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[ ] Protecbacteria Cystobacter_fuscus

[ ] Proteobacteria Phenylobacterium_sp._Root700
Firmicutes paenibacillus_sp._IHB_B_3415

[ ] Deir 1s-Thermus  Deinococcus_actinosclerus

L J Proteobacteria Kiloniella_litopenaei
Proteobacteria Gilvimarinus_palysaccharolyticus

[ ] Proteobacteria Vibrio_corallilyticus

L ] Protecbacteria Ferrimonas_marina

Proteobacteria
Proteobacteria
Firmicutes
Proteobacteria
Protecbacteria
Bacteroidetes
Eacteroidetes
Bacteroidetes
Actinobacteria
Actinobacteria
Actinobacteria
Actinobacteria

L _:—GCF_000426405 1_ASM42640v1
745 100 CF_000719025.1 ASM71902vL -
GCF_001476905.1_ASML47690vL
CF_000515395.1_ASM51539v1

GCF_000069945.1_ASME994v1

GCF_000857005.1_ASM95700vL
GCF_001570805.1_ASM157080v1

9z CF_000024545.1_ASM24541

75 CF_000244975.1_ASM24487vL -
86 GCF_000717315.1_ASM71731vl
100 CF_001642995.1_ASM164299v1

GCF_000017205 1 ASMLT20L e -

i TGCF_000826065.1_Tessaracoccus_massiliensis_SITG

GCF_00L017795. 1 ASMLOLTTOYL s

s GCF_000725815.1_Doro L 0
5% 2{ CF_000204155.1_ASM20415v1

Actinobacteria
Actinobacteria
Protecbacteria
Actinobacteria
Protecbacteria
Actinobacteria
Actinobacteria
Proteobacteria
Actinobacteria
Protecbacteria
Actinobacteria
Actinobacteria
Actinobacteria
Actinobacteria
Actinobacteria
Actinobacteria

——GCF_000238775.1_ASM2387 [ ] Cyanobacteria

—=GCF_000317555.1_ASM31755vL Cyanchacteria

GCF_000332195.1_ASM33219v1 L ] Cyanobacteria
GCF_000295135.2_ASM29513v2: [ J Firmicutes

£ CF_000427625.1_ASM42762vL Proteobacteria

993 CF_001051235.1_ASM105123v2 Proteobacteria

CF_001280155.1_ASM128015v1 [ ] Actincbacteria

CF_000152825 2_ASM15282v2- - Proteobacteria

GCF_000347595.1 ASMBATEQUL oo Proteobacteria

GCF_000261925.1_ 83643 - Protecbacteria

GCF 000009165 .1, _ASMI16vL Proteobacteria

GCF_UUUUITZU5 l_AaMlTZUul Proteobacteria

4.3 GCF_000241875 1_ASM24187vL Actinobacteria

GCF_000279285.1_ASM27928vL Protecbacteria

GCF_000586035.1_de_novo_assembly [ Protecbacteria

934 GCF_000694955.1 Lell_amni_CHS_78 VL1 [ Protecbacteria

GCF_ 1_Cm26808 1 [ ] Actincbacteria

100}GCF_000813765.1_ASMB1376vl Proteobacteria

GCF_000826065 1_Tessaracoccus_massiliensis_SIT6 @ Actinobacteria

GCF_001051995 2_ASM105199v; & [ ] Proteobacteria

GCF_0012988351_11861_6_7- [ ] Protecbacteria

22 5741 LaCF_001375495.1 F laviflexus_massiliensis Actinobacteria

GCF_001634625 1_ASMLE3462v1 - [ ] Proteobacteria

GCF_001635155.1_ASM163515v1 L ] Protecbacteria

CF_000285335.1_ASM28533vl L ] Protecbacteria

‘l——<GC<F 000020565.1_ASM2056vL Bacteroidetes

_.‘Eﬂ GCF_001468135.1 ASML46813vl Protecbacteria

7 CF_i 000742835 1_ASMT74283vL Proteobacteria
L | 1_ASM5264 Firmicutes
3 GCF_001510645 17ASM151 4yl Firmicutes
Chloroflexi

CF_000178855.1_ASM17885v1
3_2.1{—_43;_000517105 1_ASM51710v.

Cyanobacteria

GCF_000204155.1_ASM20415v1

Tree of (WP_055679482)
100

0.24

GCF_001029515.1_ASM102951vl

GCF_001404055.1_L.albaCECT7551_S

egman_Prokka @

[ ] Actinobacteria
Actinobacteria
Protecbacteria

Halcmonas_sp._S52151
Aeromonas_taiwanensis
Clostridium_pasteurianum
Rhizobium_sp._IBUN
Thalassospira_sp._H
Flavihumibacter_solisilvae
Tenacibaculum_mesophilum
Cyclobacterium_amurskyense
Geodermatophilus_obscurus
patulibacter_minatonensis
Nakamurella_lactea
Cryptosporangium_arvum
Bifidebacterium_subtile
Kineosporia_aurantiaca
Sphingomonas_sanguinis
Jiangella_gansuensis
Pseudomonas_aeruginosa_group:
Corynebacterium_urealyticum
Tessaracoccus_sp._SIT?
Enterobacter_cloacae_complex
Brevibacterium_epidermidis
Delftia_lacustris
Stackebrandtia_nassauensis
Streptosporangium_roseum
Verrucosispora_maris
Saccharomonospora_cyanea
Actinospica_acidiphila
Streptomyces_sp,_G25(2015)

