
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 aa deletion 
(Fig. 8C) 

1 aa insert 
(Fig. 8B) 

2 aa insert 
(Fig. 8A) 

Figure S4. (A). Homology model of N-terminal domain (NTD) of spike protein from SARS-related 
coronavirus BtKY72 showing the locations of three CSIs specific for the Sarbecovirus-lineage 3. The 
homology models are based on available experimental structure of SARS coronavirus BJ012 spike protein 
(PDB: 5x58). The location of identified 1 aa deletion is highlighted. Detailed species distribution 
information for the 1 aa deletion in Figure 8C.  (B). Homology model of RBD of SARS-related 
coronavirus BtKY72 spike protein (Acc no: APO40579) based on available experimental structure of 
SARS coronavirus BJ012 spike protein (PDB: 5x58). The receptor binding domain (RBD) domain is 
highlighted as green and extended C-terminal region as pale green. The locations of identified signature 
indels are highlighted red and labelled. Detailed species distribution information for the 1 aa insert and 2 
aa insert in RBD in Figure 8A and 8B.   

(A) (B) 



QHS34546_SARS-CoV-2/human/IND/      ICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFA 
QJA16794_SARS-CoV-2/human/ID-U      ICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFA 
QIG55945.1_Pangolin_CoV_MP789       ICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFA 
AVP78031_Bat-SARS-like-CoVZC45      ICAQKFNGLTVLPPLLTDEMIAAYTAALISGTATAGWTFGAGAALQIPFA 
AVP78042_Bat-SARS-like_CoVZXCC      ICAQKFNGLTVLPPLLTDEMIAAYTAALISGTATAGWTFGAGAALQIPFA 
                                    ********************** **:**::** *:*************** 
 
 
YP_009724390_SARS-COV-2/Wuhan-      MQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQ 
QHS34546_SARS-CoV-2/human/IND/      MQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQ 
QJA16794_SARS-CoV-2/human/ID-U      MQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQ 
QIG55945.1_Pangolin_CoV_MP789       MQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQ 
AVP78031_Bat-SARS-like-CoVZC45      MQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQESLTSTASALGKLQ 
AVP78042_Bat-SARS-like_CoVZXCC      MQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQESLTSTASALGKLQ 
                                    ************************************:**:********** 
 
YP_009724390_SARS-COV-2/Wuhan-      DVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITG 
QHS34546_SARS-CoV-2/human/IND/      DVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITG 
QJA16794_SARS-CoV-2/human/ID-U      DVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITG 
QIG55945.1_Pangolin_CoV_MP789       DVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITG 
AVP78031_Bat-SARS-like-CoVZC45      DVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITG 
AVP78042_Bat-SARS-like_CoVZXCC      DVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITG 
                                    ************************************************** 
 
YP_009724390_SARS-COV-2/Wuhan-      RLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHL 
QHS34546_SARS-CoV-2/human/IND/      RLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHL 
QJA16794_SARS-CoV-2/human/ID-U      RLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHL 
QIG55945.1_Pangolin_CoV_MP789       RLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHL 
AVP78031_Bat-SARS-like-CoVZC45      RLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHL 
AVP78042_Bat-SARS-like_CoVZXCC      RLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHL 
                                    ************************************************** 
 
YP_009724390_SARS-COV-2/Wuhan-      MSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNG 
QHS34546_SARS-CoV-2/human/IND/      MSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNG 
QJA16794_SARS-CoV-2/human/ID-U      MSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNG 
QIG55945.1_Pangolin_CoV_MP789       MSFPQSAPHGVVFLHVTYVPSQEKNFTTTPAICHEGKAHFPREGVFVSNG 
AVP78031_Bat-SARS-like-CoVZC45      MSFPQSAPHGVVFLHVTYIPSQEKNFTTAPAICHEGKAHFPREGVFVSNG 
AVP78042_Bat-SARS-like_CoVZXCC      MSFPQSAPHGVVFLHVTYIPSQEKNFTTAPAICHEGKAHFPREGVFVSNG 
                                    ******************:*:*******:*****:*************** 
 
