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Viruses

Human variation

Computational
Sequence and
Structure Analysis

e —

...AGCAAAAGCAGGGGAAAACAAAAGC AAAAATGAAGGC

AATACTAGTAGTTCTGC'I"}/A\ ACATTTGCAACCGCAAATGCA

GACACATTATGTATAGG T, i ﬂ" SAACAATTCAACAGACA
l

<

CTGTAGACACAGTANAC i" BSTAACAGTAACACACTC

TGTTAACCTTCTAGAA %vﬁ\

GGAAACTATGCA...

We are working at the
interface between
sequence and structure

Food flavors

Product Safety
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Viruses

Human variation

Computational
Sequence and
Structure Analysis

e —

...AGCAAAAGCAGGGGAAAACAAAAGC AAM&
AATACTAGTAGTTCTGC'I;}/A\ ACATTTGCAACCG
GACACATTATGTATAGG TANMERYPSCEAACAATTC
CTGTAGACACAGTANAC i‘ %QPTAACAGT

TGTTAACCTTCTAGAA %‘ﬁ\ GGAAACTATGCA...

<

Enzymes can be used to
naturally produce food
flavours and fragrances
but also drugs!

Product Safety
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Al (CNN) prediction of mutation effects on enzyme function

PHARMA INNOVATION Tango
PROGRAMME SINGAPORE (PIPS)

Aggregation ..,

1 predicted mutation set
increases solubility 2-fold

® % O

indi Alloster Allosigma
Binding Y
7 of 14 correct predictions

o of long range binding effect
r=0.9 Binding free energy

Seguence
Conservation

SIFT
Shannon entropy

Stability

Yasara + FoldX vs Rosetta

Jump from 11% good
sites to 67% good sites

8 of 12 correct predictions of
increased stability (incl. top 3)
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Viruses Food flavors

Computational
Sequence and
Structure Analysis

e —
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AGCAAAAGCAGGGGAAAACAAAAGC AAAAATGAAGGC
AATACTAGTAGTTCTGCTA' A% ACATTTGCAACCGCAAATGCA
GACACATTATGTATAGG " Ry "‘AACAATTCAACAG CA
CTGTAGACACAGTANAC (

Human variation TGTTAACCTTCTAGAAS? ¢ Product Safety P :G

e } r headz
Py WS,
P KL
Vi |
~ | 84 4
/"" 3 ’\,\’:‘) ..\7\ (‘(\ -
I~ Oy - aditioner
Y . ;
\ ¥ Dt Proteins can —

cause allergy if
» similar to other
A | allergens.
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7 amemaesCOMputational prediction of protein
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Institute o o o .
allergenicity: from viruses to shampoo and
food safety
Path to new impacts: Query Protein Search our 3D 3D epitope similarity
. e (unknown structure) sequence database
GVENYETETTSVIPAARLFKAYILDGD - 3gu:it{ gzgigggzgiﬁiigﬁﬁiggg

Allerg: GLFQYESDTSSVLPAVKLFKAYIIESD

Started with flu antibody
binding modelling expertise
New industry application of
similar method applied to
antibody binding of allergens L‘mm
in consumer care products o Allergen
New area of application in
food safety assessment

Conformational epitope (SA) . 4 »

= )

IgE antibody

Protein hit with known structure

AllerCatPro
predicts if a protein is

The impact: similar to known allergens

v Industry:

v' 4 RCAs long-term work with P&G for co-development
v’ active use by P&G in product development safety pipeline
v Gluten extension work with The Coca Cola Company

v Project with CSIRO/JCU on seafood allergy and risk of insect proteins as food source
v Consulting for Singapore Food Agency for ongoing safety assessments in expert panel

Accuracy

Accuracy benchmark

(allergens vs non-allergens

with same structure fold)

90%
85%
80%
75%
70%
65%
60%
55%
50%

The Cetely @/fgad/zy-

v Supporting SG 30-by-30 goal by providing tool to assess risk of alternative/novel protein sources for food

PREAL N
AllerHunter NG
Allergenrp NN
AllerToPv2 I

2001 (FAO/wHO) N
AllerCatPro

PeG

@

W

Singapore
Food
Agency
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Viruses
Computational
Sequence and
Structure Analysis

e —

...AGCAAAAGCAGGGGAAAACAAAAGC AAAAATGAAGGC
AATACTAGTAGTTCTGCTAYAACATTTGCAACCGCAAATGCA

Individual
mutations can

cause disease or
affect drug efficacy

Food flavors

—
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24 SNPdrug3D database for Precision Medicine

Drug A

...AGCAAAAGCAGGGGAAAACAAAAGCAA
CAAAAATGAAGGCAATACTAGTAGTTCTG
CTATATACATTTGCAACCGCAAATGCAGA »
CACATTATGTATAGGTTATCATGCGAACAA \;‘
TTCAACAGACACTGTAGACACAGTACTAG
AAAAGAATGTAACAGTAACACACTCTGTTA

ACCTTCTAGAAGACAAGCATAACGGGAAA
CTATGCA...

