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International expansion of a novel SARS-CoV-2 mutant 35 

TO THE EDITOR:  36 

SARS-CoV-2 has inevitably mutated during its pandemic spread1 to cause 37 

unpredictable effects on COVID-19 and complicate epidemic control efforts. Here we 38 

report that a novel SARS-CoV-2 mutation appears to be spreading worldwide, which 39 

deserves close attention. 40 

We detected 95 SARS-CoV-2 samples from Sichuan Province of China using next 41 

generation sequencing and acquired 13 whole genomes sequences, which were 42 

analyzed for sequence variation and evolution against 199 SARS-CoV-2 genomes 43 

publicly released in the GISAID EpiFluTM database (https://www.gisaid.org/) and 7 44 

genomes download from NGDC database (https://bigd.big.ac.cn/ncov). This study was 45 

approved by the Biomedical Research Ethics Committee of West China Hospital of Sichuan 46 

University (reference no. 193, 2020) and written informed consent was obtained from all 47 

patients. 48 

Based on 10 high frequency mutations (mutant allele frequency >5%), these 49 

SARS-CoV-2 genomes can be classified into 5 main groups: original stain 1 and 4 50 

variants with different mutations groups and clustering. The most common variants 51 

(Figure A, Group 1) exhibited both a missense mutation (ORF8:c.251tTa>tCa; present 52 

in 31.58% of the isolates) and a synonymous mutation (orf1ab:c.8517agC>agT; found 53 

in 30.62% of the isolates), suggesting a possible linkage between these two sites. Also, 54 

3 subgroups were evolved in the main Group 1 by other 3 mutations. Group 2 was 55 

clustered together with 3 mutants including missense variant S: c.1841gAt>gGt, 56 

orf1ab upstream gene variant and synonymous_variant orf1ab: c.2772ttC>ttT. Group 57 

3 viral isolates were much less frequent (11.48%) and characterized by a missense 58 

mutation (orf1ab:c.10818ttG>ttT). Group 4 viral isolates contained a novel missense 59 

mutation (ORF3a:c.752gGt>gTt) first found in a Chinese family. Notably, however, 60 

Group 4 viral isolates were most frequently found outside mainland China (23.28%; 61 

27/116; p<0.01 by Fisher’s exact test). Additionally, Group 2 and Group 4 showed 62 

obvious aggregation in non-Chinese countries and regions.  63 

The family in which the Group 4 variant was first observed in China (an older female 64 
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and two young family members) returned to their hometown in Sichuan from Wuhan 65 

on January 20, 2020. By January 23, the mother had a fever and cough, and her two 66 

children developed these symptoms in the following days. Nucleic acid assays 67 

performed on their throat swabs tested positive for SARS-CoV-2 on January 25. None 68 

of these individuals traveled outside of China between the start of the COVID-19 69 

epidemic and their return to Sichuan, but there the Group 4 variant first observed in 70 

this family has now demonstrated global dissemination.  71 

We performed a timeline analysis using the sample collection dates reported in the 72 

GISAID EpiFluTM database, and found that individuals infected with SARS-CoV-2 73 

strain containing the Group 4 ORF3a mutant had reached the West Coast of the 74 

United States (Orange County, California) by January 22, 2020 at the latest. 75 

Immediately afterwards, and preceding or at nearly the same time as first Group 4 76 

cases in Sichuan, additional isolates (Figure B) of this strain were reported in China 77 

(Taiwan), France (Paris), and Australia (Sydney and Clayton). According to the 78 

official records, these individuals either traveled from Wuhan, or traveled 79 

internationally prior to their disease onset. Group 4 ORF3a mutants were 80 

subsequently found in several other countries, including Singapore, South Korea, the 81 

United Kingdom and Italy. It should be noted that this mutant virus strain appears to 82 

be the most prevalent form of SARS-COV-2 in France, Italy,Brazil, and Singapore 83 

