
• Biomedical data hub

• Biomedical data analytics

Bioinformatics Institute (BII)

Sebastian Maurer-Stroh
ED BII
sebastianms@bii.a-star.edu.sg
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The new BII 2.0 in RIE2025

BII is at the interface between 
disciplines and often connects 

horizontally

Im
age

Stru
ctu

re

Seq
u

en
ce D

at
a 

R
ep

o
si

to
ryDigital H

Human P

Epidemic P
Cross-map

Division by
Data Type

Horizontal by
Strategic Area

Old Focus 

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

Connect

New
BII 2.0

Data

SICS 

(20+tf)

GIS (2)

SIgN (2)

IMCB 

(2+tf)

EDDC (2)

BTI (1)

IBN/SBIC 

(1+tf)

SRIS (1)

SIFBI (tf)

Epidemic Prep

Human Potential

Digital Health
++



3

Big Hairy Audacious Goals (BHAG) for BII 2.0

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

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

❑ To formalize the bioinformatics 
education/outreach function



THANK YOU

www.a-star.edu.sg



• Protein Sequence Analysis

BIOMOLECULAR SEQUENCE TO 
FUNCTION
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Viruses Food flavors

Product SafetyHuman variation

…AGCAAAAGCAGGGGAAAACAAAAGCAACAAAAATGAAGGC

AATACTAGTAGTTCTGCTATATACATTTGCAACCGCAAATGCA

GACACATTATGTATAGGTTATCATGCGAACAATTCAACAGACA

CTGTAGACACAGTACTAGAAAAGAATGTAACAGTAACACACTC

TGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCA…
0.0005

Computational 
Sequence and 

Structure Analysis

Drugs

We are working at the 

interface between 

sequence and structure
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Viruses Food flavors

Product SafetyHuman variation

…AGCAAAAGCAGGGGAAAACAAAAGCAACAAAAATGAAGGC

AATACTAGTAGTTCTGCTATATACATTTGCAACCGCAAATGCA

GACACATTATGTATAGGTTATCATGCGAACAATTCAACAGACA

CTGTAGACACAGTACTAGAAAAGAATGTAACAGTAACACACTC

TGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCA…
0.0005

Computational 
Sequence and 

Structure Analysis

Drugs

Long history of flu 

work but COVID put 

us into the spotlight

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

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

Lancet

BMJ

Cell

Nature Comms

etc.
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COVID-19: Impact of A*STAR’s bioinformatics capabilities via GISAID

As the WHO’s Chief Scientist 
(Swaminathan Nature 2020) 
recognized, GISAID has been a 
“game changer.”

175 countries

>1m entries

Tools by BIIGenome curation 

with BII/GIS

Yi Hong, Shruti

https://www.nature.com/articles/d41586-020-03556-y
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CoVsurver

Multi-clade occurrence

Antibody 

interface

Receptor 

binding
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COVID-19: Impact of A*STAR’s bioinformatics capabilities

Characterization of first 3 local 
clusters, led by MOH

• BII conducted genomic 
epidemiology analyses

• Findings published in The Lancet 
(Pung et al 2020)

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

From contact tracing…

…to therapeutics
A*STAR-led team discovered anti-
COVID-19 therapeutic antibodies

• SIgN led characterization of antibodies

• BII assessed mutations that could affect binding

• Findings accepted for publication in Cell
(Wang et al 2021 – in press)
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Drugs

Viruses Food flavors

Product safetyHuman variation

…AGCAAAAGCAGGGGAAAACAAAAGCAACAAAAATGAAGGC

AATACTAGTAGTTCTGCTATATACATTTGCAACCGCAAATGCA

GACACATTATGTATAGGTTATCATGCGAACAATTCAACAGACA

CTGTAGACACAGTACTAGAAAAGAATGTAACAGTAACACACTC

TGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCA…
0.0005

Computational 
Sequence and 

Structure Analysis

Proteins can 

cause allergy if 

similar to other 

allergens.
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P&G – BII Allergenicity Project

MGVFNYETETTSVIPAARLFKAFILDGDNLFPK
VAPQAISSVENIEGNGGPGTIKKISFPEGFPFKY
VKDRVDEVDHTNFKYNYSVIEGGPIGDTLEKIS
NEIKIVATPDGGSILKISNKYHTKGDHEVKAEQ
VKASKEMGETLLRAVESYLLAHSDAYN

Allergenicity
Potential

HIGH

LOW
Protein 
Sequence

Mgmoscatello

IgG 

IgE

IgE

Protein-Antibody

BII tool AllerCatPro
predicts if a protein is 
similar to known allergens



14

Restricted

Computational prediction of protein 
allergenicity: from viruses to shampoo and 
food safety

50%

55%

60%

65%
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Accuracy benchmark 
(allergens vs non-allergens with 

same structure fold)

The impact (BII+Ben Smith SIFBI):

✓ Industry:
✓ 4 RCAs long-term work with P&G, active use by P&G in product development safety pipeline
✓ Gluten extension work with The Coca Cola Company
✓ Project pipeline: next 2 companies in preparation

✓ Supporting 30-by-30 goal by providing tool to assess risk of alternative/novel protein sources for food
✓ Project with CSIRO/JCU on seafood allergy and risk of insect proteins as food source
✓ Consulting for AVA/SFA on Novel Foods, ongoing safety assessments in SFA expert panel

BFD
BMAD

AllerCatPro
predicts if a protein is 
similar to known allergens

Minh, Vachi
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Viruses Food flavors

Product SafetyHuman variation

…AGCAAAAGCAGGGGAAAACAAAAGCAACAAAAATGAAGGC

AATACTAGTAGTTCTGCTATATACATTTGCAACCGCAAATGCA

GACACATTATGTATAGGTTATCATGCGAACAATTCAACAGACA

CTGTAGACACAGTACTAGAAAAGAATGTAACAGTAACACACTC

TGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCA…
0.0005

Computational 
Sequence and 

Structure Analysis

Enzymes can be used to 

naturally produce food 

flavours and fragrances 

but also drugs!

