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* larger clades were named
based on marker vari

S ... ORF8-1L84S
.. 5-D614G
VN NS3-G251V

Black ... China
Blue ... Asia (net China
Green ... Ogéania
Magenta/... Americas
Red .<Europe

Light Blue ... Africa

Full genome tree of all outbreak sequences

2020-04-04

Notable changes:

3,459 full genomes (+357)
(excluding low coverage, out
of 3,795 entries)

S clade 763 (+80):

67 Australia/VIC, 9 Spain, 2
USA/VA, 2 USA/NY

G clade 1,576 (+186):

151 Australia/VIC, 16 Austria, 6
USA/NY, 4 USA/VA, 4 Spain, 3
USA/W!I, 1 Belarus, 1 Latvia

V clade 389 (+51):

48 Australia/VIC, 1 Austria, 1
Spain, 1 USA/NY

Other clades 731 (+40):

31 Australia/VIC, 4 Australia/NTO,
4 Austria, 1 Belarus

We gratefully acknowledge the
Authors from Originating and
Submitting laboratories of sequence
data on which the analysis is based.
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Full genome trees of major
subclades 2020-04-04

Black ... China

Blue ... Asia (not China)
Green ... Oceania
Magenta ... Americas
Red ... Europe

Light Blue ... Africa

S clade

Notable changes:
S clade 763 (+80):
67 Australia/VIC, 9
Spain, 2 USA/VA, 2
USA/NY

We gratefully acknowledge the Authors from
Originating and Submitting laboratories of
sequence data on which the analysis is based. 1y 5/|/GIS, A*STAR Singapore



Full genome trees of major
subclades 2020-04-04

Black ... China

Blue ... Asia (not China)
Green ... Oceania
Magenta ... Americas
Red ... Europe

Light Blue ... Africa

G clade

Notable changes:
| | : .~ Gclade 1,576 (+186):
~ 17 . 151 Australia/VIC, 16
N 4 , Austria, 6 USA/NY, 4
--------------------- : ] = USA/VA, 4 Spain, 3
' USA/WI, 1 Belarus, 1
atvia

o ; f e gratefully acknowledge the Authors from
! f Otiginating and Submitting laboratories of
sequence data on which the analysis is based.
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Full genome trees of major
subclades 2020-04-04

Black ... China

Blue ... Asia (not China)
Green ... Oceania
Magenta ... Americas

Red ... Europe
Light Blue ... Africa

Notable changes:

V clade 389 (+51):
48 Australia/VIC, 1
Austria, 1 Spain, 1
USA/NY

We gratefully acknowledge the Authors from
Originating and Submitting laboratories of

sequence data on which the analysis is based.
by BII/GIS, A*STAR Singapore



Egene_Sarbeco_Charite (Amplicon-113bp)
S v G Others

EPI_ISL_402124:9.26354T>A
EPI_ISL_402124:9.26370C>T
EPI_ISL_402124:9.26326C>T

EPI_ISL_402124:9.26333C>T

EPI_ISL_402124:9.26313C>T

RdRP_SARSr_Charite (Amplicon —100bp)
s v G Others

EPI_ISL_402124:9.15480C>T
EPI_ISL_402124:9.15444G>T
EPI_ISL_402124:9.15504T>G

EPI_ISL_402124:9.15477A>G

N1_USA_CDC
{Amplicon—72bp)
) G

EPI_ISL_402124:9.28291C>T
EPI_ISL_402124:9.28315C>T
EPI_ISL_402124:9.28344C>A
EPI_ISL_402124:9.28300G>T
EPI_ISL_402124:9.28373C>T
EPI_ISL_402124:9.28341T>C
EPI_ISL_402124:9.28311C>T
EPI_ISL_402124:9.28338A>T
EPI_ISL_402124:9.28297T>C
EPI_ISL_402124:9.28308C>T
EPI_ISL_402124:9.28310C>T
EPI_ISL_402124:9.28325G>A

N2_USA_CDC

{Amplicon—67bp)

) G

EPI_ISL_402124:9.29200C>T
EPI_ISL_402124:9.29230C>T
EPI_ISL_402124:9.29227G>T
EPI_ISL_402124:9.291595G>T
EPI_ISL_402124:9.29167C>T
EPI_ISL_402124:9.29179G>T
EPI_ISL_402124:9.29188A>T

N3_USA_CDC

{Amplicon-72bp)

Vv G

EPI_ISL_402124:9.28688T>C
EPI_ISL_402124:9.28716C>T
EPI_ISL_402124:.28735G>T
EPI_ISL_402124:.28717T>C
EPI_ISL_402124:9.28725C>T
EPI_ISL_402124:.28706C>T
EPI_ISL_402124:9.28709A>T
EPI_ISL_402124:9.28727G>T
EPI_ISL_402124:9.28690G>T
EPI_ISL_402124:9.28708C>T

