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Materials and Methods 
Sequences analysis  
All 43 CoV complete genome sequences were obtained from GenBank and GISAID (Global 
Initiative on Sharing All Influenza Data) (35, 36), and were selected to be representative of the 
diversity. Pan_SL-CoV_GD/P1La sequence was generated by combining Pan_SL-CoV_GD/P1L 
(10) with some additional sequences from the NCBI BioProject database PRJNA5732983 (11, 
37) to have a maximal coverage of the complete genome sequence for analysis. A new CoV 
sequence from pangolin (EPI_ISL_410721) (38)was not inclued because that it became available 
after we had already completed the analyses in this study, and it was not as close to SARS-CoV-
2 sequences and did not change the interpretation of our results. The whole genome sequences 
were first aligned using Clustal X2 (39). The alignments for all coding regions were manually 
optimized based on the amino acid sequence alignment using SeaView 5.0.1.  
 
Recombination Analyses 
SimPlot 3.5.15 (14) was used determine the percent identity of the query sequence to reference 
sequences. Potential recombinant regions among analyzed sequences were identified by sliding a 
400bp-window at a 50bp-step across the alignment using the Kimura 2-parameter model.  
Phylogenetic trees were constructed by the maximum likelihood method using the GTR model 
(40), and their reliability was estimated from 1,000 bootstrap replicates. The positions of 
analyzed sequence regions were based on those in the reference SARS-CoV-2 Wuhan-Hu-1 
(MN908947). Recombination regions and breakpoints were also analyzed using the LANL 
database (41) tool RIP (16). 
 
Selection Analyses 
Cumulative plots of the average behavior of each codon for all pairwise comparisons in the input 
data, for insertions and deletions (indels), synonymous (syn), and nonsynonymous (nonsyn) 
mutations and values of the ratios of the rate of synonymous nucleotide substitutions per 
synonymous site and nonsynonymous substitutions per nonsynonymous site (dN/dS, or w) were 
obtained using the LANL database tool SNAP (42). In order to avoid counting instances where 
synonymous mutations were saturated, averages of all pairwise dN/dS ratios were calculated 
excluding pairs that yielded dS values greater than 1. Sequences were analyzed for episodic 
selection pressure using the mixed effects model of evolution (MEME) (43) from the 
datamonkey server (www.datamonkey.org).  
 
Structure modeling of receptor binding 
To investigate the single mutation Q498H in RBM between SARS-CoV-2 and Pan_SL-
CoV_GD, Q498 in the crystal structure of S/ACE2 complex was mutated to H498 using Chimera 
(44). Local energy minimization (only H498 was allowed to move) was computed using 
Chimera’s built-in functions. To investigate the impact of the deletion between residue 473 to 
486 to the binding interface between SARS-CoV-2 and human ACE2, a homology model with 
the deletion was generated using I-TASSER (45). The top five best models provided by the 
server have Confidence Score (C-score) of 0.86, -2.33, -4.01, -4.17, and -4.49. The C-score was 
used to estimate the quality of the models, which should be between -5.0 to 2; the higher the 
value, the higher the confidence in the model (45). Based on the C-score, model 1 was used in 
Figure 2F. The interaction of the RBD of RaTG13 and ACE2 was modeled on PDB 6VW1, a 
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hybrid structure of human SARS-CoV2 (46) using ICM software package (35), and the 
mutational differences of the Gibbs free energy (Table S1) were calculated with the built-in 
algorithm. 
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Fig. S1. Phylogenetic tree of the complete CoV genome sequences. All 43 sequences used in 
this study includes: 4 SARS-CoV-2 sequences (red), Bat_SL-CoV sequence RaTG13 (magenta), 
2 pangolin CoV from Guangdong (Pan_SL-CoV_GD, dark green), 6 pangolin CoV from 
Guangxi (Pan_SL-CoV_GX , light green), and 4 SARS-CoV sequences (dark blue). The 
remaining Bat_SL-CoV sequences in the set are color-coded according to their phylogenetic 
subclusterings  in the tree. Phylogenetic trees were constructed by the maximum likelihood 
method using the GTR model (8), and their reliability was estimated from 1,000 bootstrap 
replicates. 
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Fig. S2. Recombination analysis of the CoV-SARS-2 Wuhan-Hu-1 sequence. (A) Similarity 
plots comparing the Wuhan-Hu-1 sequence to the bat-Cov RaTG13 sequence (red) and the 
Pan_SL-CoV_GD/1PL sequence (blue). Plots were obtained using the LANL tool RIP using a 
window size of 400 bp. The full genome comparison is shown on the right and, on the left, a 
close-up of the recombination region is shown. Blue and red horizontal lines at the top of the 
panels show recombination breakpoints at the 99% confidence level. The blank between the A 
and B regions means uncertainty. (B and C) Phylogenetic trees of the individual recombination 
regions A and B, showing the different clusterings of the CoV-SARS-2 sequence compared to 
RaTG13 and Pan_SL-CoV_GD/1PL (highlighted by the red arrows).  
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Fig. S3. Highly conserved sequences around the receptor binding motif and furin cleavage 
sites among SARS-CoV-2, RaTG13 and Pan_SL-CoV viruses. Alignment of amino acid 
sequences around receptor binding motif (RBM) and furin cleavage sites in the spike 
glycoprotein compared to Wuhan-Hu-1 (top sequence, na 22541-24391). Identical amino acids 
are shown as dashes and deletions as dots. RBM is shown at aa positions 439-508, and the furin 
cleavage site is highlighted in magenta. Regions with identical or nearly identical amino acid 
sequences among SARS-CoV-2, RaTG13 and Pan_SL-CoV viruses are highlighted in yellow. 
The positions of critical contact sites with ACE2 are indicated at the top of the alignment and 
highlighted in blue. The two large deletions in RBM are indicated in green. 
  

                          ORF7<-|                          |->ORF8    
           SARS-CoV_GZ02 TCTCATTGTTGCTGCTCTAGTATTTTTAATACTTTGCTTCACCATTAAGAGAAAGACAGAATGAATGAGCTCACTTTAATTGACTTCTATTTGTGCTTTTTAGCCTTTCTGCTATTCCTTGTTTTAATAATGCTTATTATATTTTGGTTTTCACTCGAAATCCAGGATCTAGAAGAACCTTGTACCAAAGTCTAAACGAACATGAAACTT  210 
           SARS-CoV_GD01 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 
       SARS-CoV_Sino1-11 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 
           SARS-CoV_NS-1 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 
       Bat_SL-CoV_GX2013 C--------------AT--------A------------------------------------------------------C-----------------------------------------------T------C-------------C--------G---------A---------------A------------------------- 
       Bat_SL-CoV_Rf4092 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---T--------A---------------A------------------------- 
       Bat_SL-CoV_YN2013 ----------------A--------A---------------------------------------------T---------------------------------------------------C-------------------------------T---C--------A--------A------A------------------------- 
   Bat_SL-CoV_Anlong-112 -------------------------A------------------------------------------------C------------------------------------------------C--T----------------------------T---C--------A---------------A------------------------- 
     Bat_SL-CoV_YNLF-34C -----------------------------------------------------------------------------------------------------------------------------------------------------------T---C--------A---------------A------------------------- 
    SARS-CoV2_Wuhan-Hu-1 ---T--------G--AA----G---A---C------------AC-C--A---------------T---A--TT-A-----------------------------------------------------T-----------C--------C-----T---C-G--A----ATA-T---A-----CA-...-C----------------T-- 
SARS-CoV2_Taiwan_EPI_ISL ---T--------G--AA----G---A---C------------AC-C--A---------------T---A--TT-A-----------------------------------------------------T-----------C--------C-----T---C-G--A----ATA-T---A-----CA-...-C----------------T-- 
       SARS-CoV2_USA_CA1 ---T--------G--AA----G---A---C------------AC-C--A---------------T---A--TT-A-----------------------------------------------------T-----------C--------C-----T---C-G--A----ATA-T---A-----CA-...-C----------------T-- 
 SARS-CoV2_Nonthaburi_74 ---T--------G--AA----G---A---C------------AC-C--A---------------T---A--TT-A-----------------------------------------------------T-----------C--------C-----T---C-G--A----ATA-T---A-----CA-...-C----------------T-- 
       Bat_SL-CoV_RaTG13 ---T--CA----A--AA----G---A---C------------AC-C--A-----A---------G---A--TT-A-----------------------------------------------------T-----------C--------C-----T---C-G--A----ATA-T---A-----CA-...-C------------------- 
      Pan_SL-CoV_GD/P1La ------A-----G--GA----G---A---C---C--------AC------------T-------G------TT-AC--------------C------C----------T-------------------T-----C-----C--------------T---C-A--A----ATA-T---A-C---CAT...-C----------------T-- 
       Pan_SL-CoV_GD/P2S ------A-----G--GA..............................................GG------TT-AC--------------CA-----C----------T-------------------T-----C-----C--------------T---C-A--A----ATA-T---A-C---CAT...-C----------------T-- 
       Pan_SL-CoV_GX/P4L ------AA-------AT----G---A---C------------AC--------------------G---AA-T--AC------------------------.---------------------------T-----C--G------------G-TT-GAC-C----A---GAT--T--GTG---CCAA...------------------T-- 
       Pan_SL-CoV_GX/P3B ....................................................------------G---AA-T--AC----------------------------------------------------T-----C--G------------G-TT-GAC-C----A---GAT--T--GTG---CCAA...------------------T-- 
       Pan_SL-CoV_GX/P5E ------AA-------AT----G---A---C------------AC--------------------G---AA-T--AC----------------------....--------------------------T-----C--G------------G-TT-GAC-C----A---GAT--T--GTG---CCAA...------------------T-- 
       Pan_SL-CoV_GX/P5L ------AA-------AT----G---A---C------------AC--------------------G---AA-T--AC----------------T-----------------------------------T-----C--G------------G-TT-GAC-C----A---GAT--T--GTG---CCAA...------------------T-- 
       Pan_SL-CoV_GX/P1E ------AA-------AT----G---A---C------------AC--------------------G---AA-T--AC----------------T-----------------------------------T-----C--G------------G-TT-GAC-C----A---GAT--T--GTG---CCAA...------------------T-- 
       Pan_SL-CoV_GX/P2V ------AA-------AT----G---A---C------------AC--------------------G---AA-T--AC----------------------------------------------------T-----C--G------------G-TT-GAC-C----A---GAT--T--GTG---CCAA...------------------T-- 
         Bat_SL-CoV_ZC45 C--T--C-----A---A----G--CA----------------AT-C--A-----A-T-------G---AT-TT-A-----------------------C-----------------------------T-----C-----C--------C-----A---C-G--A----ATA-T---A---TCCA-...-C----------------T-- 
        Bat_SL-CoV_ZXC21 C--T--C-----A---A----G--CA----------------AT-C--A-----A-T-------G---AT-TT-A-----------------------C-----------------------------T-----C-----C--------C-----A---C-G--A----ATA-T---A---C-CA-...-C---------T------T-- 
      Bat_SL-CoV_YN2018B -------------------------A------------------------------------------------C------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
       Bat_SL-CoV_Rs9401 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
       Bat_SL-CoV_Rs7327 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
        Bat_SL-CoV_WIV16 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
       Bat_SL-CoV_Rs4231 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
  Bat_SL-CoV_Shaanxi2011 -------------------------A----------------TT------AG----------------------------------------------------------------------------T------C-------------C-----A--G--T------A----------C----A------------------------- 
   Bat_SL-CoV_Yunnan2011 ------------C------------A-------------------------------C------G---------------------------------------------------------------------C--C-----------C--CT-G--G--T--A---TCT-----G--A---C-A------------------------ 
       Bat_SL-CoV_Rs4247 --------------T----------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
       Bat_SL-CoV_As6526 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
      Bat_SL-CoV_YN2018C -------------------------A------------------------T------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
     Bat_SL-CoV_Longquan C--------------AT--------A------------------------------------------------------------------------------------------------------C------C-------C-----C--------G--T-----CA---------------A------------------------- 
       Bat_SL-CoV_HKU3-7 C--------------AT--------A------------------------------------------------------------------------------------------------------T------C-------------C--G--T--G--T-----CA---------------A------------------------- 
      Bat_SL-CoV_HKU3-12 C--------------AT--------A------------------------------------------------------------------------------------------------------T------C-------------C--G--T--G--T-----CA---------------A------------------------- 
       Bat_SL-CoV_HKU3-3 C--------------AT--------A------------------------------------------------------------------------------------------------------T------C-------------C--G--T--G--T-----CA---------------A------------------------- 
      Bat_SL-CoV_HuB2013 -------------------------A------------------------------------------------C------------------------------------------------C-------------------------------T---C----A---A----------C----A------------------------- 
          Bat_SL-CoV_279 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A----------C----A------------------------- 
       Bat_SL-CoV_SC2018 -------------------------A------------------------------------------------C------------------------------------------------C-------------------------------T---C--------G----------C----A------------------------- 
      Bat_SL-CoV_BM48-31 C--T---A---TCA-AT-GC-C---G----CTAC--T-G-...--G------......C-----T-C-TT-A-----GT----T-----CC-T--TG-CC--T-T--G--A--T---T-G--CA-T--------A--C--C-----T---GTGT-A---T-A--A------A-C----AA-AA-.......................... 
       Bat_SL-CoV_BtKY72 -G-TT-AA-C-TGTT-AC-T-GC----CC-TA-C-A-C-TTTT...---------...TG---CT-C-CT-A------C-------T---C-TCTTG-CC--T-T--G--T--T---T-G--CA-------A--G--C--C-----T---GTT--T---T-A--A------A-C----AA-AA-.......................... 
 
