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Figure S1. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Proteobacteria Rhizobium sp. Genes in bold indicate additional biosynthetic or transport genes as annotated by
antiSMASH. Sequence logos of predicted precursor peptides using RiPPER are indicated.

NZ_ML133763.1.region1: Rhizobium sp. C16 Scaffold16, whole genome shotgun sequence

NZ_LODWO01000139.region001: Rhizobium hidalgonense strain FH14 Scaffold9_1, whole genome shotgun sequence

NZ_CP007069.1.region1: Rhizobium leguminosarum bv. trifolii CB782 plasmid, complete sequence

A B C D EFG H | J K L M N O P Q
A: L-fuconate dehydratase K: carboxylating nicotinate-nucleotide
B: SDR family oxidoreductase diphosphorylase
C: IcIR family transcriptional regulator L: L-aspartate oxidase
D: amidohydrolase M: quinolinate synthase NadA
E: helix-turn-helix transcriptional regulator N: hypothetical protein
F: putative precursor peptide 1 O: 3-methyl-2-oxobutanoate
G: TfuA hydroxymethyltransferase
H: YcaO P: FAD-dependent oxidoreductase
I: putative precursor peptide 2 Q: Rieske 2Fe-2S domain-containing protein

J: tetratricopeptide repeat protein

Putative precursor peptide 1 (Cluster 5)
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Figure S2. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Proteobacteria, Rhizobium sp. Genes in bold indicate additional biosynthetic or transport genes as annotated by
antiSMASH. Sequence logos of predicted precursor peptides using RiPPER are indicated.

NZ_LYPNO1000002.region001: Rhizobium bangladeshense strain 1024 scf2_contig_2, whole genome shotgun sequence

NZ_NXDMO01000004.region001: Rhizobium sophorlradlms strain L101 Scaffold4_1, whole genome shotgun sequence

NZ_CP006986.1.region6: Rhizobium sp. IE4771 chromosome, complete genome
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A: polysaccharide pyruvyl transferase family protein
B: acyltransferase

C: glycosyltransferase

D: endo-1,4-beta-xylanase

E: hypothetical protein

F: exopolysaccharide biosynthesis protein

G: class | SAM-dependent methyltransferase

H: helix-turn-helix domain-containing protein

I: peptide antibiotic resistance protein

Putative precursor peptide 1 (Cluster 1)
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J: putative precursor peptide 1
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M: putative precursor peptide 2

N: hypothetical protein
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R: glycosyltransferase

Weblaga 0.00

M@“S i ADQ?AEQGLEELMBLAHMI ol povidigceany

DL

=
55

Eﬂ

WebLaga 0.0.0



',\‘ frontiers

Figure S3. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Proteobacteria, Agrobacterium sp. Genes in bold indicate additional biosynthetic or transport genes as
annotated by antiSMASH. Sequence logos of predicted precursor peptides using RiPPER are indicated.

NZ_MRDI01000020.region001: Agrobacterium sp. YIC 4121 scaffold12, whole genome shotgun sequence

Qo > 44 ) BT D

NZ_RRZI01000002.region001: Agrobacterium deltaense strain CNPSo 3391 scaffold_1, whole genome shofgun sequence

NZ_CP026925.1.region1: Agrobacterium tumefaciens strain 1D1609 chromosome [, complete sequence
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A: ROK family protein I: TfuA
B: D-xylose ABC transporter substrate-binding J: YcaO
protein K: hypothetical protein
C: sugar ABC transporter permease L: SARP family transcriptional regulator
D: sugar ABC transporter ATP-binding protein M: hypothetical protein
E: 5-methyltetrahydropteroyltriglutamate-- N: hypothetical protein
homocysteine S-methyltransferase O: TIM barrel protein
F: putative precursor peptide P: family 16 glycosylhydrolase
G: helix-turn-helix transcriptional regulator Q: transcription elongation factor GreA
H: hypothetical protein R: SGNH/GDSL hydrolase family protein

Putative precursor peptide 2 (Cluster 3)
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Figure S4. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Proteobacteria, Rhizobium sp. Genes in bold indicate additional biosynthetic or transport genes as annotated by
antiSMASH. Sequence logos of predicted precursor peptides using RiPPER are indicated.

