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The ongoing outbreak of viral pneumoniain China and beyond is associated with a

novel coronavirus, SARS-CoV-2". This outbreak has been tentatively associated witha
seafood market in Wuhan, China, where the sale of wild animals may be the source of
zoonotic infection®. Although bats are likely reservoir hosts for SARS-CoV-2, the
identity of any intermediate host that might have facilitated transfer to humansis
unknown. Here, we report the identification of SARS-CoV-2-related coronaviruses in
Malayan pangolins (Manis javanica) seized in anti-smuggling operations in southern
China. Metagenomic sequencing identified pangolin-associated coronaviruses that
belong to two sub-lineages of SARS-CoV-2-related coronaviruses, including one that
exhibits strong similarity to SARS-CoV-2 in the receptor-binding domain. The
discovery of multiple lineages of pangolin coronavirus and their similarity to SARS-
CoV-2 suggests that pangolins should be considered as possible hosts in the
emergence of novel coronaviruses and should be removed from wet markets to
prevent zoonotic transmission.

An outbreak of serious pneumonia disease was reported in Wuhan,
China on 30 December 2019. The causative agent was soon identified
asanovel coronavirus', which was later named SARS-CoV-2. Case num-
bers grew rapidly from 27 in December 2019 to 64,473 globally as of 14
February 2020° such that the WHO have declared a public health emer-
gency. Many of the early cases were linked to Huanan seafood marketin
Wuhan city, Hubei province, from where the probable zoonotic source
is speculated to originate®. Currently, only environmental samples
taken from the market have beenreported as positive for SARS-CoV-2
by the China CDC*. However, as similar wet markets were implicated
in the SARS outbreak of 2002-2003?, it seems likely that wild animals
werealsoinvolvedinthe emergence of SARS-CoV-2.Indeed, anumber of
mammalian species were available for purchase inthe Huanan seafood
market prior to the outbreak®. Unfortunately, because the market was
cleared soon after the outbreak began, determining the source virus
in the animal population from the market is challenging. Although a
coronavirus closely related to SARS-CoV-2 sampled from a Rhinolophus
affinis bat in Yunnan in 2013 has now been identified®, similar viruses
have not yet been detected in other wildlife species. Here, we present
theidentification of SARS-CoV-2related viruses in pangolins smuggled
into southern China.

We investigated the virome composition of pangolins (mammalian
order Pholidota). These animals are of growingimportance and interest
becausethey arethe mostillegally trafficked mammal: they are used as
both afood source and their scales are utilized in traditional Chinese

medicine. Anumber of pangolinspecies now are regarded as critically
endangered on the International Union for Conservation of Nature Red
List of Threatened Species. Wereceived frozen tissue (lungs, intestine,
blood) samples collected from 18 Malayan pangolins (Manis javanica)
during August 2017-January 2018. These pangolins were obtained dur-
ing anti-smuggling operations performed by Guangxi Customs. Strik-
ingly, high-throughput sequencing of their RNA revealed the presence
of coronavirusesinsix (two lung, two intestine, one lung-intestine mix,
oneblood from fiveindividual pangolins; Extended Data Table 1) of 43
samples. With the sequence read data, and by filling gaps withamplicon
sequencing, we were able to obtain six complete or near complete
genome sequences - denoted GX/P1E, GX/P2V, GX/P3B, GX/P4L, GX/
PSE and GX/P5L - that fallinto the SARS-CoV-2 lineage (within the genus
Betacoronavirus of the Coronaviridae) in a phylogenetic analysis (Fig-
ure 1b). The genome sequence of the virus isolate (GX/P2V) has very
high similarity (99.83-99.92%) to the five sequences obtained through
the metagenomic sequencing of the raw samples, and all have similar
genomic organizations to SARS-CoV-2, with eleven predicted open
reading frames (Figure 1a; Extended Data Table 2; two are overlapping
ORFs). We were also able to successfully isolate the virus using the
Vero E6 cellline (Extended Data Figure1). Based on these new genome
sequences, we designed primers for qPCR detection to confirm that the
raw samples were positive for the coronavirus. We conducted further
qPCRtesting on another batch of archived pangolin samples collected
between May-July 2018. Among the 19 samples (nine intestine tissues,
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tenlungtissues) tested from 12 animals, three lung tissue samples from
three individual pangolins were coronavirus positive.