EPI_ISL_402124:9.28881G>A, 28882G>A, 28883G>C

Full genome nucleotide alignments for high quality genomes
2020-04-03

HKU1_N{Amplicon-110bp)
vV G Others

EPI_ISL_402124:9.25200C>T
EPI_ISL_402124:9.25230C>T
EPI_ISL_402124:9.29239G>T
EPI_ISL_402124:9.29148T>C
EPI_ISL_402124:9.29227G>T
EPI_ISL_402124:9.29250C>T
EPI_ISL_402124:9.29195G>T
EPI_ISL_402124:9.29167C>T
EPI_ISL_402124:9.29175G>T
EPI_ISL_402124:9.29188A>T
EPI_ISL_402124:9.29225G>A
HKU1_ORF1b_nspld
{Amplicon —132bp)
vV G
EPI_ISL_402124:9.18828C>T
EPI_ISL_402124:9.18877C>T
EPI_ISL_402124:9.188594C>T
EPI_ISL_402124:9.18814C>T
EPI_ISL_402124:9.18863T>C
EPI_ISL_402124:9.18873G>T

ChinaCDC_N
{Amplicon —959bp)
v G

EPI_ISL_402124:9.28916G>A
EPI_ISL_402124:9.28910A>T
EPI_ISL_402124:9.28924T>C
EPI_ISL_402124:9.28976T>C
EPI_ISL_402124:9.28887C>T
EPI_ISL_402124:9.28961C>T
EPI_ISL_402124:9.28896C>G

ChinaCDC_ORFlab
(Amplicon—119bp)

v G

EPI_ISL_402124:9.13402T>G
EPI_ISL_402124:9.13408T>A
EPI_ISL_402124:9.13408T>G
EPI_ISL_402124:9.13358C>T
EPI_ISL_402124:9.13377C>A
EPI_ISL_402124:9.13401A>T

°I

https://www.who.int/docs/default-source/coronaviruse/protocol-v2-1.pdf

https://www.who.int/docs/default-source/coronaviruse/peiris-protocol-16-1-20.pdf

http://ivdc.chinacdc.cn/kyjz/202001/t20200121 211337.html

https://www.who.int/docs/default-source/coronaviruse/uscdcrt-pcr-panel-primer-probes.pdf

The color codes in the heatmaps
represent the number of genomes
carrying a positional mismatch to
different PCR primers and probes —
Presented here is data analysed
using high quality genomes on
EpiCoV with PCR primers and probes
(amplicons) from Charite, HKU,
ChinaCDC and USACDC.

The colors Blue-Yellow-Red are used
to represent a range of no genomes
carrying a mismatch on amplicon
positions to the highest number of
genomes carrying a mismatch on
amplicon positions.

All the genomes are aligned to the
reference genome EPI_ISL_ 402124
and the amplicon co-ordinates are
as per the reference genome.

We gratefully acknowledge
the Authors from Originating
and Submitting laboratories of
sequence data on which the
analysis is based.



https://www.who.int/docs/default-source/coronaviruse/protocol-v2-1.pdf
https://www.who.int/docs/default-source/coronaviruse/peiris-protocol-16-1-20.pdf
http://ivdc.chinacdc.cn/kyjz/202001/t20200121_211337.html
https://www.who.int/docs/default-source/coronaviruse/uscdcrt-pcr-panel-primer-probes.pdf

Receptor binding surveillance for high quality genomes 2020-04-04

4 different rare variants near the binding interface not To reduce noise of random mutations

known to be linked to severity. V483A in 16 USA/WA all 2,264 available high quality genomes
samples, L4551 together with F456V in one Brazilian
sample and G476S in 7 USA/WA samples.

(out of 2,919) are considered here

We gratefully acknowledge the
Authors from Originating and
Submitting laboratories of
sequence data on which the
analysis is based.