Acaryochloris_sp._CCMEE_5410
Gloeocapsa_sp._PCC_7428
Pleurocapsa_sp._PCC_7319
Enterococcus_faecium
Methylobacter_luteus
Candidatus_Competibacter_denitrificans
Streptomyces_purpurogeneiscleroticus
Parvularcula_bermudensis
Bibersteinia_trehalosi
Sinorhizobiurn_fredii
Xanthormonas_euvesicatoria
Pseudomonas_aeruginosa_group
Corynebacterium_diphtheriae
Vibrio_cholerae

Aeromonas_hydrophila
Lelliottia_amnigena
Clavibacter_cf._michiganensis_LMG_26808
Brevundimonas_nasdae
Tessaracoccus_sp._SIT7
Thauera_humireducens
Achromobacter_sp

Flaviflexus_sp._SIT4
Croceicoccus_sp._H4 <
Oceanibulbus_sp._HI0082
Komagataeibacter_europasus
Candidatus_Amoebophilus_asiaticus
Legionella_santicrucis
Candidatus_Paracaedibacter_acanthamoebae
_Clostridium__josui
Paenibacillus_sp._F|AT-29882
ktedonobacter_racemifer
Fischerella_sp._PCC_9605

Verrucosispora_maris
Micromonospora_sp._Rv43
Labrenzia_alba



Protecbacteria Tatlockia_micdadei

GCF_000953635.1_LMI
| CF 000736595 1 XEFM 3523_PRIEB4321

Proteobacteria Xenorhabdus_bovienii
997 CF 000934525 1_ A:MQE&-E?\/ Protecbacteria Alteromonas_australica
CF_001294205.1_ASM1294201 Protecbacteria Amantichitinum_ursilacus
s‘l CF 000783415 1_JanthLi Protecbacteria Janthinobacterium_lividurn
\GCF_000196355.1_ASM19635v1 Protecbacteria Nitrosospira_multiformis
Bi 7 CF_000828635.1_ASM82863vL Protecbacteria Sulfuritalea_hydrogenivorans
CF_000349205.1_MPLversionl Protecbacteria Methylophaga_lonarensis
i :-GCF 001507605.1_ASM1507 Proteobacteria Microbulbifer_sp._ZGT114
544 GCF_001635005.1_ASMIL6: Proteobacteria Oceanobactér_sp._HIOO7S
Tree of (WP_004512062) | GCF_000369425 1_Acin_sp_NIPH_284_V: Proteobacteria Acinstobacter_sp,_NIPH_284
100 CF_000425565 1_ASMA42556v1 Protecbacteria Tepidiphilus_margaritifer
CF_000736515.1_ASM73651vl Bacteroidetes Schleiferia_thermophila
GCF_000341545.2_ASM34154v. Nitrospinae Nitrospina_gracilis
CF_000012925.1_ASM1292vL Protecbacteria Geobacter_metallireducens ‘
CF_001263175.1_ASML26317vL Proteobacteria Vulgatibacter_incormptus
:GCF 000021905 1_ASM2190vL Proteobacteria Desulfatibacillum_alkenivorans
0 1 GCF_000931935.2_ASMI3193v2 - - Protecbacteria Dethiosulfatarculus_sandiegensis
B5 GCF 000687835.1 A.:MEB?Sa\A [ ] Tenericutes Acholeplasma_modicum
- 925 CF_001547735.1_ASML54773v1 [ ] Aquificae Thermosulfidibacter_takaii
L GCF 000013405 1_ASM1340vL Protecbacteria Syntrophus_aciditrophicus
99 425.1_ASMI242vl Dein us-Thermus  Truepera_radiovictrix
23 CF_I nniz?snE 1_ASMLZ73TTuL Nitrospirae Nitrospira_moscoviensis
588 CF_000327395.1_ASM32739v1 Temericutes Mycoplasma_mycoides_group
3_7{ ﬂ 000010305.1_ASM1030vl- Gemmatimonadetes  Gemmatimonas_aurantiaca
903 GCF_000185705.2_Bilo_wads_3_1_6 V2 Protecbacteria Bilophila_wadsworthia
GCF_| 000009025 1 ASManzvl Chloroflexi Dehalococcoides_mecartyi
& 1 5E 1_ASM2408v1 Chloroflexi Sphaerobacter_thermophilus
75L :GCF 001050255 1_ASM105025u1 ) Chloroflexi Levilinea_saccharolytica
) GCF_001293545.1_ASM129354u1- - Chloroflexi Ardenticatena_maritima
L 56 Lo CF_001373375 1_strain_NMP_1-- Firmicutes Moorella_glycerini
2] C.GCF 001543345 1_ASM154334u1 @ Firrnicutes Turicibacter_sp, H121
GCF_001652875.1_ASM165287v] @ Firrnicutes Enterococcus_thailandicus
GCF_000283315.1_PaeOsyl.0 Firmicutes Paenibacillus_sp,_OSY-SE
25 GCF_001562415.1_ASML56241v1 Firmicutes Thermotalea_metallivorans
g GCF_0003118651_ASM31186vl - @ Firmicutes Peptoniphilus_obesi
CF_| 0003790251 A:ME?QUEVI S ® Firmicutes Orenia_marismortui
CF_000188175 1_ASMLBBLIVL - woomvmc @ Firrnicutes Phascolarctobacterium_succinatutens
gg_g{ GCF_001494645 1_ASM149468y1: Firmicutes Megasphaera_sp. DJF_B143
607 GCF_001611555.1_ASM161155vL Firmicutes Anaerosporomusa_subterranea
GCF, 000014865 1 _ASM1486vL Protecbacteria Magnetococcus_marinus
’g.,{ 4505.1_A Proteobacteria Anaplasma_centrale
g.;d_:GCF 000616095.1_ASMB1609u1 - Proteobacteria Sneathiella_glossodoripedis
) GCF_0006 1 Proteobacteria Terasakiella_pusilla
CF 000531125 1_COMPJ11_2695_PRJEB4343 Protecbacteria candidatus_Contendobacter_odensis
ﬁ CF_000761445 1_ASM76144vL Protecbacteria Oleiagrimonas_soli
6.4 CF 000014785 1_ASML478vL Protecbacteria Alkalilirmnicola_ehrlichii
57 e 4 CF_000421465 1_ASMA42146vL Protecbacteria Methylohalobius_crimeensis
GCF_000420645.1_ASM42064vL Protecbacteria Nevskia_ramosa
CF_000423825.1_ASM4 Proteobacteria Thermithiobacillus_tepidarius

