10

11

12

13

Characteristics of the Rickettsiales vir homolog (rvh) type IV
secretion system (T4SS). (A) Schema depicting genome-based Rickettsiales
phylogeny estimation, after Schon et al. (28). Host dependency evolved after the
divergence of basal families Mitibacteraceae and Athabascaceae (orange). The rvh
T4SS was present in the Rickettsiales ancestor (yellow). (B) Description of the general
rvh T4SS characteristics, summarized from prior studies (38, 42, 45, 89). (C) rvh genes
are arrayed in clustered islets or single transcriptional units throughout Rickettsia
genomes (e.g., R. typhi str. Wilmington). Asterisks denote genes for RvhB9-Il, RvhB8-II
and RvhB4-II. Similar rvh gene arrangements are found in other Rickettsiales genomes

(38). (D) Proposed model for conserved rvh gene duplication (rvhB9, rvhB8 and rvhB4)

based on divergent characteristics of RvhB9-1l, RvhB8-Il and RvhB4-I| (44, 45).
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Origins of Rickettsia TASS effectors 3

RvhB4-based phylogeny estimation. Phylogeny estimated from
concatenated alignments of RvhB4-1 and RvhB4-II proteins from 153 rickettsial genome
assemblies. Agrobacterium tumefaciens str. F4 VirB4 was used as an outgroup. See

for sequence information. RvhB4-1 and RvhB4-II proteins were separately
aligned using MUSCLE (default parameters) with both alignments concatenated (1974
positions). TRIMAL (184) was used to create a second dataset with less conserved
positions masked (1613 positions). For both unmasked and masked alignments, a
maximum likelihood-based phylogeny was estimated with PhyML (185), using the Smart
Model Selection (186) tool to determine the best substitution matrix and model for rates
across aa sites (LG (G+I+F) for both alignments). Branch support was assessed with
1,000 pseudo-replications. (A) Statistics for the phylogeny estimated on the unmasked
alignment, which is shown as a phylogram in panels C and D, and as a cladogram in
and . (B) Statistics for the phylogeny estimated on the masked alignment.
This tree is congruent in topology and branch support to the tree generated on the
unmasked alignment. (C) Non-Rickettsiaceae lineages (taxa not previously described at
the family level are in black text). (D) Rickettsiaceae lineages. “Candidatus Sneabacter
namystus” (arrow), which lacks rvh genes but carries a type VI secretion system (see
) is shown on the phylogram per prior phylogeny estimation (187, 188). Black
boxes provide short names for 29 MAGs from Davison et al. (73) (NOTE: the green
colored clade comprises genus Tisiphia though “Rickettsia’ reflects NCBI taxonomy as
of Feb. 26, 2023). Asterisks, multiple genome assemblies for a species. STG, Scrub
Typhus Group; BG, Bellii Group; TRG, Transitional Group; TG, Typhus Group; TIG,

Tamurae-Ixodes Group; SFG, Spotted Fever Group.
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. Number of taxa:

. Log-likelihood:

. Unconstrained log-likelihood:
. Composite log-likelihood:
. Tree size:

. Discrete gamma model:

- Number of classes:

- Gamma shape parameter:

- Relative rate in class 1:
- Relative rate in class 2:
- Relative rate in class 3:
- Relative rate in class 4:

. Proportion of invariant:
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PhyML statistics (unmasked):

LG (+G++F)

153

-177643.39527
-14907.80653
-866892.01804

52.48531

Yes

4

0.883

0.11306 [freq=0.250000]
0.43852 [freq=0.250000]
0.97754 [freq=0.250000]
2.47088 [freq=0.250000]
0.039

B

. Model of aa substitution:
. Number of taxa:

. Log-likelihood:

. Unconstrained log-likelihood:
. Composite log-likelihood:
. Tree size:

. Discrete gamma model:

- Number of classes:

- Gamma shape parameter:

- Relative rate in class 1:
- Relative rate in class 2:
- Relative rate in class 3:
- Relative rate in class 4:

. Proportion of invariant:

PhyML statistics (masked):

LG (+G+I+F)

153

-170882.36583
-11869.35617
-708273.33174

48.13634

Yes

4

0.891

0.11473 [freq=0.250000]
0.44135 [freq=0.250000]
0.97930 [freq=0.250000]
2.46463 [freq=0.250000]
0.045

C

@ Mitibacteraceae M Deianiraecaceae B Anaplasmataceae bootstrap
W Athabascaceae [ Gamibacteraceae M Midichloriaceae ® 911  ©.61-70
* ® .81-90 @ .51-.60

® .71-80 © <.50

Agrobacterium tumefaciens str. F4 [WP_010974916]

Rickettsiales bacterium HKST-UBA119 (activated sludge, t )
Rickettsiales bacterium co.spades.| DASTOOL. 1kb_036 (tapwater)
Rickettsiales bacterium CoA8N_M8 (Phytoplankton seston, lake water)
Rickettsiales bacterium co.spades.DASTOOL.2.5kb_001 (tapwater)
Alphaproteobacteria bacterium UBA6149 (waste water)

Rickettsiales bacterium BIN125 (water column marine epipelagic mixed layer)
Rickettsiales bacterium RS372 (marine water sample)
Alphaproteobacteria bacterium UBA6189 (waste water)

Rickettsiales bacterium CoA8_M105.1 (Phytoplankton seston, lake water)
Rickettsiales bacterium C_No_T20_B_bin.125 (agricultural soil)
Alphaproteobacteria bacterium UBA6178 (waste water)

Rickettsiaceae bacterium C_No_T20_B_bin.41 (agricultural soil)
Alphaproteobacteria bacterium UBA6187 (waste water)

Rickettsiales bacterium BS301-5m-G17 (Brackish water, Black Sea St. 301)
Rickettsiales bacterium BS307-5m-G18 (Brackish water, Black Sea St. 307)
Rickettsiales bacterium SI075_bin151 (hypoxic seawater)

Rickettsiales bacterium SI075_bin127 (hypoxic seawater)

Rickettsiales bacterium RGIG5101 (Roe deer, gastrointestinal tract)
Rickettsiales bacterium RGIG8782 (Water deer, gastrointestinal tract)
“Candidatus Deianiraea vastatrix” CyL4-1 (Paramecium primaurelia)
Rickettsiales bacterium RGIG3563 (Goat, gastrointestinal tract)
Rickettsiales bacterium RGIG4838 (Roe deer, gastrointestinal tract)

Rickettsiaceae bacterium C_No_T20_B_bin.69 (agricultural soil)

Rickettsiales bacterium 49624 E59 (lake water)

Rickettsiales bacterium BS307-5m-G20 (Brackish water, Black Sea St. 307)
Rickettsiales bacterium Baikal-deep-G64 (Freshwater, Lake Baikal)
Rickettsiales bacterium REEB497 (rare earth elements-acid mine drainage)