 
 
           SARS-CoV_GZ02 CTCATTGTTTTGACTTGTATTTCTCTATGCAGTTGCATACGCACTGTA......GTACAGCGCTGTGCATCTAATAAACCTCATGTGCTTGAAGATCCTTGTCCTACTGGTTACCAACCTGAATGGAATATAAGGTACAACACTAGGGGTAATACTTATAGCACTGCTTGGCTTTGTGCTCTAGGAAAGGTTTTACCTTTTCATAGATGG  420 
           SARS-CoV_GD01 ------------------------------------------------......------------------------------------------------------------------------------------------------------------------------------------------------------------ 
       SARS-CoV_Sino1-11 ---------------------------------------T--------......------------------------------------------------A.............................------------------------------------------------------------------------------ 
           SARS-CoV_NS-1 ------------------------------------------------......------------------------------------------------A.............................------------------------------------------------------------------------------ 
       Bat_SL-CoV_GX2013 -----------------------------------------------T......-------AT--------------------------------------------------T--------------------------------A--------------------------------------------C---G-------------- 
       Bat_SL-CoV_Rf4092 -----------------------------------------------T......--------------------C--------------------------C-----------------A--------------------------A--------------------------------------------A------------------ 
       Bat_SL-CoV_YN2013 -----------------------------------------------T......--------------------------------------------------------------------------------------------A-----------C--------------------------------------------------- 
   Bat_SL-CoV_Anlong-112 -----------------------------------------------T......-----------------------------------------C-----------------T------------------C-------------A--------------------------------------------------------------- 
     Bat_SL-CoV_YNLF-34C --------------------------T---T-C--T-----T-----G......-------------T--------C----T----T------A----A-----C--------T-GG--A--G-----C--T-----T-----------------A----A-------A----G------T-------------GT-------------- 
    SARS-CoV2_Wuhan-Hu-1 --TG--T-C--AGGAATC--CA-AACTGTAGC-GCAT-T-A-CAA-A-TGTAGTT-----TCA---A-TCAAC--C----AT----AG----T--C--G-------T-CAC-T-T-TT--A-----T----T--AGTAGGAG----A...--AT-AGCACCTTTAAT-GAAT-G--C-TGGAT-AGGCT-G--CTAAA-CA-CC-TTCA- 
SARS-CoV2_Taiwan_EPI_ISL --TG--T-C--AGGAATC--CA-AACTGTAGC-GCAT-T-A-CAA-A-TGTAGTT-----TCA---A-TCAAC--C----AT----AG----T--C--G-------T-CAC-T-T-TT--A-----T----T--AGTAGGAG----A...--AT-AGCACCTTTAAT-GAAT-G--C-TGGAT-AGGCT-G--CTAAA-CA-CC-TTCA- 
       SARS-CoV2_USA_CA1 --TG--T-C--AGGAATC--CA-AACTGTAGC-GCAT-T-A-CAA-A-TGTAGTT-----TCA---A-TCAAC--C----AT----AG----T--C--G-------T-CAC-T-T-TT--A-----T----T--AGTAGGAG----A...--AT-AGCACCTTTAAT-GAAT-G--CCTGGAT-AGGCT-G--CTAAA-CA-CC-TTCA- 
 SARS-CoV2_Nonthaburi_74 --TG--T-C--AGGAATC--CA-AACTGTAGC-GCAT-T-A-CAA-A-TGTAGTT-----TCA---A-TCAAC--C----AT----AG----T--C--G-------T-CAC-T-T-TT--A-----T----T--AGTAGGAG----A...--AT-AGCACCTTTAAT-GAAT-G--C-TGGAT-AGGCT-G--CTAAA-CA-CC-TTCA- 
       Bat_SL-CoV_RaTG13 --TG--T-C--AGGAATCC-CA-AAC-GTA-C-GCAT-T-A-CAA-A-TGTAGTT-----TCA-----TCAAC-CC----AT----AG----T--C--G-------T-CAC-T-T-TT--A-----T-C--T--AGTAGGAG----A...--AT-AGCACCTTTAAT-GAAT-G--C-TGGAT-AGGTT-G--CTAAA-CA-CC-TTCA- 
      Pan_SL-CoV_GD/P1La --TG--T-C--AGGAATCC--A-AAC-GTA-C-GCAT-T-ATCAG-A-TGTAGTT-----TCA-----TCAAC--C----CT----AG----T-----C-------T-CAC-TTT-CT--CG----TT---C--AGTAGGAG.---A...--GT-AGCACCTTTAAT-GAA--G--C-TGGAT-AGGCT-G--CTAAA-CA-CC-TTCA- 
       Pan_SL-CoV_GD/P2S --TG--T-C--AGGAATCC--A-AAC-GTA-C-GCAT-T-ATCAG-A-TGTAGTT-----TCA-----TCAAC--C----CT----AG----T-----C--...........................................................................................-CTAAA-CA-CC-TTCA- 
       Pan_SL-CoV_GX/P4L --TG--T-AC-TGGAATAC-AA-AAC-GTACACACAT-C-ATCAG-A-TGTAGTT-----TCA---CA--TC---TC----T----AG----T-----A--C----TACA--T-T-CT-GA-----T----T---GT-GGTG----A...--AT--GCACCATTGAT-GAA--C----T-GAT-A-GTA-G--C-AAAACA-C--TTAAA 
       Pan_SL-CoV_GX/P3B --TG--T-AC-TGGAATAC-AA-AAC-GTACACACAT-C-ATCAG-A-TGTAGTT-----TCA---CA--TC---TC----T----AG----T-----A--C----TACA--T-T-CT-GA-----T----T---GT-GGTG----A...--AT--GCACCATTGAT-GAA--C----T-GAT-A-GTA-G--C-AAAAAA-CC...... 
       Pan_SL-CoV_GX/P5E --TG--T-AC-TGGAATAC-AA-AAC-GTACACACAT-C-ATCAG-A-TGTAGTT-----TCA---CA--TC---TC----T----AG----T-----A--C----TACA--T-T-CT-GA-----T----T---GT-GGTG----A...--AT--GCACCATTGAT-GAA--C----T-GAT-A-GTA-G--C-AAAACA-C--TTAAA 
       Pan_SL-CoV_GX/P5L --TG--T-AC-TGGAATAC-AA-AAC-GTACACACAT-C-ATCAG-A-TGTAGTT-----TCA---CA--TC---TC----T----AG----T-----A--C----TACA--T-T-CT-GA-----T----T---GT-GGTG----A...--AT--GCACCATTGAT-GAA--C----T-GAT-A-GTA-G--C-AAAACA-C--TTAAA 
       Pan_SL-CoV_GX/P1E --TG--T-AC-TGGAATAC-AA-AAC-GTACACACAT-C-ATCAG-A-TGTAGTT--T--TCA---CA--TC---TC----T----AG----T-----A--C----TACA--T-T-CT-GA-----T----T---GT-GGTG----A...--AT--GCACCATTGAT-GAA--C----T-GAT-A-GTA-G--C-AAAACA-C--TTAAA 
