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After 56 days without coronavirus disease 2019 (COVID-19) cases, reemergent cases were reported in Beijing, China
on June 11, 2020. Here, we report the genetic characteristics of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) sequenced from the clinical specimens of 4 human cases and 2 environmental samples. The nucleotide
similarity among six SARS-CoV-2 genomes ranged from 99.98% to 99.99%. Compared with the reference strain of
SARS-CoV-2 (GenBank No. NC_045512), all six genome sequences shared the same substitutions at nt241 (C — T),
nt3037 (C — T), nt14408 (C — T), nt23403 (A — G), nt28881 (G — A), nt28882 (G — A), and nt28883 (G — C),
which are the characteristic nucleotide substitutions of L-lineage European branch I. This was also proved by the max-
imum likelihood phylogenetic tree based on the full-length genome of SARS-CoV-2. They also have a unique shared
nucleotide substitution, nt6026 (C — T), which is the characteristic nucleotide substitution of SARS-CoV-2 in Beijing's
Xinfadi outbreak. It is noteworthy that there is an amino acid D614G mutation caused by nt23403 substitution in all six
genomes, which may enhance the virus's infectivity in humans and help it become the leading strain of the virus to
spread around the world today. It is necessary to continuously monitor the genetic variation of SARS-CoV-2, focusing
on the influence of key mutation sites of SARS-CoV-2 on viral transmission, clinical manifestations, severity, and
course of disease.

© 2020 Chinese Medical Association Publishing House. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

After 56 days without COVID-19 cases, reemergent cases were reported
in Beijing, China on June 11, 2020. From June 11 to July 4, 334 COVID-19
cases were reported in Beijing. Of the patients affected, 47% were Xinfadi
market staff, while others were people who have had contact with the
market [1].

Throat swab samples were taken from the patients, and environmental
swab samples were taken from the environment in Xinfadi market, includ-
ing the body surface of seafood, the channel at the gate of the stall, trash,
outer surface of fish tanks, inner surface of refrigerators, etc. Total RNA
was extracted from the supernatant using the Viral RNA Extraction Kit
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(Tianlong, Xi'an, China). The rRNA was removed using the TransNGS
rRNA Depletion (Human/Mouse/Rat) kit (TransGen, Beijing, China),
while the remaining RNA was incorporated for library preparation with
the Illumina TruSeq DNA Preparation Protocol and sequenced on the
Ilumina NextSeq 550 platform (Illumina, San Diego, CA, USA) with
150 bp paired-end reads. The full-length genome sequences were assem-
bled using QIAGEN CLC Genomics Workbench (Qiagen, Hilden,
Germany). Three full-leSngth genome sequences of SARS-CoV-2 from the
Xinfadi market were deposited at the National Genomics Data Center
(two from patients and one from environmental sample) and three were
deposited at GISAID (two from patients and one from environmental
sample).

At present, the widely accepted molecular typing method of SARS-
CoV-2 is based on the difference of nucleotide at nt8782 and nt28144 in
its full-length genome sequence. According to this molecular typing
method, SARS-CoV-2 is divided into S-lineage (nt8782T and nt28144C)
and L-lineage (nt8782C and nt28144T). It is speculated that S-lineage
may be an older type. In Wuhan City, Hubei Province, S-lineage was the

2590-0536/© 2020 Chinese Medical Association Publishing House. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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main epidemic type in the early stages of the outbreak, while L-lineage is
currently the most prevalent lineage in the world. Therefore, most of the
imported cases in China belong to L-lineage. Due to the global pandemic
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of SARS-CoV-2, imported cases have been frequently reported in China
since March 2020. In order to better identify the SARS-CoV-2 types preva-
lent in various countries, according to the full-length genome sequence of

youelg eauay

<= Hgilongjiang strains

Beijing Xinfadi strains
June 2020

<= Shulan strains

NCOV-HLI-0418-36-Y Heilongjiang strains

youeug ueadosug ebesur]-]
abesur-q

obeauT-g

Fig. 1. Maximum likelihood phylogenetic tree based on the full-length genome sequences of the SARS-CoV-2. The tree was constructed using MEGA (v7.0) software with
1,000 bootstrap replicates. The genomes of the SARS-CoV-2 from Beijing's Xinfadi market are highlighted in shades of yellow. The genomes of the SARS-CoV-2 from
Beijing (Feb-2020) and Wuhan (Dec-2019) are highlighted in shades of grey and pink, respectively. The recent reemergence of SARS-CoV-2 in Northeastern China (Shulan
and Heilongjiang) that was associated with imported cases are highlighted in shades of blue and green, respectively. S- or L-lineage of the SARS-CoV-2 are marked and colored