® % O

Sequence SNP/variant X
Mutation

3D position

Good, User Value
thanks!

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

Scientist SNP prioritization
VUS annotation

Clinician  SNP prioritization

ﬁ

e scientist VUS annotation
k‘n. ' Known and new PGx SNPs
il Clinician  Known PGx SNPs
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r— Ashar
Z% SNPdrug3D database for Precision Medicine

Genome Institute
of Singapore

GIS

2.85%

— ‘
Reference Proteome Protein - 1
RCSB PDB in -
) Ensembl (32,901) Lkl TR
RefSeq (48,909) P N Variant
- Protein Structure Uniprot (20,722) ey gnomAD
Data ) (5,190,451 SNPs)
Modbase
| DATASET SNPDRUG3D
Gather statistics like
= residue in _struct_ure
HHPred L s | fsldue is close to a drug
Structure residue in unresolved region Enhanced

mapping Annotation

Y

i
AlphaFold  — ([ R
. g "
2
» m H
i’ } g 2 I Benign
<G S
-5 I Damaging
No structure ﬁ‘ ﬁg :}. a 5 . VUS
& J
e A —v— | —T— Il Mapped to structure
residue m residue a residue x I Not mapped to structure
mm Mapped to drug
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B Not mapped to drug
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SNPdrug3D database for Precision Medicine

Genome Institute
of Singapore

GIS

Help || Contact

SNPdrug3

gony B3

T SNPdrug3D

gnomAD

Help

Cyp2CI9

x
chrl0-94775393-T-C

Er— v+ s 22 2o i s oo+ @ o 22t Amn o 2on 3+ i s ®

[Page size] 25 Puneloec ) |

Chrom Gpos « | Gret ~ Structure feature viewer
chrl0 94775185 6.57540e-06 ) _( ENSP00000360372, P33261 tolerated(0.22) benign(0.003) Cyp2019
chrlo UTI5I85
chrl0
chrl0
chrl0
chrl0
chrl0 94775194 NP_000760.1 NP_000760.1 2 L deleterious(0) possibly_d: ng(... cyp2019
drlo | 04775303 NP_000760.1 | ENSP00000360372, P33261 2 deleterious(0) | probably_damaging(... |  CYP2C19
chrl0 94775393 6.57307e-06 P33261 ENSP0O0000360:
chrl0

benign(0.003) CYP219
ENSP00000483... | ENSPO0000483847, tolerated_low_c benign(0) cvpacio
NP_000760.1 NP_000 tolerated(0.22) benign(0.003) Cyp2019
NP_000760.1 | ENSPO0000360372, P33261 deleterious(0) | possibly_damaging(.. | CYP2CI9
P33261 ENSP0000036037:

33261 deleterious(0) | possibly_damaging(... | CYP2C19

na

$33261 deleterious(0) | probably_demaging(... | CYP2C19
6.57307e-06 | ENSPO0000483... | ENSPOO000483847, AOAOST. 2 deleterious low.... | possibly_damaging(... | CYP2CI9
dhrl0 | 94775395 0.000749527 | NP_000760.1 | ENSP00000360372, 33261 tolerated(0.99) benign(0.001) cvp2cio
drl0 94775393 6.57307e-06  NP_000760.1 NP_000760.1 deleterious(0) cvpcio
chrl0 | 94775395 0.000749527 P33261 ENSPO0000360372, 33261 tolerated(0.99) cvpcio
drl0 | 94775395 G 0.000749527 | ENSPO0000483... | ENSPO0000483847, AOAOST.
chrl0 | 94775399 SN

