
Jungreis et al. Supplementary Materials for SARS-CoV-2 gene content 1 

Supplementary materials for Jungreis et al. SARS-CoV-2 gene 

content and COVID-19 mutation impact by comparing 44 

Sarbecovirus genomes 

 

Supplementary Figures ..................................................................................................... 2	

Supplementary Figure S1. Alignment of nsp11 and frameshift site. .............................. 3	

Supplementary Figure S2. ORF8 Phylogeny. ................................................................ 4	

Supplementary Figure S3. ORF3b alignment without wrapping. ................................... 5	

Supplementary Figure S4. Alignments of rejected ORFs. ............................................. 6	

Supplementary Figure S5. SNV-depleted regions. ........................................................ 7	

Supplementary Text .......................................................................................................... 8	

Supplementary Text S1 Resolution of ambiguous gene names .................................... 8	

Supplementary Text S2 Evidence that ORFs 3d and 3b are not protein-coding ........... 8	

Supplementary Text S3 Search for other novel protein-coding genes .......................... 9	

Supplementary Text S4 Experimental evidence supporting each ORF ....................... 10	

Supplementary Text S5 Effect of reference gene set on variant classification ............ 10	

Supplementary Text S6 Explanations for within-/cross-strains deviation in nsp3/S1 .. 10	

Supplementary Text S7 Enriched and depleted clusters of missense SNVs ............... 11	

	
 	



Jungreis et al. Supplementary Materials for SARS-CoV-2 gene content 2 

Supplementary	Figures	



Jungreis et al. Supplementary Materials for SARS-CoV-2 gene content 3 

	
 

 

Supplementary	Figure	S1.	Alignment	of	nsp11	and	frameshift	site.		
Alignment of nonstructural protein nsp11 and subsequent 5 codons in 44 Sarbecoviruses (top) and 52 
coronaviridae (bottom, green dots for strains included in both). Programmed frameshift slippery site (red 
rectangle) is perfectly conserved in all genomes. Pol shares the 5’ nine codons of nsp11 but then continues 
3’ of the slippery site in a different reading frame. The four codons 3’ of the slippery site are perfectly 
conserved in Sarbecoviruses, consistent with a dual coding region, but nsp11 is only 13 codons long and its 
stop codon is poorly conserved in coronaviridae (cyan, magenta, and yellow stop codons), suggesting that it 
does not produce a functional protein.  	
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NC_045512_SARS_CoV_2_Wuhan_Hu_1_aa  S  A  D  A  Q  S  F  L  N  G  F  A  V  *  V  Q  P  V  L 
NC_045512_SARS_CoV_2_Wuhan_Hu_1 TCA GCT GAT GCA CAA TCG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

NC_004718_SARS_CoV TCT GCG GAT GCA TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
NC_014470_Bat_CoV_BM48_31_BGR_2008 GCA GCT GAT GCC CCA GCG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CGG CCC GTC TTA

NC_025217_Bat_Hp_betaCoV_Zhejiang2013 GCT GCA GAT G-- ACA GT- TTT TTA AAC GGG TGC GCG GTG TAA GTG--- CAG CCC GTC TTA
NC_009021_Bat_CoV_HKU9_1 GCT AGG GAT G-- AGT GC- TTT TTA AAC GAG TCA GGG GTA CTA GTGGAG TAG CCC GTC TAG

NC_030886_Rousettus_bat_CoV_GCCDC1_356 GCT AAT GAT G-- ACT GC- TTT TTA AAC GAG TCC GGG GTG CTA GTGGAG TAG CCC GCC TAG
NC_019843_Middle_East_respiratory_syndrome_CoV CAA TCT AAA GAT TCC AAT TTT TTA AAC GAG TCC GGG GTT CTA TTGTAA ATG CCC GAA TAG

NC_038294_BetaCoV_England_1 CAA TCT AAA GAT TCC AAT TTT TTA AAC GAG TCC GGG GTT CTA TTGTAA ATG CCC GAA TAG
NC_034440_Bat_CoV_PREDICT_PDF_2180 CAG TCC AAG GAT TCT AAT TTT TTA AAC GAG TCC GGG GTT CTA TTGTAA ATG CCC GAA TAG

NC_009019_Bat_CoV_HKU4_1 CAA TCC AAA GAT ACT AAT TTT TTA AAC GAG TCC GGG GTT CTA GTGTAA ATG CCC GAC TAG
NC_009020_Bat_CoV_HKU5_1 CAG TCC AAA GAT TCC AAC TTT TTA AAC GAG TCC GGG GTT CTA TTGTAA ATG CCC GAA TAG

NC_039207_BetaCoV_Erinaceus_VMC_DEU_174_GER_2012 CAT TCC AAA GAC ACT AAT TTT TTA AAC GAG TCA GGG GTT CTA TTGTAG ATG CCC GAA TAG
NC_001846_Mouse_hepatitis_MHV_A59_C12_mutant CAG TCA AAA GAC ACG AAC TTT TTA AAC GGG TTC GGG GTA CAA GTGTAA ATG CCC GTC TTG

NC_012936_Rat_CoV_Parker CAG TCA AAA GAC ACG AAC TTT TTA AAC GGG TTC GGG GTA CAA GTGTAA ATG CCC GTC TTG
NC_003045_Bovine_CoV CAG TCA AAA GAT ACT AAT TTT TTA AAC GGG TTC GGG GTA CGA GTGTAG ATG CCC GTC TCG

NC_006213_Human_CoV_OC43_ATCC_VR_759 CAA TCA AAA GAT ACT AAT TTT TTA AAC GGG TTC GGG GTA CGA GTGTAG ATG CCC GTC TCG
NC_017083_Rabbit_CoV_HKU14 CAG TCA AAA GAC ACT AAT TTT TTA AAC GGG TTC GGG GTG CGA GTGTAG ATG CCC GTC TCG

NC_026011_BetaCoV_HKU24_HKU24_R05005I CAG TCA AAG GAT ACG AAC TTT TTA AAC GGG TTC GGG GTG CGA GTGTAG ATG CCC GTC TCG
NC_006577_Human_CoV_HKU1 CAA TCT AAA GAT TTA AAT TTT TTA AAC GGG TTC GGG GTA CTA GTGTGA ATG CCC GGC TAG

NC_011547_Bulbul_CoV_HKU11_934 TTG --- CAG AAT TCA CCT TAT TTA AAC GAG TAA CGG GTT CTA GTG--- GTG CCC GAC TAG
NC_011549_Thrush_CoV_HKU12_600 TTG --- CAA AGT TCA CCG TAT TTA AAC GAG TAA CGG GGT CTA GTG--- GTG CCC GCC TAG
NC_011550_Munia_CoV_HKU13_3514 TTG --- CAA AAC TCT GCT TAT TTA AAC GAG TAG TGG GTT CCA GTG--- AAG CCC GAC TGG

NC_016993_Magpie_robin_CoV_HKU18 CTG --- CAG AAT TCG GCT TAT TTA AAC GAG TAA CGG GGT CCA GTG--- GCG CCC GCC TGG
NC_016992_Sparrow_CoV_HKU17 CTG --- CAG AAT TCG GCT TAT TTA AAC GAG TAA CGG GTT CTA GTG--- ATG CCC GGC TAG

NC_039208_Porcine_CoV_HKU15_HKU15_155 CTG --- CAG AAT TCG GCT TAT TTA AAC GAG TAA CGG GTT CTA GTG--- ACG CCC GGC TAG
NC_016991_White_eye_CoV_HKU16 TTG --- CAG GGT TCG CCT TAT TTA AAC GAG TAA TGG GTT CTA GTG--- GTG CCC TGC TAG

NC_016996_Common_moorhen_CoV_HKU21 TTG --- CAA AAT ACA GCT TAT TTA AAC GAG TAA AGG GTT CTA GTG--- ATG CCC GTC TAG
NC_016994_Night_heron_CoV_HKU19 TCA AAC CAG AAC AAT AGT TAT TTA AAC GAG TAA AGG GTT CTA GTG--- ATG CCC GCC TAG

NC_016995_Wigeon_CoV_HKU20 TTG --- CAG AGC AAT GCC TAT TTA AAC GAG TGA AGG GTT CAA GTG--- GTG CCC GCC TTG
NC_032730_Lucheng_Rn_rat_CoV_19 GCT ATT ATT GAC CAG GGT TAT TTA AAC GGG TGC GGG GCT CTA GTG--- ATG CTC AAC TAG

NC_034972_CoV_AcCoV_JC34 AAC ATT ATT AGT CAA GAT TAT TTA AAC GGG TGC GGG GCT CTA GTG--- ATG CTC AAC TAG
NC_035191_Wencheng_Sm_shrew_CoV_Xingguo_101 ACA GTT GTA GAT AAT AAT TAT TTA AAC GGG CAA GGG GTT CTA GTG--- GAG CTC GAC TAG

NC_002306_Feline_infectious_peritonitis ACC ACT ATT GAT CAG AGT TAT TTA AAC GAG TGC GGG GTT CTA GTG--- CAG CTC GAC TAG
NC_028806_Swine_enteric_CoV_Italy_213306_2009 TCT ACT GTT GAT CAG AGT TAT TTA AAC GAG TGC GGG GTT CTA GTG--- CAG CTC GAC TAG

NC_038861_Transmissible_gastroenteritis TTT ACT GTT GAT CAA AGT TAT TTA AAC GAG TGC GGG GTT CTA GTG--- CAG CTC GAC TAG
NC_023760_Mink_CoV_WD1127 GCT GTC GTA GAT CAG AGT TAT TTA AAC GAG TAC GGG GTT CTA GTG--- GAG CTC GAC TAG

NC_030292_Ferret_CoV_NL_2010 GCT GTT GTA GAC CAG AGT TAT TTA AAC GAG TAC GGG GTT CTA GTG--- GAG CTC GAC TAG
NC_028811_BtMr_AlphaCoV_SAX2011 CAG AGC TTT GAC AAT GGT TAT TTA AAC GAG TGC GGG GCT CTA GTG--- ATG CTC GAC TAG
NC_028833_BtNv_AlphaCoV_SC2013 CAA GCT GTT GAT ACG GCT TAT TTA AAC GAG TAC GGG GCT CTA GTG--- CAG CTC GAC TAG

NC_002645_Human_CoV_229E CAA AGT TTT GAT AAC AGT TAT TTA AAC GAG TCC GGG GCT CTA GTG--- CCG CTC GAC TAG
NC_028752_Camel_alphaCoV_Riyadh_Ry141_2015 CAA AGT TTT GAT AAC AGT TAT TTA AAC GAG TCA GGG GCT CTA GTG--- CCG CTC GAC TAG

NC_005831_Human_CoV_NL63 CAA AGT GTT GAC ATT TCT TAT TTA AAC GAG CAA GGG GTT CTA GTG--- CAG CTC GAC TAG
NC_032107_NL63_related_bat_CoV_BtKYNL63_9a CAA AGC TTT GAC ATG TCT TAT TTA AAC GAG CAA GGG GCT CTA GTG--- CAG CTC GAC TAG

NC_009988_Bat_CoV_HKU2 CAG AGT ACT GAT CAG GCT TAT TTA AAC GGG CAA GGG GCT CTA GTG--- CAG CTC GAC TAG
NC_028824_BtRf_AlphaCoV_YN2012 CAG AGT ACT GAT CAG GCT TAT TTA AAC GGG CAA GGG GCT CTA GTG--- CAG CTC GAC TAG

NC_003436_Porcine_epidemic_diarrhea CAA AGC ACT GAT ATG GCT TAT TTA AAC GAG TAC GGG GCT CTA GTG--- CAG CTC GAC TAG
NC_009657_Scotophilus_bat_CoV_512 CAG AGT GTT GAC AGC GGT TAT TTA AAC GAG TGC GGG GCT CTA GTG--- CAG CTC GAC TAG

NC_022103_Bat_CoV_CDPHE15_USA_2006 CAA AGC TTT GAC AGC AGT TAT TTA AAC GAG CAA GGG GCT CTA GTG--- CAG CTC GAC TAG
NC_010437_Bat_CoV_1A CAA TCT GTT GAT CAG GCT TAT TTA AAC GAG CAA GGG GCT CTA GTG--- CAG CTC GAC TAG

NC_010438_Bat_CoV_HKU8 CAG TCA CTT GAC AAC AAT TAT TTA AAC GAG TGC GGG GCT CTA GTG--- CAG CTC GAC TAG
NC_018871_Rousettus_bat_CoV_HKU10 CAA GCT TTT GAC AAT GGT TAT TTA AAC GAG CAA GGG GCT CTA GTG--- CAG CTC AAC TAG

NC_028814_BtRf_AlphaCoV_HuB2013 CAA GCT TTT GAT GCT GGT TAT TTA AAC GAG CAA GGG GCT CTA GTG--- CAG CTC AAC TAG

NC_045512_SARS_CoV_2_Wuhan_Hu_1_aa  S  A  D  A  Q  S  F  L  N  G  F  A  V  *  V  Q  P  V  L 
NC_045512_SARS_CoV_2_Wuhan_Hu_1 TCA GCT GAT GCA CAA TCG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

MN996532_Bat_CoV_RaTG13 TCA GCT GAT GCA CAA TCG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CGG CCC GTC TTA

MG772934_Bat_SARS_like_CoV_bat_SL_CoVZXC21 TCT GCG GAC GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
NC_004718_SARS_CoV TCT GCG GAT GCA TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

KT444582_SARS_like_CoV_WIV16 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KY417146_Bat_SARS_like_CoV_Rs4231 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
MK211376_CoV_BtRs_BetaCoV_YN2018B TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KY417151_Bat_SARS_like_CoV_Rs7327 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KY417152_Bat_SARS_like_CoV_Rs9401 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KY417144_Bat_SARS_like_CoV_Rs4084 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

KF367457_Bat_SARS_like_CoV_WIV1 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KU973692_UNVERIFIED_SARS_related_CoV_F46 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

KY417145_Bat_SARS_like_CoV_Rf4092 TCA GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KJ473816_BtRs_BetaCoV_YN2013 TCT GCG GAT GCG TCA GCG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KY770858_Bat_CoV_Anlong_103 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

KY417143_Bat_SARS_like_CoV_Rs4081 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KY417149_Bat_SARS_like_CoV_Rs4255 TCT GCA GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
MK211378_CoV_BtRs_BetaCoV_YN2018D TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
FJ588686_Bat_SARS_CoV_Rs672_2006 TCT GCG GAC GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

MK211377_CoV_BtRs_BetaCoV_YN2018C TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KY417142_Bat_SARS_like_CoV_As6526 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KY417147_Bat_SARS_like_CoV_Rs4237 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KY417148_Bat_SARS_like_CoV_Rs4247 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
MK211375_CoV_BtRs_BetaCoV_YN2018A TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

DQ071615_Bat_SARS_CoV_Rp3 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KP886808_Bat_SARS_like_CoV_YNLF_31C TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

KJ473815_BtRs_BetaCoV_GX2013 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KF569996_Rhinolophus_affinis_CoV_LYRa11 TCT GAG GAC GCG TCA ACT TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

JX993988_Bat_CoV_Cp_Yunnan2011 TCT GCG GAC GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
MK211374_CoV_BtRl_BetaCoV_SC2018 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

KJ473814_BtRs_BetaCoV_HuB2013 TCT GCT GAC GCA TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
DQ412043_Bat_SARS_CoV_Rm1 TCT GCT GAC GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CGG CCC GTC TTA

KY938558_Bat_CoV_strain_16BO133 TCT GCG GAT GCG TCA CCG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
DQ412042_Bat_SARS_CoV_Rf1 TCG GCG GAT GCG TCA CCG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

DQ648856_Bat_CoV_BtCoV_273_2005 TCG GCG GAT GCG TCA CCG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
KJ473812_BtRf_BetaCoV_HeB2013 TCT GCG GAT GCG TCA GCG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

KY770860_Bat_CoV_Jiyuan_84 TCT GCG GAT GCG TCA GCG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA
JX993987_Bat_CoV_Rp_Shaanxi2011 TCT GCT GAC GCA TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

GQ153542_Bat_SARS_CoV_HKU3_7 TCT GCG GAC GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CGG CCC GTC TTA
DQ022305_Bat_SARS_CoV_HKU3_1 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CGG CCC GTC TTA

GQ153547_Bat_SARS_CoV_HKU3_12 TCT GCG GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CGG CCC GTC TTA
KY352407_SARS_related_CoV_strain_BtKY72 TCA TCA GAT GCG TCA ACG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CAG CCC GTC TTA

NC_014470_Bat_CoV_BM48_31_BGR_2008 GCA GCT GAT GCC CCA GCG TTT TTA AAC GGG TTT GCG GTG TAA GTG--- CGG CCC GTC TTA
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Supplementary	Figure	S2.	ORF8	Phylogeny.		
a. Phylogenetic tree computed from ORF8 alignment differs from genome-wide tree in Extended Data Fig. 2, 
indicating there has been recombination. b. Alignment of ORF8 with strains ordered according to the ORF8 
tree shows radical amino acid substitutions (red) disrupting almost every residue. Although the apparent 
high rate of nucleotide-level evolution in ORF8 when estimated using the whole genome tree (3.9 
substitutions per site, 6.2 per four-fold degenerate site) is partly an artifact of estimation along a tree 
topology that does not match the history of ORF8, it remains very high (2.1 and 3.7 respectively, 
Supplementary Table S2) when estimated using the ORF8-specific phylogeny, substantially higher than 
other ORFs (e.g. 1.1 and 2.8 respectively for ORF1ab when restricting to the 42 strains aligned in ORF8), 
and thus is not entirely an artifact of recombination.  	