In addition to the animals from Guangxi, after the start of the
SARS-CoV-2 outbreak the Guangzhou Customs Technology Center
re-examined their five archived pangolin samples (two skin swabs,
two unknown tissue, one scale) obtained in anti-smuggling operations
performed in March2019. Following high-throughput sequencing the
scale sample was found to contain coronavirus reads, and from these
dataweassembled a partial genome sequence of 21,505bp (denoted as
GD/P2S), representing approximately 72% of the SARS-CoV-2 genome.
Importantly, this virus sequence, obtained from a pangolin scale sam-
ple, mayinfactbe derived from contaminants of otherinfected tissues.
Notably, another study of diseased pangolins in Guangdong performed
in 2019 also identified viral contigs from lung samples that were simi-
larly related to SARS-CoV-2’. Different assembly methods and manual
curation were performed to generate a partial genome sequence that
comprised 86.3% of the full-length virus genome (denoted as GD/P1L
inthe phylogeny shown in Figure 1b).

These novel pangolin coronavirus genomes have 85.5% to 92.4%
sequence similarity to SARS-CoV-2, and represent two sub-lineages
of SARS-CoV-2 related viruses in the phylogenetic tree, one of which
(comprising GD/P1L and GDP2S) is very closely related to SARS-CoV-2
(Figure 1b; red circles). It has previously been noted that members of
the subgenus Sarbecovirus have experienced widespread recombina-
tion® Insupportofthis, arecombination analysis (Figure 2) performed
here revealed that bat coronaviruses ZC45 and ZXC21are likely recom-
binants, containing genome fragments derived from multiple SARS-
CoVrelated lineages (genome regions 2, 5, 7) as well as SARS-CoV-2
related lineages including that from pangolins (regions 1, 3, 4, 6, 8).

More notable, however, was the observation of putative recombina-
tion signals between the pangolins coronaviruses, bat coronaviruses
RaTG13, and human SARS-CoV-2 (Figure 2). In particular, SARS-CoV-2
exhibits very high sequence similarity to the Guangdong pangolin
coronavirusesin the receptor-binding domain (RBD; 97.4% amino acid
similarity; indicated by red arrow in Figure 2a and 3a), even thoughiit
is most closely related to bat coronavirus RaTG13 in the remainder of
theviralgenome.Indeed, the Guangdong pangolin coronaviruses and
SARS-CoV-2 possess identical amino acids at the five critical residues
of the RBD, whereas RaTG13 only shares one amino acid with SARS-
CoV-2(residue 442, human SARS-CoV numbering®) and theselatter two
viruses have only 89.2% amino acid similarity in the RBD. Interestingly, a
phylogenetic analysis of synonymous sites only from the RBD revealed
that the topological position of the Guangdong pangolinis consistent
with thatin the remainder of the viral genome, rather than being the
closest relative of SARS-CoV-2 (Figure 3b). Hence, it is possible that the
amino acid similarity betweenthe RBD of the Guangdong pangolin cor-
onaviruses and SARS-CoV-2is due toselectively-mediated convergent
evolutionrather than recombination, althoughitis difficult to choose
between these scenarios on current data. This observation is consistent
with the fact that ACE2 sequence similarity is higher between humans
and pangolins (84.8%) thanthose between humans and bats (80.8% -
81.4%; Rhinolophus sp.) (Extended Data Table 3). The occurrence of
either recombinationand/or convergent evolution further highlights
theroleplayed by intermediate animal hosts in human virus emergence.
Importantly, however, all the pangolin coronaviruses identified to
datelack theinsertion of a polybasic (furin-like) S1/S2 cleavage site in
the spike protein that distinguishes human SARS-CoV-2 from related
betacoronaviruses (including RaTG13)™, and which may have helped
facilitateits emergence and rapid spread through human populations.

