Fig. S8. Compilation of the most frequently occurring transposases in the REIS genome. (A)
IS4 (49 sequences). (B) IS200-TNP17 (86 sequences). (C) IS4-TNP11 (54 sequences). (D)
rve-COG3335 (43 sequences). For each analysis, top blastp subjects with significant
alignments to the REIS queries were retrieved, with sequences less than half of the size of the
query discarded. Remaining subjects were aligned using MUSCLE v3.6 [1, 2] (default
parameters). Phylogenetic trees were estimated in PAUP* v4.0b10 (Altivec) under parsimony,
implementing 500 random sequence additions, saving 100 trees per replication [3]. Majority
rule consensus trees were constructed for each for analysis.

1. Edgar, R.C., MUSCLE: a multiple sequence alignment method with reduced time and space
complexity. BMC Bioinformatics, 2004. 5: p. 113.

2. Edgar, R.C., MUSCLE: multiple sequence alignment with high accuracy and high throughput.
Nucleic Acids Res, 2004. 32(5): p. 1792-7.

3. Swofford, D., PAUP*: Phylogenetic analysis using parsimony (*and other methods), version 4 ed.

, 1999, Sinauer: Sunderland, MA.
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Fig. S9. Distribution of 317 transposases and inactive derivatives across other
Rickettsiaceae genomes. Green numbers depict number of REIS proteins in each
orthologous group (OG). Genome codes are as follows: Bg = Orientia tsutsugamushi
str. Boryong, lk = O. tsutsugamushi str. Ikeda, Br = R. bellii str. RML369-C, Bo = R. bellii
str. OSU 85-389, Ca = R. canadensis str. McKiel, Fe = R. felis str. URRWXCal2, Ak = R.
akari str. Hartford, Ma = R. massiliae str. MTUS5, Ri = R. rickettsii str. Sheila Smith, Rw =
R. rickettsii str. lowa, Co = R. conorii str. Malish 7, Si = R. sibirica str. 246, and R. africae
str. ESF-5. Note: No REIS transposase (TNP) homologs were detected in TG rickettsiae
genomes. Some putative TNP sequences were identified by blastp searches using all
full length REIS TNPs as queries. Distribution of TNPs across other Rickettsiaceae
genomes was determined from OG clustering [1] (see Fig. S3).

1. Li, L., C.J. Stoeckert, Jr., and D.S. Roos, OrthoMCL: identification of ortholog groups for
eukaryotic genomes. Genome Res, 2003. 13(9): p. 2178-89.
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Fig. S10. Characteristics of RAGEs encoded within Rickettsiaceae genomes. (A) Schema at
top (above line) depicts the reconstructed Orientia tsutsugamushi amplified genetic element
(OtAGE), with OtAGE components numbered 10-54 [1]. Coloring of RAGE components is
explained at bottom. Important amendments to the OtAGE gene annotation, as well as major
differences between the RAGE of Rickettsia spp. and O. tsutsugamushi are within dashed
boxes, with descriptions provided. Letters below line in schema depict additional supplementary
information for the F-T4SS genes (B-T, below). Hyphens denote RAGE components present
across both Rickettsia spp. and O. tsutsugamushi for which phylogenies were not estimated.
Red Xs denote RAGE components unique to the OtAGE. NOTE: the putative T_den_put_tspse
transposase is present elsewhere in the REIS genome; similarly, the replicative DNA helicase
(DnaB-like ORF) is present as a single copy gene in all Rickettsia genomes but is not a part of
the RAGE. For comparison, the major RAGEs of Rickettsia spp. are shown in Fig. 5 of the text.
(B-T) Individual phylogenetic trees estimated from the F-T4SS proteins encoded within the
RAGEs. For each analysis, all blastp subjects (retrieved from searching within the Rickettsiales
database, taxid:766) with significant alignments to the OtAGE queries were downloaded from
NCBI and aligned with MUSCLE v3.6 using default parameters [2, 3] Phylogenetic trees were
estimated in PAUP* v4.0b10 (Altivec) under parsimony [4]. Majority rule consensus trees were
constructed for analyses generating multiple equally parsimonious trees, otherwise a phylogram
of the single best tree is shown. The protein names associated with the RAGEs illustrated in
Fig. 5 are colored blue, with additional REIS proteins from less conserved RAGEs colored
orange. The highly similar REIS RAGE-Be and the RAGEs of R. bellii are encircled in a dashed
red line in each of the estimated phylogenies. The tree estimated from the concatenation of
these 19 datasets is shown in Fig. 5C.

1. Nakayama, K., et al., The Whole-genome sequencing of the obligate intracellular bacterium
Orientia tsutsugamushi revealed massive gene amplification during reductive genome evolution.
DNA Res, 2008. 15(4): p. 185-99.

