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Summary

The animal reservoir of SARS-CoV-2 is unknown despite reports of various SARS-CoV-2-related viruses
in Asian Rhinolophus bats>***, including the closest virus from R. affinis, RaTG13>® and in pangolins’~
%, SARS-CoV-2 presents a mosaic genome, to which different progenitors contribute. The spike
sequence determines the binding affinity and accessibility of its receptor-binding domain (RBD) to the
cellular angiotensin-converting enzyme 2 (ACE2) receptor and is responsible for host range®'?. SARS-
CoV-2 progenitor bat viruses genetically close to SARS-CoV-2 and able to enter human cells through a
human ACE2 pathway have not yet been identified, though they would be key in understanding the
origin of the epidemics. Here we show that such viruses indeed circulate in cave bats living in the
limestone karstic terrain in North Laos, within the Indochinese peninsula. We found that the RBDs of
these viruses differ from that of SARS-CoV-2 by only one or two residues at the interface with ACE2,
bind more efficiently to the hACE2 protein than the SARS-CoV-2 Wuhan strain isolated in early human
cases, and mediate hACE2-dependent entry and replication in human cells, which is inhibited by
antibodies neutralizing SARS-CoV-2. None of these bat viruses harbors a furin cleavage site in the spike.
Our findings therefore indicate that bat-borne SARS-CoV-2-like viruses potentially infectious for
humans circulate in Rhinolophus spp. in the Indochinese peninsula.

Introduction

The origin of SARS-CoV-2, as its mode of introduction into the human population, is currently unknown.
Since its emergence, numerous animal species have been studied to identify possible reservoirs and/or
intermediate hosts of the virus, including a large diversity of insectivorous bats of the genus
Rhinolophus. Despite the recent report of various SARS-CoV-2-related viruses in Rhinolophus shameli
(isolated in Cambodia in 2010®), R. pusillus and R. malayanus (China, 2020 and 2019 respectively?), in
R. acuminatus (Thailand, 20203) and R. cornutus (Japan, 2013%), the closest SARS-CoV-2 bat-borne
genome still remains the one from R. affinis, RaTG13 (China, 2013)>® with 96.1% similarity at the whole
genome level. Several studies also suggested the involvement of pangolin coronaviruses in the
emergence of SARS-CoV-27°. Since its appearance in humans, SARS-CoV-2 has evolved through
sporadic mutations and recombination events!*, some of which correspond to gains in fitness allowing
the virus to spread more widely, or to escape neutralizing antibodies®.

To decipher the origin of SARS-CoV-2, it is therefore essential to ascertain the diversity of animal
coronaviruses and more specifically of bat coronaviruses. Although the identification of SARS-CoV-2 in
bats is a major goal, a more realistic objective is to identify the sequences that contribute to its
mosaicism. The spike sequence appears essential, as it determines the binding affinity and accessibility
of the receptor-binding domain (RBD) to the cellular angiotensin-converting enzyme 2 (ACE2) receptor
and is therefore responsible for host range!®?!2, The closest related bat strain identified to date
(RaTG13) has a low RBD sequence similarity to SARS-CoV-2 and, with only 11/17 human ACE2 (hACE2)
contact amino-acid residues conserved with SARS-CoV-2, its affinity to hACE2 is very limited?®,
Moreover, SARS-CoV-2 poorly infects bats and bat cells tested so far'’. In addition, no bat SARS-CoV-
2-like virus has been shown to use hACE2 to efficiently enter human cells, and none presents the furin
cleavage site that is associated with an increased pathogenicity in humans?®, SARS-CoV-2 RBD binds to
Rhinolophus macrotis ACE2 with a lower affinity than to hACE2'°. An essential piece of information, i.e.
finding bat viruses with an RBD motif close to that of SARS-CoV-2 and capable of binding to hACE2 with
high affinity, is therefore missing.

We hypothesized that this type of virus could be identified in bats living in the limestone karstic terrain
common to China, Laos, and Vietnam in the Indochinese peninsula. We report here the presence of
sarbecoviruses close to SARS-CoV-2 whose RBDs differ from that of SARS-CoV-2 by only one or two
contact residues, that strongly bind to the hACE2 protein, and mediate a hACE2-dependent entry and
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replication into human cells. Despite the absence of the furin cleavage site, these viruses may have
contributed to SARS-CoV-2’s origin and may intrinsically pose a future risk of direct transmission to
humans.

Main
Diversity of bat and coronavirus species

A total of 645 bats belonging to six families and 46 species were captured (Table S1). Two hundred and
forty-seven blood samples, 608 saliva, 539 anal/feces, and 157 urine swabs were collected from the
northern part of Laos (Table S2). We first screened all 539 feces samples through a pan-coronavirus RT
nested PCR approach®. Overall, 24 individuals of 10 species were positive, and one individual (BANAL-
27) was concomitantly infected by an alphacoronavirus and a betacoronavirus (Table S3). BLAST
analysis of amplicons identified alphacoronavirus sequences of the Decacovirus, Pedacovirus, and
Rhinacovirus subgenera and betacoronavirus sequences of the Nobecovirus and Sarbecovirus
subgenera. Sequences of the Sarbecovirus subgenus were all identified from Rhinolophus individuals
belonging to three different species i.e., R. malayanus, R. marshalli, and R. pusillus. Positive individuals
were trapped in three different districts, and those infected with a sarbecovirus were all from the
Fueng district in Vientiane Province (Fig. 1A, site 1).

NGS together with Sanger sequencing was used to obtain a complete genomic sequence of five of the
seven sarbecoviruses (Fig. 1, Table S4). The coverage of the genome of the remaining two
sarbecoviruses, i.e. BANAL-27 and BANAL-242 sampled from R. pusillus and R. malayanus bats
respectively, was 90% and therefore they were not included in the final analyses. Phylogenetic analyses
performed on the receptor-binding protein domain of lineages A and B human SARS-CoV-22%, and on
representative bat and pangolin sarbecoviruses, placed the Laotian R. malayanus BANAL-52, R. pusillus
BANAL-103, and R. marshalli BANAL-236 coronaviruses close to human SARS-CoV-2 and pangolin
coronaviruses collected in 2019, while R. malayanus BANAL-116 and BANAL-247 coronaviruses
belonged to a sister clade with other bat coronaviruses (RmYNO2, RacCS203, RpYNO6, and PrC31) from
different Rhinolophus species. Pangolin coronaviruses sampled in 2017 displayed a basal position
relative to these strains (Fig. 1B). Interestingly, one should note that very similar SARS-CoV-2-like
viruses are shared by different bat species, suggesting a possible circulation of viruses between
different species living sympatrically in the same caves. These results are consistent with the similarity
plot analysis showing that RaTG13 and BANAL-52 bat coronaviruses exhibit high nucleotide identity
with SARS-CoV-2 throughout the length of the genome (96.8% for BANAL-52 and 96.1% for RaTG13).
Interestingly, BANAL-52 presents a higher level of nucleotide conservation than RaTG13 in the S1
domain of the spike, and especially in the spike’s N-terminal domain (NTD) and RBD (Fig. 1C). These
observations are congruent with amino-acid identities between human SARS-CoV-2 and
representative bat and pangolin coronaviruses, which present a high level of conservation, except for
ORF8 of bat BANAL-116, BANAL-247, Rc-0319 and RmYNO2 (Supp. Figure 1). Interestingly, the S1
domain of the spike (and especially the N-terminal domain) presents a lower degree of conservation
in several bat coronaviruses, suggesting that this domain may reflect a relative degree of adaptation
of the virus to its mammalian host (Fig. 1D, Extended data 1).

Bat Sarbecovirus evolutionary history

Following GARD analysis, we identified 14 recombinant breakpoints during the evolutionary history of
sarbecoviruses, which were further confirmed by phylogenetic analyses performed on the 15
fragments of sequences defined by the breakpoints (Fig. 2, Supp. Figure 2). No specific signature was
identified in the breakpoints (Table S5). SARS-CoV-2 presents a mosaic genome, to which contributed
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more than five sequences close to sequences published or determined during this study: R. malayanus
RmYNO2 and R. pusillus RpYNO6 viruses found in China in 2019, R. affinis RaTG13 coronavirus found in
Chinain 2013, and R. malayanus BANAL-52 and R. pusillus BANAL-103 found in North Laos in 2020 (this
study). No pangolin coronavirus sequence was immediately associated with a recombination event at
the origin of SARS-CoV-2. Laotian Rhinolophus bat coronaviruses presented a lower degree of
recombination compared to SARS-CoV-2. Such recombination events occurred between other BANAL
viruses isolated from bats living sympatrically in caves in the same area.

Interestingly, the origin of several fragments of SARS-CoV-2 genomes could be assigned to several
donor strains and not a unique donor sequence. For example, a breakpoint was identified 7 nucleotides
upstream of the RBD region of S1: the downstream fragment of SARS-CoV-2, which comprises the RBD
and the beginning of S2, could involve BANAL-52 R. malayanus, BANAL-103 R. pusillus, and BANAL-236
R. marshalli viruses, which formed a highly supported sister clade of SARS-CoV-2 (fragment 11, Supp.
Figure 2). In a more basal position are R. shameli bat coronaviruses and pangolin-2019 coronaviruses,
consistent with the conservation of RBD amino-acid sequences among SARS-CoV-2 and representative
bat and pangolin coronaviruses (Extended data 2). Among the 17 residues that interact with human
ACE2, 16 are conserved between SARS-CoV-2 and BANAL-52 or -103 (one mismatch, H498Q), and
15/17 are conserved for BANAL-236 (two mismatches, K493Q and H498Q) while only 13/17 residues
are conserved for the Cambodian bat R. shameli virus and 11/17 for the Chinese bat R. affinis RaTG13
virus. At the full spike protein level, bat R. affinis RaTG13 and pangolin-2017 P4L viruses looked closer
to SARS-CoV-2 than bat R. malayanus BANAL-52, but this effect is due to a higher degree of
conservation in S2. All these viruses shared the absence of a furin cleavage site and the conservation
of the internal fusion peptide (Supp. Figures 1 & 3 and Extended data 3).

Interaction of BANAL RBDs with ACE2

Biolayer interferometry experiments to measure the interaction between hACE2 and the RBDs of
BANAL-52/103 (which have identical residues in the receptor-binding motif) (Extended data 2), BANAL-
236 and SARS-CoV-2 (residues 233-524), resulted in a dissociation constant Kq three times lower for
the BANAL RBDs compared to SARS-CoV-2 (Fig. 3A). This higher affinity can be attributed to the Q498H
mismatch that has been reported to increase the affinity of SARS-CoV-2 RBD for hACE2, and also to be
involved in the host range expansion of SARS-CoV-2 and SARS-CoV-2 like viruses® 2.

To study the effect of the mutations at the interface between these RBDs and hACE2, we performed
Molecular Dynamics (MD) simulations of the SARS-CoV-2, BANAL-236 and BANAL-52/103 RBD/hACE2
complexes initiated from the crystal structure and homology models of these systems, respectively
(Table S6). Cluster analysis of the MD trajectories revealed that, at the RBD-hACE2 interface, both
BANAL complexes were identical to the SARS-CoV-2 RBD/hACE2 complex within 2 A backbone RMSD
(Extended data 4), except for one of the BANAL-52/103 simulations that displayed larger
conformational variability of the RBD residues S443-Y449 (Supp. Methods and Extended data 5).
Empirical scoring functions predicted a similar RBD/hACE2 binding energy in all three complexes
(Extended data 6).

The analysis of the persistence of hydrogen bonds and salt bridges provided further insights into the
effect of the substitutions at the RBD/hACE2 interface (Fig. 3B and Extended data 7). The H498Q
mismatch present in both BANAL-52/103 and BANAL-236 RBDs disrupted the hydrogen bonds between
RBD Q498 and both hACE2 K353 and Q42. However, these hydrogen bonds were only transiently
formed in the SARS-CoV-2 complex: more persistent hydrogen bonds in this region (RBD T500 — hACE2
D355, RBD G502 — hACE2 K353, RBD Y505 — hACE2 E37) were not affected. The K493Q mismatch
enabled the formation of two salt bridges between RBD and hACE2 that were not present in the SARS-
CoV-2 complex (RBD K493 — hACE2 E35 and RBD K493 — hACE2 D38).
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For further insight into the molecular details of these interactions, we determined the crystal structure
of the complex BANAL-236 RBD with the hACE2 peptidase domain to 2.9 A resolution (Table S7). The
overall structure of this RBD is identical to that of the SARS-CoV-2 (RMSD 0.360 A, 150 Ca). The only
significant difference is in the region between amino acids D363 and S375 (Fig. 3C, arrow). In this
region, BANAL spikes have the A372T mismatch, which converts the sequence 3°NSA3’2 to 37°NST37?,
an N-linked glycosylation sequon. The crystals indeed showed clear electron density for the first N-
acetylglucosamine residue of glycan attached to N37°. The main chain at residue T3’ makes a hydrogen
bond with the glycan residue, altering the conformation of the main chain downstream which results
in partial unwinding of helix H4 in RBD 236. The calculation of a simulated annealing composite omit
map for the segment D363-S375 confirms the correct assignment of the structure for this polypeptide
segment and the N-glycosylation at residue N370 (Extended data 8).

As expected, most of the interactions observed in the SARS-CoV-2 RBD/hACE2 complex®® are also
present in the structure of the BANAL-236 RBD/hACE2 complex. In these interfaces, there are three
main clusters of interactions as indicated in Fig. 3C (insets). The sequence mismatches are in clusters
2 (making the salt bridge RBD K493 — hACE2 E35) and 3 (hydrogen bond between RBD H498 and D38).
Although the interaction K493-E35 contributes to stabilizing the complex, it does not seem to affect
drastically the binding to hACE2 because both BANAL RBDs have similar K4 values.

Virus replication in human cells

To assess whether the BANAL-236 spike protein could mediate entry into cells expressing human ACE2,
we generated lentiviral particles pseudotyped with the Wuhan or the BANAL-236 spikes (Supp. Figure
4). We detected spike-mediated entry of the BANAL-236 spike-pseudotyped lentivirus in 293T-ACE2,
contrarily to control cells not expressing hACE2 (Fig. 4A). Entry was blocked by human sera neutralizing
SARS-CoV-2, but not by control non-neutralizing sera, demonstrating that neutralization of BANAL-236
was specific for epitopes shared with the spike of SARS-CoV-2 (Fig. 4B).

In order to isolate infectious viruses, rectal swabs were inoculated on VeroE6 cells. No CPE was
observed 3 and 4 days after infection, but viral RNAs were detected for one of the 2 wells inoculated
with the BANAL-236 sample (Cr = 25.1 at D3, Cr = 21.7 at D4). The culture supernatant (C1) formed
plaques on VeroE6 and the titer was 3800 pfu/mL. A C2 viral stock was prepared by amplification on
VeroE6 at a MOI of 10™. The culture supernatant was harvested on day 4 when CPE was observed and
titrated on VeroE6 (Extended data 9). The plaques’ phenotype was small, but the titer reached 2.6.10°
pfu/mL. The random NGS performed on the RNA extracted from this stock confirmed that the culture
was pure and corresponded to the BANAL-236 virus, without any non-synonymous mutations between
the original BANAL-236 genome and the C2 viral stock. Replication of BANAL-236 in VeroE6 was
efficiently inhibited by soluble human ACE2, thus showing that entry and propagation was largely
ACE2-dependent (Fig. 4C, Extended data 9). Furthermore, BANAL-236 replicated in human cell lines
expressing endogenous levels of ACE2, Calu-3 and Caco-2 (Fig. 4C). The kinetics of RNA synthesis were
slower compared to Wuhan virus. Infectious viral particles were produced at D4 in the supernatant of
Caco-2 and Calu-3 cells (respectively 10*” and 10%° pfu/mL).

Discussion

Many sarbecoviruses circulate in Rhinolophus colonies living in caves in China and probably also in
neighboring countries further south333, During the course of a prospective study in Northern Laos,
we have identified, among other coronaviruses, five sarbecoviruses for which we obtained full-length
sequences. Among these, three (BANAL-52, -103, and -236) were considered to be close to SARS-CoV-
2 because of the similarity of one of the S1 domains (NTD, RBD) or S2 with SARS-CoV-2.
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Because genomic regions subject to recombination are likely contributing to host-virus interactions,
we compared SARS-CoV-2 strains from the two lineages identified at the very onset of the COVID-19
outbreak® to these novel bat sarbecoviruses and to pangolin strains within the SARS-CoV-2 clade.
Strains close to R. pusillus RpYNO6, R. malayanus RmYNO2, and Rhinolophus sp. PrC31 isolated in China
in 2018-2019, along with R. malayanus BANAL-52, R. pusillus BANAL-103, and R. marshalli BANAL-236
isolated in Laos in 2020, contributed to the appearance of SARS-CoV-2 in different regions of the
genome. No closer viral genome has yet been identified as a possible contributor, and pangolin
coronaviruses appear as more distantly related than bat coronaviruses. We identified potential
recombination sites, allowing for the reconstruction of the phylogenetic history of early isolated SARS-
CoV-2 strains between homologous regions defined by recombination points. We identified a
breakpoint at the beginning of the SARS-CoV-2 RBD, resulting in a downstream fragment key for the
virus tropism and host spectrum composed of the RBD, the furin cleavage site, and ending in the N-
terminal region of S2. Despite the absence of the furin site, phylogenetic reconstruction of this
fragment revealed that Laotian R. malayanus BANAL-52, R. pusillus BANAL-103, and R. marshalli
BANAL-236 coronaviruses are the closest ancestors of SARS-CoV-2 known to date. ORF8 was highly
divergent between SARS-CoV-2 related genomes. ORF8 from strains BANAL-52, -103, -236, like that of
RaTG13, were closer to SARS-CoV-2 than to pangolin strains. ORF8 encodes a protein that has been
proposed to participate in immune evasion®* and is deleted in many human SARS-CoV-2 strains that
appeared after March 2020, which is reminiscent of the deletions identified during the 2003 SARS
epidemic®. Therefore, the presence of ORF8 is consistent with bats acting as a natural reservoir of
early strains of SARS-CoV-2.

Structural and functional biology studies have identified the RBD domain that mediates the interaction
with hACE2 and host range, as well as the major amino acids that are involved®®3738, The RBDs (BANAL-
52, -103, and -236) are closer to SARS-CoV-2 than that of any other bat strain described so far, in
particular that of RaTG13, the virus identified in R. affinis from the Mojiang mineshaft where
pneumonia cases with clinical characteristics a posteriori interpreted as similar to COVID-19% were
recorded in 2012394, Overall, one (H498Q (BANAL-103 and -52)) or two (K493Q and H498Q (BANAL-
236)) amino acids interacting with hACE2 are substituted in these strains in comparison to SARS-CoV-
2. These mutations did not destabilize the BANAL-236 / hACE2 interface, as shown by the BLI
experiments (Fig. 3A) and analyzed by MD simulations.

Our results therefore support the hypothesis that SARS-CoV-2 could originally result from a
recombination of sequences pre-existing in Rhinolophus bats living in the extensive limestone cave
systems of South-East Asia and South China*"*2, Many species forage in the same cave areas, including
R. malayanus and R. pusillus®. In addition, the distribution of R. marshalli, R. malayanus, and R. pusillus
overlaps in the Indochinese sub-region (Supp. Figure 5), which means they may share caves as roost
sites and foraging habitats*. With the novel viruses here described, understanding the emergence of
SARS-CoV-2 does not need to hypothesize recombination or natural selection for increased RBD affinity
for hACE2 in an intermediate host like the pangolin before spillover®, nor natural selection in humans
following spillover®. However, we found no furin cleavage site in any of these viruses on sequences
determined from original fecal swab samples, devoid of any risk of counterselection of the furin site
by amplification in Vero cells®®, Lack of furin cleavage site may be explained by insufficient sampling in
bats. Based on comparison of the sequences around the S1/S2 cleavage site (Extended data 3), it has
been suggested that the furin cleavage site present in SARS-CoV-2 could originate from recombination
events between SARS-CoV-2-related coronaviruses co-circulating in bats**’, meaning that BANAL-116,
BANAL-247, bat RmYNO02?2 and bat RacCS2032 coronaviruses may share a common history with SARS-
CoV-2. Alternatively, the furin cleavage site could have been acquired through passages of the virus in
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an alternate host or during an early poorly symptomatic unreported circulation in humans. Finally, the
epidemiological link between these bat viruses and the first human cases remains to be established.