       Pan_SL-CoV_GX/P2V --TG--T-AC-TGGAATAC-AA-AAC-GTACACACAT-C-ATCAG-A-TGTAGTT-----TCA---CA--TC---TC----T----AG----T-----A--C----TACA--T-T-CT-GA-----T----T---GT-GGTG----A...--AT--GCACCATTGAT-GAA--C----T-GAT-A-GTA-G--C-AAAACA-C--TTAAA 
         Bat_SL-CoV_ZC45 --TG--T-C--AGGAAT-C--A-AAC-GTAGC-GCAT-C-ATCAG-A-TGTAGTT-----TCA-----TCAGC--C----CT----AG----T--C--------A-T-CAC-T-T-CT-ACG----T----C--AGTGGGAG----A...--AT-AGCACCTTTGAT-GAAT-G----T-GAT-AGGTA-GC-CTAAG-CA-CC-TTCAA 
        Bat_SL-CoV_ZXC21 --TG--T-C--AGGAAT-C--A-AAC-GTAGC-GCAT-C-ATCAG-A-TGTAGTT-----TCA-----TCAAC--C----CT----AG----T--C--------A-T-CAC-T-T-CT-ACG----T----C--AGTGGGAG----A...--AT-AGCACCTTTGAT-GAAT-G----T-GAC-AGGTA-GC-CTAAG-CA-CC-TTCAA 
      Bat_SL-CoV_YN2018B -----------AGGACTCT-AA--TC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA--------C--A-----A-TACA----T-TT-G--C---TT-G---AAATTGGAC--...C----GT--GC-C--CTA-TACAA---------GGT-A-T-T-GACATAGAG---CA-T-CAT 
       Bat_SL-CoV_Rs9401 -----------AGGACTCT-AA-ATC-GTGTA----G-G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA-C------C--A-----A-TACA---TT-TT-G--C---TT-G---AAATTGGAC--...C-C--GT--GC-C--CTA-TACAA---------GGT-A-T-T-GACGCAGAG---CA-T-CAT 
       Bat_SL-CoV_Rs7327 -----------AGGACTCT-AA-ATC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C--T-ATTCCAA--------C--A-----A-TACA----T-TT-G--C---TT-G---AAATTGGAC--...C-C--GT--GCGC--CTA-TACAA---------GGT-A-T-T-GACATAGAG---CA-T-CAT 
        Bat_SL-CoV_WIV16 -----------AGGACTCT-AA-ATC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA-C------C--A-----A-TACA---TT-TT-G--C---TT-G---AAATTGGAC--...C-C--GT--GC-C--CTA-TACAA---------GGT-A-T-T-GACACAGAG---CA-T-CAT 
       Bat_SL-CoV_Rs4231 -----------AGGACTCT-AA-ATC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA-C------C--A-----A-TACA---TT-TT-G--C---TT-G---AAATTGGAC--...C-C--GT--GC-C--CTA-TACAA---------GGT-A-T-T-GACACAGAG---CA-T-CAT 
  Bat_SL-CoV_Shaanxi2011 --------A--TGGACTCT-AA--TC-GTATAC-----C-AT-AG-A-TGCAGCA----AGAG---TGTGAA---C----CT-CCAAA-------C--A-----A-TACA----T-TT-G--C---T------AAATTGGAG----A...--GT-AGCCC--CT--TGCAAT-G--C-AGGGC-ATT-T-GCAA-AGGA---CA-TTCAT 
   Bat_SL-CoV_Yunnan2011 -----------TGGACTCT-AA-AA--GTGTA-G-T--G-AT-AG-A-TGCACCA----AGAG---TGTGAA---C----CT-CA-T--A--------C-----A-TACAC---T-TT-G--C---T--T---A-ATTGGAC-A--A...--GT-GGCCC--TTACT-CA----------GGT-AGT-T-GCAA-AGAC-A-CGGTTCA- 
       Bat_SL-CoV_Rs4247 -----------AGGACTCT-AA-ATC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA-C------C--A-----A-TACA---TT-TT-G--C---TT-G---AAATTGGAC--C-C...--GT--GC-C--CTA-TACAA---------GGT-A-T-T-GACACAGAG---CA-T-CAT 
       Bat_SL-CoV_As6526 -----------AGGACTCT-AA-ATC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA--------C--A-----A-TACA---TT-TT-G--C---TT-----AAATTGGAC--C-C...--GT--GC-C--CTA-TACAA---------GGT-A-T-T-GACATAGAG---CA-T-CAT 
      Bat_SL-CoV_YN2018C -----------AGGACTCT-AA-ATC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA--------C--A-----A-TACA----T-TT-G--C---TT-G---AAATTGGAC--C-C...--GT--GCGC--CTA-TACAA---------GGT-A-T-T-GACATAGAG---CA-T-CAT 
     Bat_SL-CoV_Longquan -----------TGGACTCT--C-A.................--AA-A-TGCAGCA----AGAG---TGTGAA---C----CT-CAA-A-------C--A-----A-TACAC---T-TT-G--C---TT-----AAATTGGTT----A...--AT-AGC-C--CT--TACAAT-A-----AGGT-ATC-T-GAAA-AGAA---CA-TTCAT 
       Bat_SL-CoV_HKU3-7 -----------TGGACTCT-AA-ATC-GTGTAC-----C-AT-AA-A-TGCAGCA----AGAG---TGTGAA---C----CT-CCAAA-------C--A-----A-TACA----T-TT-G--C---TT-----AAATTGGAT----A...--AT-AGC-C--CTC-TACAAT-A----AAGGT-ATT-T-GACG-AGAA---CA-TT-AT 
      Bat_SL-CoV_HKU3-12 -----------TGGACTCT-AG-ATC-GTGTAC---T-C-A--GA-A-TGCAGCA----AGAG---TGTGAA---C----CT-CCAAA-------C--A-----A-TACA----T-TT-G--C---TT-----AAATTGGAT----A...--AT-GGC-C--CTC-TACAAT-G--C-AAGGT-ATT-C-GACG-AGAA---CA-TTCAT 
       Bat_SL-CoV_HKU3-3 -----------TGGACTCT-AG-ATC-GTGTAC---T-C-A--GA-A-TGCAGCA----AGAG---TGTGAA---C----CT-CCAAA-------C--A-----A-TACA----T-TT-G--C---TT-----AAATTGGAT----A...--AT-GGC-C--CTC-TACAAT-G--C-AAGGT-ATT-C-GACG-AGAA---CA-TTCAT 
      Bat_SL-CoV_HuB2013 -----------TGGACTCT-AA-ATC-GTATAC-----T-AT-AA-A-TGCAGCA----AGAG---TGTGAA-T-C----CTCCCAAA-------C--A-C---A-TACA----T-TT-G--C---TT----CAAATTGGATA---A...--GT-AGC-C--CT--TACAAT-G--C-AGGG--ATT-T-GCAA-AGAA---CG-TTCAT 
          Bat_SL-CoV_279 -----------TGGACTCT-AA-ATC-GTATAC-----T-AT-AA-A-TGCAGCA----AGAG---TGTGAA---C----CT-CCAAA-------C--A-----A-TACA----T-TT-G--C---TT-----AAATTGGAT----A...--GT-AGC-C--CT--TACAAT-G--C-AGGG--ATT-T-GCAA-AGAA---CG-TTCAT 
       Bat_SL-CoV_SC2018 -----------TGGACTCT-GA-ATC-GTATA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA--CC----ATTCCAA--C-----C--A-----A-TACA----T-TTTG--C---TT-G-T-AAATTGGGCA-C-T...--AT-GGC-C--CTA-TACAA------A-AGGT-AGT-T-GGCATAAGA-C-CA-TTCAT 
      Bat_SL-CoV_BM48-31 .................................................................................................................................................................................................................. 
       Bat_SL-CoV_BtKY72 .................................................................................................................................................................................................................. 
 