(Figure C). 84 

Virus genome data from France indicate that SARS-CoV-2 strains carrying 85 

ORF3a:c.752gGt>gTt often have a S:c.1099Gtc>Ttc mutation in their S gene, which 86 

interacts with ACE2 to mediate viral entry into its host cells3, and is regarded as a 87 

critical factor for viral transmission and virulence4, 5. It is not clear if this mutation 88 

enhances host cell entry but this information would be of great importance in 89 

assessing the potential for increased virulence of Group 4 SARS-CoV-2 strains 90 

carrying this mutation. It is also not known how common this mutation is in Group 4 91 

viral isolates from different geographical regions. Given the prevalence of Group 4 92 

isolates in multiple countries, including France, Italy and South Korea, which is 93 

experiencing a rapidly growing epidemic, this information should be of significant 94 
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interest.  95 

At present, the SARS-CoV-2 epidemic in China seems to be diminishing in response 96 

to control efforts, but the rapid global spread of this new virus, and its mutants, has 97 

become a major health concern. Very little is known about how rapidly the 98 

SARS-CoV-2 genome mutates and how this affects transmission or disease severity. 99 

Better understanding of these factors should be useful in efforts to curtail the global 100 

and regional spread of this virus. 101 

 102 

Conflict of Interest Disclosures: None reported. 103 

Funding/Support: This study was funded by Science & Technology Department of Sichuan 104 

Province (Grant number: 2020YFS0004) and West China Hospital of Sichuan University 105 

(Grant number: HX-2019-nCoV-066).  106 

Additional Contributions: We thank Dr Wan Xiong for polishing the manuscript language. 107 

We also thank Shuo Guo and Yanbing Zhou for collecting literature.  108 

 109 

Reference： 110 

1. www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/  111 

2. Shu Y, McCauley J. GISAID: Global initiative on sharing all influenza data - 112 

from vision to reality[J]. Euro surveillance : bulletin Europeen sur les maladies 113 

transmissibles = European communicable disease bulletin. 2017,22(13). 114 

doi:org/10.2807/1560-7917.es.2017.22.13.30494 115 

3. Letko M, Marzi A, Munster V. Functional assessment of cell entry and receptor 116 

usage for SARS-CoV-2 and other lineage B betacoronaviruses[J]. Nature 117 

microbiology. 2020. doi:org/10.1038/s41564-020-0688-y 118 

4. Lu G, Wang Q, Gao GF. Bat-to-human: spike features determining 'host jump' of 119 

coronaviruses SARS-CoV, MERS-CoV, and beyond[J]. Trends in microbiology. 120 

2015,23(8):468-478. doi:org/10.1016/j.tim.2015.06.003 121 

5. Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor H. Tissue 122 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted March 17, 2020. .https://doi.org/10.1101/2020.03.15.20035204doi: medRxiv preprint 

https://doi.org/10.1101/2020.03.15.20035204


distribution of ACE2 protein, the functional receptor for SARS coronavirus. A first 123 

step in understanding SARS pathogenesis[J]. The Journal of pathology. 124 

2004,203(2):631-637. doi:org/10.1002/path.1570 125 

 126 

 127 

Figure legend： 128 

Figure: Maximum likelihood tree based on the whole genome sequences of 221 129 

viral strains. 130 

A) 199 high quality genomes were collected from GISAID EpiFluTM database, 131 

including 1 Rhinolophus affinis isolate, 6 Manis javanica isolates and 2 environmental 132 

isolates. 22 additional genomes were collected from other resource, including 7 133 

genomes from NGDC (https://bigd.big.ac.cn/ncov), 13 genomes from WCH. 134 

SARS-CoV (NC_004718.3) and MERS-CoV (NC_019843.3) genomes sequence 135 

were downloaded from NCBI RefSeq database. MAFFT (version 7.543) was used for 136 

sequence alignment, and PhyML (version 3.0) was used to construct the evolutionary 137 

tree. Variation information of human SARS-CoV-2 genome was derived from NGDC. 138 