As expected from the high affinity for ACE2 of the S ectodomain of BANAL-236, pseudoviruses
expressing it were able to enter efficiently human cells expressing endogenous hACE2 using an ACE2-
dependent pathway. However, alternative routes of entry may still exist, especially in cells that do not
express ACE2*. Entry was blocked by a serum neutralizing SARS-CoV-2. The RaTG13 strain, the closest
to SARS-CoV-2 known before, had never been isolated. In contrast, preliminary studies show that
BANAL-236 replicated in primate VeroE6 cells with a small plague phenotype compared to SARS-CoV-
2. Further analysis may indicate more clearly which steps shape infectivity.

To conclude, our results pinpoint the presence of new bat sarbecoviruses that seem to have the same
potential for infecting humans as early strains of SARS-CoV-2. Guano collectors, or certain ascetic
religious communities who spend time in or very close to caves, as well as tourists visiting caves, are
particularly at risk of being exposed. Further investigations are needed to assess if such exposed
populations have been infected, symptomatically or not, by one of these viruses, and whether
infection could confer protection against subsequent SARS-CoV-2 infections. In this context, it is
noteworthy that SARS-CoV-2 with the furin site deleted replicates in hamsters and in transgenic mice
expressing hACE2, but leads to less severe disease while protecting from rechallenge with wild-type
SARS-CoV-2%8,

Data availability statement:

Sequences data that support the findings of this study have been deposited in the GenBank and GISAID
databases with the following accession numbers: MZ937000 / EPI_ISL 4302644 (BANAL-52),
MZ937001 / EPI_ISL_4302645 (BANAL-103), MZ937002 / EPI_ISL_4302646 (BANAL-116), MZ937003 /
EPI_ISL_4302647 (BANAL-236), and MZ937004 / EPI_ISL_4302648 (BANAL-247). Raw sarbecovirus NGS
reads and Sanger sequencing .abl files were deposited onto the NCBI SRA repository under the
BioProjet PRINA796968 (SAMN24959173-77). The crystal structure presented in this manuscript was
deposited in the Protein Data Bank (PDB) with accession code 7PKI. The GROMACS topology and input
files as well as the analysis scripts used are freely available on PLUMED-NEST (www.plumed-nest.org)
under accession ID plumID:21.037.

Code availability statement:

MODELLER v. 10.1 (https://salilab.org/modeller/) and GROMACS v. 2020.4 (http://www.gromacs.org)
were used for MD simulations. XDS (v. feb 5 2021), CCP4 (v 7.0), COOT (v. 0.8.6) and PHENIX (v. 1.19.2-
4158) softwares were used for X-ray diffraction data processing, model building and refinement of
BANAL 236 RBD-hACE2 complex . PyMOL (v 2.4.2) was used for structural image rendering.

PLUMED v. 2.7 (https://www.plumed.org); ROSETTA v. 3.11 (https://www.rosettacommons.org/);
FoldX v. 4 (http://foldxsuite.crg.eu/); MDAnalysis v. 1.0.0 (https://www.mdanalysis.org/); MDTraj v.
1.9.5 (https://www.mdtraj.org/1.9.5/index.html); and in-house scripts available at
https://github.com/maxbonomi/bat-MD were used for MD simulations.

hyphy 2.5.31; PhyML & MAFFT implemented through NGPphylogeny (https://ngphylogeny.fr/);
Simplot 3.5.1 were used for phylogenetic and recombination analyses.

MSSPE 1 was used for Betacoronavirus primer enrichment design and is available at
https://github.com/chiulab/MSSPE-design.
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MICROSEEK is an in-house pipeline that uses ALIENTRIMMER v. 2.0
(https://gitlab.pasteur.fr/GIPhy/AlienTrimmer) for read trimming / clipping, BBNORM from BBMAP v.
38.86 package (https://sourceforge.net/projects/bbmap/) for coverage normalization, MEGAHIT v.
1.2.9 (https://github.com/voutcn/megahit) for assembly, a in-house ORF-finder
(https://figshare.com/articles/code/translateReads py/7588592), and then DIAMOND v. 2.0.4
(https://github.com/bbuchfink/diamond/) and NCBI BLAST v. 2.12.0+
(ftp://ftp.ncbi.nim.nih.gov/blast/executables/blast+/2.12.0/) both for sequence searching.
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Figure 1. Genomic description of bat-borne sarbecoviruses identified in Laos. (A) Map of sampling sites. All
BANAL isolates were collected from the same site (site 1). Map was downloaded from https://www.diva-
gis.org/gdata. (B) Phylogenetic analysis of the protein sequence of the receptor-binding domain of Laotian and
representative human, bat, and pangolin sarbecoviruses. Sequences were aligned with MAFFT*® in “auto” mode,
and maximum likelihood phylogenetic reconstruction was performed with PhyML implemented through the
NGPhylogeny portal®® with the LG+G substitution model. Branch support was evaluated with the aBayes
parameter. Accession numbers and bat species are specified in the name of the sequences. Sequences are
colored according to Fig. 1C. (C) Similarity plot analysis of Laotian and representative bat and pangolin
sarbecoviruses based on the full-length genome sequence of SARS-CoV-2 human prototype strain (NC_045512,
Wuhan-Hu-1) used as reference. The analysis was performed with the Kimura-2 parameter model, a window size
of 1,000 base pairs, and a step size of 100 base pairs with SimPlot program, version 3.5.1°1. (D) Heatmap of
identities at the protein level of representative human, bat, and pangolin sarbecoviruses compared to human
SARS-CoV-2 lineage B (NC_045512). Spike protein has been divided into functional domains, and the sequences
are ordered according to percentage of identity of the RBD domain. “*”: absence of a functional ORF10 in Thai
bat RacCS203 (accession number MW251308). Heatmap was created using the gplots package in R (version
3.6.3).

Figure 2. Recombination events in the evolutionary history of sarbecoviruses. Schematic representation of the
15 recombinant fragments of relevant Sarbecovirus genomes compared to SARS-CoV-2 human prototype strain
(NC_045512). Breakpoint positions are referred to the position in the alignment. Where possible, the closest viral
sequence is indicated for each fragment. In other cases, “MULT” (group of multiple sequences) is mentioned.
“S”: unresolved fragment phylogeny (fragment 13, from positions 27344 to 27800 in the alighment). Sequences
are colored as in Fig. 1. The complete phylogenetic analyses are presented in Supp. Figure 2.

Figure 3. Dynamics of the binding of hACE2 to bat-sarbecovirus borne RBDs and structural insight of the
complex. (A) Biolayer interferometry binding analysis of the hACE2 peptidase domain to immobilized
BANAL52/103, BANAL-236 RBDs or SARS-CoV-2. Black lines correspond to global fit of the data using a 1:1 binding
model. (B) Frequency of formation of salt bridges close to the RBD/ACE2 interface (from left to right: D30/K417,
E35/K493, D38/K493, K31/E35, and D38/K353) during the course of the MD simulations. The analysis is
performed for 9 different MD simulations (3 replicates for each complex) of hACE2 in complex with SARS-CoV-2
(shades of green), BANAL-236 (shades of red) and BANAL-52/103 RBDs (shades of blue). (C) Ribbon
representations of the crystal structures of hACE2 peptidase domain (cyan) in complex with SARS-CoV-2 (PDB
6M0J) or BANAL-236 (this study, PDB 7PKI) RBDs (pink). Black arrows in the overall structures indicate the
structural difference between the two complexes at the level of helix H4. The insets show the main interactions
in the ACE2-RBD interfaces. Residues in the RBM mutated between SARS-CoV-2 and BANAL-236 are indicated
with colored boxes.

Figure 4. BANAL-236 entry and propagation in human cells. (A) Results of spike-pseudotyped BANAL-236
(square) and Wuhan-Hu-1 (diamond) pseudoviruses entry assay in HEK-293T cells expressing (purple) or not
(grey) the hACE2 receptor, expressed in Relative Luminescence unit (RLU) produced by the firefly luciferase
present in the lentiviral backbone and the Bright-Glo luciferase substrate. A single experiment performed in
triplicate representative of two experiments is shown. Center values represent the average of the 3 replicates
and error bars indicate SD. (B) Results of spike-pseudotyped BANAL-236 (black) and Wuhan-Hu-1 (grey)
neutralization assay expressed in % of neutralization of luciferase activity in the absence of serum. SARS-CoV-2
neutralizing sera were from patients with confirmed infections while non-neutralizing sera samples were
collected before SARS-CoV-2 spread in Laos. Dashed line: neutralization threshold. A single experiment
representative of three independent experiments is shown. (C) Human cell lines expressing endogenous ACE2,
Calu-3 (blue line) and Caco-2 (green line), were infected at a MOI of 0.01 with BANAL-236 (square dots) and
Wuhan (diamond dots) viruses. VerokE6 cells (red line) were infected at a MOI of 0.0001 with BANAL-236 and
Wuhan viruses pre-incubated or not (grey line) with soluble human ACE2 (sACE2) at 25 pg/mL for 30 min.
Genome copy number was quantified by RT-qPCR in the supernatants recovered 3- and 4-days post-infection. A
single experiment performed in triplicate is shown. Center values represent the average of the 3 replicates and
error bars indicate SD.
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Extended data 1. Spike identity matrices at the genus level of representative sarbecoviruses. Amino-acid
(lower) and nucleotide (upper) identity matrices of Laotian and representative human, bat, and pangolin
sarbecoviruses. Spike N-terminal (NTD), Receptor-binding (RBD) and S2 nucleotide and amino-acid sequences
were aligned with MAFFT, and identity matrices were constructed using CLC Main Workbench 21.0.4 (Qiagen).
Matrices were colored according to the identity scale, from 25% (red) to 100% (green) of nucleotide or amino-
acid identity.

Extended data 2. Alignment of spike RBD domain. Protein alignment of the Receptor Binding Domain (RBD) of
Laotian and representative human, bat and pangolin sarbecoviruses. Sequences were aligned with MAFFT in G-
iNS-I mode. Residues interacting with human ACE2 receptor are highlighted in grey. The domain used for
interactions modeling, based on the X-ray structure 6MO0J (residues T333 to G526), is highlighted by a black line.

Extended data 3. Nucleotide and amino-acid alignments of the furin cleavage site region. Complete nucleotide
and amino-acid spike sequences of representative bat SARS-CoV-2-like coronaviruses were downloaded from
GenBank and GISAID and aligned with MAFFT (G-INS-I parameter) (A & C). Alignments were manually edited as
proposed by Zhou? and Lytras*” with CLC Main Workbench (Qiagen) (B & D). Alignments of the furin cleavage
region are presented at the nucleotide (A & B) and the amino-acid (C & D) level, respectively.

Extended data 4. Analysis of the stability and conformational heterogeneity of RBD/hACE2 complexes. Time
series (left column) and violin plots (right column) of backbone Root Mean Square Deviation (RMSD) from the
initial, energy-minimized model calculated on the residues in RBD (A), hACE2 (B), at the interface of RBD and
hACE2 (C), and on the entire complex (D). In the violin plots, the white circle corresponds to the median value,
the black rectangle extends from the first to the third quantiles, and the thin black line represents the 95%
confidence intervals. Population of the 3 most significant clusters visited during the course of the MD simulations
(E). The analysis is performed for 9 different MD simulations: 3 replicates of the SARS-CoV-2 (shades of green),
BANAL-236 (shades of red), and BANAL-52/103 (shades of blue) RBD/hACE2 complexes.

Extended data 5. Additional analysis of the MD simulations of the BANAL-52/103 RBD/hACE2 complex.
Comparison of the time series of interface RMSD during the course of two MD simulations of the BANAL-52/103
RBD/hACE2 complex with short (BANAL-52/103-CoV.1) and long (BANAL-52/103-CoV.1*) equilibration phase.
The large fluctuations of the interface RMSD are due to the flexibility of the RBD loop between residues S443
and Y449 (insets, in yellow). When these residues were not included in the calculation of the interface RMSD,
the time series displayed a more stable behavior (BANAL-52/103-CoV.1-L and BANAL-52/103-CoV.1*-L).

Extended data 6. Estimation of RBD-hACE2 binding energy. Time series (left column) and violin plots (right
column) of the RBD-hACE2 binding energy estimated using ROSETTA (A) and FoldX (B). In the violin plots, the
white circle corresponds to the median value, the black rectangle extends from the first to the third quantiles,
and the thin black line represents the 95% confidence intervals. The analysis is performed for 9 different MD
simulations: 3 replicates of the SARS-CoV-2 (shades of green), BANAL-236 (shades of red), and BANAL-52/103
(shades of blue) RBD/hACE2 complexes.

Extended data 7. Analysis of the inter-subunits hydrogen bonds at the interface of RBD and hACE2. Frequency
of formation of hydrogen bonds at the interface of RBD and hACE2 in the knob (A), base (B), and tip regions (C).
The analysis is performed for 9 different MD simulations: 3 replicates of the SARS-CoV-2 (shades of green),
BANAL-236 (shades of red), and BANAL-52/103 (shades of blue) RBD/hACE2 complexes.

Extended data 8. Sticks representation of segments D364-S375 of BANAL 236 (left panel) and SARS-CoV-2 (right
panel) RBDs. A 2Fo-Fc composite omit map (contoured at 3G is shown for this region in BANAL 236 RBD.

Extended data 9. Isolation of BANAL-236 on VeroE6 cells. (A) CPE observed on VeroE6 4 days after inoculation
at an MOI of 10-4 from the C1. (B) Uninfected VeroE6 cells layer. (C) Plaque assay performed from the C2 stock
on VeroE6 cells. (D) Comparative CPE observed on VeroE6 cells infected with Wuhan (top panel) or BANAL-236
(bottom panel) in absence (left) or in presence (right) of soluble ACE2. Photos were taken with a EVOS XL Core
microscope at x10. A single experiment performed in triplicate is shown for each cell line.



Methods

Ethical and legal statements

The bat study was approved by the wildlife authorities of the Department of Forest Resource
Management (DFRM), and the Ministry of Agriculture and Forestry, Lao PDR, No. 2493/DFRM, issued
on May 21, 2020; No. 0755/MAF issued on June 2, 2020. All animals were captured, handled, and
sampled following previously published protocols and ASM guidelines®*%3. Exportation from Lao and
importation in France were conducted according to national regulations. Human serum samples used
for neutralization assays were already available®* and selected based on their status regarding
seroneutralization of SARS-CoV-2. They were collected following a protocol approved by the Lao
National Ethics Committee for Health Research (NECHR) (Ref #052/2020).

Biosafety

Both the Institut Pasteur du Laos (IPL) and the Faculty of Environmental Science have extensive
experience in safely collecting bats (appropriate biosafety training and Personal Protective Equipment
(PPE) for collectors). In this study, training prior to field work was organized once for field work
participants. The aim was to teach participants on the transmission risks of infectious agents from bats
and how to identify, assess, and mitigate these risks, as well to practice the use of PPE.

During field collection, sampling stations were selected to minimize potential exposure to infectious
agents and stress on the animals during the handling time by selecting (1) an area easy to disinfect, (2)
out of view of the general public, (3) a location that would not expose the general population (like a
picnic area), and (4) procedures that reduce time and stress on bats caused by handling. For handling
bats and bat samples the following minimum PPE was required: eye protection, an N95 respirator, long
clothing/cover all, and latex gloves (2pairs). All wastes were disposed of in biohazard bags and were
transported to a disposal site of IPL in Vientiane capital. Each sample box containing 81 cryovial tubes
was put inside individual plastic ziplock and transported from field to IPL using dry ice by packing them
in a polystyrene foam box. At IPL, samples were stored in a specific -80°C freezer until analysis.

For initial sample analysis at IPL, samples were transferred to BSL-3 room for nucleic acid extraction.
Initial Coronavirus screening by RT-PCR was then performed under internal regulation on biosafety and
security of IPL. Sample extracted products (50 ul) were stored in NucleoSpin 8 sample boxes (8x12)
and sent to IP-Paris by packing them in the individual plastic ziplock and using dry ice. Aliquots of anal
swab samples were sent in a separated box by individually triple packaging in dry ice.

All experiments on potentially infectious samples done at Institut Pasteur (Paris) were conducted in
BSL-3 laboratories according to procedures adapted to respiratory viruses.

Bat sampling areas and sample collection

Trapping sessions were conducted on four sites, in Fueng and Meth Districts, Vientiane Province, and
in Namor and Xay Districts, Oudomxay Province, between July 2020 and January 2021 (Fig. 1A, Tables
S1 and S2). Bats were captured using four-bank harp traps®> and mist nets set in forest patches
between rice fields/orange/banana plantations and karst limestone formations, for 5-8 nights
depending on accessibility. Harp traps were set across natural trails in patches of forest understory.
Mist nets were set across natural trails, at the edges of forests, at entrances of caves, and in areas near
cave entrances, as well as in open areas or those with high forest canopy. Bats were morphologically
identified following morphological criteria®>>’. Other data such as forearm length (FA), sex,
developmental stage (adult or juvenile) and reproductive condition (pregnant or lactating) were also
recorded. Bats were sampled for saliva, feces and/or urine, and blood before release at the capture



site. Species identification of PCR-positive individuals was confirmed by sequencing the mitochondrial
Cytochrome oxidase 1 32,

Initial Coronavirus screening

Total RNA was extracted from feces samples using the NucleoSpin 8 virus kit (Macherey Nagel). cDNA
was synthesized using the Maxima H minus first strand cDNA synthesis kit (Thermo Scientific) and
random hexamers following the manufacturer’s instructions. The presence of coronaviruses was
tested by a nested PCR approach using PCR master mix (Promega) and by targeting the RNA-dependent
RNA Polymerase gene using combinations of degenerate and non-degenerate consensus primers as
previously described?. PCR products of the expected size were directly sequenced on both strands by
Sanger sequencing using the nested PCR primers. The sequences obtained were confirmed by similarity
analysis using the NCBI BLASTn search (http://www.ncbi.nlm.nih.gov/BLAST).

Primer design for Betacoronavirus enrichment before Next-Generation Sequencing

Betacoronavirus enrichment was performed at the genus level by adapting a previously described
protocol®® based on k-mers for targeted-sequence enrichment prior to NGS. Briefly, 2,000 complete
Betacoronavirus genomes were downloaded from the GenBank and GISAID databases and then
clustered to a 95% sequence identity using CD-HIT-EST>°. Overall, 185 representative sequences of all
betacoronaviruses were used for further analysis. Due to the high diversity within the genus
Betacoronavirus, the full genomes belonging to the subgenera Sarbecovirus, Nobecovirus, and
Merbecovirus plus Embecovirus were separately aligned using MAFFT multiple sequence alighment
software and used to design 13-mer spiked primers per cluster. The genomic position of the full set of
primers was extracted from some representative subgenera sequences and close primers were
removed. Finally, 416 spiked primers were synthesized by Eurofins Genomics Germany GmbH.