. Druglist  Pocket List Struct View DrugView Pocket SNPs
cvpacio

7280e-06 | NP_000760.1 | ENSP00000360372, P33261 deleterious(0) | probably_damaging( Cvp2c9 AllSNPs
chrl0 94775395 0.0007493 NP_000760.1 NP_000760.1 3 tolerated(0.99) benign(0.001) CYP2C19 — N [
chrl0 59e-06 P33261 ENSP00000360372, P33261 deleterious(0) | probably_demaging(... | CYP2CI9

Labels
resre | Lo
hrl0 89e-06 | NP_000760.1 NP_000760.1 deleterious(0) | probably_damaging(... | CYP2CI9 * EE=D EED LR

0.00157144 | NP_000760.1 | ENSPO000O:

tolerated_low_c.

chrl0
chrl0 0.00157144 P33261 ENSP00000360372, P33261 deleterious(0) | probably_damaging(l) | CYP2CI9
chrl0 94775416 0.00157144 | ENSPO00004S3.... | ENSPOO0004S3847, AOAOST... | 120 deleterious_low.... | probably_damaging(l) | CYP2C19
chrl0 94775416 0.00157144 | NP_000760.1 NP_000760.1 2 deleterious(0) | probably_damaging(l) | CYP2C19
chrl0 o7 d 131513e-05 | NP_000760.1 | ENSPO0000360372, P33261 tolerated(0.41) benign(0.036) vp2C19
1.31513¢-05 P33261 ENSPO0000360372, P33261 3 tolerated(0.41) benign(0.036) cvp2cl9
1.31513¢-05 | ENSPO0000483... | ENSPO0000483847, AOAO! 2 tolerated_low_c benign(0.074) CYP2C19

50372, P33261 deleterious(0) | probably_damaging(1) | CYP2C19

chrl0

PDB Structures

chrl0

100-90% dentity
1905 A - 7191 34 A OVS 65,

1n66_A DMZ 8729 1sw0 A CPZ 7191 306 A CF2 6343

1464 D 0.4 cOU 7031

1p2_A PLM 87.

0.8 cou 7091 A oS
192.8 LM §7.92 ¢ cou 7081 5 s

200 A SCR 8752 D cou 7051 s ¢ s 1jo_A DEB 0233

A 80 7031 D oS €9.43 244 - 5091 3 1A - 019
s 248 - 5091 1A - 0196

3c62_A VD3 5955 y 1004 - 0152
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Genome Institute
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0.83
0.57
st 0.49
|034|
I -0.01

GIS

Drug metabolizing enzyme (CYP2C19)

&
L
S

0.69

v

> %3 clopidogrel mutation

- 3

) g HEK293 CYP2C19-HiBiT HEK293 CYP2C19-HiBiT

O 2 0-20 2 "] - DMSO 167 - WT

2 o :; -~ Clopidogrel — 14 - A297V

; § T 1.07 ; -+ R433W

o N = 12+ -+ RO7T
Z 5 g 0.5 §
(11] 5 = 10 ~%
- 2

I - VO.G T 1T 1T T 1 1 17 11111111 8 WTECSOS7QHM
T T T T 1 A297V ECsy: 7.88uM

- . S OPORERADNHTEAI AN -9 -8 -7 -6 -5 -4 R433w Eczz; >1OOH|LM

; Temperature (°C) log[Clopidogrel],M R97T EGsp: >100uM

O Disease/Neutral PGx/Neutral

o

O B PPhen2 .

5 . Chris Tan team

y 4 mmm CADD

'E = REVEL

1T} Bmm  PrimateAl

= K

O mmm CYPVarPred en

11




GIS / Viruses \ Food flavors

Computational
Sequence and
Structure Analysis
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AGGGGAAAACAAAAGC AAAAATGAAGGC

AA STTCTGCTAYAY CATTTGCAACCGCAAATGCA
G PTATAGG v Ay \& "‘AACAATTCAACAGACA
. . C AGTARY, (A @TAACAGTAACACACTC
Human variation TGTTAACCTTCTAGAA GGAAACTATGCA. .. Pro d uct Safety

o —

\ y Long history of flu
" Fals / work but COVID put
us into the spotlight
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® GRA
. G
- %% Wuhan US first wave o
5 — Alpha
7 0.6 ® oK
[ — \
o> . ® o0
o
& 04 S
@
'g GH
(W]
0.2 L
First D614G and Africa first wave GRY
O T T T T T T T T T T T . GKA
201912 202002 202004 202006 202008 202010 202012 202102 202104 202106 202108 202110 202112 202202 ® ov
Date
A\

