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Table 1. Comparison of genome properties of members of Rickettsiales. Data obtained from 
IMG v1.1 (http://img.jgi.doe.gov) 
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Ehrlichia canis Jake + +   + +  +     +   
Ehrlichia ruminantium str. Gardel + +   + +  +   +  +   
Ehrlichia ruminantium str. Welgevonden (CIRAD) + +   + +  +   +  +   
Ehrlichia ruminantium str. Welgevonden (ARC-OVI) + +   + +  +   +  +   
Anaplasma marginale str. St. Maries + +   + +  +     +   
Rickettsia akari str. Hartford +  +  + + +  +  +     
Rickettsia conorii (strain Malish 7) +  +  + +   +  + +  +  
Rickettsia prowazekii (strain Madrid E) +  +  + +   +  +     
Rickettsia sibirica 246 rsib_agncrt +  +  + +   +  +   +  
Rickettsia typhi (strain Wilmington)   +  + +   +       
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Wolbachia endosymbiont strain TRS of Brugia malayi +   +           + 
Wolbachia pipientis wMel +    + + +   +     + 

 
Supplementary table 1. Transcriptional regulators distribution in genomes of Rickettsiales. COG 
assignments were used to identify putative transcriptional regulators. 
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Supplementary material - Table 2. List of proteins properties in E.canis. Locus tag and length of 
protein is presented in the first two columns. Prediction of presence of signal peptide is 5 

presented in third column. Number of predicted transmembrane helices is presented in forth 
column. C in fifth column indicates protein with an increased Cys content. Number of Ser/Thr 
rich clusters of proteins is presented in sixth column, in case a protein do not contain such 
clusters but exhibits a large number of Ser or Thr residues proteins are marked with S or T 
respectively. U indicates that this protein is unique in E.canis. 10 



 

Protein 
associated with 
glycosylation in 
C.jenuni and 
N.meningitidis 

E.canis gene Gene annotation in E. canis %id 
alignment 
length 

e-value bit score 

acpP2 Ecaj_0062 hypothetical 33.33 39 4.3 20.8 
acpP2 Ecaj_0071 hypothetical 32.14 56 0.14 25.8 
acpP2 Ecaj_0113 hypothetical 23.68 38 4.3 20.8 
acpP2 Ecaj_0127 surface protein-related protein  40 15 4.3 20.8 
acpP2 Ecaj_0177 Bvg accessory factor 24.14 58 5.7 20.4 
acpP2 Ecaj_0219 Phosphopantetheine-binding domain 29.82 57 0.012 29.3 
acpP2 Ecaj_0297 conserved hypothetical protein  41.67 24 5.7 20.4 
acpP2 Ecaj_0387 Ankyrin 29.41 51 1.5 22.3 
acpP2 Ecaj_0493 Conserved hypothetical protein 46 36.84 19 2.5 21.6 
acpP2 Ecaj_0730 hypothetical 50 18 2.5 21.6 

acpP2 Ecaj_0863 
Bacterial surface antigen (D15):Surface 
antigen variable number 

31.82 44 1.1 22.7 

acpP3 Ecaj_0080 
similar to Uncharacterized membrane-
bound protein 

52.94 17 3.4 21.2 

acpP3 Ecaj_0578 ABC transporter 30.43 23 4.4 20.8 
acpP3 Ecaj_0728 hypothetical 70 10 9.8 19.6 
acpP3 Ecaj_0875 hypothetical 46.15 26 3.4 21.2 
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Protein 
associated with 
glycosylation in 
C.jenuni and 
N.meningitidis 