Sample preparation for sequencing

Reverse transcription was performed using the mix of spiked primers and random hexamers at a 10:1
ratio using the SuperScript™ IV First-Strand Synthesis System (Invitrogen). After a denaturation step at
95°C for 3 min in the presence of dNTPs (500 uM), DTT (5 mM), and RNaseOUT inhibitor, the RT
reaction was incubated for 10 thermal cycles consisting of 6 steps at 8°C for 12 s, 15°C for 45 s, 20°C
for 45 s, 30°C for 30 s, 35°C for 2 min and 42°C for 3 min, followed by a final incubation step at 42°C
for 20 min, as previously described®. Double-stranded cDNA was generated using the Sequenase2.0
DNA Polymerase (Applied Biosystems™) in presence of dNTPs and then purified using the Beckman
Coulter™ Agencourt AMPure XP.

For samples with a low nucleic acid content, a random amplification step was performed using the
MALBAC Single Cell WGA kit (Yikon Genomics, Promega). The amplified product was then purified using
AMPure XP Beads, eluted in a final volume of 20 pL of low TE (10 mM Tris-HCI (pH 8,0), 0,1 mM EDTA),
and quantified with the Qubit™ DNA HS Assay (Life Technologies, Thermo Fisher Scientific Inc.).

Libraries were generated using the NEBNext Ultra Il DNA Library Prep kit (New England Biolabs) after
a fragmentation step using the Covaris M220 Focused-ultrasonicator using microTUBE-15 (Peak
Incident power (W)=18, Duty Factor=20%, Cycles per Burst=50, Treatment time (sec)=60). The PCR
amplified libraries were cleaned up using 0.9X AMPure XP Beads and checked on the 2100 Bioanalyzer
system with the High-Sensitivity DNA kit (Agilent Technologies, France) and quantified with the Qubit™
DNA HS Assay. Finally, the dual-multiplexed libraries were pooled (six samples/pool) and run on the
Ilumina NextSeq500 platform with High Output Kit v2.5 (150 Cycles).



Amplicon sequencing

In addition to enrichment-based sequencing, cDNA was amplified using the AmpliSeq for Illumina
SARS-CoV-2 Research Panel (cat# 20020496), applying twenty-six amplification cycles in PCR1 and nine
cycles in PCR2. Primers at the end of the amplicons were partially digested during the library
preparation, following manufacturer’s instructions. Libraries were barcoded individually using the
llumina UD dual-indexes and normalized with the AmpliSeq Library Equalizer for lllumina (cat#
20019171), then pooled and sequenced on the Illumina NextSeg500 instrument using a Mid Output
v2.5 kit (SR 150 cycles). To eliminate residual PCR primer sequences, raw reads were trimmed by 15
bases at each end and special attention was paid to checking that internal sequences corresponding
to primer regions in overlapping amplicons did not derive from primer sequences of the multiplex PCR.
As an internal control, we verified that sequences of the complete genome of sample BANAL-236
obtained from the enrichment-based sequencing approach and from the AmpliSeq approach were
identical.

Genome assembly and finishing

Raw reads from the enrichment-based sequencing were processed with an in-house bioinformatics
pipeline (Microseek; Bigot et al., submitted) comprising quality check and trimming, reads
normalization, de novo assembly, and ORF prediction of contigs and singletons, followed by 3 levels of
taxonomic assignation®’. Sequences identified as Sarbecovirus were then mapped onto appropriate
reference sequences using CLC Genomics Workbench 20.0 (Qiagen). Trimmed reads from the amplicon
sequencing were mapped to the SARS-CoV-2 genome first, then mapped again (refined mapping) to
the closest genome relative. When needed, complete genomes were obtained by conventional PCR
and Sanger sequencing. Briefly, viral RNA was reverse transcribed using the SuperScript IV reverse
transcriptase (Invitrogen, USA) and cDNA was subsequently used to fill the gaps in the genomes using
the Phusion High Fidelity DNA polymerase (New England Biolabs, France) and specific primers flanking
the missing regions. Positive PCR products were further purified and sequenced by Sanger sequencing
at Eurofins Genomics.

Recombination and phylogenetic analyses

Identification of recombination events occurring during the evolutionary history of bat sarbecoviruses
was performed using the IDPlot package®?, a web-based workflow that includes multiple sequence
alignment and phylogeny-based breakpoints prediction using the GARD algorithm from the HyPhy
genetic analysis suite®. First, a comprehensive analysis comprising 106 sequences and covering all non-
human Sarbecovirus and Sarbecovirus-related complete genomes available in GenBank and GISAID
databases was performed, including prototype strains of SARS-CoV-2 isolated in 2019. Special
attention was paid to including bat-borne and pangolin-borne viral sequences in order to maximize the
ability to capture a large diversity of the sarbecoviruses. Then, a reduced set of 36 sequences was
chosen because of their phylogenetic proximity with SARS-CoV-2, and the GARD algorithm was run to
identify recombination breakpoints in Laotian and representative human, bat, and pangolin
sarbecoviruses. Breakpoint coordinates were confirmed by performing phylogenetic analyses on the
corresponding fragments using PhyML implemented through the NGPhylogeny portal®®. Branch
support was evaluated with the aBayes parameter.

Generation of lentiviral pseudoviruses

The BANAL-236 and Wuhan synthetic spike genes were cloned into the pVAX1 vector with a
cytoplasmic tail truncation of 19 amino acids. Pseudotyped lentiviral particles were prepared using
HEK-293T cells (ATCC CRL-3216) seeded in 10-cm dishes. 293T cells were co-transfected with a 5 pg of
spike-encoding plasmid, 10 ug of lentiviral backbone plasmid expressing the firefly luciferase (pHAGE-
CMV-Luc2-IRES-ZsGreen-W), and 3.3 ug of each lentiviral helper plasmid expressing HIV Gag-Pol (HDM-



Hgpm?2), Tat (HDM-tatlb), and Rev (pRC-CMV-Rev1b) using calcium-phosphate precipitation®. The
medium was replaced 5 h post-transfection by 6 mL of DMEM without fetal calf serum (FCS) and phenol
red. Pseudotyped particles were harvested 48 h post-transfection, clarified by centrifugation at 2500
g for 5 min and frozen at -80°C. Mock pseudotyped lentivirus was generated as above but in the
absence of an S-expressing plasmid.

Spike-pseudotyped lentivirus entry assays

HEK-293T cells stably expressing human ACE2 (293T-ACE2) were transduced in suspension by mixing
50 pL of 3-fold serial dilutions of S-pseudotyped lentiviruses with 50 pL of cells at 4.10° cells/mL in 96-
well white culture plates®. At 60-72 h post-transduction, 100 L of Bright-Glo luciferase substrate
(Promega) were added to the wells and luminescence was measured using a Berthold Centro XS
luminometer.

Neutralization assays

Sera neutralizing or not SARS-CoV-2 were described in>. They were decomplemented at 56°C for 30
min and 2.5 pL were incubated with 0.5 plL of S-pseudotyped lentiviruses in a final volume of 50 pL of
DMEM-10% FCS without phenol red in 96-well white culture plates. After 30 min at room temperature,
50 plL of 293T-ACE2 cells in suspension at 4.10° cells/mL were mixed to the wells. Luminescence was
measured at 60-72 h post-transduction as described above. Neutralization was calculated using the
following formula: 1 — (RLU in presence of serum / (mean of RLU in absence of serum determined in
12 wells — 3 x STD).

Virus isolation and multiplication

Rectal swabs were inoculated in duplicate in 24-well plates containing VeroE6 cells (ATCC CRL-1586)
(1/5 dilution in 100 uL of DMEM without FCS supplemented with 1% Penicillin-Streptomycin, 1%
Fungizone, and 1 pg/mL TPCK-treated trypsin). After 1 h of adsorption at 37°C, inoculum was removed
and 1 mL of the medium described above was added. Three and 4 days after infection, cytopathic
effect (CPE) was monitored and 100 plL of supernatant was collected for RNA extraction. RT-qPCR
targeting a conserved sequence in the E gene was performed as described®. Culture supernatant (C1)
was harvested at day 4 and titrated by plague assay on VeroE6 overlaid with 0.5%
carboxymethylcellulose containing 1 pg/mL TPCK-treated trypsin. A viral stock was prepared by
amplification on VeroE6 cells at a MOI of 10**. Culture supernatant (C2) was harvested at day 4 when
massive CPE was observed and titrated by plaque assay on VeroE6 as described above. A C3 viral stock
was produced by a subsequent viral amplification at a MOI of 10 for 3 days on VeroE6. RNA was
extracted from the viral stock and submitted to random NGS analysis using the SMARTer® Stranded
Total RNA-Seq Kit v3 - Pico Input Mammalian (Takara Bio USA, Inc.). Raw reads were processed with
Microseek pipeline, as described above.

For infection experiments, VeroE6 or human cell lines Calu-3 (lung cells, ATCC HTB-55) and Caco-2
(intestinal cells, ATCC HTB-37) were infected in triplicate in 24-well plates with BANAL-236 (C3) or
Wuhan viral stocks at a MOl of 0.0001 and 0.01 respectively. Human soluble ACE2 was pre-incubated
at 25 pg/mL% for 30 min with the viral inoculum before VeroE6 infection. Infections were carried out
without TPCK in the medium described above for 3 and 4 days. Supernatants were recovered at 0-, 3-
and 4-days post-infection and genome copy number and viral titers were quantified as described
above.

Protein expression and purification

BANAL-52/103, BANAL-236 and SARS-CoV-2 RBDs (residues 233-524, with C-terminal 8xHis-Strep and
AVI tags) and hACE2 peptidase domain (residues 19-615, with C-terminal 8xHis tag) were expressed in
Expi293F cells at 37°C and 8% CO, (GnTI- Expi293™, ThermoFisher Scientific). Cell culture supernatants



were collected five days post transfection and purified by affinity chromatography followed by size
exclusion chromatography (SEC) using a 200 10/300 GL column pre-equilibrated in 20 mM Tris-HCI pH
8.0, 100 mM NacCl.

For crystallization experiments, the same constructs were expressed in Expi293F GnTl cells. The protein
tags were cleaved overnight with thrombin and deglycosylated with EndoH. The RBD was mixed with
a 1.3 molar excess of hACE2 and the complex was purified by SEC.

Biolayer Interferometry

Purified Avi-tagged RBD was biotinylated using a BirA biotin-protein ligase kit according to
manufacturer’s instructions (Avidity). The biotinylated RBDs at 100 nM were immobilized to SA
sensors. A 1:2 dilution series of hACE2 starting at 100 nM in PBS-BSA buffer was used in cycles of 200
s association followed by 200 s dissociation steps to determine protein—protein affinity. The data were
baseline-subtracted and the plots fitted using the Pall FortéBio/Sartorius analysis software (version
12.0). Data were plotted in Prism 9.1.0.

Crystallization and data collection

Crystals of complex BANAL-236 RBD/hACE2 were obtained at 4°C in sitting drops by mixing 200 nl of
the protein complex at 8 mg/mL with 200 nl of reservoir solution containing 0.2 M lithium sulfate, 0.1
M Tris 8.5, 30 % w/v PEG 4000. The crystals were soaked in reservoir solution containing 20% glycerol
as cryoprotectant before being flash-frozen in liquid nitrogen. X-ray diffraction data was collected on
the beamline PROXIMA 1 at the SOLEIL synchrotron (St Aubin, France) and reduced using the XDS
package®®. The structure of the complex was determined by molecular replacement with Phaser
software® using the coordinates of SARS-CoV-2 RBD in complex with hACE2 as search template
(Protein Data Bank (PDB) 6M0J). The model was manually corrected in COOT’® and refined with
phenix.refine’. The final coordinates were deposited in the PDB with the entry code 7PKI.

Molecular Dynamics simulations of RBD/hACE2 complexes

Generation of homology models. Homology models of the BANAL-236 and BANAL-52/103 RBD/hACE2
complexes were constructed using the X-ray structure of the SARS-CoV-2 RBD/hACE2 complex (PDB
code 6MOJ; resolution 2.45 A) as template using MODELLER v. 10.172. These models included the
fragments S19-D615 and T333-G526 of hACE2 and RBD, respectively, which were the regions resolved
in the template. In these regions, BANAL-236 and BANAL-52/103 RBDs have a sequence identity to
SARS-CoV-2 RBD equal to 96.9% and 97.4%, respectively. The alighment reported in Extended data 3
was used. The zinc and chloride atoms present in the template were retained during homology
modeling; N-Acetylglucosamine (NAG) and water residues were removed. 7 disulfide bonds were
detected by MODELLER in the template (3 in hACE2 and 4 in the RBD) and enforced in the generation
of the homology models using CHARMM-like distance and dihedral angles restraints. For each
construct, 100 homology models were built and ranked based on the normalized DOPE score’®. The
top 3 scoring models of each complex were used as starting points of 3 independent MD simulations,
as described in the following section.

Details of the MD simulations: setup, equilibration, and production. The 6 homology models
described in the previous section along with the X-ray structure of the SARS-CoV-2 RBD/hACE2
complex (PDB code 6M0J) were used as input to the CHARMM-GUI server’®. In the case of the X-ray
structure, for consistency with the homology models, the zinc and chloride atoms present in 6MO0J
were retained while the NAG and water residues were removed. The 7 systems were solvated in a
triclinic box of initial x-y-z dimensions of ~13.5 nm * 9.2 nm * 8.3 nm. Potassium and chloride ions were
added to ensure charge neutrality at a salt concentration of 0.15 M. The total number of atoms was



~104000. Additional details of the systems are reported in Table S4. The CHARMM36m force field”®
was used for the protein and ions and the TIP3P model”® was used for the water molecules.
CHARMM36m force field parameters for the 7 pairs of cysteines linked by disulfide bonds were used.
The CHARMM-GUI models were first energy-minimized using the steepest descent algorithm. After
minimization, the systems were equilibrated using a 1-ns long simulation in the NPT ensemble followed
by a 1-ns long simulation in the NVT ensemble. The temperature T was set at 300 K and the pressure
P at 1 atm using the Bussi-Donadio-Parrinello thermostat’” and the Berendsen barostat’®, respectively.
During equilibration, harmonic restraints on the positions of the protein backbone and sidechains
heavy atoms were applied. For each system studied, production simulations were performed in the
NVT ensemble for 1 ps. A time step of 2 fs was used together with LINCS constraints on h-bonds’. The
van der Waals interactions were gradually switched off at 1.0 nm and cut off at 1.2 nm; the particle-
mesh Ewald method was used to calculate electrostatic interactions with cutoff at 1.2 nm®. Production
simulations were performed at room temperature for consistency with the BLI experiments.

Details of the analysis. To evaluate the stability of the starting model during the production
simulations, we calculated the backbone Root Mean Square Deviation (RMSD) with respect to the
energy-minimized structure for each frame of the trajectories. The RMSD was calculated separately
for the residues in: RBD (Extended data 5A), hACE2 (Extended data 5B), RBD-hACE2 interface (Extended
data 5C), and in the entire complex (Extended data 5D). Interfacial residues were defined as the
residues in one subunit closer than 0.8 nm to the residues in the other subunit in the X-ray structure
of the SARS-Cov-2 RBD/hACE2 complex. RMSD calculations were performed using the driver utility of
PLUMED v. 2.7%. To characterize conformational heterogeneity at the RBD-hACE2 interface, we
performed a cluster analysis of the MD trajectories using as similarity metrics the backbone RMSD of
the interfacial residues and the GROMOS clustering approach® with a cutoff equal to 0.2 nm. The 9
trajectories were first concatenated, clustering was then performed, and finally the population of each
cluster was calculated separately for each trajectory (Extended data 5E). To estimate the binding
energy between RBD and hACE2, we used the InterfaceAnalyzer tool in ROSETTA v. 3.118 (Extended
data 6A) and the AnalyseComplex tool in FoldX v. 4% (Extended data 6B). To identify relevant
interactions at the RBD and hACE2 interface that could contribute to the binding affinity of the
complex, we quantified the frequency of formation of inter-subunits salt bridges (Fig. 3B) and hydrogen
bonds Extended data 7) during the course of the MD simulations. For each frame of the trajectories,
we used PLUMED to calculate the distances between the sidechain charged groups of aspartic acids
(OD1/0D2), glutamic acids (OE1/OE2), lysines (NZ), and arginines (NH1/NH2). An inter-subunits salt
bridge was then defined as formed if the distance between groups with opposite charge was lower
than 0.32 nm. We confirmed this calculation using the Salt Bridges tool available in VMD?. To monitor
the formation of inter-subunits hydrogen bonds, we used the Hydrogen Bond Analysis module of the
MDAnalysis library v. 1.0.0%. A donor-acceptor distance and angular cutoffs of 0.3 nm and 150° were
used to define the formation of a hydrogen bond. We confirmed this calculation using the Hydrogen
Bonds tool available in VMD.
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Extended data 1.

Similarity scale NT identity (%)
[25% 100%] | pa identity (%)

i 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17

1 SARS-CoV-2lineage A(EPI_ISL 529213) - [100)00 94,29 [94,52 64,50 64,50 47,13 47,13 |46,46 46,79 63,36 63,47 54,36 64,16 64,16 77,63 51,01
2 SARS-CoV-2lineage B (NC 045512)  [00)08 - 94,29|94,52 64,50 64,50 47,13 47,13(46,46 46,79 63,36 63,47 54,36 64,16 64,16 77,63 51,01
3 Bat RaTG13 (MN996532) 98,64 98,64 - [93,04 6564 6564 47,92 47,92|47,24 47,13 63,93 63,70 53,79 64,27 64,27 76,83 50,90
4 BANAL20-52 97,96 97,96 99,32| - |e6,44 6598 4871 48,71 4803 4837 64,27 64,16 54,93 6541 65,41 77,85 50,45
5 BANAL-20-236 67,12 67,12 67,80 68,14| - |97,33 51,31 51,31 50,97 50,06 78,40 77,93 54,95 85,83 85,83 6529 49,66
6 BANAL-20-103 67,12 67,12 67,80 68,14 99,65] - |50,86 50,86 50,74 49,60 78,86 78,63 54,84 86,18 86,18 65,64 49,54
7 BANAL-20-116 41,95 41,95 42,28 42,62 45,58 45,24| - 99,88 97,79 93,48 50,63 50,51 50,63 50,63 50,63 46,73 53,60
8 BANAL-20-247 41,95 41,95 42,28 42,62 45,58 45,24 99,63| - |97,66 93,36 50,63 50,51 50,63 50,63 50,63 46,73 53,60
9 Bat RmYNO2 (EPI_ISL_412977) 41,61 41,61 41,95|42,28 44,56 44,22 98,16 97,79| - 94,22 50,51 50,40 50,52 50,17 50,17 46,50 54,08
10 Thai bat RacCS203 (MW251308) 40,94 40,94 41,28|41,61 44,56 44,22 9522 95229485 - 50,63 50,29 50,17 50,06 50,06 47,07 53,72
1 Bat RpYNO6 (EPI_ISL_1639446) 65,42 6542 65,76 (6542 84,08 84,43 4320 4320|4286 42,18 - 97,10 52,76 80,14 80,14 64,72 50,80
12 Bat PrC31 (EPI_ISL_1098866) 65,76 65,76 66,10(65,76 83,74 84,08 42,86 42,842,552 41,84 9896 - 53,11 79,79 79,79 64,95 50,80
13 Cambodian bat RShSTT182 (EPI_ISL_852604) 48,48 48,48 49,16 (49,49 47,26 46,92 46,05 4605|4570 44,67 47,26 47,60 - |5518 55,18 53,41 47,11
14 Pangolin Guangdong-1 (EPI_ISL_410721) 66,78 66,78 67,46 (67,12 94,46 94,46 44,2 44,22|43,54 43,20 8581 85,47 47,26 - [100,00 66,09 50,69
15 Pangolin MP789 (MT121216) 66,78 66,78 67,46 67,12 94,46 94,46 44,22 44,22|43,54 43,20 8581 8547 47,26 100,00 - 66,09 50,69
16 Pangolin PAL (EPI_ISL_410538) 87,76 87,76 88,44 (88,78 66,55 66,55 42,01 4291|4257 41,89 63,32 64,16 48,47 66,55 66,55 - 50,17
17 lapanese bat Rc-0319 (LCS56375) 45,64 45,64 45,97 (45,64 43,69 43,34 52,88 52,83|53,24 52,83 44,37 44,03 39,12 44,71 44,71 4561 -