YP_009724390_SARS-COV-2/Wuhan-      THWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFK 
QHS34546_SARS-CoV-2/human/IND/      THWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFK 
QJA16794_SARS-CoV-2/human/ID-U      THWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFK 
QIG55945.1_Pangolin_CoV_MP789       THWFVTQRNFYEPQIITTDNTFVSGSCDVVIGIVNNTVYDPLQPELDSFK 
AVP78031_Bat-SARS-like-CoVZC45      THWFVTQRNFYEPKIITTDNTFVSGNCDVVIGIINNTVYDPLQPELDSFK 
AVP78042_Bat-SARS-like_CoVZXCC      THWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIINNTVYDPLQPELDSFK 
                                    *************:***********.*******:**************** 
 
YP_009724390_SARS-COV-2/Wuhan-      EELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLID 
QHS34546_SARS-CoV-2/human/IND/      EELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLID 
QJA16794_SARS-CoV-2/human/ID-U      EELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLID 
QIG55945.1_Pangolin_CoV_MP789       EELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLID 
AVP78031_Bat-SARS-like-CoVZC45      EELDKYFKNHTSPDIDLGDISGINASVVNIQKEIDRLNEVARNLNESLID 
AVP78042_Bat-SARS-like_CoVZXCC      EELDKYFKNHTSPDIDLGDISGINASVVNIQKEIDRLNEVARNLNESLID 
                                    **************:**************************:******** 
 
YP_009724390_SARS-COV-2/Wuhan-      LQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCS 
QHS34546_SARS-CoV-2/human/IND/      LQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCS 
QJA16794_SARS-CoV-2/human/ID-U      LQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCS 
QIG55945.1_Pangolin_CoV_MP789       LQELGKYEQYIKWPWYIWLGFIAGLIAIIMVTIMLCCMTSCCSCLKGCCS 
AVP78031_Bat-SARS-like-CoVZC45      LQELGKYEQYIKWPWYVWLGFIAGLIAIVMVTILLCCMTSCCSCLKGCCS 
AVP78042_Bat-SARS-like_CoVZXCC      LQELGKYEHYIKWPWYVWLGFIAGLIAIVMVTILLCCMTSCCSCLKGCCS 
                                    ********:*******:***********:****:**************** 
 
YP_009724390_SARS-COV-2/Wuhan-      CGSCCKFDEDDSEPVLKGVKLHYT 
QHS34546_SARS-CoV-2/human/IND/      CGSCCKFDEDDSEPVLKGVKLHYT 
QJA16794_SARS-CoV-2/human/ID-U      CGSCCKFDEDDSEPVLKGVKLHYT 
QIG55945.1_Pangolin_CoV_MP789       CGSCCKFDEDDSEPVLKGVKLHYT 
AVP78031_Bat-SARS-like-CoVZC45      CGSCCKFDEDDSEPVLKGVKLHYT 
AVP78042_Bat-SARS-like_CoVZXCC      CGFCCKFDEDDSEPVLKGVKLHYT 
                                    ** ********************* 



 
YP_009724390_SARS-COV-2/Wuhan-      FVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNY 
QHS34546_SARS-CoV-2/human/IND/      FVIRGDEVIQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNY 
QJA16794_SARS-CoV-2/human/ID-U      FVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNY 
QIG55945.1_Pangolin_CoV_MP789       FVVRGDEVRQIAPGQTGRIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNY 
AVP78031_Bat-SARS-like-CoVZC45      FLIRFSEVRQVAPGQTGVIADYNYKLPDDFTGCVIAWNTAKQDVG----- 
AVP78042_Bat-SARS-like_CoVZXCC      FLIRFSEVRQVAPGQTGVIADYNYKLPDDFTGCVIAWNTAKQDTG----- 
                                    *::* .** *:****** ********************: : *        
 
YP_009724390_SARS-COV-2/Wuhan-      NYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQP 
QHS34546_SARS-CoV-2/human/IND/      NYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQP 
QJA16794_SARS-CoV-2/human/ID-U      NYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQP 
QIG55945.1_Pangolin_CoV_MP789       NYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFHP 
AVP78031_Bat-SARS-like-CoVZC45      NYFYRSHRSTKLKPFERDLSSDE--------NGVR------TLSTYDFNP 
AVP78042_Bat-SARS-like_CoVZXCC      HYFYRSHRSTKLKPFERDLSSDE--------NGVR------TLSTYDFNP 
                                    :*:** .*.::*******:*::         ***.      .*.:*.*:* 
 