To date, pangolins are the only mammals other thanbats documented
tobeinfected by aSARS-CoV-2related coronavirus. Itis striking that two
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related lineages of CoVs are found in pangolins independently sampled
in different Chinese provinces and that both are also related to SARS-
CoV-2. This suggests that these animals may be important hosts for
these viruses, whichis surprising as pangolins are solitary animals with
relatively small population sizes, reflecting their endangered status™.
Indeed, oncurrentdataitcannot be excluded that pangolins acquired
their SARS-CoV-2related viruses independently from bats or another
animal host, so that theirroleinthe emergence of human SARS-CoV-2
remains unproven. Inthis contextitis notable thatbothlineages of pan-
golin coronaviruses were obtained from trafficked Malayan pangolins,
likely originating from Southeast Asia, and there is a marked lack of
knowledge of the viral diversity maintained by this animal in regions
whereitisindigenous. Undoubtedly, the extent of virustransmissionin
pangolin populations requires additional investigation. However, the
repeated occurrence of infections with SARS-CoV-2 related coronavi-
ruses in Guangxi and Guangdong provinces suggests that this animal
may play animportant role inthe community ecology of coronaviruses.

Coronaviruses, including those related to SARS-CoV-2, are clearly
present in many wild mammals in Asia®> 72, Although the epidemiol-
ogy, pathogenicity, interspecies infectivity and transmissibility of
coronaviruses in pangolins remains to be studied, the data presented
here strongly suggests that handling these animals requires consider-
able caution, and that their sale in wet markets should be strictly pro-
hibited. Further surveillance on pangolins in the natural environment
in China and Southeast Asia are clearly needed to understand their
roleinthe emergence of coronaviruses and the risk of future zoonotic
transmission.
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Fig.1|Evolutionaryrelationships among human SARS-CoV-2, the pangolin
coronavirus sequences obtained in this study, and the other reference
coronaviruses. (A) Genome organization of coronavirusesincluding the
pangolin coronaviruses, with the predicted ORFs shown in different colors
(ORFlais omitted for clarity). (B) Phylogeny of the subgenus Sarbecovirus
(genus Betacoronavirus; n=53) estimated from the concatenated ORFlab-S-E-
M-Ngenes. Red circlesindicate the pangolin coronavirus sequences generated
inthis study (Extended Data Table1). Note that GD/P1L is the consensus
sequencere-assembled from the raw data previously published’. Phylogenies
were estimated using amaximum likelihood approachemploying the
GTRGAMMA nucleotide substitution model and 1,000 bootstrap replicates.
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Fig.2|Recombinationanalysis. (A) Sliding window analysis of changing
patterns of sequence similarity between human SARS-CoV-2, pangolin and bat
coronaviruses. The potential recombination breakpoints are shownin pink
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reference sequencesare indicated by different colors shownin the legend box
atthetop. Guangdong pangolin coronaviruses GD/P1L and GD/P2S were
merged for this analysis. The blue arrows at the top indicate the position of the
ORFsinthealignment. (B) Phylogenetic trees of different genomic regions.
SARS-CoV and SARS-CoV-2related lineages are showninblue and red tree
branches. Branch supports obtained from1,000 bootstrap replicates are
shown.Branchscale bars are shown as 0.1substitutions/site.
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Methods

Ethics Statement

The animals studied here were rescued and treated by the Guangxi
Zhuang Autonomous Region Terrestrial Wildlife Medical-aid and
Monitoring Epidemic Diseases Research Center under the ethics
approval (wild animal treatment regulation No.[2011] 85). The samples
were collected following the procedure guideline (Pangolins Rescue
Procedure, November, 2016).