2. Edgar, R.C., MUSCLE: a multiple sequence alignment method with reduced time and space
complexity. BMC Bioinformatics, 2004. 5: p. 113.

3. Edgar, R.C., MUSCLE: multiple sequence alignment with high accuracy and high throughput.
Nucleic Acids Res, 2004. 32(5): p. 1792-7.

4. Swofford, D., PAUP*: Phylogenetic analysis using parsimony (*and other methods), version 4 ed.

, 1999, Sinauer: Sunderland, MA.
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HP-17, putative N-terminal half of TraK (VirB9 of P-T4SS)
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E HP-18, putative C-terminal half of TraK (VirB9 of P-T4SS)
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G HP_20, putative TraV homolog (VirB7 in P-T4SS)
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189184617_Orientia_tsutsugamushi_str._lkeda

189183044_Orientia_tsutsugamushi_str._lkeda

REIS-A

pREIS3

pREIS1

REIS-F

255077207 Rickettsia endosymbiont of Rhyzobius litura

REIS-D

REIS-C

157827414 _Rickettsia_bellii_OSU_85-389

« 1 91205246_Rickettsia_bellii_RML369-C ’
—— 10 aa changes S e e -



J  Toxin of T-AT module (RelE-like); not a part of T4SSs

100
53
100
100
100
100
100
100
100
929
100
100
associated
antitoxin
68
54
100
91
100
100
100
55

148284171_Orientia_tsutsugamushi_str._Boryong
148284413_Orientia_tsutsugamushi_str._Boryong
189184730_Orientia_tsutsugamushi_str._lkeda
189183010_Orientia_tsutsugamushi_str._lkeda
REIS-F

REIS-E

Rickettsia massiliae MTU5 [extracted]

~

Rickettsia_bellii_RML369-C [extracted] °,
157827415_Rickettsia_bellii_OSU_85-389

REIS-Be K

157965002 Rickettsia massiliae MTUS
229587219 _Rickettsia_africae_ESF-5
15893242_Rickettsia_conorii_str._Malish_7
34581090 Rickettsia sibirica 246
91206177_Rickettsia_bellii_RML369-C
157826521_Rickettsia_bellii_OSU_85-389
238651097_Rickettsia_peacockii_str._Rustic
157829152_Rickettsia_rickettsii_str._Sheila_Smith
165933880 Rickettsia rickettsii str lowa
165932866_Rickettsia_rickettsii_str._lowa
157828168_Rickettsia_rickettsii_str._Sheila_Smith
238650426_Rickettsia_peacockii_str._Rustic
229586462_Rickettsia_africae_ESF-5
34580766 Rickettsia sibirica 246
91206060_Rickettsia_bellii_RML369-C
157826558_Rickettsia_bellii_OSU_85-389
67459180 Rickettsia felis URRWXCal2
157964562 Rickettsia massiliae MTUS
229586764_Rickettsia_africae_ESF-5
15892599 Rickettsia_conorii_str._Malish_7
34580421 Rickettsia sibirica 246
238650242_Rickettsia_peacockii_str._Rustic

67459123 Rickettsia felis URRWXCal2



K

TraU (no homolog in P-T4SS)

148284374 _Orientia_tsutsugamushi_str._Boryong

189184341_Orientia_tsutsugamushi_str._lkeda

— 189183043_Orientia_tsutsugamushi_str._lkeda

95

— 189182965_0Orientia_tsutsugamushi_str._lkeda

189182957_Orientia_tsutsugamushi_str._lkeda

189183661_Orientia_tsutsugamushi_str._lkeda

189184731_Orientia_tsutsugamushi_str._lkeda

88

93

189183363_Orientia_tsutsugamushi_str._lkeda
189184402_Orientia_tsutsugamushi_str._lkeda

— 189184619_Orientia_tsutsugamushi_str._lkeda

66

— 189183011_Orientia_tsutsugamushi_str._lkeda

53

75

100

189184512_Orientia_tsutsugamushi_str._lkeda
189183120_Orientia_tsutsugamushi_str._lkeda

— 189184175_Orientia_tsutsugamushi_str._lkeda

100

— 189183134_Orientia_tsutsugamushi_str._lkeda

—— pREIS3

100

L pREIS1

REIS-A

100

100

100

64

100

REIS-F

157964597 Rickettsia massiliae MTU5

— REIS-C

52

—— 255687873 Rickettsia endosymbiont of Brachys tessellatus

REIS-D

64

255687875 Rickettsia endosymbiont of Rhyzobius litura

64

100,

91205245_Rickettsia_belli_RML369-C  °

157827416_Rickettsia_bellii_OSU_85-389

—— REIS-Be



L  TrbC (no homolog in P-T4SS)