Rickettsiales bacterium Gw_Eff_bin_514 (waste water)
Alphaproteobacterium M_DeepCast_50m_m1_063 (Lake Tanganyika)
Alphaproteobacteria bacterium RIFCSPHIGHO2_02_FULL_40_34 (aquifer)

Rickettsiales bacterium Sesoko1 (Acropora tenuis)

“Candidatus Echinorickettsia raffii” (Heliocidaris erythrogramma)
Neorickettsia sennetsu Miyayama

Neorickettsia helminthoeca Oregon

“Candidatus Xenolissoclinum pacificiensis” L6

“Candidatus Mellornella promiscua” (Eurypanopeus depressus)
“Candidatus Mesenet longicola” GL2 (Brontispa longissima)
Wolbachia endosymbiont (Ctenocephalides felis) wCfeJ
Wolbachia endosymbiont (Drosophila melanogaster) wDm
Ehrlichia chaffeensis Arkansas

Ehrlichia ruminantium Welgevonden

“Candidatus Neoehrlichia lotoris” RAC413

Anaplasma phagocytophilum HZ

Anaplasma marginale St. Maries

“Candidatus Jidaibacter” sp. CoA8_M11 (Phytoplankton)
“Candidatus Fokinia solitaria” Rio ETE_ALG 3VIl (Paramecium sp.)
“Candidatus Jidaibacter acanthamoeba” UWC36 (human cornea)
Rickettsiales endosymbiont (Peranema trichophorum) RICK02
“Candidatus Midichloria mitochondrii” IricVA

“Candidatus Cyrtobacter zanobii”

“Candidatus Anadelfobacter sociabilis”

Rickettsiales endosymbiont (Trichoplax sp. H2)

“Candidatus Aquarickettsia rohweri” a_cerv_44 (Acropora cervicornis)

To panel D
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D To panel C

/) bootstrap\

® 911
.81-.90
.71-.80
.61-.70
.51-.60
® <.50

o /

— 0.1 aa sub./site

x 1000!

Rickettsiales bacterium DT_106 water, marine abyssal pelagic zone
Rickettsiales bacterium Gw_Eff_bin_241 (wastewater)

“Candidatus Arcanobacter lacustris” str. SCGC AAA041-L04 (lake water)
Rickettsiales bacterium str. Ac37b (Amblyomma cajennense endosymbiont)
Endosymbiont (Stachyamoeba lipophora) str. RICK01

Rickettsiaceae bacterium Tobar2m_G10 (lake water)

Rickettsia

Rick ia sp. iso. MM_AIph2018 (Nephromyces sp. endosymbiont)
Endosymbiont (Cardiosporidium cionae) str. ESH_2018B

“Candidatus Phycorickettsia trachydisci” iso. CCALA 838 (algae) =
“Candidatus Sarmatiella mevalonica” str. WO2 (Paramecium endosymbiont)
Rickettsiaceae bacterium Gw_Eff_bin_100 (wastewater)

Occidentia massiliensis str. Os18 (Ornithodoros sonrai)

Orientia chuto str. Dubai

Orientia tsutsugamushi str. Boryong STG
Rickettsiaceae bacterium iso. DT_105 (water, marine abyssal pelagic zone)
Rickettsiales bacterium str. UWPOB_RICK1 (activated sludge)

Rickettsiales bacterium str. REEB450 (rare earth elements-acid mine drainage)
Rickettsia sp. iso. F1-20-MAGs063 (monomictic Lake Fuxian metagenome)
“Candidatus Megaira” endosymbiont (Carteria cerasiformis) [ E A CUE)
“Candidatus Megaira“ endosymbiont (Mesostigma viride) [N IEEr41
Rickettsiales bacterium AWTP1_34 (secondary wastewater,

Rickettsiales bacterium NORP64 (marine subsurface aquifer)

Rickettsiales bacterium str. UWPOB_RICK2 (activated sludge)

Rickettsiaceae bacterium iso. MGR_bin156 (mineral soils, Mackay Glacier)
Rickettsiaceae bacterium iso. co.spades.CONCOCT.1kb_119 (tap water)
Rickettsiaceae bacterium PMG_002 (Populus alba phyllosphere

Endosymbiont (Bryobia graminum) iso. Moomin [[[{elsJii[]

“Candidatus Rickettsia Torix” (Bemisia tabaci) str. WHLR G113

Endosymbiont (Cimex lectularius)
Endosymbiont (Pseudomimeciton antennatum) BEUWICY
Endosymbiont (Labidopullus appendiculatus) JETJJX]
Endosymbiont (Culicoides impunctatus) IZ{9ils]
Endosymbiont (Gnoriste bilineata) [eJJII¥]
Endosymbiont (Platyusa sonomae) |1l
Endosymbiont (Labidopullus appendiculatus
Endosymbiont (Culicoides newsteadi)

Endosymbiont (Sericostoma sp.)

Endosymbiont (Sericostoma sp. HW-2014) BT
Endosymbiont (Oxypoda opaca) [¢LJ:ER]
Endosymbiont (Pyrocoelia pectoralis) |§ 33 EK]
Endosymbiont (Diachasma alloeum) |dE1ex]
Endosymbiont (Graphium doson) [es[se)]
Rickettsia bellii * [4]

Endosymbiont (Stiretrus anchorago) EEIHIK]

Endosymbiont (Bembidion nr. Transversale) IEENEY] BG
Endosymbiont (Columbicola hoogstraali) [¢jleJe]sV

Endosymbiont (Degeeriella rufa) Emm

Rickettsia spp. MEAM1, wb, and wq (endosymbionts of Bemisia tabaci)

“Candidatus
Tisiphia”

Endosymbiont (Bembidifzrlx lapponicum) pp
Rickeftsia canadensis *

[at

Endosymbiont (Adalia bipunctata)

Endosymbiont (Omalisus fontisbellaquei)
Rickettsia asiatica str. Maytaro1284

Rick ia helvetica str. COP9
Rickettsia typhi* [3] TG

R Pre 2]
Endosymbiont (Eriopis connexa)

F ia tillamook is sp. nov. str. Tillamook 23

Rickettsia hoogstraalii * [2]

Rickettsia akari str. Hartford

Rickettsia australis * [2]

Endosymbiont (Ecitomorpha arachnoides) |ZIg1.} TRG
Endosymbiont (Sceptobius lativentris) FIEI]

Rickettsia sp. TH2014 (Ctenocephalides orientis)

Rickettsia felis * [4]

Endosymbiont (Glossina morsitans submorsitans) I3
“Candidatus Rickettsia asemboensis”

Endosymbiont (Ceroptres masudai)

“Candi Ric ia colombianensi”

Rickettsia tamurae str. AT-1

Rickettsia monacensis str. IrR/Munich TIG
Rickettsia endosymbiont of Ixodes pacificus

Rickettsia buchneri* [2]

Ric ia mc is str. OSU 85-930

Rickettsia raoultii str. Khabarovsk
Rickettsia amblyommatis * [4]
Rickettsia massiliae * [2]
Rickettsia rhipicephali* [3]
Rickettsia aeschlimannii str. MC16
“Candi