NZ_SIKA01007.region1: Rhizobium leguminosarum strain SM14 frag_SM14_1, whole genome shotgun sequence
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NZ_WIFN01000043.region001: Rhizobium laguerreae strain CCBAU10279 CCBAU1027943, whole genome shotgun sequence

NZ_WIFD01000002.region001: Rhizobium leguminosarum bv. viciae strain CCBAU83268 RLVCCBAU83268002, whole genome shotgun sequence

A B C D EFGHI J K
A: ABC transporter ATP-binding protein G: hypothetical protein
B: ABC transporter permease H: TfuA
C: ABC transporter ATP-binding protein I: YcaO
D: alpha-glucosidase/alpha-galactosidase J: AAA family ATPase
E: precursor peptide K: alpha-glucosidase/alpha-galactosidase

F: hypothetical protein

Putative precursor peptide (Cluster 23)
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Figure S5. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Proteobacteria, Corallococcus sp. Genes in bold indicate additional biosynthetic or transport genes as
annotated by antiSMASH. Sequence logos of predicted precursor peptides using RiPPER are indicated.

NZ_RAWPO01000049.region001: Corallococcus sp. ABO32C NODE_49 66978 cov_50.3423_ID_7068, whole genome shotgun sequence

A B CDEFG H | JKLM NOPQRS

A: ABC-F family ATP-binding cassette domain- J: putative precursor peptide 1

containing protein K: putative precursor peptide 2

B: flagellar motor protein MotB L: putative precursor peptide 3

C: OPT/YSL family transporter M: TfuA

D: peptidylprolyl isomerase N: YcaO

E: dicarboxylate/amino acid:cation symporter O: peroxiredoxin

F: hypothetical protein P: sigma-70 family RNA polymerase sigma factor
G: site-specific DNA-methyltransferase Q: zf-HC2 domain-containing protein

H: DUF2381 family protein R: hypothetical protein

I: serine/threonine protein kinase S: DUF4136 domain-containing protein

Putative precursor peptide 1 (Cluster 100)
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Figure S6. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Euryarchaeota, Methanosarcina sp. Genes in bold indicate additional biosynthetic or transport genes as
annotated by antiSMASH.

NZ_CFP009506.1.region001: Methanosarcina siciliae T4/M, complete genome

...................................... DO -4 —( om0 ) -

NZ_CP009508.1.region001: Methanosarcina siciliae C2J, complete genome

-------------------------------------- HAEE-OD )44 (- (N ) -

NC_003552.1.region001; Methanosarcina acetivorans C2A, complete sequence

-------------------------------------- HO-Om T ) ) g4

B C D E FGHIJ KLMNO PQ R ST U V W
A: polysaccharide deacetylase family protein L: universal stress protein
B: 3-methylornithyl-N6-L-lysine dehydrogenase M: hypothetical protein
PyID N: hypothetical protein
C: 3-methylornithine--L-lysine ligase PylC O: TfuA
D: methylornithine synthase PylB P: YcaO
E: pyrrolysine--tRNA(Pyl) ligase Q: DUF2892 domain-containing protein
F: hypothetical protein R hypothetical protein
G: DUF134 domain-containing protein S: copper-translocating P-type ATPase
H: DUF5320 domain-containing protein T: cytochrome ¢
I: hypothetical protein U: PLDc N-terminal domain-containing protein
J: radical SAM protein V: MFS transporter
K: ferritin W: class | SAM-dependent methyltransferase
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Figure S7. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Euryarchaeota, Methanobrevibacter sp. Genes in bold indicate additional biosynthetic or transport genes as
annotated by antiSMASH.

