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ESM Table S1. Abbreviations of Actinobacteria and Bacillales genera names, used

throughout the work.

Full genus name:

Abbreviation used in the work:

Agromyces.

A.

Actinocrispum Ac.
Aeromicrobium Aer.
Actinokineospora Ak.
Alloactinosynnema Al
Allonocardiopsis All.
Amycolatopsis Am.
Actinomadura Amd.
Actinophytocola Ap.
Actinoplanes Apl.
Actinopolymorpha Apm.
Atopobium. Atp.
Bacillus Bac.
Blastococcus Bc.
Brevibacillus Bbac.
Baekduia Bd.
cand. Planktophila c. Pp.
Catellatospora Cls.
Diaminobutiricimonas Dab.
Enterorhabdus Er.
Frankia F.
Gordonia G.
Glacibacter Gb.
Geodermathophilus Gdp.
Glycomyces Gm.
Herbihabitans H.
Haloactinospora Ha.
Herbidospora Hs.
Jiangella Ja.
Jishengella Js.
Kutzneria K.
Kibdelosporangium Kib.
Kribbella Kr.
Kitasatospora Ksp.
Lentzea L.
Leifsonia Ls.
Microbispora M.
Mycobacterium Mb.
Mycolicibacterium Mch.
Murinocardiopsis Mcp.
Modestobacter Mdb.
Micromonospora. Mms.
Nonomuraea N.
Nocardia Ncd.
Nitriliruptoraceae bacterium NiB
Nakamurella Nm.

Nocardiopsis

Np.




Full genus name:

Abbreviation used in the work:

Paenibacillus Pnb.
Pseudokineococcus Pkc.
Promicromonospora Pms.
Prauserella Pr.
Pseudonocardia Ps.
Parvibacter Pbv.
Rathayibacter Rb.
Rhodococcus Rc.
Stackebrandtia Sh.
Streptomonospora Sms.
Saccharopolyspora Sp.
Streptosporangium Ss.
Saccharothtix St.
Streptomyces Str.
Tamaricihabitans T.
Thermoactinomyces Tam.
Tsukamurella Tm.
Tomitella Tt.
Verrucosispora Vcs.
Williamsia W.
Xiangella Xa.
Cryptosporangium Cs.




ESM Table S2. List of transposases from known MGEs carrying vlgs used for comparing
with the transposases encoded within Atopobium minutum 10063974, Enterorhabdus

mucosicola NM66_B29 and Parvibacter caecicola DSM 22242 MGEs.

Protein ID: | Name: Source: Reference:
AAQ17155 | Tn1546 transposase Staphylococcus aureus [1]
plasmid pLWO043
AAQ17125 | 1IS431mec transposase | Staphylococcus aureus [1]
plasmid pLWO043
AAQ17171 | Tn552 transposase Staphylococcus aureus [1]
plasmid pLWO043
AAB42161 | Tn5506 1S1252 Enterococcus faecium [2]
transposase plasmid pHKK701
RNL10277 | site-specific integrase | Parvibacter caecicola -
DSM 22242
AABO00677 | Tn5482 1S3-like Enterococcus faecium [3]
transposase insertion sequence
1S1216V
AABQ00676 | Tn5482 I1SS1 Enterococcus faecium [3]
homolog transposase | insertion sequence
1S1216V
AAO083056 | 1S256 transposase Enterococcus faecalis [4]
V583 plasmid pTEF1
AAO083057 | 1S1216 transposase Enterococcus faecalis [4]
V583 plasmid pTEF1
AAF72368 | Tn1549 integrase Enterococcus faecalis [5]
transposon Tn1549
AAL27448 | Tn6202 Int410 Enterococcus faecalis [6]
integrase N00-0410 transposon
Tn6202
AAC44460 | Tnl547 transposase Enterococcus faecalis [7]
insertion sequence 1S16,
Tnl547
EMZ42128 | site-specific Atopobium minutum -
recombinase/integrase | 10063974
MV X60893 | tyrosine-type Enterorhabdus -

recombinase/integrase

mucosicola NM66_B29




94.4% aa Sl to WP_123743886.1
TIGR02680 family protein,
Saccharothrix texasensis

91.2% aa Sl to TQM80882.1
hypothetical protein FHX81_3232
Saccharothrix saharensis

96% aa Sl to WP_073888874.1
hypothetical protein
Saccharothrix sp. CB00851
86.3% aa Sl to WP_204842104 .1
hypothetical protein,
Saccharothrix algeriensis

87.7% aa Sl to WP_106193560.1
hypothetical protein,

Umezawaea tangerina

83.3% aa Sl to GGP44880.1
hypothetical protein GCM10010185_15790,
Saccharothrix coeruleofusca

no significant hits

no significant hits

86.0% aa Sl to QTR02739.1
serine/threonine protein phosphatase,
Saccharothrix algeriensis

CA878-1

CA878-43

67.3% aa Sl to WP_184923237.1
hypothetical protein,

Saccharothrix echatanensis

77.6% aa Sl to RAS63618.1
hypothetical protein C8D87_10619,
Lentzea atacamensis

65% aa Sl to WP_209617005.1
hypothetical protein,

Saccharothrix coeruleofusca
90.5% aa Sl to WP_073896897.1
DUF2795 domain-containing protein,
Saccharothrix sp. CB00851

60.6% aa Sl to WP_199440077 1
VWA domain-containing protein,
Umezawaea sp. RENG

85% aa Sl to WP_091448590.1
alpha/beta hydrolase,
Actinokineospora iranica

L 4 a0 L@ 4 44444743

ESM Figure S1. Defining the genes annotated within previously unannotated regions flanking
the CA878 GPA BGC (HM486075, genes CA878-1 to CA878-43), coming from metagenomic
sample. Majority of newly annotated genes encode proteins which have homologues with highest
amino acid sequence identity percentages (aa SI) in Saccharothrix spp.



(a) (b)

90.6% aa Sl to WP_071802791.1
NADPH-dependent F420 reductase,
Couchioplanes caeruleus

84.8% aa Sl to GIM75594 .1
hypothetical protein Aau02nite_66710,
Actinoplanes auranticolor

94.8% aa Sl to WP_203773400.1

71.3%% aa Sl to WP_132620982.1
small multidrug efflux protein,
Nonomuraea terrae

76.6% aa Sl to WP_066367518.1
GPP34 family phosphoprotein,
Herbidospora mongoliensis

S-methyl-5'-thioadenosine phosphorylase, CA37-1
Actinoplanes nipponensis
99% aa Sl to GIM75588.1
UPFO0301 protein,
Actinoplanes auranticolor CA37-55

79.8% aa Sl to WP_045740251.1
hypothetical protein,
Actinoplanes rectilineatus

72.1% aa Sl to WP_089006652.1
VanZ family protein,
Micromonospora viridifaciens

79% aa Sl to WP_122979852.1
malonic semialdehyde reductase,
Actinoplanes teichomyceticus
80.9% aa Sl to WP_122982387.1
4'-phosphopantetheinyl transferase
superfamily protein,

Actinoplanes teichomyceticus

no significant hits

ﬁ
|

CA915-1

CA915-51

82.46% aa Sl to GIM74516.1
hypothetical protein Aau02nite_61380,
Actinoplanes auranticolor

77.3% aa Sl to GIM74516.1
hypothetical protein Aau02nite_61380,
Actinoplanes auranticolor

84.9% aa Sl to WP_160165976.1
hypothetical protein,

Actinoplanes sp. OR16

no significant hits

no significant hits

no significant hits

66.8% aa Sl to AGL16591.1
FG-GAP repeat-containing protein
Actinoplanes sp. N902-109
68.3% aa Sl to WP_196204398.1
hypothetical protein,
Plantactinospora sp. S1510

40% aa Sl to WP_203756169.1
hypothetical protein,
Actinoplanes cyaneus

83% aa Sl to WP_184996815.1
hypothetical protein,
Actinoplanes digitatis

79% aa Sl to WP_203834924 .1
N-acetyltransferase,
Actinoplanes humidus

a L {1 444444464 40 4|

ESM Figure S2. Defining the genes annotated within previously unannotated flanks of (a)
CA915 (HM486076, genes from CA915-1 to CA915-51) and (b) CA37 (HM486074, genes from
CA37-1 to CA37-55) GPA BGCs, coming from metagenomic samples. Majority of newly
annotated genes encode proteins which have homologues with highest amino acid sequence

identity percentages (aa Sl) in Actinoplanes spp.



Actinobacterial VanY-like M15B,
Y5 genes either adjacent other VLGs or orphan;
also contains VanY coded in auk, Amycolatopsis GPA BGCs, etc.

VanYncs NiB ZYF776
85 VanYncs Pp. sp. MMS-VB-114 o
98 - . - - — VanY2ncs-RS Kr. antibiotica JCM 13523
Y4 Actinobacterial VanY-like M15B, corresponding genes are “orphan”.
= 100, Y Actinobacterial VanY-like M15B from Pseudonocardiaceae,

corresponding genes are “orphan”.

35 20 VanYncs-RS Ha. alba DSM 45211
VanYncs Cls. acidiphila DSM 44928

° 100 Actinobacterial VanY-like M15B,
Y2 genes always adjacent to vanRS-like pairs;
also contains VanY coded in dbv, noc, pek, etc.

e ——N 1 57/ G & posiive beciera.

1

ESM Figure S3. Phylogenetic tree showing the overall phylogeny of VanY-like M15B
carboxypeptidase dataset. Five main clusters (Y1-Y5) were collapsed. Expanded clusters are
given separately: Y1 in ESM Figure S4; Y2 in ESM Figure S5; Y3 and Y4 in ESM Figure S6;
Y5 in ESM Figure S7. Phylogenetic tree was constructed as described in Methods section.

“cs/ncs” abbreviations in the label at the tip of each branch here and further means “cluster-

situated/non-cluster-situated”. Scale bar represents number of substitutions per site.