—GCF_D00826065.1_Tessaracoccus_massiliensis_SIT6
~GCF_| 0007754151 _DHOM_vl-
GCF_UUUUUIIUS 1_A3MIJ.UV1
GCF_000014845.1 ASM1484vl
GCF_000018445.1 ASM1844vl
GCF_000148745 1 ASM14874vl
GCF_000168235 2_ASM16823v2
GCF_000241935.1_ASM24193vL
GCF_000263355. 1_ASM2B3BEL s
GCF_000263795.1_ASM26379vl
GCF_000264825.1_ASM26482vL
GCF_0002720251_ASM27202vl
GCF_000279285 1_ASM27928vl
GCF_000285915.1_ASM28591vl
GCF_000310225.1_ASM31022vl
Tree of (WP_000376623) GCF_000363915.2 MalNCQ:00594 10
100 GCF_000418895.1_5_| marcescensMC459 1 O
GCF_000467655.2_EC_38VIML - e
GCF_000530115 1_\.:15\11
GCF_000582705 1_MIC448-
GCF_000586035.1_de_novo_assembly e
lipgTOCF_000688575.1_S2AES
GCF_000892115.1_Citr_freu MGH_56_WV1
GCF_000694055 1 Lell_amni_CHS_78 V1
GCF_000698005 1_( Cm26808 1+
GCF_[]UUHCIISE 1_A.3M71018\t1
GCF_000723345.1_AGROS2_V1-
GCF_000783455.1_ASM78345v1
GCF_000784875.1_ASM78487v3
GCF_000877275.1_ASMBT727vl
GCF_0009673052_ASMIGTI0V2 -
3 GCF_0010221351_ASM102213vl:
GCF_001063035.1_ASM106303vl
GCF_001183565.1_ASMLLBIGEL oo
GCF_001246775.1° 8280 7 43
GCF_001298835.1_11861 6 7
GCF_0013754985.1 Flaviflexus_massiliensis
GCF_001467385 1 A3M146?38u1 -
GCF_0015520?5 1_ASM155207vl
GCF_001553285.1_ASM155328vl
GCF_001665945.1_ASM166594v]
—GCF_000715175.1_ASM71517vl

[ ] Actinobacteria  Tessaracoccus_sp._SIT7
[ ] Actinobacteria  Dermabacter_hominis
([ ] Proteobacteria  Salmonella_enterica
] Proteobacteria  Escherichia_coli
[ ] Proteobacteria  Acinetobacter_calcoaceticus_baumannii_complex
Proteobacteria  Pseudomonas_aeruginosa_group
] Proteobacteria  Yersinia_pseudotuberculosis_complex
{ ] Actinobacteria  Corynebacterium_diphtheriae
] Proteobacteria  Cellvibrio_sp._BR <
] Proteobacteria  Hydrogenophaga_sp._PBC
Proteobacteria  Edwardsiella_tarda
[ ] Proteobacteria  Ralstonia_sp._PBA
® Proteobacteria  Vibrio_cholerae
{ ] Actinobacteria  Brevibacterium_ravenspurgense
[ ] Protecbacteria  Thauera_phenylacetica
Actinobacteria  Mycobacterium_chelonae_group
° Proteobacteria  Serratia_marcescens
[ ] Protecbacteria  Enterobacter_cloacae_complex
® Proteobacteria  Morganella_morganii
®
®
®
®
®
®
®
®
®
®
®
®
®
®
®
®