NC_045512_SARS_CoV_2_Wuhan_Hu_1_aa  M  K  F  L  V  F  L  G  I  I  T  T  V  A  A  F  H  Q  E  C  S  L  Q  S  C  T  Q  H  Q  P  Y  V  V  D  D  P  C  P  I  H  F 
NC_045512_SARS_CoV_2_Wuhan_Hu_1 ATG AAA TTT CTT GTT TTC TTA GGA ATC ATC ACA ACT GTA GCT GCA TTT CAC CAA GAA TGT AGT- TTA CAG TCA TGT ACT CAA CAT CAA CCA TAT GTA GTT GAT GAC CCG TGT CCT ATT CAC TTC

MN996532_Bat_CoV_RaTG13 ATG AAA CTT CTT GTT TTC TTA GGA ATC CTC ACA ACA GTA ACT GCA TTT CAC CAA GAA TGT AGT- TTA CAG TCA TGT GCT CAA CAC CAA CCA TAT GTA GTT GAT GAC CCG TGT CCT ATT CAC TTC
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45 ATG AAA TTT CTT GTT TTC TTA GGA ATT CTT ACA ACA GTA GCT GCA TTC CAT CAG GAA TGT AGT- TTA CAG TCA TGT GCT CAG CAT CAA CCC TAT GTA GTT GAT GAC CCT TGT CCA ATT CAC TTC

MG772934_Bat_SARS_like_CoV_bat_SL_CoVZXC21 ATG AAA TTT CTT GTT TTC TTA GGA ATT CTT ACA ACA GTA GCT GCA TTC CAT CAG GAA TGT AGT- TTA CAG TCA TGT GCT CAA CAT CAA CCC TAT GTA GTT GAT GAC CCT TGT CCA ATT CAC TTC
MK211376_CoV_BtRs_BetaCoV_YN2018B ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACT TCA GTG TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CTT GAA GAC CCA TGT CCA ATA CAT TAC

KF367457_Bat_SARS_like_CoV_WIV1 ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACT TCA GTG TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CTT GAA GAC CCA TGT CCA ATA CAT TAC
KY417147_Bat_SARS_like_CoV_Rs4237 ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACT TCA GTG TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CTT GAA GAC CCA TGT CCA ATA CAT TAC
KY417151_Bat_SARS_like_CoV_Rs7327 ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACA TCA GTG TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA TCA TTC CAA CTT GAA GAC CCA TGT CCA ATA CAT TAC
MK211377_CoV_BtRs_BetaCoV_YN2018C ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACA TCA GTG TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CTT GAA GAC CCA TGT CCA ATA CAT TAC

KT444582_SARS_like_CoV_WIV16 ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACA TCA GTG TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CCT GAA GAC CCA TGT CCA ATA CAT TAT
KY417146_Bat_SARS_like_CoV_Rs4231 ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACA TCA GTG TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CCT GAA GAC CCA TGT CCA ATA CAT TAT
KY417152_Bat_SARS_like_CoV_Rs9401 ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACA TCA GTG TAT TGC GTG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CCT GAA GAC CCA TGT CCA ATA CAT TAT
KY417148_Bat_SARS_like_CoV_Rs4247 ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACA TCA GTG TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CCT GAA GAC CCA TGT CCA ATA CAT TAT
KY417143_Bat_SARS_like_CoV_Rs4081 ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACA TCA GTG TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CTT GAA GAC CCA TGT CCA ATA CAT TAT
KY417149_Bat_SARS_like_CoV_Rs4255 ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACA TCA GTG TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CTT GAA GAC CCA TGT CCA ATA CAT TAT
KY417142_Bat_SARS_like_CoV_As6526 ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACA TCA GTG TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CTT GAA GAC CCA TGT CCA ATA CAT TAT
MK211378_CoV_BtRs_BetaCoV_YN2018D ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACA TCA GTG TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CCT GAA GAC CCA TGT CCA ATA CAT TAC
FJ588686_Bat_SARS_CoV_Rs672_2006 ATG AAA CTT CTC ATT GTT TTA GGA CTC TTA ACA TCA GTA TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAC CAA CCA TTC CAA CTT GAA GAT CCA TGT CCA ATA CAT TAC

MK211375_CoV_BtRs_BetaCoV_YN2018A ATG AAA CTT TTC GTT GTT TTA GGA CTC TTA ACA TCA GTA TAT TGC ATG CAC AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAT CAA CCA TTC CAA CTT GAA GAC CCA TGT CCA ATA CAT TAC
MK211374_CoV_BtRl_BetaCoV_SC2018 ATG AAA CTT CTC ATT GTT TTT GGA CTC TTG ACA TCA GTA TAT TGC ATG CAT AAA GAA TGC AGT- ATA CAA GAA TGT TGT GAA AAC CAA CCA TTC CAA CTC GAA GAC CCA TGT CCA ATA CAT TAC

DQ071615_Bat_SARS_CoV_Rp3 ATG AAA CTT CTC ATT GTT TTT GGA CTC TTA ACA TCA GTA TAC TGC ATC CAT AAG GAA TGC AGC- ATA CAA GAG TGT TGT GAA AAT CAA CCC TAC CAA ATT GAA GAC CCT TGT CCA ATA CAT TAC
JX993987_Bat_CoV_Rp_Shaanxi2011 ATG AAA CTT CTC ATT GTA TTT GGA CTC TTA ACT TCA GTA TAC TGC ATC CAT AAG GAA TGC AGC- ATA CAA GAG TGT TGT GAA AAT CAA CCC TAC CAA ATT GAA GAC CCA TGT CCA ATA CAT TAC

KJ473814_BtRs_BetaCoV_HuB2013 ATG AAA CTT CTC ATT GTT TTT GGA CTC TTA ACA TCA GTA TAC TGC ATT CAT AAA GAA TGC AGC- ATA CAA GAG TGT TGT GAA ATT CAA CCC TCC CAA ATT GAA GAC CCA TCT CCA ATA CAT TAC
DQ412043_Bat_SARS_CoV_Rm1 ATG AAA CTT CTC ATT GTT TTT GGA CTC TTA ACA TCA GTA TAC TGC ATT CAT AAA GAA TGC AGC- ATA CAA GAG TGT TGT GAA AAT CAA CCC TAC CAA ATT GAA GAC CCA TGT CCA ATA CAT TAC

GQ153542_Bat_SARS_CoV_HKU3_7 ATG AAA CTT CTC ATT GTT TTT GGA CTC TTA ACA TCA GTG TAC TGC ATC CAT AAA GAA TGC AGC- ATA CAA GAG TGT TGT GAA AAT CAA CCC TAC CAA ATT GAA GAC CCA TGT CCA ATA CAT TAC
DQ022305_Bat_SARS_CoV_HKU3_1 ATG AAA CTT CTC ATT GTT TTT GGA CTC TTA GCA TCA GTG TAC TGC TTC CAC AGA GAA TGC AGC- ATA CAA GAG TGT TGT GAA AAT CAA CCC TAC CAA ATT GAA GAC CCA TGT CCA ATA CAT TAC

GQ153547_Bat_SARS_CoV_HKU3_12 ATG AAA CTT CTC ATT GTT TTT GGA CTC TTA GCA TCA GTG TAC TGC TTC CAC AGA GAA TGC AGC- ATA CAA GAG TGT TGT GAA AAT CAA CCC TAC CAA ATT GAA GAC CCA TGT CCA ATA CAT TAC
KF569996_Rhinolophus_affinis_CoV_LYRa11 ATG AAA CTT CTC ATT GTT TTT GGA CTC TTA ACA ATA GTG TAT GGT ATG CAT AAG GAA TGC ACC- ATA CAA GAG TGT TGT GAA AAC CAA CCC TAC ATT CTA GAA GAT CCC TGT CCA ATA CAC TAC

JX993988_Bat_CoV_Cp_Yunnan2011 ATG AAA CTT CTC ATT GTT TTT GGA CTC TTA ACA ATA GTG TAT GGT ATG CAT AAG GAA TGC ACC- ATA CAA GAG TGT TGT GAA AAT CAA CCC TAC ATT CTA GAA GAT CCC TGT CCA ATA CAC TAC
KU973692_UNVERIFIED_SARS_related_CoV_F46 ATG AAA CTT CTC ATT GTT TTG ACT TGT ATT TCT CTA TGC AGT TGC ATA CGC ACT GTA --- ---- GTA CAA CGC TGT GCA TCT AAC AAA CCT CAT GTG CTT GAA AAC CCT TGT CCC ACT GGT TAT

KY417145_Bat_SARS_like_CoV_Rf4092 ATG AAA CTT CTC ATT GTT TTG ACT TGT ATT TCT CTA TGC AGT TGC ATA CGC ACT GTT --- ---- GTA CAG CGC TGT GCA TCT AAC AAA CCT CAT GTG CTT GAA GAT CCT TGC CCT ACT GGT TAC
KY770858_Bat_CoV_Anlong_103 ATG AAA CTT CTC ATT GTT TTG ACT TGT ATT TCT CTA TGC AGT TGC ATA CGC ACT GTT --- ---- GTA CAG CGC TGT GCA TCT AAT AAA CCT CAT GTG CTT GAA GAC CCT TGT CCT ACT GGT TAT

KJ473816_BtRs_BetaCoV_YN2013 ATG AAA CTT CTC ATT GTT TTG ACT TGT ATT TCT CTA TGC AGT TGC ATA CGC ACT GTT --- ---- GTA CAG CGC TGT GCA TCT AAT AAA CCT CAT GTG CTT GAA GAT CCT TGT CCT ACT GGT TAC
NC_004718_SARS_CoV ATG AAA CTT CTC ATT GTT TTG ACT TGT ATT TCT CTA TGC AGT TGC ATA TGC ACT GTA --- ---- GTA CAG CGC TGT GCA TCT AAT AAA CCT CAT GTG CTT GAA GAT CCT TG- --- --- --- ---

KY417144_Bat_SARS_like_CoV_Rs4084 ATG AAA CTT CTC ATT GTT TTG ACT TGT ATT TCT CTA TGC AGT TGC ATA CGC ACT G-- --- -TT- GTA CAG CGC TGT GCA TCT AAC AAA CCT CAT GTG CTT GAA GAT CCT TGC CCT ACT GGT TAC
KP886808_Bat_SARS_like_CoV_YNLF_31C ATG AAA CTT CTC ATT GTT TTG ACT TGT ATT TCT CTT TGC TGC TGT ATA CGT ACT G-- --- -TG- GTA CAG CGC TGT GTA TCT AAT ACA CCT TAT GTT CTT GAA AAT CCA TGT CCC ACT GGT TAT

KY938558_Bat_CoV_strain_16BO133 ATG AAA CTT CTC ATT --- -TG ACT TGT ATC TCT CT- --- TTT TGC TGC TGT ACA CAG CAC TGTG GTA CAG CGC TGT GTA TCT AAT ACA CCT TAT GTT CTT G-- --- --- --- --- --- --- ---
DQ412042_Bat_SARS_CoV_Rf1 ATG AAA TTT CTC ATT GTT ATG ACT TGT ATA TCT C-- --- -TT TGC TGC TGT ATA C-G CAC TGTG GTA CAG CGC TGT GCA TCT AAT ACA CCT TAT GTT CTT GAA AAC CCA TGT CCC ACT GGT TAT

DQ648856_Bat_CoV_BtCoV_273_2005 ATG AAA TTT CTC ATT GTT ATG ACT TGT ATA TCT C-- --- -TT TGC TGC TGT ATA C-G CAC TGTG GTA CAG CGC TGT GCA TCT AAT ACA CCT TAT GTT CTT GAA AAC CCA TGT CCC ACT GGT TAT
KJ473812_BtRf_BetaCoV_HeB2013 ATG AAA CTT CTC ATT GTT ATG ACT TGT ATC TCT C-- --- -TT TGC TGC TGT ATA C-G CAC TGTG GTA CAG CGC TGT GTA TCT AAT ACA CCT TAT GTT CTT GAA AAC CCA TGT CCC ACT GGT TAT

KY770860_Bat_CoV_Jiyuan_84 ATG AAA CTT CTC ATT GTT ATG ACT TGT ATC TCT C-- --- -TT TGC TGC TGT ATA C-G CAC TGTG GTA CAG CGC TGT GTA TCT AAT ACA CCT TAT GTT CTT GAA AAC CCA TGT CCC ACT GGT TAT
KJ473815_BtRs_BetaCoV_GX2013 ATG AAA CTT CTC ATT GTT TTG ACT TGT ATT TCT CTA TGC AGT TGC ATA CGC ACT G-- --- -TT- GTA CAG CAT TGT GCA TCT AAT AAA CCT CAT GTG CTT GAA GAT CCT TGT CCT ACT GGT TAT

NC_045512_SARS_CoV_2_Wuhan_Hu_1_aa  Y  S  K  W  Y  I  R  V  G  A  R  K  S  A  P  L  I  E  L  C  V  D  E  A  G  S  K  S  P  I  Q  Y  I  D  I  G  N  Y  T  V  S 
NC_045512_SARS_CoV_2_Wuhan_Hu_1 TAT TCT AAA TGG TAT ATT AGA GTA GGA GCT--- AGA AAA TCA GCA CCT TTA ATT GAA TTG TGC GTG GAT GAG GCT GGT TCT AAA TCA CCC ATT CAG TAC ATC GAT ATC GGT AAT TAT ACA GTT TCC

MN996532_Bat_CoV_RaTG13 TAT TCT AAA TGG TAC ATT AGA GTA GGA GCT--- AGA AAA TCA GCA CCT TTA ATT GAA TTG TGC GTG GAT GAG GTT GGT TCT AAA TCA CCC ATT CAG TAC ATC GAT ATC GGC AAT TAT ACA GTT TCC
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45 TAC TCA CGA TGG TAT ATC AGA GTG GGA GCT--- AGA AAA TCA GCA CCT TTG ATT GAA TTG TGT GTT GAT GAG GTA GGC TCT AAG TCA CCC ATT CAA TAC ATT GAC ATT GGT AAT TAC ACA GTT TCC

MG772934_Bat_SARS_like_CoV_bat_SL_CoVZXC21 TAC TCA CGA TGG TAT ATC AGA GTG GGA GCT--- AGA AAA TCA GCA CCT TTG ATT GAA TTG TGT GTT GAC GAG GTA GGC TCT AAG TCA CCC ATT CAA TAC ATT GAC ATT GGT AAT TAC ACA GTT TCC
MK211376_CoV_BtRs_BetaCoV_YN2018B TAT TCG GAC TGG TTT GTA AAA ATT GGA CCT--- CGT AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAT AGA GTT CCA ATA CAT TAC GAA ATG TTT GGC AAT TAC ACT ATT TCA

