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Figure S6.  Neighbor-joining trees of proteins encoded by B. burgdorferi cp32 
variable regions. 
    ClustalX-2 [1] was used to create neighbor-joining trees for the proteins 
encoded the genes the four cp32 “variable regions”, and yellow boxes 
enclose robust “sequence types” in the trees shown.  Bootstrap values for 
1000 trials are shown as numbers between 1 and 1000, and these values for 
the branches that make up the sequence types defined here are in bold red 
type.  In each case a fractional sequence difference scale is shown at the 
lower left and some such distance values (between 0 and 1) are shown in the 
trees.  Protein names at the ends of the branches have the form 
“strain_protein name_previously given name”.  The relationships within the 
bdr, mlp and erp/elp/ospEF gene groups are complex and alignments are not 
always unambiguous due to direct repeats and apparent recombination 
events that have created hybrid genes, however, since our purpose is not to 
delineate the history or function of these genes, but only to group them into 
general “types”, these difficulties were ignored and the Clustal alignments 
were used to build the trees.  The proteins encoded by homologs of s27 
(region 1), rev (region 1) and bapA (region 4) genes are all so similar that 
subtypes were not evident, and trees are not shown.  

A.  Variable regions of the cp32 plasmids.  Matrix comparison plot of two 
arbitrarily chosen cp32s created by DNA Strider [2] with a 17 matches per 23 
nucleotide scanning window.  The four variable regions used in this analysis 
are indicated below.  There are a few other regions that show some variation, 
and comparison of this pair of cp32 plasmids shows that the sequence 
around 10 kbp is quite different between these two particular plasmids. 

B.  Structure of the cp32 plasmids. The thirty-one completely sequence cp32 
plasmids are shown as tan horizontal bars.  The cp32-1 and cp32-5 bars in 
JD1 are fused as one double-size circular plasmid named cp32-1+5 (see text).  
The asterisk (*) notes a plasmid that was lost from the strain before its 
genome was sequenced).  The plasmids are largely homologous throughout 
their lengths and are oriented so that homologous regions are aligned 
vertically.  Gaps in these bars show the position of large deletions in some 
plasmids.  Above, blue bars denote the four most variable regions in these 
plasmids, and below colored boxes denote gene differences in each of these 
regions; the numbers associated with the latter are defined as in the footnote 
to Table 3 in the text.  Two plasmids, B31 cp32-7 and cp32-9, have previously 
been called cp18-1 and cp18-2, respectively [3], and N40 cp32-7 has 
previously been called cp18 [4]. 

C.  A neighbor joining tree of the mlp proteins encoded in region 1.  All the 
mlp genes are in region 1 except type 3 genes which are in region 4.  See 
Cainamo et al. [3] for a more detailed discussion of these genes. 

D.  A neighbor joining tree of the bdr (Borrelia direct repeat) proteins 
encoded in region 1.  Note that there are additional bdr genes near region 2 
that are ignored in this analysis; see Zuckert and Barbour et al. [5] and 
Carlyon et al. [6] for more detailed discussions of these genes. 

E. A neighbor joining tree of the erp/elp/ospEF proteins encoded in region 3.  
These proteins include B31_N38 and B31_P38 (both sequence type 4 in the 
tree), which are close relatives of genes in other strains that affect the 



mammalian complement fixation [7].  See Stevenson and Miller [8] for a 
more detailed discussion of these genes. 

F.  A neighbor joining tree of paralogous family PFam144 proteins encoded 
in region 4.  These genes have no known or postulated function.   
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