E.canis gene Gene annotation in E. canis %id 
alignment 
length 

e-value bit score 

Cj1293 Ecaj_0239 hypothetical 40 20 7.1 23.1 
Cj1293 Ecaj_0760 conserved hypothetical protein  45 20 7.1 23.1 
Cj1293 Ecaj_0928 ATPase, ParA type 29.73 37 9.2 22.7 
Cj1294 Ecaj_0062 hypothetical 21.51 186 0.087 29.6 
Cj1294 Ecaj_0253 conserved hypothetical protein  23.01 113 1.3 25.8 
Cj1294 Ecaj_0321 conserved hypothetical protein  25 60 6.3 23.5 
Cj1294 Ecaj_0410 Aminotransferase, class V 20.59 68 2.1 25 
Cj1294 Ecaj_0920 hypothetical 23 100 1.3 25.8 
Cj1296 Ecaj_0320 O-methyltransferase, family 3 45 20 3.5 21.9 
Cj1296 Ecaj_0785 Alpha/beta hydrolase fold 27.78 126 0.029 28.9 
Cj1296 Ecaj_0892 Polynucleotide adenylyltransferase 37.5 48 3.5 21.9 
Cj1297 Ecaj_0250 2-polyprenylphenol 6-hydroxylase 26.83 41 5 21.9 
Cj1297 Ecaj_0253 conserved hypothetical protein  42.86 21 3.8 22.3 
Cj1297 Ecaj_0271 hypothetical 32.14 28 1 24.3 
Cj1297 Ecaj_0313 Protein of unknown function DUF185 40.74 27 8.5 21.2 
Cj1297 Ecaj_0387 Ankyrin 28.57 42 1.3 23.9 
Cj1297 Ecaj_0472 hypothetical 43.48 23 8.5 21.2 
Cj1297 Ecaj_0753 hypothetical 26.79 56 6.5 21.6 
Cj1303 Ecaj_0253 conserved hypothetical protein  22.5 120 5.8 23.5 

Cj1303 Ecaj_0574 
Beta-ketoacyl-acyl carrier protein 
synthaseIII(FabH) 

27.22 338 2.00E-30 124 

Cj1303 Ecaj_0711 hypothetical 24.72 89 0.9 26.2 
Cj1303 Ecaj_0760 conserved hypothetical protein  24.64 69 7.6 23.1 
Cj1312 Ecaj_0062 hypothetical 29.82 57 4.2 23.5 
Cj1312 Ecaj_0198 conserved hypothetical protein  40 25 7.2 22.7 
Cj1312 Ecaj_0210 Protein of unknownfunction DUF21 45 20 9.4 22.3 
Cj1312 Ecaj_0508 hypothetical 28.26 92 0.38 26.9 
Cj1312 Ecaj_0566 Ribonucleoside-diphosphate reductase. 22.67 75 5.5 23.1 
Cj1312 Ecaj_0711 hypothetical 46.67 15 7.2 22.7 
Cj1312 Ecaj_0844 HflC 38.46 26 4.2 23.5 
Cj1312 Ecaj_0902 Surface antigen msp4 28.26 46 9.4 22.3 
Cj1312 Ecaj_0923 hypothetical 40 25 7.2 22.7 
Cj1313 Ecaj_0231 hypothetical 23.3 103 2.5 23.1 
Cj1313 Ecaj_0344 hypothetical 29.73 37 3.3 22.7 
Cj1313 Ecaj_0387 Ankyrin 39.47 38 9.6 21.2 
Cj1313 Ecaj_0628 conserved hypothetical protein  77.78 9 7.4 21.6 
Cj1313 Ecaj_0666 Phage integrase 23.4 47 4.3 22.3 
Cj1319 Ecaj_0255 Dehydrogenase, E1 component 54.55 22 0.81 26.2 

Cj1319 Ecaj_0322 
Protein of unknown function 
UPF0031:YjeF- relatedprotein, N-
terminal 

