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Analysis of variation and evolution of SARS-CoV-2 genome

ZHOU Yezhen, ZHANG Shihao, CHEN Jiayi, WAN Chengsong, ZHAO Wei, ZHANG Bao
Biosafety Level-3 Laboratory, School of Public Health, Southern Medical University, Guangzhou 510515, China

Abstract: Objective To analyze the evolution and variation of SARS-CoV-2 during the epidemic starting at the end of 2019.
Methods We downloaded the full-length genome sequence of SARS-CoV-2 from the databases of GISAID and NCBI. Using
the software for bioinformatics including MEGA-X, BEAST, and TempEst, we constructed the genomic evolution tree, inferred
the time evolution signal of the virus, calculated the tMRCA time of the virus and analyzed the selection pressure of the virus
during evolution. Results The phylogenetic tree showed that SARS-CoV-2 belonged to the Sarbecovirus subgenus of f3
Coronavirus genus together with bat coronavirus BetaCoV/bat/Yunnan/RaTG13/2013, bat-SL-CoVZC45, bat-SL-CoVZXC21
and SARS-CoV. The genomic sequences of SARS-CoV-2 isolated from the ongoing epidemic showed a weak time evolution
signal with an average tMRCA time of 73 days (95% CI: 38.9-119.3 days). No positive time evolution signal was found between
SARS-CoV-2 and BetaCoV/bat/Yunnan/RaTG13/2013, but the former virus had a strong positive temporal evolution
relationship with bat-SL-CoVZC45 and SARS-CoV. The major cause for mutations of SARS-CoV-2 was the pressure of
purification selection during the epidemic. Conclusion SARS-CoV-2 may have emerged as early as November, 2019,
originating most likely from bat-associated coronavirus. This finding may provide evidence for tracing the sources and

evolution of the virus.
Keywords: SARS-CoV-2; coronavirus; evolution; mutation
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Tab.1 Comparison of nucleotide similarities between 39 SARS-CoV-2 isolates and other coronaviruses (%)

Sequence SARS-CoV-2 RaTG13 CoVZC45 CoVZXC21 SARS MERS
SARS-CoV-2 99.5-100 95.7-96.1 87.4-87.6 87.3-87.4 78.6%-78.8 48.6-48.8
RaTG13 - - 87.5 87.4 78.6 48.8
CoVZ(C45 97.2 80.0 483
CoVZXC21 80.1 48.2
SARS-CoV 48.0
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Tab.2 Amino acid similarities of ORFlab among different coronaviruses (%)

Sequence RaTGI13 CoVZC45 CoVZXC21 SARS MERS
SARS-CoV-2 98.5 95.6 95.2 86.1 454
RaTG13 - 95.4 94.9 85.9 454
CoVZ(C45 - - 98.0 87.0 455
CoVZXC21 - - - 86.7 452
SARS - - - - 453
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Tab.3 Amino acid similarities of the S protein among different coronaviruses (%)

Sequence RaTG13 CoVZ(C45 CoVZXC21 SARS MERS
SARS-CoV-2 97.4 80.1 79.5 75.9 28.9
RaTG13 - 80.1 79.5 76.5 29.1
CoVZC45 - - 98.6 75.5 29.4
CoVZXC21 - - - 75.3 29.3
SARS - - - - 28.9
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Tab.4 Amino acid similarities of the E protein among different coronaviruses (%)

Sequence RaTG13 CoVZC45 CoVZXC21 SARS MERS
SARS-CoV-2 100.0 100.0 100.0 94.7 353
RaTG13 - 100.0 100.0 94.7 353
CoVZC45 - - 100.0 94.7 353
CoVZXC21 - - - 94.7 353
SARS - - - - 353
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Tab.5 Amino acid similarities of the M protein among different coronaviruses (%)

Sequence RaTG13 CoVZ(C45 CoVZXC21 SARS MERS
SARS-CoV-2 0.981 0.986 0.986 0.891 0.387
RaTG13 - 0.986 0.986 0.909 0.393
CoVZC45 - - 1 0.896 0.387
CoVZXC21 - - - 0.896 0.387
SARS - - - - 0.411

Fo EINFEENEBRSEBREE

Tab.6 Amino acid similarities of the N protein among different coronaviruses (%)

Sequence RaTG13 CoVZC45 CoVZXC21 SARS MERS
SARS-CoV-2 99.0 94.2 94.2 90.2 459
RaTG13 - 94.2 94.2 90.2 459
CoVZC45 - - 99.2 91.9 455
CoVZXC21 - - - 91.7 455
SARS - - - - 45.6
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Fig.1 Phylogenetic analysis of the full-length genome of SRAS-CoV-2. A: Whole genome evolutionary tree of SARS-CoV-2 virus strains
: Unfolded evolutionary tree of 38 isolates of SARS-CoV-2 virus.