148284124 Orientia_tsutsugamushi_str._Boryong

189184176_Orientia_tsutsugamushi_str._lkeda

189184620_Orientia_tsutsugamushi_str._lkeda

189183119_Orientia_tsutsugamushi_str._lkeda

189184401_Orientia_tsutsugamushi_str._lkeda

189183135_Orientia_tsutsugamushi_str._lkeda

189183662_Orientia_tsutsugamushi_str._lkeda

189184732_Orientia_tsutsugamushi_str._lkeda

148284030_Orientia_tsutsugamushi_str._Boryong

pREIS1

REIS-A

pREIS3

REIS-C

157964598 Rickettsia massiliae MTUS

REIS-F
REIS-D
REIS-E
 —— 91205244 Rickettsia_bellii_RML369-C

157827417_Rickettsia_bellii_OSU_85-389

' REIS-Be ’



M  TraN (no homolog in P-T4SS)

148284045_Orientia_tsutsugamushi_str._Boryong

189183315_Orientia_tsutsugamushi_str._lkeda

96 189184621_Orientia_tsutsugamushi_str._lkeda
100

—— 189184514 _Orientia_tsutsugamushi_str._lkeda

189183559_Orientia_tsutsugamushi_str._lkeda

189183768_Orientia_tsutsugamushi_str._lkeda

189184822_Orientia_tsutsugamushi_str._lkeda

189184177_Orientia_tsutsugamushi_str._lkeda

189182963_Orientia_tsutsugamushi_str._lkeda

— 189183316_Orientia_tsutsugamushi_str._lkeda

4 — 189183118_Orientia_tsutsugamushi_str._lkeda

— 189184052_Orientia_tsutsugamushi_str._lkeda

59

— 189183137_Orientia_tsutsugamushi_str._lkeda

52
—— 148284709_Orientia_tsutsugamushi_str._Boryong

85

——— 148284123_Orientia_tsutsugamushi_str._Boryong

189184212_Orientia_tsutsugamushi_str._lkeda

89 — 189183557_Orientia_tsutsugamushi_str._lkeda
52

—— 189184211_Orientia_tsutsugamushi_str._lkeda

189184342_Orientia_tsutsugamushi_str._lkeda

189184733_Orientia_tsutsugamushi_str._lkeda

— 189183136_Orientia_tsutsugamushi_str._lkeda

53 97 189182964 _Orientia_tsutsugamushi_str._lkeda

—— pREIS3

1000 ceisr

100 REIS-A

100 157964599 Rickettsia massiliae MTUS

100 REIS-D

100 REIS-E

________________________________________

100 REIS-Be \

1100 —— 157827418_Rickettsia_bellii_OSU_85-389

1001 91205243 _Rickettsia_bellii_RML369-C .

________________________________________



N

TraF (no homolog in P-T4SS)

100

__________________________________________

100
100
100
100
100
100 /
1100
100 { 100
100
100
56
100
54

51

148284415_Orientia_tsutsugamushi_str._Boryong

pREIS3

189182981_Orientia_tsutsugamushi_str._lkeda

148284236_Orientia_tsutsugamushi_str._Boryong

pREIS1

REIS-E

157964600 Rickettsia massiliae MTU5S

255077229 Rickettsia endosymbiont of Rhyzobius litura

__________________________________________

91205242_Rickettsia_bellii_ RML369-C  °

157827419 _Rickettsia_bellii_OSU_85-389

REIS-Be /

189183116_Orientia_tsutsugamushi_str._lkeda

189184622_Orientia_tsutsugamushi_str._lkeda

189184179_Orientia_tsutsugamushi_str._lkeda

189184734 _Orientia_tsutsugamushi_str._lkeda

189184469_Orientia_tsutsugamushi_str._lkeda

148284781_Orientia_tsutsugamushi_str._Boryong

148285018_Orientia_tsutsugamushi_str._Boryong

189183314_Orientia_tsutsugamushi_str._lkeda

189183140_Orientia_tsutsugamushi_str._lkeda

189183767_Orientia_tsutsugamushi_str._lkeda

189182962_Orientia_tsutsugamushi_str._lkeda



O TraH (no homolog in P-T4SS)