Our Bll team is part of the history of
this pandemic and a pillar of GISAID
and in Singapore’s COVID response

GISAID)

Curation: Shruti, Yi Hong, Meera Annotation, tools, reports: Raphael, Yani, Joses, Sandy, Dimitar, Ken

13
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Shruti, Yi Hong,
Real-time genomic data sharing during the COVID-19 Pandemic

G/SAID’s transparent sharing mechanism is favored over anonymous sharing via public-domain
enabled first vaccines (Polack et al N £ngl/ Mea 2020) I In SG: Contributed to Fortitude and Resolute kits

enabled first diagnostic tests (Bohn et al {lin Chem Lab Med 2020) | -
S e T

First publicly available whole genome
sequences in GISAID - 10t January

2 2020 8,000,000
20
. 7,000,000
10
. 6,000,000
0 | 0
: (—
10 11 12 13 14 15 16 17 18 19 20 21 22 - o 5,000,000
Genome Sequences from 210 Countries & Territories 0
BGISAID ®Genbank 2
.§ 4,000,000
e 4,200 institutions entrust data to GISAID e
© | 3,000,000
« 50,000 participating researchers 2
E | 2000000
« primary source of hCoV-19, influenza and RSV data =
1,000,000
- 0

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb
M GISAID mduplicatesin public-domain ENA/Genbank duplicates in public-domain ENA/Genbank (US only)

Bll with help from GIS has started and complemented the global team that curated all genomes on GISAID

since day 1 and every single genome goes through our servers for error checking and mutation annotation y
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Our tool enables real-time primer tracking for Dx

PrimerChecker

N ChinaCDC F,

Germany_BavPatl_j28827-2
Germany_BW_1_/28834-2893aa c
Brazil_SPBR_01_/28881-2897
Finland_FIN25_/28881-28979
ltaly_CDG1_f28881-28979

Mexico_InDRE_01_j/285863-28%aa c
Switzerland_7377 _/28881-285aa ¢
Switzerland_7757 _/28881-285aaclg”
Switzerland_7796_/28881-285a a ¢ é(\
Switzerland_7797 _/28832-2585a & \fb.

Switzerland_7806_/28881-255a ac

E.g. the team alerted
for mismatches in
China CDC N and
Charite RdRP primers
when they emerged

wBasic Filters

Primers @
Primer Type @

Countries @

» More Settings

Charite-RdRP X
Specify Type

Filter Countries

Proportion of genomes with mutation
Charite-RdRP

N NN nNnnNnnNnnnnnn
URE U U U U U U U U )

80

60
40

20

Total Percentage (%

5-10 2021-05-15

2021-05-20 2021-05-25

date

portion of genomes with mutation in 3' end

2021-05-10

Charite-RdRP

Charite-RdRP

2021-05-15 2021-05-20 2021-05-25

Antn

EPI_ISL 1807318 hCoV-19/Australia
/ACT0100/2021

EPI_ISL 2107499 hCoV-19/Australia
/NSW-R0238/2021

Download Map Data

L Il
EI T I T I T
S - I - [ -

| A T A I e
G - I T T

fwd

fwd

B

15
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Expertise and tools supporting contact tracing

Genomic surveillance
also allows tracking of
global and local
transmission events
which informs
effectiveness of
measures and policies.

It can tell how well we
control an outbreak and
Bll is building tools for
that. Supporting MOH,
ASEAN and globally.

‘ & Back

Audacity Instant

1 Uploaded sequence

Sequence ID Neighboring genome

hCoV-19/Singapore/880/2021EPI_ISL_2349804[2021-05-
08

Neighboring genome EPIID  Max. Parsimonious placements  Parsimony score.

EPI_ISL_1620168 2

Differances from the referance genome.
T5214C C5100T C 6887 C:
C28721T C16887 71T C 60T C18748T C:
25405T C3019T C14269T C26576T
S0 TZA0THC 2580 (20870

C6222T > G10:
T29545C > T29570C

65 Related genomes

EPI_ISL_1620

Mutations along the path from the root of the tree Protsin

Paste Demo Sequences

TGIGTAACATT

Submit hCoV-19 BLAST

141 sequences | Updated 10 hour(s) and 30 minute(s) ago

/880/2021|EPI_ISL_2349804|2021-05-08
1 query collection date |HSPs ¥

ol \\ Philippines
Q
W
N Da) e
alaysia Brunei A
2 i8a 23 igayang
Pad: oV-18/ oo a4 R
. Indonesia/KI-NIHRD- S8 s S S §8888¢8%g
Palembang €002130757/2021 X R R R S RRRRRR
. <
1. Click on the green bars in above histogram for hit locations at specific dates
1 St ) 2. Click on the locations to center on map.