Sample collection, viral detection and sequencing of pangolins
inGuangxi
We received frozen tissue samples of 18 pangolins (Manis javanica)
from Guangxi Medical University, China, that were collected between
August 2017 - January 2018. These pangolins were seized by the Guangxi
Customs during their routine anti-smuggling operations. All animal
individuals comprised samples from multiple organs including lungs,
intestine andblood, with the exception of six individuals for which only
lung tissues were available, five with mixed intestine and lung tissues
only, one with intestine tissues only, and one comprising two blood
samples. Using the intestine-lung mixed sample we were able toisolatea
novel Betacoronavirus using the Vero-E6 cell line (from ATCC; Extended
DataFigurel). Thecellline was subjected to speciesidentificationand
authentication by microscopic morphologic evaluation and growth
curve analysis, and was tested free of mycoplasma contamination.
The cell line was not on the list of common misidentified cell lines by
ICLAC. AHigh Pure Viral RNAKit (Roche, Switzerland) was used for RNA
extraction onall43 samples. For RNA sequencing (GX/P2V and GX/P3B),
asequencinglibrary was constructed using anlon Total RNA-SeqKit v2
(Thermo Fisher Scientific, MA, USA), and the library was subsequently
sequenced using an lon Torrent S5 sequencer (Thermo Fisher Scien-
tific). For other samples, reverse transcription was performed using an
SuperScript Il First-Strand Synthesis System for RT-PCR (Thermo Fisher
Scientific, MA, USA). DNA libraries were constructed using the NEBNext
Ultra Il DNA Library Prep Kit and sequenced on a MiSeq sequencer.
The NGS (next-generation sequencing) QC Toolkit V2.3.3 was used to
remove low-quality and short reads. Both BLASTn and BLASTx were
used tosearchagainstalocal virus database, utilizing the dataavailable
at NCBI/GenBank. Genome sequences were assembled using the CLC
Genomic Workbench v.9.0. To fill gaps in high throughput sequencing
and obtain the whole viral genome sequence, amplicon primers based
on the bat SARS-like coronavirus ZC45 (GenBank accession number
MG772933) sequence and the coronavirus contigs obtained in the initial
sequencing were designed for further amplicon-based sequencing.
Atotal of six samples (including the virusisolate) contained reads
that matched members of the genus Betacoronavirus (Extended Data
Table1). We obtained near complete viral genomes from these samples
(98%, compared to SARS-CoV-2), which were designated GX/P1E, GX/
P2V, GX/P3B, GX/P4L, GX/P5E and GX/P5L. Their average sequencing
coverage ranged from approximately 8.4X to 8,478X (Extended Data
Figure 2a-f). Based on these genome sequences, we designed prim-
ers for qPCR to confirm the positivity of the original tissue samples
(Extended Data Table 4). This revealed an original lung tissue sample
that was also qPCR positive, in addition to the six original samples
with coronavirus reads. We further tested an additional 19 samples
(nineintestine tissues, ten lung tissues), from 12 smuggled pangolins
sampled between May-July 2018 by the group from Guangxi Medical
University. The genome sequences of GX/P1E, GX/P2V, GX/P3B, GX/
P4L, GX/PSE and GX/P5SL have been submitted to GISAID database and
assigned accession numbers EPI_ISL_410538 - EPI_ISL_410543.

Sample collection, viral detection and sequencing of pangolins
inGuangdong

After the start of the SARS-CoV-2 outbreak, the Guangzhou
Customs Technology Center re-examined their five archived pangolin

samples (two skin swabs, two unknown tissue, one scale) obtained
in anti-smuggling operations undertaken in March 2019. RNA was
extracted from all five samples (Qiagen, USA), and was subjected to
high-throughput RNA sequencing on the Illumina HiSeq platform
by Vision medicals, Guangdong, China. The scale sample was found
to contain coronavirus reads using a BLAST-based approach. These
reads were quality assessed, cleaned and assembled into contigs by
both de novo (MEGAHIT v1.1.3%) and using reference (BWA v0.7.13")
assembly methods, using BetaCoV/Wuhan/WIV04/2019 as areference.
The contigs were combined, and approximately 72% of the coronavi-
rus genome (21,505bp) was obtained. This sequence has about 6.6X
sequencing coverage (Extended Data Figure 2g) and denoted pangolin
CoV GD/P2S. Thissequence has been deposited on GISAID with acces-
sion number EPI_ISL_410544.

