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Table 1. Sequence types and allelic profiles of B. burgdorferi in ticks collected in 1 

surveillance in Canada from 2005 to 2007. P/T = Province or Territory: AB = 2 

Alberta, MB = Manitoba, NB = New Brunswick, NS = Nova Scotia, NFL = 3 

Newfoundland & Labrador, PEI = Prince Edward Island, ON = Ontario, QC = 4 

Quebec. All ticks were feeding adults except for those indicated with an asterisk 5 

which were questing adults. STs in bold and underlined are new to this study 6 

although data from all but one of the ticks collected in Quebec have been presented 7 

in [31]. STs in bold were present in the MLST database but had not been further 8 

analysed. 9 

NML ID No. P/T ST clpA clpX nifS pepX pyrG recG rplB uvr 

AB07-3 AB 300 8 1 1 14 2 16 1 10 

MB07-20 MB 301 12 1 1 7 112 6 1 10 

MB07-21 MB 12 3 3 2 4 3 4 4 4 

MB07-22 MB 302 5 5 4 114 1 15 1 6 

MB07-25 MB 29 18 12 1 11 2 15 1 2 

UMB06-10 MB 12 3 3 2 4 3 4 4 4 

UMB07-5 MB 221 3 3 2 2 3 4 4 4 

NB06-101 NB 4 8 1 1 1 4 6 1 7 

NB06-127 NB 14 9 1 1 7 1 6 1 10 

NB06-129 NB 1 1 1 1 1 1 1 1 1 

NB06-48 NB 7 6 1 5 1 1 7 1 8 

NB06-5 NB 1 1 1 1 1 1 1 1 1 

NB06-85 NB 18 7 6 6 1 1 5 5 5 

NB07-119 NB 3 4 1 1 1 1 6 1 7 

NB07-121 NB 3 4 1 1 1 1 6 1 7 

NB07-137 NB 9 10 5 4 6 1 6 1 6 

NB07-17 NB 4 8 1 1 1 4 6 1 7 

NB07-50 NB 36 10 5 4 6 1 15 1 6 

NB07-87 NB 305 5 5 4 5 5 5 94 6 

NB07-95 NB 1 1 1 1 1 1 1 1 1 

NF06-4 NFL 19 4 4 3 3 3 3 3 3 

NS05-104 NS 306 5 5 4 5 5 6 1 6 

NS06-10 NS 1 1 1 1 1 1 1 1 1 

NS06-100 NS 9 10 5 4 6 1 6 1 6 

NS06-113c NS 18 7 6 6 1 1 5 5 5 

NS06-129 NS 1 1 1 1 1 1 1 1 1 

NS06-151 NS 7 6 1 5 1 1 7 1 8 

NS06-196a NS 36 10 5 4 6 1 15 1 6 

NS06-2 NS 16 2 2 1 2 2 2 2 2 

NS06-233 NS 7 6 1 5 1 1 7 1 8 

NS06-234 NS 307 9 1 1 7 1 1 1 10 

NS06-235 NS 1 1 1 1 1 1 1 1 1 

NS06-240c NS 1 1 1 1 1 1 1 1 1 

NS07-121 NS 281 127 88 87 107 105 108 88 98 
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NS07-125 NS 59 6 1 5 1 1 7 1 19 

