
Figure S1. Accession numbers of viral sequences analyzed
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Figure S2. Distance tables of full-length RdRp coding region of Orf1ab. A) Distance table for Betacoronavirus-1 RdRp 
sequences, as well as RbCoV/HKU14. B) Distance table for SADSr-CoV RdRp.C) Distance table for RdRp coding region of 
SARS-CoV-2-like viruses. 
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Figure S3. 3ClPro and Helicase phylogenetic trees. A) Schematic showing position of Orf1ab regions encoding 3ClPro, 
RdRp, and Helicase B) Maximum-likelihood phylogenetic tree of 3ClPro-encoding region. C) ML tree of helicase-encoding 
region of Orf1ab. 
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Figure S4. 3ClPro and Helicase genetic distance tables. A and B) Distance tables for BetaCoV1 viruses. C and D) Distance 
tables for SARS-CoV-2-like viruses. E and F) Distance tables for SADSr-CoVs.

3ClPro

Helicase

3ClPro

Helicase



RmYN02
PangoGD19 

UpRR1

RmYN02 
DnRR2

Pango
DnRR1

RmYN02 
DnRR1

RmYN02 
UpRR2

A

B C D

E F G

RmYN02 
RR2

RmYN02 
RR1

H

Figure S5. Breakpoint and phylogenetic analysis of SARSr-CoV. A. Table showing boundaries of divergent 
recombinant regions in PangolinCoV/GD19 and BtCoV/RmYN02 with nucleotide identity to SARS-CoV-2 and the 
top BLAST hit in GenBank. B-H) Maximum-likelihood phylogenetic trees of breakpoint-defined regions in 
PangolinCoV/GD19 and BtCoV/RmYN02, demonstrating changes in topology due to recombination. “Up” and “Dn” 
regions reflect the 500 nt upstream and downstream of 5’ and 3’ breakpoints, respectively. 
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Figure S6. Breakpoint and phylogenetic analysis of Betacoronavirus-1. A. Table showing boundaries of 
divergent recombinant regions in ECoV and PHEV with nucleotide identity to BCoV and the top BLAST hit in 
GenBank. B-H) Maximum-likelihood phylogenetic trees of breakpoint-defined regions in ECoV. I-K) ML-
phylogenetic trees of PHEV-RR and 500 nucleotide stretches flanking the 5’ and 3’ breakpoints. ECoV and PHEV 
regions in black type are conserved among BetaCoV1 (not of recombinant origin) and demonstrate changes in tree 
topology and/or branch length due to recombination.
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Figure S7. BetaCoV-1 IDPlot results with alternative reference sequences. A) The IDPlot output for 
Betacoronavirus-1 displayed in Figure 4 of the main text. B) The IDPlot output from a run using the same sequences 
but with OC43 as the reference rather than BCoV.



I

Figure S8. Recombination analysis of ECoV R2. A) IDPlot of ECoV Region 2 B-H) ML phylogenetic trees and 
distance tables for each putative sub-region of ECoV R2. I) BLAST analysis of ECoV R2 sub-regions.
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Figure S9. Phylogenetic analysis of SADSr-CoV recombination. A) ANI plot of SADSr-CoVs including indication of 
recombinant regions identified by GARD and validated by our phylogenetic analysis. B-D) Maximum likelihood phylogenetic trees 
of conserved (non-recombinant origin) SADSr-CoV regions. MTase NTD is the furthest 3’ region upstream of the first breakpoint 
surrounding SADSr-CoV spikes. M is downstream of several recombinant regions and upstream of recombinant regions 
encompassing 3’ structural and accessory genes. E-Q) ML phylogenetic analysis of SADSr-CoV recombinant regions.  
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Figure S10. Breakpoint and nucleotide identity analysis of SADSr-CoV recombination. A) Breakpoint analysis of SADSr-
CoVs including nucleotide identity to reference sequence and top BLAST hits. BLAST result accession numbers with an 
asterisk indicate the entry is a partial spike sequence only. B -C) Distance tables for MTase NTD, and M genes shows high 
nucleotide identity across SADSr-CoVs upstream and downstream of spike-encompassing recombinant regions.
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Figure S11. GARD Simulations. A-C) ANI plots showing sequence divergence at 3%, 6%, or 9% randomly introduced error rates 
D) Histograms showing even breakpoint distribution for each simulation. 
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