ia/BA-EIJK-UNWAR-374/2021  Download HSP(s)
Asia / Indonesia / Bali / Badung Collection Date 2021-02-22 Length 29,782bp

193, Bit-Score 54649, eValue 0, Length 29611, Gaps 0, From (Query/Subject) 1/:5 To (Qu ry/Subject) 20611/29645
‘ACTCACGCAGTATAATTAATAACTAATTACTGTCGTTGACAGGACACGAGTAACTCGTCT. TGCTTACGGTTTCGTCCGTGTTGCAGCCGATCAT BLAST
IIIHHIH\HHH\IHHHHHHH\IIHHIIHHH\HHHH\IHHI\HHHH\IIIHIII\HHI\HHHHHHHI\H
‘ACTCACGCAGTATAATTAATAACTAATTACTGTCGTTGACAGGACACGAGTAACTCGTCTAT GGCTGCTTACGGTTTCGTCCGT

Takes 1h

ia/JK-ELJK0385/2021 Download HSP(s)
Asia / Indonesia / Jakarta| Collection Date 2021-01-29 Length 29,782bp

| woor e

hCoV-19/Singapore/521/2021 ‘ B.1.4662

Placement

Multiple parsimony-optimal placements found. Placement done without high
nfidence.

B.3 01-19 | user_upload_1

Ei 402119

7980C > C2T980T > TAB7C > C2900T > C1T1T > C14289T
Co88T > G2400T > 1988C > C1a74sT > G265
7727

C5100T > C612T > C3019T
575 CroB71 = 1320740 5 Co8T0T S CA10baT =
> T5214C > G14342A > C23504T > T27956G >

Takes 10s ¥

nal Public Health...  National Public Health

N Contact network from

E] = & epidemiological (left) and genetic (right) data

E 2805, e of AN 2

M Ty T ,Singapore/9/2020|EPI ISL 410715[2020-02-04|AH2

ISL 410536|2020-02-06|AH1

@wwm « ——"}Singapor |EPI ISL 410716|2020-02-04|AH3

M, husband of M1 @

(o shop Asnd

————————"Singapore/8/2020|EPI ISL 410714|2020-02-03|AT1

S E oAl

1 muta

n
Singapore/1/2020|EP!I ISL 406973|2020-01-23

,Wuhan/WIV04/2019|EP!I ISL 402124|2019-12-30

Legend

D Symptomatic cases

[ s cnsotne s gnein —

Phylogeny

Region A

W srunei W Vietnam

B cambodia Africa
Indonesia Asia
Malaysia I Europe
Myanmar B North America

[ Philippines Oceania

W singapore B south America

W Thailand

2020- January zuzu -April

2020-July 2020-October 2021-January 2021-April 2021-July 2021-October 2022-January
Date

Jan 2022 ASEAN automated




CoVsurver real-time surveillance for mutations that can affect vaccines etc.

EpRSV™  Myprofie  Administration

Protein: Spike

Spike S477N Coronavirus type: Yeast SARS-CoV-2 (2019)
Key to alternative position numbering: Mutation (as in paper): S477N
'R 477 hCoV-19 numbering
R4 464 SARS numbering neutral AA: S Re Ce pto r
o -l 215 Y Chosen reference: Spike hCoV-19/Wuhan/WIV04/2019 neg. eff. AA: N

Position in reference: 477 Effect: Host Change bl n d I ng
AA in reference:
X A Comment:
1 PR AAin query:
/"9 . (D AT In a deep mutational scanning experiment that expresses
| Spike RBD in a yeast-display platform, S477N mildly
increases the binding to ACE2 (apparent dissociation
constant delta-log10 value: 0.06)
Literature reference

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

Building on the FluSurver
success since the 2009 2L »

K g i i As seen in resolved structures of :r:}er‘::-:; rc\‘iz-j st‘a‘w:.s, the Spike position equiv ===
p an d emic th e B | | te am S z : A:‘:igod: ;ecozgni'ﬁ e Antibody interaction: The mutation position (red atoms) corresponds o position 477 on viral

- chain E (vellow backbone) of protein entry 6xcn, originating from Severe acute respiratory
Host Cell Receptor Binding syndrome coronavirus 2 and with a label of Spike glycoprotein. The mutation is within 6 A

b u i It th e COVS u rVe r t h at n o Viral Oligomerization Interfaces from antibody chain F (purple backbone). )

) i " Pubtad sacch for i mutaion Antibody
can help to find and interface
interpret relevant changes
in the virus.