Y1

VanY1ncs Bd. soli BR7-21

100

100l AAFT72360 VanYB Enterococcus faecalis BM4382 plP834 Tn1549
100' VanYncs-HAXWRS Atp. minutum 10063974
AAB05624 VanY Enterococcus faecalis V583

25

ABAT1729 VanYG Enterococcus faecalis G1-01247

—— AAAB5958 VanY Enterococcus faecium BM4147 Tn1546
100

58

a4 VanY-RSHAXW Brevibacillus laterosporus E7593-50
AAF36805 VanY Paenibacillus popilliae ATCC 14706

VanY4ncs H. rhizosphaerae DSM 101727
VanYncs1 All. opalescens DSM 45601
VanYncs Apl. teichomyceticus ATCC 31121

95

VanYncs Apl. awajinensis ssp. mycoplanecinus NRRL B-16712
VanY1ncs Apl. regularis DSM 43151

VanYncs Apl. derwentensis DSM 43941

VanYncs Apl. missouriensis 431

VanYncs Apl. brasiliensis DSM 43805

VanYncs Apl. friuliensis DSM 7358

0L vanYnces Apl. sp. ATCC 53533

28] log

ESM Figure S4. Expanded clade corresponding to the Y1 cluster from ESM Figure S3. Scale

bar represents number of substitutions per site.
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Y2

92 VanYncs3-RS K. albida DSM 43870
471:: VanY5ncs-RS K. buriramensis DSM 45791
VanYncs2 K. aibida DSM 43870

VanYnes3 K. buriramensis DSM 45791

VanYncs1-S K. buriramensis DSM 45791

63

42

VanYncs-RS Nm. silvesiris DSM 102309

0.20

22

99— Van¥Ynes-S Apl. italicus DSM 43146
L VanYncs2-S Apf. regufans DSM 43151
VanYncs-RSHAXK Str. sp. NR| 3701
83| VanYncs-RSHAXK Str. sp. SID5471
54| VanYncs-HAXRSK Ksp. aureofaciens NRRL B-2658
VanYncs Str. rimosus ssp. rimosus NRRL WC-3897
VanYncs-RSHAXK Str. sp. WAC 06725
VanYncs-RSHAXK Str. sp. WAC 06783
VanYncs1-RSHAX Str. sp. YIM 121038
VanYncs-RSHAXK Str. kasugaensis AM-2504
VanYcs-RS Str. sp. WAC1420
VanYncs-RSHAXK Str. albofaciens JCM 4342
100, VanYcs Str. sp. WAC 04229
VanYcs Str. sp. WAC4229
VanYcs N. gerenzanensis ATCC 39727
{ VanYcs N. coxensis DSM 45129
I VanYncs-RS N. fuscirosea CGMCC 4.7104
[ VanYcs-RS A sp. WAC 01424
VanYncs-R M. sp. ATCC 55076
—— VanYncs-RS N. coxensis DSM 45129
L VanYncs-RS N. gerenzanensis ATCC 39727
100—— VanYncs Sp. aanmICTUbICa DSM 45119
L VanYncs Sp. hirsuta DSM 447
100 VanY3ncs-RS K/b aridum A82846
100| VanY3ncs-RS Kib. aridum DSM 43828
34 VanY1ncs-RS Kib. iohyrohabrtans KLBMP1111
VanYncs3-RS Sti. australiensis DSM 43800
30 \7 VanYncs3-RS St espanaens#s DSM 44229
VanYncs5-RS K. albida DSM 43870

VanYncs-RS Amd. montaniterrae CYP1-1B
Van¥Yncs1-RSZ Amd. sp. H3C3
21 VanYnecs-ArDdIRS Amd. umbrina DSM 43927
VanYncs-RS Amd. meyerae DSM 44715

——— VanYncs-| %S Am. regifaucium D3M 45072

VanYncs-RS Am. ofientalis B-37

59, VanYncs-RS Am. lurida NRRL 2430

VanYncs-RS Am. furida DSM 43134

VanYncs-RS Am. sp. WAC 04182

VanYnsc-RS Am. decaplanina DSM 44594

VanYncs-RS Am. sp. WAC 05977

VanYncs-RS Am. thailandensis JCM 16380

VanYncs-RS Am. sp. BJA-103

VanYncs-RS Am alba DSM 44262

VanYncs-RS Am. azurea DSM 43854

VanYncs-RS Am. japonica MG417-CF17

72| Van¥Yncs-RS Am. sp. MUM 2582

VanYncs-RS Am. sp. WAC 04197

VanYncs-RS Am. sp. CBO001

VanYncs-RS Am. sp. WAC 01375

VanYncs-RS Am. sp. WAC 01416

VanYncs-RS Am. sp. WAC 01376

VanYncs-RS Am. keratiniphilta DSM 44409

5| VanYncs-RS Am. keratiniphila ssp. nogabecina FH 189
43~ VanYncs-RS Am. keratiniphila HCCB10007
51- VanYncs-RS Am. sp. WAC 04169

99

83 52

83|

ESM Figure S5. Expanded clade corresponding to the Y2 cluster from ESM Figure S3. BGC-
encoded proteins are given in red. Scale bar represents number of substitutions per site.
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Y3 sg VanYncs Am. keratiniphila DSM 44409
VanYncs Am. sp. WAC 04169
31 VanYncs Am. keratiniphila ssp. nogabecina FH 1893
VanYncs Am. japonica MG417-CF17
1vanYncs Am. sp. CB00013
VanYncs Am. sp. MJM 2582
5/anYncs Am. sp. WAC 04197
VanYncs Am. keratiniphila HCCB10007
VanYncs Am. sp. WAC 05977
VanYncs Am. coloradensis DSM 44225
VanYncs Am. sp. WAC 01375
96! \anYncs Am. sp. WAC 01416
VanYncs Am. sp. WAC 01376
VanYncs Am. decaplanina DSM 44594
VanYncs Am. sp. WAC 04182
VanYncs Am. lurida NRRL 2430
18| | 100! Van¥ncs Am. lurida DSM 43134
L VanYncs Am. sp. BJA-103
100, VanYnecs Am. regifaucium DSM 45072
98 VanYncs Am. regifaucium GY080
VanYncs Am. orientalis B-37
VanYncs Am. alba DSM 44262
53| - VanYncs Am. azurea DSM 43854
83 77— VanYncs Am. thailandensis JCM 16380
VanY3ncs H. rhizosphaerae DSM 101727
61 VanY2ncs St. australiensis DSM 43800
95 VanY2ncs St. espanaensis DSM 44229
VanY2nces L. flaviverrucosa DSM 44664
97 VanY1ncs Ac. wychmicini DSM 45934
99 I: VanY4ncs Kib. phytohabitans KLBMP1111
gor VanY1incs Kib. aridum A82846
4[— VanY1ncs Kib. aridum DSM 43828
VanYncs Nm. multipartita DSM 44233
— VanYncs4 K. albida DSM 43870

17,

300

87

0.20

Y 4 ﬂ|— VanY2ncs Ncd. cyriacigeorgica MDA3349

74 VanY2ncs Tm. paurometabola DSM 20162

VanY1ncs Tm. tyrosinosolvens MH1

L VanY2ncs Ncd. terpenica NC_YFY_NTO001
—
VanYncs G. bronchialis DSM 43247

0.20

ESM Figure S6. Expanded clades corresponding to the Y3 and Y4 clusters from ESM Figure
S3. Scale bar represents number of substitutions per site.
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100, VanYncs-RSJ Sir. sp. KS 5
VanYncs-RSJ Str. sp. PAN FS17
VanYncs-RSJ Str. chartreusis ATCC 14922
VanYncs-RSJ Str. afboflavus MDJK4
VanYnes-RS Ps. cypriaca DSM 45511
VanY2ncs-AlrDdl Amd. sp. H3C3
Van¥Yncs-RSJ M. sp. GKU 823
vanYnes-RJ Sir. formicae KY5
VanYncs-J Str. kanamycerncusATCC 12853
VanYncs-RSJ Str. atboniger ATCC 1
VanYncs-RS Sir. sp W007
VanYncs—RSJ Sir. globisporus C-1027
100; VanY1ncs-RSJ Sir. filamentosus NRRL 11379
VanY2ncs-RSJ Str. filamentfosus NRRL 11379

s Vanvnoe RS S R, Par
VanYncs-RJ Str. silvensis ATCC 53525
15 VanY2ncs H. rhizosphagrae DSM 101727
I VanYncs-AsrDdIRS Mcp. flavida DSM 45312
VanYncs-RSJ Str. affalfae ACCC40021
= Vanvncs-RSJ St spectabilis NRRL 2792
VanYncs-RS Mms. sp. PPF5-17
9 g Van¥ncs-RSJ Str davaonensis JCM 4913
30, VanYncs-RS Apm cephalotaxi CPCC 202808
VanY2ncs-R8J Sir. sp. YIM 121038
VanYncs-RSHAXK Kr. sindirgiensis DSM 27082
VanYncs-HAXRS Cb. woessi DSM 4684
VanYnes-Z A. albus DSM 15934
VanY2ncs-RS All. opalescens DSM 4
VanYncs-RSJ Sir. sp. WAC 01529
VanYncs-HAXRS Am. sp. KNN50 9b
VanYncs-gS Ja. anatolica GTF31

VanYcs CA87
VanY2ncs-RSJ H. sp. NEAU-GS14
VanYnes-RSHAX Kr. flavida DSM 17836
VanYncs-RSAIrDdI Bc. sp. DSM 44270
VanY1ncs-RS Ned. terpenica NC_YFY_NTO001

38,
—— VanYcs-HAXRS Ned. terpenica NC_YFY_NTO001
19 VanY4ncs-HAXRS St ausfrafiensis DSM 43300
\—|_7 vanyes Apl sp. ATCC 53533
99 vanYcs-HAXRS CA37