 
 
                       ORF8<-| |->N 
           SARS-CoV_GZ02 CACACTATGGTTCAAACATGCACACCT.........AATGTTACTATCAACTGTCAAGATCCAGCTGGTGGTGCGCTTATAGCTAGGTGTTGGTACCTTCATGAAGGTCACCAAACTGCTGCATTTAGAGACGTATTTGTTGTTTTAAATAAACGAACAAATTAAAATGTCTGATAATGGACCCCAATCAAACCAACGTAGTGCCCCCCG  630 
           SARS-CoV_GD01 ---------------------------.........------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 
       SARS-CoV_Sino1-11 ---------------------------.........---------------------------------------------------------------------------------------------------C-------------------------------------------------------------------------- 
           SARS-CoV_NS-1 ---------------------------.........---------------------------------------------------------------------------------------------------C-------------------------------------------------------------------------- 
       Bat_SL-CoV_GX2013 -----C---------------------.........-----C-----------------------------------------------------------C---------------------------------C-------------------------C---------------------------------G------------A- 
       Bat_SL-CoV_Rf4092 ---------------------------.........----------------------------T-------------------------------------------------------------------A--C-------------------------C---------------------------------G-------------- 
       Bat_SL-CoV_YN2013 ---------------------------.........-----------------------------------------------------------------C---------------------------------C--------C----------------C-------------------------C-------G-------------- 
   Bat_SL-CoV_Anlong-112 ---------------------------.........--------------------------------------------G--------------------C---------------------------------C-------------------------C-------------------------C---G------------------ 
     Bat_SL-CoV_YNLF-34C ---------------G----T------.........---A-C--C--T--T-----------G-TG--------A---G----G--A---------T----CA-----TC---G------A-----------A--CAC--A-A-C-GTTCTTTAA-CG--C----T--------------------C...--------------TT---- 
    SARS-CoV2_Wuhan-Hu-1 T---TCGATA-CGGT-AT-AT---GT-TCCTGTTTACC-T----A--T--T--C--G--A--TAAATTG---AGT---G---TGC-T----C--T-TA-G-A--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...--T--G--A-A---A----- 
SARS-CoV2_Taiwan_EPI_ISL T---TCGATA-CGGT-AT-AT---GT-TCCTGTTTACC-T----A--T--T--C--G--A--TAAATTG---AGT---G---TGC-T----C--T-TA-G-A--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...--T--G--A-A---A----- 
       SARS-CoV2_USA_CA1 T---TCGATA-CGGT-AT-AT---GT-TCCTGTTCACC-T----A--T--T--C--G--A--TAAATTG---AGT---G---TGC-T----C--T-TA-G-A--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...--T--G--A-A---A----- 
 SARS-CoV2_Nonthaburi_74 T---TCGATA-CGGT-AT-AT---GT-TCCTGTTTACC-T----A--T--T--C--G--A--TAAATTG---AGT---G---TGC-T----C--T-TA-G-A--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...--T--G--A-A---A----- 
       Bat_SL-CoV_RaTG13 T---TCGATA-CGGC-AT-AT---GT-TCCTGTTCACC-T----A--T--T--C--G--G--TAAATTG---AGT---G---TGC-T----C--T-TA-G-A--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...--------A-A---A----- 
      Pan_SL-CoV_GD/P1La T---TAGATA-AGGT-AT-A---GGT-TCCTGTTCACC-T----A--T--T--C--G--A--TAAATTA--CAGT--CG---TAC-T----C--T-TA-G-G--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..-----------------A---...--T--G--A-A---A----- 
       Pan_SL-CoV_GD/P2S T---TAGATA-AGGT-AT-A---GGT-TCCTGTTCACC-T----A--T--T--C--G--A--TAAATTA--CAGT--CG---TAC-T----C--T-TA-G-G--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..-----------------A---...--T--G--A-A---A----- 
       Pan_SL-CoV_GX/P4L T---TCGACA--GGC-AC-A---TGT-TCTTGTTCACCGT-------A-----------A--TAAATTA---AGT--CG---T-C-T----C--T-TA-G-A--CTT-GTTG-TTACCA--ACA--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-C.AA-..---------------------...--T...---...--A----- 
       Pan_SL-CoV_GX/P3B ......................................GT-------A-----------A--TAAATTA---AGT--CG---T-C-T----C--T-TA-G-A--CTT-GTTG-TTACCA--ACA--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-C.AA-..---------------------...--T...---...--A----- 
       Pan_SL-CoV_GX/P5E T---TCGACA--GGC-AC-A---TGT-TCTTGTTCACCGT-------A-----------A--TAAATTA---AGT--CG---T-C-T----C--T-TA-G-A--CTT-GTTG-TTACCA--ACA--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-C.AA-..---------------------...--T...---...--A----- 
       Pan_SL-CoV_GX/P5L T---TCGACA--GGC-AC-A---TGT-TCTTGTTCACCGT-------A-----------A--TAAATTA---AGT--CG---T-C-T----C--T-TA-G-A--CTT-GTTG-TTACCA--ACA--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-C.AA-..---------------------...--T...---...--A----- 
       Pan_SL-CoV_GX/P1E T---TCGACA--GGC-AC-A---TGT-TCTTGTTCACCGT-------A-----------A--TAAATTA---AGT--CG---T-C-T----C--T-TA-G-A--CTT-GTTG-TTACCA--ACA--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-C.AA-..---------------------...--T...---...--A----- 
       Pan_SL-CoV_GX/P2V T---TCGACA--GGC-AC-A---TGT-TCTTGTTCACCGT-------A-----------A--TAAATTA---AGT--CG---T-C-T----C--T-TA-G-A--CTT-GTTG-TTACCA--ACA--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-C.AA-..---------------------...-.T...---...--A----- 
         Bat_SL-CoV_ZC45 T---T-GACA--GGT-AT-A----GT-TCCTGTTCTCC-T----A--T--T--C--G--A--TAAATTA---AGT--CG---TAC------C---TTA-G-A--CTT--TAG-GTACCA--ACA--C-T-TT--C--A-A-T-CA-CT-A-CGAACTA-CTAA-..---------------------...--------------A----- 
        Bat_SL-CoV_ZXC21 T---T-GACA--GGT-AT-A----GT-TCCTGTTCTCC-T----A--T--T--C--G--A--TAAATTA---AGT--CG---TAC------C---TTA-G-A--CTT--TAG-GTACCA--ACA--C-T-TT--C--A-A-T-CA-CT-A-CGAACTA-CTAA-..---------------------...-----GA-------A----- 
      Bat_SL-CoV_YN2018B T--GAA---T--GGC-AT-A---TAT-TCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..-----------------------------G-------------- 
       Bat_SL-CoV_Rs9401 T-TGAA---T--GGC-AT-AT--TAT-TCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------C-------G-------------- 
       Bat_SL-CoV_Rs7327 T-TGAA---T--GGC-AT-AT--TATCTCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--C-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------C-------G-------------- 
        Bat_SL-CoV_WIV16 T-TGAA---T--GGC-AT-AT--TAT-TCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------C----T--G-------------- 
       Bat_SL-CoV_Rs4231 T-TGAA---T--GGC-AT-AT--TAT-TCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------C----T--G-------------- 
  Bat_SL-CoV_Shaanxi2011 T-TGAA---T--GGC-AT-A---TATCTCTTGCGAACCAC--GAG--A-----C----CA---C---TA---AGT--A--T-TGC-T----C----GA-T----CTT-GTTG-GCA-CA--ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...-------------------- 
   Bat_SL-CoV_Yunnan2011 T-TGAG-A-C--GGC-AC-AT--TATCAACTGTGAACCAT--GAA--T--T--C---ACA---C---TA--CAGT--A--T-TGC-T----C----GA-T----CTTCATTG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------CA--------------------- 
       Bat_SL-CoV_Rs4247 T-TGAA---T--GGC-AT-AT--TAT-TCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-TTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------C----T--G-------------- 
       Bat_SL-CoV_As6526 T-TGAA---T--GGC-AT-AT--TAT-TCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CA--ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..-----------------------------G-------------- 
      Bat_SL-CoV_YN2018C T-TGAA---T--GGC-AT-AT--TATCTCATGTGAACCAC--GAA--A--T------A-----C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..-----------------------------G-------------- 
     Bat_SL-CoV_Longquan T-TGAG---T--GGC-AT-A---CATCTCCTGTGAACCAC-AGAG--A--T--C--G-CA---C-A-TA---AGT--A--C-T-C-T----C----GA-T-C--CTT-GTTG-GCA-CA--ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...-G------------------ 
       Bat_SL-CoV_HKU3-7 T-TGAG---T--GGC-AT-A---TATCTCTTGTGAACCAC-AGAG--A--T-----G-CG---C-A-TG---AGT--A--C-T-C-T----CA---GA-T-C--CTT-GTTG-GCA-CA--ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-TTAA-..---------------------...G-------------T----- 
      Bat_SL-CoV_HKU3-12 T-TGAG---T--GGC-AT-A---TATCTCCTGTGAACCAC-AGAG--A--T-----G-C----C-A-TA---AGT--A--C-T-C-T----CA---GA-T----CTT-GTTG-GCA-CA--ACG--C-T-TT---C-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...-GT----------------- 
       Bat_SL-CoV_HKU3-3 T-TGAG---T--GGC-AT-A---TATCTCCTGTGAACCAC-AGAG--A--T-----G-C----C-A-TA---AGT--A--C-T-C-T----CA---GA-T----CTT-GTTG-GCA-CA--ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...-GT----------------- 
      Bat_SL-CoV_HuB2013 T-TGAA---T--GGC-AT-A--GTATGTACTGTGAACCAC--GAG--A----------CC---C-A-TA---CGTT-A--T-TGC----G-T-C--GA-T----GTC-GCTG-GCA-CAC-ACG------TT--TC-A-A-T-CA--T-A-CGAAC-A-CTAA-..---------------------...-----G-------------- 
          Bat_SL-CoV_279 T-TGAA---T--GGC-AT-A---TATCTCTTGTGAACCCC--GAG--A----------CA---C-A-TA---AGT--A--T-TGC-C--C-C----GA-T----CTT-GTTG-GCA-CA--ACG-GC-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...-----G-------------- 
       Bat_SL-CoV_SC2018 T-TGAC--TT--GGC-AT-AT--TAT-TCATGTGAACCAC--GAA--T--T------A-C---C-A-T---AAGT--C--C-TAC-T----CA--TGA-GT---CTC-ATGG-GTA-CA--ACG--CAT-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAAG..---------------------...-----G-------------- 
      Bat_SL-CoV_BM48-31 ......................................................................................................................................................................---A------------AATC-...---TCG----A---G--T-- 
       Bat_SL-CoV_BtKY72 ......................................................................................................................................................................---A------------AA---...GGA-CG--C-A---G--T-- 
                                                                                  ORF8 (for other viruses)<-| 
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Fig. S4. Purifying selection in the 3’ end region of the S gene. Purifying selection pressure on 
the 3’ end region (na 23924-25384) of the S gene region among SARS-CoV-2, RaTG13 and 
Pan_SL-CoV viruses (within red boxes in phylogenetic trees) are shown by much shorter 
branches with amino acid sequences than with nucleic acid sequences.   
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Fig. S5. Purifying selection pressure on the M gene. (A) Phylogenetic tree (left) and 
Highlighter plot (right) of all sequences compared to SARS-CoV-2 in the M gene. SARS-CoV-2, 
RaTG13, all Pan_SL-CoV and the two bat  CoV (ZXC21 and ZC45) sequences are in Group A, 
and all other sequences in Group B, to highlight differences between the two groups. Colored tic 
marks are mutations compared to the top sequence (SARS-CoV-2 Wuahn-Hu-1), with 
synonymous as light blue and non-synonymous as red. (B) Cumulative plots of the average 
behavior of each codon for all pairwise comparisons in the input data, for synonymous 
mutations, non-synonymous mutations and indels of group A sequences (left) and group B 
sequences (right). Average ratios of the rate of nonsynonymous substitutions per 
nonsynonymous site (dN/dS, or w) for each sequence group are reported at the top of each plot. 
(C) dS/dN ratios of all sequences compared to Wuhan-Hu-1. (D) Proportion of tree branches 
under positive and negative selection (right and left respectively) for the two sequence groups as 
calculated using the mixed effects model of evolution (MEME) from the datamonkey 
(www.datamonkey.org) server.  
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Fig. S6. Purifying selection pressure on the partial region of  ORF1a. (A) Phylogenetic trees 
(left) and Highlighter plots (right) of sequences compared to SARS-CoV-2 (top) and to SARS-
CoV (bottom) in the partial region of ORF1a. SARS-CoV-2, RaTG13 and Pan_SL-CoV from 
Guangdon are in Group A, and all other bat-CoV sequences in Group B, to highlight differences 
between the two groups. Colored tic marks are mutations compared to the top sequence (SARS-
CoV-2 Wuahn-Hu-1 in the top graph and SARS-CoV Sin 1-11 in the bottom graph), with 
synonymous as light blue and non-synonymous as red. (B) Cumulative plots of the average 
behavior of each codon for all pairwise comparisons in the input data, for synonymous 
mutations, non-synonymous mutations and indels of group A sequences (left) and group B 
sequences (right). Average ratios of the rate of nonsynonymous substitutions per 
nonsynonymous site (dN/dS, or w) for each sequence group are reported at the top of each plot. 
(C) dS/dN ratios of all sequences compared to Wuhan-Hu-1 in dark blue, and compared to 
SARS-CoV Sin 1-11 in green. (D) Proportion of tree branches under positive and negative 
selection (right and left respectively) for the two groups as calculated using the mixed effects 
model of evolution (MEME) from the datamonkey server (www.datamonkey.org).  
  