Liu et al. recently published a meta-transcriptomic study of
pangolins’ and deposited 21 RNA-seq raw files on the SRA database
(https://www.ncbi.nlm.nih.gov/sra). We screened these raw read
files using BLAST methods and found that five (SRR10168374,
SRR10168376, SRR10168377, SRR10168378 and SRR10168392) con-
tained reads that mapped to SARS-CoV-2. These reads were subjected
to quality assessment, cleaning and then de novo assembly using
MEGAHIT® and reference assembly using BWA". These reads were
then merged and curated in a pileup alignment file to obtain the con-
sensus sequences. This combined consensus sequence is 25,753bp in
length (about 86.3% of BetaCoV/Wuhan/WIV04/2019; about 6.9X
coverage) and denoted pangolin CoV GD/P1L (available in the Sup-
plementaryInformationData Set). Notably, it has 66.8% overlap and a
sequence identify of 99.79% with the GD/P2S sequence. Since
the genetic distance between these viruses is very low, for the
recombination analysis we merged the GD/P1L and GD/P2S sequences
into asingle consensus sequence to minimize gap regions within any
sequences.

The viral genome organizations of the Guangxi and Guangdong pan-
golin coronaviruses were similar to SARS-CoV-2. They possessed nine
non-overlapping open reading frames (ORFs) plus two overlapping
ORFs, and shared the same gene order of ORFlab replicase, envelope
glycoproteinspike (S), envelope (E), membrane (M), nucleocapsid (N),
plus other predicted ORFs. A detailed comparison of the ORF length
and similarity with SARS-CoV-2 and bat coronavirus RaTG13is provided
in Extended Data Table 2.

Sequence, phylogenetic and recombination analyses

The humanSARS-CoV-2and bat RaTG13 coronavirus genome sequences
were downloaded from Virological.org (http://virological.org) and the
GISAID (https://www.gisaid.org) databases in January 2020, with the
data kindly shared by the submitters (Extended Data Table 5). Other
coronaviruses (subgenus Sarbecovirus) were downloaded from Gen-
Bank (Extended Data Table 6) and compared to those obtained here. We
constructed amultiple sequence alignment of their complete genomes
and individual genes using MAFFT v7.273%, Maximum likelihood phy-
logenies were estimated using RAXML v8.2.12' from 100 inferences,
utilizingthe GTRGAMMA model of nucleotide substitution with1,000
bootstrap replicates. Toinvestigate potential recombination events, we
used SimPlot v3.5.1” to conduct awindow sliding analysis to determine
the changing patterns of sequence similarity and phylogenetic cluster-
ingbetweenthe query and the reference sequences. A full plot for the
recombination analysisis provided in Extended Data Figure 3. We also
examined phylogenetic clusters performed directly from the multiple
sequence alignment. Maximum likelihood trees were estimated from
each window extraction (i.e. genome regions 1to 8) using RAXML as
described above'® ¥,

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.
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Extended DataFig.1|Microscopicimage of the cytopathic effectin virus performed two timesindependentlyin two laboratories and produced similar
isolationusing Vero E6. (A) Negative control of Vero E6 cell line. (B) Cytopathic  results.
effectseeninviral culture (5 days postinoculation). The experiment was
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Extended DataFig.2|Read coverage depth of each pangolin coronavirus analyzed in this study.
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Extended Data Table 1| High-throughput sequencing results of the pangolin samples with coronavirus reads.

Source location Sample type Sample Accession IDs of consensus
number | sequence / read data

Guangsi Itestine GXIPIE | G iN14115945

Guangxi i\rllltl;l;iitllse(illifgfﬁﬁed GX/P2V ISEE‘IMISI{Z;‘: ;)9525 /

samples

Gungsi Blood GXIPIB_ | spvinratisosr

Guingsi Lung GXIPAL | GiiNta115902

Gungsi ntestine GXIPSE | s pvinrdt1s043

Guangdong | Seale GDIP2S | SAviNratIoots

Sequencing reads have been deposited in the SRA database (https://www.ncbi.nlm.nih.gov/sra) under BioProject PRINA606875.
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Extended Data Table 2 | Genomic comparison of SARS-CoV-2 with Bat-Cov RaTG13, Guangdong pangolin CoV and Guangxi
pangolin CoV.