26.98 63 3.1 24.3 

Cj1319 Ecaj_0570 FAD dependent oxidoreductase 37.5 40 4 23.9 

Cj1319 Ecaj_0646 
Short-chain dehydrogenase/reductase 
SDR 

42.86 21 5.2 23.5 

Cj1319 Ecaj_0823 Outer membrane efflux protein 23.81 63 5.2 23.5 

Cj1320 Ecaj_0080 
similar to Uncharacterized membrane-
bound protein 

29.55 44 3.8 24.3 

Cj1320 Ecaj_0201 Trigger factor 21.43 112 3.8 24.3 

Cj1320 Ecaj_0316 
Dihydrouridine synthase TIM-barrel 
protein nifR3 

28.12 32 6.4 23.5 

Cj1320 Ecaj_0333 Aminotransferase, class I and II 26.76 71 0.069 30 
Cj1320 Ecaj_0387 Ankyrin 32.35 34 6.4 23.5 
Cj1320 Ecaj_0410 Aminotransferase, class V 19.28 83 1.3 25.8 
Cj1320 Ecaj_0411 Protein of unknown function UPF0074 28.29 152 0.014 32.3 
Cj1320 Ecaj_0508 hypothetical 38.18 55 6.4 23.5 
Cj1320 Ecaj_0711 hypothetical 22.58 155 3.8 24.3 
Cj1320 Ecaj_0835 hypothetical 32.43 37 4.9 23.9 
Cj1320 Ecaj_0870 Pentapeptide repeat 22.45 343 2.2 25 

Cj1320 Ecaj_0885 
UBA/THIF-type NAD/FAD binding 
fold:MoeZ/MoeB 

26.47 68 1.3 25.8 

Cj1321 Ecaj_0119 hypothetical 31.11 45 6.9 21.9 
Cj1321 Ecaj_0157 Beta-lactamase-like 20.17 119 2.4 23.5 
Cj1321 Ecaj_0387 Ankyrin 47.62 21 1.8 23.9 
Cj1321 Ecaj_0415 hypothetical 29.55 44 9 21.6 
Cj1324 Ecaj_0060 hypothetical 30.43 46 2.8 24.6 
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Cj1324 Ecaj_0174 hypothetical 34.48 29 8.1 23.1 
Cj1324 Ecaj_0367 Argininosuccinate synthase 27.78 54 0.43 27.3 
Cj1324 Ecaj_0387 Ankyrin 37.14 35 3.6 24.3 
Cj1324 Ecaj_0740 hypothetical 28 50 8.1 23.1 
Cj1324 Ecaj_0878 PP-loop 30.88 68 2.1 25 
Cj1329 Ecaj_0013 Phage portal protein, HK97 family 33.96 53 1.9 25 

Cj1329 Ecaj_0044 
Phage SPO1 DNA polymerase-related 
protein 

48 25 9.5 22.7 

Cj1329 Ecaj_0067 hypothetical 21.84 87 7.3 23.1 
Cj1329 Ecaj_0322 Protein of unknown function  32.43 37 3.3 24.3 

Cj1329 Ecaj_0455 
similar to 3-hydroxyacyl-CoA 
dehydrogenase 

22.81 57 7.3 23.1 

Cj1329 Ecaj_0919 Hypothetical 31.25 48 1.1 25.8 
galE Ecaj_0139 Hypothetical 33.33 21 9.1 22.7 
galE Ecaj_0260 MutS 1 protein 30.65 62 5.3 23.5 
galE Ecaj_0271 Hypothetical 25.49 51 7 23.1 
galE Ecaj_0365 Ankyrin 33.33 45 9.1 22.7 
galE Ecaj_0834 Hypothetical 26.53 49 5.3 23.5 
Glycosylated Ecaj_0017 Hypothetical     
Glycosylated Ecaj_0109 gp36     
Glycosylated Ecaj_0113 Hypothetical     
neuA2 Ecaj_0052 Ankyrin 34.29 35 5.8 22.7 

neuA2 Ecaj_0116 
Phage integrase:Phage integrase, N-
terminalSAM- like 

41.38 29 0.53 26.2 

neuA2 Ecaj_0248 Periplasmic solute binding protein 30 30 9.9 21.9 
neuA2 Ecaj_0297 conserved hypothetical protein  31.58 38 4.5 23.1 
neuA2 Ecaj_0469 Acriflavin resistance protein 28.57 28 9.9 21.9 