VanYcs Am. crientalis B-37
60 700! VanYcs Am. orientalis ATCC19795
99, VanYcs Am. regifaucium DSM 45072
34 VanYcs Am. regifaucium GY080
_—  VanYcs Am.sp. H5
VanYcs Am. balhimycina DSM 5908
VanYcs Ak auranticolor YU 961-1
VanYcs Am. bartoniae DSM 45807
VanY2ncs-HAXRS Pb. medicamentivorans 111
30 VanYncs Amd. syzygii GKU157
VanY2ncs-RS Srb. pauli DSM 14954
——————— VanYncs-RS Ps. dioxanivorans CB1190
VanY1ncs-RS Mch. goodii X7B
26] VanYncs-RSHAX Gm. sambucus CGMCC 4.3147
57 Van¥Yncs-HAXRS Gm. arternisiae CGMCC 7067
100, VanY1ncs-HAX Ja. atba DSM 45237
VanY1ncs-RSHAX Ja. sp. DSM 45060
VanYncs-HAXRS Am. pretoriensis DSM 44654
VanYncs-HAXRS Tt. sp. HY188
VanY2ncs-RS Bd. solf BR7-21
98 VanYncs-HAXRS Am. mediferranei RB
og[ | VanYncs-HAXRS Am. mediterranei S699
VanYncs-HAXRS Am. rifamycinica DSM 46095
VanYncs-HAXRS Am. tolypomgcma DSM 44544
VanYncs-HAXRS Mi. soil D
VanYncs-RS Ned. brasiliensis ATCC 700358
VanY1ncs-RS Ned. cyriacigeorgica MDA3348
VanY 1ncs-HAXRS H. rhizosphaerae DSM 101727
VanY4ncs-RSHAX St espanaensis DSM 44229
VanYncs-HAXRS Al iranicum IBRC-M 10403
VanY2ncs-HAXRS Ac. wychmicini DSM 45934
VanYncs-R Ap. xanthif 11-183
VanYnes-RSHAX Pr. myralis DSM 45305
VanY2ncs-HAXS Kib. phytohabitans KLBMP 1111
VanYncs1-HAXRS K. aibida DSM 43870
18 30 VanY4ncs-HAXS K. buriramensis DSM 45791
VanY1ncs-RS Sb nassauensis DSM 447.
4|—— VanY2ncs-HAX Sbh. nassauensrs DSM 44728
100 Van¥ncs-RSHAX Aer. é;«msen%/sofrJCM 14732
ﬂanYncs-HAXKﬁ\en sp. Root
VanYncs-RJ Str. sp. CNZ288
VanYncs-RJ Sir. sp. CMB-5tM0423
VanYncs-RJ Str. sp. CNQ-509
0L VanYncs-RJ Str. sp. WAC 06738
VanYcs-HAXRS CA915
Van¥Yncs-RSHAX Dab. aerilata DSM 27393
Van¥ncs-RSHAX Mr. pocheonensis Gsoil 818
VanYncs-RS Nci. sp. CF167
VanYncs-RS ActiB JB111
Y2ncs Ja. afba DSM 45237

100 Van
VanY2ncs Ja. sp. DSM 45060
18 VanYncs-RS Sms. sp. M2
7 VanYncs-RS Pke. fusifanus CECT 7308

VanYncs-RS Np. sp. L17-MgMaSL7
VanYncs Cls. citrea DSM 44097
87 VanY1nes-RS H. sp. NEAU-GS 14
’1_5,—17— VanYnés Ss. subroseum CGMCC 4.2132
14 vanYncs Mms. pisi DSM 45175
L VanYncs-RS Sh, endophytica DSM 45928
73 VanY2ncs Tm. tyrosinosolvens MH1
VanYincs Tm. paurcmetabola DSM 20162
74 VanYZncs-RS Mdb sg. 112A-02628
442,—‘— VanYZncs Bc. sp. DSM 44270
VanYnes-RS Gap. solff DSM 45843
VanYncs Amd. sp. RB68
VanYnes-RS Stir. xiamenensis 318
anY 1ncs-RS Pb. medicamentivorans 111
VanY1ncs-RS Srb., pauli DSM 14954
VanYncs Re. erythropolis PR4
VanYncs-RS Re. sp. NEAU-CX67
VanYncs-RS Re. sp. 15-648-2-2
100 VanYncs Mb. smegmatis MC2 155
VanY2ncs Mch. goodii X7B
VanYncs Meb. gilvum PYR-GCK
VanY1ncs-RS Kr. antibiotica JUM 13523
VanY2ncs-S K. buriramensis DSM 45791
VanYncs-RS Str. clavuligerus ATCC 27064
100— VanY2ncs Kib. aridum A82846
VanY2ncs Kib. aridum DSM 43828
VanY3ncs Kib. phytohabitans KLBMP1111
100 VanYncs-RS Mp. sinuspersici UTMC102
VanYnes-RS Np. sp. TSRI0078
VanYnes-RS Ksp griseola MF730-N6

100,
54 E VanYncs-RS Ksp. sp. CB01950
VanYncs-RSJ Ksp. xanthocidica MMS17-GHO09
73,7 VanY1incs L. flaviverrucosa DSM 44664
b 050 | l: VanY1ncs St australiensis DSM 43800
VanY1incs St. espanaensis DSM 44229

Y5

22

Ine

63

ESM Figure S7. Expanded clade corresponding to the Y5 cluster from ESM Figure S3. BGC-

encoded proteins are given in red. Scale bar represents number of substitutions per site.
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g% VanHcs Am. furida DSM 43134
" VanHcs Am. furida NRRL 2430
+ VanHcs Am. sp. WAC 01376
L VanHcs Am. sp. WAC 04182
VanHcs Am. sp. WAC 05977
VanHcs Am. sp. WAC 01375
99l VanHcs Am. sp. WAC 01416
VanHecs Am. decaplaniina DSM 44594
VanHcs Am. keratiniphila HCCB10007
VanHecs Am. sp. CB00013
VanHcs Am. japonica MG417-CF17
90| VanHcs Am. sp. MJM2582
891 VanHcs Am. sp. WAC 04197
VanHcs Am. alba DSM 44262
VanHcs Am. azurea DSM 43854
99l VanHcs Am. thailandensis JCM 16380
VanHcs Am. coloradensis DSM 44225
VanHcs Am. sp. BJA-103
gg; VanHcs Am. orfentalis B-37
VanHcs Am. orientalis ATCC19795
VanHcs Am. regifaucium DSM 45072
gg | VanHcs Am. regifaucium GY080
VanHcs CA878
VanHcs Ak. auranticofor YU 961-1
VanHncs Kib. aridum DSM43828
VanHncs-RS Kib. aridum A82846
g9 - VanHnes Am. balhimycina DSM 5908
[Vaancs Am. sp H5

VanHncs-RS Am. bartoniae DSM 45807

19 VanHncs-J Ps. cypriaca DSM 45511

o VanHncs-Y2 Sh. nassauensis DSM 44728
) VanHncs-RSY1 K. albida DSM 43870

13 VanHcs Str. sp. WAC1420

65 VanHncs Apl. sp. ATCC 53533
Vi
35

anHcs-RSY Ned. terpenica NC YFY NT0O1
4 VanHncs-RSY2 Ac. wychmicini DSM 45934
| 89 VanHncs Kib. phytohabitans KLBMP1111

VanHncs-SY2 Kib. phytohabitans KLBMP 1111

ggr YanHncs-RSJK Sir. coelicolor A3(2)
49 [ VanHncs-RSJK Str. lividans TK24

8 VanHncs-SK Sir. acidiscabies NCPPB 4445
VanHncs-RSKZ Str. vitaminophilus ATCC 31673
9g| | VanHncs-RSKZ Str. sp. WAC 01438
9g! VanHncs-RSZK Str. sp. WAC 01420
8

VanHncs-RSHAX Kr. flavida DSM 17836
VanHnes-RSY Pr. muralis DSM 45305

VanHncs-RSY Al iranicum IBRC-M 10403
VanHncs-RSY Am. sp. KNN50.9b

VanHncs-RSY1 H. rhizosphaerae DSM 101727
VanHncs-RSK Sir. scabrisporus NF3

2 VanHncs-SK Str. sp. CNZ288

I 2 VanHnes-SK Sir. sp. CMB-StM0423

gg - VanHncs-SK Str. sp. CNQ-509
— VanHncs-SK Str. sp. WAC 06738

10 VanHncs Ap. xanthii 11-183
VanHnecs-RSK Cis. acidiphila DSM 44928
20 VanHncs Apm. cephalotaxi CPCC 202808

VanHncs-8Y4 K. buriramensis DSM 45791
VanHcs-RS Apl. teichomyceticus ATCC 31121
VanHcs-RSY CA37

VanHcs Apl. sp. ATCGC 53533
VanHecs-RSY CA915

VanHncs-SK Str. silvensis ATCC 53525
VanHncs-RSYK Str. sp. NRRL WC-3701

25

VanHncs-RSYK Str. rimosus ssp. rimosus NRRL WC-3897
VanHncs-RSYK Ksp. aureofaciens NRRL B-2658
VanHncs-RSYK Sir. sp. WAC 06725
VanHncs-RSYK Str. sp. WAC 06783
VanHncs-RSYK Str. athofaciens JCM 4342
VanHnes-RSY1 Str. sp. YIM 121038

o 81 VanHncs-RSYK Sir. kasugaensis AM-2504

VanHnes-RSK Sir. chrestomyceticus JCM 4735 VH3
gg, VanHncs-RS Ak. mzabensis CECT 8578
— VanHncs-RS Ak. spheciospongiae EG49
——— VanHncs-RSY VanXncs-RSY Tt sp. HY188
75 - AHA41499 VanH Rhodococcus equi S7TB YanO
99 {Vaancs-RS Rc. sp. MTM3W5.2
= VanHncs-RS Re. sp. NEAU-CX67
VanHncs-RS Amd. montaniterrae CYP1-1B
VanHncs-RS Amnd. sp. H3C3
VanHncs-S Amd. sp. NEAU-Ht49
74— VanHncs-S Amd. syzyghi GKU157
VanHncs-S Amd. sp. WMMB499
99 VanHncs-RS Sp. hirstta DSM 44795
4L_Vaancs-RS Sp. antimicrobica DSM 45119
VanHnes-RS T. halophyticus DSM 45765
VanHcs Am. keratiniphifa NRRL B24117
53 | VanHcs Anr. sp. WAC 04169
VanHcs Am. keratiniphita DSM 44409
VanHcs Am. keratiniphila ssp. nogabecina FH 1893