Bat-Cov RaTG13* Guangdong pangolin CoV * Guangxi pangolin CoV *
T . - e, e o e . -
2 (bp) Identity %  Identity % (bp) Identity %  Identity % (bp) Identity %  Identity %

ORFlab  21287/21290 96.5 98.6 20076*/21290 90.7 97.1 21266/21290 84.9 92.5
S 3810/3822 93.1 97.7 3548%/3822 84.9 90.7 3804/3822 83.6 92.6
ORF3a 828/828 96.3 97.8 828/828 93.6 97.4 828/828 87.0 89.3
E 228/228 99.6 100 228/228 99.1 100 228/228 97.4 100
M 666/669 95.9 100 669/669 934 98.6 669/669 91.3 98.2
ORF6 186/186 98.4 100 186/186 95.7 96.6 186/186 90.9 95.0
ORF7a 366/366 95.6 97.5 366/366 93.4 97.5 366/366 86.6 87.7
ORF8 366/366 97.0 94.9 366/366 923 94.9 366/366 80.6 86.8
N 1260/1260 96.9 99.0 1260/1260 96.2 97.8 1254/1260 914 94.3

# Wuhan-Hu-1 SARS-CoV-2 (NC_045512.2) was used for comparison with Bat-CoV RaTG13 (EPI_ISL_402131), Guangdong pangolin CoV (merged of GD/P1L and GD/P2S), and Guangxi pangolin
CoV (GX/P5L)
* partial sequence



Extended Data Table 3 | Sequence similarity of Angiotensin-converting enzyme 2 (ACE2) amino acid sequences between

humans, pangolins and bats.

Homo | Manis | Rhinolophus | Rhinolophus | Rhinolophus
sapiens | javanica sinicus pearsonii | ferrumequinum
Homo sapiens | 100%
Manis javanica | 84.85% | 100%
Rhinolophus sinicus | 80.75% | 82.86% 100%
Rhinolophus pearsonii | 81.37% | 82.98% 94.41% 100%
Rhinolophus ferrumequinum | 81.24% | 82.98% 93.04% 92.42% 100%
Rhinolophus macrotis | 80.87% | 83.73% 95.78% 94.91% 92.55%
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Extended Data Table 4 | Primers used for gPCR detection of pangolin associated coronavirus

pCov-Forward

AGGTGACGAGGTTAGACAAATAG

pCov-Reverse

CCAAGCAATAACACAACCAGTAA

pCov-Probe

ACCCGGACAAACTGGTGTTATTGCT




Extended Data Table 5 | Acknowledgement of sharing of SARS-CoV-2 genome sequences available at the Virological.org
and the GISAID databases.