on the right.
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the virus detected in imported cases in China, L-lineage were further di-
vided into L-lineage European branch where the characteristic substitution
sites were nt241(C — T), nt3037(C — T), nt14408(C — T), and nt23403
(A — G) and L-lineage global branch with substitution sites other than
those mentioned above. L-lineage European branch can be further divided
into L-lineage European branch I (the characteristic substitution sites were
nt28881(G — A), nt28882(G — A), and nt28883(G — C)) and L-lineage
European branch II (the characteristic substitution site was nt25563
(G — T)). The L-lineage European branch II can be further divided into L-
lineage European branch II.1 (the characteristic substitution site was
nt1059(C — T)) and L-lineage European branch II.2 (the characteristic sub-
stitution site was nt2416(C — T)). Because L-lineage European branch II.1
is a prevalent branch in America, it is also called the American branch.

The nucleotide similarity among six SARS-CoV-2 genomes ranged from
99.98% to 99.99%. Compared with the reference strain of SARS-CoV-2
(GenBank No. NC_045512), the nucleotide similarity was 99.96%-99.97%.
A maximum likelihood tree based on the full-length genome sequences of
SARS-CoV-2 was constructed using MEGA software (v7.0) [2] with 1,000
bootstrap replicates. According to this phylogenetic tree, all the six genome
sequences belong to L-lineage European branch I (Fig. 1). SARS-CoV-2 in
L-lineage European branch I are prevalent in Asia, South America, Africa,
and North America, but mainly in Europe. This further confirmed that the
outbreak in Xinfadi may be caused by the introduction of an infectious
source. It is different from the virus that was prevalent in Wuhan in Decem-
ber 2019 and Beijing in February 2020, which belonged to S-lineage; there-
fore, it is suggested that the outbreak in Xinfadi did not involve the
continued transmission of native virus.

Compared with the reference strain of SARS-CoV-2 (GenBank No. NC_
045512), all six genome sequences shared the same substitutions at nt241
(C = T), nt3037(C — T), nt14408(C — T), nt23403(A — G), nt28881
(G — A), nt28882(G — A), and nt28883(G — C), among which nt14408,
nt23403, and nt28881-nt28883 were nonsynonymous substitutions in
ORF 1ab gene, S gene, and N gene, respectively. All the seven nucleotide
substitutions are the characteristic nucleotide substitutions of L-lineage
European branch I (Fig. 2). All six genome sequences also have a unique
shared nucleotide substitution, nt6026(C — T), which is the characteristic
nucleotide substitution of SARS-CoV-2 from Xinfadi market (Fig. 2).

It is worth noting that there is an amino acid D614G mutation caused by
nt23403 substitution in all six genomes of SARS-CoV-2 found in Xinfadi
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market. The mutation from 614-D to 614-G occurred first in Europe, then
in North America and Oceania, and then in Asia, and now this mutation
is shared by all viral genomes in L-lineage European branch I.

In a recent study, researchers found that a D614G mutation in the SARS-
CoV-2 genome enhances the virus's ability to infect human cells, helping it
to become the leading strain of the virus spreading around the world today
[3]. The research team also proposed that D614G mutation pseudovirus
was associated with higher infectivity. Quantitative analysis showed that
viral particles carrying 614-G mutation had significantly higher infectivity
titer than the corresponding 614-D mutation, which increased by 2.6 to
9.3 times, and was confirmed in a variety of cell types [3]. However,
there is no evidence that it will lead to a more serious condition [4] because
there is a big difference between the laboratory results and the changes in
the actual transmission of the virus, which scientists have monitored.