NS07-128 NS 38 21 1 15 8 1 18 4 7 

NS07-166 NS 3 4 1 1 1 1 6 1 7 

NS07-279 NS 36 10 5 4 6 1 15 1 6 

NS07-28 NS 308 4 91 1 1 1 6 1 7 

NS07-290 NS 7 6 1 5 1 1 7 1 8 

NS07-2a NS 3 4 1 1 1 1 6 1 7 

NS07-68 NS 9 10 5 4 6 1 6 1 6 

NS07-75 NS 37 7 6 12 1 1 5 5 5 

NS07-20 NS 309 7 6 12 115 1 114 5 5 

NS07-96 NS 18 7 6 6 1 1 5 5 5 

ON06-102 ON 9 10 5 4 6 1 6 1 6 

ON06-107 ON 14 9 1 1 7 1 6 1 10 

ON06-108 ON 38 21 1 15 8 1 18 4 7 

ON06-187c ON 19 4 4 3 3 3 3 3 3 

ON06-188 ON 1 1 1 1 1 1 1 1 1 

ON06-190 ON 3 4 1 1 1 1 6 1 7 

ON06-194 ON 226 8 1 15 94 2 20 1 7 

ON06-231 ON 1 1 1 1 1 1 1 1 1 

ON06-255a ON 1 1 1 1 1 1 1 1 1 

ON06-255b ON 1 1 1 1 1 1 1 1 1 

ON06-260a ON 1 1 1 1 1 1 1 1 1 

ON06-262 ON 9 10 5 4 6 1 6 1 6 

ON06-277 ON 9 10 5 4 6 1 6 1 6 

ON06-292c ON 311 8 1 1 7 1 1 1 10 

ON06-293 ON 34 8 1 1 7 1 6 1 10 

ON06-299 ON 3 4 1 1 1 1 6 1 7 

ON06-30 ON 3 4 1 1 1 1 6 1 7 

ON06-336b ON 1 1 1 1 1 1 1 1 1 

ON06-371b ON 3 4 1 1 1 1 6 1 7 

ON06-422 ON 29 18 12 1 11 2 15 1 2 

ON06-66 ON 18 7 6 6 1 1 5 5 5 

ON06-67a ON 57 25 4 3 16 3 21 1 2 

ON06-90a ON 50 8 1 1 17 1 6 1 10 

ON07-1001 ON 1 1 1 1 1 1 1 1 1 

ON07-1073 ON 8 5 5 4 5 5 5 1 6 

ON07-1115 ON 9 10 5 4 6 1 6 1 6 

ON07-1151 ON 3 4 1 1 1 1 6 1 7 

ON07-1194 ON 1 1 1 1 1 1 1 1 1 

ON07-1218 ON 1 1 1 1 1 1 1 1 1 

ON07-1231 ON 37 7 6 12 1 1 5 5 5 

ON07-124b ON 1 1 1 1 1 1 1 1 1 

ON07-128 ON 1 1 1 1 1 1 1 1 1 

ON07-1289 ON 1 1 1 1 1 1 1 1 1 

ON07-139a ON 9 10 5 4 6 1 6 1 6 

ON07-14 ON 222 5 5 4 5 1 15 1 6 

ON07-147 ON 1 1 1 1 1 1 1 1 1 

ON07-15 ON 222 5 5 4 5 1 15 1 6 

ON07-150 ON 3 4 1 1 1 1 6 1 7 

ON07-157b ON 1 1 1 1 1 1 1 1 1 

ON07-158a ON 1 1 1 1 1 1 1 1 1 

ON07-219 ON 313 10 5 4 116 1 15 1 6 

ON07-223 ON 55 23 1 17 20 2 1 1 10 

ON07-285 ON 1 1 1 1 1 1 1 1 1 
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ON07-289 ON 1 1 1 1 1 1 1 1 1 