Ric ia gravesii” str. BWI-1

Rickettsia fournieri str. AUS118

Rickettsia japonica str. YH

Rickettsia argasii str. T170-B

Rickettsia heilongjiangensis str. 054 SFG
Ric ia honei str. RB

Rickettsia sp. Tenjiku01

Rickettsia peacockii str. Rustic

Rickettsia endosymbiont of Proechinophthirus fluctus [2]
Rickettsia rickettsii * [10]

Rickettsia philipii str. 364D

Rickettsia slovaca ™ [2]

Rickettsia conorii * [4]

Rickettsia sibirica* [3]

Rickettsia africae str. ESF-5

Rickettsia parkeri * [4]
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Origins of Rickettsia TASS effectors 6

Non-orthologous replacement of secretion machines in Rickettsiales.
(A) Predicted proteins encoded on the “Candidatus Sneabacter namystus” unnamed
plasmid, which mostly encodes type VI secretion system (T6SS) components. Protein
colors depict their position in panel B. Plasmid map created with Proksee

(https://proksee.ca/). (B) Model of a typical T6SS. The assignment of QEK39893 as a

TssD protein is putative (see panel D). (C) HaloBlast analysis of 12 “Candidatus S.
namystus” T6SS proteins. BlastP searches were performed against specified NCBI
taxon databases (see for retrieved sequences). Highlighting: Sm score (= b *
I * Q, where b is the bitscore of the match, / is the percent identity, and Q is the percent
length of the query that aligned) (26, 81, 204). (D) Alignment of the putative TssD protein
of “Candidatus S. namystus” with annotated TssD proteins from Gemmata palustris
(Planctomycetia, WP_210656154) and Denitrobaculum tricleocarpae (Rhodospirillales,
WP_142896164). Alignment done with MUSCLE (189) using default parameters. Amino
acid coloring is described in the legend. (E) Detection of a second complete
T6SS in the MAG Rickettsiales endosymbiont NP11 (NCBI BioSample

SAMNO07620291) (205). Another MAG, Rickettsiales endosymbiont EAC13
(SAMNO07620031) (205), contained fewer T6SS genes. Neither MAG harbors rvh genes

(data not shown), indicating that other Rickettsiales species may utilize a T6SS in place

of a T4SS.
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Tssd

A

TssA (QEK39914)

TssB (QEK39913)
TssC-2 (QEK39912)

N

—_—

TssH (QEK39911) —

¥\

unnamed

“Candidatus
Sneabacter
namystus”

27.7 Kb

TssG (QEK39910)
TssF (QEK39909)
TssE (QEK39908)

N

HP (QEK39907) ———

\\

TssJ (QEK39906) — / *
TssK (QEK39905) I \ Tssl (QEK39901)
TssL (QEK39904) TssM (QEK39902)

o DUF4280 (QEK39890)
¥ / //: VapC-n; AbrB/MazE/SpoVT (QEK39891-2)
3775 ﬁ

TssD? (QEK39893)

TssC-1 (QEK39894)
ParB; ParA (QEK39895-6)
"> DnaA_N-like (QEK39897)
Phd/YefM, VapC-d (QEK39898-9)
Antidote YwgK, TA module (QEK39900)

%% Pseudogene
% No BlastP hits

TssC-1 (QEK39894)

\ Taxon database Subj. XSm top5Sm
| —
: B P> Rickettsiaceae, “rick” 1 3938.92 na
: : P> Rickettsiales (-Rickettsiaceae), 5 3110.16 3110.16
: [ —» Alphaproteobacteria (- Rickettsiales), “Alph” 100 |4291.79| 4937.88
: ! P> Proteobacteria (- Bacteria), “Prot” 100  4277.22  5023.09
B » Bacteria (- Proteobacteria), “Bact” 100  4128.62
Top hit: Denitrobaculum tricl pae
TssL (QEK39904) TssK (QEK39905) TssE (QEK39908)
Subj. XSm top5Sm Subj. XSm top5Sm Subj. XSm top5Sm
“rick” 0 na na 0 na na 0 na na
1 1356.85 na 1 1304.62 na 0 na na
“Alph” 100 1082.10 1427.30 100 3490.63 3882.21 100 928.76  1266.74
“Prot” 100 [1505.68| [1595.68] 100 [4011.95| [4577.02] 100 [1186.43| 1600.91
“Bact” 59 902.58 1258.88 100 286249 3642.10 100 1163.66 |16
Top hit: Pseudomonas sp. NFACC02  Proteobacteria bacterium SZAS-81 ":C‘C:)’"S’z‘;%’e"steﬁ%qrcl_{eg"AaTb.‘afée_%‘;";
TssH (QEK39911) TssC-2 (QEK39912) TssB (QEK39913)
Subj. XSm top5Sm Subj. XSm top5Sm Subj. XSm top5Sm
“rick” 100  9459.90 10581.94 1 3561.79 na 0 na na
100 10694.34 13281.06 5 20284.61 20284.61 3 5591.07 5591.07
“Alph” 100 19031.95 20984.22 100 34628.35 36706.21 100 [9200.88) 10411.30
“Prot” 100 18957.91 [22359.96] 100 [36188.30| 37845.80 100 8628.27 10178.60
“Bact” 100 |19737.08| 21359.54 100 34537.02 |39342.97, 100 8864.51 |10427.33
Top hit:  unclassified Acinetobacter Gemmata palustris Ggﬂﬂ?ﬂgﬂ?ﬁfﬁga

D TssD

Sneabacter MTTNFLGSKNEFVETIDGIKPLDSKNHF——GI P GSFWRNEHFAE 43
Gemmata MPIYVKYGKIVGN|TEAGHKDWVEVNSFOWGVERGIGSPVEKSAN 45
Denitrobaculum MAIYVKYDGIDGDTHDKHKKWIQVNSLOWGT, RAIM‘I‘ST!QTSG 45
Sneabacter RLRVADSIST TMREEFQHAALEL!SPDAESANKLSA‘I‘ELSQLQE 88
Gemmata RESSAPSES. ITVSKOMDKSTFAWLOEAL{,G-KGVDCT === ===~ 82
Denitrobaculum REASEPS)|yS2VTFSKELDASSAHLFTEAT {GAAGKKVE-——-—-— 83
Sneabacter E: Tincxk--szmkvcm- QLVEVNRDGVAHDVHMEPEF'QECV 131
Gemmata -- Ercsmsksmmvu KLT\CW#ISGYSI#SSEGDRP--SESLS 123
Denitrobaculum --Euwsr-sspcnmm ELT AJVSGYS|SS[cGDRP--.ESVS 123
Sneabacter [EiiF AMIGSSKLAJGLKAKEYTCGDGVKCANKYKIISAVGEAE 172
Gemmata pi\FTKMEYLFKE){G-~--QDNSITDSPRVS--YD/#ATAVAS - 158
Denitrobaculum p4\FTKWMEMKYTP 3D -~ -EKHKAGSPIPAG--YDJTTTKKV- 158

60
61

Tssl (QEK39901)

TssD?