AA identity (%)

i 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17

1  SARS-CoV-2lineage A(EPI_ISL_529213) - [100)00 86,25[93,87 93,87 94,02 60,99 60,84 61,43 60,99 62,03 61,29 7743 86,85 86,70 79,82 68,46
2 SARS-CoV-2lineage B (NC 045512)  [00)08 - 86,25|93,87 93,87 94,02 60,99 60,84 (61,43 60,99 62,03 61,29 77,43 86,85 86,70 79,82 68,46
3 Bat RaTG13 (MN996532) 90,18 90,18 - [86,40 86,85 86,85 60,69 60,54|60,24 60,84 62,63 62,03 76,23 82,06 81,91 79,22 68,46
4 BANAL20-52 97,32 97,32 90,62 - 99,40 99,55 61,58 61,58 61,73 61,29 63,38 63,23 77,58 87,74 87,59 79,07 68,76
5 BANAL-20-236 96,43 96,43 91,07 99,11| - |99.85 61,88 61,88 62,03 61,58 63,68 63,53 77,58 87,74 87,59 79,37 69,36
6 BANAL-20-103 96,88 96,88 91,07 99,55 99,55| - 61,73 61,73 61,88 61,43 63,53 63,38 77,73 87,89 87,74 79,37 69,21
7 BANAL-20-116 64,73 64,73 63,84 64,29 64,29 64,29] - |99,84 99,18 9559 78,76 79,25 62,39 59,94 59,79 62,03 60,44
8 BANAL-20-247 64,73 64,73 63,84 64,29 64,29 64,29 100,00 - 99,02 9542 78,92 79,08 62,23 59,79 59,64 61,88 60,28
9 Bat RmYNO2 (EPI_ISL_412977) 64,29 64,29 63,3963,84 63,84 63,84 9951 9951 - 9542 78,76 79,25 62,23 59,79 59,64 61,88 60,90
10 Thai bat RacCS203 (MW251308) 64,73 64,73 63,84(64,29 64,29 64,29 99,51 99,5199,02 - 80,23 80,39 61,16 59,79 59,64 63,23 61,06
1 Bat RpYNO6 (EPI_ISL_1699446) 67,41 67,41 66,07 66,96 66,96 66,96 89,81 89,81|89,32 90,29 - 94,93 61,31 63,98 63,83 63,68 63,86
12 Bat PrC31 (EPI_ISL_1098866) 66,96 66,96 65,62[66,52 66,52 66,52 90,78 90,78|90,29 91,26 (99,02 - 61,47 63,23 63,08 62,78 63,40
13 Cambodian bat RShSTT182 (EPI_ISL_852604) 84,38 84,38 82,50 (85,27 84,82 85,27 64,09 64,0964,09 64,09 63380 64,25 - 7638 76,23 72,05 65,02
14 Pangolin Guangdong-1 (EPI_ISL_410721) 96,88 96,88 90,18 98,66 97,77 98,21 64,73 64,73 64,29 64,73 67,41 66,96 84,82 - |99,85 78,92 69,96
15 Pangolin MP789 (MT121216) 96,88 96,88 89,73[98,21 97,32 97,77 64,29 64,963,334 64,29 6696 66,52 84,38 99,55 - 78,77 69,96
16 Pangolin P4L (EPI_ISL_410538) 86,61 86,61 87,95(87,95 87,95 87,95 64,29 64,2963,84 64,73 6652 66,52 79,91 88,39 87,95 - 69,51
17 Japanese bat Rc-0319 (LCS56375) 73,66 73,66 76,34[75,89 76,79 76,34 63,76 63,76|63,30 63,76 64,68 64,22 73,54 7589 75,45 74,11 -

AA identity (%)

- 0 2 3 4 5 67 8 9 10 1 12 13 14 15 16 17

1 SARs-CoV-2lineage A (EPI_ISL_529213) - [00)00 94,91[95,59 95,42 95,19 89,81 89,87|90,21 87,32 8891 8551 92,93 91,11 91,06 88,00 81,64
2 SARS-CoV-2lineage B (NC 045512)  [00)08 - 9491|9559 9542 9519 89,81 89,87(90,21 87,32 88,91 85,51 92,93 91,11 91,06 88,00 81,64
3 Bat RaTG13 (MN996532) 99,66 99,661 - [9593 9576 95,47 88,68 83,68|88,91 87,66 90,10 86,30 92,30 91,74 91,68 87,83 82,03
4 BANAL20-52 99,66 99,66 99,32 - 9949 98,81 89,19 89,25 89,25 86,98 89,81 86,36 92,87 91,57 91,51 87,72 82,37
5 BANAL-20-236 99,66 99,66 99,32 99,66| - |99,09 89,02 89,08 89,08 86,93 89,76 86,47 92,81 91,51 91,45 87,89 82,26
6 BANAL-20-103 99,49 99,49 99,49 99,49 99,49| - |8891 8896 89,19 86,64 89,19 86,36 92,47 91,91 91,85 87,61 82,32
7 BANAL-20-116 93,20 93,20 93,20 93,03 93,03 92,86| - |99,77 9841 93,77 88,51 84,72 86,64 85,00 84,95 83,81 79,94
8 BANAL-20-247 93,37 93,37 93,20 93,20 93,20 93,03 |99,66] - |9841 93,77 88,57 84,72 86,64 8500 84,95 83,76 80,00
9 Bat RmYNO2 (EPI_ISL_412977) 93,37 93,37 93,71[93,20 93,20 93,37 (99,15 99,15| - 94,05 88,62 84,83 86,93 8546 85,40 84,15 80,45
10 Thai bat RacC5203 (MW251308) 93,20 93,20 93,54(93,03 93,03 93,20 98,81 98819932 - 87,38 84,78 85,06 85,23 85,17 83,76 80,17
1 Bat RpYNO6 (EPI_ISL_1699446) 95,41 9541 95,07[95,07 95,07 94,90 93,03 93209303 9337 - 91,00 87,38 85,96 85,91 8500 82,03
12 Bat PrC31 (EPI_ISL_1098866) 94,56 94,56 94,22(94,22 94,22 94,05 91,84 91,84|91,67 91,84 (97,96 - 85,40 84,72 84,66 84,89 82,26
13 Cambodian bat RShSTT182 (EPI_ISL_852604)/99,15 99,15 98,98[98,81 98,81 98,64 92,86 93,03|93,03 92,86 94,73 93,88 - 90,38 90,32 87,61 81,58
14 Pangolin Guangdong-1 (EPI_ISL_410721) 98,47 98,47 98,81(98,13 98,13 98,30 92,35 92,35|92,86 93,37 9541 94,73 97,96 - [99)94 87,10 81,58
15 Pangolin MP789 (MT121216) 98,47 98,47 98,81[98,13 098,13 98,30 92,35 92,35|92,86 93,37 9541 94,73 97,96 100,00 - 87,15 81,64
16 Pangolin P4L (EPI_ISL_410538) 98,47 98,47 98,81[98,13 98,13 98,30 92,86 92,69|9320 9337 9507 94,39 97,96 98,47 98,47 - 80,85
17 lapanese bat Rc-0319 (LCS56375) 92,87 92,87 93,04[92,70 92,70 92,87 89,64 89,81|89,81 89,98 93,04 94,23 92,36 93,04 93,04 9338 -

AA identity (%)

(%) Anuapr 1N

(%) Aanuapr 1N

(%) Anuspr 1N



Extended data 2.

SRRS-CoV-2 lineage A 319 RVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCEFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLEDDET 430
SAR, oV-2 lineage B 3159 RVQPTESIVREPNITNLCPFGEVENATREASVYAWNRKRISNCVADY SVLYNSASEFSTFKCYGYSPIKLNDLCETNYYADSFYVIRGDEVRQIAPGOTGKIADYNYKLEDDET 430
BANAL-20-52 319 .. .. .. .. . i . . .. . . . . - v . . -B . ce.. 430

Bat RalG13 319 430
Pangolin P4L 317 . . . fTevens

BANAL-20-103 315 .
BANAL-20-236 315

Pangolin Guangdong-1 315

angolin MP789 315

Bat PrC31 315

Bat RpYNO6 315

Cambodian bat RShSTT182 306

BANAL-20-116 208

BANAL-20-247 298

Bat RmYNO2 298

Thai bat RacCS203 298

Japanese bat Rc-0319 293

lineage A 431 541

lineage B 431 541

431 .- s Ceeraaaa e N - N T T 541

Bal RaTG13 431 ........KHT.A.E...F... + QT I .Y, MR, L. BEE. B ....0o00vec Hoeniiiiiiiiiinaianne.. 541
Pangolin PAL 429 ..., VEKQ.ALT....G.. LW QV.LL LY. LER. . 539
BANAL-20-103 537
BANAL-20-236 537
Fangolin Guangdong-1 537
Fangolin MPTEY 537
Bat PrC31 518
Bat RpYND6 518
Cambodian bat RShSTT182 523
BANAL-20-116 501
BANAL-20-247 501
Bat RmYNO2 410 CAVEL . 501
Thai bat RacCS203 410 -.SH.AVK....... . . 501
Japanese balk Roc-0319 405 ...L....R.Q.ASTS. «.IN.SEK.R.... P | PRI ¢ U T S 506
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Extended data 3.
A.

1. SARS-CoV-2_Wuhan-1

2. BANAL-20-52

3. BANAL-20-103

4. BANAL-20-236

5. Rhinclophus_affinis_Yunnan_RaTG13_2013

6. Rhinclophus_shameli_Cambedia_RShSTT182_2010
7. Rhinolophus_shameli_Cambodia_RShSTT200_2010
8. BANAL-20-116

9. BANAL-20-247

10. Rhinolophus_malayanus_Yunnan_RmYN02_2019

11. Rhinolophus_acuminatus_Thailand_2020_RacCS203 I“I

1. SARS-CoV-2_Wuhan-1 i. J.
2. BANAL-20-52

BANAL-20-103

BANAL-20-236
Rhinolophus_affinis_Yunnan_RaTG13_2013
Rhinolophus_shameli_Cambodia_RShSTT182_2010
Rhinolophus_shameli_Cambodia_RShSTT200_2010
BANAL-20-116

9. BANAL-20-247

10. Rhinolophus_malayanus_Yunnan_RmYN02_2019
11. Rhinolophus_acuminatus_Thailand_2020_RacCs203 AW - - - - - - - - - - - -

C. . N

@ N® ;R

1. SARS-CoV-2_Wuhan-1 Y
2. BANAL-20-52 %
3. BANAL-20-103 %
4. BANAL-20-236 %
5. Rhinolophus_affinis_Yunnan_RaTG13_2013 Y
6. Rhi _shameli_C ja_RShSTT182_2010 Y
7. Rhi _shameli_C ja_RShSTT200_2010 ¥ - -
8. BANAL-20-116 YNSPA------

9. BANAL-20-247
10. Rhinolophus_malayanus_Yunnan_RmYN02_2019
11. Rhinolophus_acuminatus_Thailand_2020_RacCS203 Y

1. SARS-CoV-2_Wuhan-1

2. BANAL-20-52

3. BANAL-20-103

4. BANAL-20-238

5. Rhinolophus_affinis_Yunnan_RaTG13_2013
6

7

8

. Rhinolophus_shameli_Cambodia_RShSTT182_2010
. Rhinolophus_shameli_Cambodia_RShSTT200_2010
. BANAL-20-116
9. BANAL-20-247 -
10. Rhinolophus_malayanus_Yunnan_RmYN02_2019 Y- - -
11. Rhinolophus_acuminatus_Thailand_2020_RacCS203 Y - - -




Extended data 4.
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Extended data 5.
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Extended data 6.
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Extended data 7.
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Extended data 8.
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Extended data 9.
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Bat coronaviruses related to SARS-CoV-2 and infectious for human cells
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Supplementary Methods

Additional analysis of the MD simulations of the BANAL-52/103 RBD/hACE2 complex. One of our 3
simulations of the BANAL-52/103 RBD/hACE2 complex (BANAL-52/103-CoV.1 in Extended data 5)
showed large fluctuations of the RBD and RBD-hACE2 interface RMSDs. As a consequence of this larger
conformational variability, the cluster analysis of BANAL-52/103-CoV.1 identified 2 major populated
clusters (Extended data 5E). To exclude the possibility of having initialized the simulation from a poorly
equilibrated structure, we performed a 10 times longer equilibration phase of the initial model
followed by an additional 1 ps-long production simulation (BANAL-52/103-CoV.1*). The time series of
the RBD-hACE2 interface RMSD in this additional simulation (Extended data 8, pink line) still displayed
large RMSD fluctuations, especially towards the end of the simulation. After careful inspection of the
trajectory, we concluded that the cause of the observed RMSD behavior in both BANAL-52/103-CoV.1
and BANAL-52/103-CoV.1* was the structural variability of the loop formed by RBD residues S443 to
Y449 Extended data 8, insets, yellow residues). According to our definition, these residues were
considered at the RBD/hACE2 interface; however, only a transiently formed hydrogen bond maintains
this loop close to hACE2 (Extended data 7A). The removal of this stretch of 7 residues (out of 110
interfacial residues) from the calculation of the interface RMSD (Extended data 8, black and gray lines)
clearly shows that the motion of the S443-Y449 loop was the cause of the large RMSD fluctuations
observed in the BANAL-52/103-CoV.1 simulation.



Table S1: Total number of bats collected and morphological identification.

Supplementary Tables

Vientiane Oudomxay Province | Total No.
Province of bats
Family Genus Species Fueng Meth Xay Na Mor
(Site 1) | (Site 2) (Site 3) (Site 4)
Hipposideridae Aselliscus stoliczkanus 5 5 30 40
Hipposideros cineraceus 14 3 17
khaokhouayensis 12 4 16
larvatus 47 47
gentilis 55 7 1 63
rotalis 1
Megadermatidae | Megaderma spasma 6 2 11
Molossidae Chaerephon plicatus 45 45
Pteropodidae Cynopterus horsfieldii 2 2
sphinx 10 1 1 12
Eonycteris spelaea 9 1 11
Macroglossus sobrinus 5 45 7 3 60
Megaerops niphanae 1 1
Sphaerias blanfordi
Rhinolophidae Rhinolophus dffinis 2
coelophyllus 10 2 12
luctus 1 1
malayanus 46 1 9 1 57
marshalli 1
microglobosus 1 7
pearsonii 46 19 66
pusillus 7 11 18
rex 2 2
shameli 1 1
siamensis 6 4 10
sp. 2
thomasi 1 5 2 8
Vespertilionidae Arielulus aureocollaris 1 1
Glischropus bucephalus 2 2 4
la io 1 1
Kerivoula cf.hardwickii 9 9
cf.titania 1 1
depressa 8 8
hardwickii 5 5
Murina feae 1 1 1 3
spl 4 2 6
sp2 1 2 3
Myotis sp. 7 7




spl 45 45

sp2 3
sp3 1
Pipistrellus sp. 8 8
Scotomanes ornatus 1 1
Tylonycteris fulvida 3 3

malayana 14 14
sp. 5 2 7

Grand Total 335 165 132 13 645




Table S2: List of study sites in Laos with coordinates

Province
Vientiane
Province

Oudomxay

Province

District Village Locality Latitude Longitude
Sitel: a2 Ang Pha Tong 18°32.879'N  101° 58.938'F
Fueng
Tham Nam cave 18°32.914'N 101° 58.459'E
Tham Pha 18°34.018'N  101° 58.338'E
Noaz:'” Pha Nouk Kok 18°31.743'N  101° 58.648'E
Pha o . o .
Tham Pha Louang 18°30.495'N  101°57.421'E
Louang
Site 2 : ° ' ° '
Meth Had Yao = Pha Keo Phong Mon  18°54.426'N  101° 58.789'E
Pha Khee Chear (Keo 2. o) gogn  101° 50.048'F
Tao)
Ho:/laaykpa Pha Mum 18°53.717'N  101°56.957'E
Pha Mum, Keo Tao 18°54.787'N  101° 58.292'E
Pha Yao, Keo Tao 18° 55.386'N 101°57.723'E
S';‘:‘: * ChomOng  ChomOngCave  20°43.071'N  101°45.811'E
Houay Om Loung 20°43.111'N  101° 46.577'E
Houay Pak Veuk 20°41.647'N  101°47.179'E
Pa Noo Khom 20°44.143'N  101° 46.770'E
Site 4\ Thong Nam Ook Hoo Cave  20°52.396'N  101° 46.973'
Na Mor
20°51.907'N  101° 46.926'E



Table S3: Results from pan-coronavirus RT nested PCR and Sanger sequencing

Anal . % blastN - . .

Swab ID Bat Genus Bat Species Genus Subgenus Closest sequence similarity District Village Locality
. . unclassified Rhinolophus bat
Bfol\_le;_ Rhinolophus pusillus Al ha;c;;rt};i;if:avirus Decacovirus/ coronavirus HKU32 / 80% Feuang (Site 1) | Nonhinhae | Pha Nok Kok
P Sarbecovirus SARS-CoV-2

BANAL- . . . . . . .

90-51 Hipposideros pomona Alphacoronavirus Decacovirus Bat coronavirus HKU10 98% Feuang (Site 1) | Nonhinhae | Pha Nok Kok
BANAL- . . . . .

90-52 Rhinolophus malayanus Betacoronavirus Sarbecovirus SARS-CoV-2 99% Feuang (Site 1) | Nonhinhae | Pha Nok Kok
BANAL- . . . . .

20-103 Rhinolophus pusillus Betacoronavirus Sarbecovirus SARS-CoV-2 99% Feuang (Site 1) Na Ang Tham Pha
BANAL- Th Ph
20-115 Hipposideros pomona Alphacoronavirus Decacovirus Bat coronavirus HKU10 98% Feuang (Site 1) Pha Luang I?ur;]ng a
BANAL- Th Ph
20-116 Rhinolophus malayanus Betacoronavirus Sarbecovirus SARS-CoV-2 98% Feuang (Site 1) Pha Luang furzng a
BANAL- Th Ph
20-178 Hipposideros pomona Alphacoronavirus Decacovirus Bat coronavirus HKU10 98% Feuang (Site 1) Pha Luang |_aur2ng a
BANAL- . . . Porcine epidemic 0 . Tham Pha
20-191 Chaerephon plicatus Alphacoronavirus Pedacovirus diarrhea virus (PEDV) 93% Feuang (Site 1) Pha Luang Luang
BANAL- . . . Porcine epidemic 0 . Tham Pha
20-197 Chaerephon plicatus Alphacoronavirus Pedacovirus diarrhea virus (PEDV) 93% Feuang (Site 1) Pha Luang Luang
BANAL- . . . Porcine epidemic 0 . Tham Pha
20-212 Chaerephon plicatus Alphacoronavirus Pedacovirus diarrhea virus (PEDV) 93% Feuang (Site 1) Pha Luang Luang
BANAL- . . . Porcine epidemic 0 . Tham Pha
20-213 Chaerephon plicatus Alphacoronavirus Pedacovirus diarrhea virus (PEDV) 93% Feuang (Site 1) Pha Luang Luang
BANAL- . . . . .

20-236 Rhinolophus marshalli Betacoronavirus Sarbecovirus SARS-CoV-2 99% Feuang (Site 1) Na Ang Pha Tong
BANAL- . . . .

