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Supplementary File S1

The virulence factors used in sequence alignment mainly included adhesins, 

chaperone proteins, membrane proteins or cytosolic proteins, the proteins were 

collected from the published papers and listed in Table S1. These sequences were 

aligned to local Mhp proteome database (the proteome data set of twenty-one Mhp 

strains as used in the pan-genome analysis) with BLASTp program. The homologous 

sequences were identified as percentage identity > 35%, bit score > 100 and e-value < 

1.0×e-5. It was worth noting that the number of homologous proteins was usually an 

integer multiple of 21, and indicated that some virulence factors had multiple copies 

in the genome. After obtaining the homologous proteins, the multiple sequence 

alignment and phylogenetic tree construction were performed by ClustalW (Larkin et 

al., 2007). The phylogenetic trees were visualized by iTOL v6 (https://itol.embl.de/) 

and presented in Figure S1 (Letunic and Bork, 2021). What’s more, sequence 

alignment results of the repeat segments from P146 and P97 were presented in Figure 

S2A and Figure S2B, respectively. P146 and P97 were usually used as molecules for 

Mhp genome classification (Vranckx et al., 2011; Felde et al., 2018; Betlach et al., 

2019) and vaccines research (Conceicao et al., 2006; Bogema et al., 2012; de Oliveira 

et al., 2017), while protein variety in different Mhp strains may decrease the universal 

applicability of the vaccines that developed based on these antigens.
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Num Protein
Representative accession number in

NCBI
Category

Total number of

homologous proteins in 21

Mhp strains

Reference

1 P97 AAB47Q806.1 Adhesion factor 43 (Minion et al., 2000)

2 P102 AAC32527.1 Adhesion factor 64 (Adams et al., 2005)

3 P116 AAV27417.1 Adhesion factor 21 (Seymour et al., 2010)

4 P216 AAQ11369.1 Adhesion factor 27 (Tacchi et al., 2014)

5 P146 AAF91425.1 Adhesion factor 28 (Bogema et al., 2012)

6 P159 AAV27918.1 Adhesion factor 22 (Raymond et al., 2013)

7 Mhp107 WP_179221081.1 Adhesion factor 22 (Seymour et al., 2011)

8 Mhp384 AAV27855.1 Adhesion factor 23 (Deutscher et al., 2012)

9 Mhp385 AAV27856.1 Adhesion factor 19 (Deutscher et al., 2012)

10 P46 ADQ90718.1 Membrane protein 21 (Galli et al., 2012; Guasch et al., 2020)

11 P65 ABE73147.1 Membrane lipoprotein 23 (Schmidt et al., 2004)

12 Mhp366 AAV27366.1 Membrane protein 66 (Meens et al., 2010)

13 DnaK WP_160606515.1
Chaperone protein

DnaK
23 (Galli et al., 2012; Tao et al., 2020)

14 P36 AXP07918.1 Cytosolic protein 22 (Caron et al., 2000)

Table S1. The representative virulence factors used in the sequence alignment and phylogenetic treeconstruction
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Figure S1 Phylogenetic tree construction of the 14 virulence factors with their

homologous proteins. The homologous proteins were obtained by BLASTp program

within the twenty-one Mhp strains. The multiple sequence alignment was performed

by ClustalW and the phylogenetic trees were visualized by iTOL.
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Figure S2 The sequence alignment results of the repeat segments of P146 and P97.

(A) P146 had a continuous repeating sequence of serine. (B) The repetitive segment

of P97 was AAKPE/V at its C-terminus.
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