TssM (QEK39902)

Subj. XSm top5Sm Subj. XSm top5Sm
0 na na 0 na na
0 na na 0 na na
0 na na 100 127714 1623.35
0 na na 100 [1540.32] [1936.53
9 10  863.72  1208.91

Bacteroides fragilis

Gallaecimonas pentaromativorans

TssF (QEK39909) TssG (QEK39910)
Subj. XSm top5Sm Subj. XSm top5Sm
0 na na 0 na na
2 810.13 na 1 na
100 312741 3636.80 100 |1587.68 |2182.89
100 |3407.50| [4185.17] 100 1579.76  1896.50
100 312452 373446 100 1433.84 1809.90

Aliikangiella coralliicola

TssA (QEK39914)
Subj. XSm top5Sm
0 na na
1 584.94 na
100 453.61 668.13
100 732.63 | 1013.44
100 622.01 [1200.14

Rubinisphaera sp.

Roseibium aggregatum

Rickettsiales bacterium NP11

Protein NCBl acc. no.  %ID
TssD MBV34071 17.12
% TssC-1 MBV34078 26.17
2 Tssl ns ns
w L TssM MBV34981 19.86
S E TssL MBV34982 28.57
S & TssK MBV34983 22.01
T 5 TssE MBV34075 22.07
S B TssF MBV34074 24.65
O8 TssG MBV34073 26.67
S TssH MBV34072 42.34
S TssC-2 MBV34976 60.04
TssB MBV34977 54.27
TssA MBV34978 33.33
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Origins of Rickettsia TASS effectors 8

Phylogenomics and bioinformatics analyses of RalF proteins. Amino
acid coloring is described in the legend. Black boxes provide short names for
MAGs from Davison et al. (73). These and additional newly discovered RalF-like
proteins (highlighted yellow) substantially expand the prior RalF diversity. (A, B)
Sequence logos (190) illustrating conservation within two novel domains present in
some Legionella and Rickettsia proteins. Sequence information is provided in
Sequences were aligned with MUSCLE (189) using default parameters. These two
domains are carried in a single protein (MCC8377991) from Rickettsia endosymbiont of
Graphium doson (Gdoso1). (A) Sequence conservation (n = 18) within the Gdoso1
MCC8377991 central domain. (B) Sequence conservation (n = 56) within the Gdoso1
MCC8377991 C-terminal domain. (C) Structural characteristics of the RalF S7D-SCD
architecture. Left: L. pneumophila RalF structure (PDB 4C7P) (86). The delineation of
the Sec7 domain (S7D, red) and Sec7-capping domain (SCD, green) is shown, with an
approximation of the active site Glu (asterisk). Right: regions of variability within the
predicted structures of R. typhi str. Wilmington (RT0362) and R. bellii str. RML369-C
(RBE_0868) RalF proteins. Modeling done with Phyre2 (195). Rickettsia full length RalF
proteins contain an extended C-terminal domain relative to L. pneumophila RalF (56).
(D-F) Gallery of predicted structures for diverse RalF and RalF-like proteins. All protein
domains are described in the gray inset. (G) Sequence comparison of diverse RalF and
RalF-like proteins (S7D and SCD only). An initial alignment with MUSCLE (default
parameters) was manually adjusted with reference to the Phyre2 structure models to L.
pneumophila RalF (PDB 4C7P). The secondary structure of L. pneumophila RalF is

superimposed over the alignment. Conserved residues are highlighted yellow. S7D: two
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Origins of Rickettsia TASS effectors 9

highly conserved regions (motif 1 and motif 2) that together form the Sec7 active site
are boxed in red (206); the active site Glu of Motif 1, which is essential for Arf1
recruitment to the LCV (85) and Arf6 recruitment to the plasma membrane during
Rickettsia invasion (148), is noted with an asterisk; divergent residues within motif 2 of
R. bellii RalF are colored black. SCD: aromatic clusters comprising the membrane
sensor region are enclosed in purple boxes; following previous mutagenesis analysis of
the SCD (87), # denotes residues in L. pneumophila RalF permuted to the
corresponding residues in R. prowazekii RalF (and vice versa) and * denotes residues
in L. pneumophila RalF permuted to the corresponding residues in R. prowazekii RalF
but not reciprocated. The conserved KATY motif, which contacts the S7D remote from
the active site and is thought to function as a hinge for the conformational change that

activates RalF (87), is colored black.
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C

L. pneumophila

SCD
- Sec7 capping
d . Loop between b5 and hO (near conserved KATY motif) is variable
omain
S7D
- Sec7 domain ¢

gte
hel
® active site ?’Ix\&
® ;

FLERRRTRRRLRR RN RN RINl]

g 7~ *
: 3 =
Longer hP in Legionella Snnnnnd)
. -) proteins; Rickettsia RalF
proteins have a Variable
Pro-rich Region (VPR) Loop between hl and hJ is highly permissive for insertions
D L. pneumophila R. typhi L. clemsonensis
PDB 4C7P AAU03841 ASQ44934 MCC8369411 C-terminal
Comler i 2 ) e divergence
- > gg'r::‘a?nwn VPR The new models for L.
8 A clemsonensis and Oopac6
N illustrate how the extension
of the C-terminus prevents
modeling to the terminal
a helix P of the L. pneumophila
~ RalF SCD.
(/2]
E Models for proteins with S7D and SCD but no C-terminal extensions:
RiCimp m Gammaproteobacterium Rickettsiales bacterium Rickettsiales (Trichoplax
(pRiCimp001) MCC8417384 0_S4.2 bin.2 UWPOB_RICK2 endosymbiont sp. H2)
UCM86426 MCH9757255 MBN8512548 WP_154510403
i) 411 ) 417
()] c
O ?%
w o
W
Q ‘
» &w
101
102