0.50

ESM Figure S8. Continued on the next page.
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25

| 18

g
1 9g | VanH1ncs-RS F. sp. Eisc
4] VanH2ncs-RS F. sp. EiSc
VanHncs-RS F. asyrnbictica NRRL B-16386
VanHnos-S L. flaviverrucosa DSM 44664
5 VanHncs-RSY4 S1. espanaensis DSM 44223
IP VanHncs-RSJK Str. xfarmenensis 318
VanHncs-RSZ Cs. aurantiacum DSM 46144
VanHnes-RS Kr. anfibiotica JCM 13523
Aﬂ"— VanHnes-RSY Am. preforfensis DSM 44654
—— VanHncs-RSYK Kr. sindirgiensis DSM 27082
VanHnes-R8Y1 Ja. alba DSM 45237

L\IanHm:s—RS‘M Ja. sp. DSM 45060

o | YanHncs-RSY Am. mediterranei RB

ke
% VanHncs-RSY Am. mediterranei S699
VanHncs-R8Y Am. rifamycinica DSM 46095
82 VanHncs-RSY Am. folypomycing DSM 44544
— VanHncs-RS Cs. sp. A-T 5861
VanHncs-RSK Str. varsoviensis NRRL B-3589
VanHnes-RSY W. marnanensis DSM 44944
43 VanHncs-RSJK Sir. sp. WAC04189 VHZ

57 VanHncs-SK Sir. sp. Ag82 G5-5
VanHes-RSJK St foyocaensis NRRL 15008

VanHes Str. sp. WAC 04229

VanHncs-RK St lincolnensis NRRL 2036
30 VanHncs-SK Sir. anfibioticus DSM 40234
B VanHnes-SK Str. sp. TLI 55

i VanHnes-SK Str. sp. BKD42

94
ﬁ(Vaancs—SK Str. sp, GGCR-6
VanHnes-Z Ps. sp. CNS-139

«I qo— VanHncs-RSY4 St australiensis DSM 43800
01 -RSY G fsiae COMCC 4.7067
—H VanHncs-RSY Gm. sambucus CGMCC 4.3147
‘anHnes F. sp. EAN1pec

L ——
3 VanHncs-R3 Re. sp. 15-649-2-2

VanHncs-RS A. albus DSM 15934
s VanHncs-KR Ja. anatolica GTF31
a6 VanHncs-RSY Cbh. woesei DSM 4684
—————— VanHnes-RSY2 Pb. medicamentivorans 111
VanHncs Pms. sukumoe SAI-0684

16
- VanHncs-RS Apl. derwentensis DSM 43941

VanHncs-RSY Mr. pacheonensis Gsoil 818

0 2 VanHnos-RSKY Aer. sp. Root236
VanHnes-RSY Aer. ginsengisoli JCM 14732
oo - AAFT2362 VanHB Enterococcus faecalis BM4382 Tn1549
rVar’\Hr\cs—RS\’\.N Atp. minutum 10063974 VH1
AAR37059 VanHD5 Enterococcus faecium NO3-0072

99
AAZI8838 VanHD Enterccoccus gaffinarum N04-0414 VanHD

— BAFS98128 VanH Enferococcus faecalis pSL1-Tn1546

1

94 98 CABB1228 VanH Bacitius circulans VR0709
ﬁ' AAYE2004 VanH Paenibacilius thiaminolyficus PT-2B1
VanH-RSZ P filis sonchi LMG 24727

VanH-RSZ Thermoactinomyces vulgaris 2H

AAF38802 VanHE Paenibacillus popifliae ATCC 14706
a2 ACL82960 VanHM Enterococcus faeciunt Efm-HS0861 1IS1216E
iAAYSZDﬂz VanH Paenibacilfus apiarius PA-B2B
¢o | VanH-RSWY Brevibacillus laterosporus ET593-50
WanHnes-RS Gh. sp. YIM 131861
VanHnecs-RSY Dab. aeniata DSM 27393
VanHncs-RS T, paurometabola DSM 20162
VanHncs-RSY M/ soli DSM 21800
VanHnes Nei. sp. CF187

VanHncs Rb. toxicus 70137

VanHnes-RS Ls. sp. Cl147
o0 — VanHnes-RSY-0 £ mucosicola NMG6_B29

L wanHnes-RSY-D Pvb. caecicofa DSM 22242

8C02118 Sir. coeficolor A3{2)

0.50

ESM Figure S8. Phylogenetic tree showing the overall phylogeny of VVanH-dataset. Three well-
supported clusters (VH1-3) are highlighted. Phylogenetic tree was constructed as described in
Methods section, SCO2118 — a putative D-lactate dehydrogenase — was used as an outgroup.

BGC-encoded proteins are given in red. Scale bar represents number of substitutions per site.
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Main clade of actinobacterial
VanA ligases.

Clade contains VanA ligases
from low G-C Gram-positive bacteria.

VanAncs-RSY-D Pvb. caecicola DSM 22242

100L VanAncs-RSY-D £r. mucosicota NM66 B29
WP_072370560.1 Coriobacterfales Ddl
WP_073293916.1 Caricbacteriales Ddl
WP_154025761.1 Coriobacferiales Dd|
WP_087635749.1 Giycomycetales Ddl
WP_025272331.1 Glycomycetates Ddl

54 MTD45524.1 Sofirubrobacterafes Ddl
94, WP_027004€76.1 Sofirubrobacterafes Ddl
100 WP_022930083.1 Sofirubrobacterales Ddl

WP_028064512.1 Sokrubrebacierales Ddl

WP_047865248.1 Rubrobacierales Ddl
AHY45577.1 Rubrobacterales Ddl
W‘; WP_119070523.1 Rubrobacterales Ddl
WP_114795107 1 Gaiellafes Ddl
WP_131153894.1 Egibacierales Ddl
TVR31154.1 Nitnifiruptorales Ddl
WP_083441488.1 Nitriliruptorales Ddl
WP_155373720.1 Mitrifirupforafes Ddl

100

corresponding genes belong to pdx-operon.

Joa— WP_088872070.1 Corynebacteriafes Ddl
WP_124709183.1 Corynebacteriales Ddl
WP_116817711.1 Corynebacteriales Ddl
WP_116997922.1 Acidimicrobiates Dd|
WP_133869125.1 Acidimicrobiales Ddl
KRQ45574.1 Acidimicrobiales Ddl
WP_047287047.1 Bifidobacteriales Ddl
WP_075523817.1 Bifidobacteriales Ddl
WP_006289612.1 Bifidobacteriales Ddl
WP_095685677.1 Manopelagicates Ddl
WP_095672505.1 Nanopslagicales Ddl
WP_095688294 .1 Nanopeifagicales Ddl
WP_100415316.1 Propionibacteriales Ddl
8 WP_085414556.1 Actinomycefates Ddl
%—"EVPJ 26703627 1 Actinomycetales Ddl
WP_159908203.1 Micrococcales Ddl
o————— WP_078466134.1 Actinomycelales Ddl
WP_124911627.1 Actinomycetales Ddl
WP_106536382.1 Jangelfates Ddl
WP_131901994.1 Jiangefiales Ddl
WP_112259915.1 Jiangefiales Ddl
ROP43783.1 Kinsosporiales Dd|
WP_012084286.1 Kineosporiales Dd|
WP_104430942.1 Kingosportales Ddl
WP_133799101.1 Propionibacteriates Ddl
100— WP_063610302.1 Streptosporangiales Ddl
i 43 L WP_132594465.1 Sireptosporangiales Ddl
WP_067481653.1 Strepfosporangiales Ddl
WP_141566150.1 Micrococcales Ddl
4'3/ E WP_079574712.1 Micrococcales Ddl
EE WP_091123123.1 Propionibacteriales Ddl
WP_015796589.1 Cafenuiisporales Ddl
WP_034268309.1 Catenufisporates Ddl
WP_126642808.1 Streptomycetales Ddl
WP_145904288.1 Sfreptomycetales Ddl
WP_150188424.1 Streptomycetates Ddl
NEC52393.1 Catenulisporales Ddl
WP_037677603.1 Streptormycetales Ddl

NP_629685.1 Streptomycetales Ddl

WP_011606884.1 Frankiales Ddl
WP_101829861.1 Frankiales Dd|
WP_011437985.1 Frankiales Ddl
WP_013020196.1 Glycomycstales Ddl
WP_073421786.1 Geodermathophilales Ddl
WP_089336056.1 Geodermathophifales Ddl
WP_110552962.1 Geodermathophilales Ddl
SHM30895.1 Cryptosporangiales Ddl
WP_035857153.1 Cryptosporangiales Ddl
RKE09888.1 Micromonosporales Ddl
WP_120677335.1 Micromonosporales Ddl
WP_127497360.1 Micromonosporafes Ddl
WP_130508827.1 Micromonosporales Ddl
WP_015748790.1 Nakamureltales Ddl
WP_119385073.1 Nakamurellales Ddl
WP_084614654.1 Nakamurellafes Ddl
WP_013223638.1 Pseudonocardiales Ddl
WP_112281058.1 Fseudonocardiafes Ddl
WP_015804680.1 Pseudonocardiales Ddl
WP_093146697.1 Pseudonocardiales Ddl
WP_026449139.1 Actinopolysporales Ddl
SDP48311.1 Actinopolysporafes Ddl
100L WP_043572265.1 Actinopolysporales Ddl
—— WP_114552285 1 Eggerihellales Ddl
L WP_154247978.1 Eggerthellales Ddl
Ddl_cs CA915

@E Ddl_cs Apl. sp. ATCC 53533
10l Ddl_cs CA37

0.50

D-Ala-D-Ala ligases from Micromonosporales;

ESM Figure S9. Phylogenetic tree
showing the overall phylogeny of the
dataset composed with VanA proteins,
Ddl-ligases coded in Micromonosporales
putative pdx-operons, auk, CA915 and
CA37 BGCs as well as actinobacterial
“house-keeping”  Ddl-ligases. Clades
containing Ddl-ligases coded in putative
pdx-operons and VanA-ligases from low
G-C  Gram-positive  bacteria  are
collapsed; for these clades expansion
please refer to ESM Figures S10 and
S11. Expanded crown group of the tree
(main clade of actinobacterial VanA-
ligases) is given in ESM Figure S12.
Phylogenetic tree was constructed as
described in Methods section. Scale bar
represents number of substitutions per

site.
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——— DdI-RS Mms. terminaliae DSM 101760

DdI-RS Mms. chersina DSM 44151

DdI-RS Mms. mirobrigensis DSM 44830

DdI-RS Mms. noduli ALFpr19a
100 HALTP

|— DdI-RS Mms. ureilytica LB19

38 DdI-RS Vcs. sediminis CGMCC 4.3550

L DdI-RS Mms. avicenniae DSM 45758

DdI-RS Js. endophytica JCM 18317

54

DdI-RS Xa. phaseoli DSM 45730

54| —22

DdI-RS Mms. krabiensis DSM 45344

DdI-RS Vcs. sp. FIM080022

97
0.10

DdI-RS Js. zingiberis PLAI 1-1

ESM Figure S10. Expanded clade of Ddl-ligases coded in putative pdx-operons, which was
collapsed on the ESM Figure S9. Scale bar represents number of substitutions per site.