neuA2 Ecaj_0856 
Peptidase M24A, methionine 
aminopeptidase, subfamily 1 

37.84 37 1.2 25 

neuB2 Ecaj_0071 Hypothetical 26 50 5.4 23.5 
neuB2 Ecaj_0719 Hypothetical 20.24 84 1.9 25 
neuB2 Ecaj_0824 Hypothetical 24.19 62 2.4 24.6 
neuB3 Ecaj_0095 TrkA-N 23.19 69 4.3 23.9 
neuC2 Ecaj_0378 Hypothetical 44.44 27 4.9 23.9 
neuC2 Ecaj_0411 Protein of unknown function UPF0074 23.64 110 0.99 26.2 
neuC2 Ecaj_0414 Hypothetical 30.19 53 4.9 23.9 
neuC2 Ecaj_0450 Hypothetical 29.69 64 0.2 28.5 
neuC2 Ecaj_0505 Thiamine-monophosphate kinase 39.29 28 6.4 23.5 
neuC2 Ecaj_052 Small GTP-binding protein domain 24.32 111 2.2 25 
neuC2 Ecaj_0739 Hypothetical 29.09 55 8.4 23.1 
neuC2 Ecaj_0875 Hypothetical 24.32 74 4.9 23.9 
pglA Ecaj_0485 Hypothetical 23.91 46 4.8 23.9 
pglA Ecaj_0514 ABC transporter, family 3 33.33 39 3.7 24.3 
pglA Ecaj_0838 Hypothetical 33.33 33 2.1 25 
pglA Ecaj_0844 HflC 39.39 33 6.3 23.5 
pglA Ecaj_0870 Pentapeptide repeat 26.83 41 8.2 23.1 

pglB Ecaj_0154 
Binding-protein-dependent transport 
systems inner membrane component 

23.12 199 1.8 26.2 

pglB Ecaj_0475 
Proton-translocating NADH-
quinoneoxidoreductase, chain M 

25.95 131 0.37 28.5 

pglB Ecaj_0531 
TrbL/VirB6 plasmid conjugal transfer 
protein 

26.23 122 1.8 26.2 

pglB Ecaj_0765 Transcription-repair coupling factor 50 18 1.1 26.9 
pglB Ecaj_0897 Hypothetical 25 84 3.2 25.4 
pglB Ecaj_0900 Surface antigen msp4 28.89 45 2.4 25.8 
pglC Ecaj_0018 TRAG protein 26.56 64 2.8 23.5 
pglC Ecaj_0104 Hypothetical 29.41 34 6.2 22.3 
pglC Ecaj_0324 Hypothetical 27.78 54 2.1 23.9 
pglC Ecaj_0416 Hypothetical 58.33 12 8.1 21.9 
pglC Ecaj_0631 Type I secretion system ATPase, PrtD 39.47 38 2.8 23.5 
pglC Ecaj_0770 Hypothetical 39.13 23 4.7 22.7 
pglD Ecaj_0198 conserved hypothetical protein  39.29 28 3.7 23.1 
pglD Ecaj_0293 60 kDa inner membrane protein 29.03 62 1.3 24.6 
pglD Ecaj_0631 Type I secretion system ATPase, PrtD 34.78 46 0.97 25 
pglD Ecaj_0902 Surface antigen msp4 50 20 3.7 23.1 
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pglE Ecaj_0018 TRAG protein 28.36 67 1.7 25.4 
pglE Ecaj_0060 Hypothetical 28.85 52 4.9 23.9 
pglE Ecaj_0333 Aminotransferase, class I and II 45.45 33 0.12 29.3 
pglE Ecaj_0410 Aminotransferase, class V 21.59 176 0.006 33.5 
pglE Ecaj_0444 Acetylglutamate kinase 23.85 109 0.069 30 

pglE Ecaj_0630 
Zinc-containing alcohol dehydrogenase 
superfamily 

26.83 41 6.5 23.5 

pglE Ecaj_0706 conserved hypothetical protein  31.58 38 8.4 23.1 

pglE Ecaj_0830 
Phosphoribosyl aminoimidazole 
carboxylase, ATPase subunit 

27.85 79 0.2 28.5 

pglE Ecaj_0834 Hypothetical 32.65 49 6.5 23.5 
pglF Ecaj_0119 Hypothetical 42.11 19 8.1 23.9 
pglF Ecaj_0181 Phospholipase/Carboxylesterase 38.71 31 2.1 25.8 
pglF Ecaj_0416 Hypothetical 21.78 101 0.95 26.9 
pglF Ecaj_0489 Enolase 24.74 97 2.8 25.4 

