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The new Bll 2.0 in RIE2025

New collaborative Biomedical Data Analysis
(BMDA) hub (joint) around the data repository

Bll is at the interface between
disciplines and often connects

horizontally -
Digital Health

Human Potential

IBN/SBIC
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Digital H @ BTI (1)
Human P '
SRIS (1)
Connect

Cross-map

Old Focus s

GIS (2)

Horizontal by
Strategic Area

Division by
Data Type
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Big Hairy Audacious Goals (BHAG) for BIll 2.0

0 To become Singapore’s trusted center for
Life Science/Medical Research Databases
and Data Analysis /

NV Va

~‘l> e ='_.|,l*?;:_

DDrer”

® % O

O To become the joint bioinformatics
collaboration workspace with common
life science data analysis infrastructure
for A*STAR

. A Software

0 To formalize the bioinformatics .
education/outreach function -
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BIOMOLECULAR SEQUENCE TO
FUNCTION

* Protein Sequence Analysis
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Viruses

Human variation

Computational
Sequence and
Structure Analysis

e

...AGCAAAAGCAGGGGAAAACAAAAGCAACAAAAATGAAGGC
AATACTAGTAGTTCTGC ATTTGCAACCGCAAATGCA
GACACATTATGTATAGGEA A

CTGTAGACACAGTAL\' ALAATOTAACAGTAACACACTC

&

We are working at the
interface between
seguence and structure

Food flavors

g

Product Safety



GIS / Viruses \ Food flavors

Computational
Sequence and
Structure Analysis

e
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AGGGGAAAACAAAAGC AAAAATGAAGGC

Product Safety

y Long history of flu
' | work but COVID put
us into the spotlight
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Restricted

Example COVID-19: critical mass data + analysis = impact

3. Comparison with other
strains’ sequences to trace
global and local transmission

® % O

Hospital, Lab Bioinformatics
GP etc. ')
y i » Lancet
‘ N \
Sample >( Sequence | >‘ Interpretation oV
| - L , , J | | Cell
"  Assembly ¥ Nature Comms
At etc.

. AGCAALAAGCAGGGGAAAACAAAAGCAACAAAAATGAAGGCAATACTAGTAG

o TTCTGCTATATACATTTGCAACCGCAAATGCAGACACATTATGTATAGGTTATCA
TGCGAACAATTCAACAGACACTGTAGACACAGTACTAGAAAAGAATGTAACAG —>
TAACACACTCTGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCA...

1. Timely sharing of sequences of
new viruses is critical and fair
sharing mechanisms exist via the

of mutations and

GISAID platform
(GISAID
drug/vaccine

Bll/GIS has global (GISAID, WHO, CEPI) and national role (NCID, MOH) in points 1-3 candidates

2. Theoretical 3D
structure and
phenotype effects
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COVID-19: Impact of A*STAR'’s bioinformatics capabilities via GISAID

1,200,000 25  First publicly available genomes

® & &

: CED -
,0 INGISAID on 10" January 2020 i === == =
>Imentries ; | —hketadihitbadk i e | e
1,000,000 ;4
:é 800,000 ! 10 11 12 13 14 15 16 17 18 19 20 21 22 S '
k] 175 countries j
3 As the WHO's Chief Scientist
400000 (Swaminathan Nature 2020)
recognized, GISAID has been a - = Wi tcoian A
T— &
oo “game changer” = AP [ - 1,680 varant phenotype St
e . S ——— annotations from literature
T 1T |_—' 0 — » B plus 3,826 3D interactions
) Y ——— Oceania
Jan Feb Mar Apr NTay . Jun. Ju\. »ilug Sep Oct Nov De.c .Jan Feb Mar Apr Genome Curatlon ;—1__ : ”? TOOIS by B”
M GISAID duplicates in public-domain archives duplicates in public-domain archives (US only) ) =
with BII/GIS
THESTRAITSTIMES SINGAPORE & LOGIN ST SUBSCRIBE
The NEW ENGLAND JOURNAL of MEDICINE Singapore approves Pfizer-BioNTech

Covid-19 vaccine in Asia first: What you
need to know about the shot

RESEARCH SUMMARY

Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine \
v 4 - R\

F.P. Prlark at al NN 10 10RA/NEIMA2IN24K77

investment of resources. The development of BNT162b2 was initiated on January 10, 2020, when the

SO S— SARS-CoV-2 genetic sequence was released by the Chinese Center for Disease Control and Prevention

Safe and effective vaccines to prevent severe ¢

syndrome coronavirus 2 (SARS-CoV-2) infe and d1ssem1nc1ted globally by the GISAID (Global Initiative on Sharing All Inﬂuenza Data) initiative.