YP_009724390_SARS-COV-2/Wuhan-      TNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGT 
QHS34546_SARS-CoV-2/human/IND/      TNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGT 
QJA16794_SARS-CoV-2/human/ID-U      TNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGT 
QIG55945.1_Pangolin_CoV_MP789       TNGVGYQPYRVVVLSFELLKAPATVCGPKQSTNLVKNKCVNFNFNGLTGT 
AVP78031_Bat-SARS-like-CoVZC45      NVPLEYQATRVVVLSFELLNAPATVCGPKLSTQLVKNQCVNFNFNGLKGT 
AVP78042_Bat-SARS-like_CoVZXCC      NVPLEYQATRVVVLSFELLNAPATVCGPKLSTQLVKNQCVNFNFNGLKGT 
                                    .  : **. **********:********* **:****:*********.** 
 
YP_009724390_SARS-COV-2/Wuhan-      GVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVIT 
QHS34546_SARS-CoV-2/human/IND/      GVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVIT 
QJA16794_SARS-CoV-2/human/ID-U      GVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVIT 
QIG55945.1_Pangolin_CoV_MP789       GVLTESSKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVIT 
AVP78031_Bat-SARS-like-CoVZC45      GVLTDSSKRFQSFQQFGKDASDFIDSVRDPQTLEILDITPCSFGGVSVIT 
AVP78042_Bat-SARS-like_CoVZXCC      GVLTDSSKRFQSFQQFGKDASDFIDSVRDPQTLEILDITPCSFGGVSVIT 
                                    ****:*.*:* .*****:* :*  *:************************ 
 
YP_009724390_SARS-COV-2/Wuhan-      PGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGC 
QHS34546_SARS-CoV-2/human/IND/      PGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGC 
QJA16794_SARS-CoV-2/human/ID-U      PGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGC 
QIG55945.1_Pangolin_CoV_MP789       PGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGC 
AVP78031_Bat-SARS-like-CoVZC45      PGTNTSLEVAVLYQDVNCTDVPTTIHADQLTPAWRIYATGTNVFQTQAGC 
AVP78042_Bat-SARS-like_CoVZXCC      PGTNTSSEVAVLYQDVNCTDVPTTIHADQLTPAWRIYAIGTSVFQTQAGC 
                                    ****** :******.****:**.:********:**:*: *:.****:*** 
 
YP_009724390_SARS-COV-2/Wuhan-      LIGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSL 
QHS34546_SARS-CoV-2/human/IND/      LIGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSL 
QJA16794_SARS-CoV-2/human/ID-U      LIGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSL 
QIG55945.1_Pangolin_CoV_MP789       LIGAEHVNNTYECDIPIGAGICASYQTQTNS----RSVSSQAIIAYTMSL 
AVP78031_Bat-SARS-like-CoVZC45      LIGAEHVNASYECDIPIGAGICASYHTASIL----RSTSQKAIVAYTMSL 
AVP78042_Bat-SARS-like_CoVZXCC      LIGAEHVNASYECDIPIGAGICASYHTASIL----RSTGQKAIVAYTMSL 
                                    ******** :***************:* :      **...::*:****** 
 
YP_009724390_SARS-COV-2/Wuhan-      GAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTEC 
QHS34546_SARS-CoV-2/human/IND/      GAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTEC 
QJA16794_SARS-CoV-2/human/ID-U      GAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTEC 
QIG55945.1_Pangolin_CoV_MP789       GAENSVAYANNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSIEC 
AVP78031_Bat-SARS-like-CoVZC45      GAENSIAYANNSIAIPTNFSISVTTEVMPVSMAKTSVDCTMYICGDSIEC 
AVP78042_Bat-SARS-like_CoVZXCC      GAENSIAYANNSIAIPTNFSISVTTEVMPVSMAKTSVDCTMYICGDSIEC 
                                    *****:**:**********:******::****:************** ** 
 
YP_009724390_SARS-COV-2/Wuhan-      SNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGG 
QHS34546_SARS-CoV-2/human/IND/      SNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGG 
QJA16794_SARS-CoV-2/human/ID-U      SNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGG 
QIG55945.1_Pangolin_CoV_MP789       SNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGG 
AVP78031_Bat-SARS-like-CoVZC45      SNLLLQYGSFCTQLNRALSGIAIEQDKNTQEVFAQVKQIYKTPPIKDFGG 
AVP78042_Bat-SARS-like_CoVZXCC      SNLLLQYGSFCTQLNRALSGIAIEQDKNTQEVFAQVKQIYKTPPIKDFGG 
                                    ******************:***:*************************** 
 