Mutations of 13 WCH genomes were analyzed using NGDC online tools 139 

(https://bigd.big.ac.cn/ncov/tool/variation-identify). 140 

B) Location and collection time of ORF3a:c.752gGt>gTt variant genomes.  141 

C) Composition of variant and non-variant genomes of ORF3a:c.752gGt>gTt in 142 

different countries.  143 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted March 17, 2020. .https://doi.org/10.1101/2020.03.15.20035204doi: medRxiv preprint 

https://doi.org/10.1101/2020.03.15.20035204


USA United Kingdom

South Korea Sweden Switzerland

France Italy Singapore

Australia Brazil China

Type
Variant

non_Variant

                     

Group 1                  

                     

Gro
up

 2                  

                     

G
roup 3                  

                     

Group 4                  

hCoV-19/Wuhan/WIV04/2019
hCoV-19/Taiwan/4/2020
hCoV-19/Wuhan/IPBCAMS-WH-05/2020hCoV-19/USA/CA6/2020BetaCoV/Wuhan/WH19004/2020

hCoV-19/Wuhan/IVDC-HB-04/2020
hCoV-19/Guangdong/20SF014/2020

hCoV-19/Shenzhen/SZTH-004/2020

hCoV-19/Jiangsu/JS03/2020

hCoV-19/USA/CA9/2020

hCoV-19/Japan/AI/I-004/2020

hCoV-19/Wuhan-Hu-1/2019

hCoV-19/Wuhan/IPBCAMS-WH-03/2019

hCoV-19/China/WHU02/2020

hCoV-19/Hefei/2/2020

hCoV-19/Jiangsu/JS01/2020

BetaCoV/Wuhan/WH19005/2019

hCoV-19/Wuhan/IVDC-HB-05/2019

hCoV-19/China/WHU01/2020

hCoV-19/Japan/NA-20-05-1/2020

hCoV-19/Wuhan/IVDC-HB-01/2019

hCoV-19/Cambodia/0012/2020

hCoV-19/Chongqing/ZX01/2020

BetaCoV/Wuhan/WH19001/2019

hCoV-19/Japan/OS-20-07-1/2020

hCoV-19/Taiwan/NTU02/2020

hCoV-19/Wuhan/IPBCAMS-WH-04/2019

hCoV-19/Wuhan/IPBCAMS-WH-01/2019

BetaCoV/Sichuan/W
CH7182/2020

BetaCoV/Sichuan/W
CH5032/2020

BetaCoV/Sichuan/W
CH4233/2020

hCoV-19/Jingzhou/HBCDC-HB-01/2020

BetaCoV/Sichuan/W
CH9505/2020

hCoV-19/W
uhan/W

IV02/2019

hCoV-19/USA/CA8/2020

BetaCoV/W
uhan/W

H19008/2019

hCoV-19/W
uhan/HBCDC-HB-02/2019

hCoV-19/W
uhan/HBCDC-HB-03/2019

hCoV-19/W
uhan/W

IV05/2019

hCoV-19/Foshan/20SF210/2020

hCoV-19/Fujian/13/2020

hCoV-19/USA/W
I1/2020

hCoV-19/Singapore/11/2020

hCoV-19/India/1-27/2020

hCoV-19/China/IQ
TC02/2020

BetaCoV/Sichuan/W
CH

9056/2020

hCoV-19/Foshan/20SF211/2020

hCoV-19/U
SA/CA5/2020

hCoV-19/Jiangsu/JS02/2020

hC
oV-19/G

uangdong/20SF040/2020

hC
oV-19/G

uangdong/20SF028/2020

hC
oV-19/G

uangdong/20SF174/2020

hC