 
 

9 
 

 
 
Fig. S7. Phylogenetic tree analysis of SARS-CoV-2 genes together with other CoVs. 
Phylogenetic trees were constructed for each coding region in the CoV genome. Sequences are 
colored differently based on their hosts and phylogenetic cluster: 4 SARS-CoV-2 sequences 
(red), Bat_SL-CoV sequence RaTG13 (magenta), 2 pangolin CoVs from Guangdong (Pan_SL-
CoV_GD, dark green), 6 pangolin CoVs from Guangxi (Pan_SL-CoV_GX , light green), and 4 
SARS-CoV sequences (dark blue). The remaining Bat_SL-CoV sequences in the set are color-
coded according to their phylogenetic subclusterings  in the tree.  
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Fig. S8. Recombination analysis of SARS-CoV sequences. (A) Similarity plot comparing 
SARS sequence GZ02 to bat-CoV viruses YNLF-34C (red) and Yunnan2011 (blue). The plot 
was obtained using the recombination detection tool RIP with a window size of 400 base pairs 
(10). Top line shows break points at 99% confidence. Regions between significant break points 
are highlighted in the red ovals are marked r1-r5. At the bottom of the graph GZ02 is shown with 
nucleotide mutations colored in red if they are shared with sequence YNLF-34C, blue if they are 
shared with Yunnan2011. Nucleic acid unique to GZ02 are not shown. (B-F) Phylogenetic trees 
of the individual regions between break points, showing how the SARS sequences cluster more 
closely to either YNLF-34C or Yunnan2011 (red arrows). Regions between breakpoints were at 
the following base positions from the beginning of the genome: 1561-3303 (r1); 4621-5220 (r2); 
5521-21360 (r3); 25201-25620 (r4); and 28201-29110 (r5).  
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Fig. S9. Nearly identical ORF8 sequences between SARS-CoV and four Bat_SL-CoV 
viruses. Nucleic acid sequence alignments of ORF8, partial ORF7 and the N gene compared to 
SARS-CoV GZ02 (top). Identical amino acids are shown as dashes and deletions as dots. 
Regions with nearly identical sequences among SARS-CoV and four bat_SL-CoV (GX2013, 
Anlong-112, Rf4092 and YN2013) viruses are highlighted in yellow. The ORF8 deletion in two 
highly divergent bat-SL-CoVs (BtKY72 and BM48-31) is highlighted in blue.  
  

                          ORF7<-|                          |->ORF8    
           SARS-CoV_GZ02 TCTCATTGTTGCTGCTCTAGTATTTTTAATACTTTGCTTCACCATTAAGAGAAAGACAGAATGAATGAGCTCACTTTAATTGACTTCTATTTGTGCTTTTTAGCCTTTCTGCTATTCCTTGTTTTAATAATGCTTATTATATTTTGGTTTTCACTCGAAATCCAGGATCTAGAAGAACCTTGTACCAAAGTCTAAACGAACATGAAACTT  210 
           SARS-CoV_GD01 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 
       SARS-CoV_Sino1-11 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 
           SARS-CoV_NS-1 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 
       Bat_SL-CoV_GX2013 C--------------AT--------A------------------------------------------------------C-----------------------------------------------T------C-------------C--------G---------A---------------A------------------------- 
       Bat_SL-CoV_Rf4092 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---T--------A---------------A------------------------- 
       Bat_SL-CoV_YN2013 ----------------A--------A---------------------------------------------T---------------------------------------------------C-------------------------------T---C--------A--------A------A------------------------- 
   Bat_SL-CoV_Anlong-112 -------------------------A------------------------------------------------C------------------------------------------------C--T----------------------------T---C--------A---------------A------------------------- 
     Bat_SL-CoV_YNLF-34C -----------------------------------------------------------------------------------------------------------------------------------------------------------T---C--------A---------------A------------------------- 
    SARS-CoV2_Wuhan-Hu-1 ---T--------G--AA----G---A---C------------AC-C--A---------------T---A--TT-A-----------------------------------------------------T-----------C--------C-----T---C-G--A----ATA-T---A-----CA-...-C----------------T-- 
SARS-CoV2_Taiwan_EPI_ISL ---T--------G--AA----G---A---C------------AC-C--A---------------T---A--TT-A-----------------------------------------------------T-----------C--------C-----T---C-G--A----ATA-T---A-----CA-...-C----------------T-- 
       SARS-CoV2_USA_CA1 ---T--------G--AA----G---A---C------------AC-C--A---------------T---A--TT-A-----------------------------------------------------T-----------C--------C-----T---C-G--A----ATA-T---A-----CA-...-C----------------T-- 
 SARS-CoV2_Nonthaburi_74 ---T--------G--AA----G---A---C------------AC-C--A---------------T---A--TT-A-----------------------------------------------------T-----------C--------C-----T---C-G--A----ATA-T---A-----CA-...-C----------------T-- 
       Bat_SL-CoV_RaTG13 ---T--CA----A--AA----G---A---C------------AC-C--A-----A---------G---A--TT-A-----------------------------------------------------T-----------C--------C-----T---C-G--A----ATA-T---A-----CA-...-C------------------- 
      Pan_SL-CoV_GD/P1La ------A-----G--GA----G---A---C---C--------AC------------T-------G------TT-AC--------------C------C----------T-------------------T-----C-----C--------------T---C-A--A----ATA-T---A-C---CAT...-C----------------T-- 
       Pan_SL-CoV_GD/P2S ------A-----G--GA..............................................GG------TT-AC--------------CA-----C----------T-------------------T-----C-----C--------------T---C-A--A----ATA-T---A-C---CAT...-C----------------T-- 
       Pan_SL-CoV_GX/P4L ------AA-------AT----G---A---C------------AC--------------------G---AA-T--AC------------------------.---------------------------T-----C--G------------G-TT-GAC-C----A---GAT--T--GTG---CCAA...------------------T-- 
       Pan_SL-CoV_GX/P3B ....................................................------------G---AA-T--AC----------------------------------------------------T-----C--G------------G-TT-GAC-C----A---GAT--T--GTG---CCAA...------------------T-- 
       Pan_SL-CoV_GX/P5E ------AA-------AT----G---A---C------------AC--------------------G---AA-T--AC----------------------....--------------------------T-----C--G------------G-TT-GAC-C----A---GAT--T--GTG---CCAA...------------------T-- 
       Pan_SL-CoV_GX/P5L ------AA-------AT----G---A---C------------AC--------------------G---AA-T--AC----------------T-----------------------------------T-----C--G------------G-TT-GAC-C----A---GAT--T--GTG---CCAA...------------------T-- 
       Pan_SL-CoV_GX/P1E ------AA-------AT----G---A---C------------AC--------------------G---AA-T--AC----------------T-----------------------------------T-----C--G------------G-TT-GAC-C----A---GAT--T--GTG---CCAA...------------------T-- 
       Pan_SL-CoV_GX/P2V ------AA-------AT----G---A---C------------AC--------------------G---AA-T--AC----------------------------------------------------T-----C--G------------G-TT-GAC-C----A---GAT--T--GTG---CCAA...------------------T-- 
         Bat_SL-CoV_ZC45 C--T--C-----A---A----G--CA----------------AT-C--A-----A-T-------G---AT-TT-A-----------------------C-----------------------------T-----C-----C--------C-----A---C-G--A----ATA-T---A---TCCA-...-C----------------T-- 
        Bat_SL-CoV_ZXC21 C--T--C-----A---A----G--CA----------------AT-C--A-----A-T-------G---AT-TT-A-----------------------C-----------------------------T-----C-----C--------C-----A---C-G--A----ATA-T---A---C-CA-...-C---------T------T-- 
      Bat_SL-CoV_YN2018B -------------------------A------------------------------------------------C------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
       Bat_SL-CoV_Rs9401 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
       Bat_SL-CoV_Rs7327 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
        Bat_SL-CoV_WIV16 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
       Bat_SL-CoV_Rs4231 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
  Bat_SL-CoV_Shaanxi2011 -------------------------A----------------TT------AG----------------------------------------------------------------------------T------C-------------C-----A--G--T------A----------C----A------------------------- 
   Bat_SL-CoV_Yunnan2011 ------------C------------A-------------------------------C------G---------------------------------------------------------------------C--C-----------C--CT-G--G--T--A---TCT-----G--A---C-A------------------------ 
       Bat_SL-CoV_Rs4247 --------------T----------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
       Bat_SL-CoV_As6526 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
      Bat_SL-CoV_YN2018C -------------------------A------------------------T------------------------------------------------------------------------C-------------------------------T---C--------A---------------A------------------------- 
     Bat_SL-CoV_Longquan C--------------AT--------A------------------------------------------------------------------------------------------------------C------C-------C-----C--------G--T-----CA---------------A------------------------- 
       Bat_SL-CoV_HKU3-7 C--------------AT--------A------------------------------------------------------------------------------------------------------T------C-------------C--G--T--G--T-----CA---------------A------------------------- 
      Bat_SL-CoV_HKU3-12 C--------------AT--------A------------------------------------------------------------------------------------------------------T------C-------------C--G--T--G--T-----CA---------------A------------------------- 
       Bat_SL-CoV_HKU3-3 C--------------AT--------A------------------------------------------------------------------------------------------------------T------C-------------C--G--T--G--T-----CA---------------A------------------------- 
      Bat_SL-CoV_HuB2013 -------------------------A------------------------------------------------C------------------------------------------------C-------------------------------T---C----A---A----------C----A------------------------- 
          Bat_SL-CoV_279 -------------------------A-------------------------------------------------------------------------------------------------C-------------------------------T---C--------A----------C----A------------------------- 
       Bat_SL-CoV_SC2018 -------------------------A------------------------------------------------C------------------------------------------------C-------------------------------T---C--------G----------C----A------------------------- 
      Bat_SL-CoV_BM48-31 C--T---A---TCA-AT-GC-C---G----CTAC--T-G-...--G------......C-----T-C-TT-A-----GT----T-----CC-T--TG-CC--T-T--G--A--T---T-G--CA-T--------A--C--C-----T---GTGT-A---T-A--A------A-C----AA-AA-.......................... 
       Bat_SL-CoV_BtKY72 -G-TT-AA-C-TGTT-AC-T-GC----CC-TA-C-A-C-TTTT...---------...TG---CT-C-CT-A------C-------T---C-TCTTG-CC--T-T--G--T--T---T-G--CA-------A--G--C--C-----T---GTT--T---T-A--A------A-C----AA-AA-.......................... 
 