103



104
105

Origins of Rickettsia TASS effectors
F Models for proteins with no (or degraded) S7D; N- or C-terminal extensions may be present
Rickettsiaceae Gammaproteobacterium Mycobacteriaceae sp. Proteobacterium SZAS-39
bacterium DT_105 SCN18_25_1_16_R3_B_39_37 co.spades.METABAT.1kb_110 MBS0287486
NRB11384 MBN9288348 MBX9641073
> 280 w308 MR D =23 [
— . N .
degraded SCD degraded SCD H. sapiens 3 H. sapiens
ARHGAP21 £ @ Cdc42GAP
PMID: 2J59 = B _ PMID: 2NGR
Y C
; ®
: ‘\
[a) : ,
P~ : n 4&
@ B %
T N X7
Gammaproteobacterium Oligoflexia bacterium
NC_groundwater_613_Pr5_B nKLKbin12
-0.1um_38_33 , MBI2792499 MBF0359460 Il Conserved domain in some Legionella, Rickettsia proteins
-:> M3 [C] Conserved C-terminal domain in diverse Rickettsia proteins
ANK repeat .
c :S 7dpe ) Il TS region
ec7 domain . . .
i [ Variable w/ Pro-rich region (VPR)
@ ® Sec7-SCD linker .
. [ rvhT4SS signal sequence
(& ) [l Sec7 capping domain . .
(=) P oy [] coiled coil
= @ f Il RhoGAP
0w 1w <@ Il PI3-P binding proteins 1-3, pleckstrin homology domain
J )\.
G S7D
A A B C
HAT8828970 Legionella p phila subsp. p phil [ 1] HPEIEKAQR . EITEA-FNAKPKNGIE . KIKEICEEY .. KISA---HEE-IAAFF !6 LD
ASQ44934 Legionella clemsonensis str. CDC-D5610 [128] GEEIHARRM . KIIKA-FNRKPKNGIQ . KIKEICAVC .. NVDA---VEEHIADFF,6 ,LD
AAU03841 Rickettsia typhi str. Wilmington [ 5] KN . EVIKL-FNDKOKSGIT . RIKKWCADN .. NKDF---IEE-TAKFF .6 LN
AAY61436 Rickettsia felis str. URRWXCal2 [ 91 KN . EVIKL-FNDKPKSGIT . RIKKWCADN .. NKDF---TEE-TAKFF :6 LN
ABE04949 Rickettsia bellii str. RML369-C [ 5] KR . EVISS-FNDKPKDGIN . KIKEWCASN .. NKDF---AEE-TAKFF '6 'LD
MCC8369411 Rickettsia endosymbiont of Oxypoda opaca [ 41 EKNKK . EIINF-FNNHSKGGIK . KIKDLCLQE .. NKDF---VEE-TAKFF ;6 LN
1o VG LT P S CH ST E RN T T T [Ty | KT M oI [T CXF [Tl CIE) [ 1] HKAIDEKKI . DIVKA-FNQKHKNGVE ILRKICAQON .. GLDDQQASEE-LATLFEG ELN
MCC8417384 Rickettsia endosymbiont of Bryobia graminum [ 3] HOQAIDEKRV . DIVRA-FNQKPKNGVE . MLRNMCAQK .. GLDDQQOASEQ-LATLF :6 LN
MCH9757255 Gammaproteobacterium O_S4.2_bin.2 [100] SSWLAEK . ETIAS-FNOKPKKVIQ . AIKAKCEEH .. YLHP---AEH-IATFF'6 'LD
MBN8512548 Rickettsiales bacterium (UWPOB_RICK2) [ 1] HEKIEQEKR . EIAEL-FNKKPKEGIA . RLNQICQEN .. GLDA---DKE-IAEFF )6 |LD
WP_154510403 Rickettsiales endosymbiont Trichoplaxsp.H2 [ 6] EDIKI QIAKQ-FNKKPKDGIN . AIIRFCDEN .. GIKN---VDK-QIAEF .7 .LD
NRB11384 Rickettsiaceae bacterium DT_105 [ 13] KIAKI-FNKKAKKGIA . AITDEVFKS 32 NEAE---IEE-IIAQF:7:LD
MBN9288348 Gammaproteobac. SCN18_25_1_16_R3 B 3937 [ 5] KE . EGISQ-FNRKWKEGMR . YLRENN--- .. LIED---NAE-AIAGF'!7 'LD
MBX9641073 Mycobacteriaceae co.spades.METABAT.1kb_110 [516] SKQAVFE EGLAL-FNSRPHKGVA . FWFSNQ--- .. VIPR---NPK-SVARL,7 ;FN
MBI2792499 Gamma.NC_groundwater_613_Pr5_B-0.1lum_38 33 [ 3] KD . OSPDD-LNRELKKELQ 3 FLDA--SFN .. VIDS———EVK—NCAKYE7 EIN
MBS0287486 Proteobacteria bacterium SZAS-39 [406] SIAATQAFK . LALDRAKCLEPKKVID TLIDSL--- RAEF---TAK-EIAKF !9 'AY
MBF0359460 Oligoflexia bacterium nKLKbin12 [238] SEEDKRYSR 4 IGKYY-FTKSPAKAVE . FLISKG--E .. IADN---SPM-NIAKF'!7 'LD
variable
(Lpnpn): LEAVGDYLSGPE . AENQQVLKAFTSQMDFTGQSFVEGLRTFLKT--[FKLPG>AQKIDRLVOSFSGAYSQON 5 NADAAYL) DLHNPSIPE
(Lclem): LEAVGDYLSGPD . AENKAVLTAFTGKIDLTGONFTQSLRRFLSA--FKLPGAQKIDRLVESFSEEYYKKN 6 NKDAGYI DLHNPNIAS
(Rity): LEFVGDYLGTDG . VDNQKVLESFTKKFDFKDKDYLESLRRFLQS--FKLPG>AQKIDRLVESFGTHYYEQN 6 SKDAAYI DLHNPSIAK
(Rife): LEFVGDYLGTDG . GDNKKVLESFTKQFDFKEKDYLESLRGFLQS--FKLPG>AQKIDRLVESFGTNYYEQN 6 SKDAAYI DLHNSSIAE
(Ribe): LVAVGDYLGTDG . EDNKKVLDHFVKQFDFKDKNYLKSLREFLKA--FKLPGAQKIDRLVESFASKYYEON 6 HADAAFI NLHNPSV--
[[CIEHF LESVGDYLGTGG . IDNOKILKNFVEQFDFKEKFFLESLRDYLKT--FKLPGAOKIDRLVEAFGEKYCEON 6 SKDAAYI DLHSSSIAA
LDYVGDYLSSPD . QHNODTLKSFVAQONFKGKSFVQSVRDYLQOS--FKLPGZAQOKIDRLVEAFGAQYCLDN 7 DKDAAYI DLHKDGV--
(UCYINME LDYVGDYLSTDD 7 KONRDTLKYFTEQQDFKEKSFVQSMRNYLQOS--FKLPGAOKIDRLVEAFGEKYCKDN 8 DKDAAYI DLHKDGV--
(GAMM1): LEAVGDYISGPD . LENQAVLKYFTRQTDLKGQOSFTESLRFFLKT--FKLPG>AOKIDRLVKSFSEAYCEQN 6 NQDAGY:! DLHNPSIAA
(UWPOB): LEAVGDYLSGEG . QONKGVLKQFTDOMDFSGKSFTEAYREFAKE--FKLPG>GOKMDRVLEAFGERYAEQN 4 APGAGHI SLHNPSV--
(RETH2): LEAVGDYLSGEN . IFNQKVLEAFTQQOFNFONKTFTEGLREFLFS--HKLPG>AOKIDRLVKSFSDVYYGQO 10 DADAVY DLHNSAI--
(DT_105): LKLVGEYLSEPK 4 GMNAKVLDHFTKNMDFKGKEFDVALRSYLKT--FKLPVAQKIDRLVOKFSEVYVQON 11 TSDAAY' DLHNPTI--
(GAMM2): FEQLGEFLCEPA . --QKEVLEAYIAAMDFAGVDFSTALRRIMTD--FKFPG:AOKIDRVMEAFGKAYFKAN 9 HEDAVY DAHNTSI--
(Mycob): LEMVGEYLGSDS . KFEGSVRRYFAHF IQLRGIEFDTGLRRFLOK-—FGLPRCAOKIDRLLOAFAERYYFAN 11 SALATH DAHNENVKK
(GAMMS3): QEALGEFLGEGP 5 ARYLAILNEYANOFEFKDKDFMSAAREFLGK-—FKLPGZAQOKIERIMEAFAHSYFEKN 9 KODDVFI DLHNPSI--
(Proteo): OKELGDALSKOD . DFSNOLLKAYTDNFDFTGKNFAVALREYLESGGFVLPG?AQKLDRIVKAFAERYYONN 13 GSDKVY DLHNPAI--
(Oligof): KRALCDYLGSES . --OKLLLKEFIDOFDFTNMNIIEAIREMVKK--IYITG>SOKIDRILSAFGKKYASON 5 SADTAYS| DLHNSYV--