Accession ID Virus name Location | Collection | Originating lab Submitting lab Authors
Virologal.org BetaCoV/Wuhan- | China/ ggtle‘)-IZ National Institute National Institute Zhang,Y .-Z., Wu,F., Chen,Y.-M., Pei,Y.-Y.,
sequence Hu-1/2019 Wuhan for Communicable | for Xu,L., Wang,W., Zhao,S., Yu,B., Hu,Y.,
(NC_045512.2) Disease Control Communicable Tao,Z.-W., Song,Z.-G., Tian,J.-H., Zhang,Y .-
and Prevention Disease Control L., Liu,Y., Zheng,J.-J., Dai,F.-H., Wang,Q.-
(ICDC) Chinese and Prevention M., She,J.-L. and Zhu,T.-Y.
Center for Disease | (ICDC) Chinese
Control and Center for
Prevention (China Disease Control
CDC) and Prevention
(China CDC)
EPL ISL_ BetaCoV/bat/ China / 2013-07- Wubhan Institute of | Wuhan Institute Yan Zhu, Ping Yu, Bei Li, Ben Hu, Hao-Rui
402131 Yunnan/ Yunnan 24 Virology, Chinese | of Virology, Si, Xing-Lou Yang, Peng Zhou, Zheng-Li Shi
RaTG13/2013 Province Academy of Chinese Academy
/ Pu'er Sciences of Sciences
City
EPI_ISL_ BetaCoV/Wuhan/ | China/ 2019-12- National Institute National Institute | Wenjie Tan » Xuejun Ma » Xiang Zhao ~
402121 IVDC-HB- Hubei 30 for Viral Disease for Viral Disease Wenling Wang » Yongzhong Jiang > Roujian
05/2019 Province Control and Control and Lu » Ji Wang » Peihua Niu, Weimin Zhou,
/ Wuhan Prevention, China Prevention, China Faxian Zhan » Weifeng Shi » Baoying
City CDC CDC
Huang > Jun Liu » Li Zhao > Yao Meng * Fei
Ye > Na Zhu, Xiaozhou He > Peipei Liu,
Yang Li » Jing Chen > Wenbo Xu » George
F. Gao > Guizhen Wu
EPI_ISL_ BetaCoV/Wuhan/ | China/ 2020-01- National Institute National Institute | Wenjie Tan » Xiang Zhao > Wenling
402120 IVDC-HB- Hubei 01 for Viral Disease for Viral Disease Wang > Xuejun Ma > Yongzhong Jiang »
04/2020 Province Control and Control and Roujian Lu » Ji Wang + Weimin Zhou -
/ Wuhan Prevention, China Prevention, China Peihua Niu » Peipei Liu » Faxian Zhan -
City CDC CDC
Weifeng Shi » Baoying Huang > Jun Liu > Li
Zhao > Yao Meng > Xiaozhou He > Fei Ye »
Na Zhu » Yang Li » Jing Chen > Wenbo
Xu > George F. Gao » Guizhen Wu
EPI_ISL_ BetaCoV/Wuhan/ | China / 2019-12- Wuhan Jinyintan Wubhan Institute Peng Zhou, Xing-Lou Yang, Ding-Yu Zhang,
402124 WIV04/2019 Hubei 30 Hospital of Virology, Lei Zhang, Yan Zhu, Hao-Rui Si, Zhengli Shi
Province Chinese Academy
/ Wuhan of Sciences
City
EPI_ISL_ BetaCoV/Wuhan | China/ 2019-12- Institute of Institute of Lili Ren, Jianwei Wang, Qi Jin, Zichun
402123 /IPBCAMS-WH- | Hubei 24 Pathogen Biology, | Pathogen Xiang, Zhiqiang Wu, Chao Wu, Yiwei Liu
01/2019 Province Chinese Academy Biology, Chinese
/ Wuhan of Medical Academy of
City Sciences & Peking | Medical Sciences
Union Medical & Peking Union
College Medical College

We gratefully thank the authors listed below for sharing their genomic sequences of coronaviruses analyzed in this study.
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Extended Data Table 6 | GenBank accession numbers of coronavirus sequences used in this study.

Accession ID Strain name Host Publication
NC 004718.3 Tor2 Human He et al. Biochem Biophys Res Commun. 316(2):476-83 (2004) '8
Snijder et al. J. Mol. Biol. 331 (5), 991-1004 (2003)
Marra et al. Science 300 (5624), 1399-1404 (2003) 2°
AY313906.1 GD69 Human Song et al. Proc. Natl. Acad. Sci. U. S. A. 102(7):2430-5 (2005) 2!
MK211377.1 BtRs-BetaCoV/ Rhinolophus affinis Han et al. Front Microbiol. 10:1900 (2019)??
YN2018C
MK211376.1 BtRs-BetaCoV/ Rhinolophus affinis Han et al. Front Microbiol. 10:1900 (2019)%?
YN2018B
MK211374.1 BtRI-BetaCoV/ Rhinolophus sp. Han et al. Front Microbiol. 10:1900 (2019)%?
SC2018
KY352407.1 BtKY72 Rhinolophus sp. Tao et al. Microbiol Resour Announc § (28), €00548-19 (2019) %
MG772934.1 bat-SL-CoVZXC21 | Rhinolophus sinicus Hu et al. Emerg Microbes Infect. 12;7(1):154 (2018) 24
MG772933.1 bat-SL-CoVZC45 Rhinolophus sinicus Hu et al. Emerg Microbes Infect. 12;7(1):154 (2018) >
KY417151.1 Rs7327 Rhinolophus sinicus Hu et al. PLoS Pathog. 13 (11), e1006698 (2017)%°
KY417147.1 Rs4237 Rhinolophus sinicus Hu et al. PLoS Pathog. 13 (11), e1006698 (2017) %°
KY417146.1 Rs4231 Rhinolophus sinicus Hu et al. PLoS Pathog. 13 (11), e1006698 (2017) %°
KY417143.1 Rs4081 Rhinolophus sinicus Hu et al. PLoS Pathog. 13 (11), 1006698 (2017) %°
KJ473816.1 BtRs-YN2013 Rhinolophus sinicus Wu et al. J. Infect. Dis. 213 (4), 579-583 (2016) 2°
Wu et al. ISME J 10 (3), 609-620 (2016) *
KJ473815.1 BtRs-GX2013 Rhinolophus sinicus Wu et al. J. Infect. Dis. 213 (4), 579-583 (2016) 2©
Wu et al. ISME J 10 (3), 609-620 (2016) >’
KJ473814.1 BtRs-HuB2013 Rhinolophus sinicus Wu et al. J. Infect. Dis. 213 (4), 579-583 (2016) 2°
Wu et al. ISME J 10 (3), 609-620 (2016) >’
KJ473812.1 BtRf-HeB2013 Rhinolophus ferrumequinum Wu et al. J. Infect. Dis. 213 (4), 579-583 (2016) 2¢
Wu et al. ISME J 10 (3), 609-620 (2016) %
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection Reference genome sequence data were downloaded from GenBank, Virological.org and GISAID using the web interface.