 
 
           SARS-CoV_GZ02 CTCATTGTTTTGACTTGTATTTCTCTATGCAGTTGCATACGCACTGTA......GTACAGCGCTGTGCATCTAATAAACCTCATGTGCTTGAAGATCCTTGTCCTACTGGTTACCAACCTGAATGGAATATAAGGTACAACACTAGGGGTAATACTTATAGCACTGCTTGGCTTTGTGCTCTAGGAAAGGTTTTACCTTTTCATAGATGG  420 
           SARS-CoV_GD01 ------------------------------------------------......------------------------------------------------------------------------------------------------------------------------------------------------------------ 
       SARS-CoV_Sino1-11 ---------------------------------------T--------......------------------------------------------------A.............................------------------------------------------------------------------------------ 
           SARS-CoV_NS-1 ------------------------------------------------......------------------------------------------------A.............................------------------------------------------------------------------------------ 
       Bat_SL-CoV_GX2013 -----------------------------------------------T......-------AT--------------------------------------------------T--------------------------------A--------------------------------------------C---G-------------- 
       Bat_SL-CoV_Rf4092 -----------------------------------------------T......--------------------C--------------------------C-----------------A--------------------------A--------------------------------------------A------------------ 
       Bat_SL-CoV_YN2013 -----------------------------------------------T......--------------------------------------------------------------------------------------------A-----------C--------------------------------------------------- 
   Bat_SL-CoV_Anlong-112 -----------------------------------------------T......-----------------------------------------C-----------------T------------------C-------------A--------------------------------------------------------------- 
     Bat_SL-CoV_YNLF-34C --------------------------T---T-C--T-----T-----G......-------------T--------C----T----T------A----A-----C--------T-GG--A--G-----C--T-----T-----------------A----A-------A----G------T-------------GT-------------- 
    SARS-CoV2_Wuhan-Hu-1 --TG--T-C--AGGAATC--CA-AACTGTAGC-GCAT-T-A-CAA-A-TGTAGTT-----TCA---A-TCAAC--C----AT----AG----T--C--G-------T-CAC-T-T-TT--A-----T----T--AGTAGGAG----A...--AT-AGCACCTTTAAT-GAAT-G--C-TGGAT-AGGCT-G--CTAAA-CA-CC-TTCA- 
SARS-CoV2_Taiwan_EPI_ISL --TG--T-C--AGGAATC--CA-AACTGTAGC-GCAT-T-A-CAA-A-TGTAGTT-----TCA---A-TCAAC--C----AT----AG----T--C--G-------T-CAC-T-T-TT--A-----T----T--AGTAGGAG----A...--AT-AGCACCTTTAAT-GAAT-G--C-TGGAT-AGGCT-G--CTAAA-CA-CC-TTCA- 
       SARS-CoV2_USA_CA1 --TG--T-C--AGGAATC--CA-AACTGTAGC-GCAT-T-A-CAA-A-TGTAGTT-----TCA---A-TCAAC--C----AT----AG----T--C--G-------T-CAC-T-T-TT--A-----T----T--AGTAGGAG----A...--AT-AGCACCTTTAAT-GAAT-G--CCTGGAT-AGGCT-G--CTAAA-CA-CC-TTCA- 
 SARS-CoV2_Nonthaburi_74 --TG--T-C--AGGAATC--CA-AACTGTAGC-GCAT-T-A-CAA-A-TGTAGTT-----TCA---A-TCAAC--C----AT----AG----T--C--G-------T-CAC-T-T-TT--A-----T----T--AGTAGGAG----A...--AT-AGCACCTTTAAT-GAAT-G--C-TGGAT-AGGCT-G--CTAAA-CA-CC-TTCA- 
       Bat_SL-CoV_RaTG13 --TG--T-C--AGGAATCC-CA-AAC-GTA-C-GCAT-T-A-CAA-A-TGTAGTT-----TCA-----TCAAC-CC----AT----AG----T--C--G-------T-CAC-T-T-TT--A-----T-C--T--AGTAGGAG----A...--AT-AGCACCTTTAAT-GAAT-G--C-TGGAT-AGGTT-G--CTAAA-CA-CC-TTCA- 
      Pan_SL-CoV_GD/P1La --TG--T-C--AGGAATCC--A-AAC-GTA-C-GCAT-T-ATCAG-A-TGTAGTT-----TCA-----TCAAC--C----CT----AG----T-----C-------T-CAC-TTT-CT--CG----TT---C--AGTAGGAG.---A...--GT-AGCACCTTTAAT-GAA--G--C-TGGAT-AGGCT-G--CTAAA-CA-CC-TTCA- 
       Pan_SL-CoV_GD/P2S --TG--T-C--AGGAATCC--A-AAC-GTA-C-GCAT-T-ATCAG-A-TGTAGTT-----TCA-----TCAAC--C----CT----AG----T-----C--...........................................................................................-CTAAA-CA-CC-TTCA- 
       Pan_SL-CoV_GX/P4L --TG--T-AC-TGGAATAC-AA-AAC-GTACACACAT-C-ATCAG-A-TGTAGTT-----TCA---CA--TC---TC----T----AG----T-----A--C----TACA--T-T-CT-GA-----T----T---GT-GGTG----A...--AT--GCACCATTGAT-GAA--C----T-GAT-A-GTA-G--C-AAAACA-C--TTAAA 
       Pan_SL-CoV_GX/P3B --TG--T-AC-TGGAATAC-AA-AAC-GTACACACAT-C-ATCAG-A-TGTAGTT-----TCA---CA--TC---TC----T----AG----T-----A--C----TACA--T-T-CT-GA-----T----T---GT-GGTG----A...--AT--GCACCATTGAT-GAA--C----T-GAT-A-GTA-G--C-AAAAAA-CC...... 
       Pan_SL-CoV_GX/P5E --TG--T-AC-TGGAATAC-AA-AAC-GTACACACAT-C-ATCAG-A-TGTAGTT-----TCA---CA--TC---TC----T----AG----T-----A--C----TACA--T-T-CT-GA-----T----T---GT-GGTG----A...--AT--GCACCATTGAT-GAA--C----T-GAT-A-GTA-G--C-AAAACA-C--TTAAA 
       Pan_SL-CoV_GX/P5L --TG--T-AC-TGGAATAC-AA-AAC-GTACACACAT-C-ATCAG-A-TGTAGTT-----TCA---CA--TC---TC----T----AG----T-----A--C----TACA--T-T-CT-GA-----T----T---GT-GGTG----A...--AT--GCACCATTGAT-GAA--C----T-GAT-A-GTA-G--C-AAAACA-C--TTAAA 
       Pan_SL-CoV_GX/P1E --TG--T-AC-TGGAATAC-AA-AAC-GTACACACAT-C-ATCAG-A-TGTAGTT--T--TCA---CA--TC---TC----T----AG----T-----A--C----TACA--T-T-CT-GA-----T----T---GT-GGTG----A...--AT--GCACCATTGAT-GAA--C----T-GAT-A-GTA-G--C-AAAACA-C--TTAAA 