189183249 Orientia_tsutsugamushi_str._lkeda

189183860_Orientia_tsutsugamushi_str._lkeda

189184624_Orientia_tsutsugamushi_str._lkeda

189184623_Orientia_tsutsugamushi_str._lkeda

189183766_Orientia_tsutsugamushi_str._lkeda

189183313_Orientia_tsutsugamushi_str._lkeda

189184627_Orientia_tsutsugamushi_str._lkeda

189184467_Orientia_tsutsugamushi_str._lkeda

60 189184827_Orientia_tsutsugamushi_str._lkeda

83 189184281_Orientia_tsutsugamushi_str._lkeda

— 189183113_Orientia_tsutsugamushi_str._lkeda

189183774_Orientia_tsutsugamushi_str._lkeda

189184182_Orientia_tsutsugamushi_str._lkeda

189184516_Orientia_tsutsugamushi_str._lkeda

60 189182961_Orientia_tsutsugamushi_str._lkeda

— 189183115_Orientia_tsutsugamushi_str._lkeda

95 L 189183773 _Orientia_tsutsugamushi_str._lkeda

52 — 189184343_Orientia_tsutsugamushi_str._lkeda

189184640_Orientia_tsutsugamushi_str._lkeda

56

— 189184735_Orientia_tsutsugamushi_str._lkeda

57l 189183114_Orientia_tsutsugamushi_str._lkeda

189184736_Orientia_tsutsugamushi_str._lkeda

— 189183775_Orientia_tsutsugamushi_str._lkeda

69 98 L 189184517 _Orientia_tsutsugamushi_str._lkeda

73 PREIS3

REIS-A

95

REIS-F

100
— 157964601 Rickettsia massiliae MTU5

100 100

255077185 Rickettsia endosymbiont of Rhyzobius litura

100 REIS-E

100 REIS-C

64

100

—
a
N
o
R
N
i N
o
e
a
o
=
®
o
=
a
B
o
o
=
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o
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&
©

___________________________________



TraG (putative NTD homolog of VirB6, CTD homolog of VirB8 in P-T4SS)

148284794 Orientia_tsutsugamushi_str._Boryong

—— 148284782_Orientia_tsutsugamushi_str._Boryong

100

——— 148284821_Orientia_tsutsugamushi_str._Boryong

pREIS3

REIS-A

67459840+39 Rickettsia felis URRWXCal2

100 189184344_Orientia_tsutsugamushi_str._lkeda

189184278_Orientia_tsutsugamushi_str._lkeda

100 76 — 189184003_Orientia_tsutsugamushi_str._lkeda
59 59

——— 189184737_Orientia_tsutsugamushi_str._lkeda

100

189183013_Orientia_tsutsugamushi_str._lkeda

189183310_Orientia_tsutsugamushi_str._lkeda

51
— 189183605_Orientia_tsutsugamushi_str._lkeda

100
57 — 189184046_Orientia_tsutsugamushi_str._lkeda

S - 189183762_Orientia_tsutsugamushi_str._lkeda

—— 189183110_Orientia_tsutsugamushi_str._lkeda

— 189183112_Orientia_tsutsugamushi_str._lkeda

92 189183312_Orientia_tsutsugamushi_str._lkeda

75 157803717+16_Rickettsia_canadensis_str._McKiel

REIS-D

55
— 157964602 Rickettsia massiliae MTUS

100 79

53

___________________________________

/" —— 91205240_Rickettsia_belli_RML369-C

53

—
o
N
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N
N
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Q TPR-domain containing protein; not a part of T4SSs

254456513_Candidatus_Pelagibacter_sp._HTCC7211
—— 67459819 Rickettsia felis URRWXCal2
100 — 157827039_Rickettsia_bellii_OSU_85-389
189183762_Orientia_tsutsugamushi_str._lkeda
100 — 157826421_Rickettsia_bellii_OSU_85-389
100 _|: 91204940_Rickettsia_bellii_RML369-C
100 157827732_Rickettsia_bellii_OSU_85-389

REIS-F
_____ REIS:E _ o
100 100 ’ 91205239_Rickettsia_bellii_RML369-C N
1100 157827422_Rickettsia_bellii_OSU_85-389
100 100 DR AN
157803715+14_Rickettsia_canadensis_str._McKiel
78 . . .
100 — 157964603 Rickettsia massiliae MTU5