00— BAD60926 Van(A)D Enterococcus raffinosus

81 L AAR37060 Van(A)DS Enterococcus faecium N03-0072

AAD41882 VanA Enterococcus faecium A902

100

100 ARS72058 VanA Ruminococcus gauvreauii CCRI-16110

AAZ98839.1 Van(A)D Enterococcus gallinarum N04-0414

100 |— ACQ66105 VanA Enterococcus faecium BM4661

|— VanAncs-RSYW Atp minutum 10063974

VanA Paenibacillus larvae ssp. larvae DSM 25430

VanA-RSZ Paenibacillus sonchi LMG 24727

82

VanA-RSZ Thermoactinomyces vulgaris 2H

2
d 97 —— ACP19236 VanA Enterococcus faecium C864 Tn1546

39 90 L CAB61227 VanA Bacillus circulans VR0709

WP_063856531 VanA Paenibacillus thiaminolyticus PT-2B1

48 ACL82961 Van(A)M Enterococcus faecium Efm-HS0661 IS1216E

74_[ AAT70093 VanA Paenibacillus apiarius PA-B2B
00

—
0.10

1 VanA-RSWY Brevibacillus laterosporus ET593-50

ESM Figure S11. Expanded clade containing VanA-ligases from low G-C Gram-positive
bacteria, which was collapsed on the ESM Figure S9. Scale bar represents number of

substitutions per site.
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100

VanAcs Am. keratiniphila ssp. nogabecina FH 1893
99 VanAcs Am. keratiniphila DSM 44409
85| [ VanAcs Am. keratiniphila NRRL B24117
VanAcs Am. sp. WAC 04169
VanAcs Am. keratiniphifa HCCB10007

100L VanAcs Am. japonica MG417-CF17
VanAcs Am. sp. WAC 05977
VanAcs Am. decaplanina DSM 44594
- VanAcs Am. sp. WAC 04182
gg | YanAcs Am. lurida DSM 43134

gg‘ VanAcs Am. lurida NRRL 2430
VanAcs Am. sp. WAC 01376
VanAcs Am. sp. WAC 01416
100' VanAcs Am. sp. WAC 01375

VanAcs Am. sp. BJA-103

24 = VanAcs Am. thailandensis JCM 16380
59 — VanAcs Am. azurea DSM 43854
56! VanAcs Am. alba DSM 44262

VanAcs Am. coforadensis DSM 44225
VanAcs Am. orientalis B-37
VanAcs Am. regifaucium GY080
100! VanAcs Am. regifaucium DSM 45072

96

VA4

251

VanAcs Ak. auranticolor YU 961-1

VanAncs-RS Kib. artdum A82846
VanAncs Kib. aridum DSM43828

VanAnes Am. sp. H5

100

100L— VanAncs Am. balhimycina DSM 5908

VanAncs-RS Am. bartoniae DSM 45807
VanAncs Apl. sp. ATCC 53533
VanAncs Ap. xanthii 11-183

97
100
39

VanAcs CA878
VanAncs Kib. phytohabitans KLBMP 1111

VanAgcs Str. sp. WAC 04229
VanAcs Sir. sp. WAC1420
VanAncs-RSK Sir. varsoviensis NRRL B-3589

VanAncs-RSY Am. sp. KNN50.9b

VanAncs-RSY Am. pretoriensis DSM 44654
VanAcs-RSY CA915

VanAcs-RSY CA37
VanAcs-RS Apl. teichomyeetictis ATCC 31121
VanAncs-Y2 Sb. nassauensis DSM 44728

VanAncs-RSZ Cs. aurantiacum DSM 46144
anAncs-RSKY Aer. sp. Root236

Vi
00— VanAncs-HAXY Aer ginsengisoli JCM 14732

VanAncs-RSYK Kr. sindirgiensis DSM 27082

VanAncs-RSK Cis. acidiphila DSM 44928
VanAncs Pms. sukumoe SAI-064

VanAncs-RSYK Sir. rimosus ssp. rimosus NRRL WC-3897
VanAncs-RSKY Ksp. aureofaciens NRRL B-2658

9| VanAncs-RSYK Str. sp. NRRL WC-3701
VanAncs-RSYK Str. sp. SID5471
VanAncs-RSYK Str. sp. WAC 06725

51 VanAncs-RSYK Sir. sp. WAC 06783
| VanAncs-RSYK Str. kasugaensis AM-2504
VanAncs-RSYK Str. albofaciens JCM 4342

100

100

60

= =

0.20

454|7— VanAncs-RSK Str. chrestomyceticus JCM 4735
L VanAncs-RSY1 Str. sp. YIM 121038

VanAncs-RS Rc. sp. 15-649-2-2
VanAncs-RSY Tt. sp. HY188

85

VanAncs-RS T. halophyticus DSM 45785

VanAncs-S Amd. sp. WMMB49%

VanAncs-RS Sp. hirsuta DSM 44795

VanAncs-RS Sp. antimicrobica DSM 45119

AHA41500 VanA Rhodococcus equi STB VanO

VanAncs-RS Re. sp. MTM3W5.2

VanAncs-RS Re. sp. NEAU-CX67

VanAncs-S Amd. sp. NEAU-Ht49

VanAncs-S Amd. syzygii GKU157

VanAncs-RS Amd. sp. H3C3

VanAncs-RS Amd. montaniterrae CYP1-1B

97,

ESM Figure S12. Continued on the next page.
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VanAncs-RSY2 Ac. wychmicini DSM 45934
VanAncs-RSY1 H. rhizosphaerae DSM 101727
VanAcs-RSY Ned. terpenica NC YFY NTQO1
VanAncs-SY2 Kib. phytohabitans KLBMP 1111
VanAncs-RSY1 K. albida DSM 43870
VanAncs-RSY Pr. muralis DSM 45305
VanAncs-RSY Al jranicum IBRC-M 10403
- VanAncs-RS Ak. spheciospongiae EG49
100 Vanllancs—RS Ak mzabensis CECT 8578
E VanAncs-RSY1 Ja. sp. DSM 45060

59 VanAncs-RSY1 Ja. alba DSM 45237
29 VanAncs-Z Ps. sp CNS-139
L VanAncs Apm. cephalotaxi CPCC 202808
VanAncs-J Ps. cypriaca DSM 45511
100 — YanAncs-SK Sir. sp. WAC 06738 VAZ
VanAncs-SK Str. sp. CNQ-509
VanAncs-SK Sir. sp. CMB-StM0423
VanAncs-SK Str. sp. CNZ288
VanAncs-RSJK Sir. fividans TK24
100 = VanAncs-RSJK Sir. coelicolor A3(2)
100 | VanAncs-RSZK Str. sp. WAC 01420
00

1 VanAncs-RSKZ Str. sp. WAC 01438
23 VanAncs-RSKZ Str. vitaminophilus ATCC 31673
VanAncs-RSK Sir. sp. Ag82 G5-5

8 VanAncs-RSJK Str. sp. WAC04189 VA1
| VanAcs-RSJK Sir. foyocaensis NRRL 15009
68| [ VanAncs-RK Str. fincoinensis NRRL 2036
£ VanAncs-SK Str. sp. TLI 55
g VanAncs-SK Str. antibioticus DSM 40234

100 VanAncs-SK Str. sp. GGCR-6

100! VanAncs-SK Sir. sp. BK042
VanAncs-KR Ja. anatofica GTF31
43 VanAncs-RSY W. marianensis DSM 44944
1 VanAncs-RSK Str. scabrisporus NF3
VanAncs-RSY2 Pb. medicamentivorans 111

100, YanAncs-RSY Am. mediterranei S699
VanAncs-RSY Am. mediterranei RB
VanAncs-RS Apl. derwentensis DSM 43941

5

12 VanAncs-S L. flaviverrucosa DSM 44664
5 VanAncs-RSY4 St. espanaensis DSM 44229
VanAncs-RS Cs. sp. A-T 5661
VanAncs-RSY4 St. australiensis DSM 43800
VanAncs-RSY Dab. aerilata DSM 27393
VanAncs-RSY Gnr. sambucus CGMCC 4.3147

28 VanAncs-RSY M/ soli DSM 21800

411,—{ VanAncs-RS Gb. sp. YIM 131861
VanAncs-RS Kr. antibiotica JCM 13523

] VanAncs Rb. toxicus 70137

VanAncs-RS Tm. paurometabola DSM 20162

39! VanAncs Nci. sp. CF167

VanAncs-RS Ls. sp. Cl147

87 VanAncs-RS A. albus DSM 15934

0.20

4]:{ VanAncs-RSY Cb. woesei DSM 4684
VanAncs-SK Sir. acidiscabies NCPPB 4445
—= VanAncs-RSJK Str. xiamenensis 318
35 VanAncs-SY4 K. buriramensis DSM 45791
VanAncs-SK Str. silvensis ATCC 53525
416’—’(— VanAncs-R8Y Am. rifamycinica DSM 46095
T VanAncs-SRY Am. tofypomycina DSM 44544

48‘—9‘— VanAncs-RSY Mr. pocheonensis Gsoil 818
2 VanAncs-RSHAX Kr. flavida DSM 17836

46 VanAncs-RSY Gm. arfemisiae CGMCC 4.7087

ESM Figure S12. Expanded crown group of VanA-phylogenetic tree, which was collapsed on
the ESM Figure S9. Four clusters with the best bootstrap support were distinguished — VA1-4.
BGC-encoded proteins are given in red. Please see main text for more details. Scale bar

represents number of substitutions per site.
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66 Main clade of actinobacterial
VanX M15D dipeptidases.