The complete genome sequence analysis of the SARS-CoV-2 from
Xinfadi further confirmed that the source of the epidemic was not a new
“overflow” from the host or intermediate host. The Xinfadi market has be-
come the SARS-CoV-2 transmission “hub”, the most important reason being
that the market environment is relatively wet and cold. One of the main
characteristics of the virus is that it is sensitive to heat and not to cold. In
such an environment, the virus can survive for a long time. Moreover, it
is also closed and poorly ventilated, which also contributes to the spread
of the virus. For example, if a person infected with SARS-CoV-2 sneezes,
it is difficult to spread out, and the droplets may settle on the ground and
pollute other places after flushing and sweeping. These conditions help to
explain the occurrence of a large number of cases in a short period of
time. However, this does not mean that the market itself is the source of
the virus.

The prevention and control of COVID-19 epidemic in big cities should
be based on the principle of precise prevention and control. For example,
areas with new confirmed cases can be classified as medium-risk areas.
However, it is not necessary to freeze all the communities in medium-risk
areas. Precise prevention and control involves the freezing of only the com-
munities that have confirmed cases. Beijing's rapid, effective, and accurate
epidemic prevention and control measures will draw on experience from
other places and the future normalization of epidemic prevention.

At present, with the rapid development of genomics technology, bioin-
formatics, and big data management technology, the new generation of ge-
nomic sequencing technology can achieve more detailed analysis of
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Fig. 2. Nucleotide substitutions of six SARS-CoV-2 genome sequences identified from Beijing's Xinfadi market compared with the reference strain of SARS-CoV-2 (GenBank
No. NC_045512). The characteristic nucleotide substitutions of L-lineage, nt8782C and nt28144T, are highlighted in shades of blue. The characteristic nucleotide
substitutions of L-lineage European branch I, nt241(C — T), nt3037(C — T), nt14408(C — T), nt23403(A — G), nt28881(G — A), nt28882(G — A), and nt28883
(G — Q), are highlighted in shades of yellow. The characteristic nucleotide substitution of SARS-CoV-2 from the Xinfadi market, nt6026(C — T), is highlighted in shades
of green. nt23403(A — G) is a nonsynonymous substitution in S gene, which leads to D614G mutation of S protein (indicated in red).
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pathogenic microorganisms in specimens. Through bioinformatics analysis
and high-speed operation of large-scale servers, massive whole genome se-
quence data can be processed and sorted, which can accurately trace the
source of viruses and gain insight into their distribution. In the process of
pathogen evolution, the virulence, pathogenic factors, and drug resistance
genes are found, so as to grasp the pathogenic and drug-resistant mecha-
nism of pathogens and provide a theoretical basis for the precise prevention
and control of viral diseases.

The field of pathogen genomics has been developing rapidly, and vari-
ous molecular technologies are being integrated into the diagnosis, preven-
tion, and control of viral infectious diseases. The integration of genomic
technology with bioinformatics and epidemiology has improved the public
health surveillance, research, and control of infectious diseases, and has
played an increasingly important role in the world [5]. For example, the
traceability analysis of SARS virus in 2003, the transmission of imported
wild poliovirus in Xinjiang, China in 2011, and the traceability of Ebola
virus epidemic transmission in West Africa from 2014 to 2016 have been
widely used [6].

With the support of the National Science and Technology Major Project,
the National Institute for Viral Disease Control and Prevention has taken
the lead in establishing a set of surveillance and traceability technology sys-
tems based on genome typing and clustering analysis algorithm of differ-
ence viruses including SARS-CoV-2, which can be used for early warning
and prediction of viral infectious diseases. These systems were introduced
in disease prevention and control centers at all levels in China, as well as sci-
entific research and hospital systems. This will greatly improve the preven-
tion and control of viral infectious diseases and play an important role in
the prevention and control of major infectious diseases and the construction
of biosafety system in China.

Finally, we also need to note whether the epidemic of D614G mutant
SARS-CoV-2 is random or naturally selected, as the virus is circulating glob-
ally at present. Although there is no evidence from available epidemiolog-
ical and clinical data that the mutation of S protein D614G leads to
increased pathogenicity or virulence of the virus, whether the transmission
of the virus is enhanced still needs to be examined by systematic global as-
sessment. Therefore, we also need to conduct more research to understand
the characteristics of this virus to help end the global outbreak as soon as
possible. It is necessary to continuously monitor the genetic variation of
SARS-CoV-2, focusing on the influence of key mutation sites of SARS-
CoV-2 on viral transmission, clinical manifestations, severity, and course
of disease.
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