Covid-19 are urgently needed. No vaccines _______ — - T T
i 1 —
Rlbosome \\\1 :

against betacoronaviruses are currently avallable and /I8
mRNA-based vaccines have not been widely tested.
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https://www.nature.com/articles/d41586-020-03556-y
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CoVsurver

© 2008 - 2020 | Terms of Use | Prvacy Notes | Contact

1S/

| epicav ) My Files curation

Protein: Spike
Spike S477N Coronavirus type: Yeast SARS-CoV-2 (2019)

Key to alternative position numbering: Mutation [as in paper}: S477N
477 hCoV-19 numbering

464 SARS numbering neutral AA: S Rece ptor
Chosen reference: Spike hCoV-19/Wuhan/WIVv04/2019 neg. eff. Aa: [ ) )
Pasition in reference: 477 Effect: Host Change bl n d I ng

AA in reference: s
. Comment:
AA in query: N

Covsurver

In a deep mutational scanning experiment that expresses
Mutation Spike S477N already occurred 4128 times (2.98% of all samples with Spike sequence] ‘,Sp'ke RED in a .ye.?st-d\spla\f platform, 547,7N m"qu
e e T ol o (o Tt Py P Se vrril increases the binding to ACE2 (apparent dissociation
The mutation most recently accurred in strain hi constant delta-log10 value: 0.06)
Jacted in September 2020. ( Literature reference

{Mutation S477N in the paper is at an equivalent position of the mutation in
your query)

), As s=en in resolvad structures of proteins from related strains, the Spike position aquivalent to
) R this mutation is involved in: | Screenshot |
Spin ON SpinON  Spin OFF  Shve IMAGE Antibody Recognition Sites Antibody interaction: The mutation position (red atoms) corresponds to position 477 on viral
Spike glycopratei Spike glycoprotei teom) in complex with host . T chain E (yellow backbone) of protein entry 6xcn, originating from Severe acute respiratory
e h ’ bbany. Host Cell Receptor Binding

syndrome coronavirus 2 and with a label of Spike glycoprotein. The mutation is within 6 A
Viral Oligomerization Interfaces from antibody chain F (purple backbone).

& muthtions:

List of variations displayed in structure (nearest residue if in loop,/termini regian) PubMed search for this mutation

Antibody
interface

Query Clade Best reference hit aid Skcoverage Smut: Lid of mutations .
NEW: Occurrence and phylogenstic context of mutation at CoV-GLUE

o
oo
100%
100%
100%

[} no mutans Ehylogenstic context for this mutation
1120

100%
100%

Cumulative #locations

€ s (3) Covane(p

g 5000
% 4000
o 3000

Number of sequences collected by GISAID - O 70X 14406 501Y o 165 4177_464K
from 01 Jan 2020 to 05 Mar 2021 by country =3 = ) 4 2

)
E mer g N g SRt il ol oo

=
Variants - Current Month
Varises © sGenomes #Top Locasion #Top Ciade Top Lineage a8Locis) © Baschangescc) (sxc)
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COVID-19: Impact of A*STAR'’s bioinformatics capabilities

From contact tracing...

E A8Y,F [ ] (] L]
EI 40, F
HE A - ,,Singapore/5/2020(EP| ISL 410536/2020-02-06|AH1 c h ara Cte riza t ion Of fl rSt 3 I oca I
. E ”"‘"”"EZ @ Gnth, 500 ¢ | Singapore/10/2020|EP! ISL 410716|2020-02-04|AH3 CI u Ste rS ’ IEd by M 0 H
S E T 51, M. husband of A1 1 ‘_\_\_\—T—gﬁ'\_‘—NSmgapo[e/QIZOZmEm ISL 410715(2020-02-04|AH2 ° B I I CO n d u Cted ge n O m | c
E e | ———=———"Singapore/8/2020|EP| ISL 410714|2020-02-03(AT1 . .
e 4 epidemiology analyses
UM bt AT Singapore/1/2020|EP! ISL 406973|2020-01-23
Lwunanswnoumorais s so212420t6-12:0 « Findings published in The Lancet

R EEEEEEEEEE EE AR -

(Pung et al 2020)