KF367457_Bat_SARS_like_CoV_WIV1 TAT TCG GAC TGG TTT GTA AAA ATT GGA CCT--- CGT AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAT AGA GTT CCA ATA CAT TAC GAA ATG TTT GGC AAT TAC ACT ATT TCA
KY417147_Bat_SARS_like_CoV_Rs4237 TAT TCG GAC TGG TTT GTA AAA ATT GGA CCTC-- -GT AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAT AGA GTT CCA ATA CAT TAC GAA ATG TTT GGC AAT TAC ACT ATT TCA
KY417151_Bat_SARS_like_CoV_Rs7327 TAT TCG GAC TGG TTT GTA AAA ATT GGA CCT--- CGC AAG TCT GCG CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAT AGA GTT CCA ATA CAT TAT GAA ATG TTT GGC AAT TAT ACT ATC TCA
MK211377_CoV_BtRs_BetaCoV_YN2018C TAT TCG GAC TGG TTT GTA AAA ATT GGA CCTC-- -GC AAG TCT GCG CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAT AGA GTT CCA ATA CAT TAT GAA ATG TTT GGC AAT TAT ACT ATC TCA

KT444582_SARS_like_CoV_WIV16 TAT TCG GAC TGG TTT GTA AAA ATT GGA CCT--- CGC AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAC AGA GTT CCA ATA CAT TAT GAA ATG TTT GGC AAT TAT ACT ATT TCA
KY417146_Bat_SARS_like_CoV_Rs4231 TAT TCG GAC TGG TTT GTA AAA ATT GGA CCT--- CGC AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAC AGA GTT CCA ATA CAT TAT GAA ATG TTT GGC AAT TAT ACT ATT TCA
KY417152_Bat_SARS_like_CoV_Rs9401 TAT TCG GAC TGG TTT GTA AAA ATT GGA CCT--- CGC AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CGC AGA GTT CCA ATA CAT TAT GAA ATG TTT GGC AAT TAT ACT ATT TCA
KY417148_Bat_SARS_like_CoV_Rs4247 TAT TCG GAC TGG TTT GTA AAA ATT GGA CCTC-- -GC AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAC AGA GTT CCA ATA CAT TAT GAA ATG TTT GGC AAT TAT ACT ATT TCA
KY417143_Bat_SARS_like_CoV_Rs4081 TAT TCG GAC TGG TTT ATA AAA ATT GGA CCTC-- -GC AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAC AGA GTT CCA ATA CAT TAT GAA ATG TTT GGC AAT TAT ACT ATT TCA
KY417149_Bat_SARS_like_CoV_Rs4255 TAT TCG GAC TGG TTT ATA AAA ATT GGA CCTC-- -GC AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAT AGA GTT CCA ATA CAT TAT GAA ATG TTT GGC AAT TAT ACT ATT TCA
KY417142_Bat_SARS_like_CoV_As6526 TAT TCG GAC TGG TTT ATA AAA ATT GGA CCTC-- -GC AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAT AGA GTT CCA ATA CAT TAT GAA ATG TTT GGC AAT TAT ACT ATT TCA
MK211378_CoV_BtRs_BetaCoV_YN2018D TAT TCG GAC TGG TTT GTA AAA ATT GGA CCTC-- -GC AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAT AGA GTT CCA ATA CAT TAT GAA ATG TTT GGC AAT TAT ACT ATT TCA
FJ588686_Bat_SARS_CoV_Rs672_2006 TAT TCG GAC TGG TTT TTA AAA ATT GGA CCTC-- -GT AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAC AGA GTT CCA ATA CAT TAT GAA ATG TTT GGC AAT TAT ACT ATT TCG

MK211375_CoV_BtRs_BetaCoV_YN2018A TAT TCG GAC TGG TTT TTA AAA ATT GGA CCTC-- -GT AAG TCT GCT CGC CTA GTA CAA CTT TGT GCT GGT GAA TAT GGA CAT AGA GTT CCA ATA CAT TAT GAA ATG TTT GAC AAT TAT ACT ATC TCA
MK211374_CoV_BtRl_BetaCoV_SC2018 TAT TTG GAC TGG TTT GTT AAA ATT GGG CATC-- -GT AAA TCG GCT CGC CTA GTA CAA CTT TGT ACA GGT GAG TAT GGG CAT AAG ATC CCA ATT CAT TAT GAC ATT TTT GGC AAT TAT ACT ATT TCA

DQ071615_Bat_SARS_CoV_Rp3 TAT TCG GAC TGG TTT ATT AAA ATT GGA TCCA-- -GA AAG TCT GCT CGC CTT GTA CAA CTG TGC GAG GGA GAC TAT GGT AAA AGA ATT CCA ATT CAT TAT CAA ATG TTT GGC AAT TAC ACC ATC TCT
JX993987_Bat_CoV_Rp_Shaanxi2011 TAT TCG GAC TGG TAT ATA AAA ATT GGA GCT--- AGA AAG TCA GCC CGC CTT GTG CAA TTG TGC GAG GGC GAT TAT GGC AAA AGG ATT CCA ATT CAT TAT GAA ATG TTT GGC AAT TAC ACT ATC TCT

KJ473814_BtRs_BetaCoV_HuB2013 TAT TCG GAC TGG TTT ATA CAA ATT GGA TAT--- AGA AAG TCA GCT CGC CTT GTA CAA TTG TGC GAG GGA GAT TAT GGC AAA AGA ATT CCG ATT CAT TAT GAA ATG TTT GGC AAT TAC AGT ATG TAC
DQ412043_Bat_SARS_CoV_Rm1 TAT TCG GAC TGG TTT ATA AAA ATT GGA TCT--- AGA AAG TCA GCT CGC CTT GTA CAA TTG TGC GAG GGA GAT TAT GGC AAA AGA ATT CCG ATT CAT TAT GAA ATG TTT GGC AAT TAC ACT ATC TCT

GQ153542_Bat_SARS_CoV_HKU3_7 TAT TCG GAC TGG TTT ATA AAA ATT GGA TCT--- AGA AAA TCA GCT CGC CTC GTA CAA TTA TGT GAA GGT GAT TAT GGA CGA AGA ATT CCA ATT TAT TAT GAG ATG TTT GGC AAT TAC ACT ATC TCT
DQ022305_Bat_SARS_CoV_HKU3_1 TAT TCG GAC TGG TTT ATA AAA ATT GGA TCT--- AGA AAA TCG GCT CGC CTC GTA CAA TTG TGC GAA GGT GAT TAC GGA CGA AGA ATT CCA ATT CAT TAT GAG ATG TTT GGC AAT TAC ACT ATC TCC

GQ153547_Bat_SARS_CoV_HKU3_12 TAT TCG GAC TGG TTT ATA AAA ATT GGA TCT--- AGA AAA TCG GCT CGC CTC GTA CAA TTG TGC GAA GGT GAT TAC GGA CGA AGA ATT CCA ATT CAT TAT GAG ATG TTT GGC AAT TAC ACT ATC TCC
KF569996_Rhinolophus_affinis_CoV_LYRa11 TAT TCG GAC TGG TAT TTA AAG ATT GGA CCAA-- -GA AAA TCG GCC CGC TTA CTT CAG CTT TGT GCT GGT GAG TAT GGC AAA AGA CTA CCG GTT CAG TAT GAG AAG CTT GGC AAT TAT ACT ATC AAC

JX993988_Bat_CoV_Cp_Yunnan2011 TAT TCG GAC TGG TAT TTA AAG ATT GGA CCAA-- -GA AAG TCG GCC CGC TTA CTT CAG CTT TGT GCT GGT GAG TAT GGC AAA AGA CTA CCG GTT CAG TAT GAG AAG CTT GGC AAC TAT ACT ATC AAC
KU973692_UNVERIFIED_SARS_related_CoV_F46 CAA CCA GAA TGG AAC ATA A-- --- GGT ACAACA CTA AGG GCG GTA CTT ATA GCA CAG CTT GGC TAT GTG CAC TA- GGA AAG GTT TTA CCT TTT CAT AGA TGG CAC ACT ATG GTT CAA GCG TGC ACA

KY417145_Bat_SARS_like_CoV_Rf4092 CAA CCA GAA TGG AAT ATA A-- --- GGT ACAACA CTA GAG GTA ATA CTT ATA GCA CTG CTT GGC TTT GTG CTC TA- GGA AAG GTA TTA CCT TTT CAT AGA TGG CAC ACT ATG GTT CAA ACA TGC ACA
KY770858_Bat_CoV_Anlong_103 CAA CCT GAA TGG AAT ATA C-- --- GGT ACAACA CTA GAG GTA ATA CTT ATA GCA CTG CTT GGC TTT GTG CTC TA- GGA AAG GTT TTA CCT TTT CAT AGA TGG CAC ACT ATG GTT CAA ACA TGC ACA

KJ473816_BtRs_BetaCoV_YN2013 CAA CCT GAA TGG AAT ATA A-- --- GGT ACAACA CTA GAG GTA ATA CTT ACA GCA CTG CTT GGC TTT GTG CTC TA- GGA AAG GTT TTA CCT TTT CAT AGA TGG CAC ACT ATG GTT CAA ACA TGC ACA
NC_004718_SARS_CoV --- --- --- --- --- -TA AGG TAC AAC ACTAGG GGT AAT ACT TAT AGC ACT GCT TGG CTT TGT GCT CTA GGA AAG GTT TTA CCT TTT CAT AGA TGG CAC ACT ATG GTT CAA ACA TGC ACA CCT ---

KY417144_Bat_SARS_like_CoV_Rs4084 CAA CCA GAA TGT AAG GTA CAA C-- ACT AGA--- GGT AAT ACT TAT AGC ACT GCT TGG CTT TGT GCT CTA GGA AAG GTA TTA CCT TTT CAT AGA TGG CAC ACT ATG GTT CAA ACA TGC ACA CCT ---
KP886808_Bat_SARS_like_CoV_YNLF_31C CGG CCA GAG TGG AAC ATT AGG TAT AAC ACTAGG GGT AAT ACA TAT AAC ACT GCT AGG CTG TGT GCT TTA GGA AAG GTT TTG TCT TTT CAT AGA TGG CAC ACT ATG GTT CAA GCA TGT AC- ACC TAA

KY938558_Bat_CoV_strain_16BO133 --- --- --- --- --- --- --- -GT AAT ATTAGG GGT AAT ACT TAT AAT AGT GCT AGA CTT CGT GCC TTA GGA AAA GTT CTA TCT TTT CAT ATA TGG CAC ACT ATG GTT CAA GCA TGT ACA CCT ---
DQ412042_Bat_SARS_CoV_Rf1 CAG CCA GAG TGG AAC ATT AGG TAT AAC ACTAGG GGT AAT ACT TAT AAC AGT GCT AGA CTG TGT GCT TTA GGA AAA GTT TTA TCT TTT CAT AGG TGG CAC ACT ATG GTT CAA GCA TGT ACA CCT ---

DQ648856_Bat_CoV_BtCoV_273_2005 CAG CCA GAG TGG AAC ATT AGG TAT AAC ACTAGG GGT AAT ACT TAT AAC AGT GCT AGA CTG TGT GCT TTA GGA AAA GTT TTA TCT TTT CAT AGG TGG CAC ACT ATG GTT CAA GCA TGT ACA CCT ---
KJ473812_BtRf_BetaCoV_HeB2013 CAG CCA GAG TGG AAC ATT AGG TAT AAC ACTAGG GGT AAT ACT TAT AAC ACT GCT AGA CTG TGT GCC TTA GGA AAA GTT CTA TCT TTT CAT AGA TGG CAC ACT ATG GTT CAA GCA TGT ACA CCT ---

KY770860_Bat_CoV_Jiyuan_84 CAG CCA GAG TGG AAC ATT AGG TAT AAC ACTAGG GGT AAT ACT TAT AAC ACT GCT AGA CTG TGT GCC TTA GGA AAA GTT CTA TCT TTT CAT AGA TGG CAC ACT ATG GTT CAA GCA TGT ACA CCT ---
KJ473815_BtRs_BetaCoV_GX2013 CAA CCT GAA TGG AAT ATA AGG TAC AAC ACTAGA GGT AAT ACT TAT AGC ACT GCT TGG CTT TGT GCT CTA GGA AAG GTC TTA GCT TTT CAT AGA TGG CAC ACC ATG GTT CAA ACA TGC AC- ACC TAA

NC_045512_SARS_CoV_2_Wuhan_Hu_1_aa  C  L  P  F  T  I  N  C  Q  E  P  K  L  G  S  L  V  V  R  C  S  F  Y  E  D  F  L  E  Y  H  D  V  R  V  V  L  D  F  I  * 
NC_045512_SARS_CoV_2_Wuhan_Hu_1 TGT TTA CCT TTT ACA ATT AAT TGC CAG GAA CCT AAA TTG GGT AGT CTT GTA GTG CGT TGT TCG TTC TAT GAA GAC TTT TTA GAG TAT CAT GAC GTT CGT GTT GT---T TTA G--AT TTC ATC TAA

MN996532_Bat_CoV_RaTG13 TGT TCA CCT TTT ACA ATT AAT TGC CAG GAG CCT AAA TTG GGT AGT CTT GTA GTG CGT TGT TCG TTC TAT GAA GAC TTT TTA GAG TAT CAT GAC GTT CGT GTT GT---T TTA G--AT TTC ATC TAA
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45 TGT TCT CCT TTT ACA ATT AAT TGC CAG GAA CCT AAA TTA GGT AGT CTC GTA GTA CGG TGT TCG TAT TAT GAA GAC TTT CTA GAG TAC CAT GAC ATT CGT GTT GT---C TTA G--AT TTC ATC TAA

MG772934_Bat_SARS_like_CoV_bat_SL_CoVZXC21 TGT TCT CCT TTT ACA ATT AAT TGC CAG GAA CCT AAA TTA GGT AGT CTC GTA GTA CGG TGT TCG TAT TAT GAA GAC TTT CTA GAG TAC CAT GAC ATT CGT GTT GT---C TTA G--AT TTC ATC TAA
MK211376_CoV_BtRs_BetaCoV_YN2018B TGT GAA CCA CTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA

KF367457_Bat_SARS_like_CoV_WIV1 TGT GAA CCA CTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
KY417147_Bat_SARS_like_CoV_Rs4237 TGT GAA CCA CTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
KY417151_Bat_SARS_like_CoV_Rs7327 TGT GAA CCA CTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATC GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
MK211377_CoV_BtRs_BetaCoV_YN2018C TGT GAA CCA CTT GAA ATA AAT TGT CAA AAT CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA

KT444582_SARS_like_CoV_WIV16 TGT GAA CCA CTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
KY417146_Bat_SARS_like_CoV_Rs4231 TGT GAA CCA CTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
KY417152_Bat_SARS_like_CoV_Rs9401 TGT GAA CCA CTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
KY417148_Bat_SARS_like_CoV_Rs4247 TGT GAA CCA CTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAT TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
KY417143_Bat_SARS_like_CoV_Rs4081 TGT GAA CCA CTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
KY417149_Bat_SARS_like_CoV_Rs4255 TGT GAA CCA CTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAT GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
KY417142_Bat_SARS_like_CoV_As6526 TGT GAA CCA CTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAT GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
MK211378_CoV_BtRs_BetaCoV_YN2018D TGT GAA CCA CTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
FJ588686_Bat_SARS_CoV_Rs672_2006 TGT GAA CCA TTT GAA ATA AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT ATG GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA

MK211375_CoV_BtRs_BetaCoV_YN2018A TGC GAA CCA CTT GAA ATT AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATT GTA CGT TGT TCA TAT GAT GTT GAC TTT TTG GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTT ATC TAA
MK211374_CoV_BtRl_BetaCoV_SC2018 TGT GAA CCA CTT GAA ATT AAT TGT CAA AAC CCA CCA GTT GGA AGT CTC ATC GTA CGT TGT TCA TAT GAT GTT GAC TCT ATG GAG TAT CAT GAC GTT CAT GTT GT---T CTA G--AT TTC ATC TAA