YP_009724390_SARS-COV-2/Wuhan-      FNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDL 
QHS34546_SARS-CoV-2/human/IND/      FNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDL 
QJA16794_SARS-CoV-2/human/ID-U      FNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDL 
QIG55945.1_Pangolin_CoV_MP789       FNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDL 
AVP78031_Bat-SARS-like-CoVZC45      FNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGGISARDL 
AVP78042_Bat-SARS-like_CoVZXCC      FNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDISARDL 
                                    *******************************************.*:**** 
 
YP_009724390_SARS-COV-2/Wuhan-      ICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFA 



 
 

S3 Fig.  A multiple sequence alignment of the spike protein from pangolin-CoV_MP789 and representative CoV 
strains from SARS-CoV-2 and CoVZC clusters showing the chimeric nature of MP789 sequence . In this alignment, 
the polymorphic positions where the sequence of  pangolin-CoV_MP789 is identical to that of CoVZC cluster of 
viruses are highlighted in yellow, whereas the polymorphic positions where the sequence of pangolin-CoV_MP789 is 
similar to SARS-CoV-2 viruses are highlighted in blue. 

 
 
YP_009724390_SARS-COV-2/Wuhan-      -MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLH 
QHS34546_SARS-CoV-2/human/IND/      -MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLH 
QJA16794_SARS-CoV-2/human/ID-U      -MFVFLVLLPLVSSQCVNLTTRTQLPPSYTNSFTRGVYYPDKVFRSSVLH 
QIG55945.1_Pangolin_CoV_MP789       MLFFFFLHFALVNSQCVNLTGRAAIQPSFTNSSQRGVYYPDTIFRSNTLV 
AVP78031_Bat-SARS-like-CoVZC45      MLFFLFLQFALVNSQCVNLTGRTPLNPNYTNSSQRGVYYPDTIYRSDTLV 
AVP78042_Bat-SARS-like_CoVZXCC      MLFFLFLQFALVNSQCD-LTGRTPLNPNYTNSSQRGVYYPDTIYRSDTLV 
                                     :*.::: :.**.***  ** *: : * :***  *******.::**..*  
 
YP_009724390_SARS-COV-2/Wuhan-      STQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSN 
QHS34546_SARS-CoV-2/human/IND/      STQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSN 
QJA16794_SARS-CoV-2/human/ID-U      STQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSN 
QIG55945.1_Pangolin_CoV_MP789       LSQGYFLPFYSNVSWYYALT-KTNSAEKRVDNPVLDFKDGIYFAATEKSN 
AVP78031_Bat-SARS-like-CoVZC45      LSQGYFLPFYSNVSWYYSLT-TNNAATKRTDNPILDFKDGIYFAATEHSN 
AVP78042_Bat-SARS-like_CoVZXCC      LSQGYFLPFYSNVSWYYSLT-TNNAATKRTDNPILDFKDGIYFAATEHSN 
                                     :*. ****:***:*::::  . . . ** ***:* *:**:***:**:** 
 
YP_009724390_SARS-COV-2/Wuhan-      IIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNN 
QHS34546_SARS-CoV-2/human/IND/      IIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVY-HKNN 
QJA16794_SARS-CoV-2/human/ID-U      IIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNN 
QIG55945.1_Pangolin_CoV_MP789       IVRGWIFGTTLDNTSQSLLIVNNATNVIIKVCNFQFCYDPYLSGYYHNN- 
AVP78031_Bat-SARS-like-CoVZC45      IIRGWIFGTTLDNTSQSLLIVNNATNVIIKVCNFDFCYDPYLSGYYHNN- 
AVP78042_Bat-SARS-like_CoVZXCC      IVRGWIFGTTLDNTSQSLLIVNNATNVIIKVCNFDFCYDPYLSGYYHNN- 
                                    *:**********..:************:****:*:** **:*. * *:*  
 
YP_009724390_SARS-COV-2/Wuhan-      KSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDG 
QHS34546_SARS-CoV-2/human/IND/      KSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDG 
QJA16794_SARS-CoV-2/human/ID-U      KSWMESEFRVYSSANNCTFEYVSQPFLMDXEGKQXVFKNLREFVFKNIDG 
QIG55945.1_Pangolin_CoV_MP789       KTWSTREFAVYSSYANCTFEYVSKSFMLDIAGKSGLFDTLREFVFRNVDG 
AVP78031_Bat-SARS-like-CoVZC45      KTWSIREFAVYSSYANCTFEYVSKSFMLNISGNGGLFNTLREFVFRNVDG 
AVP78042_Bat-SARS-like_CoVZXCC      KTWSIREFAVYSFYANCTFEYVSKSFMLNISGNGGLFNTLREFVFRNVDG 
                                    *:*   ** ***   ********:.*:::  *:   *..******:*:** 
 
