
 
(a) H5R of VACV-COP homologues [viral late transcription factor (VLTF-4)] 
 
                           10        20        30        40        50        60        70        80                
                  ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
VACV-WR  (103)    MAWSITNKADTSSFTKMAEIRAHLKNSAENKDKNEDIFPEDVIIPSTKPKTKRATTPRKPAATKRSTKKE----EVEE--  
VACV-COP (H5R)    ......................................................................----....-- 
MPXV-ZAI-1996-016 ........................R............................T...............DKEKE....VE  
MPXV-RCG-2003-358 ........................R............................T...............DKEKE....VE  
MPXV-ZAI-1979-005 ........................R............................T...............DKEKE....VE  
MPXV-USA-2003-039 ........................R............................T...............DKEKE...--- 
MPXV-LIB-1970-184 ........................R............................T...............DKEKE...--- 
 
                           90       100       110       120       130       140 210         
                  ....|....|....|....|....|....|....|....|....|....|....|....|//|... 
VACV-WR  (103)    EVVIEEYHQTTEKNSP----SPGVSDIVESVAAVELDDSDGDDEPMVQVEAGKVNHSARS//TCKK  
VACV-COP (H5R)    ................----....G...................................//.... 
MPXV-ZAI-1996-016 ............E...PPSS........................................//....  
MPXV-RCG-2003-358 ............E...PPSS........................................//.... 
MPXV-ZAI-1979-005 ............E...PPSS........................................//.... 
MPXV-USA-2003-039 ..I.........E...PPSS.....................................T..//.... 
MPXV-LIB-1970-184 ..I.........E...PPSS.....................................T..//.... 
    Threonine 
                 phosphorylation 
 
(b) A9L of VACV-COP homologues (Essential morphogenesis factor – membrane associated) 
 
                           10        20   60        70        80        90       100       110                  
                  ....|....|....|....|..//|....|....|....|....|....|....|....|....|....|....|....|... 
VACV-WR  (128)    MSCYTAILKSVGGLALFQVANG//VLGIALLYISEQDDKKNTNNANTNNDSNSNNSN----------NDKRNESSINSNSSPK 
VACV-COP (A9L)    ......................//...................-----..-G..-------------................ 
MPXV-ZAI-1996-016 ......................//...................-----......-------------..............H.  
MPXV-RCG-2003-358 ......................//...................-----......-------------..............H. 
MPXV-ZAI-1979-005 ......................//...................-----......-------------..............H. 
MPXV-USA-2003-039 ......................//...................-----.....-...SNSNSNSNSN.....V........H. 
MPXV-LIB-1970-184 ......................//...................-----.....-...SNSN------.....V........H.  

  
 
 
(c) A50R of VACV-COP homologues (DNA ligase) 
 
                           10 30        40        50        60 110      120     170       180          
                  ....|....|//|....|....|....|....|....|....|//|....|....|....|//|....|....|....| 
VACV-WR  (176)    MTSLREFRKL//FITDRD--DKYLIIKLLLPGLDDRIYNMNDK//LEDVDSFLTTLSSVTK//SPNAYDVFRKSNNLKE 
VACV-COP (A50R)   ..........//......--.......................//................//................ 
MPXV-ZAI-1996-016 ..........//......DT.T..............M......//..E.............//..H............. 
MPXV-RCG-2003-358 ..........//......DT.T..............M......//..E.............//..H............. 
MPXV-ZAI-1979-005 ..........//......DT.T..............M......//..E.............//..H............. 
MPXV-USA-2003-039 ..........//......DT.T..............M......//..E.............//..H............. 
MPXV-LIB-1970-184 ..........//......DT.T..............M......//..E.............//..H............. 
 