57 REIS-C
ﬁ: REIS-D

—— 189184527_Orientia_tsutsugamushi_str._lkeda
I

100 100 189183014_Orientia_tsutsugamushi_str._lkeda
100 148284415_Orientia_tsutsugamushi_str._Boryong
189184045_Orientia_tsutsugamushi_str._lkeda
100 100 ——— 189183015_Orientia_tsutsugamushi_str._lkeda
100 r— 189184738_Orientia_tsutsugamushi_str._lkeda
67— 1891 83309_Orientia_tsutsugamushi_str._lkeda
100 — 148284046_Orientia_tsutsugamushi_str._Boryong
100 _|: 189184000_Orientia_tsutsugamushi_str._lkeda
100 148285081_Orientia_tsutsugamushi_str._Boryong
189184574 _Orientia_tsutsugamushi_str._lkeda
100 148284044 Orientia_tsutsugamushi_str._Boryong
100 100 _|: 18918431 3_0rientia_tsutsugamushi_str._lkeda
100 148284158_Orientia_tsutsugamushi_str._Boryong
— 189183560_Orientia_tsutsugamushi_str._lkeda
8 100 _|: 189183138_Orientia_tsutsugamushi_str._lkeda
100 189184001_Orientia_tsutsugamushi_str._lkeda
100 148284659_Orientia_tsutsugamushi_str._Boryong
100 148284308_Orientia_tsutsugamushi_str._Boryong
100 100 189184121_Orientia_tsutsugamushi_str._lkeda
100 — 189183028_Orientia_tsutsugamushi_str._lkeda
100 _|: 189183239_Orientia_tsutsugamushi_str._lkeda
100 189184119_Orientia_tsutsugamushi_str._lkeda
REIS-A
— PpREIS3
100 100 — pREIS3
100 67459810 Rickettsia felis URRWXCal2
67458702 Rickettsia felis URRWXCal2
100 67458652 Rickettsia felis URRWXCal2
100 —— 67459786 Rickettsia felis URRWXCal2
100 100 _|: 165933928_Rickettsia_rickettsii_str._lowa
100 157829202_Rickettsia_rickettsii_str._Sheila_Smith
100 {
100 238651127_Rickettsia_peacockii_str._Rustic
100 ——— 15893289_Rickettsia_conorii_str._Malish_7

157826641_Rickettsia_bellii_OSU_85-389
00 91205995_Rickettsia_bellii_ RML369-C

100

i



R TraD (VirD4 in P-T4SS)

148285102_Orientia_tsutsugamushi_str._Boryong

148284492_Orientia_tsutsugamushi_str._Boryong
I_ 148284794 _Orientia_tsutsugamushi_str._Boryong

100 |_ 148284821_Orientia_tsutsugamushi_str._Boryong
148284469_Orientia_tsutsugamushi_str._Boryong

148284782_Orientia_tsutsugamushi_str._Boryong

pREIS3
16 100 _I_E pREIS1
100 67459837+6 Rickettsia felis URRWXCal2
100 100 255687871 Rickettsia endosymbiont of Coccidula rufa
REIS-A
— REIS-F
100 157803713+12+22_Rickettsia_canadensis_str._McKiel
255687865 Rickettsia endosymbiont of Coccidula rufa
157964604 Rickettsia massiliae MTUS
REIS-D
229586792_Rickettsia_africae_ESF-5
— REIS-E [239948046+5]
100

REIS-C
255687867 Rickettsia endosymbiont of Rhyzobius litura
255687869 Rickettsia endosymbiont of Brachys tessellatus

100l 91205238_Rickettsia_belli_RML369-C
s 157827423 _Rickettsia_bellii_OSU_85-389
'\ REIS-Be J

189184739_Orientia_tsutsugamushi_str._lkeda
148284047_Orientia_tsutsugamushi_str._Boryong

100 [ 189184274_Orientia_tsutsugamushi_str._lkeda

100 100 L— 18918301 6_Orientia_tsutsugamushi_str._lkeda
189183999_Orientia_tsutsugamushi_str._lkeda
189184240_Orientia_tsutsugamushi_str._lkeda
100 189183109 _Orientia_tsutsugamushi_str._lkeda
189183776_Orientia_tsutsugamushi_str._lkeda
100 189184275_Orientia_tsutsugamushi_str._lkeda

60 100 189183017_Orientia_tsutsugamushi_str._lkeda
100 189184345_Orientia_tsutsugamushi_str._lkeda
100 189183022_Orientia_tsutsugamushi_str._lkeda
1% — 189183308_0Orientia_tsutsugamushi_str._lkeda
189182942_Orientia_tsutsugamushi_str._lkeda
189182960_Orientia_tsutsugamushi_str._lkeda
189183107_Orientia_tsutsugamushi_str._lkeda
189184520_Orientia_tsutsugamushi_str._lkeda
189183777_Orientia_tsutsugamushi_str._lkeda
189184519_Orientia_tsutsugamushi_str._lkeda
189183108_Orientia_tsutsugamushi_str._lkeda
189184184 _Orientia_tsutsugamushi_str._lkeda

100

100




S (cont’d.) TraAl (relaxase with MobA/MobL, helicase, and nickase domains)