DQ071615_Bat_SARS_CoV_Rp3 TGT GAA CCA CTC GAG ATA AAC TGT CAA GCA CCA CCA GTA GGT AGT CTA ATA GTG CGT TGT TCG TAC GAT TAT GAC TTT GTT GAG CAT CAT GAC GTT CGT GTT GT---T CTA G--AT TTC GTC TAA
JX993987_Bat_CoV_Rp_Shaanxi2011 TGC GAA CCA CTT GAG ATA AAC TGC CAA GCA CCA CCT GTA GGT AGT CTA ATT GTG CGT TGT TCG TAC GAT TAT GAC TTT GTT GAG CAT CAT GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA

KJ473814_BtRs_BetaCoV_HuB2013 TGT GAA CCA CTT GAG ATA AAC TGT CAA GCC CCA CCA GTA GGT CGT TTA ATT GTG CGG TGG TTG CAC GAT TAT GAG TCT GCT GAG CAT CAC GAC GTT AGA GTT GT---T CTA G--AT TTC ATA TAA
DQ412043_Bat_SARS_CoV_Rm1 TGT GAA CCC CTT GAG ATA AAC TGT CAA GCA CCA CCA GTA GGT AGT CTA ATT GTG CGC TGC TCG TAC GAT TAT GAC TTT GTT GAG CAT CAT GAC GTG CGT GTT GT---T CTA G--AT TTC ATC TAA

GQ153542_Bat_SARS_CoV_HKU3_7 TGT GAA CCA CTA GAG ATA AAT TGT CAG GCG CCA CCA GTG GGT AGT CTA ATC GTT CGT TGT TCA TAC GAT TAC GAC TTT GTT GAG CAT CAT GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
DQ022305_Bat_SARS_CoV_HKU3_1 TGT GAA CCA CTA GAG ATA AAT TGT CAG GCT CCA CCA GTA GGT AGT CTA ATC GTT CGT TGT TCA TAC GAT TAT GAC TTT GTT GAG CAT CAT GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA

GQ153547_Bat_SARS_CoV_HKU3_12 TGT GAA CCA CTA GAG ATA AAT TGT CAG GCT CCA CCA GTA GGT AGT CTA ATC GTT CGT TGT TCA TAC GAT TAT GAC TTT GTT GAG CAT CAT GAC GTT CGT GTT GT---A CTA G--AT TTC ATC TAA
KF569996_Rhinolophus_affinis_CoV_LYRa11 TGT GAA CCA TTT GAA ATT AAT TGC CAA ACA CCA CCT GTA GGC AGT CTA ATT GTG CGT TGT TCG TAC GAT TAT GAC TTC ATT GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA

JX993988_Bat_CoV_Cp_Yunnan2011 TGT GAA CCA TTT GAA ATT AAT TGC CAA ACA CCA CCT GTA GGC AGT CTA ATT GTG CGT TGT TCG TAC GAT TAT GAC TTC ATT GAG TAT CAC GAC GTT CGT GTT GT---T CTA G--AT TTC ATC TAA
KU973692_UNVERIFIED_SARS_related_CoV_F46 CCT AAT G-- -TT ACT ATC AGC TGC CAA GAT CCA GCC GGT GGT GCT CTC ATA GCT AGG TGT TGG TAC CTG CAT GAA GGT CAC CAA ACT GCT GCA TTT AGA GAC AT---A CTT GTTGT TTT AAC TAA

KY417145_Bat_SARS_like_CoV_Rf4092 CCT AAT G-- -TT ACT ATC AAC TGT CAA GAT CCA GTT GGT GGT GCG CTT ATA GCT AGG TGT TGG TAC CTT CAT GAA GGT CAC CAA ACT GCT GCA TTT AGA GAC AT---A CTT GTTGT TTT AAA TAA
KY770858_Bat_CoV_Anlong_103 CCT AAT G-- -TT ACT ATC AAC TGT CAA GAT CCA GCT GGT GGT GCG CTT ATG GCT AGG TGT TGG TAC CTT CAC GAA GGT CAC CAA ACT GCT GCA TTT AGA GAC GT---A CTT GTTGT TTT AAA TAA

KJ473816_BtRs_BetaCoV_YN2013 CCT AAT G-- -TT ACT ATC AAC TGT CAA GAT CCA GCT GGT GGT GCG CTT ATA GCT AGG TGT TGG TAC CTT CAC GAA GGT CAC CAA ACT GCT GCA TTT AGA GAC GT---A CTT GTTGT TCT AAA TAA
NC_004718_SARS_CoV --- --- AAT GTT ACT ATC AAC TGT CAA GAT CCA GCT GGT GGT GCG CTT ATA GCT AGG TGT TGG TAC CTT CAT GAA GGT CAC CAA ACT GCT GCA TTT AGA GAC GT---A CTT GTTGT TTT AAA TAA

KY417144_Bat_SARS_like_CoV_Rs4084 --- --- AAT GTT ACT ATC AAC TGT CAA GAT CCA GTT GGT GGT GCG CTT ATA GCT AGG TGT TGG TAC CTT CAT GAA GGT CAC CAA ACT GCT GCA TTT AGA GAC AT---A CTT GTTGT TTT AAC TAA
KP886808_Bat_SARS_like_CoV_YNLF_31C TA- --- --- -TC ACC ATT AAT TGT CAA GAT CCG GTG GGT GGT GCA CTT GTA GCG AGA TGT TGG TAC TTT CAC AAA GGT TCC CAG ACT GCT ACA TTT AGA GAC AT---A CAC GTAGA TCT GTT CTT

KY938558_Bat_CoV_strain_16BO133 --- --- AAT GTC ACC ATC AAT TGT CAA GAT CCA GTA GGT GGT GCA CTT GTA GCG AGA TGT TGG TAC CTT TAC GGA GGT TCC CAG ACC GCT ACA CTT AGA GAC -T---T GTA GATCT GTT CTT TAA
DQ412042_Bat_SARS_CoV_Rf1 --- --- AAT GTC ACC ATC AAT TGT CAA GAT CCA GTA GGT GGT GCA CTT GTA GCG AGA TGT TGG TAC TTT TAC CAA GGT CCC CAG ACC GCT ACA TTT AGA GAC ATACAT GTA GATCT GTT CTT TAA

DQ648856_Bat_CoV_BtCoV_273_2005 --- --- AAT GTC ACC ATC AAT TGT CAA GAT CCA GTA GGT GGT GCA CTT GTA GCG AGA TGT TGG TAC TTT TAC CAA GGT TCC CAG ACC GCT ACA TTT AGA GAC ATACAT GTA GATCT GTT CTT TAA
KJ473812_BtRf_BetaCoV_HeB2013 --- --- AAT GTC ACC ATC AAT TGT CAA GAT CCA GTA GGT GGT GCA CTT GTA GCG AGA TGT TGG TAC TTT TAC CGA GGT TCC CAG ACC GCT ACA TTT AGA GAC ATACAC GTA GATCT GTT CTT TAA

KY770860_Bat_CoV_Jiyuan_84 --- --- AAT GTC ACC ATC AAT TGT CAA GAT CCA GTA GGT GGT GCA CTT GTA GCG AGA TGT TGG TAC TTT CAC CGA GGT TCC CAG ACC GCT ACA TTT AGA GAC ATACAC GTA GATCT GTT CTT TAA
KJ473815_BtRs_BetaCoV_GX2013 TG- --- --- -TC ACT ATC AAC TGT CAA GAT CCA GCT GGT GGT GCG CTT ATA GCT AGG TGT TGG TAC CTT CAC GAA GGT CAC CAA ACT GCT GCA TTT AGA GAC GT---A CTT GTTGT TTT AAA TAA
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Supplementary	Figure	S3.	ORF3b	alignment	without	wrapping.	
Alignment of SARS-CoV ORF3b (as in Extended Data Fig. 6 but without wrapping), and the same region in 
the reading frame of ORF3a.  	
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NC_004718_SARS_CoV_aa  M  M  P  T  T  L  F  A  G  T  H  I  T  M  T  T  V  Y  H  I  T  V  S  Q  I  Q  L  S  L  L  K  V  T  A  F  Q  H  Q  N  S  K  K  T  T  K  L  V  V  I  L  R  I  G  T  Q  V  L  K  T  M  S  L  Y  M  A  I  S  P  K  F  T  T  S  L  S  L  H  K  L  L  Q  T  L  V  L  K  M  L  H  S  S  S  L  T  S  L  L  K  T  H  R  M  C  K  Y  T  Q  S  T  A  L  Q  E  L  L  I  Q  Q  W  I  Q  F  M  M  S  R  R  R  L  L  A  C  L  C  K  H  K  K  V  S  T  N  L  C  T  H  S  F  R  K  K  Q  V  R  * 
NC_004718_SARS_CoV ATG ATG CCA ACT ACT TTG TTT GCT GGC ACA CAC ATA ACT ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG AAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATA GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ACC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG CTA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA

KT444582_SARS_like_CoV_WIV16 ATG ATG CCA ACT ACT TTG TTT GCT GGC ACA CAC ATA ACT ATG ACT ACT GTA TAC CGT ATA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGA ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ACC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
KY417146_Bat_SARS_like_CoV_Rs4231 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAC ATA ACT ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CAG ATA CAA TCG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---AC AGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
MK211376_CoV_BtRs_BetaCoV_YN2018B ATG ATG CCA ACT ACT TTG TTT GCT GGC ACA CAC ATA ACT ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGA ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TCG TAC ATG GCT ATT TCA CTG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---GC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
KY417151_Bat_SARS_like_CoV_Rs7327 ATG ATG CCA ACT ACT TTG TTT GCT GGC ACA CAC ATA ACT ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGA ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TCG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ACC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG CAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
KY417152_Bat_SARS_like_CoV_Rs9401 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAC ATA ACT ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGA ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ACC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TTG TTT CGG AAG AAA CAG GTA CGT TAA
KY417144_Bat_SARS_like_CoV_Rs4084 ATG ATG CCA ACT ACT TTG TTT GCT GGC ACA CAC ATA ACT ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGA ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ACC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
KF367457_Bat_SARS_like_CoV_WIV1 ATG ATG CCA ACT ACT TTG TTT GCT GGC ACA CAC ATA ACT ATG ACT ACT GTA TAC CGT ATA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGA ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ACC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CTA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA

KU973692_UNVERIFIED_SARS_related_CoV_F46 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAC ACA ACC ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CGG ATA CAA TTG TCA TCA CTG CAG GTG ATG GCA TTT CAA GGC CAA AAC TTC ATG AAG ACT ACC AAA TAG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ACT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AGA TTA CTA CTG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TCA AAG ATC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG TAA TGG ACC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA
KY417145_Bat_SARS_like_CoV_Rf4092 ATG ATG CCA ACT ACT TTG TTT GCT GGC ACA CAC ACA ACT ATG ACT ACT GTA TAC CAT ACA ACA GCA TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GCG GTT ATT CTG AGA ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAA TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CGA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA

KJ473816_BtRs_BetaCoV_YN2013 ATG ATG CCA ACT ACT TTG TTT GCT GGC ACA CAC ACA ACT ATG ACT ACT GTA TAC CAT ACA ACA GCG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG CTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ACC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG CAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA
KY770858_Bat_CoV_Anlong_103 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAC ATA ACT ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ACG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ACC C---AT CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA TGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA

KY417143_Bat_SARS_like_CoV_Rs4081 ATG ATG TCA ACT ACT TTG TTT GCT GGC ATA CAC ATA ACT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
KY417149_Bat_SARS_like_CoV_Rs4255 ATG ATG CTA ACT ACT TTG TTT GCT GGC ACA CAC ATA ACT ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGA ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ACC C---AC CGA ATG TGC AAA TAC ATA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
MK211378_CoV_BtRs_BetaCoV_YN2018D ATG ATG CCA ACT ACT TTG TTT GCT GGC ACA CAC ATA ACT ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGA ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TCG TAC ATG GCT ATT TCA CTG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---GC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
FJ588686_Bat_SARS_CoV_Rs672_2006 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAC ATA ACT ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ATT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ACC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA TGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA

MK211377_CoV_BtRs_BetaCoV_YN2018C ATG ATG CCA ACT ACT TCG TTT GCT GGC ATA CAC ATA ACT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
KY417142_Bat_SARS_like_CoV_As6526 ATG ACG CCA ACT ACT TTG TTT GCT GGC ATA CAC ATA ACT ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CAG ATA CAA TCG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
KY417147_Bat_SARS_like_CoV_Rs4237 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAC ATA ACT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TTG TTT CGG AAG AAA CAG GTA CGT TAA
KY417148_Bat_SARS_like_CoV_Rs4247 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAC ATA ACT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
MK211375_CoV_BtRs_BetaCoV_YN2018A ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAC ATA ACT ATG ACT ACT GTA TAC CAT ACA ACA GCG TCA CAG ATA CAA TCG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAG TTG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA

DQ071615_Bat_SARS_CoV_Rp3 ATG ATG CTA ACT ACT TTG TAT GTT GGC ACA CCA ATT GCT TTG ACT ACT GTA TAC CAT ATA ACA GTA TCA CTG ACA CAA TCG TCC TCA CCT CAG GTG ACG GAA CTA CCC AAC CAA AAC TTA AGG AAG ATT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ATT CAG GTG TAA AAG ACT ATG TAG TAA TAC ATG GTT ATT TCA CCG AAG TTT ACT ACC AGT TGG AAT CGA CAC AAC TGT CGA CTG ATA CTG GTG CTG AAA ATG CTA CAT TCT TCA TCT ATA GCA AGC TTG TTA AAG ATG T---AG ATC ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
KP886808_Bat_SARS_like_CoV_YNLF_31C ACG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAT ATA ATT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAA ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAG AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ATT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CTG AAG TTC ACT ACC AGC TTG AGT CTA CAC AAA TTA GTA CAG ACA CAG GTA TTC AAA ATG CTA CAT TCT TTA TCT TTA ACA AGC TTG TTA AAG ATC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ACG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA

KJ473815_BtRs_BetaCoV_GX2013 ATG ATG CTA ACT ATT TTG TAT GTT GGC ACA CTA ATA ACT ATG ACT ACT GTA TAC CAT ACA ACG GTG TCA CAG ATA CAG TTG TCA TCA CCT CAG GTG ATG GAA TAA ATG AGC CAA AAC TAA AAG AAG ACT ATC AAA TTG GTG GTT ATT CTG AGG ATT GGC ATT CAG GTG TTA AAG ACT ATG TAG TAA TAC ATG GCT ATT TCA CCG AAG TTT ATT ACC AGC TTG AAT CGA CTC AAT TGT CGA CTG ATA CTG GTG CTG AAA ATG CTA CAT TCT TCA TCT ATA GCA AGC TTG TTA AAG ATG T---AG ATC ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CGG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA
KF569996_Rhinolophus_affinis_CoV_LYRa11 ATG ATG CTA ACT ACT TTG TTT GTT GGC ATA CCA ATT GTT ATG ACT ACT GTA TAC CTT ACA ACA GTG TCA CAG ATA CAA TTG TCC TCA CAT CCA GTG ACG GAA CAA ATG TGC CAA AAC TAA AGG AAG ACT ACC AAA TAG GTG GTT ATT CTG AAG ACT GGC ACT CAG GTG TGA AAG ACT ATG TAG TAA TAC ATG GTT ATT TCA CTG AAA TCT ACT ACC AGC TCG AAT CGA CTC AAT TGT CGA CAG ACA CTG GTG CTG AAA ATG CTA CAT TCT TCA TCT ATA GCA AAC TTG TTA AAG ATG C---AG ATC ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ACG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA

JX993988_Bat_CoV_Cp_Yunnan2011 ATG ATG TCA ACT ACT TTG TTT GCT GGC ATA CAC ACA ACT ATG ACT ACT GTA TAC CAT ATA ACA GTG TCA CAG ATA CAA TAG TCG TCA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GCG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CTG AAG TTT ATT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TAG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---AC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA
MK211374_CoV_BtRl_BetaCoV_SC2018 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAC ATA ACT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAA TTG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAA AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATG CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTT ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTG AAA ATG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---AC CGA ATG TGC AAT TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA

KJ473814_BtRs_BetaCoV_HuB2013 ATG ATG CTA ACT ACT TTG TAT GTT GGC ACA CCA ATT GCT TTG ATT ACT GTA TAC CAT ACA ACA GTA TCA CTG ACA CAA TTG TCC TCA CGT CAG GTG ATG GAA CTA CTC AGC CAA AAC TAA AAG AAG ACT ACC AAA TTG GTG GTT ATT CCG AGT ATT GGC ATT CAG GTG TAA AGG ACT ATG TAG TAA TAC ATG GTT ATT TCA CTG AAA TCT ACT ACC AGT TAG AAT CGA CAC AAC TAT CGA CTG ACA CTG GTG CTG AAA ATG CTA CAT TCT TCA TCT ATA GCA AGC TTG TTA AAG ATG T---GG ACC ATG TAC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG TAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA
DQ412043_Bat_SARS_CoV_Rm1 ATG ATG CTA ACT ATT TCG TAT GTT GGC ACA CCA ATT GCT TTG ACT ACT GTA TAC CAT ACA ACA GTA TCA CTG ACA CAA TTG TCC TCA CGT CAG GTG ACG GAA CTA CTC AGC CAA AAC TTA AAG AAG ACT ACC AAA TTG GTG GTT ATT CCG AGG ATT GGC ATT CAG GTG TAA AGG ACT ATG TAG TAA TAC ATG GTT ATT TCA CTG AAA TCT ACT ACC AGT TAG AAT CGA CAC AAC TAT CGA CCG ACA CTG GTG CTG AAA ATG CTA CAT TCT TCA TCT ATA GCA AGC TTG TTA AAG ATG T---GG ACC ATG TAC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CAG AAG AAA CAG GTA CGT TAA

KY938558_Bat_CoV_strain_16BO133 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAT ATA ATT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAA TCG TCG TTA CTG CAG GTG ACG GCA TTT CAA CAC CAG AAG TCA AAG AAT ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ATT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCG CCG AAG TTC ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTC AAA ACG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG ATC C---GC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ACC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG GGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
DQ412042_Bat_SARS_CoV_Rf1 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAT ATA ATT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAA TCG TCG TTA CTT CAG GTG ACG GCA TTT CAA CAC CAG AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTC ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTC AAA ACG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AGG ATC C---GC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ACC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA

DQ648856_Bat_CoV_BtCoV_273_2005 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAT ATA ATT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAA TCG TCG TTA CTT CAG GTG ACG GCA TTT CAA CAC CAG AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ACT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTC ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTC AAA ACG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AGG ATC C---GC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ACC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
KJ473812_BtRf_BetaCoV_HeB2013 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAT ATA ATT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAA TCG TCG TTA CTT CAG GTG ACG GCA TTT CAA CAC CAG AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ATT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTC ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTC AAA ACG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG GTC C---GC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ACC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA

KY770860_Bat_CoV_Jiyuan_84 ATG ATG CCA ACT ACT TTG TTT GCT GGC ATA CAT ATA ATT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAA TCG TCG TTA CTT CAG GTG ACG GCA TTT CAA CAC CAG AAC TCA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ATT CAG GTG TTA AAG ACT ATG TCG TTG TAC ATG GCT ATT TCA CCG AAG TTC ACT ACC AGC TTG AGT CTA CAC AAA TTA CTA CAG ACA CTG GTA TTC AAA ACG CTA CAT TCT TCA TCT TTA ACA AGC TTG TTA AAG GTC C---GC CGA ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ACC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA
JX993987_Bat_CoV_Rp_Shaanxi2011 ATG ATG CCA ACT ACT TTG TAT GTT GGC ACA CGA ATT GCT TTG ATT ACT GTA TAC CAT ACA ACA GTA TCA CTG ACA CTA TTG TCC TCA CCT CAG GTG ATG GAA CAA ATC AGC CAA AAC TTA AAG AAG ACT ACC AAA TTG GTG GTT ATT CTG AGG ATT GGC ATT CAG GTA TTA AAG ACT ATG TAG TAA TAC ATG GCT ACT TTA CTG AAG TCT ATT ACC AGT TGG AAA CGA CAC AAT TGT CGC CTG AAA CTG GTG TTG AAA ATG CTA CAT TCT TCA TCT TTA GCA AAC TTG TTA AAG CTG T---AG ACC ATG TAC AAA TAC ACA CAA TCG ACG GCT CTT CTG GAG TTA TAA ATC CAG CAA TGG ATC CAA TCT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA

GQ153542_Bat_SARS_CoV_HKU3_7 ATG ATG CTA ACT ATT TTG TAT GTT GGC ACA CTA ATA ACT ATG ATT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAG TTG TCA TCA CCT CAG GTG ATG GAA CAA ATC AGC CAA AAC TAA AAG AAG ACT ATC AAA TTG GTG GTT ATT CTG AGG ATT GGC ATT CAG GTG TTA AAG ACT ATG TAG TAA TAC ATG GCT ATT CCA CCG AAG TTT ATT ACC AGC TTG AAT CGA CTC AAT TGT CGA CTG AGA CTG GTG CTG AAA ATG CTA CAT TCT TCA TCT ATA GCA AGC TTG TTA AAG ATG T---AG ATC ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA
DQ022305_Bat_SARS_CoV_HKU3_1 ATG ATG CTA ACT ATT TTG TAT GTT GGC ATA CTA ATA ACT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAG TTG TCA TCA CCT CAG GTG ATG GAA CAA ATC AGC CAA AAC TAA AAG AAG ACT ATC AAA TTG GTG GTT ATT CTG AGG ATT GGC ATT CAG GTG TTA AAG ACT ATG TAG TAA TAT ATG GCT ATT TCA CCG AAG TTT ATT ACC AGC TTG AAT CGA CTC AAT TGT CGA CTG ATA CTG GTG CTG AAA ATG CTA CAT TCT TCA TCT ATA GCA AGC TTG TTA AAG ATG T---AG ATC ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA

GQ153547_Bat_SARS_CoV_HKU3_12 ATG ATG CTA ACT ATT TTG TAT GTT GGC ATA CTA ATA ACT ATG ACT ACT GTA TAC CAT ACA ACA GTG TCA CAG ATA CAG TTG TCA TCA CCT CAG GTG ATG GAA CAA ATC AGC CAA AAC TAA AAG AAG ACT ATC AAA TTG GTG GTT ATT CTG AGG ATT GGC ATT CAG GTG TTA AAG ACT ATG TAG TAA TAT ATG GCT ATT TCA CCG AAG TTT ATT ACC AGC TTG AAT CGA CTC AAT TGT CGA CTG ATA CTG GTG CTG AAA ATG CTA CAT TCT TCA TCT ATA GCA AGC TTG TTA AAG ATG T---AG ATC ATG TGC AAA TAC ACA CAA TCG ACG GCT CTT CAG GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA
NC_045512_SARS_CoV_2_Wuhan_Hu_1 ATG ATG CCA ACT ATT TTC TTT GCT GGC ATA CTA ATT GTT ACG ACT ATT GTA TAC CTT ACA ATA GTG TAA CTT CTT CAA TTG TCA TTA CTT CAG GTG ATG GCA CAA CAA GTC CTA TTT CTG AAC ATG ACT ACC AGA TTG GTG GTT ATA CTG AAA AAT GGG AAT CTG GAG TAA AAG ACT GTG TTG TAT TAC ACA GTT ACT TCA CTT CAG ACT ATT ACC AGC TGT ACT CAA CTC AAT TGA GTA CAG ACA CTG GTG TTG AAC ATG TTA CCT TCT TCA TCT ACA ATA AAA TTG TTG ATG AGC CTGAAG AAC ATG TCC AAA TTC ACA CAA TCG ACG GTT CAT CCG GAG TTG TTA ATC CAG TAA TGG AAC CAA TTT ATG ATG AAC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG CTG ATG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA

MN996532_Bat_CoV_RaTG13 ATG ATG CTA ACT ACT TCC TTT GTT GGC ATA CTA ATT GTT ATG ACT ATT GTA TAC CTT ACA ATA GTG TAA CTT CTT CAA TTG TCA TTA CTT CAG GTG ATG GCA CAA CAA GTC CTA TTT CTG AAC ATG ACT ACC AGA TTG GTG GTT ATA CTG AAA AAT GGG AGT CTG GAG TAA AAG ACT GTG TTG TAT TAC ACA GTT ACT TCA CTT CAG ATT ATT ACC AGC TGT ACT CAA CTC AAT TGA GCA CAG ACA CTG GTG TTG AAC ATG TTA CCT TCT TCA TCT ACA ATA AAA TTG TTG ATG AGC CTGAAG AAC ATG TCC AAA TTC ACA CAA TCG ACG GTT CAT CCG GAG TTG TTA ATC CAG CAA TGG AAC CAA TTT ATG ATG AAC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG CTG ATG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45 ATG ATG CCA ACT ACT TTC TTT GTT GGC ATA CTA ATT GTT ATG ACT ATT GTA TAC CAT ACA ATA GTG TAA CCT CTT CAA TTG TCA TCA CAT GTG GTG ATG GTA CTA CGA ATC CCA TTT CTG AGG ACG ACT ACC AAA TTG GTG GTT ACA CGG AAA AGT GGG AGT CTG GTG TTA AGG ACT GTG TTG TAT TAC ATA GTT ATT TCA CCT CAG ATT ACT ACC AGC TGT ACT CAA CAC AAG TGA GTA CAG ACA CTG GTG TTG AAC ATG TTA CTT TCT TCA TCT ACA ATA AAA TTG TTG ATG AGC CTGAAG AAC ATG TTC AAA TTC ACA CAA TCG ACG GTA CAT CTG GAG TTG TTA ATC CAG CAA TGG AAC CAA TTT ATG ATG AAC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG CTG ATG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA

MG772934_Bat_SARS_like_CoV_bat_SL_CoVZXC21 ATG ATG CCA ACT ACT TTC TTT GTT GGC ATA CTA ATT GTT ATG ACT ATT GTA TAC CAT ACA ATA GTG TAA CCT CTT CAA TCG TCA TCA CAT GTG GTG ATG GTA CTA CGA ATC CCA TTT CTG AGG ATG ACT ACC AAA TTG GTG GTT ACA CGG AAA AGT GGG AGT CTG GTG TTA AGG ACT GTG TTG TAT TAC ATA GTT ATT TCA CCT CAG ACT ACT ACC AGC TGT ACT CAA CAC AAT TGA GCA CAG ACA CTG GTG TTG AAC ATG TTA CTT TCT TCA TCT ACA ATA AAA TTG TTG ATG AGC CTGAAG AAC ATG TCC AAA TTC ACA CAA TCG ACG GTA CAT CTG GAG TTG TTA ATC CAG CAA TGG AAC CAA TTT ATG ATG AAC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG CTG ATG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA
KY352407_SARS_related_CoV_strain_BtKY72 ATG ATG CCT CCT ACT TTG TTT GTT GGC ATA CAC ACA CTC ATG ACT ATT GTA TTC CGT ACA ATA GTA TTA CTG AAA CCA TAG TCC TCA CTG CAG GAG ATG GTG TAA CTA TTC CTA TAA AAA CAC AAG ACT ACC AAA TTG GTG GTT TTG TAG AAA AAT GGG AGT CTG GTG TCA AGG ACT ATG TTA CAC TCA TAG GCC TTT TCA CTG AAA TAC ATT ACC AGT TGG AAT CTA CTC AAA TTT CAG CTG ACA CTG GTA TTA ACA ACG CGA CGT TTT TCC TTT TCT CTA AAT ATG ATA GAG AAA G---TG AGA GCG TCC AAG TTC ACA CAA TCG ACG GCT CAT CAG GAG TTG TAA AT- --- --- --- --C CAA TTT ATG ATG AGC CAA CGC CGA CTA CTA GCG TGC CTC TCT AAG CAC ATT G-A TTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CAG AAG AAA CAG GTA CGT TAA

NC_014470_Bat_CoV_BM48_31_BGR_2008 ATG ACT CAA ACT ATT TTG TTT GCT GGC ATA CTC ACA CTC ATG ACT ATT GTA TTC CTT ACA ATA GCA TTA CAA ACA CTA TCG TCC TCA CTG CAG GTG ATG GTG TCA CTA TTC CCA TTC GGA CAC AAG ACT ACC AAA TTG GTG GTT ACT TCG AAA AAT GGG AAT CTG GTG TTA AGG ACT ATC TTA CAC TTA TTG GTC CTT TCA CTG AAG TTT ATT ACC AGC TTG AAT CTA CCC AGA TTT CCA CAG ACA CTG GTA TTA ATA ATG CGA CAT TCT TCC TCT TCT CAA AGA ATG ATG AAA GAG AACAGG AAA GTG TCC AAG TTC ACA CAA TCG ACG GCT CAT CAG GAG TTG TAA AC- --- --- --- --C CAA TTT ACG ATG AGC CGA CGC CGA CTA CTA GCG TGC CTC TTT AAG CAC ATT G-A TTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CAG AAG AAA CCG GTA CGT TAA

NC_004718_SARS_CoV_aa     D  A  N  Y  F  V  C  W  H  T  H  N  Y  D  Y  C  I  P  Y  N  S  V  T  D  T  I  V  V  T  E  G  D  G  I  S  T  P  K  L  K  E  D  Y  Q  I  G  G  Y  S  E  D  R  H  S  G  V  K  D  Y  V  V  V  H  G  Y  F  T  E  V  Y  Y  Q  L  E  S  T  Q  I  T  T  D  T  G  I  E  N  A  T  F  F  I  F  N  K  L  V  K  D  P  P  N  V  Q  I  H  T  I  D  G  S  S  G  V  A  N  P  A  M  D  P  I  Y  D  E  P  T  T  T  T  S  V  P  L  *  A  Q  E  S  E  Y  E  L  M  Y  S  F  V  S  E  E  T  G  T  L    
NC_004718_SARS_CoV AT GAT GCC AAC TAC TTT GTT TGC TGG CAC ACA CAT AAC TAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GAA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT AGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAC CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GCT AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A

KT444582_SARS_like_CoV_WIV16 AT GAT GCC AAC TAC TTT GTT TGC TGG CAC ACA CAT AAC TAT GAC TAC TGT ATA CCG TAT AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG AAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAC CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
KY417146_Bat_SARS_like_CoV_Rs4231 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA CAT AAC TAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACA GAT ACA ATC GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---A CAG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
MK211376_CoV_BtRs_BetaCoV_YN2018B AT GAT GCC AAC TAC TTT GTT TGC TGG CAC ACA CAT AAC TAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG AAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTC GTA CAT GGC TAT TTC ACT GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---G CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
KY417151_Bat_SARS_like_CoV_Rs7327 AT GAT GCC AAC TAC TTT GTT TGC TGG CAC ACA CAT AAC TAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG AAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTC GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAC CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GCA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
KY417152_Bat_SARS_like_CoV_Rs9401 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA CAT AAC TAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG AAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAC CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTT GTT TCG GAA GAA ACA GGT ACG TTA A
KY417144_Bat_SARS_like_CoV_Rs4084 AT GAT GCC AAC TAC TTT GTT TGC TGG CAC ACA CAT AAC TAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG AAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAC CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A

KF367457_Bat_SARS_like_CoV_WIV1 AT GAT GCC AAC TAC TTT GTT TGC TGG CAC ACA CAT AAC TAT GAC TAC TGT ATA CCG TAT AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG AAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAC CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCT ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
KU973692_UNVERIFIED_SARS_related_CoV_F46 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA CAC AAC CAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACG GAT ACA ATT GTC ATC ACT GCA GGT GAT GGC ATT TCA AGG CCA AAA CTT CAT GAA GAC TAC CAA ATA GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAC TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAG ATT ACT ACT GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTC AAA GAT CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GTA ATG GAC CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAG ACA GGT ACG TTA A

KY417145_Bat_SARS_like_CoV_Rf4092 AT GAT GCC AAC TAC TTT GTT TGC TGG CAC ACA CAC AAC TAT GAC TAC TGT ATA CCA TAC AAC AGC ATC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGC GGT TAT TCT GAG AAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA ATT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCG ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
KJ473816_BtRs_BetaCoV_YN2013 AT GAT GCC AAC TAC TTT GTT TGC TGG CAC ACA CAC AAC TAT GAC TAC TGT ATA CCA TAC AAC AGC GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GCT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAC CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GCA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAG ACA GGT ACG TTA A
KY770858_Bat_CoV_Anlong_103 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA CAT AAC TAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAC GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAC CC---A TCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ATG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A