~ Contact network from epidemiological
oo (left) and genetic (right) data

A*STAR-led team discovered anti-

o — COVID-19 therapeutic antibodies
§ o ;é:g;%znsev « SIgN led characterization of antibodies
;: . / :E%%‘gg - BIl assessed mutations that could affect binding
) o A, - Findings accepted for publication in Cell
G (ngrel (Wang et al 2021 - in press)
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Viruses Food flavors

Computational
Sequence and
Structure Analysis
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Drugs

AGCAAAAGCAGGGGAAAACAAAAGC AAAAATGAAGGC

Human variation

R i ' ﬁ! e
- - g R FORMULA \\
- TR TS £ @, heod: O,
AT o st )ead shoulders,
at\\E \ \\l\\‘\\“‘“{ e g
AN\ T O *
,/\’ N rditioner
L2y .
\ e Proteins can
cause allergy if

& similar to other
AN | allergens.
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A

A P&G — Bll Allergenicity Project

111

Global Product
Stewardship

Safety « Sustainability « Regulatory « Technical Relations

&
O

Protein-Antibody

predicts if a protein is
similar to known allergens

I9G Allergenicity
? Potential
>
=y
) |gE MGVFNYETETTSVIPAARLFKAFILDGDNLFPK
Z VAPQAISSVENIEGNGGPGTIKKISFPEGFPFKY H IGH
% VKDRVDEVDHTNFKYNYSVIEGGPIGDTLEKIS
;:( | E NEIKIVATPDGGSILKISNKYHTKGDHEVKAEQ
uZJ g VKASKEMGETLLRAVESYLLAHSDAYN LOW
§ Protein

Bll tool AllerCatPro

o Sequence
)
©)
Z
%
1}
(8 d
Q
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Singapore Institute of
i Food and Biotechnology

a'/ﬁ - Computational prediction of protein
A

e e gllergenicity: from viruses to shampoo and

BMAD

]

food safety AllerCatPro
predicts if a protein is
Query Protein Search our 3D 3D epitope similarity similar to known allergens
(unknown structure) sequence database
Query: GVENYETETTSVIPAARLFEAYILDGD Accuracy benchmark
GVENYETETTSVIPAARLFKAYILDGD - 3D Hit: GVENFETETTSVIPAARLFSALILDGD (allergens vs non-allergens with
Allerg: GLFQYESDTSSVLPAVKLFKAYTTESD same structure fold)
90%
85%
80%
Conformational epitope (5A) = d 75%
IgE antibody g T
> % é 65%
T eo% I
55%
Allergen Protein hit with known structure so% T ! «HET
\sbo QQ&V @\‘&z\ééé( é,\oQQ 6058‘
0'\,\‘? oSN
$
The impact (Bll+Ben Smith SIFBI):
v Industry: ‘ &G
v" 4 RCAs long-term work with P&G, active use by P&G in product development safety pipeline The C&Crlly Company
v’ Gluten extension work with The Coca Cola Company
v Project pipeline: next 2 companies in preparation %

v Supporting 30-by-30 goal by providing tool to assess risk of alternative/novel protein sources for food _
v Project with CSIRO/JCU on seafood allergy and risk of insect proteins as food source Q@ Eg{‘agdap"re

v' Consulting for AVA/SFA on Novel Foods, ongoing safety assessments in SFA expert panel Agency *



Viruses / Food flavors

Computational
Sequence and
Structure Analysis
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...AGCAAAAG CAGGGGAAAACAAAAG;EL
AATACTAGTAGTTCTGC ATTTGCAACCG
GACACATTATGTATAG‘ RYSCBAACAATTC
. . CTGTAGACACAGTANACAM - PAATOTAACAGT
Human variation TGTTAACCTTCTAGASS A AR CGGCAACTATGOA. Product Safety

. g Enzymes can be used to
naturally produce food
flavours and fragrances
but also drugs!
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WDH_STRAS
WOH_STRCO
WDH_STRFR
WOH_STRCM
DHLE_BAGL
DHLE_GEQSE
DHLE_BACCR
DHLE_THEIN
DHPH_LYSSH
DHPH_THEIN
1C1D:A_PH
1BXG:A_PH
1NQT:A_GL
IADE:A_GL
1WIL:A_GL
IKEZ:A_GL

Consensus

LGGEMENEKI
Substrate Pocket

BmTransFurmer

Restricted
Moving from full sequence similarity to substrate binding pocket similarity

