GIS, 6 xr F‘
other biodata at BII ‘1>> s =IL

—

requires unique domain expertise
(mix of biologists and computer scientists)
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A*STAR's Bll - A Simple Formula

Data + Analysis = Impact

BIl, A*STAR >

People
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What is our strategy?
What is the “cathedral”

we are building in BII?
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Rl Strategy

Creating Value from Biomedical Data

RI’s Strategy
Overall Goals in 5 years Why?
A*STAtI:Q andfllhas? th: Bit%medrilcalul Data Art\alysis Biomedical data is very valuable
PRV i el 721 el 9 S T (e.g. >$110M value hosted in 2022)
Thrust 1: Data Thrust 2: Data [ Thrust 3: People For who?
Hub LUEWHE Development
Increase Singapore and the world
Biomed DAR++ col‘::l;::?:yion HIBBI:ADS As,(':l':tl’eor:-t;) &3P
How?
IS Key Programme 2 Key Programme 3 Extenbd udsatble life sp?n o(I)fthlf;ghbvalue
Prearedness Digital Health Human Potential I0data as secure datahu
COVID > DiseaseX  Digital Pathology, ' ‘ppeciee Upcycle biodata with computational
with[Dlabsand - cardio > ua 3D Al GUSTO with analysis and tool development for
GISAID singHealt sics actionable insights

BIODATA-highway

OFFICIAL (CLOSED) / SENSITIVE (NORMAL) CREATING GROWTH, ENHANCING LIVES



Changes from FY22 and old BII:
Grow groups in new focus areas (Datahub, Syn Data, Bio-ChatGPT)

Bring in SICS data management and software development team

Pivot groups (including phasing out all wetlab activities) IMPACT

Restructure admin and create specific leader/owner/pm roles

|7

2023 aim:

Everyone knows their role
Everyone is connected to input and intended

output

BIl 2.0
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Core Structure | Image | Sequence
Capabilities Database/Software
Foundation Biomed DAR / Datahub — Secure Isonet
with collaborative sandboxes
Connection BIODATA-highway — Secure connection to
Tunnels national and global data ecosystem

OFFICIAL (CLOSED) / SENSITIVE (NORMAL) CREATING GROWTH, ENHANCING LIVES




Getting everyone on board

Road to Impact

and develop innovative
nd improve lives:

\We advance science
y? Lives saved?

to further economi growth @
ur success? papers? Industry mone

_> IMPACT

MISSION.
technology

« How to measure 0
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The only place with >100 Bioinformaticians within 4000km radius

Critical mass needed to enable structured career path for informaticians

IBIDA course (300 people trained)

Bilateral workshops (EDDC, SICS, SERI)

Young talents: 4 new first time grant holders (OF-IRG, CDA, ID-HTCO, AlI3-HTCO)
Connecting Bioinformaticians across Rls (25 joint appointees across 9 Rls)
New group leads 2022/2023:

% WOO Xing Vi KOH Winston
. ~ (senior PI, Research § X (junior PI, Bio-

MUKKESH Kumar
(Data Science

o data integration) chatGPT) Manager)
100% BII BII-ISCE2 75-25% (new 2023)  BII-SICS 75-25% (new 2023)
LAU Mai Chan WANG Dennis YEO Hui Ting Grace

(Asst PI, GIS-BII fellow
for Spatial Omics)

(Asst PI, Spatial
Immunomics)

(senior PI, Bioinformatics
platform)

BII-SIgN 60-40% SICS-BII 50-50% GIS-BIl 60-40% (new 2023) 11
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We should always ask,
what can we do better?
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4 months course: 12 weeks +6h per day and 4 weeks full-day
= feels like aging 4 years in experience

General Management Programme

88 case study discussions
9 plenary lectures
5 simulations

Andy Wasynczuk

Scott Mayfield

Y leadership

V.G. Narayanan m a r ketl n g e

InNnovation
strategy

Linda Hill

Rafael Di Tella

LY

Stefan Thomke

Jan Rivkin
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The case study method

Example: “Steve Jobs at Apple”
* Why has Apple been so successful?

* |Isthere as systematic "approach" to how
Apple is managed (the "Apple Way")? If
ves, how would you characterize this
“system” and its “elements” (strategy,
innovation, leadership, and execution)?
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Example: “Steve Jobs at Apple”

* |Imagine that you are an App

How would you attack the company? Are

there any weaknesses?