YP_009724390_SARS-COV-2/Wuhan-      YFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYL 
QHS34546_SARS-CoV-2/human/IND/      YFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYL 
QJA16794_SARS-CoV-2/human/ID-U      YFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYL 
QIG55945.1_Pangolin_CoV_MP789       YFKIYSKYTPVNVNSNLPIGFSALEPLVEIPAGINITKFRTLLTIHRGDP 
AVP78031_Bat-SARS-like-CoVZC45      HFKIYSKFTPVNLNRGLPTGLSVLQPLVELPVSINITKFRTLLTIHRGDP 
AVP78042_Bat-SARS-like_CoVZXCC      HFKIYSKFTPVNLNRGLPTGLSVLQPLVELPVSINITKFRTLLTIHRGDP 
                                    :******.**:*:  .** *:*.*:***::* .****:*:***::**.   
 
YP_009724390_SARS-COV-2/Wuhan-      TPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSET 
QHS34546_SARS-CoV-2/human/IND/      TPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSET 
QJA16794_SARS-CoV-2/human/ID-U      TPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSET 
QIG55945.1_Pangolin_CoV_MP789       MPNN---GWTVFSAAYYVGYLAPRTFMLNYNENGTITDAVDCALDPLSEA 
AVP78031_Bat-SARS-like-CoVZC45      MPNN---GWTAFSAAYFVGYLKPRTFMLKYNENGTITDAVDCALDPLSET 
AVP78042_Bat-SARS-like_CoVZXCC      MSNN---GWTAFSAAYFVGYLKPRTFMLKYNENGTITDAVDCALDPLSET 
                                     ..:   ***. :***:**** ****:*:********************: 
 
YP_009724390_SARS-COV-2/Wuhan-      KCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFAS 
QHS34546_SARS-CoV-2/human/IND/      KCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFAS 
QJA16794_SARS-CoV-2/human/ID-U      KCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFAS 
QIG55945.1_Pangolin_CoV_MP789       KCTLKSLTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATTFAS 
AVP78031_Bat-SARS-like-CoVZC45      KCTLKSLTVQKGIYQTSNFRVQPTQSVVRFPNITNVCPFHKVFNATRFPS 
AVP78042_Bat-SARS-like_CoVZXCC      KCTLKSLSVQKGIYQTSNFRVQPTQSIVRFPNITNVCPFHKVFNATRFPS 
                                    ******::*:**************:*:********:*** :***** *.* 
 
YP_009724390_SARS-COV-2/Wuhan-      VYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADS 
QHS34546_SARS-CoV-2/human/IND/      VYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADS 
QJA16794_SARS-CoV-2/human/ID-U      VYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADS 
QIG55945.1_Pangolin_CoV_MP789       VYAWNRKRISNCVADYSVLYNSTSFSTFKCYGVSPTKLNDLCFTNVYADS 
AVP78031_Bat-SARS-like-CoVZC45      VYAWERTKISDCIADYTVFYNSTSFSTFKCYGVSPSKLIDLCFTSVYADT 
AVP78042_Bat-SARS-like_CoVZXCC      VYAWERTKISDCIADYTVFYNSTSFSTFKCYGVSPSKLIDLCFTSVYADT 
                                    ****:*.:**:*:***:*:***:************:** *****.****: 