NZ_AELU0{ 000007 region001: Methanobrevibacter smithii T594A Contig32, whole genome sholgun sequence

........................ I I TN M- ) M

NZ_AELXO1000008 regiond01: Methanobrevibacter smithii TS954 Config32, whols genome sholgun ssquence
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NZ_AEL Q01000012 regiond01: Methanobrevibacter smrn'?rr TE14EE Configd, whole genome sholfgun segquence

........................ MED ), I)E)) B O Hm I -

NC_009515 1. region001: Mathanobrevibacter amithii ATCC 35081, complete genome

......................... DI T

A B C

A: class | SAM-dependent methyltransferase

B: glutamine-hydrolyzing carbamoyl-phosphate
synthase small subunit

C: carbamoyl-phosphate synthase large subunit
D: zinc ribbon domain-containing protein

E: amidohydrolase family protein

F: universal stress protein

G: CBS domain-containing protein

H: hypothetical protein

I: ATP-dependent sacrificial sulfur transferase LarE
J: TfuA

K:YcaO

YO B - e

D EFG HI

J K LMN O P Q RSTU V W
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L: site-2 protease family protein

M: hypothetical protein

N: hypothetical protein

O: hypothetical protein

P: hypothetical protein

Q: aminopeptidase P family protein

R: type Il secretion system F family protein
S: class 111 signal peptide-containing protein
T: DUF1211 domain-containing protein

U: DUF1211 domain-containing protein

V: aldehyde dehydrogenase family protein
W: tRNA-binding protein
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Figure S8. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Euryarchaeota, Methanothermobacter sp. Genes in bold indicate additional biosynthetic or transport genes as
annotated by antiSMASH.

NZ_CP043480 1. region01: Methanothermobacter sp. THM-2 chromosomes, complete genome
.-'" — "-. .'l . } Il J'. / | M | . 5 . A . .
- IO DM e () < (e (e
NZ_CPO42937 1. region002: Methanothermobactsr sp. KEPCO-1 chromosome, complete genome

Oy D o ) ) (mm (N

NZ_LTE08329.1.region002; Methanothermobacter wolfed isclate SIVG geneme assembly, chromosome: |

— R L L LR

BCD EFG H I J KLMNOP Q R S
A: chitobiase/beta-hexosaminidase C-terminal K: TfuA
domain-containing protein L: ATP-dependent sacrificial sulfur transferase LarE
B: aldehyde dehydrogenase family protein M: hypothetical protein
C: class Il signal peptide-containing protein N: CBS domain-containing protein
D: type Il secretion system F family protein O: universal stress protein
E: aminopeptidase P family protein P: amidohydrolase family protein
F: HIT family protein Q: PKD domain-containing protein
G: iron-containing alcohol dehydrogenase R: carbamoyl-phosphate synthase large subunit
H: PAS domain S-box protein S: glutamine-hydrolyzing carbamoyl-phosphate
I site-2 protease family protein synthase small subunit

J: YcaO
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Figure S9. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Euryarchaeota, Methanolobus sp. Genes in bold indicate additional biosynthetic or transport genes as

annotated by antiSMASH.

NZ_FOUJO1000002 region001: Methanolobus profundi strain Mob M, whole genome sholgun sequence

R I O T )G ) (A (1) I AR

NZ_WIAQO1000019.regiond01: Methanolobus vulcani strain B1d Joined_contig_3, whole genome shotgun sequence

> - QDA

NZ_AZAJO1000001. regronOOf Methanolobus tindarius DSM‘ 2278 MeltiDRAFT_Contig28.1_C, whole genome sholgun sequence

|

Y

ABCDEF GHIJ

A: MBL fold metallo-hydrolase

B: metal-dependent transcriptional regulator
C: zinc ABC transporter substrate-binding
protein

D: ABC transporter ATP-binding protein
E: metal ABC transporter permease

F: TfuA

G: YcaO

H: cytochrome P460 family protein

I: hypothetical protein

J: cysteine desulfurase

K: IS5 family transposase

L: ORC1-type DNA replication protein
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M: hypothetical protein

N: thermosome subunit

O: YkgJ family cysteine cluster protein

P: TIGR04013 family B12-binding domain/radical
SAM domain-containing protein

Q: DUF126 domain-containing protein

R: DUF521 domain-containing protein

S: UbiD family decarboxylase

T: hypothetical protein

U: ATP-binding cassette domain-containing
protein

V: hypothetical protein

W: 4,5-DOPA dioxygenase extradiol
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Figure S10. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Euryarchaeota, Methanoculleus sp. Genes in bold indicate additional biosynthetic or transport genes as
annotated by antiSMASH.