189183921_Orientia_tsutsugamushi_str._lkeda
60 189183785_Orientia_tsutsugamushi_str._lkeda
1 OHI_E 189183026_0Orientia_tsutsugamushi_str._lkeda
100— 189184552_Orientia_tsutsugamushi_str._lkeda
189183799_Orientia_tsutsugamushi_str._lkeda
189183995_Orientia_tsutsugamushi_str._lkeda
— 189183867_Orientia_tsutsugamushi_str._lkeda
189183427_Orientia_tsutsugamushi_str._lkeda
REIS-B
157964606 Rickettsia massiliae MTUS
100 — 91205236_Rickettsia_belli_RML369-C
100 100 157827425 _Rickettsia_bellii_OSU 85-389 |
REIS-Be /
— 157803705+6+7+8+10+11_Rickettsia_canadensis_str._McKiel
REIS-E
REIS-D
— 189184803_Orientia_tsutsugamushi_str._lkeda
100 189183455_Orientia_tsutsugamushi_str._lkeda
1 03 1 OFIE 189183081_Orientia_tsutsugamushi_str._lkeda
100 189183266_Orientia_tsutsugamushi_str._lkeda
255687857_Rickettsia_endosymbiont_of_Calvia_14-guttata
100l T— 255687851 Rickettsia endosymbiont of Coccidula rufa
100 _E 255687853 Rickettsia endosymbiont of Rhyzobius litura
100

|| 100 — PREIS2
67 pREIS1

93

100

100

255687855 Rickettsia endosymbiont of Brachys tessellatus

100 pREIS3
1 OEE 67459832 Rickettsia felis URRWXCal2
100 189184582_Orientia_tsutsugamushi_str._lkeda
—— 189184427_Orientia_tsutsugamushi_str._lkeda
100 _E 189183428_Orientia_tsutsugamushi_str._lkeda
100 189184042_Orientia_tsutsugamushi_str._lkeda
189183082_Orientia_tsutsugamushi_str._lkeda
— 189183564_Orientia_tsutsugamushi_str._lkeda
189183306_Orientia_tsutsugamushi_str._lkeda
1 OEE 189183781_Orientia_tsutsugamushi_str._lkeda
189184389 _Orientia_tsutsugamushi_str._lkeda
189183097_Orientia_tsutsugamushi_str._lkeda
189183904_Orientia_tsutsugamushi_str._lkeda
189183024 _Orientia_tsutsugamushi_str._lkeda
189183244 _Orientia_tsutsugamushi_str._lkeda
189184238_0Orientia_tsutsugamushi_str._lkeda
189184549 _Orientia_tsutsugamushi_str._lkeda
189184804_Orientia_tsutsugamushi_str._lkeda
189184349 Orientia_tsutsugamushi_str._lkeda
67 189184831_Orientia_tsutsugamushi_str._lkeda
1 OHI_E 189183083_Orientia_tsutsugamushi_str._lkeda
100

189184185_Orientia_tsutsugamushi_str._lkeda




S TraAl (relaxase with MobA/MobL, helicase, and nickase domains)

189184132_Orientia_tsutsugamushi_str._lkeda
[— 189184801_Orientia_tsutsugamushi_str._lkeda

100 .— 189184351 _Orientia_tsutsugamushi_str._lkeda
189184387_Orientia_tsutsugamushi_str._lkeda
189183079_Orientia_tsutsugamushi_str._lkeda
100 189184834_Orientia_tsutsugamushi_str._lkeda
100 | 189183569 _Orientia_tsutsugamushi_str._lkeda
189183264 _Orientia_tsutsugamushi_str._lkeda
189183920_Orientia_tsutsugamushi_str._lkeda
189184580_Orientia_tsutsugamushi_str._lkeda
189183084 _Orientia_tsutsugamushi_str._lkeda
189183458_Orientia_tsutsugamushi_str._lkeda
189183263_Orientia_tsutsugamushi_str._lkeda
189183242_Orientia_tsutsugamushi_str._lkeda
189184802_Orientia_tsutsugamushi_str._lkeda
189184430_Orientia_tsutsugamushi_str._lkeda
189184551_Orientia_tsutsugamushi_str._lkeda
189183241_Orientia_tsutsugamushi_str._lkeda
100 189183096_Orientia_tsutsugamushi_str._lkeda
100 189183903_Orientia_tsutsugamushi_str._lkeda

67

100

67 189184585_Orientia_tsutsugamushi_str._lkeda
100 — 189183025_Orientia_tsutsugamushi_str._lkeda
189184429_Orientia_tsutsugamushi_str._lkeda
189183800_Orientia_tsutsugamushi_str._lkeda
189183993_0Orientia_tsutsugamushi_str._lkeda
189184186_Orientia_tsutsugamushi_str._lkeda
189184216_Orientia_tsutsugamushi_str._lkeda
189183243_Orientia_tsutsugamushi_str._lkeda
189183304_Orientia_tsutsugamushi_str._lkeda
189184317_Orientia_tsutsugamushi_str._lkeda
r— 189184431_Orientia_tsutsugamushi_str._lkeda
67— 189184457_Orientia_tsutsugamushi_str._lkeda
— 189184040_Orientia_tsutsugamushi_str._lkeda

100 .— 1891 83994_Orientia_tsutsugamushi_str._lkeda
[— 189184041_Orientia_tsutsugamushi_str._lkeda