 AAX16193.1 SARS-coronavirus-WH20

 AAP51225.1 SARS coronavirus GD01

 AAS00002.1 SARS coronavirus GZ02

 AAR91584.1 SARS coronavirus NS-1

 ACB69882.1 SARS coronavirus BJ182-4

 ACZ71840.1 SARS coronavirus wtic-MB

 AAP30028.1 SARS coronavirus BJ01

 AAY60779.1 SARS coronavirus BJ162

 AAR23251.1 SARS coronavirus Sino3-11

 AAR87532.1 SARS coronavirus TW3

 AFD56971.1 SARS coronavirus HKU-39849

 AEA10622.1 SARS coronavirus MA15

 AAR87543.1 SARS coronavirus TW4

 BAE93399.1 SARS coronavirus Frankfurt 1

 ACZ72179.1 SARScoronavirusExoN1

 AAR87598.1 SARS coronavirus TW9

 AAU04645.1 Civet SARS CoV 007/2004

 AAP82978.1 SARS coronavirus ShanghaiQXC1

 AIA62319.1 BtRs-BetaCoV/GX2013

 ACU31044.1 SARS coronavirus Rs 672/2006

 QDF43834.1 Coronavirus BtRs-BetaCoV/YN2018D

 AID16712.1 Bat SARS-like coronavirus

 ATO98167.1 BatSARS-like-coronavirus Rs4237

 QDF43814.1 Coronavirus BtRl-BetaCoV/SC2018

 AKZ19085.1 Bat SARS-like coronavirus YNLF 34C

 QDF43829.1 Coronavirus BtRs-BetaCoV/YN2018C

 AGZ48817.1 Bat SARS-like coronavirus Rs3367

 QDF43824.1 Coronavirus BtRs-BetaCoV/YN2018B

 AGZ48805.1 Bat SARS-like coronavirus RsSHC014

 AIA62309.1 BtRs-BetaCoV/HuB2013

 AVP78041.1 Bat SARS-like coronavirus-CoVZXC21

 AVP78030.1 Bat SARS-like coronavirus-CoVZC45

 ADE34811.1 Bat SARS coronavirus HKU3-12

 ADE34754.1 Bat SARS coronavirus HKU3-7

 ADE34778.1 Bat SARS coronavirus HKU3-9

 ABG47059.1 Bat-CoV-273/2005

 AIA62276.1 BtRf-BetaCoV/JL2012

 ARI44808.1 Bat coronavirus Jiyuan-84

 AIA62289.1 BtRf-BetaCoV/HeB2013

 AIA62299.1 BtRf-BetaCoV/SX2013

 APO40578 SARS-related coronavirus strain BtKY72

 YP 003858583.1 Bat-coronavirus-BM48-31/BGR/2008

 QIA48613.1 Pangolincoronavirus

 QIA48622.1 Pangolin coronavirus PCoV GX-P1E

 QHR63299.1 Batcoronavirus RaTG13

 YP 009725307.1 SARS-Cov-Wuhan-Hu-1

 QIU78833.1 SARS-Cov-2

 AFE48811.1 Rabbit coronavirus HKU14

 ABD75567.1 HumancoronavirusHKU1

 AID16659.1 Longquan Rl rat coronavirus

 AFO115140.1 Murine coronavirus

 AFG25758.1 Rat coronavirus

 YP 003029844.1 Rat coronavirus Parker90
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Figure S2. A maximum likelihood tree based on RNA dependent RNA 
polymerase protein sequences showing branching of different strains of 
Sarbecoviruses  