NZ_BCNX01000016.region001: Methanoculleus thermophilus strain CR-1, whole genome shofgun sequence
— @ IO - 0 - (1)
MNZ_JX0J01000006.region001: Methanoculleus sediminis strain S3Fa S3Fa_contig_B, whole genome shotgun sequence
; r | ISy | y -
—QIHE DN DB (e E—
MNZ_FMID0O1000046.region001: Methanoculleus chikugoensis isolate L21-11-0, whole genome shotgun sequence
. _.-"1 M

MC_009051.1 region002: Methanoculleus marisnigri JR1, complete genome

—@ Il Fﬂl@DJMFDIW DDIIEIII HIDER

D E FGHI J KLMN O P R S T
A: excinuclease ABC subunit UvrA L: molybdenum cofactor biosynthesis protein MoaE
B: ferritin family protein M: MoaD/ThiS family protein
C: DUF5591 domain-containing protein N: HesA/MoeB/ThiF family protein
D: type I ribulose-bisphosphate carboxylase O: GNAT family N-acetyltransferase
E: dienelactone hydrolase family protein P: DUF4935 domain-containing protein
F: hypothetical protein Q: PAS domain S-box protein
G: winged helix-turn-helix transcriptional regulator R: carboxypeptidase regulatory-like domain-
H: hypothetical protein containing protein
I: hypothetical protein S: ABC transporter permease
J: TfuA T: ABC transporter ATP-binding protein

K: YcaO
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Figure S11. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Thaumarchaeota Nitrosocosmicus sp.. Genes in bold indicate additional biosynthetic or transport genes as

annotated by antiSMASH.

NZ_SRPKO1000006. regicn001: Candidatus Mitresocosmicus sp. 55 NODE_S_length_188725_cov_9.209863, whole genome shotgun sequence

=0 E ZE ]

NZ_LR216287 1.regiond01: Candidaius Nitrosocosmicus franklandus izolats NFRANT genome assembly chromosome: NFRAN

------ )L -

MNZ_CPO17922.1.regicn001: Candidatus Mitrosccosmicus exaquare strain G61 chromoesome, complete genome
Al 3 V| e _\. ".". — —
- - Dy H - e OO - -

A B CDE F G HI JKL MNOPQR S TU VWXYZ

T

A: ribose 5-phosphate isomerase A

B: amidohydrolase family protein

C: hypothetical protein

D: hypothetical protein

E: ABC transporter ATP-binding protein
F: ABC transporter permease

G: PQQ-dependent sugar dehydrogenase
H: hypothetical protein

I: hypothetical protein

J: YfcE family phosphodiesterase

K: hypothetical protein

L: TfuA

M: YcaO

N: hypothetical protein

) ) )<
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O: hypothetical protein

P: hypothetical protein

Q: hypothetical protein

R: 3-isopropylmalate dehydratase small subunit
S: 3-isopropylmalate dehydratase large subunit
T: coenzyme F420-0:L-glutamate ligase

U: hypothetical protein

V: GTP-binding protein

W: reverse transcriptase-like protein

X: hypothetical protein

Y isocitrate/isopropylmalate dehydrogenase family
protein

Z: methyltransferase
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Figure S12. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Cyanobacteria. Genes in bold indicate additional biosynthetic or transport genes as annotated by antiSMASH.
Sequence logos of predicted precursor peptides using RiPPER are indicated.