Green ... ACE2 human host receptor
Gray ... CoV spike glycoprotein trimer
Gray balls ... Spike glycoprotein variation
occurring once

Blue balls ... Spike glycoprotein variation
occurring more than once

Red balls ... Spike glycoprotein variation
near host receptor

Equivalent positions have been studied for V483A in MERS (1529T, DOI: 10.1128/JVI.01381-18) and L455I, F456V and G476S in SARS
(Y442F, DOI: 10.1074/jbc.M111.325803 and L443R, D463G DOI: 10.1086/651022) where they weakly reduced host receptor binding

and altered antigenicity.
Numbering relative to start codon 21563 in W

hCoV-19/Wuhan/WIV04/2019

by BII/GIS, A*STAR Singapore


https://jvi.asm.org/content/93/2/e01381-18
https://www.jbc.org/content/287/12/8904
https://academic.oup.com/jid/article/201/6/946/889260

Summary

First Characterization



89 | BetaCoV/Wuhan/WIV04/2019|EPI ISL 402124|2019-12-30
BetaCoV/Wuhan/IVDC-HB-envF13-20/2020|EPI ISL 408514]2020-01-01

MG772934.1 Bat SARS-like coronavirus isolate bat-SL-CoVZXC21/1-29732
0 17|EPIISL 4105 017

BetaCoV/pangolin/Gt

Ox

72

100

BetaCo
SARS coronavirus/NC 004718/1-29751
m '—— Bat coronavirus BM48-31/BGR/2008/NC 014470/1-29276
Human betacoronavirus 2c EMC 2012/JX869059/1-30118
Bat coronavirus HKU5-1/NC 009020/1-30482
Bat coronavirus HKU4-1/NC 009019/1-30286

100 100 '— Bat coronavirus BtCoV/133/2005/NC 008315/1-30307
| Bat coronavirus HKU9-1/NC 009021/1-29114
Feline infectious peritonitis virus/NC 002306/1-29355

Human coronavirus NL63/NC 005831/1-27553

Bat coronavirus HKU2/NC 009988/1-27165

Bat coronavirus 1B/NC 010436/1-28476
Bat coronavirus 1A/NC 010437/1-28326
Bat coronavirus HKU8/NC 010438/1-28773

Human coronavirus 229E/NC 002645/1-27317
Scotophilus bat coronavirus 512/NC 009657/1-28203
100 Porcine epidemic diarrhea virus/NC 003436/1-28033
Human coronavirus HKU1/NC 006577/1-29926

93 Murine hepatitis virus strain AS9/NC 001846/1-31357
. J‘E Murine hepatitis virus strain JHM/NC 006852/1-31526
Rat coronavirus Parker/NC 012936/1-31250

100 | — Rabbit coronavirus HKU14/NC 017083/1-31100
Equine coronavirus/NC 010327/1-30992
Porcine hemagglutinating encephalomyelitis virus/NC 007732/1-30480
Human coronavirus OC43/NC 005147/1-30738
Human enteric coronavirus strain 4408/NC 012950/1-30953

89 Bovine respiratory coronavirus bovine/US/OH-440-TC/1996/NC 012949/1-30953

ag | Bovine respiratory coronavirus AH187/NC 012948/1-30969

85! Bovine coronavirus/NC 003045/1-31028
100 — Turkey coronavirus/NC 010800/1-27657

100 L Avian infectious bronchitis virus/NC 001451/1-27608
Beluga Whale coronavirus SW1/NC 010646/1-31686
Night-heron coronavirus HKU19/NC 016994/1-26077
Wigeon coronavirus HKU20/NC 016995/1-26227
Common-moorhen coronavirus HKU21/NC 016996/1-26223

100

100

100

100

72

55

100
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1 100 Thrush coronavirus HKU12-600/NC 011549/1-26396
95 ’-I: White-eye coronavirus HKU16/NC 016991/1-26041
P 100 Munia coronavirus HKU13-3514/NC 011550/1-26552
Magpie-robin coronavirus HKU18/NC 016993/1-26689
93 Sparrow coronavirus HKU17/NC 016992/1-26083
99 Porcine coronavirus HKU15/NC 016990/1-25437

010

Full genome tree of all CoV families

* Nearest bat precursor RaTG13

* Nearest pangolin precursors from Guangdong

* Several pangolin-derived sequences part of recent
family of related viruses

Genome identity to hCoV-19:
* 96% RaTG13 (nearest bat precursor)

* 90% Guangdongl1/P2S (nearest pangolin precursor)
* 88% ZCA5/ZXC21 bat precursor
*  80% SARS

Orange ... bat RaTG13

Red ... hCoV-19 2019-2020
Cyan ... pangolin CoV

Blue ... SARS CoV

Purple ... MERS CoV

Green ... common cold CoV

We gratefully acknowledge
the Authors from Originating
and Submitting laboratories
of sequence data on which
the analysis is based.