oV-19/G

uangdong/20SF201/2020

hC
oV-19/Singapore/2/2020

hC
oV-19/Singapore/6/2020

hC
oV

-19/W
uhan/H

B
C

D
C

-H
B

-01/2019

hC
oV

-19/H
angzhou/H

Z
-1/2020

hC
oV

-1
9/

Si
ng

ap
or

e/
1/

20
20

B
et

aC
oV

/W
uh

an
/Y

S8
01

1/
20

20

hC
oV

-1
9/

N
on

th
ab

ur
i/6

1/
20

20

hC
oV

-1
9/

Fr
an

ce
/ID

F0
62

6/
20

20

hC
oV

-1
9/

En
gl

an
d/

09
c/

20
20

hC
oV

-1
9/

Br
az

il/
SP

BR
-0

2/
20

20

SA
R

S-
C

oV
-2

/S
P0

2/
hu

m
an

/2
02

0/
BR

A

hC
oV

-1
9/

Sw
itz

er
la

nd
/1

00
04

77
10

2/
20

20

hC
oV

-1
9/

U
SA

/W
A3

-U
W

1/
20

20

hC
oV

-1
9/

Ita
ly

/S
PL

1/
20

20

hC
oV

-1
9/

Ita
ly

/IN
M

I1
-is

l/2
02

0

hC
oV

-1
9/

Si
ng

ap
or

e/
5/

20
20

hC
oV

-1
9/

Si
ng

ap
or

e/
10

/2
02

0

hC
oV

-1
9/

Si
ng

ap
or

e/
9/

20
20

hC
oV

-1
9/

Sw
ed

en
/0

1/
20

20

hC
oV

-1
9/

Au
st

ra
lia

/V
IC

01
/2

02
0

hC
oV

-1
9/

Si
ng

ap
or

e/
7/

20
20

hC
oV

-1
9/

So
ut

hK
or

ea
/S

NU
01

/2
02

0

hC
oV

-1
9/

US
A/

CA
2/

20
20

hC
oV

-1
9/

Ho
ng

Ko
ng

/V
M

20
00

19
88

/2
02

0

Be
ta

Co
V/

Si
ch

ua
n/

W
CH

95
14

/2
02

0

hC
oV

-1
9/

Si
ng

ap
or

e/
8/

20
20

hC
oV

-1
9/

Ta
iw

an
/2

/2
02

0

hC
oV

-1
9/

Sy
dn

ey
/3

/2
02

0

Bet
aC

oV
/S

ich
ua

n/
W

CH95
11

/2
02

0

Bet
aC

oV
/S

ich
ua

n/
W

CH95
12

/2
02

0

hCoV
-1

9/S
ou

th
Kor

ea
/K

UMC01/2
020

hCoV
-1

9/S
ou

th
Kor

ea/K
UMC02/2

020

hCoV-1
9/Fr

ance
/ID

F0
386-is

lP3/2
020

hCoV-1
9/Fr

ance
/ID

F0
372-is

l/2
020

hCoV-19/Fra
nce

/ID
F0386-is

lP1/2020

hCoV-19/France
/ID

F0372/2020

hCoV-19/France/ID
F0373/2020

hCoV-19/China/IQ
TC01/2020

hCoV-19/Guangzhou/20SF206/2020

hCoV-19/Ja
pan/KY-V-029/2020

hCoV-19/W
uhan/W

IV07/2019

hCoV-19/Nonthaburi/7
4/2020

hCoV-19/Wuhan/WIV06/2019

hCoV-19/Japan/Hu DP Kng 19-020/2020

hCoV-19/Japan/TK/20-31-3/2020

hCoV-19/Japan/Hu DP Kng 19-027/2020

hCoV-19/Italy/INMI1-cs/2020

hCoV-19/HongKong/VB20026565/2020

hCoV-19/NewZealand/01/2020

hCoV-19/Aust ralia/NSW07/2020

hCoV-19/Shandong/IVDC-SD-001/2020

hCoV-19/Wuhan/HBCDC-HB-05/2020

hCoV-19/Aust ralia/NSW05/2020

hCoV-19/Aust ralia/NSW06/2020
hCoV-19/Singapore/3/2020

hCoV-19/Chongqing/IVDC-CQ-001/2020
hCoV-19/France/IDF0515-isl/2020hCoV-19/France/IDF0571/2020hCoV-19/France/IDF0515/2020hCoV-19/Taiwan/CGMH-CGU-01/2020