=n reported
related to Host Change and Others.

NEW: Occurrence and phylogenetic context of mutation at CoV-GLUE

Phylogenetic context for this mutation at

The tool is used since early
2020 and has been crucial
for GISAID curation and
annotation ever since.
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c 4000 :
; ¥t
8 2000 E
5 = == 1,680 variant phenotype spike glycoprotein
** 0 \ © . . mutation surveillance
29 o o o annotations from literature
&8 5% %88 plus 3,826 3D interactions
Oceania < 2 32 8 g
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Example for early phase of Delta and Omicron

Phylogeny
Country A
B ndia B Belgium EAB5EAT22A
[l united Kingdom B rreland -
B usa B Turkey
Singapore . Guadeloupe
Australia . Italy
Germany . Sint Maarten

New Zealand
| South Korea

. Switzerland

M: 182S; NS6: T33I; S: T95L; orf1ab:

0.0010
Divergence

VOC Omicron GRI484A (B.1.1.529) first detected in Botswana/Hong Kong...

Map of tracked variant occurrence

Circle size proportional to number of variant genomes, zoom into region for more detail. Color by recency with red being most recent.

L Omicron

Variant tracker built by Bll team on GISAID homepage 4

Most recent reported occurrences in different countries

Country Strain Name Collection Date
Australia hCoV-19/Australia/NSW-RPAH-1933/2021 @ 2021-11-27
Belgium hCoV-19/Belgium/rega-20174/2021 @ 2021-11-24
Botswana hCoV- 3B70_BHP_4021000195/2021 © 2021-11-23
South Africa hCoV-19/South Africa/CERI-KRISP-K032284/2021 © 2021-11-23
Italy hCoV-19/ltaly/LOM-Sacco_Var_T96348/2021 @ 2021-11-22
United Kingdom hCoV-19/England/MILK-2B67570/2021 @ 2021-11-21
Israel hCoV-19/lsrael/SMC-7022800/2021 @ 2021-11-20
Hong Kong hCoV-19/Hong Kong/VM21045145/2021 ® 2021-11-18
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Total #GR/484A #GR/484A (B.1.1.529) in  %GR/484A (B.1.1.529) in

Country (B.1.1.529) past 4 weeks past 4 weeks
South Africa 99 99 69.7
Botswana 19 19 186
Australia 2 2 0.1

Hong Kong 2 2 83

Italy 1 1 0.0

United Kingdom 1 1 0.0

Belgium 1 1 0.1

Israel 1 1 0.1
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Our team saw relevant changes in
strains in India and alerted INSACOG
and SG research teams before the strain
exploded (it later got named Delta)

Flashback Nov 2021

South African researchers
worked with GISAID and Bll
to characterize and track
Omicron

BIl was also part of WHO
taskforce for the variant
naming scheme.
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Live dashboard for choosing which emerging variants to investigate

« Fast spread (increase in observed locations)
« Number of relevant spike changes (with experimentally known effect or known Ab site)
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Emerging Variants

ariants in a 3-month period
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Combining relevant changes found by CoVsurver with
GISAID real-time genome counts across the world
allows to track and find Emerging Variants.

This informs CEPI, UKHSA and WHO on new trends.
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Conclusion

Our A*STAR team has worked day and
night for over 2 years as pillar of GISAID
and in Singapore’s COVID response

Europe post-summer
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Founder/marker mutations = License plate
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Phenotypic mutations
= Engine size
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GISAID is a global data science initiative that
involves public-private partnerships
made possible by the GISAID community

We gratefully acknowledge all data contributors, i.e. the
Authors and their Originating laboratories responsible for
obtaining the specimens, and their Submitting laboratories

for generating the $enetic sequence and metadata and

sharing via the GISAID Inigativ(ejr, on which this research is
ased.
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4,377,478 sequences with complete collection date information shared via GISAID since 28 August 2021

A*STAR Bl is the go-to place to get
value out of biomedical data
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