Data analysis Software used: CLC Genomic Workbench v9.0, BLAST v2.3.0+, BWA v0.7.13, MEGAHIT v1.1.3, MAFFT v7.273, PhyML v3.1, Simplot v3.5.1

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers.
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

Data that support the findings of this study have been deposited in GISAID database with accession numbers EPI_ISL_410538 - EPI_ISL_410544 and to the SRA
database under BioProject number PRINA606875, and are available in the supplementary information file of this paper.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size We screened all relevant pangolin samples that are available to us in the study period. Among the 43 Guangxi pangolin samples (18 pangolin
individuals), 6 samples (5 pangolin individuals) were found with SARS-CoV-2 related coronavirus by sequencing. Among the 5 Guangdong
pangolin samples, 1 was found with SARS-CoV-2 related coronavirus by sequencing. All these coronaviruses shared >99.7% genomic similarity
to either some of them among themselves or the coronavirus found in previous study. Therefore, such sample size is sufficient for the
discovery of SARS-CoV-2 related coronavirus in the pangolins in our conditions.

Data exclusions  No data were excluded.

Replication qPCR was also applied on the same sets of samples that have been examined by metatranscriptomic sequencing, as to verify the presence of
pangolin coronavirus sequence indicated by sequencing.
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Randomization  There was no separation of experimental groups in the study, hence no randomization.

Blinding There was no separation of experimental groups in the study, hence no blinding.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies X[ ] chip-seq
Eukaryotic cell lines |Z| |:| Flow cytometry
Palaeontology |Z| |:| MRI-based neuroimaging

Animals and other organisms

Human research participants

XNXOXOX s
OO0XOXO

Clinical data

Eukaryotic cell lines

Policy information about cell lines

Cell line source(s) Vero E6 cells from ATCC.

Authentication All Vero E6 cells were from ATCC with authentication. The authentication was performed by morphology check under
microscopes and growth curve analysis.

Mycoplasma contamination We confirm that all cells were tested as mycoplasma negative.

Commonly misidentified lines  No commonly misidentified cell lines were used.
(See ICLAC register)

Animals and other organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals No laboratory animals were involved in the study.
Wild animals Thirty-five (18+12+5) pangolins were seized during routine anti-smuggling operations, and unfortunately dead for unknown
reason in the rescue centre. Samples were then collected from them. 8
3
Field-collected samples No field-collected samples were involved in the study. §
S
Ethics oversight The animals were rescued and treated by the Guangxi Zhuang Autonomous Region Terrestrial Wildlife Medical-aid and =

Monitoring Epidemic Diseases Research Center under the ethics approval (wild animal treatment regulation No. [2011] 85). The
samples were collected following the procedure guideline (Pangolins Rescue Procedure, November, 2016).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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