       Pan_SL-CoV_GX/P2V --TG--T-AC-TGGAATAC-AA-AAC-GTACACACAT-C-ATCAG-A-TGTAGTT-----TCA---CA--TC---TC----T----AG----T-----A--C----TACA--T-T-CT-GA-----T----T---GT-GGTG----A...--AT--GCACCATTGAT-GAA--C----T-GAT-A-GTA-G--C-AAAACA-C--TTAAA 
         Bat_SL-CoV_ZC45 --TG--T-C--AGGAAT-C--A-AAC-GTAGC-GCAT-C-ATCAG-A-TGTAGTT-----TCA-----TCAGC--C----CT----AG----T--C--------A-T-CAC-T-T-CT-ACG----T----C--AGTGGGAG----A...--AT-AGCACCTTTGAT-GAAT-G----T-GAT-AGGTA-GC-CTAAG-CA-CC-TTCAA 
        Bat_SL-CoV_ZXC21 --TG--T-C--AGGAAT-C--A-AAC-GTAGC-GCAT-C-ATCAG-A-TGTAGTT-----TCA-----TCAAC--C----CT----AG----T--C--------A-T-CAC-T-T-CT-ACG----T----C--AGTGGGAG----A...--AT-AGCACCTTTGAT-GAAT-G----T-GAC-AGGTA-GC-CTAAG-CA-CC-TTCAA 
      Bat_SL-CoV_YN2018B -----------AGGACTCT-AA--TC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA--------C--A-----A-TACA----T-TT-G--C---TT-G---AAATTGGAC--...C----GT--GC-C--CTA-TACAA---------GGT-A-T-T-GACATAGAG---CA-T-CAT 
       Bat_SL-CoV_Rs9401 -----------AGGACTCT-AA-ATC-GTGTA----G-G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA-C------C--A-----A-TACA---TT-TT-G--C---TT-G---AAATTGGAC--...C-C--GT--GC-C--CTA-TACAA---------GGT-A-T-T-GACGCAGAG---CA-T-CAT 
       Bat_SL-CoV_Rs7327 -----------AGGACTCT-AA-ATC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C--T-ATTCCAA--------C--A-----A-TACA----T-TT-G--C---TT-G---AAATTGGAC--...C-C--GT--GCGC--CTA-TACAA---------GGT-A-T-T-GACATAGAG---CA-T-CAT 
        Bat_SL-CoV_WIV16 -----------AGGACTCT-AA-ATC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA-C------C--A-----A-TACA---TT-TT-G--C---TT-G---AAATTGGAC--...C-C--GT--GC-C--CTA-TACAA---------GGT-A-T-T-GACACAGAG---CA-T-CAT 
       Bat_SL-CoV_Rs4231 -----------AGGACTCT-AA-ATC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA-C------C--A-----A-TACA---TT-TT-G--C---TT-G---AAATTGGAC--...C-C--GT--GC-C--CTA-TACAA---------GGT-A-T-T-GACACAGAG---CA-T-CAT 
  Bat_SL-CoV_Shaanxi2011 --------A--TGGACTCT-AA--TC-GTATAC-----C-AT-AG-A-TGCAGCA----AGAG---TGTGAA---C----CT-CCAAA-------C--A-----A-TACA----T-TT-G--C---T------AAATTGGAG----A...--GT-AGCCC--CT--TGCAAT-G--C-AGGGC-ATT-T-GCAA-AGGA---CA-TTCAT 
   Bat_SL-CoV_Yunnan2011 -----------TGGACTCT-AA-AA--GTGTA-G-T--G-AT-AG-A-TGCACCA----AGAG---TGTGAA---C----CT-CA-T--A--------C-----A-TACAC---T-TT-G--C---T--T---A-ATTGGAC-A--A...--GT-GGCCC--TTACT-CA----------GGT-AGT-T-GCAA-AGAC-A-CGGTTCA- 
       Bat_SL-CoV_Rs4247 -----------AGGACTCT-AA-ATC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA-C------C--A-----A-TACA---TT-TT-G--C---TT-G---AAATTGGAC--C-C...--GT--GC-C--CTA-TACAA---------GGT-A-T-T-GACACAGAG---CA-T-CAT 
       Bat_SL-CoV_As6526 -----------AGGACTCT-AA-ATC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA--------C--A-----A-TACA---TT-TT-G--C---TT-----AAATTGGAC--C-C...--GT--GC-C--CTA-TACAA---------GGT-A-T-T-GACATAGAG---CA-T-CAT 
      Bat_SL-CoV_YN2018C -----------AGGACTCT-AA-ATC-GTGTA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA---C----ATTCCAA--------C--A-----A-TACA----T-TT-G--C---TT-G---AAATTGGAC--C-C...--GT--GCGC--CTA-TACAA---------GGT-A-T-T-GACATAGAG---CA-T-CAT 
     Bat_SL-CoV_Longquan -----------TGGACTCT--C-A.................--AA-A-TGCAGCA----AGAG---TGTGAA---C----CT-CAA-A-------C--A-----A-TACAC---T-TT-G--C---TT-----AAATTGGTT----A...--AT-AGC-C--CT--TACAAT-A-----AGGT-ATC-T-GAAA-AGAA---CA-TTCAT 
       Bat_SL-CoV_HKU3-7 -----------TGGACTCT-AA-ATC-GTGTAC-----C-AT-AA-A-TGCAGCA----AGAG---TGTGAA---C----CT-CCAAA-------C--A-----A-TACA----T-TT-G--C---TT-----AAATTGGAT----A...--AT-AGC-C--CTC-TACAAT-A----AAGGT-ATT-T-GACG-AGAA---CA-TT-AT 
      Bat_SL-CoV_HKU3-12 -----------TGGACTCT-AG-ATC-GTGTAC---T-C-A--GA-A-TGCAGCA----AGAG---TGTGAA---C----CT-CCAAA-------C--A-----A-TACA----T-TT-G--C---TT-----AAATTGGAT----A...--AT-GGC-C--CTC-TACAAT-G--C-AAGGT-ATT-C-GACG-AGAA---CA-TTCAT 
       Bat_SL-CoV_HKU3-3 -----------TGGACTCT-AG-ATC-GTGTAC---T-C-A--GA-A-TGCAGCA----AGAG---TGTGAA---C----CT-CCAAA-------C--A-----A-TACA----T-TT-G--C---TT-----AAATTGGAT----A...--AT-GGC-C--CTC-TACAAT-G--C-AAGGT-ATT-C-GACG-AGAA---CA-TTCAT 
      Bat_SL-CoV_HuB2013 -----------TGGACTCT-AA-ATC-GTATAC-----T-AT-AA-A-TGCAGCA----AGAG---TGTGAA-T-C----CTCCCAAA-------C--A-C---A-TACA----T-TT-G--C---TT----CAAATTGGATA---A...--GT-AGC-C--CT--TACAAT-G--C-AGGG--ATT-T-GCAA-AGAA---CG-TTCAT 
          Bat_SL-CoV_279 -----------TGGACTCT-AA-ATC-GTATAC-----T-AT-AA-A-TGCAGCA----AGAG---TGTGAA---C----CT-CCAAA-------C--A-----A-TACA----T-TT-G--C---TT-----AAATTGGAT----A...--GT-AGC-C--CT--TACAAT-G--C-AGGG--ATT-T-GCAA-AGAA---CG-TTCAT 
       Bat_SL-CoV_SC2018 -----------TGGACTCT-GA-ATC-GTATA------G-AT-AA-A-TGCAGTA----AGAA---TGTGAA--CC----ATTCCAA--C-----C--A-----A-TACA----T-TTTG--C---TT-G-T-AAATTGGGCA-C-T...--AT-GGC-C--CTA-TACAA------A-AGGT-AGT-T-GGCATAAGA-C-CA-TTCAT 
      Bat_SL-CoV_BM48-31 .................................................................................................................................................................................................................. 
       Bat_SL-CoV_BtKY72 .................................................................................................................................................................................................................. 
 
 
 