(compressed in triangle);

0.0005

Slope=2.2489E-6
tMRCA=-131.32

s . ®ee

R*=0.083

Foot-te-tip divergence

00002

00001

BetaCoV/Wuhan/WIVO5/2019|EPI_ISL_402128_20191230
4| BetaCoV/USA/CA1/2020|EPI_ISL_406034_2020-01-23

BetaCoV/USA/WA1/2020|EPI_ISL_404895_2020-01-19
BetaCoV/Shenzhen/SZTH002/2020_|EPI_ISL_406593_2020-01-13
BetaCoV/Guangdong/20SF013/2020|EPI_ISL_403933_20200115
BetaCoV/Guangdong/20SF025/2020|EPI_ISL_403935_20200115
BetaCoV/Guangdong/20SF012/2020|EPI_ISL_403932_20200114
BetaCoV/USA/AZ1/2020|EPI_ISL_406223_2020-01-22
BetaCoV/Wuhan/WIV02/2019|EPI_ISL_402127_20191230
BetaCoV/Guangdong/20SF014/2020|EPI_ISL_403934_20200115
BetaCoV/Zheji -01/2020|EPI_ISL_404227_20200116
BetaCoV/Taiwan/2/2020|EPI_ISL_406031_2020-01-23
BetaCoV/USA/CA2/2020|EPI_ISL_406036_2020-01-22
BetaCoV/Zhejiang/WZ-02/2020|EPI_ISL_404228_20200117
BetaCoV/USA/IL1/2020|EPI_ISL_404253_2020-01-21
BetaCoV/Guangdong/20SF201/2020|EPI_ISL_406538_2020-01-23
BetaCoV/Guangzhou/20SF206/2020|EP|_ISL_406533_2020-01-22
o UsgetaCOV/Foshan/2OSF21 0/2020|EPI_ISL_406535_2020-01-22
"% BetaCoV/Foshan/208F211/2020|EPI_ISL_406536_2020-01-22
BetaCoV/Nonthaburi/74/2020(EPI_ISL_403963_20200113
BetaCoV/Gu \g/20SF 174/2020|EPI_ISL_406531_2020-01-22
BetaCoV/Guangdong/20SF028/2020|EPI_ISL_403936_20200117
BetaCoV/Guangdong/20SF040/2020|EPI_ISL_403937_20200118
BetaCoV/Shenzhen/SZTH-003/2020|EPI_ISL_406594_2020-01-16
BetaCoV/Foshan/20SF207/2020|EPI_ISL_406534_2020-01-22
BetaCoV/Nonthaburi/61/2020|EPI_ISL_403962_20200108
BetaCoV/Wuhan/IPBCAMS-WH-03/2019|EPI_ISL_403930_20191230
BetaCoV/Wuhan/WIV06/2019|EPI_ISL_402129_20191230

BetaCoV/Wuhan/HBCDC-HB-01/2019|EPI_ISL_402132_20191230
- [38.85119.34) BetaCoV/Wuhan/WIV04/2019|EPI_ISL_402124_20191230
BetaCoV/\Wuhan/IPBCAMS-WH-04/2019|EPI_ISL_403929_20191230

BetaCoV/Wuhan/WIV07/2019|EPI_ISL_402130_20191230
BetaCoV/Wuhan/IVDC-HB-05/2019|EPI_ISL_402121_20191230
BetaCoV/Wuhan/IPBCAMS-WH-01/2019|EPI_ISL_402123_20191224
BetaCoV/Wuhan/IPBCAMS-WH-02/2019|EPI_ISL_403931_20191230

[1.39,17.48]

[7.06,19.41]

[34.13,80.03]

70 -60 -50 -40 -30 20 -10 0
E2 SARS-CoV-2f%HHItMRCATTE
Fig.2 tMRCA of SARS-CoV-2. A: Calculation of evolutionary time signals of SARS-CoV-2 virus. The point indicates the genetic
distance of each isolate of the virus from the reference strain (outgroup, tree root) on the time scale; B: Analysis of tMRCA of SARS-
CoV-2 virus using BEAST.



- 156 -

J South Med Univ, 2020, 40(2): 152-158

http://www.j-smu.com

CoVZC45,SARS-CoV Z [a] &5 4k | at At [a] 56
£, L5 IR SARS-CoV-2 5 BetaCoV/bat/Yunnan/
RaTG13/2013 ANAFAERF AL Z , BPR K-1.8x107°

substitution/site/day R’=0.998([€I3A) , IiHHFE HAR AL H
SRIALH RARMESCILAY , 2R 15 CoVZC45 .SARS-CoV
WAEE W WA e R 5 (B 3B.C).

Slope=-1.8x10"
R*=0.998 o
ouss R*=0.996

Slope=1.24x10"*
tMRCA=-1075.6

Slope=3.84x10"
tMRCA=-6237.7
R=0.999

2500 2000 1500 “1800 500 1250 1000

E3 SARS-CoV-2fEHSEMEIREES LA EE Sl

00 250 [ 7000 6000 -s000 4000 3000 2000 “1000 o

Fig.3 Temporal signal test of molecular phylogenies of SARS-CoV-2 together with other coronaviruses. A, B, and C: Evolution time
signal detection results of SARS-CoV-2 virus strain and RaTG13, CoVZ(C45, and SARS-CoV viruses, respectively.
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Tab.7 Analysis of selection pressure of the main proteins of SARS-CoV-2

FEL SLAC
Gene Synonymous number Non-synonymous number Site
dN/ds P dN/dS P
S2839 0 0.018 0 0.057
E377 0 0.071
ORFlab 16 32 S6927 0 0.061
T1171 0 0.081
K921 0 0.028
S 5 7 K417 0 0.08
G669 0 0.092
A69 0 0.052
M 2 1
G79 0 0.093
1415D  Infinity 0.066
N 4 4 Al173 0 0.096
F274 0 0.096
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