12
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G (cont’d.)

— G G D EITTEE ) ———— G @— —@lD-

t £
FELNFVKTSP) . NSTTLNKDSTFKKLDSFL 7!NTV'!6 NVKTTVDOPKSWLSFFTGYKGTIT
FEVNFIKIEP . ASSALNHDSTLNRLNSLL 7.RHL}6 TIKLTITQPKSWLTIFTGYEGTIT
FKLNFVDSSP) . NNISSQNDKVFKQLNQFL 6:QNT i7 NLTIEFRNAKTFLNKFTGYKGNVI
FVLNFVDSSP) . DNISSQNDQTFKKLSKFL 6!QDV:7 NLTAEFKNPKTLLNKFTGYEGSVI
FELNFIQTAT---GYEI . AGISSQNDKTFKKLDDFL 6!NNV'!6 NVTAQHKQPKTWLNKFTGYEGSVS
FELNFTENAA---GYEI . NNINSQNDKIFKNLNNFL 7 !KNI '8 GLKTELDHPKFWLNKFIGYAGGIK
FELNFVETVP|---GYNL . KDSNLSNDPAFKEITKVL 7:N--i4 SMEVKVDHPKNWLNKLTGYQGDVT
FELNFVEIVP---GYNL . KSNNLSNDPAFEEVNKVL 7:NL-!3 SMDVKIDKPKNWLNSLTGYQGNVT
FELNFIKVSP|---GYEL . VSPTLHQHVSFKKLDSLL 7!QTV'!6 KLQVSIDKPKSWLNIFTGYNGTIT
FEYNFAKENP---GYEM . SSTALQTDKTFEKLDSLL 8!TKV!6 VNVVSVSKKKGLLNKLTGYEGTLT
---GIQM . KTSLLDYDQTFKSLKTFM 8:KNV:i7 SLEAQVDKPRSLLANLMGYNGTLN
---GMEI . NSSLLKNDPVFNKLNSAK 5!---:end model [17] 289

IESNYEA 5 GGYRVGYLAWYYLFDKTP 6,LDE ;6 QPDTSPLPPVAEKEKKSSYDNWAE
' 1

(Lpnpn): KNKMTMDGLKRNL 10 AKFLEELYSEIKA
(Lclem): NRKMDFNGLKRNL 10 EHFLQELYNDIKAI
(Rity): SKKMTFEQLKNNL 10 DNFLKKIYDEIEA!
(Rife): PKKMTFEQLKNNL 10 DNFLKKIYDGIKAI
(Ribe): KDKWTIIDQFKDOL 19 NEFLENIYNGIKA
[((IJEJ SRKMIFEELKKNL 10 EELLKKLYDKIKAI
VNKMTLEQLKKNV 10 ESLLENLYKDIKE
VNKMTLEGLKKNV 10 ENLLENIYKDIKE

(GAMM1): TKKMSFDSLKNNL 10 ETFLKDIYDDIKAI
(UWPOB): KDKMTPAGFKSML 10 ERFLDQIYTEIOK
(RETH2): KDHMSIDSLKQNL 10 DEFLLGLYEEIKE
(DT_105): KKHMTFEEFQKNL 10 ODFLKKTYDNIKAI
(GAMM2): KKKMTFEEFKRNN 10 DKMLKAIYDDITG!

(Mycob): EKKMTLPQFLDNI 13 IEQLTDLYWRIVON [ 5] end model [108] 823 e
(GAMM3): KNKMKVEAFONOL 6 KEFIKQVYNDIKDN [11] end model [217] 418 Not a strongly
(Proteo): RHRMTKDEFLRNL 6 KGFLKSIYTEIKRH [ 4] end model [ 13] 617 supported helix

(Oligof): KEKMKMDEFVKVN 10 EEMLEGIYKDIRDN [ 6] end model [ 68] 500

(Lpnpn): LTDKOTSAQATIOV
(Lclem): LSNEH-STLASIOI

4 SIDLAAKVAAGFSS---PVKNFi¢VR4DVYEVGDLIKAYDNOKKLVSTNKNTVIK [ 45] 398
9 AIELAAKIAASFET---PVTSINCURDYMKSDLOSRYAEKKK end model [288] 763

(Rity): IQDEQ-CGKAEIQV 10 SLELAAQITASFET---EVTSII®V$DVYLKEDLKSKY end model [114] 454
(Rife): VKDEK-GGKAEIQVYKPSVFSRWFSGEKS! H 10 SLKLAAQITANFET---KVTSIIeN@4DVLKEDLKSWY end model [305] 649
(Ribe): VKAGN-A-EVEIQVYKPNILSKWFLGEKS | 5 SLKLAAQIAASFET---KVTSIVNR4DYLKODLENYY end model [329] 669
IQGTK-GVEVQIQIYEPNIFSKWFLGDKS, 10 AVNLAAQIAASFDT---EVIGIJEU$DVYLKEDLEKAY end model [337] 681
IKNKETGARATVQV 9 NIDFAAQLTAGFKTVQVKEQDIELV®4HYAKEDLATTYIAAKG end model [ 59] 411
[(IYIDE VKNKETGAEATVOV 9 NIDFAAQLTAGFKTVQVKEQDIEIV@4HVYAKEDLKTAYTVAKG end model [ 58] 417
(GAMM1): LT-KNEVALATIQV 4 AIDLAAKVAASFSP---LAPSVEGVR4DVYLEKDLOSAYDKECKPVSVSQSHHS [ 26] 480
(UWPOB): ITDDKGAKA-TVTV! 4 SLELAAKIAASFSS---PVKSIVA$4DVEKTDLHKSYEAQKNAQLOKKAAEIG [ 36] 387
(RETH2): LTDKETGAKCSVQI 4 SLKLAAQVAASFRT---PPET KET! YEADSMEKEYRISKSAIISKSHVS [ 13] 375