hCoV-19/China/WH-09/2020
hCoV-19/Jiangxi/IVDC-JX-002/2020

hCoV-19/Wuhan/WH01/2019

hCoV-19/Wuhan/WH03/2020

hCoV-19/Zhejiang/WZ-02/2020

hCoV-19/Hangzhou/HZCDC0001/2020

hCoV-19/Canada/ON-VIDO-01/2020

hCoV-19/USA/CA3/2020

hCoV-19/USA/CA4/2020

hCoV-19/Canada/ON-PHL2445/2020

hCoV-19/USA/MA1/2020

hCoV-19/Shenzhen/SZTH-003/2020

hCoV-19/Foshan/20SF207/2020

hCoV-19/Jiangsu/IVDC-JS-001/2020

hCoV-19/Korea/KCDC12/2020

hCoV-19/Zhejiang/WZ-01/2020

hCoV-19/Sydney/2/2020

hCoV-19/Wuhan/IVDC-HB-envF13-21/2020

hCoV-19/Wuhan/IVDC-HB-envF13-20/2020

hCoV-19/UnitedKingdom/PHW1/2020

hCoV-19/Italy/UniSR1/2020

hCoV-19/Italy/CDG1/2020

hCoV-19/Switzerland/1000477757/2020

hCoV-19/Germany/Baden-Wuert temberg-1/2020

hCoV-19/Switzerland/1000477377/2020

hCoV-19/Switzerland/1000477806/2020

hCoV-19/Switzerland/1000477796/2020

hCoV-19/Mexico/CDMX/InDRE 01/2020

hCoV-19/Switzerland/1000477797/2020

hCoV-19/Germ
any/BavPat1/2020

hCoV-19/Nepal/61/2020

hCoV-19/Shenzhen/SZTH-001/2020

hCoV-19/USA/IL1/2020

hCoV-19/Vietnam
/VR03-38142/2020

hCoV-19/HongKong/VM
20001061/2020

hCoV-19/Beijing/IVDC-BJ-005/2020

hCoV-19/Sichuan/IVDC-SC-001/2020

hCoV-19/USA/IL2/2020

hCoV-19/USA/CA1/2020

hCoV-19/W
uhan/IPBCAM

S-W
H-02/2019

hCoV-19/W
uhan/HBCDC-HB-04/2019

hCoV-19/Tianm
en/HBCD

C-HB-07/2020

hCoV-19/Taiw
an/NTU01/2020

SARS-CoV-2/Yunnan-01/hum
an/2020/CH

N

hCoV-19/Anhui/SZ005/2020

hCoV-19/Korea/KCD
C24/2020

hCoV-19/Yunnan/IVD
C-YN

-003/2020

hCoV-19/W
uhan/H

BCD
C-H

B-03/2020

hCoV-19/Korea/KCD
C05/2020

hCoV-19/U
SA/W

A4-U
W

2/2020

hC
oV-19/U

SA/W
A6-U

W
3/2020

hC
oV-19/U

SA/W
A2/2020

hC
oV-19/U

SA/W
A8-U

W
5/2020

hC
oV-19/U

SA/W
A-S2/2020

hC
oV-19/U

SA/W
A7-U

W
4/2020

B
etaC

oV
/Sichuan/W

C
H

7304/2020
hC

oV
-19/C

hongqing/YC
01/2020

B
etaC

oV
/Sichuan/W

C
H

7304-2/2020

hC
oV

-1
9/

U
SA

/W
A

1-
A

12
/2

02
0

hC
oV

-1
9/

U
SA

/W
A

1/
20

20
hC

oV
-1

9/
U

SA
/W

A
1-

F6
/2

02
0

hC
oV

-1
9/

Fu
jia

n/
8/

20
20

hC
oV

-1
9/

Ta
iw

an
/3

/2
02

0
hC

oV
-1

9/
Au

st
ra

lia
/Q

LD
03

/2
02

0
hC

oV
-1

9/
Au

st
ra

lia
/Q

LD
02

/2
02

0
hC

oV
-1

9/
U

SA
/C

A7
/2

02
0

Be
ta

Co
V/

Si
ch

ua
n/

W
CH

70
78

/2
02

0

hC
oV

-1
9/

Au
st

ra
lia

/Q
LD

04
/2

02
0

hC
oV

-1
9/

Au
st

ra
lia

/Q
LD

01
/2

02
0

hC
oV

-1
9/

Si
ng

ap
or

e/
4/

20
20

hC
oV

-1
9/

In
di

a/
1-

31
/2

02
0

hC
oV

-1
9/