pglF Ecaj_0529 
similar to Type IV secretory 
pathwayVirB6components 

22.81 57 8.1 23.9 

pglF Ecaj_0570 FAD dependent oxidoreductase 32.14 28 6.2 24.3 

pglF Ecaj_0646 
Short-chain dehydrogenase/reductase 
SDR 

29.58 71 0.003 35 

pglG Ecaj_0328 conserved hypothetical protein  25.23 111 0.15 28.5 
pglG Ecaj_0380 conserved hypothetical protein  29.27 41 6.1 23.1 
pglG Ecaj_0463 Hypothetical 24.19 62 2.1 24.6 

pglG Ecaj_0474 
Proton-translocating NADH-
quinoneoxidoreductase, chain N 

30.61 49 2.1 24.6 

pglG Ecaj_0733 Hypothetical 37.5 24 6.1 23.1 

pglG Ecaj_0830 
Phosphoribosyl aminoimidazole 
carboxylase, ATPase subunit 

25.49 51 4.7 23.5 

pglH Ecaj_0208 Thiamine monophosphate synthase 20.83 72 0.41 27.3 
pglH Ecaj_0760 conserved hypothetical protein  43.75 32 4.5 23.9 

pglH Ecaj_0778 
Mitochondrial import inner membrane 
translocase, subunit Tim44 

24.44 45 7.7 23.1 

pglH Ecaj_0789 Protein of unknown function UPF0004 34.38 32 1.6 25.4 
pglI Ecaj_0018 TRAG protein 36.73 49 2.2 24.6 
pglI Ecaj_0018 TRAG protein 25.71 70 4.9 23.5 
pglI Ecaj_0063 Hypothetical 25.21 119 0.34 27.3 
pglI Ecaj_0127 surface protein-related protein  24.27 206 2.2 24.6 
pglI Ecaj_0365 Ankyrin 35.48 62 0.008 32.7 
pglI Ecaj_0387 Ankyrin 20.53 151 0.58 26.6 
pglI Ecaj_0740 Hypothetical 20 110 2.2 24.6 

pglI Ecaj_0778 
Mitochondrial import inner membrane 
translocase, subunit Tim44 

23.73 59 0.34 27.3 

pglI Ecaj_0838 Hypothetical 37.93 29 8.4 22.7 
pglJ Ecaj_0229 Hypothetical 33.33 36 7.9 23.1 
pglJ Ecaj_0711 Hypothetical 27.63 76 0.11 29.3 
pglJ Ecaj_0714 Hypothetical 17.5 40 7.9 23.1 
pglJ Ecaj_0823 Outer membrane efflux protein 29.41 51 0.42 27.3 
pglJ Ecaj_0835 Hypothetical 25 56 2.7 24.6 
pseA Ecaj_0017 Hypothetical 32.35 34 8.2 23.1 
pseA Ecaj_0093 competence protein F  27.78 54 3.7 24.3 

pseA Ecaj_0116 
Phage integrase:Phage integrase, N-
terminalSAM- like 

31.25 64 0.97 26.2 

pseA Ecaj_0126 Hypothetical 22.22 126 2.8 24.6 
pseA Ecaj_0142 Hypothetical 29.27 41 4.8 23.9 
pseA Ecaj_0676 Hypothetical 24.03 129 0.018 32 
pseA Ecaj_0713 SAICAR synthetase 24.68 77 0.97 26.2 

ptmA Ecaj_0269 
Short-chain dehydrogenase/reductase 
SDR 

25.75 233 4.00E-12 63.2 

ptmA Ecaj_0297 conserved hypothetical protein  28 50 6.6 22.7 
ptmA Ecaj_0374 Glucose/ribitol dehydrogenase 23.4 265 6.00E-14 69.3 
ptmA Ecaj_0387 Ankyrin 29.55 44 6.6 22.7 
ptmA Ecaj_0394 putative immunogenic protein  24.39 41 2.3 24.3 
ptmA Ecaj_0431 Hypothetical 34.62 52 1 25.4 