 ACZ72108.1 SARS coronavirus ExoN1_P3pp60
 ACZ72195.1 SARS coronavirus ExoN1_P3pp53
 ACZ71826.1 SARS coronavirus ExoN1_P3pp12
 ACZ72020.1 SARS coronavirus ExoN1_P3pp23
 ACZ72254.1 SARS coronavirus ExoN1_P3pp34
 ACZ71961.1 SARS coronavirus ExoN1_P3pp37
 ACZ71976.1 SARS coronavirus ExoN1_P3pp8
 ACZ71797.1 SARS coronavirus ExoN1_P3pp1
 ABD72985.1 Severe acute respiratory syndrome-related coronavirus
 ABD72977.1 Severe acute respiratory syndrome-related coronavirus
 AFR58672.1 Severe acute respiratory syndrome-related coronavirus
 ABF65836.1 Severe acute respiratory syndrome-related coronavirus
 AEA10473.1 SARS coronavirus MA15 ExoN1
 AAT74874.1 SARS coronavirus HHS-2004
 AEA10443.1 SARS coronavirus MA15 ExoN1
 ABD72979.1 Severe acute respiratory syndrome-related coronavirus
 NP 828851.1 Severe acute respiratory syndrome-related coronavirus
 AAR91586.1 SARS coronavirus NS-1
 AAR07626.1 SARS coronavirus BJ302
 AAR07624.1 SARS coronavirus BJ302
 AAR07627.1 SARS coronavirus BJ302
 AAR07629.1 SARS coronavirus BJ302
 AAR07625.1 SARS coronavirus BJ302
 AAR07631.1 SARS coronavirus BJ302
 AAR07628.1 SARS coronavirus BJ302
 ACZ72122.1 SARS coronavirus MA15 ExoN1
 ACZ71991.1 SARS coronavirus MA15 ExoN1
 ABD72995.1 Severe acute respiratory syndrome-related coronavirus
 ADC35483.1 SARS coronavirus HKU-39849
 ABD72969.1 Severe acute respiratory syndrome-related coronavirus
 ACZ72093.1 SARS coronavirus wtic-MB
 ABD73001.1 Severe acute respiratory syndrome-related coronavirus
 ABD72970.1 Severe acute respiratory syndrome-related coronavirus
 ABD72988.1 Severe acute respiratory syndrome-related coronavirus
 AAP13567.1 SARS coronavirus CUHK-W1
 ABD72972.1 Severe acute respiratory syndrome-related coronavirus
 AAR07630.1 SARS coronavirus BJ302
 ABD72984.1 Severe acute respiratory syndrome-related coronavirus
 ABF68958.1 SARS coronavirus CS21
 AFR58714.1 Severe acute respiratory syndrome-related coronavirus
 ABD72982.1 Severe acute respiratory syndrome-related coronavirus
 AAU81608.1 SARS Coronavirus CDC200301157
 ACQ82725.1 SARS coronavirus P2
 AAX16192.1 SARS coronavirus WH20
 ACB69860.1 SARS coronavirus BJ182a
 ACB69894.1 SARS coronavirus BJ182-8
 ACB69905.1 SARS coronavirus BJ182-12
 ACB69883.1 SARS coronavirus BJ182-4
 AAP82968.1 SARS coronavirus Shanhgai LY
 AAT76147.1 SARS coronavirus TJF
 AAR86775.1 SARS coronavirus ShanghaiQXC2
 AFM43867.1 SARS coronavirus ExoN1
 AGT21078.1 SARS coronavirus ExoN1
 AAP33697.1 SARS coronavirus Frankfurt 1
 BAE93401.1 SARS coronavirus Frankfurt 1
 AAS75868.1 Expression vector pHCMV-SARS-S (FFM-1)
 BAF42873.1 SARS coronavirus Frankfurt1-v01
 AAR23250.1 SARS coronavirus Sino1-11
 ABF68959.1 SARS coronavirus CS24
 ABF68957.1 SARS coronavirus ES260
 ABF68956.1 SARS coronavirus ES191
 ABF68955.1 SARS coronavirus WF188
 AAP51227.1 SARS coronavirus GD01
 AAS00003.1 SARS coronavirus GZ02
 AAV49722.1 SARS coronavirus PC4-199
 AAV49720.1 SARS coronavirus PC4-137
 AAV49723.1 SARS coronavirus PC4-241
 AAV97986.1 SARS coronavirus A021
 AAV98002.1 SARS coronavirus C029
 AAU93320.1 SARS coronavirus GZ0403
 AAV97992.1 SARS coronavirus B033
 AAV97995.1 SARS coronavirus C013
 AAV97984.1 SARS coronavirus A001
 AAS10463.1 SARS coronavirus GD03T0013
 AAU04664.1 SARS coronavirus civet020
 AAV49719.1 SARS coronavirus PC4-115
 AAU04661.1 SARS coronavirus civet014
 AAU04662.1 SARS coronavirus civet019
 AAV98001.1 SARS coronavirus C028
 AAV97989.1 SARS coronavirus B012
 AAV97985.1 SARS coronavirus A013
 AAU93319.1 SARS coronavirus PC4-205
 AAV97990.1 SARS coronavirus B024
 AAV97998.1 SARS coronavirus C018
 AAU04646.1 Civet SARS CoV 007/2004
 AAU04649.1 SARS coronavirus civet010
 AAV98000.1 SARS coronavirus C025
 AAV91631.1 SARS coronavirus A022
 ATO98157.1 Bat SARS-like coronavirus

 ATO98205.1 Bat SARS-like coronavirus
 ALK02457.1 SARS-like coronavirus WIV16
 ATO98231.1 Bat SARS-like coronavirus
 ATO98218.1 Bat SARS-like coronavirus
 AGZ48828.1 Bat SARS-like coronavirus WIV1
 AGZ48818.1 Bat SARS-like coronavirus Rs3367
 QDF43825.1 Coronavirus BtRs-BetaCoV/YN2018B
 ATO98132.1 Bat SARS-like coronavirus
 AGZ48806.1 Bat SARS-like coronavirus RsSHC014