 What if Apple would buy your company,

what would they do?

le competitor.

1998 CEO
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Simplicity is the ultimate sophistication
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https://www.youtube.com/watch?v=EUXnJraKM3k
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CREATING GROWTH,

How can we as Bll increase the value created from data?

- Willingness to pay
|

Price 7

_ Our margin
“The Wedge”

Value created

; Cost -

|
- Willingness to sell

Value Stick
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https://www.youtube.com/watch?v=o7Ik1OB4TaE
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CREATING GROWTH,

How can we as Bll increase the value created from data?

Value created

Different models to increase the wedge:

- Willingness to pay
- E.g. Apple (superior products)
Price -

_ Our margin

E.g. Best Buy — both angles!
“The Wedge” 9 y 9

Cost -
' E.g. Walmart (reduce cost)

|
- Willingness to sell

Value Stick
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https://www.youtube.com/watch?v=o7Ik1OB4TaE
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CREATING GROWTH,

Strategy: Value Loop/Flywheel to grow Value Wedge

— Willingness to pay
|

i o
Weak loop: r ﬁPrlce %
. . o
Lower price -> Biomedical O
Data )
more data -> ' ' = |
lower cost Cost = B Cost down (Walmart)

|
= Willingness to sell

Value Stick
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CREATING GROWTH,

Value Loop/Flywheel to grow Value Wedge FASTER

— Willingness to pay
|
Willingness

o Py % Price up (Apple)
Valuable o
Biomedical 8
Data =
L 4J =
Value-add I
1
Analyses =~ Willingness to sell
Strong loop: Value Stick
Add value ->
higher WTP ->
more data

20



Adding Actionable Insights

Creating Value from Biomedical Data

Example COVID-19:
data + analysis = impact

One A*STAR: Bl works with ID Labs, = EOMpErSON Wit ether
SIgN, GIS, EDDC, DxDhub, IHPC, I2R strains’ sequences to trace

global and local transmission

Hospital, Lab Bioinformatics
GP etc.

WHO's Chief Scientist
(Swaminathan Nature 2

v 020) recognized GISAID
Sample equen
| | it i as “game changer.”
’ Assembly el
& ?I Lancet
‘/a{:\‘,\ .. AGCAAAAGCAGGGGAAAACAAAAGCAACAAAAATGAAGGCAATACTAGTAG 1 BMJ
[N TTCTGCTATATACATTTGCAACCGCAAATGCAGACACATTATGTATAGGTTATCA 1
./‘ \ TGCGAACAATTCAACAGACACTGTAGACACAGTACTAGAAAAGAATGTAACAG —> — d 1 Ce”
/ TAACACACTCTGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCA...
: ; Nature Comms
1. Timely sharing of sequences of _

. y new.wruses > Crltlcal ar7d fa'lr 2. Theoretical 3D MIT Tech review
Mentioned by PM during sharing mechanisms exist via the ; __ Ml e breakthrough
National Day Rally, Minister GISAID platform - - technology 2022
in Parliament etc. I i B8 il daallots

W X of mutations and
drug/vaccine
BIl/GIS has global (GISAID, WHO, CEPI) and national role (NCID, MOH) in points 1-3 candidates 21
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CREATING GROWTH,

Value Loop/Flywheel to grow Value Wedge

Own
agency
data

Willingness

to Pay 1
r ‘ Valuable ﬁ
Biomedical
t J Data L
Cost

Price

Value- add
Analyses
Own
agency
funds

\4

2021 $35M total
2022 $110M total
2023  $235M predicted

Value created

— Willingness to pay
|

Price up (get funding)

f
}

Cost down (economies
1 of scale)
|

= Willingness to sell

Value Stick

22
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Market-share is not equal to profitability and
growth is a choice (raising prices can slow
growth and increase profitability)

23
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CREATING GROWTH,

How to disrupt and survive disruption? Competitive Strategy
Blockbuster (physical DVD rental shops) vs Netflix (DVD-by-mail)

« Blockbuster: incumbent inertia, original business doing well, “DVD-
by-mail is ridiculous, you will never get to us”

* Netflix (DVD-by-mail):
 indirect attack in area new to incumbent,

-« growing the market by reaching new customers (turning problem
Into virtue: latest releases less available, recommendation engine
buffers load and suggests unexpected new diversity)
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CREATING GROWTH,

Barriers for Free Use of Health-Related Data Research

m Patient re-identification is possible with access to few data elements

o

%&b Regulatory, ethical and legal data protection hurdles

@@ Extensive process is required for transferring and sharing of datasets for novel insights.