DHLE BACLI/1-364
DHLE BACCR/1-366
DHLE GEOSE/1-367
DHLE THEIN/1-366
DHPH LYSSH/1-381
DHPH THEIN/1-366
VDH STRFR/1-371

VDH STRCM/1-358

VDH STRA4/1-364
100 ! VDH STRCO/1-364

1C1D:A Phe/1-355
100 | 1BXG:A Phe/1-356
—— INQT:A Glu/1-49%6 ]
3AQOE:A Glu/1-424

100 _|: 1VOL:A Glu/1-421
61 3K92:A Glu/1-424
05

Full length sequence tree

Glu

@
=1

VDH STRA4/51-69
99 | VDH STRCO/51-69
VDH STRFR/55-73
VDH STRCM/48-66
DHLE BACLI/40-58
DHLE BACCR/42-60
91 DHLE GEOSE/40-58
73 ' DHLE THEIN/40-58
DHPH THEIN/41-59
DHPH LYSSH/51-69

1C1D:A Phe/38-55

100 ' 1BXG:A Phe/39-56

’_— 1INQT:A Glw85-103
3K92:A Glw80-98

3AOE:A Glu/78-96
3! 1VIL:A Glu/69-87

Substrate binding pocket
profile tree

Val

Glu

16
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Iterative computational/experimental refinement cycle

Positive/negative examples

First screen

36% hit rate

Confidential

Substrate binding pocket
profile to score candidates

1.00

Second screen 72% hit rate

17
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Computational modelling of mutation effects on enzyme function

i Residual Enzyme Activity

Stability

Yasara + FoldX

Enzyme Thermostability
40.00

® Al98|

. 199 Goh10s2
L ] .
e yazsp yAL97C
0.00 -

llllll

RRRRR

PHARMA INNOVATION
PROGRAMME SINGAPORE (PIPS)

Aggregation

Tango
Waltz

Sequence
Conservation

SIFT

Shannon entropy
Dead vs Not Dead positions

SIFT: AUC =0.84, Best Threshold=0.70
ShanID: AUC=0.85, Best Threshold=3.27
ShanMS: AUC=0.86, Best Threshold=1.76

18
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GIS

Viruses

Computational
Sequence and
Structure Analysis

e

...AGCAAAAGCAGGGGAAAACAAAAGCAACAAAAATGAAGGC
AATACTAGTAGTTCTGCTAXA JACATTTGCAACCGCAAATGCA
GACACATTATGTATAGGETA

CTNAGACACAGTA DY, M‘ ALEMNAT@TAACAGTAACACACTC

Individual
mutations can
cause disease or

affect drug efficacy

Food flavors

Product Safety

19
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A SNPdrug3D database for Precision Medicine

Genome Institute
of Singapore

Drug A

...AGCAAAAGCAGGGGAAAACAAAAGCAA
CAAAAATGAAGGCAATACTAGTAGTTCTG P

® % O

CTATATACATTTGCAACCGCAAATGCAGA

CACATTATGTATAGGTTATCATGCGAACAA “
TTCAACAGACACTGTAGACACAGTACTAG >

AAAAGAATGTAACAGTAACACACTCTGTTA
ACCTTCTAGAAGACAAGCATAACGGGAAA
CTATGCA...

Sequence SNP/variant X
Mutation

3D position

hanks! e o
thanis Scientist  SNP prioritization
VUS annotation

ﬂ = Clinician  SNP prioritization
' scientist VUS annotation
Known and new PGx SNPs

You have variant X that could
affect response to drug A so |
suggest drug B!

12

Clinician Known PGx SNPs
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Functional evaluation of coding variants - Targeting motifs

Foution 1 "#0F Fom | 5 246 Fiiers HMOFPFAM B RPERESS | Phobw OLR L) Sop LOR L) Dapoed2h DER O lupeed2A DPR L) Sap

o et Protein features

PO e M - - - - . - - - - - S . . . - . . - . - -
PO Serg MM - - . 2 J X I | - - - - - . - . - - -
HADAPFAM E |

Structuer fratary Ve

' "
iy | Ny oD
v\ P L ";'-"
’*?*@'vl A ‘;&?’w'.. ¥ \
P i ok . Ly
B s X > 3!’:" % A
L™ - % (4 v ,‘ .
¥ ’.".'I .v}‘ Lz oy J§;§
xS B roxAGS
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Functional evaluation of coding variants - Targeting motifs

Systematic computational screen for SNPs in GnomAD affecting peroxisomal import

Five of the six predicted
LoF SNVs resulted in
loss of the PTS1 motif
while three of five
predicted GoF SNVs
resulted in de novo
PTS1 generation

Loss of function (no import)
Gain of function (import)

Chong et al, Int. J. Mol. Sci. 2019, 20(18)

22
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