KY417143_Bat_SARS_like_CoV_Rs4081 AT GAT GTC AAC TAC TTT GTT TGC TGG CAT ACA CAT AAC TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
KY417149_Bat_SARS_like_CoV_Rs4255 AT GAT GCT AAC TAC TTT GTT TGC TGG CAC ACA CAT AAC TAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG AAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAC CC---A CCG AAT GTG CAA ATA CAT ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
MK211378_CoV_BtRs_BetaCoV_YN2018D AT GAT GCC AAC TAC TTT GTT TGC TGG CAC ACA CAT AAC TAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG AAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTC GTA CAT GGC TAT TTC ACT GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---G CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
FJ588686_Bat_SARS_CoV_Rs672_2006 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA CAT AAC TAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAT TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAC CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ATG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A

MK211377_CoV_BtRs_BetaCoV_YN2018C AT GAT GCC AAC TAC TTC GTT TGC TGG CAT ACA CAT AAC TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
KY417142_Bat_SARS_like_CoV_As6526 AT GAC GCC AAC TAC TTT GTT TGC TGG CAT ACA CAT AAC TAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACA GAT ACA ATC GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
KY417147_Bat_SARS_like_CoV_Rs4237 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA CAT AAC TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTT GTT TCG GAA GAA ACA GGT ACG TTA A
KY417148_Bat_SARS_like_CoV_Rs4247 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA CAT AAC TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
MK211375_CoV_BtRs_BetaCoV_YN2018A AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA CAT AAC TAT GAC TAC TGT ATA CCA TAC AAC AGC GTC ACA GAT ACA ATC GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA GTT GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A

DQ071615_Bat_SARS_CoV_Rp3 AT GAT GCT AAC TAC TTT GTA TGT TGG CAC ACC AAT TGC TTT GAC TAC TGT ATA CCA TAT AAC AGT ATC ACT GAC ACA ATC GTC CTC ACC TCA GGT GAC GGA ACT ACC CAA CCA AAA CTT AAG GAA GAT TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAT TCA GGT GTA AAA GAC TAT GTA GTA ATA CAT GGT TAT TTC ACC GAA GTT TAC TAC CAG TTG GAA TCG ACA CAA CTG TCG ACT GAT ACT GGT GCT GAA AAT GCT ACA TTC TTC ATC TAT AGC AAG CTT GTT AAA GAT GT---A GAT CAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
KP886808_Bat_SARS_like_CoV_YNLF_31C AC GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA TAT AAT TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA AAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA GAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAT TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACT GAA GTT CAC TAC CAG CTT GAG TCT ACA CAA ATT AGT ACA GAC ACA GGT ATT CAA AAT GCT ACA TTC TTT ATC TTT AAC AAG CTT GTT AAA GAT CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAC GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A

KJ473815_BtRs_BetaCoV_GX2013 AT GAT GCT AAC TAT TTT GTA TGT TGG CAC ACT AAT AAC TAT GAC TAC TGT ATA CCA TAC AAC GGT GTC ACA GAT ACA GTT GTC ATC ACC TCA GGT GAT GGA ATA AAT GAG CCA AAA CTA AAA GAA GAC TAT CAA ATT GGT GGT TAT TCT GAG GAT TGG CAT TCA GGT GTT AAA GAC TAT GTA GTA ATA CAT GGC TAT TTC ACC GAA GTT TAT TAC CAG CTT GAA TCG ACT CAA TTG TCG ACT GAT ACT GGT GCT GAA AAT GCT ACA TTC TTC ATC TAT AGC AAG CTT GTT AAA GAT GT---A GAT CAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCG GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAG ACA GGT ACG TTA A
KF569996_Rhinolophus_affinis_CoV_LYRa11 AT GAT GCT AAC TAC TTT GTT TGT TGG CAT ACC AAT TGT TAT GAC TAC TGT ATA CCT TAC AAC AGT GTC ACA GAT ACA ATT GTC CTC ACA TCC AGT GAC GGA ACA AAT GTG CCA AAA CTA AAG GAA GAC TAC CAA ATA GGT GGT TAT TCT GAA GAC TGG CAC TCA GGT GTG AAA GAC TAT GTA GTA ATA CAT GGT TAT TTC ACT GAA ATC TAC TAC CAG CTC GAA TCG ACT CAA TTG TCG ACA GAC ACT GGT GCT GAA AAT GCT ACA TTC TTC ATC TAT AGC AAA CTT GTT AAA GAT GC---A GAT CAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAC GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A

JX993988_Bat_CoV_Cp_Yunnan2011 AT GAT GTC AAC TAC TTT GTT TGC TGG CAT ACA CAC AAC TAT GAC TAC TGT ATA CCA TAT AAC AGT GTC ACA GAT ACA ATA GTC GTC ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGC GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACT GAA GTT TAT TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATA GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---A CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAG ACA GGT ACG TTA A
MK211374_CoV_BtRl_BetaCoV_SC2018 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA CAT AAC TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA ATT GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA AAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT GCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT TAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT GAA AAT GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---A CCG AAT GTG CAA TTA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A

KJ473814_BtRs_BetaCoV_HuB2013 AT GAT GCT AAC TAC TTT GTA TGT TGG CAC ACC AAT TGC TTT GAT TAC TGT ATA CCA TAC AAC AGT ATC ACT GAC ACA ATT GTC CTC ACG TCA GGT GAT GGA ACT ACT CAG CCA AAA CTA AAA GAA GAC TAC CAA ATT GGT GGT TAT TCC GAG TAT TGG CAT TCA GGT GTA AAG GAC TAT GTA GTA ATA CAT GGT TAT TTC ACT GAA ATC TAC TAC CAG TTA GAA TCG ACA CAA CTA TCG ACT GAC ACT GGT GCT GAA AAT GCT ACA TTC TTC ATC TAT AGC AAG CTT GTT AAA GAT GT---G GAC CAT GTA CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GTA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAG ACA GGT ACG TTA A
DQ412043_Bat_SARS_CoV_Rm1 AT GAT GCT AAC TAT TTC GTA TGT TGG CAC ACC AAT TGC TTT GAC TAC TGT ATA CCA TAC AAC AGT ATC ACT GAC ACA ATT GTC CTC ACG TCA GGT GAC GGA ACT ACT CAG CCA AAA CTT AAA GAA GAC TAC CAA ATT GGT GGT TAT TCC GAG GAT TGG CAT TCA GGT GTA AAG GAC TAT GTA GTA ATA CAT GGT TAT TTC ACT GAA ATC TAC TAC CAG TTA GAA TCG ACA CAA CTA TCG ACC GAC ACT GGT GCT GAA AAT GCT ACA TTC TTC ATC TAT AGC AAG CTT GTT AAA GAT GT---G GAC CAT GTA CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCA GAA GAA ACA GGT ACG TTA A

KY938558_Bat_CoV_strain_16BO133 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA TAT AAT TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA ATC GTC GTT ACT GCA GGT GAC GGC ATT TCA ACA CCA GAA GTC AAA GAA TAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAT TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC GCC GAA GTT CAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT CAA AAC GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GAT CC---G CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAC CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GGG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
DQ412042_Bat_SARS_CoV_Rf1 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA TAT AAT TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA ATC GTC GTT ACT TCA GGT GAC GGC ATT TCA ACA CCA GAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT CAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT CAA AAC GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAG GAT CC---G CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAC CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A

DQ648856_Bat_CoV_BtCoV_273_2005 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA TAT AAT TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA ATC GTC GTT ACT TCA GGT GAC GGC ATT TCA ACA CCA GAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAC TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT CAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT CAA AAC GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAG GAT CC---G CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAC CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
KJ473812_BtRf_BetaCoV_HeB2013 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA TAT AAT TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA ATC GTC GTT ACT TCA GGT GAC GGC ATT TCA ACA CCA GAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAT TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT CAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT CAA AAC GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GGT CC---G CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAC CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A

KY770860_Bat_CoV_Jiyuan_84 AT GAT GCC AAC TAC TTT GTT TGC TGG CAT ACA TAT AAT TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA ATC GTC GTT ACT TCA GGT GAC GGC ATT TCA ACA CCA GAA CTC AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAT TCA GGT GTT AAA GAC TAT GTC GTT GTA CAT GGC TAT TTC ACC GAA GTT CAC TAC CAG CTT GAG TCT ACA CAA ATT ACT ACA GAC ACT GGT ATT CAA AAC GCT ACA TTC TTC ATC TTT AAC AAG CTT GTT AAA GGT CC---G CCG AAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAC CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A
JX993987_Bat_CoV_Rp_Shaanxi2011 AT GAT GCC AAC TAC TTT GTA TGT TGG CAC ACG AAT TGC TTT GAT TAC TGT ATA CCA TAC AAC AGT ATC ACT GAC ACT ATT GTC CTC ACC TCA GGT GAT GGA ACA AAT CAG CCA AAA CTT AAA GAA GAC TAC CAA ATT GGT GGT TAT TCT GAG GAT TGG CAT TCA GGT ATT AAA GAC TAT GTA GTA ATA CAT GGC TAC TTT ACT GAA GTC TAT TAC CAG TTG GAA ACG ACA CAA TTG TCG CCT GAA ACT GGT GTT GAA AAT GCT ACA TTC TTC ATC TTT AGC AAA CTT GTT AAA GCT GT---A GAC CAT GTA CAA ATA CAC ACA ATC GAC GGC TCT TCT GGA GTT ATA AAT CCA GCA ATG GAT CCA ATC TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAA ACA GGT ACG TTA A

GQ153542_Bat_SARS_CoV_HKU3_7 AT GAT GCT AAC TAT TTT GTA TGT TGG CAC ACT AAT AAC TAT GAT TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA GTT GTC ATC ACC TCA GGT GAT GGA ACA AAT CAG CCA AAA CTA AAA GAA GAC TAT CAA ATT GGT GGT TAT TCT GAG GAT TGG CAT TCA GGT GTT AAA GAC TAT GTA GTA ATA CAT GGC TAT TCC ACC GAA GTT TAT TAC CAG CTT GAA TCG ACT CAA TTG TCG ACT GAG ACT GGT GCT GAA AAT GCT ACA TTC TTC ATC TAT AGC AAG CTT GTT AAA GAT GT---A GAT CAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAG ACA GGT ACG TTA A
DQ022305_Bat_SARS_CoV_HKU3_1 AT GAT GCT AAC TAT TTT GTA TGT TGG CAT ACT AAT AAC TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA GTT GTC ATC ACC TCA GGT GAT GGA ACA AAT CAG CCA AAA CTA AAA GAA GAC TAT CAA ATT GGT GGT TAT TCT GAG GAT TGG CAT TCA GGT GTT AAA GAC TAT GTA GTA ATA TAT GGC TAT TTC ACC GAA GTT TAT TAC CAG CTT GAA TCG ACT CAA TTG TCG ACT GAT ACT GGT GCT GAA AAT GCT ACA TTC TTC ATC TAT AGC AAG CTT GTT AAA GAT GT---A GAT CAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAG ACA GGT ACG TTA A

GQ153547_Bat_SARS_CoV_HKU3_12 AT GAT GCT AAC TAT TTT GTA TGT TGG CAT ACT AAT AAC TAT GAC TAC TGT ATA CCA TAC AAC AGT GTC ACA GAT ACA GTT GTC ATC ACC TCA GGT GAT GGA ACA AAT CAG CCA AAA CTA AAA GAA GAC TAT CAA ATT GGT GGT TAT TCT GAG GAT TGG CAT TCA GGT GTT AAA GAC TAT GTA GTA ATA TAT GGC TAT TTC ACC GAA GTT TAT TAC CAG CTT GAA TCG ACT CAA TTG TCG ACT GAT ACT GGT GCT GAA AAT GCT ACA TTC TTC ATC TAT AGC AAG CTT GTT AAA GAT GT---A GAT CAT GTG CAA ATA CAC ACA ATC GAC GGC TCT TCA GGA GTT GTA AAT CCA GCA ATG GAT CCA ATT TAT GAT GAG CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GAA AGT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAG ACA GGT ACG TTA A
NC_045512_SARS_CoV_2_Wuhan_Hu_1 AT GAT GCC AAC TAT TTT CTT TGC TGG CAT ACT AAT TGT TAC GAC TAT TGT ATA CCT TAC AAT AGT GTA ACT TCT TCA ATT GTC ATT ACT TCA GGT GAT GGC ACA ACA AGT CCT ATT TCT GAA CAT GAC TAC CAG ATT GGT GGT TAT ACT GAA AAA TGG GAA TCT GGA GTA AAA GAC TGT GTT GTA TTA CAC AGT TAC TTC ACT TCA GAC TAT TAC CAG CTG TAC TCA ACT CAA TTG AGT ACA GAC ACT GGT GTT GAA CAT GTT ACC TTC TTC ATC TAC AAT AAA ATT GTT GAT GAG CCTGAA GAA CAT GTC CAA ATT CAC ACA ATC GAC GGT TCA TCC GGA GTT GTT AAT CCA GTA ATG GAA CCA ATT TAT GAT GAA CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GCT GAT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAG ACA GGT ACG TTA A

MN996532_Bat_CoV_RaTG13 AT GAT GCT AAC TAC TTC CTT TGT TGG CAT ACT AAT TGT TAT GAC TAT TGT ATA CCT TAC AAT AGT GTA ACT TCT TCA ATT GTC ATT ACT TCA GGT GAT GGC ACA ACA AGT CCT ATT TCT GAA CAT GAC TAC CAG ATT GGT GGT TAT ACT GAA AAA TGG GAG TCT GGA GTA AAA GAC TGT GTT GTA TTA CAC AGT TAC TTC ACT TCA GAT TAT TAC CAG CTG TAC TCA ACT CAA TTG AGC ACA GAC ACT GGT GTT GAA CAT GTT ACC TTC TTC ATC TAC AAT AAA ATT GTT GAT GAG CCTGAA GAA CAT GTC CAA ATT CAC ACA ATC GAC GGT TCA TCC GGA GTT GTT AAT CCA GCA ATG GAA CCA ATT TAT GAT GAA CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GCT GAT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAG ACA GGT ACG TTA A
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45 AT GAT GCC AAC TAC TTT CTT TGT TGG CAT ACT AAT TGT TAT GAC TAT TGT ATA CCA TAC AAT AGT GTA ACC TCT TCA ATT GTC ATC ACA TGT GGT GAT GGT ACT ACG AAT CCC ATT TCT GAG GAC GAC TAC CAA ATT GGT GGT TAC ACG GAA AAG TGG GAG TCT GGT GTT AAG GAC TGT GTT GTA TTA CAT AGT TAT TTC ACC TCA GAT TAC TAC CAG CTG TAC TCA ACA CAA GTG AGT ACA GAC ACT GGT GTT GAA CAT GTT ACT TTC TTC ATC TAC AAT AAA ATT GTT GAT GAG CCTGAA GAA CAT GTT CAA ATT CAC ACA ATC GAC GGT ACA TCT GGA GTT GTT AAT CCA GCA ATG GAA CCA ATT TAT GAT GAA CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GCT GAT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAG ACA GGT ACG TTA A