ON07-292a ON 14 9 1 1 7 1 6 1 10 

ON07-336 ON 14 9 1 1 7 1 6 1 10 

ON07-351 ON 36 10 5 4 6 1 15 1 6 

ON07-361 ON 4 8 1 1 1 4 6 1 7 

ON07-399 ON 29 18 12 1 11 2 15 1 2 

ON07-424 ON 1 1 1 1 1 1 1 1 1 

ON07-430 ON 307 9 1 1 7 1 1 1 10 

ON07-441 ON 314 14 1 11 1 113 1 1 10 

ON07-471 ON 3 4 1 1 1 1 6 1 7 

ON07-472 ON 3 4 1 1 1 1 6 1 7 

ON07-507 ON 1 1 1 1 1 1 1 1 1 

ON07-520 ON 19 4 4 3 3 3 3 3 3 

ON07-576 ON 222 5 5 4 5 1 15 1 6 

ON07-590 ON 9 10 5 4 6 1 6 1 6 

ON07-600 ON 3 4 1 1 1 1 6 1 7 

ON07-625a ON 14 9 1 1 7 1 6 1 10 

ON07-727 ON 14 9 1 1 7 1 6 1 10 

ON07-766b ON 1 1 1 1 1 1 1 1 1 

ON07-791b ON 8 5 5 4 5 5 5 1 6 

ON07-795 ON 3 4 1 1 1 1 6 1 7 

ON07-860 ON 3 4 1 1 1 1 6 1 7 

ON07-861 ON 1 1 1 1 1 1 1 1 1 

ON07-873 ON 315 8 1 1 17 1 6 95 10 

ON07-88 ON 3 4 1 1 1 1 6 1 7 

PEI05-15 PEI 316 10 1 4 6 1 6 1 6 

PEI05-20 PEI 36 10 5 4 6 1 15 1 6 

PEI05-30 PEI 9 10 5 4 6 1 6 1 6 

PEI06-20 PEI 1 1 1 1 1 1 1 1 1 

PEI06-23 PEI 8 5 5 4 5 5 5 1 6 

PEI06-27 PEI 3 4 1 1 1 1 6 1 7 

PEI06-34 PEI 18 7 6 6 1 1 5 5 5 

PEI06-37 PEI 221 3 3 2 2 3 4 4 4 

PEI06-48 PEI 19 4 4 3 3 3 3 3 3 

PEI06-49 PEI 3 4 1 1 1 1 6 1 7 

PEI06-55 PEI 59 6 1 5 1 1 7 1 19 

PEI06-56 PEI 19 4 4 3 3 3 3 3 3 

PEI06-67 PEI 3 4 1 1 1 1 6 1 7 

PEI06-84 PEI 317 128 3 2 4 3 4 4 4 

PEI06-85 PEI 1 1 1 1 1 1 1 1 1 

PEI07-10 PEI 3 4 1 1 1 1 6 1 7 

PEI07-24 PEI 7 6 1 5 1 1 7 1 8 

PEI07-33b PEI 3 4 1 1 1 1 6 1 7 

PEI07-48 PEI 36 10 5 4 6 1 15 1 6 

PEI07-522 PEI 318 21 1 15 8 1 1 4 7 

PEI07-74 PEI 19 4 4 3 3 3 3 3 3 

PEI07-77 PEI 9 10 5 4 6 1 6 1 6 

QC05-156 QC 1 1 1 1 1 1 1 1 1 

QC07-344 QC 38 21 1 15 8 1 18 4 7 

QC07-362 QC 34 8 1 1 7 1 6 1 10 

QC07-399 QC 8 5 5 4 5 5 5 1 6 

QC07-402* QC 238 10 5 75 6 1 15 1 6 

QC07-484 QC 29 18 12 1 11 2 15 1 2 

QC07-493 QC 3 4 1 1 1 1 6 1 7 
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QC07-565b QC 4 8 1 1 1 4 6 1 7 

QC07-595 QC 36 10 5 4 6 1 15 1 6 

QC07-603 QC 8 5 5 4 5 5 5 1 6 

QC07-650 QC 16 2 2 1 2 2 2 2 2 

QC07-723 QC 11 5 7 5 1 6 1 4 9 

QC07-755 QC 7 6 1 5 1 1 7 1 8 

QC07-765 QC 3 4 1 1 1 1 6 1 7 

QC07-776 QC 12 3 3 2 4 3 4 4 4 

QC07-785 QC 1 1 1 1 1 1 1 1 1 

QC07-815 QC 8 5 5 4 5 5 5 1 6 

QC07-819 QC 8 5 5 4 5 5 5 1 6 

QC07-83 QC 1 1 1 1 1 1 1 1 1 

QC07-84 QC 3 4 1 1 1 1 6 1 7 

QC07-851 QC 59 6 1 5 1 1 7 1 19 

QC07-908 QC 1 1 1 1 1 1 1 1 1 

QC07-951 QC 3 4 1 1 1 1 6 1 7 

QC07-1008 QC 14 9 1 1 7 1 6 1 10 

QC07-1048 QC 59 6 1 5 1 1 7 1 19 

QC07-1054 QC 3 4 1 1 1 1 6 1 7 

QC07-161-5 QC 1 1 1 1 1 1 1 1 1 

QC07-175-3 QC 59 6 1 5 1 1 7 1 19 

QC07-181-1* QC 14 9 1 1 7 1 6 1 10 

QC07-181-4* QC 14 9 1 1 7 1 6 1 10 

QC07-182-4* QC 14 9 1 1 7 1 6 1 10 

QC07-182-6* QC 14 9 1 1 7 1 6 1 10 

 1 



 29 

Table 2. Frequencies of B. burgdorferi STs in the sample of ticks collected in 1 

surveillance in Canada. NE = STs already identified in northeastern USA, MW = STs 2 