20-242 Rhinolophus malayanus Betacoronavirus Sarbecovirus SARS-CoV-2 99% Feuang (Site 1) Na Ang Pha Tong
BANAL- . . . .

20-247 Rhinolophus malayanus Betacoronavirus Sarbecovirus SARS-CoV-2 99% Feuang (Site 1) Na Ang Pha Tong




BANAL-

20-251 Hipposideros | khaokhouayensis Alphacoronavirus Decacovirus Bat coronavirus HKU10 97% Feuang (Site 1) Na Ang Pha Tong
BANAL- . . . unclassified Rhinolophus bat 0 .
20-273 Rhinolophus pusillus Alphacoronavirus Decacovirus coronavirus HKU32 92% Feuang (Site 1) Na Ang Pha Tong
Rhinolophus affinis bat

coronavirus HKU2-
BANAL- lat i t
20-289 Rhinolophus affinis Alphacoronavirus Rhinacovirus r((ejiz r?’ﬁe/asg/lr?;rca)?ee 98% Feuang (Site 1) Na Ang Pha Tong

related coronavirus

(SADS-CoV)

BANAL- . . . Rousettus bat o . Keo tao +
20-290 Eonycteris spelaea Betacoronavirus Nobecovirus coronavirus GCCDCL 99% Maed (Site 2) Had Yao Had Yao
BANAL- . . . Rousettus bat 0 . Huay Pa
20-390 Eonycteris spelaea Betacoronavirus Nobecovirus coronavirus GCCDCL 97% Maed (Site 2) Mak Keo Tao
BANAL- . . . Rousettus bat o . Huay Pa
20-395 Eonycteris spelaea Betacoronavirus Nobecovirus coronavirus GCCDCL 99% Maed (Site 2) Mak Keo Tao
BANAL- . . . Rousettus bat o . Huay Pa
20398 Eonycteris spelaea Betacoronavirus Nobecovirus coronavirus GCCDCL 99% Maed (Site 2) Mak Keo Tao
BANAL- . . . Rousettus bat o . Huay Pa
20-403 Eonycteris spelaea Betacoronavirus Nobecovirus coronavirus GCCDCL 99% Maed (Site 2) Mak Keo Tao
BANAL- . . . Rousettus bat o . Huay Pa
20-416 Cynopterus sphinx Betacoronavirus Nobecovirus coronavirus GCCDCL 99% Maed (Site 2) Mak Pha Moum
BANAL- . . . — 0 . Near Chom-
20-497 Myotis sp. Alphacoronavirus Pedacovirus Bat alphacoronavirus 99% Xay (Site 3) Chom-Ong Ong Cave

*

Due to the low genome coverage of BANAL-20-497 (< 1%), the taxonomic assignation is not robust.




Table S4. Vertical coverage of BANAL genomes presented in the study

Average coverage for | Average coverage | Average coverage
BANAL sample whole genome (SD) in Spike (SD) in RBD (SD)
BANAL-52 83720 X (89558) * 75247 X (97210) * | 36623 X (64721) *
BANAL-103 43 X (47) * 19 X (16) * 0.42 X (0.74) *
BANAL-236 2872 X (2477) 4100 X (2862) 2847 X (1530)
BANAL-116 662 X (512) 1038 X (511) 679 X (309)
BANAL-247 15X (13) * 19 X (14) * 7X(3)*

The table above presents the average vertical coverage obtained after NGS for all BANAL samples. Of
note, several key regions (noted by a * in the table) were obtained by Sanger sequencing after multiple
overlapping PCRs, resulting in a lower vertical coverage of the region but with higher confidence of the
consensus sequence. In addition, BANAL-52 was sequenced in three independent NGS runs, including
one AmpliSeq, to achieve a good genome coverage. Therefore, the coverage presented here for

BANAL-52 results from the combination of the three runs.




Table S5. Characteristics of the recombination breakpoints

Breakpoint | Downstream | Coordinates of Breakpoi.nt Brea.k.poif\t Sequences before | Breakpoint Sequences after
no fragment no the fragment Ic.ocated !n position in (aa) sequence (aa)
coding region? | the codon

1 2 1-1,820 yes (ORF1a) 3rd GGTG(EE/I/TQG)TTCA G TTGAC(ESCS&//?GTGG
2 3 1,821-2,689 | vyes (ORFla) 2nd CCAC(TPGLg?D(;ATTG A TTAGA\(IS@\%?GAGT
3 4 3971-7.176 | yes (ORF1a) o GTGG(\T/I//IAJTA)CCTA c TAAAAﬁ(GKGA(éTGG)GTGGC
4 5 7177-11,461 | yes (ORFla) 1st ATGT((;STVJG’IT)TAATT A ATCT(TI\l(iI//gCI\AA\?ATG

5 6 11,462-12562 | vyes (ORF1a) 2nd TTTG(SEEFT CC)T'TT G TTTACT(ES:‘;SGCTAC
6 7 12,563-17694 | vyes (ORF1a) 2nd ACTG(E\Z(T;S;\CTG A TGACA(‘I\DTI\(E:LGAT)TAGCT
7 8 17,695-19,791 | yes (ORFlab) 2nd ACCA(CTTT(?:)ACAG c AGCTC(/Z(;TSETJ)GTAAT
8 9 19,792 -21,204 | vyes (ORFlab) 2nd CTCA(SSFTFC)T”T T TGATG((I;DTGAISV/_I\D(?TTGAT
9 10 21,205-22,388 | yes (ORFlab) 2nd TTAT(ESQ(;’?TGA G TAAAT(TIIFCPCS(C)TTAAA
10 11 22,389 - 24,229 ves (S) 3rd ACAG’(*TAETS(I:J)ATTGT T AGATT(;EEL/?)ATATT
11 12 24,230 - 27,343 yes (S) 2nd CAAG(SEEESA)CTW c TTCCAC(QE:SSGTGCA
12 13 27,344-27,800 | vyes (ORF7a) 2nd GAGT(EES;(T;)AGAG G TACAA(CfTC;i/TL/E)CWTTA
13 14 27,801-28,463 | yes (ORFS) 1st CTTGT(TLI/TFCL;T)AGGA A ATCAT%”ATCT@/?CTGTA
14 15 28,464 — 29,597 yes (N) 3rd AGAG(CRT :TCRCFSGACG A ATTCG(TIS;S)GTGAC




Table S6. List of the MD simulations performed.

The 3 production simulations of the SARS-CoV-2 RBD/hACE2 complex were initiated from the same
equilibrated model with different random velocities. Production simulations of the BANAL-236 and
BANAL-52/103 RBD/hACE2 complexes were initiated from different equilibrated models obtained, for
each construct, from the top 3 scoring homology models.

ID Construct Initial model #. K/l # Total # Pr'oduction
ions waters atoms time [ps]

SARS-CoV-2.1 ;’;';S/;]C:gé X-ray 121/97 | 30621 | 104592 1
SARS-CoV-2.2 ;’;';S/;]C:gé X-ray 121/97 | 30621 | 104592 1
SARS-CoV-2.3 SR/;';S/LCEQ/E'; X-ray 121/97 | 30621 | 104592 1
BANAL-236-CoV.1 Eggﬁ]ﬁig m'lzr:lo('tc;iyl) 121/97 | 30502 | 104228 1
BANAL-236-CoV.2 Eg\gﬁ]ﬁig m:‘;r;‘?'t‘;iyz) 120/96 | 30140 | 103140 1
BANAL-236-CoV.3 sggﬁ]ﬁig m'lzzo('tc;iys) 120/96 | 30090 | 102990 1
BANAL-52/103-CoV.1 BQ';S;ASAZC/SS 3 m'lzr:lo('tc;iyl) 123/98 | 30808 | 105144 1
BANAL-52/103-CoV.2 Bﬁ';g;izc/;g 3 m:‘;r;‘?'t‘;iyz) 121/96 | 30135 | 103121 1
BANAL-52/103-CoV.3 Bg';g;;;zc/g 3 m'l‘;r;"('tcc’)gpys) 124/99 | 31307 | 106643 1
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Table S7. Data collection and refinement statistics of the crystal structure of RBD-236 in complex

with hACE2.
Crystal 1
Data collection
Space group P6522

Cell dimensionsiIz

a, b, c(A) 341.53 341.53 68.15
a, B,y (°) 9090 120
Resolution (A) 48.63-2.94

Rsym or Rmerge

(3.047 -2.94) *
0.05642 (0.4364)

1/ ol 11.42 (1.50)
Completeness (%) 86.98 (12.53)
Redundancy 2.0(2.0)
Refinement

Resolution (A) 48.63 - 2.94

No. reflections

(3.047 -2.94) *

Rwork / Riree 0.214/0.227
No. atoms 6610
Protein 6418
Ligand/ion 184
Water 8
B-factors 64.68
Protein 63.72
Ligand/ion 99.31
Water 42.82
R.m.s. deviations
Bond lengths (A) 0.004
Bond angles (°) 0.65

*Values in parentheses are for highest-resolution shell.

Data processing was carried out using XDS®’. Molecular replacement and model refinement were performed
using PHENIX®®7°, Model building was carried out using COOT®?. Structural figures were made using PYMOL
(The PyMOL Molecular Graphics System, v.2.0 Schrodinger). We used 2 crystals for X-ray data collection. Each
crystal resulted in one set of X-ray data. The best dataset (as judged by data statistics) was used for structure

determination and refinement.

*Values in parentheses are for the highest-resolution shell.
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Table S8: Acknowledgment of sharing of SARS-CoV-2-related genome sequences from the GISAID database related to Figures 1-2 and Supp. Figures 1-4.
We thank the authors listed in the table below for sharing their genomic sequences of coronaviruses analyzed in this study.

llecti
Accession ID Virus name Location Host Co dzt;inon Originating lab Submitting lab Authors
Fan, Hang; Qin, E.; Wu,
. . Y.; Guo, Y.; Zhang, X,;
. . Beijing Institute Beijing Institute of
hCoV-19/Wuhan/IME- Asia / China/ . . . . Yong, Y.; Hou, J.; Xu, Z.;
EPI_ISL 529214 WH02/2019 Hubei / Wuhan Human 2019-12-30 az;l\éllci(rjc;t:]ci);cl)sy Mllzcri?jt;lrc;lic;glz and Mu, J.: Teng, Yue: Mi, Z.;
P gy P &Y Yang, R.; Song, Yajun.;
Li, B.; Cui, Y.
Fan, Hang; Qin, E.; Wu,
Beijing Institute Beijing Institute of Y.; Guo, Y.; Zhang, X.;
hCoV-19/Wuhan/IME- Asia / China/ . . . . Yong, Y.; Hou, J.; Xu, Z,;
EPI_ISL 529213 WHO1/2019 Hubei / Wuhan Human 2019-12-30 acr:]:jl\gci(r;zl:r):ﬁtl:l)gy M:Ecri(:jk:;r(]aqlic:)glz and Mu, ). Teng, Yue: Mi, Z.
P &Y P &Y Yang, R.; Song, Yajun.;
Li, B.; Cui, Y.
Bin Fang, Xiang Li, Xiao
Hubei Provincial Yu, Linlin Liu, Bo Yang,
hCoV-19/Wuhan/HBCDC-HB- | Asia/ China/ Wuhan Jinyintan Center for Disease Faxian Zhan, Guojun Ye,
EPI_ISL_402132 01/2019 Hubei / Wuhan Human 2019-12-30 Hospital Control and Xixiang Huo, Jungiang
Prevention Xu, Bo Yu, Kun Cai, Jing
Li, Yongzhong Jiang.
Institute of
1 B i . . f f i Jin. 7i )
EPIISL 402123 | "COV-19/Wuhan/IPBCAMS- | Asia/China/ |\ | 56161994 | Academy of Academy of Medical | _ & Jin, Zichun Xiang,
WH-01/2019 Hubei / Wuhan . ; . ] Zhigiang Wu, Chao Wu,
Medical Sciences Sciences & Peking viwei Liu
& Peking Union Union Medical College
Medical College
National Institute National Institute for Wenjie Tan, Xiang
EPI_ISL 402119 hCoV-19/Wuhan/IVDC-HB- Asia / China/ Human 5019-12-30 | for Viral Disease Viral Disease Control | Zhao, Wenling Wang,

01/2019

Hubei / Wuhan

Control and

and Prevention, China
CcDC

Xuejun Ma, Yongzhong
Jiang, Roujian Lu, Ji
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Prevention, China
CDC

Wang, Weimin Zhou,
Peihua Niu, Peipei Li,
Faxian Zhan, Weifeng
Shi, Baoying Huang,
Jun Liu, Li Zhao, Yao
Meng, Xiaozhou He,
Fei Ye, NaZhu, Yang
Li, Jing Chen, Wenbo
Xu, George F. Gao,
Guizhen Wu

EPI_ISL_406798

hCoV-19/Wuhan/WH01/2019

Asia / China/
Hubei / Wuhan

Human

2019-12-26

General Hospital
of Central
Theater
Command of
People's
Liberation Army
of China

BGI & Institute of
Microbiology, Chinese
Academy of Sciences

& Shandong First
Medical University &
Shandong Academy of

Medical Sciences &
General Hospital of

Central Theater

Command of People's
Liberation Army of
China

Weijun Chen, Yuhai Bi,
Weifeng Shi and
Zhenhong Hu

EPI_ISL_408515

hCoV-19/env/Wuhan/IVDC-
HBF13-21/2020

Asia / China/
Hubei / Wuhan

Environment
(Huanan
Seafood
Market)

2020-01-01

Institute of Viral

Disease Control

and Prevention,
China CDC

Institute of Viral
Disease Control and
Prevention, China CDC

William J. Liu, Peipei Liu,
Xiang Zhao, Peihua Niu,
Yingze Zhao, Wenwen
Lei, Zigian Xu, Shumei
Zou, Wei Zhen, Beiwei
Ye, Mengjie Yang,
Weifeng Shi, Roujian Lu,
Wenjie Tan, Zhixiao
Chen, Yuchao Wu, Juan
Song, Weimin Zhou,
Dayan Wang, Jun Han,
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Wenbo Xu, George F.
Gao, Guizhen Wu

Environment

Institute of Viral

Institute of Viral

William J. Liu, Peipei Liu,
Xiang Zhao, Peihua Niu,
Yingze Zhao, Wenwen
Lei, Zigian Xu, Shumei
Zou, Wei Zhen, Beiwei

. . . Ye, Mengjie Yang,
EPI_Isl_dogs1q | "COV-19/env/Wuhan/IVDC- | Asia/(China/ | (Huanan | gy, 5 gy | Disease Control | oo controland | Weifeng Shi, Roujian Lu,
HBF13-20/2020 Hubei / Wuhan Seafood and Prevention, . . - ..
Market) China CDC Prevention, China CDC Wenjie Tan, Zhixiao
Chen, Yuchao Wu, Juan
Song, Weimin Zhou,
Dayan Wang, Jun Han,
Wenbo Xu, George F.
Gao, Guizhen Wu
Shandong First
. . Medical . Weifeng Shi, Tao Hu,
Asia / China/ . ) . Institute of o
EPI_ISL_412977 hCoV-19 Yunnan/ | Rhinolophus |01 g 0605 | UNVersity &l obiology, Chinese | ON8 Zhou, Juan Li, Xing
/bat/Yunnan/RmYNO02/2019 . malayanus Shandong . Chen, Alice Catherine
Xishuangbanna Academy of Sciences o
Academy of Hughes, Yuhai Bi
Medical Sciences
Shandong First Weifeng Shi, Edward C.
hCoV-19 Asia/China/ | o\ ooph u I\'Aec“Fta l & M Zhanldtj) iy Fir'stt & Hiilmes'zﬁ"ceﬁ Hkug'}}e S'
oV- inolophus niversity edical University ong Zhou, Jingkai Ji,
EPI_ISL_1639446 /bat/Yunnan/RpYN06/2020 Xislrsg:zga/nna pusillus 2020-05-25 Shandong Shandong Academy of Xing Chen, Yuhai Bi,
Academy of Medical Sciences Juan Li, Tao Hu, Yanhua
Medical Sciences Chen
Yunnan Tropical
and Subtropical Diarrhea department,
Asia / China/ . Animal Viral National Institute for
EPI_ISL_1098866 /bat/Yun:Ca?\\//;iﬂ/ZOlS Yunnan / Pu'er Rh/nzg)phus 2018-08 Disease Viral Disease Control Lili Li
City ) Laboratory, and Prevention, China
Yunnan Animal CDC
Science and
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Veterinary

Institute
Wuhan Institute . Yan Zhu, Ping Yu, Bei Li,
Wuhan Institute of
hCoV-19 Asia / China/ | Rhinolophus of Virology, . . Ben Hu, Hao-Rui Si,
EPI_ISL_402131 /bat/Yunnan/RaTG13/2013 | Yunnan/Pu'er affinis 2013-07-24 Chinese Academy Virology, Chlrlese Xing-Lou Yang, Peng
. Academy of Sciences el
of Sciences Zhou, Zheng-Li Shi
Vibol Hul, Deborah
Delaune, Erik A Karlsson,
Ou Tey Putita,
Alexandre Hassanin,
65 Evolutionary | ZEen AR
hCoV-19 Asia / Rhinolophus Virology Unit, Genomics of RNA Vuong Tan Tu Luc'y
EPI_ISL_ 852604 /bat/Cambodia/RShSTT182 Cambodia / . 2010-12-06 Institut Pasteur viruses, Virology ’
shameli . Keatts, Jonna Mazet,
/2010 Steung Treng du Cambodge Department, Institut .
Pasteur Christine Johnson,
Philippe Buchy, Philippe
Dussart, Tracey
Goldstein, Etienne
Simon-Loriére, Veasna
Duong
Vibol Hul, Deborah
Delaune, Erik A Karlsson,
Ou Tey Putita,
Alexandre Hassanin,
G5 totonary | e Bl
hCoV-19 Asia / Rhinolophus Virology Unit, Genomics of RNA Vuong Tan Tu Luc’y
EPI_ISL_852605 /bat/Cambodia/RShSTT200 Cambodia / h i 2010-12-06 Institut Pasteur viruses, Virology Keatts. J M ¢
/2010 Steung Treng shametl du Cambodge Department, Institut catts, jonna Viazet,