Drugs
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Moving from full sequence similarity to substrate binding pocket similarity
Raphael
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7 1 3Second screen

Iterative computational/experimental refinement cycle

10 6 29

Positive/negative examples

Substrate binding pocket 
profile to score candidates

NPL Strain ELVF BCAT AOX max

Bacillus thuringiensis 7.25 6.40 7.25

Aspergillus nidulans -3.92 4.89 4.89

Aspergillus niger -5.21 1.82 13.08 13.08

Penicillium chrysogenum 5.00 5.00

Laetiporus sulphureus 93-53 2.09 2.09

Aspergillus fumigatus Af293 1.82 1.82

Penicillium solitum 1.82 6.44 6.44

Pleurotus ostreatus PC15 1.68 6.91 6.91

Hypholoma sublateritium FD-334 SS-4
1.68

1.68

Trametes versicolor FP-101664 SS1
1.68

1.68

Laccaria amethystina LaAM-08-1 1.68 1.68

Grifola frondosa 1.00 1.00

Aspergillus oryzae 3.042 8.26 8.26

Confidential

First screen

36% hit rate

72% hit rate

Siew Bee (SIFBI)
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Kinetics
EVB Model 

Binding
Docking scores
Binding free energy

Stability
Yasara + FoldX

Computational modelling of mutation effects on enzyme function

Aggregation
Tango
Waltz

Sequence 
Conservation

SIFT 
Shannon entropy

Allostery
Allosigma

Enzyme-Ligand 
Composition Extraction 

EVB Model 

Binding

Stability

PHARMA INNOVATION 
PROGRAMME SINGAPORE (PIPS)

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

Jhoann
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Viruses Food flavors

Product SafetyHuman variation

…AGCAAAAGCAGGGGAAAACAAAAGCAACAAAAATGAAGGC

AATACTAGTAGTTCTGCTATATACATTTGCAACCGCAAATGCA

GACACATTATGTATAGGTTATCATGCGAACAATTCAACAGACA

CTGTAGACACAGTACTAGAAAAGAATGTAACAGTAACACACTC

TGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCA…
0.0005

Computational 
Sequence and 

Structure Analysis

Individual 

mutations can 

cause disease or 

affect drug efficacy
GIS
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…AGCAAAAGCAGGGGAAAACAAAAGCAA

CAAAAATGAAGGCAATACTAGTAGTTCTG

CTATATACATTTGCAACCGCAAATGCAGA

CACATTATGTATAGGTTATCATGCGAACAA

TTCAACAGACACTGTAGACACAGTACTAG

AAAAGAATGTAACAGTAACACACTCTGTTA

ACCTTCTAGAAGACAAGCATAACGGGAAA

CTATGCA…

Drug A

Mutation 
3D position

Sequence SNP/variant X

You have variant X that could 
affect response to drug A so I 

suggest drug B!

Good, 
thanks!

https://commons.wikimedia.org/wiki/File:Doctor_with_Patient_Cartoon.svg

User Value

Scientist SNP prioritization
VUS annotation

Clinician 
scientist

SNP prioritization
VUS annotation
Known and new PGx SNPs

Clinician Known PGx SNPs

SNPdrug3D database for Precision Medicine

Ashar, Dimitar
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Functional evaluation of coding variants – Targeting motifs

Protein features
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Functional evaluation of coding variants – Targeting motifs

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

Systematic computational screen for SNPs in GnomAD affecting peroxisomal import
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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

WT MT WT MT

Ken
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Product SafetyHuman variation

…AGCAAAAGCAGGGGAAAACAAAAGCAACAAAAATGAAGGC

AATACTAGTAGTTCTGCTATATACATTTGCAACCGCAAATGCA

GACACATTATGTATAGGTTATCATGCGAACAATTCAACAGACA

CTGTAGACACAGTACTAGAAAAGAATGTAACAGTAACACACTC

TGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCA…
0.0005

GIS, c-BIG, PRECISE

Duke-NUS

CHORUS

NUHS

AITbiotech

Thank You!

GIS, SIgN/ID, EDDC, IMCB

Duke-NUS

TTSH, KKH, NUHS, SGH

NPHL/MOH, SAF, NEA

WHO CC Mel

US CDC

GISAID

Saiba, Sanofi

FNCC SIFBI

Nestle

Ferrero

Firmenich

Evolva

GSK

MSD

Pfizer

SRIS

FNCC IFCS

SFA

US EPA

U. Manchester

U. Trier

CSIRO

P&G

Acknowledgements

Drugs