                       ORF8<-| |->N 
           SARS-CoV_GZ02 CACACTATGGTTCAAACATGCACACCT.........AATGTTACTATCAACTGTCAAGATCCAGCTGGTGGTGCGCTTATAGCTAGGTGTTGGTACCTTCATGAAGGTCACCAAACTGCTGCATTTAGAGACGTATTTGTTGTTTTAAATAAACGAACAAATTAAAATGTCTGATAATGGACCCCAATCAAACCAACGTAGTGCCCCCCG  630 
           SARS-CoV_GD01 ---------------------------.........------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 
       SARS-CoV_Sino1-11 ---------------------------.........---------------------------------------------------------------------------------------------------C-------------------------------------------------------------------------- 
           SARS-CoV_NS-1 ---------------------------.........---------------------------------------------------------------------------------------------------C-------------------------------------------------------------------------- 
       Bat_SL-CoV_GX2013 -----C---------------------.........-----C-----------------------------------------------------------C---------------------------------C-------------------------C---------------------------------G------------A- 
       Bat_SL-CoV_Rf4092 ---------------------------.........----------------------------T-------------------------------------------------------------------A--C-------------------------C---------------------------------G-------------- 
       Bat_SL-CoV_YN2013 ---------------------------.........-----------------------------------------------------------------C---------------------------------C--------C----------------C-------------------------C-------G-------------- 
   Bat_SL-CoV_Anlong-112 ---------------------------.........--------------------------------------------G--------------------C---------------------------------C-------------------------C-------------------------C---G------------------ 
     Bat_SL-CoV_YNLF-34C ---------------G----T------.........---A-C--C--T--T-----------G-TG--------A---G----G--A---------T----CA-----TC---G------A-----------A--CAC--A-A-C-GTTCTTTAA-CG--C----T--------------------C...--------------TT---- 
    SARS-CoV2_Wuhan-Hu-1 T---TCGATA-CGGT-AT-AT---GT-TCCTGTTTACC-T----A--T--T--C--G--A--TAAATTG---AGT---G---TGC-T----C--T-TA-G-A--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...--T--G--A-A---A----- 
SARS-CoV2_Taiwan_EPI_ISL T---TCGATA-CGGT-AT-AT---GT-TCCTGTTTACC-T----A--T--T--C--G--A--TAAATTG---AGT---G---TGC-T----C--T-TA-G-A--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...--T--G--A-A---A----- 
       SARS-CoV2_USA_CA1 T---TCGATA-CGGT-AT-AT---GT-TCCTGTTCACC-T----A--T--T--C--G--A--TAAATTG---AGT---G---TGC-T----C--T-TA-G-A--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...--T--G--A-A---A----- 
 SARS-CoV2_Nonthaburi_74 T---TCGATA-CGGT-AT-AT---GT-TCCTGTTTACC-T----A--T--T--C--G--A--TAAATTG---AGT---G---TGC-T----C--T-TA-G-A--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...--T--G--A-A---A----- 
       Bat_SL-CoV_RaTG13 T---TCGATA-CGGC-AT-AT---GT-TCCTGTTCACC-T----A--T--T--C--G--G--TAAATTG---AGT---G---TGC-T----C--T-TA-G-A--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...--------A-A---A----- 
      Pan_SL-CoV_GD/P1La T---TAGATA-AGGT-AT-A---GGT-TCCTGTTCACC-T----A--T--T--C--G--A--TAAATTA--CAGT--CG---TAC-T----C--T-TA-G-G--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..-----------------A---...--T--G--A-A---A----- 
       Pan_SL-CoV_GD/P2S T---TAGATA-AGGT-AT-A---GGT-TCCTGTTCACC-T----A--T--T--C--G--A--TAAATTA--CAGT--CG---TAC-T----C--T-TA-G-G--CTT-TTAG-GTA-CA--ACG--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-CTAA-..-----------------A---...--T--G--A-A---A----- 
       Pan_SL-CoV_GX/P4L T---TCGACA--GGC-AC-A---TGT-TCTTGTTCACCGT-------A-----------A--TAAATTA---AGT--CG---T-C-T----C--T-TA-G-A--CTT-GTTG-TTACCA--ACA--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-C.AA-..---------------------...--T...---...--A----- 
       Pan_SL-CoV_GX/P3B ......................................GT-------A-----------A--TAAATTA---AGT--CG---T-C-T----C--T-TA-G-A--CTT-GTTG-TTACCA--ACA--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-C.AA-..---------------------...--T...---...--A----- 
       Pan_SL-CoV_GX/P5E T---TCGACA--GGC-AC-A---TGT-TCTTGTTCACCGT-------A-----------A--TAAATTA---AGT--CG---T-C-T----C--T-TA-G-A--CTT-GTTG-TTACCA--ACA--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-C.AA-..---------------------...--T...---...--A----- 
       Pan_SL-CoV_GX/P5L T---TCGACA--GGC-AC-A---TGT-TCTTGTTCACCGT-------A-----------A--TAAATTA---AGT--CG---T-C-T----C--T-TA-G-A--CTT-GTTG-TTACCA--ACA--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-C.AA-..---------------------...--T...---...--A----- 
       Pan_SL-CoV_GX/P1E T---TCGACA--GGC-AC-A---TGT-TCTTGTTCACCGT-------A-----------A--TAAATTA---AGT--CG---T-C-T----C--T-TA-G-A--CTT-GTTG-TTACCA--ACA--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-C.AA-..---------------------...--T...---...--A----- 
       Pan_SL-CoV_GX/P2V T---TCGACA--GGC-AC-A---TGT-TCTTGTTCACCGT-------A-----------A--TAAATTA---AGT--CG---T-C-T----C--T-TA-G-A--CTT-GTTG-TTACCA--ACA--C-T-TT--T--A-A-T-CA-CT-A-CGAAC-A-C.AA-..---------------------...-.T...---...--A----- 
         Bat_SL-CoV_ZC45 T---T-GACA--GGT-AT-A----GT-TCCTGTTCTCC-T----A--T--T--C--G--A--TAAATTA---AGT--CG---TAC------C---TTA-G-A--CTT--TAG-GTACCA--ACA--C-T-TT--C--A-A-T-CA-CT-A-CGAACTA-CTAA-..---------------------...--------------A----- 
        Bat_SL-CoV_ZXC21 T---T-GACA--GGT-AT-A----GT-TCCTGTTCTCC-T----A--T--T--C--G--A--TAAATTA---AGT--CG---TAC------C---TTA-G-A--CTT--TAG-GTACCA--ACA--C-T-TT--C--A-A-T-CA-CT-A-CGAACTA-CTAA-..---------------------...-----GA-------A----- 
      Bat_SL-CoV_YN2018B T--GAA---T--GGC-AT-A---TAT-TCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..-----------------------------G-------------- 
       Bat_SL-CoV_Rs9401 T-TGAA---T--GGC-AT-AT--TAT-TCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------C-------G-------------- 
       Bat_SL-CoV_Rs7327 T-TGAA---T--GGC-AT-AT--TATCTCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--C-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------C-------G-------------- 
        Bat_SL-CoV_WIV16 T-TGAA---T--GGC-AT-AT--TAT-TCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------C----T--G-------------- 
       Bat_SL-CoV_Rs4231 T-TGAA---T--GGC-AT-AT--TAT-TCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------C----T--G-------------- 
  Bat_SL-CoV_Shaanxi2011 T-TGAA---T--GGC-AT-A---TATCTCTTGCGAACCAC--GAG--A-----C----CA---C---TA---AGT--A--T-TGC-T----C----GA-T----CTT-GTTG-GCA-CA--ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...-------------------- 
   Bat_SL-CoV_Yunnan2011 T-TGAG-A-C--GGC-AC-AT--TATCAACTGTGAACCAT--GAA--T--T--C---ACA---C---TA--CAGT--A--T-TGC-T----C----GA-T----CTTCATTG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------CA--------------------- 
       Bat_SL-CoV_Rs4247 T-TGAA---T--GGC-AT-AT--TAT-TCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-TTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------C----T--G-------------- 
       Bat_SL-CoV_As6526 T-TGAA---T--GGC-AT-AT--TAT-TCATGTGAACCAC--GAA--A--T------A-C---C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CA--ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..-----------------------------G-------------- 
      Bat_SL-CoV_YN2018C T-TGAA---T--GGC-AT-AT--TATCTCATGTGAACCAC--GAA--A--T------A-----C-A-T---AAGT--C--T-TAC-T----CA--TGA-GT---CTT-ATGG-GTA-CAC-ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..-----------------------------G-------------- 
     Bat_SL-CoV_Longquan T-TGAG---T--GGC-AT-A---CATCTCCTGTGAACCAC-AGAG--A--T--C--G-CA---C-A-TA---AGT--A--C-T-C-T----C----GA-T-C--CTT-GTTG-GCA-CA--ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...-G------------------ 
       Bat_SL-CoV_HKU3-7 T-TGAG---T--GGC-AT-A---TATCTCTTGTGAACCAC-AGAG--A--T-----G-CG---C-A-TG---AGT--A--C-T-C-T----CA---GA-T-C--CTT-GTTG-GCA-CA--ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-TTAA-..---------------------...G-------------T----- 
      Bat_SL-CoV_HKU3-12 T-TGAG---T--GGC-AT-A---TATCTCCTGTGAACCAC-AGAG--A--T-----G-C----C-A-TA---AGT--A--C-T-C-T----CA---GA-T----CTT-GTTG-GCA-CA--ACG--C-T-TT---C-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...-GT----------------- 
       Bat_SL-CoV_HKU3-3 T-TGAG---T--GGC-AT-A---TATCTCCTGTGAACCAC-AGAG--A--T-----G-C----C-A-TA---AGT--A--C-T-C-T----CA---GA-T----CTT-GTTG-GCA-CA--ACG--C-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...-GT----------------- 
      Bat_SL-CoV_HuB2013 T-TGAA---T--GGC-AT-A--GTATGTACTGTGAACCAC--GAG--A----------CC---C-A-TA---CGTT-A--T-TGC----G-T-C--GA-T----GTC-GCTG-GCA-CAC-ACG------TT--TC-A-A-T-CA--T-A-CGAAC-A-CTAA-..---------------------...-----G-------------- 
          Bat_SL-CoV_279 T-TGAA---T--GGC-AT-A---TATCTCTTGTGAACCCC--GAG--A----------CA---C-A-TA---AGT--A--T-TGC-C--C-C----GA-T----CTT-GTTG-GCA-CA--ACG-GC-T-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAA-..---------------------...-----G-------------- 
       Bat_SL-CoV_SC2018 T-TGAC--TT--GGC-AT-AT--TAT-TCATGTGAACCAC--GAA--T--T------A-C---C-A-T---AAGT--C--C-TAC-T----CA--TGA-GT---CTC-ATGG-GTA-CA--ACG--CAT-TT--TC-A-A-T-CA-CT-A-CGAAC-A-CTAAG..---------------------...-----G-------------- 
      Bat_SL-CoV_BM48-31 ......................................................................................................................................................................---A------------AATC-...---TCG----A---G--T-- 
       Bat_SL-CoV_BtKY72 ......................................................................................................................................................................---A------------AA---...GGA-CG--C-A---G--T-- 
                                                                                  ORF8 (for other viruses)<-| 
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Table S1. Impact of amino acid substitutions in receptor binding motif  
 

 
 
  

No. of 
mutation

Position in 
SARS2 RBM

AA in 
SARS2

AA in 
RaTG13

∆∆G 
(kCal/Mol)

Effect for the RaTG13 
mutations

1 Asn Lys No contact

2 Asn His No contact

3 Leu Ile No contact

4 Ser Ala No contact

5 Val Glu No contact

6 449 Tyr Phe 0.71 Lost 1 h-bond

7 Ser Ala No contact

8 Thr Lys No contact

9 Val Gln No contact

10 Glu Thr No contact

11 486 Phe Leu 1.63 Small/less hydrophobic

12 Phe Tyr No contact

13 493 Gln Tyr 3.44 Gain a h-bond/too bulky

14 Ser Arg No contact

15 498 Gln Tyr 1.26 too bulky

16 501 Asn Asp 0.31 Buried a charge

17 His Tyr No contact
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