P

N
f@ Heterogeneity of data increases difficulty of implementing high-end computing tools
N

\
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What if ... we could remove sensitive aspects of the data but
keep its biomedical value?

Data abstraction with preservation of correlation and data distributions:
1. Deconstruct

>
x1 x2 x3 -
N | . | .. ’
- = : | :‘t X X X
- &
] "
original Data 3 T symmetric, unimodal .skewleft bimodal
Correlation Histograms
2. Modelling

MTCJ coputa Joo copula Gumbel copula

Negative
Skew

Distributions

Synthetic Data
Copula function

3. Reconstruct >

26
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Synthetic data is “real” (value for some purposes)

Visit::exam_Systolic BP _Blood Pressure

0.015 4

0.010 9

Count

0.005 4

0.000 -

mm Real
Synthetic

80 100 120 140 160 180 200 220
Data

Visit::exam_Diastolic BP _Blood Pressure

mmm Real

Synthetic

240 4

200 4

180 A

160 4

140

120 A

100 A

80 A

Linear Regression Training (Visit::exam_Systolic BP _Blood Pressure vs
Visit::exam_Diastolic BP _Blood Pressure)

—— Fitted; R-squared: 0.383734; slope (95%): 1.068344 +/- 0.082699
Fitted; R-squared: 0.308851; slope (95%): 0.944185 +/- 0.087733
= original data
synthetic data

40 60 80 100 120

Linear correlation of
systolic with diastolic
blood pressure

For example, we show on a real data set that the privacy-safe synthetic version still finds

back the relevant clinical correlations.

Therefore, synthetic data can be used to find and develop models about diseases and
treatments for patients but without the strings of not being able to share and use widely.
This has the potential not only to complement but even to leap-frog classical research.
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How to disrupt and survive disruption? Competitive Strategy
Blockbuster (physical shops) vs Netflix (DVD-by-mail) vs Netflix (streaming)
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* Netflix (streaming):

« Once technical solution on par in quality, many other advantages
would overwhelm old model

« CEO saw risk of disruption early and chose to self-disrupt although
original business was doing well then

CREATING GROWTH,
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Al/Quantum enabling algorithms for drug and mechanism discovery

neuroimaging phenotypes,
image registration, fMRI
dynamics modeling

Computational complexity across level of analysis: many-to-many mapping problem Receptive target Potential quantum
% problems algorithms
Behavi éggél Psychosis ASD Mapping not known
AT | spectrum spectrum >  Hierarchical cross-brain- Quantum machine learning
region and multiscale analogs, such as QNNs,
merging of insights with possibly novel
CNS Hamiltonians
Pervasive synaptic Localized ‘hotspots’ ——— L= .
Systems disruption of dysfunction Discovery of patterns in HQMMs, QBMs and
> e high-density temporal QVAEs
. P, 4 - data on behavioral
Maps T > S 7R characteristics
Columns Intensity of perturbed _ Association studies of Quantum least squares and

QNNSs, quantum annealing,
linear equation solving with
quantum algorithms

Cells SR e AEe
Microcircuit A A A AAA—
by,

balance
Synapses E

E . . . :
Receptors : Hierarchical clustering, Quantum annealing and
y single-cell deconvolution, least squares, QBMs and
- 3 ; a
Receptor transcriptomic and QVAEs
Molecules function epigenomic imputation
[ ! il
NR1 Subunit NR2 gubunit > )
G . - : ! Sequence read mapping, HQMMs, Grover’s algorithm-
EHOHEIWOEES % %‘ Polygenic interactions Rare variants variant imputation, based methods and
regression-based variant extensions, quantum least
DISC-1, SHANK3, MECP2, GAD, 1921.1, 15q11.2, 16p11.2, —p association squares

Genes MMMNK CNTNAP2, NLGN, NRXN1 22q11.2, 22q13.3

e
w
=
- |
O
<
O
Z
<
- v
Z
W
s
I—
3
O
o
O
O
Z
b
(
w
14
O

Nature Methods | VOL 18 | July 2021 |1 701-709 | Collaborate with CFAR, IHPC, I12R, Al3, GIS
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One simple ask for all of you:

Let us create value from
biomedical data together

2023 aim:
e Everyone knows their role

e Everyone is connected to input and
intended output
Bll l

Thank You!
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