100 L— 1891 84742_Orientia_tsutsugamushi_str._lkeda
r— 189184456_Orientia_tsutsugamushi_str._lkeda

97 L 189184187_Orientia_tsutsugamushi_str._lkeda
— 189184550_Orientia_tsutsugamushi_str._lkeda
67 67 _|: 189184316_Orientia_tsutsugamushi_str._lkeda
60 "— 189184319 _Orientia_tsutsugamushi_str._lkeda

— 189183568_0Orientia_tsutsugamushi_str._lkeda
60 _|: 189183919_Orientia_tsutsugamushi_str._lkeda
67 189183080_Orientia_tsutsugamushi_str._lkeda
— 189183565_0rientia_tsutsugamushi_str._lkeda
— 189183456_0Orientia_tsutsugamushi_str._lkeda

100 _|:189184833_0rientia_tsutsugamushi_str._lkeda
67 189183265_Orientia_tsutsugamushi_str._lkeda

100

100




T

TraD, Ti-like: conjugative transfer protein (F-T4SS)

148284706_Orientia_tsutsugamushi_str._Boryong

148284369_Orientia_tsutsugamushi_str._Boryong
148284901_Orientia_tsutsugamushi_str._Boryong

75 148284501_Orientia_tsutsugamushi_str._Boryong
1W|_|: 148284035_Orientia_tsutsugamushi_str._Boryong
100

148284305_Orientia_tsutsugamushi_str._Boryong

189183923_0Orientia_tsutsugamushi_str._lkeda
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Fig. S11. Characteristics of the non-aminoglycoside antibiotic biosynthesis genes encoded
within the RAGE-A piggyback region of the REIS genome. Three ORFs depicted in Fig. 6 are
further illustrated here (ABC-like transporter, Tlc2-like transporter, LuxR-like transcription
regulator). See Fig. S2 for analysis of the GlpT transporters that includes REIS_1488. See Fig.
6 for analysis of the ATP-binding multidrug resistance transporter MdIB, which includes
REIS_1494. For each analysis, top blastp subjects (cut-off of 100) with significant alignments to
the REIS queries were downloaded from NCBI and aligned with MUSCLE v3.6 using default
parameters [1, 2]. Phylogenies were estimated in PAUP* v4.0b10 (Altivec) under parsimony [3].
Analyses of ABC-like transporter (COG4178) and Tlc transporters implemented 500 heuristic
searches, saving 100 trees per replication. Analysis of REIS_1499 implemented an exhaustive
search. Majority rule consensus trees were constructed for analyses generating multiple
equally parsimonious trees. (A) Analysis of REIS 1497, ABC-like transporter (COG4178).
Schema of top blastp subjects shows limited similarity of the N-terminal sequence with other
organisms. C-terminal similarity with other bacteria is across the predicted ABC-like ATPase
domain. Inset shows predicted TMS regions [4]. A single phylogram is shown, one of 15
equally parsimonious trees of score 16343. All nodes shown were recovered in 100% of the
trees. (B) Analysis of REIS_1498, a Tlc2-like transporter. Characterized Tlc proteins and their
associated substrates are provided [5]. A single phylogram is shown, one of 83 equally
parsimonious trees of score 13470. All nodes shown were recovered in 100% of the trees.
Rickettsia proteins Tlc1-5 are enclosed in red dashed box on the phylogram, with distribution
within each clade depicted in inset at right. (C) Analysis of REIS_1499, LuxR-like transcription
regulator. Top left, schema of the larger ORFs analyzed that contain a C-terminal LuxR-like
domain. Top right, top blastp hits retrieved using REIS_ 1499 as a query. The sequences
having homology outside of the LuxR-like domain were selected for alignment and phylogeny
estimation. Middle, full protein alignment of selected LuxR-like domain-containing proteins.
Asterisks below alignment denote invariant residues. Region shaded orange corresponds to the
predicted LuxR-like domain. Bottom, phylogeny estimation of 11 LuxR-like domain-containing
proteins. An exhaustive search resulted in one tree of score 1022. Branch support (>50%)
from 1000 bootstrap pseudoreplications is shown on the tree.

1. Edgar, R.C., MUSCLE: a multiple sequence alignment method with reduced time and space
complexity. BMC Bioinformatics, 2004. 5: p. 113.

2. Edgar, R.C., MUSCLE: multiple sequence alignment with high accuracy and high throughput.
Nucleic Acids Res, 2004. 32(5): p. 1792-7.

3. Swofford, D., PAUP*: Phylogenetic analysis using parsimony (*and other methods), version 4 ed.
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4. Krogh, A., et al., Predicting transmembrane protein topology with a hidden Markov model:
application to complete genomes. J Mol Biol, 2001. 305(3): p. 567-80.