NC_019684.1.region5: Nostoc sp. PCC 7524, complete genome:
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MZ_LUHJ01026.regiond: Anabaena sp. 4-3 contig039, whole genome shotgun seguence

--------------------------------------- )X D<) << )-8

NZ_LUHI01033.regioni: Anabaena sp. CA = ATCC 33047 contigD57, whole genome shotgun sequence
. . ~ s, M N
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AB C D EF GH

A: tryptophan 7-halogenase E: MBL fold metallo-hydrolase

B: 20G-Fe(1l) oxygenase family protein F: TfuA

C: SPASM domain-containing protein G: YcaO

D: precursor peptide (Nifl1 family protein) H: NAD(P)/FAD-dependent oxidoreductase

Putative precursor peptide 2 (Cluster 275)
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Figure S13. Conserved gene cluster architecture of TfuA - YcaO gene cluster families with most members in
Cyanbobacteria Nostoc sp.. Genes in bold indicate additional biosynthetic or transport genes as annotated by
antiSMASH. Sequence logos of predicted precursor peptides using RiPPER are indicated.

NZ_MRBZ01116.region1: Nostoc calcicola FACHB-389 FACHB-389_Scaiffold_116, whole genome shotgun sequence

<E - I O () ) () )

NZ_AP018223.1.region3: Nostoc linckia NIES-25 plasmid plasmid1 DNA, nearly complete genome

A B C D E F G H | J K
A: adenylate/guanylate cyclase domain-containing F: cupin-like domain-containing protein
protein G: thiopeptide-type bacteriocin biosynthesis
B: DUF928 domain-containing protein protein
C: cyclic nucleotide-binding domain-containing H: precursor peptide 1
protein I: YcaO
D: NHLP bacteriocin system secretion protein J: TfuA
E: NHLP family bacteriocin export ABC K: cupin-like domain-containing protein

transporter peptidase/permease/ATPase subunit

Putative precursor peptide (Cluster 136)
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Figure S14. Sequence similarity network of TfuA protein sequences generated using EFI-EST.
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Figure S15. Sequence similarity network of precursor peptides identified through RiPPER within TfuA-
related BGCs.
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Figure S16. TfuA-related GCFs containing an CCRG-2 family-like precursor peptide as predicted by RiPPER.
GCF from Nostoc sp. share the same predicted precursor peptide network. Sequence logo of predicted
precursor peptide using RiPPER is indicated.

NZ_NOLI01025.region1: Nostoc sp. 'Peltigera membranacea cyanobiont' 213 scaffold25, whole genome shotgun sequence

—(EEKETH-EE) - e

NZ_NOLKO1149.region1: Nostoc sp. 'Peltigera membranacea cyanobiont' 232 scaffold149, whole genome shotfgun sequence

-ﬂGKD]}CIN L)) e .

A: MFS transporter F YcaO

B: multidrug ABC transporter permease G: TfuA

C: multidrug ABC transporter ATP-binding H: EmrB/QacA family drug resistance
protein transporter

D: isochorismatase I: MFS transporter

E: putative precursor peptide

NZ_ MRBZD111B region1: Nostoc calcicola FACHB-389 FACHB-389_Scaffold_116, whole genome shotgun sequence

SIS | IS e s )

NZ_APO1B223.1 _region3: Nostoc linckia NIES-25 plasmid plasmid1 DNA, nearly complete genome

< THIHI ) TR () i — - T

A: NHLP bacteriocirf\ system secretioncprotlgin domain

B: NHLP family bacteriocin export ABC D: putative precursor peptide (Cluster 136)
transporter peptidase/permease/ATPase subunit E: YcaO

C: thiopeptide-type bacteriocin biosynthesis F: TfuA

protein Lanthipeptide dehydratase, C-terminal
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Figure S16 (cont). TfuA-related GCFs containing an CCRG-2 family-like precursor peptide as predicted by
RIPPER. GCFs from Nostoc share the same predicted precursor peptide network. Sequence logo of predicted
precursor peptide using RiPPER is indicated.