W
uh

an
/W

H
04

/2
02

0

hC
oV

-1
9/

Au
st

ra
lia

/N
SW

01
/2

02
0

hC
oV

-1
9/

Ko
re

a/
KC

D
C0

6/
20

20

hC
oV

-1
9/

Be
iji

ng
/2

35
/2

02
0

hC
oV

-1
9/

Be
iji

ng
/2

31
/2

02
0

hC
oV

-1
9/

Be
iji

ng
/1

05
/2

02
0

hC
oV

-1
9/

Be
iji

ng
/2

33
/2

02
0

hC
oV

-1
9/

Ko
re

a/
KC

DC
07

/2
02

0

hC
oV

-1
9/

So
ut

hK
or

ea
/K

CD
C0

3/
20

20

hC
oV

-1
9/

W
uh

an
/H

BC
DC-

HB-
02

/2
02

0

Be
ta

CoV
/S

ich
ua

n/
W

CH91
33

/2
02

0

Bet
aC

oV
/S

ich
ua

n/
W

CH91
17

/2
02

0

hC
oV

-1
9/

En
gl

an
d/

01
/2

02
0

hCoV
-1

9/E
nglan

d/0
2/2

020

hCoV-1
9/W

uhan/H
BCDC-H

B-0
4/2

020

hCoV-1
9/W

uhan/H
BCDC-H

B-0
6/2

020

hCoV-1
9/B

elgium /G
HB-0

3021/2020

hCoV-19/G
uangdong/20SF013/2020

hCoV-19/G
uangdong/20SF012/2020

hCoV-19/G
uangdong/20SF025/2020

hCoV-19/Shenzhen/HKU-SZ-002/2020

hCoV-19/USA/AZ1/2020

hCoV-19/Ja
pan/TY-W

K-501/2020

hCoV-19/Japan/TY-W
K-012/2020

hCoV-19/Japan/TY-W
K-521/2020

hCoV-19/Shenzhen/HKU-SZ-005/2020

hCoV-19/Shenzhen/SZTH-002/2020

hCoV-19/USA/TX1/2020

hCoV-19/bat /Yunnan/RaTG13/2013

hCoV-19/pangolin/Guandong/1/2019

SARS-CoV

hCoV-19/pangolin/Guangxi/P4L/2017

hCoV-19/pangolin/Guangxi/P2V/2017

hCoV-19/pangolin/Guangxi/P5E/2017

hCoV-19/pangolin/Guangxi/P5L/2017

hCoV-19/pangolin/Guangxi/P1E/2017

MERS-CoV

Group
Aust ralia
Bat
Belgium
Brazil
Cam bodia
Canada
China
France
Germ any
India
Italy
Japan
MERS
Mexico
Nepal
New Zealand
Pangolin
SARS
Singapore
South Korea
Sweden
Switzerland
Thailand
USA
United Kingdom
Vietnam

Variat ion
ORF8:c.251tTa> tCa
orf1ab:c.8517agC> agT
ORF3a:c.752gGt> gTt
orf1ab:c.10818t tG> t tT
ORF10:downst ream _gene_variant
orf1ab:upst ream _gene_variant
S:c.1841gAt> gGt
orf1ab:c.17796ctC> ctT
N:c.822t tC> t tT
orf1ab:c.2772t tC> t tT

Tim e
2019-12
2020-01
2020-02
2020-03

Jan 22 23 25 27 28 29 30 31 Feb 3 4 6 7

Australia / Sydney

Australia / Clayton

China / Sichuan

China / Taiwan

Singapore

France / Paris

Italy / Rome

 

Sweden

SouthKorea

China / Sichuan

China / Sichuan

Singapore

Singapore

Singapore Singapore

France / Paris

France / Paris

France / Paris

Italy / Rome

France / Paris

Italy / Rome

China / Hong Kong

South Korea

South Korea

9

United Kingdom

26 27 28

USA / Washington

Switzerland

Brazil / Sao Paulo

Brazil
USA / California

A

B

C

a b c
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