50

100 VanXncs-RSY-D Er. mucosicola NM66 B29
VanXncs-R8Y-D Pvb. caecicola DSM 22242
BAE96118 VanX Enterococcus raffinosus GV5 VX2
AAZ98840 VanXD Enterococcus gallinarum N04-0414
AADA42185 VanX Enterococcus faecium BM4339
100L AAR37061 VanXD5 Enterococcus faecium N0O3-0072
gg| YanXncs-RSYW Alp. minutum 10063974
93 BAH02344 VanX Enterococcus faecalis pMG2201
001 AAF72364 VanXB Enterococcus faecalis Tn1549
VanX-RSZ Thermoactinomyces vulgaris 2H
VanX-RSZ Paenibacillus sonchi LMG 24727
AAF36804 VanXE Paenibacillus popilliae ATCC 14706
AGCL82962 VanXM Enterococcus faecium Efm-HS0661 IS1216E
BAE98130 VanX Enferococcus faecalis pSL1 181216V
71l AAY52006 VanX Paenibacillus thiaminolyticus PT-2B1
84l VanX-RSWY Brevibacillus laterosporus E7593-50
gar VanXL-RS Mms. chersina DSM 44151 VX1
95} VanXL-RS Mms. terminaliae DSM 101760
VanXL-RS Mms. mirobrigensis DSM 44830
VanXLncs-RS Mms. avicenniae DSM 45758
1001 VanXL-RS Mms. noduli ALFpr19a
VanXL-RS Mms. ureilytica LB19
VanXL-RS Mms. krabiensis DSM 45344
1 VanXL-RS Js. zingiberis PLAI 1-1
VanXLnecs-RS Ves. sp. FIM060022
75| VanXLncs-RS Xa. phasecli DSM 45730
30|~ VanXL-RS Js. endophytica JCM 18317
26L VanXLncs-RS Ves. sediminis CGMCC 4.3550

80

100

ESM Figure S13. Phylogenetic tree showing the overall phylogeny of the dataset composed
with VanX-like proteins, including the ones coded in Micromonosporales putative pdx-operons.
Tree contains well-separated clusters containing VanX-like proteins coded in putative pdx-
operons (VX1) and VanX proteins from low G-C Gram-positive bacteria (VX2). The crown
group of the tree (main clade of actinobacterial VanX M15D dipeptidases) is collapsed; for the
expanded version please see ESM Figure S14. Phylogenetic tree was constructed as described in
Methods section. Scale bar represents number of substitutions per site.
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go— VanXncs-RS Amd. montaniterrae CYP1-1B
VanXncs-RS Amd. sp. H3C3

VanXncs-S Amd. sp. NEAU-Ht49

VanXncs-S Amd. syzygii GKU157

VanXncs-RS Sp. antimicrobica DSM 45119
VanXncs-RS Sp. hirsuta DSM 44795

VanXncs-S Amd. sp. WMMB499

VanXncs-RS Rc. sp. NEAU-CX67

VanXncs-RS Re. sp. MTM3W5.2

83l AHA41501 VanX Rhodococcus equi STB

VanXncs-RS T. halophyticus DSM 45765
VanXncs-RSY Tt. sp. HY188
66 VanXncs-RSYK Str. kasugaensis AM-2504
VanXncs-RSY1 Str. sp. YIM 121038
59 VanXncs-RSYK Str. albofaciens JCM 4342

46

VanXncs-RSYK Sir. sp. WAC 06725
52 VanXncs-RSYK Str. sp. WAC 06783

99 VanXncs-RSYK Str. sp. NRRL WC-3701
VanXncs-RSYK Sir. sp. SID5471
o5 VanXncs-RSHAX Kr. flavida DSM 17836
= VanXncs-RSY W. marianensis DSM 44944
3 VanXncs-RS F. asymbiotica NRRL B-16386
% VanXncs Ap. xanthii 11-183
VanXncs-RSY4 St. australiensis DSM 43800

100 VanXncs-RSJK Str. coelicolor A3(2)
[ VanXncs-RSJK Str. lividans TK24

— VanXncs F. sp. EAN1pec
4 VanXncs-RSY2 Pb. medicamentivorans 111
VanXncs-RSY Am. sp. KNN50.9b

VanXncs-J Ps. cypriaca DSM 45511

19
20
10 VanXncs-RS Re. sp. 15-649-2-2
1 VanXncs-RSY Pr. muralis DSM 45305
4 29 VanXncs Pms. sukumoe SAl-064

VanXncs-SK Str. sp. Ag82 G5-5
100VanX1ncs-RS F. sp. Eibc

5 I'VanX2ncs-RS F. sp. Ei5c
o VanXncs-SY4 K. buriramensis DSM 45791
L] 9 VanXncs-RSYK Kr. sindirgiensis DSM 27082

VanXncs-S L. flaviverrucosa DSM 44664
VanXncs-RSY1 Ja. alba DSM 45237
VanXncs-RSY1 Ja. sp. DSM 45060
VanXncs-RSZ Cs. aurantiacum DSM 46144
VanXcs-RSY CA915

VanXncs-RSY2 Ac. wychmicini DSM 45934

- VanXcs-RSY Ncd. ferpenica NC_YFY_NT001

100

7 VanXncs Apm. cephalataxi CPCC 202808
dﬁ: VanXcs-RS Apl. teichomyceticus ATCC 31121
VanXcs-RSY CA37
24 VanXncs-RSY Am. preforiensis DSM 44654
2 VanXncs-SK Sir. acidiscabies NCPPB 4445
VanXncs-RSK Cls. acidiphila DSM 44928
16

VanXncs-RSK Str. scabrisporus NF3
100 VanXncs-RSY Am. mediterranei RB

VanXncs-RSY Am. mediterranei S699
VanXncs-RSY Am. rifamycinica DSM 46095
VanXncs-SRY Am. tolypomycina DSM 44544
VanXncs-SY2 Kib. phytohabitans KLBMP1111
VanXncs-RSY St. espanaensis DSM 44229
VanXncs-RSY Al iranicum IBRC-M 10403
VanXncs-RSY1 H. rhizosphaerae DSM 101727
VanXncs-RS Cs. sp. A-T 5661
VanXncs Kib. phytohabitans KLBMP 1111
VanXncs-SK Str. silvensis ATCC 53525
VanXncs-RSKZ Str. vitaminophilus ATCC 31673
700 | YanXncs-RSZK Str. sp. WAC 01420
1001 VanXncs-RSKZ Str. sp. WAC 01438

0.20

ESM Figure S14. Continued on the next page.

VanXncs-RSK Str. chrestomyceticus JCM 4735

100 | VanXncs-RSKY Ksp. aureofaciens NRRL B-2658
VanXncs-RSYK Str. rimosus ssp. rimosus NRRL WC-3897

VX4
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— T_ og VanXncs-SK Sir. sp. GGCR-6
62[ VanxXncs-K Str. sp. BK042
VanXncs-SK Str. antibioticus DSM 40234
VanXncs-SK Sir. sp. TLI 55
VanXncs Apl. sp. ATCC 53533
VanXncs-RS Apl. derwentensis DSM 43941
VanXncs-RSJK Str. xiamenensis 318
1000 YanXncs-RS Ak. mzabensis CECT 8578
VanXncs-RS Ak. spheciospongiae EG49
VanXcs Str. sp. WAC 04229
EVaans Str. sp. WAC1420
VanXncs-RSK Sir. varsoviensis NRRL B-3589
VanXncs-SK Str. sp. CNZ288

VanXncs-SK Str. sp. CMB-StM0423
VanXncs-SK Sir. sp. CNQ-509
g7t VanXncs-SK Str. sp. WAC 06738

VanXncs-RK Str. Imcolnens:s NRRL 2036
E VanXncs-RSJK Str. sp. WAC04189
VanXcs-RSJK Str. toyocaensis NRRL 15009
VanXncs-Y2 Sb. nassauensis DSM 44728

VanXncs-KR Ja. anatolica GTF31
@ncs RS A. albus DSM 15934

VanXncs-RS Ls. sp. Cl147
100 VanXncs-RS Kib. aridum A82846
VanXncs Kib. aridum DSM43828
VanXncs-RSY1 K. albida DSM 43870
VanXcs Ak. auranticolor YU 961-1
VanXncs-RS Am. bartoniae DSM 45807
Vaans CA878

VanXncs Am. balhimycina DSM 5908 VX3
1007 VanXncs Am. sp. H5

100, VanXcs Am. orientalis B-37

72 VanXcs Am. orientalis ATCC 19795

100 VanXcs Am. regifaucium DSM 45072

VanXcs Am. regifaucium GY080
g5~ VanXcs Am. azurea DSM 43854
47[1 VanXcs Am. thailandensis JCM 16380
VanXcs Am. coloradensis DSM 44225
VanXcs Am. sp. BJA-103
VanXcs Am. alba DSM 44262

g VanXcs Am. sp. WAC 01375
VanXcs Am. sp. WAC 01416
VanXcs Am. sp. WAC 01376
o1 VanXcs Am. lurida NRRL 2430
g[1VanXcs Am. lurida DSM 43134
Vaans Am. sp. WAC 04182
VanXcs Am. sp. WAC 05977

VanXcs Am. decaplanina DSM 44594
7g) YanXcs Am. japonica MG417-CF17
L VanXcs Am. sp. CB00013

VanXcs Am. sp. WAC 04197
VanXcs Am. sp. MJM2582

96

80| |86

VanXcs Am. sp. WAC 04169
VanXcs Am. keratiniphifa ssp. nogabecina FH 1893
VanXcs Am. keratiniphila DSM 44409
VanXcs Am. keratiniphila NRRL B24117
27 VanXncs-RSY Mr. pocheonensis Gsoil 818
1 VanXncs Nci. sp. CF167
VanXncs-RS Tm. paurometabola DSM 20162
5 VanXncs-RSY Ch. woesei DSM 4684
Vanxncs-RS Gb. sp. YIM 131861
VanXncs-RSY Dab. aerilata DSM 27393
87 VanXncs-RSY Aer. ginsengisoli JCM 14732
VanXncs-RSKY Aer. sp. Root236
VanXncs Rb. foxicus 70137
1 VanXncs-RSY Gm. artemisiae CGMCC 4.7067
VanXncs-RSY Gm. sambucus CGMCC 4.3147
VanXncs-RSY M. soli DSM 21800
VanXncs-RS Kr. antibiotica JCM 13523