NZ_VSTHO01007.region1: Bradyrhizobium sp. aSej3 asej3_(paired)_trimmed_(paired)_contig_7, whole genome shotgun sequence
— ) e O DR} ) neE-O Oy
oy vV =
NZ_PGWVG01040.region1: Bradyrhizobium forestalis strain INPA54B NODE_40_length_66765_cov_31.3114, whole genome shotgun sequence
M, k A r
(g O DT DD ) (-
NZ_Df820425. 1.region3: Bradyrhizobium sp. DOA9, whole genome shotgun sequence
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A B C D E F G H J K
A: NHLP bacteriocin export ABC transporter F: putative precursor peptide (Cluster 661)
permease/ATPase subunit G: B12-binding domain-containing radical SAM
B: NHLP family bacteriocin export ABC protein
transporter peptidase/permease/ATPase subunit H: Lanthipeptide dehydratase, C-terminal
C: NHLP bacteriocin system secretion protein domain
D: B12-binding domain-containing radical SAM I: Lanthipeptide dehydratase, N-terminal domain
protein J: TfuA
E: indole_PTase K: YcaO
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Figure S17. TfuA-related GCFs containing an albusnodin-like precursor peptide as predicted by RiPPER.
Sequence logo of predicted precursor peptide using RiPPER is indicated.

NZ_FNVT01015.region3: Nonomuraea solani strain CGMCC 4.7037, whole genome shotgun sequence
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ABC E F G H

A: branched-chain amino acid transport system
ATP-binding protein

B: branched-chain amino acid transport system
ATP-binding protein

C: HAD-superfamily hydrolase

D: acyl carrier protein

E: AMP-binding protein

F: thioesterase

G: TfuA

H: YcaO

I: ABC transporter ATP-binding protein

J: protein-L-isoaspartate(D-aspartate) O-
methyltransferase with TfuA domain

K: Transglutaminase-like superfamily protein

4.0
@ 3.0
520

J KL M

22

NO P Q

L: YcaO (ribosomal protein S12
methylthiotransferase accessory factor)

M: SagB-type dehydrogenase domain-
containing protein

N: YcaO (thiazole/oxazole-forming peptide
maturase, SagD family component)

O: Coenzyme PQQ synthesis protein D (PqqD)
P: albusnodin/ikarugamycin family macrolactam
cyclase

Q: putative precursor peptide (Cluster 249)

R: Cytochrome P450
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Figure S18. TfuA-related GCFs containing berninamycin-like precursor peptide as predicted by RiPPER.
GCFs from Rhizobium share the same predicted precursor peptide network. Sequence logo of predicted

precursor peptide using RiPPER is indicated.

NZ_SJNQO1000005.region002: Rhizobium laguerreae strain SPF2A11 ESF2A1105, whole genome shotgun sequence
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A: ABC transporter permease
B: ABC transporter ATP-binding protein

C: putative precursor peptide (Cluster 288)
D: TfuA
E: YcaO

NZ_Ki912103.1.region2: Rhizobium leguminosarum bv. trifolii CC278f Rleg6DRAFT_RLE 7, whole genome shotgun sequence
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A: ABC transporter substrate-binding protein
B: ABC transporter permease

C: ABC transporter permease

D: ABC transporter ATP-binding protein

E: ABC transporter ATP-binding protein

F: EAL domain-containing protein (diguanylate
cyclase)
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G: TfuA

H: YcaO

I: putative precursor peptide (Cluster 288)
J: GGDEF domain-containing protein
(diguanylate cyclase)

K: SDR family oxidoreductase
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A: aminotransferase class V-fold PLP-dependent
enzyme

B: ThiF family adenylyltransferase

C: ABC transporter ATP-binding protein

D: TfuA

E: YcaO

F: ATP-binding cassette domain-containing
protein

G: YcaO

H: SagB/ThcOx family dehydrogenase

I: YcaO

J: TOMM precursor leader peptide-binding
protein (ThiF)

K: putative precursor peptide (Cluster 486)
L: TonB-dependent receptor

M: multidrug efflux MFS transporter
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Figure S19. TfuA-related GCF containing with the precursor peptide annotated as a bacteriocin containing

thiopeptide-type modifications as predicted by RiPPER. Sequence logo of predicted precursor peptide using
RiPPER is indicated.

