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Full genome tree derived from all
outbreak sequences 2169794316

* Larger clades were named |
based on marker variants:

S ... ORF8-L845

G .. 5-D614

V ... NS3-G25\V Notable changes:

8,646 full genomes (+188)
{excluding low coverage, out of
9,265 entries)

S clade 1,070 (+44):

31 USA/WA, 9 Korea, 2
USA/CT, 1 USA/IL, 1 USA/NY
G clade 4,987 (+137):

53 USA/WA, 36 USA/NY, 19
USA/ID, 11 USA/CT, 5 Latvia, 3
USA/MN, 3 USA/WI, 2
USA/OR, 2 USA/UN, 2 USA/IL,
1 India

V clade 1,204 (+2):

1 USA/WA, 1 USA/NY

Other clades 1,385 (+5):

3 Korea, 1 USA/IL, 1 USA/NY

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 201697943 6

Notable changes:

S clade 1,070 (+44):
31 USA/WA, 9 Korea, 2
USA/CT, 1 USA/IL, 1
USA/NY

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 201697943 g

Notable changes:

G clade 4,987 (+137):
53 USA/WA, 36 USA/NY,
19 USA/ID, 11 USA/CT, 5
Latvia, 3 USA/MN, 3
e - 5 - = USA/WI, 2 USA/OR, 2

. \ ¥ s USA/UN, 2 USA/IL, 1

: India

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

Magenta ... new Americas
Red ... new Europe
Gold ... new Africa
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Notable changes:
V clade 1,204 (+2):
1 USA/WA, 1 USA/NY
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Common primer check for high quality genomes
2020-04-15 1697943

Percent of genomes with mutation in primer region

This is a new simplified summary view

0,16 0,16 1,67 0,39 0,59 0,36 ‘ )
—— of the percent of 6,100 high quality
% 5, q. 2 © genomes (defined as<1% Ns and
,;*'z' :«}-sg &U‘\ @U\; @{—"3 OQ? <0.05% unigque mutations) with one or
& G‘é& & & Q*“S more mutations in either forward,

probe or reverse primer region. This
does not necessarily indicate a primer
would not functicn but serves as a
Percent of genomes with mutation in primer region 3' end f:g'i‘joen,w%ae”feimC’Fﬁngetj;ﬁidthe
(laSt 5 nUC) same but with mutaticns in 3’ ends for
the primer regions (defined aslast 5
nucleotides of the primer sequence)

l which can affect sensitivity partially.
0,03 0 0,08 0,11 0,07 ar e orEA

(o) o 5&\ ® We gratefully acknowledge
the Authors from Originating
and Submitting labcratories of
sequence data on which the
analysis is based.

Sources of primer sequences:
http://vdc chinacdcon/kviz/202001 /120200121 211337 html
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Receptor bindingsurveillance for complete genomes 2020-04-16 1697943

New occurrence of previous receptor binding mutation V483A (3 new in USA/WA)

Total: 7 different rare variants near the binding interface not known to be linked to severity. V483A in 26 samples (23 USA/WA, 2 USA/UN, 1

USA/CT), V483l in 1 English sample, L455] together with F456V inone Brazilian sample, G476S in 18 samples (13 USA/WA, 2 USA/CR, 1
USA/ID, 1 USA/CT, 1 Belgium), S494P in 1 English sample and N439K in 1 Scottish sample.

Mutations in the spike glycoprotein for
the 964 new complete genomesare

shown here.

We gratefully acknowledge the Authors
from Originatingand 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 {in EpiCoV)

Blue balls ... Spike glycoprotein variation
occurring morethan once (in EpiCoV)
Red balls ... Spike glycoprotein variation
near host receptor

JL—,;‘-— H. 'I. ,'

Equivalent positions have been studied for V483A and V483l in MERS (DOI: 10.1128/JV].01381-18) and G476S, L4551, F456V, S494P

and N439K in SARS (DOI: 10.1074/jbc.M111.325803 DOI: 10.1086/651022 DOI:10.1186/1743-422X-2-73) where they most often
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
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£9 | BetaCoV/MWuhan/WIVD4/2019|EP] 151 402124]2019-12-30

?ErztaC:V.’V‘\.'ul’:.an-l.\fiDCvHBTenvF1l3-2?4‘%020\EF’I \SL. 47085‘\47!20200‘\-01 F u | | g e no me t ree Of a II Cov fa rr1 697943

DIEPI ISL 410721
avirus isolate bat-SL-CoVZC45/1-29802

* Nearest bat precursor RaTG13
* Nearest pangolin precursors from Guangdong
+ Several pangolin-derived sequences part of recent