MG772934_Bat_SARS_like_CoV_bat_SL_CoVZXC21 AT GAT GCC AAC TAC TTT CTT TGT TGG CAT ACT AAT TGT TAT GAC TAT TGT ATA CCA TAC AAT AGT GTA ACC TCT TCA ATC GTC ATC ACA TGT GGT GAT GGT ACT ACG AAT CCC ATT TCT GAG GAT GAC TAC CAA ATT GGT GGT TAC ACG GAA AAG TGG GAG TCT GGT GTT AAG GAC TGT GTT GTA TTA CAT AGT TAT TTC ACC TCA GAC TAC TAC CAG CTG TAC TCA ACA CAA TTG AGC ACA GAC ACT GGT GTT GAA CAT GTT ACT TTC TTC ATC TAC AAT AAA ATT GTT GAT GAG CCTGAA GAA CAT GTC CAA ATT CAC ACA ATC GAC GGT ACA TCT GGA GTT GTT AAT CCA GCA ATG GAA CCA ATT TAT GAT GAA CCG ACG ACG ACT ACT AGC GTG CCT TTG TAA GCA CAA GCT GAT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCG GAA GAG ACA GGT ACG TTA A
KY352407_SARS_related_CoV_strain_BtKY72 AT GAT GCC TCC TAC TTT GTT TGT TGG CAT ACA CAC ACT CAT GAC TAT TGT ATT CCG TAC AAT AGT ATT ACT GAA ACC ATA GTC CTC ACT GCA GGA GAT GGT GTA ACT ATT CCT ATA AAA ACA CAA GAC TAC CAA ATT GGT GGT TTT GTA GAA AAA TGG GAG TCT GGT GTC AAG GAC TAT GTT ACA CTC ATA GGC CTT TTC ACT GAA ATA CAT TAC CAG TTG GAA TCT ACT CAA ATT TCA GCT GAC ACT GGT ATT AAC AAC GCG ACG TTT TTC CTT TTC TCT AAA TAT GAT AGA GAA AG---T GAG AGC GTC CAA GTT CAC ACA ATC GAC GGC TCA TCA GGA GTT GTA AAT --- --- --- --- CCA ATT TAT GAT GAG CCA ACG CCG ACT ACT AGC GTG CCT CTC TAA GCA CAT TG- ATT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCA GAA GAA ACA GGT ACG TTA A

NC_014470_Bat_CoV_BM48_31_BGR_2008 AT GAC TCA AAC TAT TTT GTT TGC TGG CAT ACT CAC ACT CAT GAC TAT TGT ATT CCT TAC AAT AGC ATT ACA AAC ACT ATC GTC CTC ACT GCA GGT GAT GGT GTC ACT ATT CCC ATT CGG ACA CAA GAC TAC CAA ATT GGT GGT TAC TTC GAA AAA TGG GAA TCT GGT GTT AAG GAC TAT CTT ACA CTT ATT GGT CCT TTC ACT GAA GTT TAT TAC CAG CTT GAA TCT ACC CAG ATT TCC ACA GAC ACT GGT ATT AAT AAT GCG ACA TTC TTC CTC TTC TCA AAG AAT GAT GAA AGA GAACAG GAA AGT GTC CAA GTT CAC ACA ATC GAC GGC TCA TCA GGA GTT GTA AAC --- --- --- --- CCA ATT TAC GAT GAG CCG ACG CCG ACT ACT AGC GTG CCT CTT TAA GCA CAT TG- ATT GAG TAC GAA CTT ATG TAC TCA TTC GTT TCA GAA GAA ACC GGT ACG TTA A
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Supplementary	Figure	S4.	Alignments	of	rejected	ORFs.	
CodAlignView images of ORFs rejected during our search for novel conserved coding regions. a. 32-codon 
ORF (26183-26278) that overlaps the 3’ end of ORF3a and the 5’ end of E with PhyloCSF score -2.74. Two 
strains have a frame-shifting one-base deletion within the ORF, and two others have premature stop 
codons. None of the substitutions are synonymous. There is high nucleotide-level constraint, but it continues 
on both sides of the ORF, suggesting it does not result from translation of the ORF. This ORF is the 3’ end 
of the SARS-CoV ORF3b orthologous region (which is interrupted by multiple stop codons in SARS-CoV-2). 
b. 31-codon ORF (3207-3299) overlapping ORF1a, with PhyloCSF score -7.77. Most of the ORF consists of 
a 75-nt insertion that is only present in SARS-CoV-2, RaTG13, and CoVZC45, and the start and stop 
codons are missing in CoVZC45, so this is not a conserved coding sequence.  	

NC_045512_SARS_CoV_2_Wuhan_Hu_1_aa  L  K  K  S  K  K  K  I  G  *  M  M  I  V  N  K  L  L  V  N  K  T  A  V  R  T  I  R  Q  L  L  F  K  Q  L  L  R  F  N  L  N  *  R  W  N  L  H  Q  L  F  R 
NC_045512_SARS_CoV_2_Wuhan_Hu_1 CTG AAG AAG AGC AAG AAG AAG ATT GGT TAG ATG ATG ATA GTC AAC AAA CTG TTG GTC AAC AAG ACG GCA GTG AGG ACA ATC AGA CAA CTA CTA TTC AAA CAA TTG TTG AGG TTC AAC CTC AAT TAG AGA TGG AAC TTA CAC CAG TTG T---TC AGA

MN996532_Bat_CoV_RaTG13 CTG AAG AAG AGC TAG AAG AAG ATT GGT TAG ATG ATG ATA GTC AAC AAA CTG TCG TTC AAG AAG ATG ACA GTG AAG TTA ATC AGA CAA CTA TCA CTC AAT CAA TTG CTG AGG TTC AAC CTC AGT TAG AGA TGG AAC CTA CAC CAG TTG T---TC AGA
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45 AGG AAG AAG AAC AAG AAG AGG ATT GGT TAG AAT CTG ATA GTC AG- --- --G ACG GCC AAG AGA CTG CAG TTG AAG AAA ATA AAA TAC --- --- --- --- CGA GTG TTG AAG TTC CAC CTG TTT TGC AGG TGG AAT CAA CAC CAG TTG TTACTG AAA

MG772934_Bat_SARS_like_CoV_bat_SL_CoVZXC21 AGG AAG AAG AAC AAG AAG AGG ATT GGT TAG AAT CTG ATA GTC AG- --- --G ACG GCC AAG AGA CTG C-- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -TG TTACTA AAA
NC_004718_SARS_CoV --G AGG AAG AAG AAG AGG AAG ACT GGC TGG ATG ATA CTA CTG AG- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --C AAT CAG AGA TTG AGC CAG AAC CAG AAC CTACAC CTG

KT444582_SARS_like_CoV_WIV16 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC CTG AAC CAG AAC TAACAC TTG
KY417146_Bat_SARS_like_CoV_Rs4231 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CTG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC CAG AAC CAG AAC TAACAC CTG
MK211376_CoV_BtRs_BetaCoV_YN2018B --G AGG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC TAG AAT CAG AAC CAACAC CTG
KY417151_Bat_SARS_like_CoV_Rs7327 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC CAG AAC CAG AAC TAACAC CTG
KY417152_Bat_SARS_like_CoV_Rs9401 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CCG AC- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC CAG AAC CAG AAC TAACAC CTG
KY417144_Bat_SARS_like_CoV_Rs4084 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CTG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TGT CGG AGC ATG AAC CAG AAC CAG AAC TAACAC CTG

KF367457_Bat_SARS_like_CoV_WIV1 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CTG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC CAG AAC CAG AAC TAACAC CTG
KU973692_UNVERIFIED_SARS_related_CoV_F46 --G AAG AAG AAG AAG AGG AAG ACT GGC TGG ATG ACA CTA CTG AG- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --C AAT CAG AGG TTG AGC CAG AAC CAG AAC CTACAC TTG

KY417145_Bat_SARS_like_CoV_Rf4092 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC TAG AAC CAG AAC TAACAC CTG
KJ473816_BtRs_BetaCoV_YN2013 --G AAG AAG AAG CAG AGG AGG ACT GGC TTG GTG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC TAG AAC CAG AAC CAACAC CTG
KY770858_Bat_CoV_Anlong_103 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC TAG AAC CAG AAC CGACAC CTG

KY417143_Bat_SARS_like_CoV_Rs4081 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC CTG AAC CAG AAC TAACAC CTG
KY417149_Bat_SARS_like_CoV_Rs4255 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC CTG AAC CAG AAC TAACAC CTG
MK211378_CoV_BtRs_BetaCoV_YN2018D --G AGG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC TAG AAT CAG AAC CAACAC CTG
FJ588686_Bat_SARS_CoV_Rs672_2006 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG ATG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC TAG AAC CAG AAC CAACAT CTG

MK211377_CoV_BtRs_BetaCoV_YN2018C --G AGG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC TAG AAT CAG AAC CAACAC CTG
KY417142_Bat_SARS_like_CoV_As6526 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC CAG AAC CAG AAC TAACAC CTG
KY417147_Bat_SARS_like_CoV_Rs4237 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CTG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CGG AGC ATG AAC CTG AAC CAG AAC TAACAC CTG
KY417148_Bat_SARS_like_CoV_Rs4247 --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ATG CTA CCG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T TAT CAG AGC ATG AAC CTG AAC CAG AAC TAACAC CTG
MK211375_CoV_BtRs_BetaCoV_YN2018A --G AAG AAG AAG AAG AAG AGG ACT GGC TTG GTG ACG CTA CTG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --C TAT CAG AAA CTG AAC CAG AAC CAG AAC TAACAC CTG

DQ071615_Bat_SARS_CoV_Rp3 --G AAG AGC AAG AAG AGG AAG ACT GGC TTG ATG ATG CTG TTG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CA- --- --- --G AAC CTG AAC CAG AAC CTCTAC ATG
KP886808_Bat_SARS_like_CoV_YNLF_31C --G AGG AAG AAG AAG AGG AAG ACT GGC TGG ATG ACA CTA CTG AG- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --C AAT CAG AGA TTG AGC CTG AAC CAG AAT CTACAC CTG

KJ473815_BtRs_BetaCoV_GX2013 --G ATG AAG AAG AAG AGG AAG ACT GGC TTG AAG AAG CTG TTG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CA- --- --- --G AAC CTG AAC CAG AAC CTCTAC CTG
KF569996_Rhinolophus_affinis_CoV_LYRa11 --G AAG AAG AAG AAG AGG AAG ACT GGC TGG ATG ACA CTA ATG AG- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --C AAT CAG AGG TTG AGC CAC AAC CAG AAC CTACAC TTG

JX993988_Bat_CoV_Cp_Yunnan2011 --G AAG AAG AAG AAG AGG AAG ACT GGC TGG ATG ATA CTA CTG AG- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --C AAT CAG AGA TTG AGC CAG AAC CAG AAC CCACAT CTG
MK211374_CoV_BtRl_BetaCoV_SC2018 --- --- --- --G AAG AGG AGG ACT GGC TTG TTG ATG CTA CCG A-- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -AT CAG AGC ACG AAC TAG AAC CAG AAC CAACAC CTG

KJ473814_BtRs_BetaCoV_HuB2013 --G ATG AGG AAG AAG AGG AAG ACT GGC TTG AGG AAG CTA TTG CA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CA- --- --- --G AAC CTG AAC CCG TAC CTCTGC CTG
DQ412043_Bat_SARS_CoV_Rm1 --G ATG AGG AAG AAG AGG AAG ACT GGC TTG AGG AAG CTA TTG CA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CA- --- --- --A AAC CTG AAC CAG AAC CTCTGC CTG

KY938558_Bat_CoV_strain_16BO133 --- --G AAG ATG AAG AGG AAG ACT GGC TTG ATG ATG CTG GTG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CA- --- --- --G AAC CTG AAC CAG AAC CTCTAC CTG
DQ412042_Bat_SARS_CoV_Rf1 --- --G AAG ATG AAG AGG AAG ACT GGC TTG ATG ATG TTG GTG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CA- --- --- --G AAC CTG AAC CAG AAC CTCTAC CTG

DQ648856_Bat_CoV_BtCoV_273_2005 --- --G AAG ATG AAG AGG AAG ACT GGC TTG ATG ATG TTG GTG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CA- --- --- --G AAC CTG AAC CAG AAC CTCTAC CTG
KJ473812_BtRf_BetaCoV_HeB2013 --- --G ACG ATG AAG AGG AAG ACT GGC TTG ATG ATG CTG GTG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CA- --- --- --G AAC CTG AAC CAG AAC CTCTAC CTG

KY770860_Bat_CoV_Jiyuan_84 --- --G AAG ATG AAG AGG AAG ACT GGC TTG ATG ATG CTG GTG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CA- --- --- --G AAC CTG AAC CAG AAC CTCTAC CTG
JX993987_Bat_CoV_Rp_Shaanxi2011 --G ATG AAG AAG AAG AGG AAG ACT GGC TTG A-- --- --- -TG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CG- --- --- --G AGC CTG AGC CAG AAT CTCTAT CTG

GQ153542_Bat_SARS_CoV_HKU3_7 AAG AAG AGG AAG AAG AGG AAG ATT GGC TTG ATG ACG CTA TAG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CA- --- --- --G AAT CTG AAC CAG AAC CTCTAC CTG
DQ022305_Bat_SARS_CoV_HKU3_1 AAG AAG AGG AAG AAG AGG AAG ATT GGC TTG ATG ACG CTA TAG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CA- --- --- --G AAC CTG AAC CAG AAC CTCTAC CTG

GQ153547_Bat_SARS_CoV_HKU3_12 AAG AAG AGG AAG AAG AGG AAG ATT GGC TTG ATG ACG CTA TAG AA- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --G CA- --- --- --G AAC CTG AAC CAG AAC CTCTAC CTG
KY352407_SARS_related_CoV_strain_BtKY72 AGA ATG AAG AGT TGG AAC AAA CCA TCC AGC AAA AAG AGT TAG AAC AAC CAA TCG AGG AAG AAG ATT GGT TAG ACG TGC AAG AGG AAA --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ------ GTG

NC_014470_Bat_CoV_BM48_31_BGR_2008 AGG TCC ATG ATG AAG AGG AAG ACT GGC TTG CAC CAC AGG AAG AG- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ----TC C-G

NC_045512_SARS_CoV_2_Wuhan_Hu_1_aa  E  L  L  I  Q  *  W  N  Q  F  M  M  N  R  R  R  L  L  A  C  L  C  K  H  K  L  M  S  T  N  L  C  T  H  S  F  R  K  R  Q  V  R  *  *  L  I  A  Y  F  F  F  L 
NC_045512_SARS_CoV_2_Wuhan_Hu_1 GAG TTG TTA ATC CAG TAA TGG AAC CAA TTT ATG ATG AAC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG CTG ATG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG

MN996532_Bat_CoV_RaTG13 GAG TTG TTA ATC CAG CAA TGG AAC CAA TTT ATG ATG AAC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG CTG ATG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45 GAG TTG TTA ATC CAG CAA TGG AAC CAA TTT ATG ATG AAC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG CTG ATG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG

MG772934_Bat_SARS_like_CoV_bat_SL_CoVZXC21 GAG TTG TTA ATC CAG CAA TGG AAC CAA TTT ATG ATG AAC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG CTG ATG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
NC_004718_SARS_CoV GAG TTG CTA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG

KT444582_SARS_like_CoV_WIV16 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
KY417146_Bat_SARS_like_CoV_Rs4231 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
MK211376_CoV_BtRs_BetaCoV_YN2018B GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
KY417151_Bat_SARS_like_CoV_Rs7327 GAG TTG CAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
KY417152_Bat_SARS_like_CoV_Rs9401 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TTG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
KY417144_Bat_SARS_like_CoV_Rs4084 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG

KF367457_Bat_SARS_like_CoV_WIV1 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CTA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
KU973692_UNVERIFIED_SARS_related_CoV_F46 GAG TTG TAA ATC CAG TAA TGG ACC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TCC TTG

KY417145_Bat_SARS_like_CoV_Rf4092 GAG TTG TAA ATC CAG CGA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
KJ473816_BtRs_BetaCoV_YN2013 GAG TTG CAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
KY770858_Bat_CoV_Anlong_103 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA TGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG

KY417143_Bat_SARS_like_CoV_Rs4081 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
KY417149_Bat_SARS_like_CoV_Rs4255 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
MK211378_CoV_BtRs_BetaCoV_YN2018D GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
FJ588686_Bat_SARS_CoV_Rs672_2006 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA TGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG

MK211377_CoV_BtRs_BetaCoV_YN2018C GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
KY417142_Bat_SARS_like_CoV_As6526 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
KY417147_Bat_SARS_like_CoV_Rs4237 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TTG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
KY417148_Bat_SARS_like_CoV_Rs4247 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
MK211375_CoV_BtRs_BetaCoV_YN2018A GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG

DQ071615_Bat_SARS_CoV_Rp3 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TCT TTC TTG
KP886808_Bat_SARS_like_CoV_YNLF_31C GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ACG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG

KJ473815_BtRs_BetaCoV_GX2013 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TCC TTG
KF569996_Rhinolophus_affinis_CoV_LYRa11 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ACG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG

JX993988_Bat_CoV_Cp_Yunnan2011 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG
MK211374_CoV_BtRl_BetaCoV_SC2018 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TTG

KJ473814_BtRs_BetaCoV_HuB2013 GAG TTG TAA ATC CAG TAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTG TTG
DQ412043_Bat_SARS_CoV_Rm1 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CAG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TCT TCT TTG

KY938558_Bat_CoV_strain_16BO133 GAG TTG TAA ATC CAG CAA TGG ACC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG GGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTG TTG
DQ412042_Bat_SARS_CoV_Rf1 GAG TTG TAA ATC CAG CAA TGG ACC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTG TTG

DQ648856_Bat_CoV_BtCoV_273_2005 GAG TTG TAA ATC CAG CAA TGG ACC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTG TTG
KJ473812_BtRf_BetaCoV_HeB2013 GAG TTG TAA ATC CAG CAA TGG ACC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTG TTG

KY770860_Bat_CoV_Jiyuan_84 GAG TTG TAA ATC CAG CAA TGG ACC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTG TTG
JX993987_Bat_CoV_Rp_Shaanxi2011 GAG TTA TAA ATC CAG CAA TGG ATC CAA TCT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TCT TTG

GQ153542_Bat_SARS_CoV_HKU3_7 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA TAG TTA ATA GCG TAA TTC TTT TCC TTG
DQ022305_Bat_SARS_CoV_HKU3_1 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TCC TTG

GQ153547_Bat_SARS_CoV_HKU3_12 GAG TTG TAA ATC CAG CAA TGG ATC CAA TTT ATG ATG AGC CGA CGA CGA CTA CTA GCG TGC CTT TGT AAG CAC AAG AAA GTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CGG AAG AGA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TCC TTG
KY352407_SARS_related_CoV_strain_BtKY72 GAG TTG TAA AT- --- --- --- --C CAA TTT ATG ATG AGC CAA CGC CGA CTA CTA GCG TGC CTC TCT AAG CAC ATT G-A TTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CAG AAG AAA CAG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TAG

NC_014470_Bat_CoV_BM48_31_BGR_2008 GAG TTG TAA AC- --- --- --- --C CAA TTT ACG ATG AGC CGA CGC CGA CTA CTA GCG TGC CTC TTT AAG CAC ATT G-A TTG AGT ACG AAC TTA TGT ACT CAT TCG TTT CAG AAG AAA CCG GTA CGT TAA TAG TTA ATA GCG TAC TTC TTT TTC TAG
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Supplementary	Figure	S5.	SNV-depleted	regions.		
UCSC Genome Browser images of regions in nsp3 (a) and S2 (b). Most amino acids in these regions are 
conserved (red rectangles in Conserved AAs track), but the only missense variants (light red rectangles in 
SNVs track) disrupt non-conserved amino acids (variants disrupting conserved amino acids would be bright 
red if present). The lack of missense variants in such a large set of conserved amino acid residues could 
indicate that constraint in the Sarbecovirus clade has continued particularly strongly in the SARS-CoV-2 
population. However, although these are the most depleted regions in the genome for missense variants in 
conserved amino acid residues, neither depletion is statistically significant, even without any correction for 
multiple region lengths searched (nominal p=0.072 and p=0.093, respectively).  	
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Supplementary	Text	
Supplementary	Text	S1	Resolution	of	ambiguous	gene	names	
The ORFs overlapping ORF3a and N have been referred to by different names by 
different authors, and different ORFs have been referred to by the same name. We have 
resolved inconsistently used names in communication with several other authors and 
with the approval of members of the ICTV Coronavirus Study Group. The ORFs, in 5' to 
3' order, with our name, length, coordinates, and other names that have been used: 

Our name Length (amino acids) Coordinates (w/o stop) Other names/Notes 

ORF3c 41 25457-25579 ORF3h, 3a.iORF1 

ORF3d 57 25524-25694 ORF3b 

ORF3b 22 25814-25879 5’ end of SARS-CoV ORF3b ortholog 

ORF9b 97 28284-28574  ORF9a, N.iORF1 

ORF9c 73 28734-28952 ORF9b, ORF14 

	
Supplementary	Text	S2	Evidence	that	ORFs	3d	and	3b	are	not	protein-coding	
ORF3b is a 22 amino acid ORF having coordinates 25814-25882, orthologous to the 5’ 
end of SARS-CoV ORF3b, which is a 154 amino acid ORF whose various Sarbecovirus 
orthologs are truncated by numerous in-frame stop codons. Its start codon is conserved 
in all but one of our 44 Sarbecovirus strains, but its stop codon is only present in SARS-
CoV-2 and its three closest relatives, and the ORF length is highly variable, so the 
SARS-CoV-2 form is not (Extended Data Fig. 6). Overexpression in a human cell line of 
the SARS-CoV-2 ORF was found to have anti-IFN-I activity13. However, the PhyloCSF 
score per codon of this truncated ORF is strongly negative (-18.0), it does not overlap 
any SCEs (Fig. 2b), and even among the four closely related strains sharing this stop 
codon all six substitutions are radical amino acid changes, providing no evidence that 
this amino acid sequence has been under purifying selection. There is no TRS in the 5’ 
neighborhood of the ORF3b start codon, and in order for ORF3b to be translated by 
leaky scanning from the subgenomic RNA for ORF3a, the ribosome would have to 
bypass eight AUG codons, including several with moderate or strong Kozak context. 
Finally, ribosome profiling and transcription studies did not find translation of ORF3b or 
substantial transcription of a subgenomic RNA from which it could be translated10,15–17. 

A different ORF, the 57 amino acid ORF with coordinates 25524-25697, has also been 
referred to as ORF3b6,7. We refer to it as ORF3d to avoid confusion with the 22 amino 
acid ORF. ORF3d has premature stop codons in all of the other strains of our 
Sarbecovirus alignment, indicating unambiguously that it does not encode a conserved 
protein (Extended Data Fig. 7), but some authors have suggested it is a de novo protein 
in SARS-CoV-2 based on a sequence analysis method12 and a statistical test for 
unexpectedly long overlapping ORFs11. On the other hand, analysis of 2,784 SARS-
CoV-2 sequences from the GISAID database (Elbe and Buckland-Merrett 2017) found 
that 17.6% of isolates contain a G to T mutation in position 25563, which introduces a 
stop codon into the reading frame of ORF3d7, militating against de novo functional 
translation in SARS-CoV-2. Nor is there convincing experimental evidence that ORF3d 
is translated. A ribosome profiling study found no evidence of initiation at the start codon 
of ORF3d in samples collected five hours post infection10. Footprints were found at the 
ORF3d start codon in a reanalysis of footprints from the same study collected 24 hours 
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post infection in samples treated with harringtonine and LTM, which typically would 
indicate initiating ribosomes11; however, the majority of footprints from the 24-hour 
sample are thought not to be generated by ribosome protection, possibly instead 
originating from protection by the N protein, and so are not an indication of translation 10. 
A subset of ORF3d in the same reading frame, 33 amino acid 3a.iORF2, that begins at a 
downstream AUG and does not include the nonsense mutation, was one of several 
overlapping ORF candidates predicted to be translated using ribosome profiling 10; 
however, this ORF is not conserved in any other strain and it is unclear how it could be 
translated: translation by leaky scanning from the ORF3a subgenomic RNA would 
require the ribosome to bypass 4 earlier AUG codons, and there is no TRS near its start 
codon that might give rise to a subgenomic RNA specialized for this ORF. 

Supplementary	Text	S3	Search	for	other	novel	protein-coding	genes	
As discussed in the main text, we computed PhyloCSF scores for  all 67 hypothetical 
non-NCBI-annotated AUG-to-stop locally-maximal SARS-CoV-2 ORFs ≥25 codons long 
and found that the top scoring candidate, ORF3c, is protein-coding. 

Continuing down the sorted list in order of decreasing PhyloCSF score per codon, we 
found the candidate ORF with the next best score (-2.74) is a 32-codon ORF (26183-
26278) that overlaps the 3’ end of ORF3a and the 5’ end of E (Supplementary Fig. 
S4a) and is orthologous to the 5’ end of SARS-CoV ORF3b. Two strains have a frame-
shifting 1-base deletion within the ORF, and two others have premature stop codons. 
None of the substitutions are synonymous. There is high nucleotide-level constraint, but 
it continues on both sides of the ORF, suggesting it results from something other than 
translation of the ORF. Overall, this ORF does not show the evolutionary signature of a 
functional coding sequence. Next in the list is ORF9b which we have discussed 
elsewhere. Fourth is a 31-codon ORF (3207-3299) overlapping ORF1a, having 
PhyloCSF score -7.77 (Supplementary Fig. S4b). Most of this ORF consists of a 75-nt 
insertion that is only present in SARS-CoV-2, RaTG13, and CoVZC45, and the start and 
stop codons are missing in CoVZC45, so this is not a conserved coding sequence. 
Finally, the fifth-ranked candidate is ORF9c, which we have discussed elsewhere.  

The relatively high scores of ORFs 9b and 9c among these 67 hypothetical ORFs are, in 
part, an artifact of the low density of substitutions throughout N, which they both overlap. 
This low density, which is found even in the parts of N that are not in ORFs 9b or 9c, 
decreases the number of substitutions available to PhyloCSF for distinguishing its 
coding and noncoding evolutionary models, which compresses the PhyloCSF score 
towards 0, resulting in a better rank among the negative scores. If we compensate for 
this by dividing by the average number of substitutions per site in the ORF, ORFs 9b and 
9c, while still in the top half, move down to the 92nd and 83rd percentile among the 67 
ORFs considered, whereas ORF3c remains the best scoring-candidate (Extended Data 
Fig. 8). 

To search for additional novel protein-coding regions, we relaxed our criteria to include 
ORFs with at least 10 codons, allow near-cognate start codons, and allow ORFs 
contained within another ORF in the same frame. The most promising were two non-
canonical ORFs in the 5'-UTR with slightly positive PhyloCSF score, 14-codon CUG-
initiated NC_045512.2:92-133 and 31-codon AGG initiated NC_045512.2:158-250. 
However, neither are among the translated ORF candidates identified by ribosome 
profiling10, and the evolutionary evidence is not strong enough to consider it likely that 
such short non-canonical ORFs generate proteins. Because it has been conjectured that 
translation might occur on the large number of negative-strand genomic and subgenomic 
RNAs that are intermediates in viral gene expression and replication in positive-strand 
RNA viruses 56,57, we also scored ORFs on the negative strand, but again found no 
convincing candidates. Supplementary Table S4 contains the complete list of ORFs, with 
scores and other pertinent information. 
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Supplementary	Text	S4	Experimental	evidence	supporting	each	ORF	
Among previously ambiguous cases, our new reference gene set includes 3c and 9b, 
and excludes 3b, 3d, 10, and 9c. These inclusion/exclusion decisions are supported by 
the experimental evidence. Direct RNA sequencing detected little or no subgenomic 
RNA for the excluded ORFs15–18, whereas included ORFs 3c and 9b are near the 5’ ends 
of ORFs 3a and N, where they could be translated via leaky scanning from the 
corresponding subgenomic RNAs. Translation of 3c and 9b, but not 3d, 3b, or 9c, was 
detected in ribosome profiling experiments10, and footprints in ORF10 appear to support 
non-functional translation of overlapping ORFs instead. Peptides supporting translation 
of 9b but not 10 or 9c were detected in proteomics experiments 15,36 (3b, 3c, and 3d were 
not included in the search space). Finally, there is a wealth of experimental evidence 
supporting translation of all of the other named and unnamed ORFs10,14–18. This 
information is summarized in Supplementary Table S2. 

Supplementary	Text	S5	Effect	of	reference	gene	set	on	variant	classification	
Having correct gene annotations is critical for determining the effects of variants 
because the first step in variant classification is understanding how each variant affects 
protein sequence. Using our reference gene set instead of previous annotations 
improves the classification of many variants. 

In particular, we found that seven variants within ORF3c (T25473C, T25476C, G25494T, 
G25500A, G25500T, C25539T, and C25572T) that were classified by Nextstrain as 
synonymous based on their predicted effect on ORF3a, but that we now recognize 
disrupt amino acids in the ORF3c protein, and three variants (C25493T, G25563T, and 
A25575C) induce a more radical amino acid change in ORF3c than in ORF3a. Similarly, 
seven variants within ORF9b (C28291T, T28297C, C28315T, C28369T, G28378T, 
C28432T, C28519T) were considered synonymous changes in N according to the NCBI 
annotations, but disrupt amino acids in ORF9b, and two others (G28300T, G28357T) 
induce a more radical amino acid change in ORF9b than in N. Nextstrain also classified 
ten variants as amino acid changes in ORF10 that we now recognize are non-coding 
variants, and five variants as amino acid changes in ORF9c that are synonymous in N 
and therefore do not change any protein. 

Supplementary Table S3 includes Nextstrain variants annotated with respect to the 
current NCBI reference gene annotations and also with respect to our proposed new 
reference annotations in. The INFO field also includes Nextstrain’s classification 
according to UniProt annotations. 

Supplementary	Text	S6	Explanations	for	within-/cross-strains	deviation	in	nsp3/S1	
We propose several possible explanations for the depletion of amino-acid-changing 
mutations in S1 and nsp3 relative to what would be expected from the overall trend 
given their high inter-strain evolutionary rates. These differences might indicate: 

● Recent changes in their mutation rates, or recent changes in their selective 
pressures, which could be inherent to SARS-CoV-2 independently of the current 
pandemic, or could stem from different pressures acting on these genes during 
pandemic expansion in human hosts, relative to stable spread of Sarbecoviruses 
in bat populations 

● These differences may also reflect general properties in an adaptation-expansion 
cycle of coronaviruses, with S1 and nsp3 initially undergoing rapid evolution 
during adaptation to a new host, followed by a period in which purifying selection 
suppresses further variation. In this scenario, the smaller-than-expected number 
of observed mutations in the current pandemic would stem from pre-adaptation 
of S1 and nsp3, either through transmission in non-human animal hosts with a 
similar ACE2 receptor, or through undetected transmission in humans prior to 
when the initial sample for the reference genome was obtained in December 
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2019 (Wu et al.), thus requiring relatively fewer human-adaptive mutations 
compared to other genes whose biological functions would adapt to human hosts 
only later (noting however, that only a subset of mutations in the current 
pandemic are likely adaptive).  

● The frequent recombination observed in S1 suggests an alternative explanation. 
It is possible that recombination events into our selected 44-strain phylogeny 
from more distant relatives could have increased the number of inter-strain 
differences in these genes. In that case, the paucity of mutations in S1 and nsp3 
relative to their inter-strain differences might be due to inflation of the latter rather 
than deflation of the former. However, we note that the amount of distant 
recombination needed to account for the large discrepancy observed might be 
implausibly large.  

● Lastly, inter-strain differences reflect selective pressures that have acted over 
evolutionary time scales in which even mildly deleterious mutations are excluded, 
while within-strain differences reflect smaller evolutionary time scales over which 
only strongly deleterious mutations are excluded. Thus, the discrepancy 
observed could also result if the fraction of all possible deleterious amino acid 
changes of S1 and nsp3 that are strongly deleterious rather than mildly 
deleterious is sufficiently larger than that fraction for other proteins.  

Supplementary	Text	S7	Enriched	and	depleted	clusters	of	missense	SNVs	
Other than the Nucleocapsid region that we have already discussed, there are no 
regions in the genome in which variants disrupting conserved amino acid residues are 
significantly denser than would be expected by chance, given the total number of such 
variants in each gene. Nor are there any regions that are significantly depleted for such 
variants, which would have indicated regions in which constraint in the Sarbecovirus 
clade has continued particularly strongly in the SARS-CoV-2 population. The regions 
that are most depleted (though not statistically significantly) have coordinates 7400-7840 
in nsp3 with no missense variants among 103 conserved amino acids and 24437-24748 
in S2 with no missense variants among 99 conserved amino acids (p=0.072 and 
p=0.093, respectively, without any correction for multiple region lengths searched) 
(Supplementary Fig. S5). 

 