already identified in Mid Western USA, New ST = STs identified for the first time in 3 

this study. Also shown for STs new to this study is the geographic region of 4 

occurrence of the nearest ancestor. 5 

ST Frequency Geographic 

region 

New ST Geographic region of nearest 

ancestor for new STs 

1 35 NE No  

3 26 NE No  

4 4 NE No  

7 6 NE No  

8 7 NE No  

9 11 NE No  

11 1 NE No  

12 3 NE + MW No  

14 11 NE No  

16 2 NE No  

18 5 NE No  

19 6 NE No  

29 4 NE + MW No  

34 2 NE No  

36 7 NE No  

37 2 NE No  

38 3 NE No  

50 1 NE No  

55 1 MW No  

57 1 NE No  

59 5 NE No  

221 2 NE+MW  NE + MW 

222 3 NE+MW  NE 

226 1 NE  MW 

238 1 NE Yes NE 

300 1 MW Yes MW 

301 1 MW Yes MW 

302 1 MW Yes NE 

305 1 NE Yes NE 

306 1 NE Yes NE 

307 2 NE Yes NE 

308 1 NE Yes NE 

309 1 NE Yes NE 

311 1 NE Yes NE 

313 1 NE Yes NE 

314 1 NE Yes MW 

315 1 NE Yes NE 

316 1 NE Yes NE 

317 1 NE Yes NE + MW 

318 1 NE Yes NE 

 6 
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Table 3. The numbers of ticks infected with B. burgdorferi that carried pairs of ospC 1 

alleles for each possible pairing. Significant associations are in bold with positive 2 

associations indicated by superscript + and negative associations by a superscript 3 

minus sign.. 4 

Allele Total number of infected 

ticks carrying allele 

B C D E F G H I J K L M N O T U 

A 96 8 2 4 5 4
-
 11 5 3 0 21 3 5 16 2 4 4 

B 33  1 0 1 4 2 2 2 1 11 0 0 3 0 2 0 

C 9   1 1 1 1 1 0 0 0 0 0 1 1 1 1 

D 14    1 0 2 2 0 1 2 1 0 2 1 0 1 

E 22     2 3 1 2 1 4 1 2 2 2 1 1 

F 34      3 2 3 0 8 1 5
+
 2 1 0 0 

G 40       8
+
 4 0 12 1 4 4 2 2 3 

H 27        3 0 4 0 2 2 0 0 0 

I 14         0 4 0 1 0 0 1 1 

J 5          0 0 0 1 0 1
+
 0 

K 81           0 8 14 3 2 0 

L 10            0 1 2
+
 0 0 

M 20             5 1 0 0 

N 56              1 2 1 

O 10               0 0 

T 8                0 

U 13                 

 5 

 6 



Fig 1 

 

 
Geographic distribution of sites of collection of ticks carrying the different MLST 

sequence types (STs) of B. burgdorferi identified in the study. Triangles indicate the 

locations of ticks carrying those STs already identified in northeastern USA (blue 

triangles), those STs already identified in mid western USA (green triangles), and ticks 

carrying STs identified for the first time in this study (red triangles). The black ellipse 

indicates the geographic locations of ticks that formed a spatial cluster that carried new 

STs and the red ellipse indicates the geographic locations of ticks that formed a spatial 

cluster that carried STs already identified in mid western USA. 
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ST tree of Borrelia samples collected in the US and Canada. The tree was constructed using 

concatenated sequences of eight housekeeping genes for maximum likelihood analysis (PhyML). 

Outgroup branch is not according to scale as indicated by slashes. Scale bar indicates 1 % 

divergence. 