Strain 1

Human
Wuhan

Pangolin
Guangdong

Pangolin
Guangdong

| Spin ON | Spin OFF | Save IMAGE

ry Sequence:
BetaCoV/pangolin/Guandong/1/2019|EPI_ISL_410721/2019
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% AA identity:
91.280%

Select Query Sequence & Reference Sequence to display on 3D Structure Viewer

Spike overall
identity

Bat
Yunnan
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Yunnan °
Human

Wuhan
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Spln DN | Spin OFF | Save IMAGE

List of variations displayed in structure (nearest residue if in loop/termini
region
$12N T20G T22A Q23A L241 P25Q A27S Y28F F32S T33Q K41T V42l S46N VATT
H49V S50L T51S D53G L4Y F59Y T63S FE5Y HE6Y 168L GT2T(69) T76E(77)
F79V P850 N87K V901 S94A 101V $112N K113T T1145 V1271 E132N N137Y
FA40Y G425 V143G S151T M1S3S E154T
P174S L176M MA77L L1791 E180A Q

S155R R158A A163Y N164A Q173K

M177L L1791 E1 1835 N185L K187D N188T K195R 1197V
Hza?v |21nv L212V V213N R214S D215N Q2181 D228E L2291 1231A R237K
Q239R A243T L2441 Y248D(249) T250M S255N S256N A260V G261F A2625
Q271A L276M K278N T299A F306L R346T A372T 1402V K417R Q498H H519N
K529Q N5565 R634S A6B8S SE91A ST08A T7471 A1070S A1078T D1084E

M1L(N-term) V3F(N-term) LEF(N-term) VGL(N-term) L7H(N-term)
LBF(N-term) PIA(N-term) N11255(C-term) V12281(C-term)

Reference Sequence:
BetaCoV-2019nCoV/Wuhan/WIV04/2019

# mutations:
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List of mutations not displayed in structure
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95 K478T
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= | Submit
# mutations:
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372A T403R K439N H440N 1441L
183V T484E L486F Y490F Y493Q R494S
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T AR
iSpin/ONj}

pin ON | Spin OFF | Save IMAGE |
Select Query Sequence & Reference Sequence to display on 3D Structure Viewer:

Query Sequence
BetaCoV/pangolin/Guandong/1/2019|EPI_ISL_410721/2019

v
% AA identity:
90.307%

erence Sequ

ence:
BetaCoV-2019nCoV-like/bat/Yunnan/RaTG13/2013

FB5Y

v
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Submit
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N87K V90l ssu I101v S112N K113T T114S V1271 E132N N137Y F140Y G142S

V143G S151T M153S E154T S155R R158A A163Y N164A Q173K P174S L176M
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7
417R K439N H4401
E445V F449Y A459S KATST Q483V T484E LAB6F Y490F Y493Q R494S Y498H
D501N H505Y K529Q N556S AB04T R634S AB84S S68TA ST04A T7431 A1066S

M177L L1791 E180A Q1835 N185L K187D N188T K195R 1197V H207Y 1210V
L212V V213N R214S D215N P2181 D228E L2291 1231A R237K Q239R A243T
K278N T299A F306L D3: T403R K:

List of mutations not displayed in structure
L2441 Y248D(249) T250M S255N S256N A260V G261F A262S Q271A L2
24E 1402V

A1074T D1080E

6M
N 14411 Ad43S

M1L(N-term) V3F(N-term) L5F(N-term) vsL(N -term) L7H(N-term)
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by BIl, A*STAR Singapore



Host receptor binding site differences between SARS, bat Additional Analysis for RaTG13
precursor (RaTG13) and human outbreak hCoV-19 sequence from Zhengli Shi’s lab

CAS Key Laboratory of Special Pathogens,
Wuhan Institute of Virology

Gray ... CoV spike glycoprotein
Red ... mutations between either SARS (left side) or bat precursor
RaTG13 (right side) vs human outbreak WIV04 CoV

* Surface proteins are 76% and 98%
identical, respectively

* Antigenic surface highly divergent
compared to SARS

* Bat precursor differences in receptor
binding interface indicative of changes
that allowed host switch



Potential drug targets highly conserved between hCoV-19 and SARS

Both, the main protease and polymerase which are potential drug targets are highly conserved between
hCoV-19 and SARS with 96% and 97% overall identity, respectively

Inhibitors developed against the SARS-CoV main protease or polymerase have good potential to bind
similarly to hCoV-19

Main protease hCoV-19 vs SARS
<+— Red ... consensus differences (surface mutations)
Yellow ... substrate analogue/inhibitor

Model based on PDB:3TNT

Polymerase hCoV-19 vs SARS

nspl2 (gray=identical, red=mutated) __
complex with nsp7 (yellow) and nsp8 '

(cyan, green) Model based on

PDB:6NUR

We gratefully acknowledge the Authors from Originating and Submitting by Bll, A*STAR Singapore w

laboratories of sequence data on which the analysis is based.