Actinobacteria  Microbacterium_sp._C448
Proteobacteria  Aeromonas_hydrophila
Proteobacteria  Burkholderia_cepacia_complex
Proteobacteria  Citrobacter_freundii
Proteobacteria  Lelliottia_amnigena
Actinobacteria  Clavibacter_cf._michiganensis_LMG_26808
Proteobacteria  Delftia_tsuruhatensis
Proteocbacteria  Agrobacterium_tumefaciens_complex
Proteobacteria  Providencia_stuartii
Proteobacteria  Pantcea_sp. PSMIH1
Proteobacteria  Stenotrophomonas_maltophilia
Proteobacteria  Alcaligenes_faecalis
Proteobacteria  Kluyvera_intermedia
Proteobacteria  Proteus_mirabilis
Actinobacteria  Actinobaculum_suis
Proteobacteria  Shigella_sonnei

Proteobacteria  Achromobacter_sp.
Actinobacteria  Flaviflexus_sp._SIT4
Proteobacteria  Sphingopyxis_sp._H085
Actinobacteria  Arthrobacter_|uteclus
Actinobacteria  Varibaculum_cambriense
Actinobacteria  Kocuria_sp._IC50012
Proteobacteria  Sphingormonas_sp._DC-6

~GCF_001596585.1 ASM159658vL
CF_000807515.1_ASMB0751!

Protecbacteria  Mannheimia_haemolytica
Protecbacteria  Klebsiella_pneumoniae
CF_000814145 2_ASNM81414: Proteobacteria  Escherichia_coli

CF_001471935 1_SMART_264 vl Protecbacteria Entsrubacter_c\uacae_cumplex‘

L
L d
CF_000226175.1_ASM22617v2 Actinobacteria  Bifidobacterium_breve
ﬁ3‘| EGCF 000299355.1_ASM29935vL o [ ] Firmicutes Gottschalkia_acidurici
100 CF_000751555.1_Anaerosalibacter_massiliensis_ND1 @ Firmicutes Anaerosalibacter_sp._ND1
L d
L

Tree of (WP 039110121} 5%
100

CF_000521765.1_ASM52176v1 Protecbacteria  Bibersteinia_trehalosi
44’7 CF_000234745.1_ASM23474v1 Proteobacteria  Pasteurella_multocida
CF_000530115.1_1S15v1 Protecbacteria  Morganella_morganii

0.386



Tree of (WP_000259031)

100

Tree of (KRE39835)
100

0.43

Tree of (KQW79161),
100

0.87

00 CF_001399545.1_ASM139954vl
945 GCF_000335475.2_ASM33547v2

GCF_000255655.1_ASM25565vL
%"4" GCF_000240225.1_ASM24022v2 -

GCF_001486505.1_Paenibacillus_rubiinfantis -
GCF_000013405.1 ASM1340ul
GCF_000018445.1 ASML844ul
GCF_000148745.1 ASMLABTAvL -
GCF_000153965.1 ASMLEBGEYL e
GCF_000245735.1_ASM24573v2
GCF_000263355.1_ASM26335vL
GCF_000263795.1_ASMZ26379vl
GCF_000264825.1_ASM26482v1
GCF_000285915.1_ASM28581vl
GCF_000307755.2_ASM30775v2
GCF_000310225.1_ASM31022v1
GCF_000347675.2_ASM34767v2
GCF_000363915 2_Ma\NCQSOﬂSQ4_1 i}
GCF_000418895.1_S_marcescensMC459-1.0
GCF 000586035 1 de novo, assemb\y
GCF 000689575.. 1 SIAES
GCF_000694955.1 Lell_amni CH: 78 V1
GCF_000692005.1_Cm26808 1-
GCF_D00784875. 17A3M7848?V3
GCF70008165?5.17ASM81657V1'
GCF_001262505.1_SUS2x1
GCF_001298995.1 11861 6 %
GCF_001375485.1_Flaviflexus_massiliensis
GCF_001412025.1_ASM141202v1
{GCF70[1[1241935 1_ASM24193vl

100

oo

GCF_000775415.1_DHOM vl
100pGCF_000826065.1_Tessaracoccus_massiliensis_SITE
GCF_001552075.1_ASM155207vl
GCF_000739695.1_ASMT7. i
GCF 0002975951 Bact_frag_HMW_610_W1
GCF 0002893352 A.)M29933\t2
GCF_000420325 1_A.3M42032\t1 -----
GCF_000421705.1_ASM42170vL -
GCF_000751135.1_Kingella_kingae_IKKK247_
GCF_000982415.1 ASMIB241vL -
GCF_001690735.1 A3M1690?3V1
GCF_D00347595.1_ASM34759ul -