                     190       200 240      250 420      430 470      480 490      500 550      
                  ....|....|....|//|....|....|/ /|....|....|//|....|....|//|....|....|//|....|.... 
VACV-WR  (176)    IIENASKQNLDSISI//QVHKNNNEFAF/ /GAYYGKGAKGG//MVKINKDPKKI//YIPDFVVEDPK//NLTKS* 
VACV-COP (A50R)   ....S..........//.........../ /...........//.I.........//...........//.....*  
MPXV-ZAI-1996-016 .....A.........//....K....../ /.......G...//...........//.......D...//.....*  
MPXV-RCG-2003-358 .....A.........//....K....../ /.......G...//...........//.......D...//.....* 
MPXV-ZAI-1979-005 .....A.........//....K....../ /.......G...//...........//.......D...//.....* 
MPXV-USA-2003-039 .....A.........//....K....../ /.......G...//...........//.......D...//.....LNSYI 
MPXV-LIB-1970-184 .....A.........//....K....../ /.......G...//...........//.......D...//.....LNSYI 
 



 
(d) A36R of VACV-COP homologues (actin tail nucleation protein for EEV-genesis)  
 
                           10 50        60        70        80        90       100       110       120                 
                  ....|....|//|....|....|....|....|....|....|....|....|....|....|....|....|....|....|// 
VACV-WR  (159)            MM//KLKKIKSSNSSKSSKSTDSESDWEDHCSAMEQNNDVDNISRNEILDDDSFAGSLIWDNESNVMAPSTEHIY// 
VACV-COP (A36R)           ..//.......................................................................// 
MPXV-ZAI-1996-016 MLYIEQSE..//.......P.........................Y...........N.....................K...//  
MPXV-RCG-2003-358 MLYIEQSE..//.......P.....................................N.........................// 
MPXV-ZAI-1979-005 MLYIEQSE..//.......P.....................................N.........................//  
MPXV-USA-2003-039 MLYIEQSE..//.......P.....................................N...............I.........// 
MPXV-LIB-1970-184 MLYIEQSE..//.......P.....................................N...............I.........//  
            Kinesin    A33R Interaction 
                 130       140       150       160       170 180      190       200 210      220            
                  |....|....|....|....|....|....|....|....|//|....|....|....|....|//|....|....|....|.... 
VACV-WR (159)     INNDRNEQTIYQNTTVVINETETVEVLNEDTKQNPNYSSNP//CSKSNPFITELNNKFSENNPF//NKQEQDHEHDDIESSVVSLV  
VACV-COP(A36R)    .........................................//.....................//.................... 
MPXV-ZAI-1996-016 .......L...........D.....I.......I.S.....//........A.......D....//...*  
MPXV-RCG-2003-358 ...................D.....I.......I.S.....//........A.......D....//...* 
MPXV-ZAI-1979-005 ...................D.....I.......I.S.....//........A.......D....//...* 
MPXV-USA-2003-039 ...................D.....I.......I.S.....//........A.......D....//...-................ 
MPXV-LIB-1970-184 ...................D.....I.......I.S.....//........A.......D....//...-................ 
 
 
   
(e) C12L of VACV-COP homologues (SPI-1) 
 
                         10        125  130       140       150       160       170       180       190               
                 ....|....|....|.//.|....|....|....|....|....|....|....|....|....|....|....|....|....|....|// 
RPXV-UTR (SPI-1)                               MDIFKELILKHPDENVLISPVSILSTLSILNHGAAGSTAEQLSKYIENVNENTPDDKKDDNNDMD// 
VACV-WR(205/B22R)                             ...........T....................................M.......----.....// 
VACV-COP(C12L)                                  ........V.......................................M.......----.....// 
MPXV-ZAI-1996-016                               ...........T.....................V..............M................// 
MPXV-RCG-2003-358                               ...........T.....................V..............M................// 
MPXV-ZAI-1979-005    ...........T.....................V..............M................//                            
MPXV-USA-2003-039  MNTEYKHKLKFN[IIY]29 RYCLVYA...........T....................................M...I............// 
PXV-LIB-1970-184  MNTEYKHKLKFN[IIY]31 RYCLVYA...........T....................................M...I............// M
 