Pasteur

Christine Johnson,
Philippe Buchy, Philippe
Dussart, Tracey
Goldstein, Etienne
Simon-Loriere, Veasna
Duong
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South China

hCoV-19 Asia / China/ Manis . South China Yongyi Shen, Lihua Xiao,
EPI_ISL 410721 201 A [tural
151410 /pangolin/Guangdong/1/2019 Guangdong javanica 015 Ugr?iflir:’s Agricultural University Wu Chen
hCoV-19 . . . South China .
EPI_ISL 471467 | /pangolin/Guangdong/a22-2 | ASi3/China/ | Manis 2019 Agricultural SouthChina - |y ot Shen, Wu Chen
Guangdong javanica . . Agricultural University
/2019 University
. . Wu-Chun Cao; Tommy
. . . Beijing Institute Beijing Institute of ) .
EPI_ISL 410541 . hCov 1('.9 Asia / Ch|n.a / .Man.ls 2017 of Microbiology Microbiology and Tsan Yl.Jk Lam; N.a ia;
/pangolin/Guangxi/P5E/2017 Guangxi javanica . . . ) Ya-Wei Zhang; Jia-Fu
and Epidemiology Epidemiology . .
Jiang; Bao-Gui Jiang
Beijing Institute Beijing Institute of Wu-Chun Cao; Tommy
EPI_ISL 410540 . hCoV-lE? Asia / Chm.a / .Man./s 2017 of Microbiology Microbiology and Tsan-YL.Jk Lam; N.a lia;
/pangolin/Guangxi/P5L/2017 Guangxi javanica . . . ) Ya-Wei Zhang; Jia-Fu
and Epidemiology Epidemiology . .
Jiang; Bao-Gui Jiang
Beijing Institute Beijing Institute of Wu-Chun Cao; Tommy
EPI_ISL 410539 ) hCoV-l? Asia / Ch|n.a / .Man./s 2017 of Microbiology Microbiology and Tsan-ng Lam; N.a Jia;
/pangolin/Guangxi/P1E/2017 Guangxi javanica . . . ) Ya-Wei Zhang; Jia-Fu
and Epidemiology Epidemiology . .
Jiang; Bao-Gui Jiang
Beijing Institute Beijing Institute of Wu-Chun Cao; Tommy
EPI_ISL 410538 . hCoV-l? Asia / Ch|n.a / .Man./s 2017 of Microbiology Microbiology and Tsan-ng Lam; N.a Jia;
/pangolin/Guangxi/P4L/2017 Guangxi javanica j . . ) Ya-Wei Zhang; Jia-Fu
and Epidemiology Epidemiology . .
Jiang; Bao-Gui Jiang
Beijing Institute Beijing Institute of Wu-Chun Cao; Tommy
EPI_ISL_410542 _ hcov-19 Asia /China /| Manis 2017 of Microbiology |  Microbiology and Tsan-Yuk Lam; Na Jia;
/pangolin/Guangxi/P2V/2017 Guangxi javanica : . . ) Ya-Wei Zhang; Jia-Fu
and Epidemiology Epidemiology . .
Jiang; Bao-Gui Jiang
Shandong First Weifeng Shi, Edward C.
Asia / China / Medical Shandong First Holmes, Alice C. Hughes,
hCoV-19 Rhinolophus University & Medical University & Hong Zhou, Jingkai Ji,
E L1 2020-04-1
PIISL_1659444 /bat/Yunnan/RsYN04/2020 Xislrtljg:aga/nna stheno 020-04-18 Shandong Shandong Academy of Xing Chen, Yuhai Bi,
g Academy of Medical Sciences Juan Li, Tao Hu, Yanhua

Medical Sciences

Chen
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Shandong First

Weifeng Shi, Edward C.

hCoV-19 Asia/China/ | oo oioph u Medi?ta l & M ?:lhanldlj) ¥ Fir?‘tt & Hﬂmes’zﬁncef. Hkug':\'e S'
oV- inolophus niversity edical University ong Zhou, Jingkai Ji,
EPI_ISL_1695448 /bat/Yunnan/RmYN08/2020 Xis::l:j;:]rr\l;tr)la/nna malayanus 2020-07-14 Shandong Shandong Academy of Xing Chen, Yuhai Bi,
Academy of Medical Sciences Juan Li, Tao Hu, Yanhua
Medical Sciences Chen
Shandong First Weifeng Shi, Edward C.
Asia / China / . I\I/IediFaI Sr.\andon.g Fir§t Holmes, Alice C Hugh.es,
EPI_ISL_ 1699445 hCoV-19 Yunnan / Rhinolophus 5020-05-25 University & Medical University & Hgng Zhou, Jlngk.al !I,
/bat/Yunnan/RmYNO05/2020 Xishuangbanna malayanus Shandong Shandong Academy of Xing Chen, Yuhai Bi,
Academy of Medical Sciences Juan Li, Tao Hu, Yanhua
Medical Sciences Chen
Shandong First Weifeng Shi, Edward C.
oyt Asia / China / A . I\I/IediFaI . " Sdr.\ar}dSn.g Fir§t . Halmes,zﬁlicej(.‘,. Hkugf}es,
oV- inolophus niversity edical University ong Zhou, Jingkai Ji,
EPI_ISL_1659447 /bat/Yunnan/RmYNO7/2020 Xisr\::];:;kr:a/nna malayanus 2020-06-03 Shandong Shandong Academy of Xing Chen, Yuhai Bi,
Academy of Medical Sciences Juan Li, Tao Hu, Yanhua
Medical Sciences Chen
Shandong First Weifeng Shi, Edward C.
oyt Asia / China / — . I\./Iedic':al . " ZhanldJ)n.g Fir§t . Hﬂmes,ﬁlicef. Hkugi}gs,
oV- inolophus niversity edical University ong Zhou, Jingkai Ji,
EPI_ISL_1639449 /bat/Yunnan/RsYN09/2020 Xis}rsg:;tr)la{'ma stheno 2020-07-28 Shandong Shandong Academy of Xing Chen, Yuhai Bi,
Academy of Medical Sciences Juan Li, Tao Hu, Yanhua
Medical Sciences Chen
Shandong First Weifeng Shi, Edward C.
vt Asia / China / - . Medical . " SdhanIdLj)ng First . H(i)_llmes,zﬁlicejc. HkugI'J\es,
oV- inolophus niversity edical University ong Zhou, Jingkai Ji,
EPI_ISL_1639443 /bat/Yunnan/RsYN03/2019 Xislrsg:zga/nna sinicus 2015-10-22 Shandong Shandong Academy of Xing Chen, Yuhai Bi,
Academy of Medical Sciences Juan Li, Tao Hu, Yanhua

Medical Sciences

Chen
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Supplementary Figures
Figure S1: Identity matrices at the genus level of representative sarbecoviruses.

Amino-acid (lower) and nucleotide (upper) identity matrices of Laotian and representative human, bat,
and pangolin sarbecoviruses. Individual genes and proteins were aligned with MAFFT, and identity
matrices were constructed using CLC Main Workbench 21.0.4 (Qiagen). Matrices were colored
according to the identity scale, from 25% (red) to 100% (green) of nucleotide or amino-acid identity.

Similarity scale NT identity (%)
| 25% 100%] | 5 identity (%)

Whole genome (UTR excluded) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1  SARS-CoV-2lineage A (EPI_ISL 529213) - [99)98! 96,05 [97,07 96,83 97,37 97,03 96,96 |96,97 93,36 97,13 96,17 93,69 89,70 89,67 83,05 77,04

2 SARS-CoV-2 lineage B (NC_045512) - 96,05(97,07 96,83 97,37 97,03 96,96|96,97 93,36 97,13 96,17 93,69 89,70 89,67 83,04 77,03

3 Bat RaTG13 (MN996532) - |85,75 95,95 95,63 96,20 96,14 |95,95 93,08 96,26 95,39 93,18 89,97 89,94 82,97 76,89

4 BANAL20-52 96,76 93,32 96,81 96,22 93,31 89,86 89,84 83,02 76,89

5 BANAL-20-236 96,72 93,68 96,99 96,11 93,27 89,94 89,92 82,89 76,78

6 BANAL-20-103 96,72 93,34 96,76 96,26 93,32 89,69 89,66 82,90 76,88

7 BANAL-20-116 97,00 93,58 97,42 96,44 93,65 90,09 90,07 82,95 76,96 | |5
8 BANAL-20-247 96,96 93,54 97,35 96,36 93,57 90,04 90,02 82,89 76,95| | &
9 Bat RmYNO2 (EPI_ISL_412977) 93,45 97,85 97,19 93,49 89,77 89,75 82,92 7699 | &
10 Thai batRacC5203 (MW251308) - 9342 92,93 91,77 89,90 89,86 8269 7672 |
11 Bat RpYNO6 (EPI_ISL_1699446) - 96,87 93,62 89,98 89,96 83,00 77,13 |
12 Bat PrC31 (EPI_ISL_1098866) - 92,91 89,77 89,74 82,95 77,39

13 Cambodian bat RShSTT182 (EPI_ISL_852604) - 89,27 89,23 82,09 76,86

14 Pangolin Guangdong-1 (EPI_ISL_410721) - 99,93 83,28 77,05

15 Pangolin MP789 (MT121216) - 8323 77,03

16 Pangolin PAL (EPI_ISL_410538) -T2

17 Japanese bat Rc-0319 (LC556375) -

AA identity (%)

1 2 3 a4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 SARS-CoV-2lineage A (EPI_ISL 529213) - [89)88) 96,05 [97,07 96,83 97,37 97,03 96,96|96,97 93,36 97,13 96,17 93,69 89,70 89,67 83,05 77,04

2 SARS-CoV-2lineage B(NC 045512)  [G9)88] - 96,05|97,07 96,83 97,37 97,03 96,96 |96,97 93,36 97,13 96,17 93,69 89,70 89,67 83,04 77,03

3 Bat RaTG13 (MN996532) 98,09 9812 - [9575 9595 95,63 96,20 96,14[95,95 93,08 96,26 95,39 93,18 89,97 89,94 82,97 76,89

4 BANAL20-52 98,41 98,43 97,73 - [9876 98,38 9830 9823 96,76 93,32 96,81 96,22 93,31 89,86 89,84 83,02 76,89

5 BANAL-20-236 98,39 98,41 97,98 98,98 - [9811 98,64 9857 96,72 93,68 96,99 96,11 93,27 89,94 89,92 82,89 76,78

6 BANAL-20-103 98,62 98,64 97,82 99,04 9886 - [97,89 97,82 96,72 93,34 96,76 96,26 93,32 89,69 89,66 82,90 76,88

7 BANAL-20-116 98,27 98,30 97,96 98,41 9875 9830 - |99,81 97,00 93,58 97,42 96,44 93,65 90,09 90,07 82,95 7696( |35
8 BANAL-20-247 98,21 98,3 97,87 98,34 98,66 98,23 99,61| - |96,96 93,54 97,35 96,36 93,57 90,04 90,02 82,89 76,95| |&
9 Bat RmYNO2 (EPI_ISL_412977) 98,32 93,34 97,75|97,96 98,14 98,02 98,23 9811| - 9345 97,85 97,18 93,49 89,77 89,75 82,92 7699 |2
10 Thai batRacC5203 (MW251308) 96,35 96,37 96,3296,12 9650 96,34 96,39 96,34[96,18 - 93,42 92,93 91,77 89,90 89,86 82,69 7672 |3
1 Bat RpYNO6 (EPI_ISL_1699446) 98,57 98,59 98,32 (98,27 98,68 98,37 98,93 9884[9866 9675 - 9687 93,62 89,98 89,9 83,00 77,13 |T
12 Bat Prc31 (EPI_ISL_1098866) 98,16 98,18 97,84(97,96 98,07 97,98 98,16 98,07(98,50 96,34 98,64 - 92,91 89,77 89,74 82,95 77,39

13 Cambodian bat RShSTT182 (EPI_ISL_852604) 95,51 95,53 9551|9523 9537 95,28 9539 9528|9532 94,17 9566 9541 - 89,27 89,23 82,09 76,86

14 Pangolin Guangdong-1 (EPI_ISL_410721) 95,17 95,19 95199519 9537 95,12 9533 9521|9503 94,69 9551 9510 93,92 - [99,93] 83,28 77,05

15 Pangolin MP789 (MT121216) 95,08 95,10 95,10(95,10 95,28 95,03 95,23 95,12 (94,94 94,60 9542 95,01 93,78[95,86] - 83,23 77,03

16 Pangolin PAL (EPI_ISL_410538) 89,66 89,66 89,47 (89,63 89,61 89,65 89,58 89,54 (89,40 89,24 89,77 89,56 88,38 89,68 89,54 - 77,22

17 Japanese bat Rc-0319 (LC556375) 83,24 83,24 83,12 83,17 83,17 83,31 83,10 83,05|83,11 82,78 83,48 83,44 82,42 83,37 83,24 8313 -

AA identity (%)

1 2 3 a4 5 & 7 8 9 10 11 12 13 14 15 16 17

1  SARS-CoV-2lineage A (EPI_ISL_529213) - [89)89) 96,53 [97,19 97,00 97,22 97,09 97,03|97,18 94,26 97,19 92,57 94,52 90,25 90,23 84,70 79,83

2 SARS-CoV-2lineage B (NC 045512)  [89)89] - 96,53|97,19 97,00 97,22 97,09 97,03(97,18 94,26 97,19 92,57 94,52 90,25 90,23 84,69 79,83

3 Bat RaTG13 (MN996532) 98,50 98,60 - |96,21 96,28 96,11 96,41 96,36 96,26 94,03 96,46 92,04 94,28 90,32 90,30 84,53 79,66

4 BANAL20-52 98,87 98,89 98,34 - |98,86 98,47 9817 9313 96,38 94,12 96,93 92,54 94,18 90,29 90,27 84,56 79,70

5 BANAL-20-236 98,80 98,82 98,41 99,11 - |98,30 98,34 98,29 96,80 94,41 97,07 92,45 94,17 90,32 90,30 84,53 79,63

6 BANAL-20-103 98,94 98,96 98,31 99,15 99,20 - 97,95 97,90 96,75 94,16 96,86 92,58 94,19 90,24 90,22 84,59 79,76

7 BANAL-20-116 98,72 98,73 98,38 98,75 99,01 98,76| - |99,85 97,28 94,41 97,43 92,66 94,44 90,49 90,47 84,55 79,78( |3
8 BANAL-20-247 98,70 98,72 98,35 98,73 98,87 98,63 99,68 - [97,25 94,38 97,36 92,60 94,39 90,44 90,42 84,52 79,77| |3
9 Bat RmYNO2 (EPI_ISL_412977) 98,79 98,80 98,27|98,48 98,53 98,46 98,69 98,65| - 94,26 97,70 93,16 9427 90,20 90,19 84,52 79,755 | =
10 Thai batRacCS203 (MW251308) 97,39 97,41 97,27|97,21 97,38 97,28 97,38 97,38[67,27 - 94,12 90,37 9345 90,24 9021 84,26 7948 |3
1 Bat RpYNO6 (EPI_ISL_1699446) 98,93 98,94 98,63 (98,68 98,87 98,68 99,07 99,04[9893 97,56 - 93,06 94,38 90,35 90,33 84,58 79,86 |
12 Bat PrC31 (EPI_ISL_1098866) 97,45 97,46 97,21(97,27 97,28 97,22 97,38 97,35[97,60 96,24 97,73 - 90,26 88,11 88,08 83,51 80,30

13 Cambodian bat RShSTT182 (EPI_ISL_852604) 96,91 96,93 96,80|96,69 96,72 96,66 96,72 96,67 |96,69 96,08 96,90 9567 - 89,81 89,78 83,83 79,56

14 Pangolin Guangdong-1 (EPI_ISL_410721) 196,72 96,73 96,61|96,67 96,73 96,58 96,70 96,66 (96,52 96,28 96,83 95,60 9584 - [99,95] 84,82 79,72

15 Pangolin MP789 (MT121216) 96,65 96,66 96,53 [96,60 96,66 96,50 96,63 96,59 [96,45 96,21 96,76 95,53 95,75(99,90] - 84,78 79,70

16 Pangolin PAL (EPI_ISL_410538) 92,56 92,56 92,42 (92,49 92,43 92,48 92,41 92,41(92,31 92,19 92,52 91,87 91,74 92,50 92,49 - 79,66

17 Japanese bat Rc-0319 (LC556375) 87,71 87,71 87,61|87,62 87,60 87,67 87,52 87,51|87,52 87,28 87,76 88,14 87,17 87,81 87,73 87,60 -