(GAMM2): @GNGG--==-=-=—uu

: end model [17] 308

106 variable
107

108
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Origins of Rickettsia TASS effectors 14

The N-terminal domain of Rickettsia Sca4 proteins is recurrent and

widespread in other rickettsial proteins. Amino acid coloring is described in the

legend. Black boxes provide short names for MAGs from Davison et al. (73). (A)
Alignment of the Schuenke Walker Antigen (SWA) domains of select Rickettsia Sca4
proteins with analogous domains in SWA-Risk2 chimeras (SWA-PIK) and SWA modular
proteins (SWAMPs). Domains were retrieved from BlastP searches against the NCBI nr
protein database using the R. typhi SWA domain as a query. Sequences were aligned
with MUSCLE (189) using default parameters. Structural assignment above alignment
corresponds to the modeling of Rickettsia Sca4 N-terminal domains to the R. rickettsii
SWA domain (PDB ID: 4LQ8) (112). (B) Illustration of the SWA domain of R. typhi Sca4
and the two Vinculin Binding Sites (VBS); VBS-C of R. rickettsii interacts with the head
domain of human vinculin (76). (C) Gallery of diverse architectures for select SWAMPs
and predicted structures of SWA domains. Phyre2 (195) was used to model all SWA
structures to the R. rickettsii SWA domain, as well as the PIK domain of Rickettsiales
bacterium str. UWPOB_RICK1 to a portion of the LepB protein of L. pneumophila (PDB
ID: 4JW1) (201). Domains on schemas were predicted with SMART (191). (D) Sequence
logos (190) depict a consensus from an alignment of all 385 SWA domains retrieved
from a BlastP searches against the NCBI nr protein database using the R. typhi SWA

domain as a query (sequence information in )-
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A - D — D G-
SWA-VBP R. typhi Wilmington WP_011190939 ") ' g . 4s [ 52] SQSTPSISVLSNSLPHGDQKSD TEH RKZHIETORD-———— E‘RE!HHNTNPELAAQIAK---EE
SWA-VBP R. peacockii WP_012736358 } C [ 57] AQSTPSMSALSGNISPDSQTSD\ RET QPQKDNLIEQ 'KDL‘ LTDRDLAEQKRKEIEEE
SWAMP plasmid pRRP, R. peacockii Rustic WP_228368942 [ —QRE ----- F‘RVRNPELDEY ------ TS
EECENT MCC8371988 [ a iQQ’I‘ ----- Tl kn1d EANIKTDAGVAVANLIV
BIAEEN] MCC8372349 [ HRQE Q_@RD- IRGY QNHDVTV‘I‘
BTN MCC8371757 [ PIT AT eI IKiQRD ----- IREY QNHDL‘I‘VT
BTN MCC8372295 [ P TKH RQzu#0 SORD- -~ -~ Ry QNHDL’I‘VT
G McC8371625 I P TRR RTQ ITEQRE— - V'I‘A\ KNAIVKQEEL——
SWA-PIK Rickettsiaceae bacterium MGR_bin156 MBA2628750 [ P '.I.‘QR DE*‘ ’.l‘iQQL ----- YI QAE K’J.‘IPVGERNHFL---DQ
SWA-PIK Rickettsiales bacterium UWPOB_RICK2 MBN8512064 [ AN TaQOL- -~~~ QQE HKI-II1=vsu:mu;1"1.---1:1.
BTN ERE UCM93966 [ SUdREOOK-——— 1EQ‘I‘Q LSDPAVK
AT ERE UCM94396 [ E EQ‘IQ ----- KEA*;ILHPDTT
[SWA-PIK MegNEIS296 [S[&IEEINIS REZ igmg ----- IKEA~ ILHPDTT
SWA-PIK Rickettsiales bacterium UWPOB_RICK1 MBN8523153 LN JOMQ— — = —— | KEA ISYPDTA-- SL
SWAMP Orientia iBoryong WP_011944657 [ 383] tieueeeeenecoesonsssoassosssosssosssossssssosssossssssossssssasssnssnsssnssanss