5. Audia, J.P. and H.H. Winkler, Study of the five Rickettsia prowazekii proteins annotated as

ATP/ADP translocases (TIc): Only Tic1 transports ATP/ADP, while Tic4 and Ticb transport other
ribonucleotides. J Bacteriol, 2006. 188(17): p. 6261-8.
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Fig. S12. Compilation and bicinformatics characterization of SpoT-like ORFs across sequenced
Rickettsia genomes. (A) Schema comparing the SpoT protein of E. coli [1] to the rickettsial
SpoT-like ORFs. As previously characterized, the R. typhi proteins corresponding to the
(P)ppGpp hydrolase (SpoTa, SpoTb) and (p)ppGpp synthetase (SpoTc, SpoTd) domains are
shown [2]. (B) Compilation of SpoTa/SpoTb-like (left) and SpoTc/SpoTd-like (right) ORFs from
all sequenced genomes and plasmids of Rickettsia spp. SpoTa/SpoTh-like hydrolases were
retrieved from the NCBI Rickettsia database (taxid:766) searching with RT0302 (SpoTa).
SpoTc/SpoTd-like synthetases were retrieved similarly using RT0700 (SpoTd) as a query.
Lengths (aa) for each sequence are provided in parentheses. Split ORFs were merged.
Compiled hydrolase and synthetase ORFs were independently aligned with MUSCLE v3.6
using default parameters [3, 4].

1. Gentry, D.R. and M. Cashel, Mutational analysis of the Escherichia coli spoT gene identifies
distinct but overlapping regions involved in ppGpp synthesis and degradation. Mol Microbiol,
1996. 19(6): p. 1373-84.

2. McLeod, M.P., et al., Complete genome sequence of Rickettsia typhi and comparison with
sequences of other rickettsiae. J Bacteriol, 2004. 186(17): p. 5842-55.

3. Edgar, R.C., MUSCLE: a multiple sequence alignment method with reduced time and space
complexity. BMC Bioinformatics, 2004. 5: p. 113.

4, Edgar, R.C., MUSCLE: multiple sequence alignment with high accuracy and high throughput.

Nucleic Acids Res, 2004. 32(5): p. 1792-7.
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Fig. S13. Compilation and phylogeny estimation of proline betaine transporters (ProP) encoded
within Rickettsia genomes. A total of 143 putative ProP sequences were retrieved using R.
typhi ProP4 (YP_067622) as a query against the ‘Rickettsia’ database (taxid:780). Split ORFs
were merged resulting in a total of 134 ProP sequences. These Rickettsia sequences were
combined with 171 blastp subjects acquired using the same query sequence against the NCBI
non-redundant protein database excluding taxid:780. All 305 ProP sequences were combined
in one file and aligned with MUSCLE v3.6 using default parameters [1, 2]. A phylogeny was
estimated in PAUP* v4.0b10 (Altivec) under parsimony [3]. A heuristic search was implemented
employing 250 random sequence additions, saving 10 trees per replication. A maijority rule
consensus tree was constructed for 20 equally parsimonious trees of tree score 13290. One
phylogram is presented. All nodes shown on the tree (black branches) were present in all 20
trees, with collapsed clades (open and filled triangles) containing nodes not present in all trees.
The inset at top illustrates the seven conserved ProP families of Rickettsia spp. (ProP1-7). The
portion of the tree depicting the less conserved cluster of Rickettsia ProP sequences (green
branches) is illustrated by a phylogram with nodes not recovered in all equally parsimonious
trees depicted with black dots. The clade comprised of plasmid encoded ProP ORFs is
highlighted yellow. The partial and complete ProP sequences from this less conserved group
were tallied and combined with the seven conserved families to provide totals for each
Rickettsia genome (gray inset at bottom).
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Fig. S14. Phylogeny estimation of AmpG proteins encoded within Rickettsia genomes. A total
of 62 AmpG sequences were retrieved using R. typhi AmpG1 (YP_067419) as a query against
the Rickettsiales database (taxid:766). These Rickettsiales sequences were combined with 105
blastp subjects acquired using the same query sequence against the NCBI non-redundant
protein database excluding taxid:766. The total 167 AmpG sequences were aligned with
MUSCLE v3.6 using default parameters [1, 2]. A phylogeny was estimated in PAUP* v4.0b10
(Altivec) under parsimony [3]. A heuristic search was implemented employing 250 random
sequence additions, saving 10 trees per replication. A majority rule consensus tree was
constructed for 40 equally parsimonious trees of tree score 8675. All nodes shown on the
phylogram were present in all 40 trees, with collapsed clades (open and filled triangles)
containing nodes not present in all trees. Inset at right shows the distribution of four conserved
AmpG protein families (AmpG1-4) across Rickettsia genomes.
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