AA identity (%)
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1 2 3 a4 5 6 7 8 9 10 11 12 13 14 15 16 17
1  SARS-CoV-2lineage A (EPIISL 529213) - [100,00 92,86 [94,61 87,16 87,14 71,53 71,55|71,73 70,43 76,34 74,72 79,66 83,71 83,66 83,07 70,81
2 SARS-CoV-2lineage B (NC_045512)  [00J08 - 92,86|94,61 87,16 87,14 71,53 71,55|71,73 70,43 7634 74,72 79,66 83,71 83,66 83,07 70,81
3 Bat RaTG13 (MN996532) 97,41 97,41 - |93,54 86,86 86,78 71,20 71,20[71,17 70,81 77,29 75,40 79,17 83,19 83,14 82,78 71,16
4 BANAL20-52 98,43 98,43 97,79| - 91,32 91,00 71,85 71,91 71,85 70,86 77,34 7571 79,88 84,40 84,34 83,04 71,19
5 BANAL-20-236 90,51 90,51 89,93 91,50 - |98,82 72,47 72,52 72,55 71,29 80,94 79,25 79,84 89,36 89,31 80,16 71,19
6 BANAL-20-103 90,51 90,51 90,01 91,50 99,60 - |72,26 72,31 72,50 71,03 80,73 79,30 79,66 89,65 89,60 80,08 71,19
7 BANAL-20-116 72,69 72,69 72,76 72,76 73,54 73,39| - |99,81 98,34 94,00 75,33 73,60 71,79 70,03 69,98 69,21 69,36
8 BANAL-20-247 72,77 72,77 72,76 72,84 73,62 73,46 99,67| - |98,32 93,97 7541 73,60 71,79 70,03 69,98 69,19 69,39
9 Bat RmYNO2 (EPI_ISL_412977) 72,61 72,61 72,84|72,68 73,31 73,31 99,02 99,02| - 94,38 7541 73,68 71,85 70,19 70,14 69,37 69,71
10 Thai batRacC5203 (MW251308) 72,38 72,38 72,61(72,45 73,23 73,23 97,88 97,96[98,00 - 7517 73,81 70,61 70,11 70,06 69,42 69,47
1 Bat RpYNO6 (EPI_ISL_1699446) 80,78 80,78 80,65 (80,65 8545 85,45 77,96 78,12(77,88 77,96 - 93,83 72,77 79,81 79,75 7535 70,61
12 Bat Prc31 (EPI_ISL_1098866) 80,55 80,55 80,41[80,41 85,06 85,06 77,32 77,40(77,16 77,16 98,23 - 72,03 78,99 78,94 7507 70,69
13 Cambodian bat RShSTT182 (EPI_ISL_852604) 82,77 82,77 82,72|83,11 82,73 82,65 73,87 73,95|73,87 7348 7565 7557 - 78,37 7832 7535 69,55
14 Pangolin Guangdong-1 (EPI_ISL_410721) 89,96 89,96 89,3090,32 97,08 97,23 72,99 72,99|72,99 73,15 86,25 8593 82,41 - [99,89)79,90 71,24
15 Pangolin MP789 (MT121216) 89,96 89,96 89,22 (90,24 97,00 97,15 72,91 72,91 (72,91 73,07 86,17 8585 82,33 [66)76] - 79,90 71,26
16 Pangolin PAL (EPI_ISL_410538) 92,30 92,30 93,07[92,83 87,16 87,23 72,88 72,88 (72,96 72,96 80,54 80,14 80,72 87,47 87,39 - 70,46
17 Japanese bat Re-0319(LC556375) 76,15 76,15 77,10|76,78 76,54 76,46 74,22 74,30|74,30 74,30 74,76 7524 74,86 76,61 76,54 76,67 -
AA identity (%)
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
1 SARS-CoV-2lineage A (EPIISL_529213) - [100,00 96,26 [95,53 96,62 96,26 95,65 95,77|96,38 91,91 96,26 89,13 94,32 93,24 93,24 86,84 83,15
2 SARS-CoV-2lineage B (NC_045512)  [H0BJ08 - 96,26 |9553 96,62 96,26 95,65 95,77|96,38 91,91 96,26 89,13 94,32 93,24 93,24 86,84 83,15
3 Bat RaTG13 (MN996532) 97,82 97,82 - |9565 96,74 96,62 96,26 96,38 [96,98 92,03 96,14 88,65 93,72 93,60 93,60 86,23 83,87
a BANAL20-52 95,64 95,64 96,73| - |96,98 96,74 96,50 96,62 96,86 91,55 96,62 88,04 92,63 92,39 92,39 86,84 82,55
5 BANAL-20-236 97,82 97,82 98,55 96,00 - |99,03 98,07 98,19 96,74 91,55 96,50 89,37 93,72 93,48 93,48 87,20 82,91
6 BANAL-20-103 97,09 97,09 97,82 96,00 98,55| - |98,67 98,67 96,38 91,55 96,38 89,25 93,48 93,60 93,60 87,08 83,15
7 BANAL-20-116 96,36 96,36 97,09 95,27 97,82 98,55| - |99,88 96,01 91,67 96,14 89,01 93,24 92,87 92,87 86,84 82,19
8 BANAL-20-247 96,36 96,36 97,09 95,27 97,82 98,55 100,00] - |96,14 91,79 96,26 89,01 93,36 93,00 93,00 86,84 82,19
9 Bat RmYNO2 (EPI_ISL_412977) 96,73 96,73 97,82|96,73 97,09 96,36 95,64 9564 - 92,03 97,10 88,41 93,84 93,12 93,12 87,20 82,31
10 Thai batRacC5203 (MW251308) 97,45 97,45 97,45(96,00 97,45 97,09 96,36 96,36 (96,73 - 92,63 87,80 91,67 90,94 90,94 86,84 82,31
1 Bat RpYNOG (EPI_ISL_1699446) 96,73 96,73 97,09[96,00 97,09 96,36 95,64 95,64 (97,09 9673 - 88,65 93,60 92,87 92,87 87,44 82,91
12 Bat PrC31 (EPI_ISL_1098866) 92,73 92,73 93,09(91,27 93,45 92,73 92,00 92,00(91,64 93,09 91,64 - 87,56 90,58 90,58 85,14 79,42
13 Cambodian bat RShSTT182 (EPI_ISL_852604) 96,00 96,00 96,00|93,82 96,00 95,27 94,55 9455|9491 9564 94,91 90,91 - 91,79 91,79 84,90 82,79
14 Pangolin Guangdong-1 (EPI_ISL_410721) (97,09 97,09 97,09|94,91 97,09 96,36 95,64 95,64 96,00 97,45 96,00 93,45 95,64 - [100J00 86,96 82,91
15 Pangolin MP789 (MT121216) 97,09 97,09 97,09 (94,91 97,09 96,36 95,64 95,64(96,00 97,45 96,00 93,45 95,64 100,00 - 86,96 82,91
16 Pangolin PAL (EPI_ISL_410538) 89,45 89,45 89,82 (88,73 90,55 90,55 89,45 89,45(90,18 90,18 89,45 86,18 87,64 89,45 89,45 - 83,27
17 Japanese bat Re-0319 (LC556375) 86,96 86,96 86,59 |86,50 86,59 87,32 86,23 86,23 85,87 86,59 85,51 83,33 84,78 86,96 86,96 86,23 -
AA identity (%)
T 0 ;o 2 5 6 7 8 9 10 1 12 13 14 15 16 17
1 SARS-CoV-2lineage A (EPI_ISL 529213) - [100,00/99,56 | 99,56 98,25 97,81 97,37 97,37 |98,68 99,12 99,12 99,12 99,12 99,129,412 97,37 97,37
2 SARS-CoV-2lineage B (NC 045512)  [#00J08 - 99,56 |99,56 98,25 97,81 97,37 97,37[98,68 99,12 99,12 99,12 99,12 99,12 99,12 97,37 97,37
3 Bat RaTG13 (MN996532) 100,00100,00 - [100,00 98,68 98,25 97,81 97,81|99,12 98,68 99,56 98,68 99,56 99,56 99,56 97,81 96,93
4 BANAL20-52 100,00100,00100,000 - ]98,68 98,25 97,81 97,81 99,12 98,68 99,56 98,68 99,56 99,56 99,56 97,81 96,93
5 BANAL-20-236 100,00100,00100,00 100,000 - ]99,56 99,12 99,12 98,68 97,37 98,25 97,37 98,25 99,12 99,12 96,93 96,49
6 BANAL-20-103 98,67 98,67 98,67 98,67 98,67 - |99,56 99,56 98,25 96,93 97,81 96,93 98,68 98,68 98,68 96,49 96,05
7 BANAL-20-116 97,33 97,33 97,33 97,33 97,33 98,67| - 99,12 97,81 96,49 97,37 96,49 98,25 98,25 98,25 96,05 95,61
8 BANAL-20-247 97,33 97,33 97,33 97,33 97,33 98,67 97,33| - 97,81 96,49 97,37 96,49 98,25 98,25 98,25 96,05 95,61
9 Bat RmYNO2 (EPI_ISL_412977) 100,00 100,00 100,00]100,00 100,00 98,67 97,33 97,33| - 97,81 99,56 97,31 98,63 98,68 98,68 97,37 96,49
10 ThaibatRacCS203 (MW251308)  [100,00100,00 100,00/100,00 100,00 98,67 97,33 97,33 [100,00 - 98,25 98,25 98,25 98,25 98,25 96,49 96,49
1 Bat RoYNOG (EPI_ISL_1699446) 100,00100,00 100,00[100,00 100,00 98,67 97,33 97,33[100,00100,00 - 98,25 99,12 99,12 99,12 97,81 96,93
12 Bat PrC31 (EPI_ISL_1098866) 98,67 98,67 98,67 98,67 98,67 97,33 96,00 96,00 (98,67 98,67 98,67 - 9825 98,25 98,25 96,49 96,49
13 Cambodian bat RShSTT182 (EPI_ISL_852604) 98,67 98,67 98,67 |98,67 98,67 100,00 98,67 93,67 |98,67 98,67 98,67 97,33 - |99,12 99,12 97,37 96,49
14 Pangolin Guangdong-1 (EPI_ISL_410721) 100,00100,00 100,00/100,00100,00 98,67 97,33 97,33 [100,00100,00100,00 98,67 '98)67] - [100,00 97,81 97,37
15 Pangolin MP789 (MT121216) 100,00 100,00 100,00{100,00 100,00 98,67 97,33 97,33 |100,00100,00 100,00 98,67 98,67 100,00 - 97,81 97,37
16 Pangolin PAL (EPI_ISL_410538) 100,00 100,00 100,00{100,00 100,00 98,67 97,33 97,33 [100,00100,00 100,00 98,67 98,67 100,00100,00 - 97,81
17 lapanese bat Re-0319 (LC556375) 98,67 98,67 98,67 |98,67 98,67 97,33 96,00 97,33 |98,67 98,67 98,67 97,33 97,33 98,67 98,67 9867 -
AA identity (%)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1  SARS-CoV-2lineage A (EPIISL 529213) - [400)00 95,07 [95,22 95,22 94,92 94,92 94,92|94,47 94,32 94,17 93,57 9507 93,27 93,27 9133 86,55
2 SARS-CoV-2lineage B (NC_045512)  [#00)00 - 9507|9522 95,22 9492 94,92 94,92|94,47 94,32 94,17 93,57 9507 93,27 93,27 91,33 86,55
3 Bat RaTG13 (MN996532) 98,65 98,65 - |94,17 95,05 94,44 94,44 94,44 (94,74 94,50 94,44 93,42 94,44 93,12 93,12 90,58 85,35
4 BANAL20-52 98,65 98,65 99,10 - |97,16 98,06 98,36 98,36 95,52 92,83 95,22 92,97 93,87 92,83 92,83 90,73 86,40
5 BANAL-20-236 98,20 98,20 99,55 98,65| - |98,20 98,20 98,20 96,25 93,54 96,25 92,83 94,89 92,38 92,38 90,13 86,10
6 BANAL-20-103 97,75 97,75 99,10 98,20 99,55| - |99,70 99,70 95,95 93,35 95,65 91,93 94,59 91,78 91,78 89,84 85,80
7 BANAL-20-116 97,75 97,75 99,10 98,20 99,55 100,00 - |100,00 95,95 93,35 95,65 91,93 94,59 91,93 91,93 90,13 86,10
8 BANAL-20-247 97,75 97,75 99,10 98,20 99,55 100,00100,00] - |95,95 93,35 95,65 91,93 94,59 91,93 91,93 90,13 86,10
9 Bat RmYNO2 (EPI_ISL_412977) 98,20 98,20 99,10|98,65 98,64 98,19 98,19 98,19| - 94,14 99,10 91,48 94,89 92,38 92,38 89,54 86,10
10 Thai batRacC5203 (MW251308) 98,20 98,20 99,55 (98,65 99,10 98,64 98,64 98,64(98,64 - 94,14 92,68 97,00 93,42 93,42 92,08 86,85
1 Bat RpYNOG (EPI_ISL_1699446) 98,65 98,65 100,00[99,10 99,55 99,10 99,10 95,10(99,10 98,55 - 91,18 95,20 92,38 92,38 89,54 86,10
12 Bat PrC31 (EPI_ISL_1098866) 98,65 98,65 99,10 [100,00 98,65 98,20 98,20 98,20 (98,65 98,65 99,10 - 92,53 93,27 93,27 91,03 84,90
13 Cambodian bat RShSTT182 (EPI_ISL_852604) 98,65 98,65 99,55|98,65 99,10 98,64 98,64 98,64 |98,64 99,10 99,55 9865| - 94,02 94,02 91,48 87,00
14 Pangolin Guangdong-1 (EPI_ISL_410721) 98,65 98,65 99,10 |100,00 98,65 98,20 98,20 93,20|98,65 98,65 99,10 100,00'98/65| - [85,85) 92,38 86,10
15 Pangolin MP789 (MT121216) 98,20 98,20 98,65[99,55 98,20 97,75 97,75 97,75[98,20 98,20 98,65 99,55 98,20 99,55 - 92,38 86,10
16 Pangolin PAL (EPI_ISL_410538) 98,20 98,20 99,10[99,10 98,65 98,20 98,20 98,20 (98,20 99,55 99,10 99,10 98,65 99,10 98,65 - 85,50
17 Japanese bat Rc-0319(LC556375) 90,99 90,99 90,99 |91,44 90,54 90,54 90,54 90,54[90,99 90,54 90,99 91,44 90,99 91,44 90,99 90,99 -
AA identity (%)

19

(%) Avauapr 1N

(%) Avnuapr IN

(%) Awnuapr 1N

(%) Avpuapr 1N



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1  SARS-CoV-2lineage A (EPIISL 529213) - [100,00 98,39 [96,77 96,77 96,77 96,24 96,24|96,77 96,24 96,77 96,77 95,70 95,70 95,70 90,86 86,56
2 SARS-CoV-2lineage B (NC_045512)  [H00J08 - 98,39|96,77 96,77 96,77 96,24 96,24|96,77 96,24 96,77 96,77 95,70 95,70 95,70 90,86 86,56
3 Bat RaTG13 (MN996532) 100,00400,00 - |97,31 98,39 97,31 96,77 96,77 98,39 94,62 (98,39 98,39 96,24 94,09 94,09 91,40 87,10
4 BANAL20-52 98,39 98,39 98,39| - 96,77 100,00 99,46 99,46 96,77 95,16 96,77 96,77 93,55 93,55 93,55 89,78 84,41
5 BANAL-20-236 96,77 96,77 96,77 9516| - |96,77 96,24 96,24 97,85 94,09 97,85 96,77 94,62 93,01 93,01 90,32 86,56
6 BANAL-20-103 98,39 98,39 98,39 100,00 95,16 - |99,46 99,46 96,77 95,16 96,77 96,77 93,55 93,55 93,55 89,78 84,41
7 BANAL-20-116 96,77 96,77 96,77 98,39 93,55 98,39| - |9892 96,24 94,62 96,24 96,24 93,01 93,01 93,01 89,25 83,87
8 BANAL-20-247 96,77 96,77 96,77 98,39 93,55 98,39 96,77| - |96,24 94,62 96,24 96,24 94,09 93,01 93,01 89,25 83,87
9 Bat RmYNO2 (EPI_ISL_412977) 96,77 96,77 96,77|98,39 93,55 98,39 96,77 96,77| - 95,16 98,92 97,85 94,62 93,55 93,55 90,86 86,56
10 Thai batRacC5203 (MW251308) 98,39 98,39 98,39 [100,00 95,16 100,00 98,39 98,39 (98,39 - 9516 94,09 91,94 95,16 95,16 89,25 85,8
1 Bat RpYNO6 (EPI_ISL_1699446) 98,39 98,39 98,39 [100,00 95,16 100,00 98,39 98,39 98,39 100,00 - 97,85 94,62 93,55 93,55 90,86 86,56
12 Bat Prc31 (EPI_ISL_1098866) 96,77 96,77 96,77 (98,39 93,55 98,39 96,77 96,77 (96,77 98,39 98,38 - 94,62 93,55 93,55 90,86 87,63
13 Cambodian bat RShSTT182 (EPI_ISL_852604) 96,77 96,77 96,77 95,16 93,55 95,16 93,55 96,77 93,55 95,16 95,16 93,55 - 92,47 92,47 89,25 84,95
14 Pangolin Guangdong-1 (EPI_ISL_410721) 96,77 96,77 96,77 |98,39 93,55 (98,39 96,77 96,77 96,77 98,39 98,39 96,77 93,55 - [100)00 92,47 86,02
15 Pangolin MP789 (MT121216) 96,77 96,77 96,77 [98,39 93,55 98,39 96,77 96,77 (96,77 98,39 98,39 96,77 93,55 [{00)00 - 92,47 86,02
16 Pangolin PAL (EPI_ISL_410538) 95,16 95,16 95,16 [96,77 91,94 96,77 95,16 95,16 (95,16 96,77 96,77 95,16 91,94 95,16 9516 - 8548
17 Japanese bat Re-0319(LC556375) 83,87 83,87 83,87 |82,26 80,65 82,26 80,65 80,65 82,26 82,26 82,26 83,87 80,65 82,26 82,26 80,65 -
AA identity (%)
1 2 3 a4 5 6 7 8 9 10 11 12 13 14 15 16 17
1  SARS-CoV-2lineage A (EPI_ISL_529213) - [100,00 95,63 [96,17 97,54 97,54 97,50 97,54| 96,17 92,35 96,72 95,93 96,17 93,44 93,44 86,61 76,96
2 SARS-CoV-2lineage B (NC_045512)  [H00J08 -  95,63|96,17 97,54 97,54 97,54 97,54|96,17 92,35 96,72 9593 96,17 93,44 93,44 8661 76,96
3 Bat RaTG13 (MN996532) 97,52 97,52 - |93,44 96,17 95,90 94,81 94,81[95,08 92,90 95,63 93,77 95,90 91,80 91,80 86,61 75,88
a BANAL20-52 96,69 96,69 9587| - |9590 96,99 98,63 98,63 94,54 90,98 95,08 94,85 94,54 91,53 91,53 85,52 75,88
5 BANAL-20-236 99,17 99,17 98,35 97,52| - |98,36 97,27 97,27 96,72 92,62 96,99 96,21 96,99 92,90 92,90 87,43 77,78
6 BANAL-20-103 98,35 98,35 97,52 98,35 99,17| - |98,36 98,36 96,45 92,08 97,54 96,21 96,99 92,35 92,35 86,89 77,51
7 BANAL-20-116 98,35 98,35 97,52 98,35 99,17 100,00 - |100,00 95,90 91,80 96,45 96,21 95,90 92,35 92,35 86,07 77,24
8 BANAL-20-247 98,35 98,35 97,52 98,35 99,17 100,00200,00] - 95,90 91,80 96,45 96,21 95,90 92,35 92,35 86,07 77,24
9 Bat RmYNO2 (EPI_ISL_412977) 95,87 95,87 95,04|94,21 96,69 95,87 95,87 9587| - 91,53 95,08 95,39 95,08 92,90 92,90 86,07 77,24
10 Thai batRacC5203 (MW251308) 95,87 95,87 95,04[94,21 96,69 95,87 95,87 9587[9504 - 91,26 90,79 92,35 90,44 90,44 83,33 74,80
1 Bat RpYNOG (EPI_ISL_1699446) 98,35 98,35 97,52 [96,69 99,17 98,35 98,35 98,35(95,87 9587 - 94,85 9563 92,08 92,08 86,34 77,24
12 Bat PrC31 (EPI_ISL_1098866) 95,90 95,90 95,08 94,26 96,72 95,90 95,90 95,90 (93,44 9508 9590 - 94,31 91,60 91,60 85,37 76,34
13 Cambodian bat RShSTT182 (EPI_ISL_852604) 95,04 95,04 94,21|95,04 9587 96,69 96,69 96,69|92,56 9339 9504 92,62 - 92,08 92,08 86,34 76,96
14 Pangolin Guangdong-1 (EPI_ISL_410721) (97,52 97,52 9504|9421 96,69 95,87 9587 9587|9504 9504 9587 93,44 92,56 - [100j00 85,79 76,96
15 Pangolin MP789 (MT121216) 97,52 97,52 95,04 (94,21 96,69 95,87 95,87 95,87 (95,04 95,04 95,87 93,44 92,56 100,00 - 85,79 76,96
16 Pangolin PAL (EPI_ISL_410538) 88,43 88,43 89,26 (87,60 89,26 88,43 88,43 88,43 (86,78 85,95 88,43 86,07 86,78 86,78 86,78 - 72,09
17 Japanese bat Re-0319 (LC556375) 73,77 73,77 72,95|72,95 74,59 73,77 73,77 73,7|75,41 7459 73,77 72,36 73,77 73,77 73,77 6885 -
AA identity (%)
1 2 3 4 5 & 7 8 9 10 1 12 13 14 15 16 17
1  SARS-CoV-2lineage A (EPI_ISL 529213) - (100,00 99,24[97,73 96,97 92,42 92,42 92,42| 92,42 93,94 (97,73 97,73 98,48 91,67 91,67 82,58 77,27
2 SARS-CoV-2lineage B (NC 045512)  [H00)08 - 99,24|97,73 96,97 92,42 92,42 92,42|92,42 93,94 (97,73 97,73 98,48 91,67 91,67 82,58 77,27
3 Bat RaTG13 (MN996532) 97,73 97,73 - |98,48 97,73 93,18 93,18 93,18 (93,18 94,70 98,48 98,48 99,24 92,42 92,42 83,33 78,03
4 BANAL20-52 97,73 97,73 100,00 - [97,73 94,70 94,70 94,70 94,70 93,18 96,97 98,48 99,24 92,42 92,42 83,33 79,55
5 BANAL-20-236 95,45 95,45 97,73 97,73 - 93,18 93,18 93,18 93,18 93,94 97,73 97,73 98,48 93,18 93,18 83,33 78,03
6 BANAL-20-103 84,09 84,09 86,36 86,36 84,09 - |100,00100,00100,00 88,64 92,42 93,18 93,94 87,88 87,88 83,33 81,06
7 BANAL-20-116 84,09 84,09 86,36 86,36 84,09 100,000 - |100,00100,00 88,64 92,42 93,18 93,94 87,88 87,88 83,33 81,06
8 BANAL-20-247 84,09 84,09 86,36 86,36 84,09 100,00100,00 - |100,00 88,64 92,42 93,18 93,94 87,88 87,88 83,33 81,06
9 Bat RmYNO2 (EPI_ISL_412977) 84,09 84,09 86,36 86,36 84,09 100,00100,00100,00 - 88,64 92,42 93,18 93,94 87,88 87,88 83,33 81,06
10 Thai batRacCS203 (MW251308) 93,18 93,18 95,45[95,45 93,18 81,82 81,82 81,82[81,82 - 9545 93,18 93,94 90,15 90,15 83,33 75,00
1 Bat RoYNOG (EPI_ISL_1699446) 97,73 97,73 100,00[100,00 97,73 86,36 86,36 86,36 (86,36 9545 - 96,97 97,73 92,42 92,42 83,33 78,03
12 Bat PrC31 (EPI_ISL_1098866) 97,73 97,73 100,00[100,00 97,73 86,36 86,36 86,36 86,36 95,45 60)00 - |99,24 93,94 93,94 84,85 78,79
13 Cambodian bat RShSTT182 (EPI_ISL_852604) 97,73 97,73 100,00/100,00 97,73 86,36 86,36 86,36 86,36 9545 100,00900/00 - 93,18 93,18 84,09 78,79
14 Pangolin Guangdong-1 (EPI_ISL_410721) 95,45 9545 97,73|97,73 9545 84,09 84,09 84,09 |84,09 (97,73 97,73 97,73 97,73 - [100j00 81,82 74,24
15 Pangolin MP789 (MT121216) 95,45 95,45 97,73 (97,73 9545 84,09 84,09 84,09 (84,09 97,73 97,73 97,73 97,73 0000 - 81,82 74,24
16 Pangolin PAL (EPI_ISL_410538) 75,00 75,00 77,27 [77,27 75,00 79,55 79,55 79,55 (79,55 75,00 77,27 77,27 77,27 75,00 7500 - 75,00
17 lapanese bat Re-0319(LC556375) 70,45 70,45 72,73 |72,73 7045 75,00 75,00 75,00|75,00 68,18 72,73 72,73 72,73 70,45 7045 6591 -
AA identity (%)
ORF8 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1  SARS-CoV-2lineage A (EPIISL 529213) - 88,731 97,27 [96,72 98,36 98,09 47,96 47,96|48,72 92,35 97,81 98,36 93,99 92,62 80,05 80,87 43,83
2 SARS-CoV-2lineage B (NC 045512)  [8937) - 96,99|9645 98,09 97,81 47,70 47,70|48,47 92,08 97,54 98,09 93,72 92,35 79,78 80,60 43,58
3 Bat RaTG13 (MN996532) 95,87 9504 - |96,17 97,81 98,09 48,21 48,21(48,98 92,35 97,27 97,81 93,44 92,08 79,78 80,87 43,32
4 BANAL20-52 96,69 95,87 97,52| - |97,27 96,99 47,96 47,96 48,72 92,90 96,99 97,27 93,72 93,72 81,69 81,97 43,32
5 BANAL-20-236 98,35 97,52 97,52 98,35 - |99,18 48,21 4821 48,98 92,90 98,91 99,45 95,08 93,17 80,60 80,87 43,32
6 BANAL-20-103 96,69 95,87 97,52 96,69 98,35| - |48,72 4872 49,49 92,62 98,63 99,18 94,81 92,90 80,33 80,60 43,83
7 BANAL-20-116 29,77 29,01 30,53 29,77 29,77 30,53| - |100,00 98,64 47,70 48,47 48,21 47,45 47,19 42,67 45,92 74,34
8 BANAL-20-247 29,77 29,01 30,53 29,77 29,77 30,53 100,00] - |98,64 47,70 48,47 48,21 47,45 47,19 42,67 45,92 74,34
9 Bat RmYNO2 (EPI_ISL_412977) 29,01 28,24 29,77|29,01 29,01 29,77 97,54 97,54| - 4847 49,23 48,98 48,21 47,96 42,93 46,43 73,81
10 Thai batRacC5203 (MW251308) 95,04 94,21 95,04[95,87 96,69 95,04 30,53 30,53 (28,771 - 92,62 92,90 91,26 92,08 79,78 80,33 41,81
1 Bat RpYNOG (EPI_ISL_1699446) 97,52 96,69 96,69 97,52 99,17 97,52 20,77 28,77[29,01 95,87 - [99,45 94,54 92,90 80,33 80,87 43,07
12 Bat PrC31 (EPI_ISL_1098866) 97,52 96,69 96,69 [97,52 99,17 97,52 20,77 29,77 (29,01 95,87 100,00 - 9508 93,17 80,60 80,87 43,32
13 Cambodian bat RShSTT182 (EPI_ISL_852604) 93,39 92,56 92,56 93,39 95,04 93,39 [29,77 29,77|29,01| 91,74 94,21 9421 - 89,62 80,56 78,69 43,58
14 Pangolin Guangdong-1 (EPI_ISL_410721) 95,87 95,04 96,69 97,52 97,52 95,87 |29,77 29,77|25,01 96,69 96,69 96,69 92,56 - 86,89 81,15 43,07
15 Pangolin MP789 (MT121216) 82,64 81,82 84,30 85,12 84,30 82,64 29,03 29,03 (29,03 83,47 83,47 83,47 84,03 86,78 - 71,31 38,07
16 Pangolin PAL (EPI_ISL_410538) 88,43 87,60 89,26 [88,43 89,26 88,43 29,77 29,77 [29,01 87,60 88,43 88,43 8512 87,60 76,86 - 43,58
17 Japanese bat Rc-0319(LC556375)  [26,87.126,12.126,87)| 26,12..26,12. 26,871 79,20 79,20 | 77,60 [26,871126,121126,121126)12.126,12. 25,98 126)87) -