              270       280 310      320 400  425 430       440       450       460       470       480 
               |....|....|//|....|....|//.|.//|....|....|....|....|....|....|....|....|....|....|....|....|.. 
RPXV-UTR(SPI-1)  RMTVVSAVHFK//MVSTENDLQYV//ENL//KFLHTTFIDVNEEYTEASAVTGVFMTNFSMVYRTKVYINHPFMYMIKDNTGRILFIGKYCYPQ  
VACV-WR(205/B22R)...........//......N....//...//...............................................................   
VACV-COP(C12L)   ...........//..G...N....//...//........................TI......................T.............. 
MPXV-ZAI-1996-016....I......//..G........//...//.....A...........................M........I........HT.......... 
MPXV-RCG-2003-358....I......//..G........//...//.....A...........................M........I........HT.......... 
MPXV-ZAI-1979-005....I......//..G........//...//.....A...........................M........I........HT.......... 
MPXV-USA-2003-039..I.I......//..G........//...//................V................M........I........HT.......... 
MPXV-LIB-1970-184..I.I......//..G........//...//................V................M........I........HT.......... 
                 Reactive site loop 
 

 
 
Supplementary Fig. S1. Predicted protein sequences that discriminate MPXV clades. Predicted amino acid 
sequences demonstrating differences between MPXV clades are aligned with orthopoxvirus orthologues (reference 
proteins are in parentheses). Areas of complete homology are deleted from the alignment (//). Identical amino acid (.), 
gaps within the coding region (-), and early ORF terminations (*) are indicated. Boxes mark regions of known/predicted 
function or interest: (a) threonine (T) phosphorylation site (Brown et al., 2000); (b) N-linked glycosylation sites (Yeh et 
al., 2000); (c) evolutionarily conserved domains [aa: 226–252; 363–394 (not shown, complete homology to vaccinia); 
397–421; 422–443; and 517–543 (not shown, complete homology to vaccinia)] (Colinas et al., 1990); (d) domain 
sufficient for kinesin interaction (alignment positions 89–119, blue box), domain required for interaction with A33R 
(alignment positions 99–119, black box), and required phosphorylated tyrosines (Y) (Ward et al., 2003); (e) reactive-
site loop (Moon et al., 1999). Abbreviations: vaccinia virus strain Copenhagen (VACV-COP), vaccinia virus strain 
Western Reserve (VACV-WR), rabbitpox virus strain Utrecht (RPXV-UTR). 
 



(a)  
-33       -23-20     -13      +1                                        Met 

        ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|.. ..| 
VAC-WR (B22R)  TTAAGTATGA-ATACGGGGTACAAACATAAACTGAAGTTTA-ACATTATTTATTTATGATATATATCGTT----------ATTGTTTGGTCTATACC ATG  
VAC-COP (C12L) ..........-.........................A....-............................AT----CGTT................. ... 
MPXV-ZAI-1996-016   ...TA..CATT...TACAT..T.T....T.TA.AC.T.A..T.......A...C---.T.............ATAT..................G.. ...  
MPXV-RCG-2003-358    ...TA..CATT...TACAT..T.T....T.TA.AC.T.A..T.......A...C---.T.............ATAT..................G.. ...  
MPXV-ZAI-1979-005    ...TA..CATT...TACAT..T.T....T.TA.AC.T.A..T.......A...C---.T.............ATAT..................G.. ... 
MPXV-USA-2003-039   ...TA..CATT...TACAT..T.T....T.TA.AC.T.A..T.......A..CA.TATA..C..-----...ATAT..................G.. ... 
MPXV-LIB-1970-184    ...TA..CATT...TACAT..T.T....T.TA.AC.T.A..T.......A..CA.TATA..C..-----...ATAT..................G.. ... 
Consensus                       (A/T)8   G    (A/T)8      N12    (G/A) 
 

 
(b)  