GCFJ]UU?E??QS 1 _ASM7BT79vl- -
W{_—:‘GCF7000372465 1_ASM37246vL
92.7 GCF_000411995.1 AO46075_01

CFJ!U0243335717ASM24333V1

[

100

Firmicutes
Proteobacteria
Protecbacteria
Protecbacteria
Protecbacteria
Proteobacteria
Protecbacteria
Proteobacteria
Proteobacteria
Actinobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Actinobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Actinobacteria
Protecbacteria
Protecbacteria
Protecbacteria
Proteobacteria
Actinobacteria
Proteobacteria
Actinobacteria
Actinobacteria
Actinobacteria
Actinobacteria
Proteobacteria
Bacteroidetes
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Protecbacteria
Actinobacteria
Actinobacteria
Actinobacteria

GCF_000759025.1_ASM75802v1
T00MGCF_001485515.1_ASM148551vl
CF_001373435.1_spAn4DRAFT yl

GCF_000178855 1_ASM17885v1-
0‘:CF7000612225.17PaeEhI1 0

pirochaetes
Bacteroidetes
Bacteroidetes

GCF_001007985.1_ASML00799vL
GCF_000389635 1_ASM38963v]:
GCF_001050135.1_ASM105013v1-
CF_000814475.1_ASMB1447v1
CF_001287705.1_ASM129770v1
GCF_000518245.1_ASMS1824yL -
CF_000156195.1_ASM15619vl-
CF_000170795.1_ASML7079vL
63 ?{i-GCF_E]OiS?SOIS.1_A3M15?301v1

GCF_001429025.1_Root700

996

80.8 839

954

843 GCF_001429785.1_Root916

90.1 GCF_001302585.1_ASM130258vL

CF_000195275.1_ASM19527vl ®
CF_900046475.1_Collinsella_ihumii [
rGCF_000158475.2_Oxal_for_HOXBLS_2_V. [
CF_001304715.1_ASM130471, ®
CF_001223685.1_7038_3_14 [

A GCF_000935865.1_ASMI3586v1 ®
CF_000183425 1_ASM18342uL s @

N 1001 —GCF_000379805.1_ASM37980u1 [

00 = GCF_000745915.1_ASM74591yl - ®
CF_001298445.1_ASM128844v1 -~ @

‘| CF 000242455.2_ASM24245v3 @

EEE . g8 CF _001544015.1_ASM154401v1 @

29 GCF_000816675 1_CAD_IHQD ®
CF_000479045.1_ASM47904vL ®

001543345 1_ASMI154334vl: [

578 i CF_000178855.1_ASM17885v1 ®
CF_001182785.1_ASM118278vL - ®

CF_001425235.1_Root413D1- [

4 + CF_000425945.1_ASM42594u1- @

983G CF_001642995.1_ASM164200v1-- @

CF_000512485.1 PCYL 1 ®

CF_000952975.1_D1G-~ - ®

35"5{:‘6:‘@& 000212915.1_ASM21291y [

GCF_000756505 1_ASM75650v1 ®

GCF_000055845 1_ASMS594v1 [

99 1\GCF_001701045.1_ASM170104v1 ]

Paenibacillus_sp._MT18
Syntrophus_aciditrophicus
Acinetobacter_calcoaceticus_baumannii_complex
Pseudomonas_aeruginosa_group
Vibrio_cholerae
Alishewanella_jeotgali
Cellvibrio_sp._BR
Hydrogenophaga_sp._PBC
Edwardsiella_tarda
Brevibacterium |_ravenspurgense
Morganella_merganii
Thauera_phenylacetica
Sphingomenas_sp._MM-1
Mycobacterium_chelonae_group
Serratia_marcescens
Aeromonas_hydrophila
Burkholderia_cepacia_complex
Lelliottia_amnigena
Clavibacter_cf,_michiganensis_LMG_26808
Pantoea_sp._PSMIH1
Geobacter_soli
shinella_sp._susz
Achromobacter_sp.
Flaviflexus_sp._SIT4
Xanthomonas_axcnopodis
Corynebacterium_diphtheriae
Dermabacter_hominis
Tessaracoccus_sp._SIT7
Arthrobacter_|uteolus
Tepidicaulis_marinus
Bacteroides_fragilis
Alcanivorax_pacificus
Spongiibacter_tropicus
Brevundimonas_naejangsanensis
Kingella_kingae
Kiloniella_ltopenaei
Gilliamella_apicola
Bibersteinia_trehalosi
streptacidiphilus_jiangxiensis
Kribbella_catacumbae
Amycolatopsis_orientalis
Leptonema_illini
Phaeodactylibacter_xiamenensis
Flavobacterium_psychrophilum

|

Firmicutes Sporomusa_sp._And
Chloroflexi Ktedonobacter_racemifer
Firmicutes Paenibacillus_ehimensis
Deir is-Thermus  'Deinecoccus_soli'_Cha_et_al._2014
Firmicutes Clastridium_pasteurianum