0.20
ESM Figure S14. Expanded version of the crown group of actinobacterial VanX M15D
dipeptidases from ESM Figure S13. Please refer to the main text for more details. BGC-encoded

proteins are given in red. Scale bar represents number of substitutions per site.
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_99|: ABX54688 VanXY Enterococcus faecalis NO6-0364 ISEnfa364

Corres ds to Y2-5 50 AEP40501 VanXYN Enterococcus faecium
(E SM IEIS':I reS 3? 93 AAF61331 VanXYc Enterococcus gallinarum
' 99L ABX79418 VanXYc2/3 Enterococcus casseliflavus F22
85 L AAL27443 VanXYE Enterococcus faecalis NO0-0410 Tn6202

AAFT71282 VanXY Enterococcus faecalis
s —99L WP 063856783 VanXY-G2 Enterococcus faecalis
AAF36805 VanY Paenibacillus popilliae ATCC 14706
76 £ AAAB5958 VanY Enterococcus faecium Tn1546

ABAT71729 VanYG Enterococcus faecalis

56 ) VanYncs-HAXWRS Atp. minutum 10063974
99 |: AABO05624 VanY Enterococcus faecalis
97L_ AAF72360 VanYB Enterococcus faecalis Tn1549

VanY1ncs Bd. soli BR7-21
VanYncs1 All. opalescens DSM 45601
VanY4ncs H. rhizosphaerae DSM 101727
50 74 VanYncs Apl. friuliensis DSM 7358
58 VanYncs Apl. sp. ATCC 53533
VanY Apl. awajinensis ssp. mycoplanecinus NRRL B-16712
VanYncs1 Apl. reqgularis DSM 43151
VanYncs Apl. teichomyceticus ATCC 31121
VanYncs Apl. derwentensis DSM 43941
VanYncs Apl. brasiliensis DSM 43805

VanYncs Apl. missouriensis 431

43

VanYncs NiB ZYF776

—] 994 Corresponds to VX1 (ESM Figure 13).

26
%6 Corresponds to VX2 and the main clade
of actinobacterial VanX M15D dipeptidases
9 W (ESM Figure 13).
—
0,50

ESM Figure S15. Phylogeny of combined datasets for VanY-like M15B carboxypeptidases and
VanX M15D dipeptidases, including also VanXY -proteins. Phylogenetic tree was constructed as

described in Methods section. Scale bar represents number of substitutions per site.
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VR1

VanRncs-Y1 H. sp. NEAU-GS14
82 VanRncs-Y5 K. albida DSM 43870
99 VanRnes-Y1 K. buriramensis DSM 45791
L VanRncs-Y Nm. silvestris DSM 102309
99— VanRncs-Y Rc. sp NEAU-CX67
L VanRnecs-Y Rc. sp. 15-649-2-2
VanRncs-Y Ha. alba DSM 45211
97— VanRncs-Y3 Kib. aridum DSM 43828
67 VanRncs-Y3 Kib. aridum A82846
70) 88 VanRncs-Y1 Kib. phytohabitans KLBMP1111
VanRncs-Y3 St espanaensis DSM 44229
87 VanRncs-Y3 St. australiensis DSM 43800
VanRcs-Y N. sp. WAC 01424
1 98 — VanRncs-Y N. sp. ATCC 55076
52 g5—— VanRncs-Y N. coxensis DSM 45129
VanRncs-Y N. gerenzanensis ATCC 39727
35‘1 VanRncs-Y N. fuscirosea CGMCC 4.7104
VanRncs-Y5 K. buriramensis DSM 45791
99 VanRncs-Y3 K. albida DSM 43870
gs— VanRncs-Y Am. regifaucium DSM 45072
VanRncs-Y Am. orientalis B-37
— VanRncs-Y Am. sp. BJA-103
VanRncs-Y Am. sp. CB00013
51 VanRnes-Y Am. japonica MG417-CF17
5o VanRnes-Y Am. sp. WAC 04197
VanRncs-Y Am. keratiniphila HCCB10007
VanRncs-Y Am. sp. MJUM 2582
VanRncs-Y Am. sp. WAC04169
_gﬁ VanRncs-Y Am. sp. WAC 01416
7

78

87

11 VanRncs-Y Am. sp. WAC 01375
VanRncs-Y Am. sp. WAC 01376
VanRncs-Y Am. azurea DSM 43854
60117 yanRncs-Y Am. alba DSM 44262
I VanRncs-Y Am. decaplanina DSM 44594
VanRncs-Y Am. keratiniphila DSM 44409
1{19 VanRncs-Y Am. keratiniphila ssp. nogabecina FH 1893
VanRncs-Y Am. thailandensis JCM 16380
;‘EVaancs—Y Am. sp. WAC 05977

VanRncs-Y Am. sp. WAC 04182
18] vanRnes-Y Am. lurida NRRL 2430
98l VanRnes-Y Am. lurida DSM 43134

ESM Figure S16. Expanded version of the VR1 cluster from the phylogenetic tree of
actinobacterial VanR-like response regulators (Figure 11a). Please refer to the main text for more

details. BGC-encoded proteins are given in red. Scale bar represents number of substitutions per

site.
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VS2

VanSncs-Y1 H. sp. NEAU-GS14
VanSncs-Y Gdp. soli DSM 45843

47 VanSncs-Y5 K. albida DSM 43870
100 VanSncs-Y1 K. buriramensis DSM 45791
| VanSncs-Y Nm. silvestris DSM 102309

100— VanSncs-Y Re. sp. NEAU-CX67
L VanSncs-Y Rc. sp. 15-649-2-2

95
VanSncs-Y Ha. alba DSM 45211
anSncs-Y3 Kib. aridum DSM43828

\Y

99

8 {L VanSncs-Y3 Kib. anidum AB2846
97 VanSncs-Y1 Kib. phytohabitans KLBMP1111

VanSncs-Y3 St. espanaensis DSM 44229

95
45 VanSncs-Y3 St. australiensis DSM 43800

VanSncs-Y5 K. buriramensis DSM 45791
VanSncs-Y3 K. aibida DSM 43870
VanSncs-Y N. coxensis DSM 45129

50
46) VanScs-Y N. sp. WAC 01424
a0 100 VanSncs-Y N. gerenzanensis ATCC 39727
VanSncs-Y N. fuscirosea CGMCC 4.7104

72— VanSncs-Y Am. regifaucium DSM 45072

EVanSncs-Y Am. orientalis B-37

VanSncs-Y Am. thailandensis JCM 16380

187 VanSncs-Y Am. azurea DSM 43854

100, 5o VanSncs-Y Am. sp. WAC 04169

100[t VanSncs-Y Am. keratiniphila HCCB10007

VanSncs-Y Am. keratiniphila DSM 44409

98l VanSncs-Y Am. keratiniphila ssp. nogabecina FH 1893
VanSncs-Y Am. sp. WAC 01416

85 VanSncs-Y Am. sp. WAC 01376

VanSncs-Y Am. sp. WAC 01375

VanSncs-Y Am. lurida DSM 43134

&7 r VanSncs-Y Am. sp. MJM 2582

16/ 71061 VanSncs-Y Am. japonica MG417-CF17

VanSncs-Y Am. sp. BJA-103

VanSncs-Y Am. alba DSM 44262

165, VanSncs-Y Am. sp. WAC 04197

47] ! VanSncs-Y Am. sp. CB00013

VanS8ncs-Y Am. decaplanina DSM 44594

67 VanSncs-Y Am. sp. WAC 05977

VanSncs-Y Am. sp. WAC 04182

64 VanSncs-Y Am. Jurida NRRL 2430

100

87

0.50

ESM Figure S17. Expanded version of the VS2 cluster from the phylogenetic tree of
actinobacterial VVanS-like sensor histidine kinases (Figure 11b). Please refer to the main text for

more details. BGC-encoded proteins are given in red. Scale bar represents number of

substitutions per site.



VR2

— ACL82957 VanRM Enterococcus faecium Efm-HS0661
L AARB84672 VanR Paenibacillus popilliae ATCC 14706

99

o0 VanRncs-HAXY-D Pvb. caecicola DSM 22242
I VanRncs-HAXY-D Er. mucosicola NM66 B29
99 AAY52009 VanR Paenibacillus apiarius PA-B2B

VanR-WHAXY Brevibacillus laterosporus E7593-50

AAAB5953 VanR Enterococcus faecium BM4147
CAB61229 VanR Bacillus circulans VR0709
AAL27445 VanRE Enterococcus faecalis NO0-0410

99 AAF86641 VanRc Enterococcus gallinarum BM4174
994|:AAK53981 VanRc-2 Enterococcus casseliflavus

61 L AEP40503 VanRN Enterococcus faecium UCN71
AAQ16268 VanR Enterococcus faecalis BM4518
AXB64454 \fanR Clostridioides difficile DSM 27639

64

% AAZ98835 VanRD Enterococcus gallinarum N04-0414

—
1 2L AAM09851 VanR Enterococcus faecium 10/96A
VanRncs-HAXYW Afp. minutum 10063974

VR3 o) p

| AAQ12900 VanR Enterococcus faecium BM4524

—— AABO05622 VanR Enterococcus faecalis V583
VanR-ZHAX Paenibacillus sonchi LMG 24727
0,20

ESM Figure S18. Expanded versions of the VR2 and VR3 clusters from the phylogenetic tree of
actinobacterial VanR-like response regulators (Figure 11a). Please refer to the main text for more
details. Scale bar represents number of substitutions per site.
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VS1 AAV58812 VanSB Clostridium sp. CCRI-9842