-33       -23-20     -13      +1                                         Met 
               ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|... .|. 
VAC-WR (B22R)  TTAAGTATGA-ATACGGGGTACAAACATAAACTGAAGTTTA-ACATTATTTATTTATGATATATATCGTT-----------ATTGTTTGGTCTATACC ATG 
VAC-COP (C12L) ..........-.........................A....-............................AT-----CGTT................. ... 
MPXV-ZAI-1996-016   ...TA..CATT...TACAT..T.T....T.TA.AC.T.A..T.......A...C---.T.............ATAT-..................G.. ...  
MPXV-RCG-2003-358    ...TA..CATT...TACAT..T.T....T.TA.AC.T.A..T.......A...C---.T.............ATAT-..................G.. ...  
MPXV-ZAI-1979-005    ...TA..CATT...TACAT..T.T....T.TA.AC.T.A..T.......A...C---.T.............ATAT-..................G.. ... 
MPXV-USA-2003-039   ..T..A.AC.TC...TAACG.TTTTTTATGCT.GT.T.A.TA.TGG...G..A.-.....T..AT.GA..G.GTACA..A..CCAA..T...G.G--T ...  
MPXV-LIB-1970-184    ..T..A.AC.TC...TAACG.TTTTTTATGCT.GT.T.A.TA.TGG...G..A.-.....T..AT.GA..G.GTACA..A..CCAA..T...G.G--T ...  
Consensus                    (A/T)8      G    (A/T)8      N12    (G/A) 
 
 
 
Supplementary Fig. S2. Predicted promoter regiosn for SPI-1 homologues. Within vaccinia virus strain Western Reserve (VAC-WR), the transcription start site (+1, 
G boxed above) has been characterized for SPI-1 (B22R) (Kettle et al., 1995). An upstream region fitting the consensus for early orthopoxviral promoters is found 
within vaccinia and all of the monkeypox virus strains (data not shown). However, a variable length insertion within the monkeypox virus strains introduces hundreds 
of nucleotides (~200–300 nt) between the transcription start site and the putative translational start site. This repeated insertion may disrupt efficient expression from 
the conserved predicted promoter within the monkeypox virus strains. Furthermore, the West African/USA MPXVs do not contain a purine at the putative transcription 
start site. When the sequences adjacent to the predicted translational start site for the Congo Basin MPXVs were examined, a putative promoter sequence was 
identified (a). The consensus sequence for early orthopoxviral promoters requires a purine (A/G) at the transcription start site (+1), with a core sequence (boxed area, 
–13 to –33) located 12 nt upstream (Broyles, 2003; Davison & Moss, 1989). This core sequence is variable, but always very adenosine- (A) and thymidine (T)-rich 
and usually contains a guanosine (G) (position –20 or –21) involved in contacting the early transcription factors (Broyles, 2003). As shown above, the promoter 
sequence upstream of the predicted start site of the Congo Basin SPI-1 homologues aligns well with the consensus sequence (a). This region possesses both the 
purine (G or A) at the transcription start site (+1) as well as a very A/T-rich core region.  Although the West African/USA MPXVs also contain an A/T-rich core region, 
they lack a purine at the transcription start site, which may decrease transcription of the West African/USA strains from this position. Within the West African/USA 
MPXVs, a sequence with higher homology to early orthopoxvirus promoters is found upstream of the variable length insertions (b).  The A/T-rich core contains a G, 
as does the putative transcriptional start site. If this promoter is used, a transcript encoding the IIY repeats would be made only within the West African/USA strains. 
The exact location of transcriptional initiation for all monkeypox virus strains awaits experimental investigation. However, based upon nucleotide alignments, the West 
African/USA strains are predicted to initiate transcription prior to the repetitive IIY sequence. (a) Alignment of the previously mapped vaccinia virus strain Western 
Reserve SPI-1 promoter nucleotide sequence compared with nucleotide sequences a similar distance from the vaccinia translational start site within monkeypox 
virus homologues. (b) Alignment of nucleotide sequences preceding the predicted SPI-1 translational start sites, with high similarity to consensus early orthopoxvirus 



promoters. Dashes (-), spaces inserted to assist in aligning nucleotides; dots (.), identical nucleotides; N, any nucleotide; and the boxes are placed at the indicated 
nucleotide position specific for each strain – thereby adjusted for the insertion of any spaces within the sequence.  