Bacteroidetes
Bacteroidetes
Bacteroidetes
Spirechaetes
Bacteroidetes
Bacteroidetes
Protecbacteria
Protecbacteria
Protechacteria
Protecbacteria
Protecbacteria
Planctomycetes
Actinobacteria
Actinobacteria

Spirochaetes
Actinobacteria
Protecbacteria

Firmicutes

Protecbacteria
Tenericutes
Bactercidetes
Bactercidetes
Deinococcus-Thermus
Cyanobacteria
Planctomycetes

Firmicutes
Firmicutes

Fusobacteria

Firmicutes
Chloroflexi
Firmicutes

Proteobacteria
Actinobacteria
Actinobacteria
Proteobacteria

Firmicutes

Bactercidetes
Bacteroidetes
Protecbacteria
Synergistetes

Cyclobacterium_amurskyense
Flavihumibacter_solisilvae
Chryseobacterium_sp. ERMR04
Erachyspira_alvinipulli
Eacteroides_finegoldii
Pedobacter_sp. BAL39
Arcobacter_cryaerophilus
Phenylobacterium_sp._Root700
Variovorax_paradoxus
Cystobacter_fuscus
Lysobacter_sp. Root916
Schlesneria_paludicola
Patulibacter_medicamentiverans
Kibdelosporangium_phytohabitans

Treponema_succinifaciens
Collinsella_sp._GD7
Oxalobacter_formigenes
Megasphaera_elsdenii
Campylobacter_coli
Mycoplasma_hominis
Marivirga_tractuosa
Lewinella_cohaerens
Deinococcus_misasensis
Mostoc_piscinale
Singulisphaera_acidiphila
Limnochorda_pilosa
Clostridium_argentinenss
Cetobacterium_somerae
Turicibacter_sp._H121
Ktedoncbacter_racemifer
Bacillus_cereus_group
Devosia_sp._Rootd13D1
Solirubrobacter_sp. URHDO082
Streptornyces_sp._G25(2015)
Pseudomonas_chlororaphis_group
Peptoniphilus_sp._1-1
Bacteroides_coprosuis
ornithobacterium_rhinctracheale
Lawsonia_intracellularis
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Supplementary Figure 1 | Protein phylogenetic trees. Phylogenetic trees were built for the proteobacterial proteins that
show the highest sequence identity to Streptomyces ARG proteins, the proteins encoded in neighboring area of resistance
gene pac, and proteins involved in cmx “carry back”. The position of the query sequence was marked by red triangle in the
trees. Gram-positive and Gram-negative bacteria are marked in red and blue respectively.
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Supplementary Figure 2 | Puromycin resistance gene pac and neighbouring genes in actinobacteria and

proteobacteria. The puromycin biosynthetic gene cluster in puromycin producer is composed of ten genes (red).

Homologues (protein sequence identity value indicated) of seven of them including the resistance gene pac

(WP_046974149.1) were found in proteobacteria (blue). A standalone pac was also found in proteobacteria (blue). The

products of all these genes were more similar to actinobacterial proteins than to proteins from any other phyla, suggesting

they were co-transferred from actinobacteria to proteobacteria (Supplementary Fig. 1).
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——————————— MPFALYM1 ATAVE vMGTSEFVTAGLERA 1ATEL DS VGTAGLLTS AFAVGMY C APVMAA - ARRWP PR1.T1EVCELVFAGEHVEG TP
——————————— MPFATYY 1 GLAVEAQGTSERLSGLVEDMAA D= 6V S H0A G5 LTSAFAVGHITCAPLVAMIS L RWPRR RAL LAFUE 1 FLLAHVVGALTN
----------- MP1 PLYLLAVAVCAMGTSEFLAGLYPD 1 ASDLGVEVGTAGTLTSAFATGMIVGAPLVARLARTWPRR S S L LGEELAFARAHAVGAGTT
MSSKNFSWRYSHAATHLLLEPFDLLASLGMDMYLPAVEFMPNALGTEA ST IO TLETYLVMEGAGOLLFEPLSDRLGRRPVLLEGGGLAY VVASHGLALTS

VESELLITRVESALANAGE L AVALS AT TLVPANOKG -RALST LLSGTT 1 ATVNGVEAGALLGTALGHR T F WANAT LCTPARVEVERGY TNNVEREETS
SEEVLrvERVEAALANAGE L AVELATAASHAGPOAKG -RATSTLES GV LACKAGVPLGANE SEVWGHREAFWEVAT 1 SAPAVEAVENSVE -~ —— ATev

SEPVLYACRVVAALANAGE LAVAL T TAAALVPADKOG-RALAVLLSGITVATYAGVPGGELLGTWLGWRAT FWAVAYCCEPAAFGVLRATE -~ AGRATAA
SAEVFLGLRELQACEBASACLVSTFATVRDEYABREESNVIYGILGSMLAMV PAMGPLEGALY DMWLGWRAI FAFBGHGMIAASAAAWRFWE----ETRVQ