100 " '
BetaCoV/pangolin GuangsPSLIZ01T] family of related viruses
- SARS coronavirus/NC 004718/1-29751
Bat coronavirus BM48-31/BGR/2008/NC 014470/1-29276
Human betacoronavirus 2¢ EMC 201 2/0X869059/1-30118 H \ .
100 T Bat coronavirus HKUS-1/NC 009020/1-30482 Genome |dent|ty to hcov 19'
<5 Bat coronavirus HKU4-1/NC 009019/1-30286 . 96% RaTG13 (nearest bat precursor )
‘00 100 '— Bat coronavirus BtCoV/133/2005/NC 008315/1-30307 h )
Bat corcnavirus HKUS-1ING 000021/1-29114 *  90%Guangdongl/P2S (nearest pangolin precursor)
Feline infectious peritonitis virus/NG 002306/1-29355 ™
- Human coronavirus NLE3NG 005631/1-27553 . 88% 7C4 5/ZXC2 1 bat precursor
Bat coronavirus HKU2/NC 008988/1-27185
100 Bat coronavirus 1B/NC 010436/1-28476 . 8 O % S A RS
e Bat coronavirus TA/MC 010437/1-28326
[ Bat coronavirus HKUS/NG D104381-28773
72 Human coronavirus 229E/MC 002645/1-27317
&5 Scotophilus bat coronavirus 512/NC 009657/1-28203 Orange.... bat RaTG13
10 Porcine egidemic diarrhea virus/NG 003436/1-28033 Red ... hCoV-19 2019-2020
Human coronavirus HRUTMG 008577/1-29926 [ n [ j.\ in .:_'_ vV
99 Murine hepatitis virus strain AG9/NGC 001846/1-31357
100 41[”'—} Murine hepatitis virus strain JHM/NC 006852/1-31526 Blue ... SARS CoV
Rat coranavirus ParkerNG 012936/1-21250 Purple ... MERS CoV
100 | Rabbit coronavirus HKU14/MNC 017083/1-31100 Green ..common cold CoV
. Equine coronavirus/MNG 010327/1-30692
b Parcine hemagglutinating encephalomyelitis virus/NC 007732/1-30480
—1 [ Fuman coronavinus OG43NG 005147/1.30738 We gratefully acknowledge
¢3| [ Human enteric coronavirus strain 4408/NG 0129501130953 the Authors from Originating
o Bovine respiratory coronavirus bovine/lJS/OH-440-TCM886/NC 012848/1-30953 and Submitti ng laboratories
aq | Bovine respiratory coronavirus AH187/NC (1 2948/1-3005¢ ’
25! Boving coronavirus/MC 003045/1-31028 of sequence data on which
100 —— Turkey coronavirus/NG 0108001 -27657 the ana |ysi5 isbased.
15 L Avian infectious bronchitis vrus/MC 001451/1-27608
Beluga Whale coronavirus SW1/NC 010646/1-31886
L 93 Might-heron coronavirus HKU19/NC 016994/1-26077
|_{ Wigeon coronavirus HKU20/NC 016985/1-28227
g Gommon-moarhen coronavirus HKU21/NC 016986/1-26223
L 100 Thrush coronavirus HKU12-800/NC 011549/1-26296
%5 ’-|: White-eye coronavirus HKU16/NG 016991/1-26041
- 100 Munia coronanirus HKU13-3514/MC 0115507126552
Wagpie-rabin coronavirus HKU18/NC 016983/1-26689
93 Sparrow corenavirus HKU17/NC 016992/1-26083
W Porcine coronavirus HKU1S/NC 016920/1-25437
P

010



Spike host receptor changes for nearest
bat and nearest pangolin sequences

Strain 1 Spike overall Interface
identity mutations

Human Bat 98% 13

Wuhan Yunnan
| 8pin ON | Spin OFF | Save IMAGE

Pangolin Bat 90% 13
Gua ngdong Yunna n © Salect Query Sequence & Reference Sequence to display on 30 Structure Viewer:
eI AT Quary Sequence. stzrencs Saquence

4 /04_2018 +]
Pangolin Human 0 — ;
g 1A’ 1 "",A.:ﬂ::m 7mm:nrm«a‘

Guangdong Wuhan
List of variations displayed in st wni;:l'"wm rasicus iFin loopiteniin List af mutations not displayed in structure
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Host receptor binding site differences between SARS, bat Additional Analysis for F537543

precursor (RaTG13) and human outbreak hCoV-19 sequence from Zhengli Shi’s lab

CAS Key Laboratory of Special Pathogens,
Wuhan Institute of Virology

_yan ... ACE2 human host receptor

Gray ... CoV spike glycoprotein

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

* Surface proteinsare 76% and 98%
identical, respectively

* Antigenicsurface highly divergent
compared to SARS

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



Potential drug targets highly conserved between hCoV-19 and S5.1697943
* 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
* |nhibitors developed againstthe 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

Polymerase hCoV-19 vs SARS
nspl2 (gray=identical, red=mutated)
complex with nsp7 (yellow) and nsp8
(cyan, green)

We gratefullyacknoy he Authors from Originating and Submitting by Bll, A*STAR

laboratories of e data on whichthe analysis isbased.