 
 

 
 
 
                           10        20        30        40        50        60        70        80                

+1

                  ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
VAC-WR (021)      ATAGTAGCTTGTGGAATTTATAAACTTATGATAGTAAAACTAGTACCCAATATGTAAAGATGAAAAAGTAAATTACTATT  
VAC-COP (C7L)     ................................................................................  
MPXV-ZAI-1996-016 ..........................................T....A.G................GTA..T.ACTAT.A 
MPXV-RCG-2003-358 ..........................................T....A.G................GTA..T.ACTAT.A 
MPXV-ZAI-1979-005 ..........................................T....A.G................GTA..T.ACTAT.A  
MPXV-USA-2003-039 ..........................................T....A.G................GTA..T.ACTAT.A 
MPXV-LIB-1970-184 ..........................................T....A.G................GTA..T.ACTAT.A  
Consensus                       (A/T)8  G  (A/T)8     N12   (G/A)      (A/T)8  G  (A/T)8    N12     
 
 
 
                           90       100       110            

+1
                  ....|....|....|....|....|....|....|... 
VAC-WR (021)      AACGCCGTTGATATTCGTTAGTTCATCCATTCAGTATG 
VA C7L)     ........C.G........CA.C...T..G.AT.      
MPXV-ZAI-1996-016 .CACA.ACC.TCGG.AT.CGT.CATCAAT.CAGTATG   
MPXV-RCG-2003-358 .CACA.ACC.TCGG.AT.CGT.CATCAAT.CAGTATG   
MPXV-ZAI-1979-005 .CACA.ACC.TCGG.AT.CGT.CATCAAT.CAGTATG   
MPXV-USA-2003-039 .TAC.GTCG.TAT.AGT.C.TCAAT..AG.ATG       
MPXV-LIB-1970-184 .TAC.GTCG.TAT.AGT.C.TCAAT..AG.ATG       

    (G/A) 
 
Supplementary Fig. S3. Promoter regions of VAC-COP C7L homologues. Although the RNA transcription start site has been mapped within the 
Myxoma virus strain Uriarra (Jackson & Bults, 1992), the site has not been mapped for any of the orthopoxvirus homologues of vaccinia virus strain 
Copenhagen C7L. Since there is little similarity between leporipoxviruses (ex. Myxoma virus) and orthopoxviruses, we have aligned the upstream 
nucleotide sequences of the orthopoxvirus C7L homologues to try to identify a region consistent with an early promoter. The consensus for early 
orthopoxviral promoters is shown below the alignment: a purine (A/G) at the transcription start site (+1), with a core sequence (boxed area, –13 to –33) 
located 12 nt upstream (Broyles, 2003; Davison & Moss, 1989). This core sequence is variable, but always very adenosine (A) and thymidine (T) rich and 
usually contains a guanosine (G) (position –20 or –21) involved in contacting the early transcription factors (Broyles, 2003). As shown above, the highly 
conserved (identical) sequence upstream of the predicted start site of the West African/USA homologues aligns well with the consensus sequence (black 
boxes). This region possesses both the purine (G or A) at the transcription start site (+1) as well as a core region containing a G surrounded by A and T 
residues. The putative translation start site for West African/USA monkeypoxvirus is denoted by a black arrow. Although there is a closer potential early 
promoter (blue underline) to the vaccinia translational start site (blue arrow), the transcription initiation site is altered in the West African/USA 
homologues (blue dashed box). The lack of a purine at the transcription start site may affect expression of the West African/USA strains from this 
position. The exact location of transcriptional initiation for all monkeypox virus strains awaits experimental investigation. Dots (.), nucleotides identical to 
vaccinia reference; N, any nucleotide; and the boxes are placed at the indicated nucleotide position specific for each strain. 
C-COP (