ATS-PRERVELSQEATPRE 1 LAMALGALENGET - Al TELAPEVT= TAGLAF AWVSVALFMFGTGSE 1 GVTEACRESDORPG - LVLAVGGPL L E TG TVE
DPSHPSURHEL RALRTPRYGY T BELGALVNGAT F CSFIMEAPVETN Y TEESS GV A THALEGIGSE VGV NVEGRIAD TREG -0V AVGEAA LEAGH LT
ATGGEPLRVELAALKTPRILLAMLLGALVNAAT rAS F TELAPVVT DTAGLG DEWESVALYLFGAGSEAGVTVAGRLSDRRPA -0V AVAGPLLLVGIWPAE
RVBGLOWSQLLLPMKCLNFWLYTLCYAAGMEGSFFVFFEIAPGEMMGROGUSOLGFSHLFATVRAIAMVFTARFMGRY I PKWGS PSVLREGMGCLEAGAVEL

AvvESHBVATLEY - BV 1 VOGr ESFGVGSTRT TRVEYAASGAPTGE S YATARTNE CAAAGE VEGATGIATG LG LEAPNIVAS VL TA TARVEME L TRRALEK
ALEAGNRVVALY - EVEVOGALSFGVGSTLT A0~ LY TAS DAPTEACCEATAATNVCARAGPALGELALGAE G Y REPE VS AV JATALVEAGVARARGVE
AMLADRPVALE T -LVEVOGALSFANGS TLITRVLY - ANGAPTMAGSYATAATNVCAAAGPL.VAAT TLGH T TENLGPLHASCHL JAVALEVAF PFRTVITT
AITEIWABQSVEGFEAPMWLYG I GVATANSVAPNGALRGF DHVAGEVTAVY FCHGEVLLGSEGTHIESLLPRNTAWPVVVYCLTLATHVLELSCVSRVKG

TEAEAN--—-—-——————————- multi-phylum Cmx (WP_005297378)

GIK-AATENPPTGRPVEARS— S. venezuelae self-protecting chloramphenicol efflux pump (WP_015032122)
AAPADATR-—-—--—-—-—=-—— S. lividans confirmed chloramphenicol efflux pump (P31141)
SRGQGEHDVVALQSAESTSNPNR Pseudomonas aeruginosa CmlA (WP_000095725)

Supplementary Figure 3 | Alignment of the multi-phylum Cmx, and three other confirmed chloramphenicol
resistance pumps. Alignment was performed using software Vector NTI. Non-similar residues are shown as black letters
on a white background; weakly similar residues are shown as green letters on a white background; conservative residues are
shown as black letters on a blue background; block of similar residues are shown as black letters on a green background;
identical residues are shown as red letters on a yellow background. The multi-phylum Cmx showed 63% identity (100%
coverage) to the chloramphenicol efflux pump (P31141) from the model actinobacterium Streptomyces lividans 66, and 52%
identity (99% coverage) to the self-protecting efflux pump (WP_015032122.1) from the chloramphenicol producer
Streptomyces venezuelae. Meanwhile, it showed only 29% identity (27% coverage) to CmlA (WP_000095725), a confirmed

proteobacterial chloramphenicol efflux pump.
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Supplementary Figure 4 | A full tanglegram of the phylogeny of the genus representative hits of cimx and the host
phylogeny of their corresponding 16S rRNA sequences. The red labels show the Gram-positive actinobacteria while the
blue labels illustrate the Gram-negative proteobacteria. cmx is said to have a hit in a genome if the genome has a Cmx
protein (WP_005297378.1) sequence match with e-value of 10E-50 or less, 30% BLAST identity and 80% coverage. The

best hit per genus is taken as the representative hit. The hits with over 99% identity to WP_005297378.1 are highlighted

with a frame.
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WP 038989331.1 similar to Streptomyces
lincomycin pump (MFS transporter permease)
repressor

hypothetical protein . - . .
AraC family transcriptional regulator from Actinobacteria

7338 bp

99% identical to natural plasmid pRSF1010 100% identical to many other proteobacterial plasmids

repB

mobC
oriT origin of conjugational DNA transfer

\

mobB

Salmonella enterica strain PS01 Contig 19 NZ LQZK01000054

Supplementary Figure 5 |WP_038989331.1 gene from Salmonella enterica PS01. The predicted transporter protein
WP _038989331.1 is 50% identical to the self-protecting lincomycin pump, LmrA (CAA42550), from Streptomyces
lincolnensis. Its gene is found on a plasmid from Salmonella enterica PSO1. Similar plasmids were also found from
Salmonella enterica subsp. enterica serovar typhimurium str. DT104 (NZ_CTFZ01000046.1:1-9225) and Escherichia coli
EC2 1 (NZ_JWKJ01000106.1:1-7466). The WP_038989331.1 gene and the adjacent regulator gene showed actinobacterial
sequence signature (highlighted in red), suggesting that they were transferred from actinobacteria recently. The region from
mobC to repC is 99% identical to the broad-host-range proteobacterial plasmid pRSF1010 (highlighted in blue). These
elements are responsible for the ability of pPRSF1010 to be mobilized by conjugation from E.coli into Streptomyces and