D GED GEED G - b
R. typhi: DDKKZRAGL ‘QDN--YAL INKAFE- DPET;KN---- IEEVERV YENILST ,smseyu'-'GGFQPTQWENQVSAs----DLESTEEENDAEEETCHﬂu’ﬁﬁrxms
R. peacockii: KDKTLSTjFG)PAN--REFUDKALE- NPELiKK———— IESIEMA e YIUNVHNT 3 SAASGY3GG! EPHQWENHVSAS— —DLiAH “NDA!DE- cﬁﬂum VKTKP
pRRP: DDERjTK! LMHLNNEQRKF NDALE—SEKV‘AA————  EQIE#VEYINIHTS)j-AAENY)3GG iR DWSGESELN-———— Tis;ﬁ iNDA!SEECgI K2 S HKTTP
[EEME NSPE JKE! VE;NNE————L QKTWA—SSIT*NTVTQA KD-EOSYGKIHQ-———-——- ANH| iPI TWSEQASID- NITDTiSR Eivx !EEI FRIT L IKTS—
[ESWH DEQE jAE| LK‘INN——RAI DQAFA—NTQV—TE———— EKTERVEVEKVHHNG - Rngﬂ *.1' wNWQDGDRQG————NViSE ‘qNDL!DEI AH K2 gHKIN-
DDOQE JAE| LK‘VNN--RAI DQAFA-NSKV-TE---- EKTEWNA ¢ YAKVHHN) - RDQI wi'r NWODGDRQG- _“visi E\qNDS!DEI ALEKESSHKIN-
DDOQE JVE| LK‘INN--RAI DQAFA-NSKV—«TE---- EKTENV e Vi KVHHN) - DO TYNWODGDROG-———NI S “NDS DEI AZHK oL HKIN-
DLNK FE!EQN——KET SELLKTDKDL JQA----#EQVELA YiNVH'.I'.‘Ew - der) T!I'.‘ ‘EWQDG‘I‘VENASGI‘I‘T\‘KEH w.DANNNE AEI ACASHKINP
MGR_bin156: DLSS ivg DVG--KEKW#SLAMK-. KPETEVH———— KNIESN YiEVHTQ\ - QDSI ix DWVSPPSSK- iFi‘EHiDPD:‘QH LSTET T
UWPOB_RICK2: NLGQVRS){LE{TQG--KQAWVETLO-DPKI JOD----#OTIESNEVLAVOSQy - oDS! inl ISWKSGDSDK—~—~~ ivH! 3DDQ r~ ~. xm 4VENNP
DPQQ JRK)LT: DPG--KEEQARVFA-KPEIQTA---- 'NKIE;E YiKVHAE\ - snsw NWTPDQWAAGQPKT‘T;EETNED LV ¥AK xm HDIAP
SMEQ 3KD| LK‘HQK----L TDALE-NPAF 1KERAAQ¥QQAE A YiKFNQEi- HRVA\‘ wwncpsmxs- E! ‘TEWENKA!QWC i Rw:» ss---
SMEQ 3KD| LK‘HQK----W!DALE -NPAF «KERAAQ‘QQAE¥ 'Yixmgzi- RRw-v<t=¥vwr><;l=swns- --E"TEE¥¥NK !QE¥C I Kug SS-=-
UWPOB_RICK1: SMEQ 3KD}i{LKJHOD--—-V|jVKSLE-NPAF <QDIEAQ*QQTEHA YIKFNOE] HRVAw SP\AWDGPSSTS——--GELT:, gNKBEQWCgI KzIiSS———
OtSUBOI  + e e vt eoeueeoenceocesessesenssssesessessasenssssnssssnnnnas dasismid DWATHANSV———GNTTQKTE‘INDA EKHTDI ISHIHKT--
— — —e - =
R. typhi: -LIVAKQDETQ-VOHNEYRENDZPIKIDK-ADSS ;; EHLKADGTKI":KDKAT"'w TRHY SEG--PNGKZOLKE iipg.- R FVaTeDDR Y| EEG _____ E
R. peacockii: —FTLAKQD!TQ -VQUS <YREUD 3P IKI#DK-AD ‘ * M“LKADGTK‘SKDKA CyTRHY gEG--PNGK QLK ii?xn 1 HFA Tcnnﬂaﬂ‘z mﬂs ————— E
PRRP: -LTLSKQDEST-TIS:YRHMD] PVKIEKPASET “ LNHRNKDGNAI 'ILEKAW Fld? HYMATPKPNGV\ iLKE S5F % HFL!SGKEE o B E
[EISMKH -TKVILEDSVTEKENSYR\MNLPLTHKP-SGTA, “ \Fﬂa EKGE ETSKA! H JTTHYNEQ-~ - m NLVE| H:rLs- {\FTEDDKDS| ! N
[EISFH -ALVSLSDeTL-KOMSYR::UDIPTEILS —KT ‘ S “ ENGR‘ "LDRAW T"Hy iipx HFNEEGD ; E Q¥
[ESMEA -ALVSLSDeTL-KOUS!YRiUDIPTEMLS —KT, KDENGR! 'LDRA 'I" HY =S PK uFN EGDE 0
-ALVSLSDCTI-KQUS IYREEDIPTESPS-KT ‘ u S H:KDENGR= !meai TAHY ==P i HFN!EGDE! ! Q*
PHTVQKSD ¢ TN-VA gma D3PITEN-ON * IELH KDQNGR‘ !ASKA T-HY !‘ *iip i Fsgmu’ ; E QH
MGR_bin156: -TQVLLED ¢SM-RSHK: YR OMEIPKONEG-GN, P IF‘ M !KDENGH wERGA~ \T‘HYNDN ------ AL Eﬁir i 'FM!KGDD ! K|
UWPOB_RICK2: -QSFKLND!T’I‘ -KQ\SGYR:\YNJPKKTDT-GT, ! IF!MH KDENGQ ;KRDAww TAHY - iiwi ‘.FM !TG](D; ! KE
-LAVTLDNeDK-VN\{KJYR::MD3PTEJET-GK, i \M KDQNGR\ assan FnL Ewp HFM KGDD! K|
-OSFTAAN IT—KQ*S -RSIAJPPSI!KE-GS ‘— KDANGH\‘ \SKDA* dTREY ~E=P : HFMEKEDN; E =
-OSFTAANcIT-KQ\YSii-RSUAJPPSI?KE-GS ‘*;!F; KDANGH SKDA~ w T~HY “ip HFM!KEDN! ! E|
UWPOB_RICK1: -QTFTDPD ST~ ngsu -RMEJPPSHKE-GS * SF KNAKGD u AKDA~ gT HY - _PQi HFM ESKEDNZ ‘ ER UGS EH
OtsuBor: -QLSASVNEVT-KI\ TKHRMDIPRAYEE-NKEP! DI ALM‘QDTTGK ESKAQLT] HYNQE ------ SALVEJ L HPE; \‘FFSDEPGS FAYTVINN-~——~ EY
D e D S G S B R typhi VBSN  VBSC
4 I
R. typhi: i:'li; RGKYKA;;KEE LNNGQSED"E---QTIAEDLTKVQG [ 677] 1019 “3354" Em:@ 1019
R. peacockii: Hi!w RGKYKEi“Km*ELNQGQS~DI E———Q—-AEDIIIGQG [ 665] 1018 Y
PRRP: [ i! “ RGKYEEi“R\?* RNRGOA D'HLEVERKAQDLIR.. . [ 213] 489 ", Schuenke
[Pante1_1:] Hiﬁ“ KGQYES ‘ !AKNKGCN NS QTT...u..... [ 51] 813 te. ey
[Pante1 2] Hi i TQGKYRE ERNKGOEND I ———0SMa. . . . [ 104] 395 Walker
m ﬁ‘wmcxynzﬂ 'EKNKGEE NI E---QSMA [ 130] 420 Antigen
Hi" TQGKYRE“Lm EKNKGQE| Ng ---ONITTAQDM... [ 219] 515 =
m Hi! ‘TQEKYKA“Q”‘AKNLGQGND ---PSIEAPDLT... [ 294] 718
MGR_bin156: Hi! FQGK!KE“N: AVNKGMGH gg———QSL ......... [ 57] 776 conserved
UWPOB_RICK2: il‘l TKGKYDE HQ\J*ADNKGLA’N ———YW [ 44] 980 p.strand i
H‘” TQGKYKE“Rm AKNQGMA b ———QEVAQE . [ 189] 899 domain Ruplsco-
Hin i ¥TKKA¥NE“Tu¥stQGMG NI [ 165] 869 like
Hi" TKKAYNE: TM¥SKNQGMG NI [ 164] 1391
UWPOB_RICK1 Hi E‘I‘KK‘I‘YNE Tm!AKNKGVG Ng QVKEQIS .. . [ 160] 1419
OtsuBor: TREKYDOWTKZHSON . o e oo vveenenccncancnnns [ 222] 759
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Origins of Rickettsia T4SS effectors

| [ PI3/4 kinase domains [ repeats |

SWAMPs: Schuenke Walker Antigen Modular Proteins

C

MBU6184378

Rickettsiales bacterium str. REEB450
(rare earth elements -acid mine drainage)

MBU6183802

MBA2628750
Rickettsiaceae bacterium iso.

MGR_bin156

WP_011944657
Orientia tsutsugamushi

MCE2730837
Rickettsiales bacterium

49624_E59

(mineral soils,
Mackay Glacier)

str. Boryong

(lake water)

— s ¥ R m— s XN e— s R/

E-:-’:> 1419

MBN8512436

MBN8512064
Rickettsiales bacterium str. UWPOB_RICK2

MBN8523500

(activated sludge)

MBN8523153

Rickettsiales bacterium str. UWPOB_RICK1

(activated sludge)
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