AA identity (%)
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N 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17
1 SARS-CoV-2 lineage A (EPI_ISL_529213) 97,70 97,62 97,62 97,30 93,89 96,19 96,19 90,95 88,33
2 SARS-CoV-2 lineage B (NC_045512) 97,70 97,62 . 97,62 197,30 93,89 96,19 96,19 90,95 88,33
3 Bat RaTG13 (MN996532) 97,54 97,14 97,38 97,46 97,30|97,38 94,52 96,51 96,51 91,19 87,78
4 BANAL20-52 94,68 96,43 96,43 90,95 88,10
5 BANAL-20-236 94,52 96,19 96,19 90,87 87,94
6 BANAL-20-103 94,68 96,27 96,27 90,79 87,78
7 BANAL-20-116 94,76 96,35 96,35 91,03 88,02
8 BANAL-20-247 94,84 96,43 96,43 91,03 87,86
9 Bat RmYNO2 (EPI_ISL_412977) 94,84 96,35 96,35 91,27 87,86

10 Thai bat RacCS203 (MW251308) 95,70 95,70 95,70]95,94 95,70 95,94 95,70 95,47 | 95,70 95,79 93,41 93,41 90,00 85,95
11 Bat RpYNO6 (EPI_ISL_1699446) 95,16 96,90 96,90 91,59 88,25
12 Bat PrC31 (EPI_ISL_1098866) 94,29 96,19 96,19 91,11 87,62
13 Cambodian bat RShSTT182 (EPI_ISL_852604) 96,66 96,66 96,66 | 96,90 96,66 96,90 96,66 96,42 - 94,52 94,52 91,59 87,54
14 Pangolin Guangdong-1 (EPI_ISL_410721) 97,61 96,42 - 91,27 87,14
15 Pangolin MP789 (MT121216) 97,61 96,42 - 91,27 87,14
16 Pangolin PAL (EPI_ISL_410538) 93,79 93,79 94,27 |94,03 93,79 94,03 93,79 93,56 /93,56 93,56 94,03 94,03 94,27 93,56 93,56 - 86,48
17 Japanese bat Rc-0319 (LC556375) 89,50 89,50 89,74)89,50 89,74 89,50 89,26 89,02 |89,26 88,31 89,74 89,26 89,26 89,50 89,50 88,54 -

AA identity (%)

1 8 9 10 11 1 13 1. 15 16 1
1 SARS-CoV-2 lineage A (EPI_ISL_529213) - 88,89 94,87
2 SARS-CoV-2 lineage B (NC_045512)

3 Bat RaTG13 (MN996532)

4 BANAL20-52

5 BANAL-20-236

6 BANAL-20-103

7 BANAL-20-116

8 BANAL-20-247

9 Bat RmYNO2 (EPI_ISL_412977) 97,44 97,44 94,87 88,03

10 Thai bat RacCS203 (MW251308) N/A  N/A  N/A 88,03
11 Bat RpYNO6 (EPI_ISL_1699446) 97,44 88,89
12 Bat PrC31 (EPI_ISL_1098866) 97,44 - 89,74
13 Cambodian bat RShSTT182 (EPI_ISL_852604) 97,44 97,44 94,87 97,44 - 88,03
14 Pangolin Guangdong-1 (EPI_ISL_410721) 97,44 97,44 94,87 94,87 N/A 97,44 97,44 97,44 - 89,74
15 Pangolin MP789 (MT121216) 97,44 97,44 94,87 94,87 N/A (97,44 97,44 97,44 - 89,74
16 Pangolin PAL (EPI_ISL_410538) 74,36 74,36 71,79 71,79 N/A 74,36 74,36 74,36 76,92 7692 -

17 Japanese bat Rc-0319 (LC556375) 87,18 87,18 84,62 84,62 N/A 87,18 87,18 87,18 89,74 89,74 79,49

94,02
94,87
95,73
94,02
95,73
95,73
91,45

AA identity (%)

21

(%) Ayauapi 1N

(%) Avnuapr 1IN



Figure S2: Complete phylogenetic reconstructions of recombinant fragments, as described in Figure 2.

The identification of the breakpoints is highly dependent on the programs used, the sequences
datasets and the quality of the alignments, leading to difficulties in comparing independent studies
performed with different tools. Phylogenetic analyses performed on different fragments are therefore
necessary to confirm the identification of breakpoints, especially by confirming that the position of a
given sequence differs between fragments bracketing the breakpoint. This is the strategy presented
below: sequences are colored according to Figure 2.

The substitution model considered for all phylogenetic reconstructions presented below was GTR+G.
PhyML was used to infer phylogenies both at the whole genome and at the breakpoints nucleotide
level. The tree topology search was performed by selecting the best of NNI (Nearest Neighbor
Interchange) and SPR (Subtree Pruning and Regraphing). The statistical test selected for branch
support was the approximate Bayes parameter, as proposed in the NGPhylogeny portal. Only posterior
probabilities >0.5 were considered.
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Fragmentno 1:
1-1,820

o

MN996528_Human_WIV04_China_2019
d MN996527_Human_WIV02_China_2019
EPI_ISL_529214_Human_Wuhan/IME-WH02/2019_China_2019

EPI_ISL_529213 Human_Wuhan/IME-WHO1/2019_China_2019

% EP| ISL_402132_Human_WuhanHECDG-HB-01/2019_China_2019

EPLISL_402119_Human_Wuhar/IiVDC-HB-01/2019_China_2019

EPI_ISL_406798_Human_WuhanWH01/2019_China_2019

NC_045512_Human_Wuhan-Hu-1_China_2019

2. EPI_ISL_1699446_Rhinolophus_pusilus_RpYNOG_China_2020
BANAL-20-236_Rhinclophus_marshalli_CoV .

1L BANAL-20-52_Rhinolophus_malayanus_CoV/
BANAL-20-103_Rhinolophus_pusillus_CoV .

1| BANAL-20-247_Rhinolophus_malayanus_CoV .

BANAL-20-116_Rhinolophus_malayanus_CoV

L EPI_ISL_1098866_Rhinolophus_sp_PrC31_China_2018

EPI_ISL_410541_Manis_javanica_Guangx-P5E_China_2017
EPI_ISL_410540_Manis javanica Guangx-P5L_China_2017
EPI_ISL_410539_Manis javanica Guangx-P1E_China 2017
EPI_ISL_410538_Manis_javanica_Guangx-P4L._China_2017 (@)

EPI_ISL_410542_Manis_javanica_Guangxi-P2V_China_2017

L EPI_ISL_402131_Rhinolophus_sfiins_RaTG13 China_2013 ()

MG772933_Rhinolophus_pusilus SL-CoVZCA5_China_2017

MG772934_Rhinolophus_pusilus_SL-CoVZXC21_China_2015

MW251308_Rhinolophus_acuminatus_RacCS203_Thailand_2020 (@)
EPI_ISL_410721_Manis_javanica_Guangdong-1_China_2019
MT121216_Manis_javanica_MP789_China_2019 ()

EPI_ISL_471467_Manis_javanica_Guangdong-A22-2_China_2019

EPL_ISL_408515_Huanan_Seafood_Market IVDC-HBF13-21_China_2020

EPI_ISL_408514_Huanan_Seafood_Market VDC-HBF13-20_China_2020

EPI_ISL 402123 Human Wuhan/PBCAMS-WH-01/2019_China_2019

L EPI_ISL _412977_Rhinolophus_malayanus_RmYNO2_China_2019 .

EPI_ISL_852604_Rhinolophus_shameli_RShSTT182_Cambodia_2010 ()
EPI_ISL_852605_Rhinolophus_shameli_RShSTT200_Cambodia_2010

EPI_ISL 1699444 Rhinolophus_stheno_RsYN04_China_2020
| EPI_ISL_ 1699448 Rhinolophus_malayanus_RmYNO8_China_2020

| EPIL_ISL_1699445_Rhinolophus_malayanus RmYNO5_China_2020

EPI_ISL_1699447_Rhinolophus_malayanus_RmYNO7_China_2020

LC556375_Rhinolophus_comutus_Re-0319_Japan_2013 @)

0.07

1 EPI_ISL_1699449 Rhinolophus_stheno_RsYNOS_China_2020
EPI_ISL_1699443 Rhinolophus_sinicus_RsYNO3_China_2019

L—— KY417145_Rhinolophus_ferrumequinum_Rf4092_China_2012

23



Fragment no 2:
1,821 - 2,689

0,74

MN996528_Human_WIV04_China_2019
MN996527_Human_WIV02_China_2019
EPI_ISL_529214_Human_Wuhar/IME-WH02/2019_China_2019
EPI_ISL_529213 Human_Wuhan/IME-WH01/2019_China_2019

EPI_ISL_402132_Human_WuhanHBCDC-HB-01/2019_China_2019
EPI_ISL._402123_Human_Wuhan/IPBCAMS-WH-01/2019_China_2019
EPI_ISL._402119_Human_Wuhar/IVDC-HB-01/2019_China_2019

EPI_ISL_406798_Human_Wuhan/WH01/2019_China_2019

NC_045512_Human_Wuhan-Hu-1_China_2019

BANAL-20-103_Rhinolophus_pusillus_CoV (@)
- MW251308_Rhinolophus_acuminatus_RacCS203_Thailand_2020 (@)

BANAL-20-236_Rhinolophus_marshalli_CoV ’
BANAL-20-52_Rhinolophus_malayanus_CoV
BANAL-20-247_Rhinolophus_malayanus_CoV (@)
BANAL-20-116_Rhinolophus_malayanus_CoV

1li EPI_ISL_1699446_Rhinolophus_pusillus_RpYN06_China_2020
—4{5 EPI_ISL_1098866_Rhinolophus_sp_PrC31_China_2018

EPI_ISL_412977_Rhinolophus_malayanus_RmYN02_China_2019 (@)

EPI_ISL_402131_Rhinolophus_affinis RaTG13_China_2013 ()
MG772933_Rhinolophus_pusilus_ SL-CoVZC45_China_2017

,
-[ MG772934_Rhinolophus_pusilus_SL-CoVZXC21_China_2015

EPI_ISL_852605_Rhinolophus_shameli RShSTT200_Cambodia_2010

_| EPI_ISL_852604_Rhinolophus_shameli RShSTT182_Cambodia_2010 ‘

EPI_ISL_410721_Manis_javanica_Guangdong-1_China_2019 @
1 MT121216_Manis_javaniw_MP789_China_2019.

EPI_ISL_471467_Manis_javanica_Guangdong-A22-2_China_2019
EPI_ISL_410541_Manis_javanica_Guangxi-P5E_China_2017
EPI_ISL_410540 Manis_javanica_Guangxi-P5L_China_2017
EPI_ISL_410538_Manis_javanica_Guangxi-P4L_China_2017 .
EPI_ISL_410542_Manis_javanica_Guangxi-P2V_China_2017

EPI_ISL_410539_Manis_javanica_Guangx-P1E_China_2017
EPIL_ISL_1699444_Rhinolophus_stheno_RsYNO4_China_2020
EPI_ISL_1699448_Rhinolophus_malayanus RmYNO8_China_2020
EPI_ISL_1699445_Rhinolophus_malayanus RmYNO5_China_2020

EPI_ISL_408515_Huanan_Seafood Market_IVDC-HBF13-21_China_2020 | ¢
EPI_ISL_408514_Huanan_Seafood_Market IVDC-HBF13-20_China_2020 '

] 1

LC556375_Rhinolophus_comutus_Rc-0319_Japan_2013 @)

L KY417145_Rhinolophus_ferrumequinum_Rf4092_China_2012

EPIL_ISL_1699443_Rhinolophus_sinicus RsYNO3_China_2019
EPIL_ISL_1699449 Rhinolophus_stheno_RsYN09_China_2020
EPI_ISL_1699447_Rhinolophus_malayanus RmYNO7_China_2020

24



Fragment no 3:
2,690 — 3,970

098
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EPI_ISL_410542_Menis_javanica_Guangxi-P2V_China_2017
EPI_ISL_410538_Manis_javanica_Guangxi-P4L._China_2017 .
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EPI_ISL._529213_Human_Wuhan/IME-WH01/2019_China_2019
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0.1

‘ EPLISL_1699445 Rhinolophus_malayanus RmYNO5_Ching_2020

EPIISL_1699448_Rhinolophus_malayanus_RmYNO8_China_2020
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L— EPIISL_402131_Rhinolophus_affinis RaTG13_China_2013 ()

I EPIISL_412977_Rhinolophus_malayanus RmYNO02_China_ 2019 .
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BANAL-20-247_Rhinolophus_malayanus_CoV ()

M BANAL-20-236_Rhinclophus_marshali_CoV (@)
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11,462 -12,562
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BANAL-20-103_Rhinolophus_pusillus_CoV .
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| EPI_ISL_402131_Rhinolophus._affinis RaTG13_China 2013
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EPI_ISL_410542_Manis_javanica_Guangx-P2V_China_2017
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1 TSEPI_ISLJ 699444_Rhinolophus_stheno_RsYN04_China_2020
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| EPL_ISL_1699445_Rhinolophus_malayanus_RmYNO5_China_2020
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One should note that other studies have characterized the mosaicism of sarbecoviruses through
recombination analysis. For example the program 3SEQ was used by to study the interlineage
recombinations of SARS-CoV-2 variantsl. Boni et al. demonstrated using 3SEQ that Sarbecovirus
evolution was shaped by multiple recombination events, including several at the beginning and within
the spike, as we observed in our study?. Forni et al. used 3SEQ and identified hotspots of recombination
in sarbecoviruses, most of them located at the beginning of the spike3. Lytras et al. used (as in our
study) GARD as a more conservative method than RDP5 (which includes a large set of programs) to
identify breakpoints*. They identified 21 breakpoints through the genome of SARS-CoV-2, among
which some are also found in our analysis (for example the one at the beginning of the spike, which
seems to correspond to our breakpoint no 9).
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Figure S3: Alignment of the whole spike amino-acid sequences.
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Figure S4: Western-Blot analysis of concentrated lentivral particles pseudotyped with Wuhan or BANAL-236
spike proteins.

Pseudotyped lentivral particles were concentrated by ultracentrifugation at 40,000g for 2h through a
20% sucrose cushion (MLS-50 rotor in an Optima MAX-XP ultracentrifuge). Pellets were resuspended
in 250 pL of DMEM for 30 min at 4°C. An equal amount of 2X NuPAGE LDS sample buffer was added
and different volumes were loaded onto a 4-12% NuPAGE Bis-Tris gel (Thermofisher). PVDF
membranes (Hybond®, Amersham) were incubated with primary antibodies directed against Spike
(ABIN199984, 1/2,000) or p24 (NIH, 1/2000) and revealed with peroxidase-conjugated secondary
antibodies (GE Healthcare) and the ECL2 substrate (Thermofisher). The chemiluminescence signals
were acquired using a ChemiDoc Imager (Bio-Rad) (uncropped blot below). A single experiment was
performed, and cropped and un-cropped blots are presented below.
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Figure S5: Distribution of bats species from which SARS-CoV-2-like viruses were detected in this study.
Distribution of R. pusillus (green), R. marshalli (red), and R. malayanus (blue). Data were retrieved from
the IUCN Red List of Threatened Species (https://www.iucnredlist.org/) and map was downloaded

from https://www.diva-gis.org/gdata.
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