Mycobacterium (helped by conjugative plasmid) and stably maintained there.
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Supplementary Figure 6 | Cloning of cmx transposon and its chloramphenicol resistance activity in E.coli. a, Cloning
of cmx transposon. The cmx transposon (highlighted in red) was PCR amplified from P. aeruginosa PA7 by primer xj143
(as both forward and reverse primer). Plasmid backbone (marked in blue) was amplified from plasmid pKD46 by primer
xj144 and xj145. The two PCR products were assembled by Gibson reaction, transferred into E. coli DH5a and selected on
Amp plate. Insertion direction was determined by sequencing with primer xj146. The resulted plasmids were named as
pXJ79 and pXJ80. Plasmids pXJ79cu and pXJ80cu were constructed likewise and the cmx transposon was amplified from C.
urealyticum DSM 7109. Plasmid pXJ79 was amplified with primer xjl177and xj178, and the product was recirculated by
Gibson reaction, generating pXJ79a. By this way promoter pLac (without lacO) was inserted in front of the transposon. b,

Dose-response curves of chloramphenicol on E.coli DH5a with cloned cmx transposon. Concentrations of chloramphenicol
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were included at twofold serial dilutions. Growth was conducted in quadruplicate 50 pl volumes for each antibacterial
concentration in 96-well plates. After 48 h of incubation at 30°C, the OD600 was determined using a plate reader.
Quadruplicate values for each drug condition were averaged and then normalized to growth levels without added drug (error
bar: s.d.; n=4). Increased tolerance towards chloramphenicol was observed when a promoter was provided in front of the
transposon (pXJ79a). A similar level of resistance was also observed when the transposon was inserted in the same direction
as upstream native genes (pXJ80), suggesting that cmx can be functionally expressed in the new host by read-through of

transcription from upstream native genes.
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Actinobacteria:

93% identical to cmx - antibiotic resistance gene
Arthrobacter sp. 161MFSha2.1 - - transposable element: P, plasmid protein; T, transposase;
_:' |, integrase; C, conjugation protein
_:' I 22 bp inverted repeat of cmx transposon

Corynebacterium glutamicum
strain 1014
small plasmid pXZ10145.1

cmx tnpd5  0.9Mb T omx T T T tnp45
Corynebacterium urealyticum
DSM 7109
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Proteobacteria:
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Supplementary Figure 7 | Examples of cmx transposon and its context in different hosts. Antibiotic resistance and
mobile element genes are colored as black and grey respectively. Mobile element types are indicated. A gene 93% identical
to cmx is found in Arthrobacter sp. 161MFSha2.1. No tnp45 gene is found in the same genome. On C. glutamicum plasmid
pXZ10145.1, a basic form of cmx transposon with only cmx and tnp45 inside was found. On C. urealyticum DSM 7109
chromosome, the cmx transposon duplicated, and the second copy has a new transposon Tn5393 carrying two
aminoglycoside phosphotransferases inserted between cmx and tmp45. On P. aeruginosa PA7 chromosome, the cmx
transposon was found within a 53 kb integrated plasmid with conjugation proteins, transposases, integrase and four other

ARGs. In K. oxytoca, the cmx transposon is located in an In4-like integron and a composite transposon.
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Supplementary Table 1 | primer sequences used in cloning and sequencing

Primer name Primer sequence 5’-3’

Xj143 TAGGGATAACAGGGTAATCTAGCTGTGATGTCCAGGGACGTTGTT
Xj144 ATTACCCTGTTATCCCTAAAATTGGAATCAGGTTTGTGCC

Xj145 ATTACCCTGTTATCCCTACGAGTTCCGTGCCGGTTG

Xj146 AATACCGCGCCACATAGCAG

Xj171.1 CAACAGAGCCTGGCGTAATAGCGAAGAGGC

Xj172 CACCGTCACCAGCTGTTTCCTGTGTGAAATTGTTA

Xj173 GGAAACAGCTGGTGACGGTGTTCGGCATTC

Xj174.1 TATTACGCCAGGCTCTGTTGCAAAGATTGGC

Xj177 TTATGCTTCCGGCTCGTATGTTGTGTGGATTCACTTTTTCTTCACAACCGG
Xj178 ACATACGAGCCGGAAGCATAAAGTGTAAAGTCATAATAAATCGATGCAGGTGG
Xj130 GGAAACAGCTATGCCTTTTGCCCTCTACATGC

Xj131 TGCGTAAGGAGGATAGCCGTCTTCGACAATCAG

Orf5-f-1 TGCCACCCGAACCTGCG

Tnp6100-r-1 ATCGGATAGCGACAATACCAG
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