AAQ12903 VanS Enterococcus faecium BM4525
100

BAHO02339 VanS Enterococcus faecalis pMG2200

100 AHHB83941 VanS(B) Enterococcus faecium SAU28

VanSncs-HAXYW Atp. minutum 10063974
VanS-ZHAX Paenibacillus sonchi LMG 24727

100 —— ACL82958 VanS(M) Enterococcus faecium Efm-HS0661

L AARB4673 VanS Paenibacillus popilliae ATCC 14706
100 — VanSncs-HAXY-D Pvb. caecicola DSM 22242

L VanSncs-HAXY-D Er. mucosicola NM66 B29

100 — WP_034869172 VanS Enterococcus casseliflavus

96 L—— AAY67972 VanS Enterococcus gallinarum N04-0414

58 AEP40504 VanS(N) Enterococcus faecium UCN71

74

97 L— ABX54692 VanS Enterococcus faecalis NO6-0364

AAL27446 VanSE Enterococcus faecalis NO0-0410

96 - AAAB5954 VanS Enterococcus faecium BM 4147

o | 100 "L cABB1230 Van$ Bacillus circulans VR0709

100

VanS-WHAXY Brevibacillus laterosporus E7593-50

VanS-HAXZ Thermoactinomyces vulgaris 2H

54 — AAQ16269 VanS Enterococcus faecalis BM4518

—— AAZ98836 VanS(D) Enterococcus gallinarum N04-0414
100

100 AAR37057 VanS(D5) Enterococcus faecium N03-0072

100 BADG60925 VanS Enterococcus raffinosus

53 L ABS72055 VanS Ruminococcus gauvreauii CCRI-16110

ESM Figure S19. Expanded version of the VS1 cluster from the phylogenetic tree of
actinobacterial VVanS-like sensor histidine kinases (Figure 11b). Please refer to the main text for

more details. Scale bar represents number of substitutions per site.
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Dbv6-like VanRcs Str. sp. PAN FS17
81’-lVachs Str. sp. KS 5

B VanRes Str. chartreusis ATCC 14922
23 |— VanRcs Str. sp. MK-45
37 VanRcs Amd. sp. RB68

— VanRcs1 Str. sp. TLI 55
99l VanRcs1 Str. sp. GGCR-6
g9r— VanRcs Amd. sp. WMMB499
64 I: VanRcs Amd. sp. WAC 06369
VanRcs M. sp. Gxj-6
99 97| VanRcs Str. sp. PRhS
VanRcs Str. sp. DASNCL29
99|, VanRcs Str. rapamycinicus NRRL 5491
96! VanRcs Str. antioxidans MUSC_164
ggr VanRcs2 Str. sp. TLI 55
| VanRcs2 Str. sp. GGCR-6
97— VanRcs N. gerenzanensis ATCC 39727
97 VanRcs N. coxensis DSM 45129
81 98 L VanRcs N. sp. WAC 01424
VanRcs N. sp. ATCC 55076
VanRcs Str. sp. CNQ-509
- J[Vachs Str. sp. CMB-StM0423
VanRcs Str. sp. CNZ288
qor VanRcs Str. kanamyceticus ATCC 12853
30 VanRcs Str. formicae KY5
43| L VanRcs Str. venezuelae ATCC 14583
VanRcs Str. sp. FO01
I VanRcs Str. spectabilis NRRL 2792
47 ﬁ[ VanRcs Str. sp. YIM 121038
g9 VanRcs Str. xinghaiensis ATCC 19609
58 | vanRcs Str. xinghaiensis OlgR

VanRcs Str. sp. BA2
0,50 9L VanRcs Str. avermitilis NBRC 14893

98

ESM Figure S20. Expanded version of the Dbv6-like cluster from the phylogenetic tree of
actinobacterial VanR-like response regulators, coded within type V GPA BGCs, Nonomuraea
spp. type IV GPA BGCs, and feg-like BGCs (Figure 11a). Please refer to the main text for more

details. Scale bar represents number of substitutions per site.
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Dbv22-like oo VanScs Str. sp. PAN_FS17

1
’%ﬁ VanScs Str. sp. KS_5
100 VanScs Str. chartreusis ATCC 14922

VanScs Str. sp. MK-45
VanScs Amd. sp. RB68
m E VanScs Amd. sp. WMMB499
100 VanScs Amd. sp. WAC 06369
VanScs M. sp. Gxj-6
VanScs Str. antioxidans MUSC 164
100 @anScs Str. rapamycinicus NRRL 5491

1022 VanScs Str. sp. PRh5
sz - VanScs Str. sp. DASNCL29
100 VanScs Str. sp. TLI 55

L VanScs Str. sp. GGCR-6
100 VanScs N. gerenzanensis ATCC 39727

100 VanScs N. coxensis DSM 45129
VanScs N. sp. WAC 01424
VanScs N. sp. ATCC 55076
976’34 VanScs Str. sp. WAC 06738
100 ’_{ VanScs Str. sp. CNQ-509
VanScs Str. sp. CMB-StM0423
] L vanScs Str. sp. CNZ288
100 _VanScs Str. xinghaiensis OIlgR

91

100

- ” VanScs Str. xinghaiensis ATCC 19609
os VanScs Sir. sp BA2
L VanScs Str. avermitilis NBRC 14893
84 VanScs Str. spectabilis NRRL 2792
100 I: VanScs Str. sp. YIM 121038

— VanScs Str. venezuelae ATCC 14583

s 100 \anScs Str. kanamyceticus ATCC 12853
VanScs Str. formicae KY5
%1 L VvanScs Str. sp. FOO1
97  VanScs Sir. sp. WAC 01529
&7 VanScs Str. alboniger ATCC 12461

vanScs Str. fradiae NKZ-259

100 [
100 VanScs Str. alfalfae ACCC40021

—
0.20

ESM Figure S21. Expanded version of the Dbv22-like cluster from the phylogenetic tree of
actinobacterial VanS-like sensor histidine kinases, coded within type V GPA BGCs,
Nonomuraea spp. type IV GPA BGCs, and feg-like BGCs (Figure 11b). Please refer to the main

text for more details. Scale bar represents number of substitutions per site.
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VR4
R-PALPDdIVanXL Js. zingiberis PLAI 1-1

R-PALPDdIVanXL Ves. sp. FIM060022

¥

as R-PALPDdIVanXL Js. endophytica JCM 18317
R-PALPDdIVanXL Xa. phaseoli DSM 45730
34| R-PALPDdIVanXL Vcs. sediminis CGMCC 4.3550

R-PALPDdIVanXL Mms. terminaliae DSM 101760

99 R-PALPDdIVanXL Mms. mirobrigensis DSM 44830
R-PALPDdIVanXL Mms. chersina DSM 44151
R-PALPDdIVanXL Mms. krabiensis DSM 45344
£ R-PALPDdIVanXL Mms. avicenniae DSM 45758

R-PALPDdVanXL Mms. ureilytica LB19 RR

a10 99[ R-PALPDdIVanXL Mms. noduii ALFpr19a

ESM Figure S22. Expanded version of the VR4 cluster from the phylogenetic tree of

actinobacterial VanR-like response regulators, coded within putative pdx-operons from
Micromonosporales (Figure 11a). Please refer to the main text for more details. Scale bar

represents number of substitutions per site.

VS3

S-PALPDdIVanXL Xa. phaseoli DSM 45730

66

S-PALPDdIVanXL Ves. sediminis CGMCC 4.3550

S-PALPDdIVanXL Vcs. sp. FIM060022

S-PALPDdIVanXL Js. zingiberis PLAI 1-1

S-PALPDdIVanXL Js. endophytica JCM 18317

—— S-PALPDdIVanXL Mms. ureilytica LB19

L— S-PALPDdIVanXL Mms. noduli ALFpr19a

S-PALPDdIVanXL Mms. krabiensis DSM 45344

S-PALPDdIVanXL Mms. avicenniae DSM 45758

S-PALPDdIVanXL Mms. mirobrigensis DSM 44830

100 S-PALPDdIVanXL Mms. terminaliae DSM 101760

{
99
S-PALPDdIVanXL Mms. chersina DSM 44151 0.20

ESM Figure S23. Expanded version of the VS3 cluster from the phylogenetic tree of
actinobacterial VanS-like sensor histidine kinases, coded within putative pdx-operons from
Micromonosporales (Figure 11b). Please refer to the main text for more details. Scale bar

represents number of substitutions per site.
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ESM Figure S24. Continued on the next page.
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ESM Figure S24. Expanded version of the clade corresponding to the crown group of bacterial
VanR response regulators from tree on Figure 11a. Well-defined clusters VR5-7 were collapsed,
their expanded versions are given on ESM Figure S26. Please refer to the main text for more
details. BGC-encoded proteins are given in red. Scale bar represents number of substitutions per

site.
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ESM Figure S25. Continued on the next page.
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ESM Figure S25. Expanded version of the crown group of bacterial VVanS-like sensor histidine

kinases from tree in Figure 11b. Well-defined clusters VS4-8 were collapsed; their expanded

versions are given in ESM Figures S27-31. Please refer to the main text for more details. BGC-

encoded proteins are given in red. Scale bar represents number of substitutions per site.
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ESM Figure S26. Expanded versions of the VR5-7 clusters of the phylogenetic tree from ESM
Figure S24. Please refer to the main text for more details. BGC-encoded proteins are given in

red. Scale bar represents number of substitutions per site.
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ESM Figure S27. Expanded version of the VVS4 cluster of the phylogenetic tree from ESM

Figure S25. Please refer to the main text for more details. Scale bar represents number of

substitutions per site.
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ESM Figure S28. Expanded version of the VS5 cluster of the phylogenetic tree from ESM
Figure S25. Please refer to the main text for more details. Scale bar represents number of

substitutions per site.
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ESM Figure S29. Expanded version of the VS6 cluster of the phylogenetic tree from ESM
Figure S25. Please refer to the main text for more details. Scale bar represents number of

substitutions per site.
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ESM Figure S30. Expanded version of the VS7 cluster of the phylogenetic tree from ESM
Figure S25. Please refer to the main text for more details. BGC-encoded proteins are given in

red. Scale bar represents number of substitutions per site.
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ESM Figure S31. Expanded version of the VS8 cluster of the phylogenetic tree from ESM

87
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Figure S25. Please refer to the main text for more details. Scale bar represents number of

substitutions per site.
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