ptmA Ecaj_0464 
AAA ATPase, central region:Clp, N 
terminal 

22.08 77 0.35 26.9 
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ptmA Ecaj_0813 Phosphoribosylglycinamide  synthetase 25.93 108 1.7 24.6 
ptmA Ecaj_0902 Surface antigen msp4 25.86 58 0.46 26.6 
ptmB Ecaj_0297 conserved hypothetical protein  23.88 134 1.2 25 
ptmB Ecaj_0491 Bacterial methyltransferase 25.86 58 4.5 23.1 

ptmB Ecaj_0687 
Succinate dehydrogenase/fumarate 
reductase iron- sulfur protein 

40.62 32 7.8 22.3 

ptmB Ecaj_0702 NAD-dependent DNA ligase 28.87 97 0.001 35 
ptmB Ecaj_0863 Bacterial surface antigen (D15) 28.95 38 5.9 22.7 
wlaB Ecaj_0051 ABC transporter 30.74 231 1.00E-20 92.8 
wlaB Ecaj_0117 ABC transporter 32.28 189 8.00E-18 83.6 
wlaB Ecaj_0243 ABC transporter 29.86 221 8.00E-21 93.6 
wlaB Ecaj_0249 ABC transporter 27.14 199 6.00E-13 67.4 
wlaB Ecaj_0297 60 kDa inner membrane protein 25.32 79 4.5 24.6 
wlaB Ecaj_0508 hypothetical 27.5 80 7.7 23.9 
wlaB Ecaj_0520 Secretion protein HlyD 21.74 92 7.7 23.9 

wlaB Ecaj_0533 
CagE, TrbE, VirB family component of 
typeIV transporter system 

41.03 39 2 25.8 

wlaB Ecaj_0550 
Small GTP-binding protein domain:GTP- 
binding protein Era 

40 25 1.2 26.6 

wlaB Ecaj_0551 Signal recognition particle protein 24.59 61 0.9 26.9 
wlaB Ecaj_0568 conserved domain protein  30 90 0.9 26.9 
wlaB Ecaj_0578 ABC transporter 31.25 224 4.00E-19 87.8 
wlaB Ecaj_0671 Transport-associated domain 27.69 65 2.6 25.4 
wlaB Ecaj_0690 ABC transporter 26.08 464 2.00E-37 148 
wlaB Ecaj_0696 Colicin V production protein 52.63 19 7.7 23.9 
wlaB Ecaj_0703 3'-5' exonuclease 25.42 59 7.7 23.9 
wlaB Ecaj_0708 ABC transporter 27.93 179 2.00E-09 55.5 
wlaB Ecaj_0715 hypothetical 23.66 131 5.9 24.3 
wlaB Ecaj_0751 hypothetical 27.54 69 7.7 23.9 
wlaB Ecaj_0765 Transcription-repair coupling factor 35 40 5.9 24.3 
wlaB Ecaj_0844 HflC 24.44 45 7.7 23.9 
wlaB Ecaj_0861 Protein of unknown function DUF339 31.37 51 4.5 24.6 

wlaB Ecaj_0872 
H+-transporting two-sector ATPase, A 
subunit 

38.24 34 7.7 23.9 

wlaB Ecaj_0936 Protein of unknown function UPF0079 35.29 34 0.037 31.6 
wlaJ Ecaj_0025 hypothetical 23.53 85 1.1 25 
wlaJ Ecaj_0174 hypothetical 29.63 54 2.4 23.9 
wlaJ Ecaj_0465 Integral membrane protein TerC family 25 56 1.4 24.6 
wlaJ Ecaj_0547 Peptidase M24 30.23 43 4 23.1 
wlaJ Ecaj_0718 hypothetical 35.42 48 2.4 23.9 
wlaJ Ecaj_0852 Peptidase A8, signal peptidase II 46.15 13 9 21.9 

wlaJ Ecaj_0856 
Peptidase M24A, methionine 
aminopeptidase, subfamily 1 

34.29 35 1.4 24.6 

wlaJ Ecaj_0936 Protein of unknown function UPF0079 45.45 22 5.3 22.7 

 

Supplementary material – Table 3. Proteins or E.canis that exhibit similarity with proteins 
involved in protein glycosylation in C.jenuni and N.meningitidis 
 