 AHX37569.1 Rhinolophus affinis coronavirus
 AHX37558.1 Rhinolophus affinis coronavirus

 QIA48641.1Pangolin coronavirus
 QIA48632.1Pangolin coronavirus
 QIA48614.1 Pangolin coronavirus
 Pangolin coronavirus
 QIA48623.1 Pangolin coronavirus
 Covid-2
 Bat coronavirus RaTG13

 AVP78042.1 Bat SARS-like coronavirus
 AVP78031.1 Bat SARS-like coronavirus

 AIA62330.1 BtRs-BetaCoV/YN2013
 ARI44799.1 Bat coronavirus
 AGC74165.1 Bat coronavirus Rp/Shaanxi2011
 AIA62310.1 BtRs-BetaCoV/HuB2013
 QDF43815.1 Coronavirus BtRl-BetaCoV/SC2018

 AIA62339.1 BtRf-BetaCoV/HeN2013
 AIA62290.1 BtRf-BetaCoV/HeB2013
 ARI44809.1 Bat coronavirus
 ABG47060.1 Bat CoV 273/2005
 ABD75323.1 Bat SARS CoV Rf1/2004
 AIA62340.1 BtRf-BetaCoV/HuB2013
 AKZ19076.1 Bat SARS-like coronavirus YNLF 31C
 AKZ19087.1 Bat SARS-like coronavirus YNLF 34C

 ARO76382.1 Severe acute respiratory syndrome-related coronavirus
 ATO98145.1 Bat SARS-like coronavirus

 ANH10613.1 Bat coronavirus
 ASO66810.1 Bat coronavirus
 ANA96027.1 Bat coronavirus
 AIA62277.1 BtRf-BetaCoV/JL2012

 AGC74176.1 Bat coronavirus Cp/Yunnan2011
 Coronavirus BtRs-BetaCoV/YN2018D
 QDF43835.1 Coronavirus BtRs-BetaCoV/YN2018D
 ATO98193.1 Bat SARS-like coronavirus
 ATO98120.1 Bat SARS-like coronavirus
 ACU31032.1 SARS coronavirus Rs 672/2006

 ABD75332.1 Bat SARS CoV Rm1/2004
 ATO98108.1 Bat SARS-like coronavirus
 QDF43830.1 Coronavirus BtRs-BetaCoV/YN2018C
 QDF43820.1 Coronavirus BtRs-BetaCoV/YN2018A
 ATO98169.1 Bat SARS-like coronavirus
 ATO98181.1 Bat SARS-like coronavirus
 BtRs-BetaCoV/GX2013
 AIA62320.1 BtRs-BetaCoV/GX2013

 ACU31051.1 Bat SARS Cov Rs806/2006
 Bat SARS coronavirus HKU3-8
 ADE34766.1 Bat SARS coronavirus HKU3-8
 Bat SARS coronavirus HKU3-7
 ADE34755.1 Bat SARS coronavirus HKU3-7
 AID16716.1 Bat SARS-like coronavirus
 Bat SARS coronavirus HKU3-12
 ADE34812.1 Bat SARS coronavirus HKU3-12
 Bat SARS coronavirus HKU3-13
 ADE34823.1 Bat SARS coronavirus HKU3-13
 Bat SARS coronavirus HKU3-2
 AAZ41329.1 Bat SARS coronavirus HKU3-2
 Bat SARS coronavirus HKU3-4
 ADE34722.1 Bat SARS coronavirus HKU3-4

 SARS APO40579.1
 APO40579.1 Severe acute respiratory syndrome-related coronavirus
 Bat coronavirus BM48-31/BGR/2008
 BatCoV/BB9904/BGR/2008

 Rousettus bat coronavirus HKU9
 Rousettus bat coronavirus HKU9(2)
 Bat coronavirus HKU9-4
 Bat coronavirus HKU9-10-2

 Coronavirus BtRt-BetaCoV/GX2018
 Bovine coronavirus
 Rabbit coronavirus HKU14

 Human coronavirus OC43
 Murine coronavirus

 Human coronavirus HKU1
 Middle East respiratory syndrome-related coronavirus

 Betacoronavirus England 1
 Pipistrellus bat coronavirus HKU5
 BtPa-BetaCoV/GD2013
 Bat coronavirus HKU5-2
 Bat coronavirus HKU5-399
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Figure S1. A maximum likelihood tree 
based on spike protein sequences 
showing branching of different 
strains of Sarbecoviruses  