AORZ01000005.1.region001: Streptomyces mobaraensis NBRC 13819 = DSM 40847 contig005, whole genome shotgun sequence

€T (I

VOKX01000116.1.region002: Streptomyces mobaraensis strain US-43 Scaffold17_1, whole genome shotgun sequence

€ ()

CP002047.1.region020: Streptomyces bingchenggensis BCW-1, complete genome

A ) T

NCSM01000022.1.region002: Streptomyces sp. NBS 14/10 NBS-14-10_1__paired__trimmed__paired__contig_22, whole genome shotgun sequence

CEEE ) D)

A: nitroreductase (PF00881) D: YcaO
B: Lanthipeptide dehydratase, C-terminal E: putative precursor peptide (Cluster 91)
domain F: YcaO
C: Lanthipeptide dehydratase, N-terminal G: TfuA
domain
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Figure S20. TfuA-related GCFs containing Nif-like precursor peptides as predicted by RiPPER.
NZ_SI1JS01005.region3: Rhizobium leguminosarum strain SM5 plasmid pSM5 Rh07 p SM5 Rh07, whole genome shotgun sequence

NZ_RPJX01000114.region001: Sinorhizobium medicae strain USDA1608 ctg114, whole genome shotgun sequence

NZ_VISX01035.region1: Sinorhizobium medicae strain M14-1 Ga0310599_135, whole genome shotgun sequence

NZ RPHV01000082.region001: Sinorhizobium meliloti strain USDA1792 ctg82, whole genome shotgun sequence

. . ABC D E FGH I
A,B: Nifll-like leader peptide family RiPP F: ThiS
precursor G: ThiF molybdopterin-synthase
C: YcaO adenylyltransferase MoeB
D: TfuA H: class | SAM-dependent methyltransferase
E: YcaO I: type 2 lantipeptide synthetase LanM

NC_015713.1.region2: Simkania negevensis Z chromosome gsn.131, complete sequence

ABCDE F G H |
A: ThiF putative G: TfuA
adenylyltransferase/sulfurtransferase MoeZ H: ATP-binding cassette domain-containing
B: ThiS protein
C,D,E: Nif11-like leader peptide family RiPP I: Peptidase C39-containing ATP-binding
precursor cassette domain-containing protein

F: YcaO

NZ_OMPS01000041.region001: Ruegeria sp. EL01 isolate Ruegeria sp. strain EL01, whole genome shotgun sequence

A: extracellular solute-binding protein (sugar- J: YcaO

binding lipoprotein) K: proteusin epimerase (RRE)

B: sugar ABC transporter permease L: NHLP bacteriocin export ABC transporter
C, D, E, G: Nifll-like leader peptide family permease/ATPase subunit

RiPP precursor M: NHLP family bacteriocin export ABC

F: tryptophan 7-halogenase transporter peptidase/permease/ATPase subunit
H: MFS transporter N: NHLP bacteriocin system secretion protein
I: TfuA

25



a frontiers

Figure S21. Frequencies of additional modification genes (A) and other genes (B) as annotated by
antiSMASH found within TfuA-related BGCs.
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Figure S22. TfuA-related GCF containing an iron-containing redox enzyme family protein. Sequence logo of
predicted precursor peptide using RiPPER is indicated.

NZ_AJQMOT000302 region001: Sinorhizobium fredii CCBAU 05557 Scaffold90, whole genome shotgun sequence

-------- T W

NZ_AMCX01000052 region001: Sinorhizobium fredii GR64 contigl0052, whole genome shotgun sequence
i
SEEDE L1 | B
NZ_NWTC01000064.region001: Sinorhizobium fredii strain PCH1 Scaffold63_1, whole genome shotgun sequence

SN,

B CDE F G

A: sulfate ABC transporter substrate-binding E: YcaO

protein F: TfuA

B: sulfate/molybdate ABC transporter ATP- G: adenylate/guanylate cyclase domain-
binding protein containing protein

C: iron-containing redox enzyme family

protein

D: putative precursor peptide (Cluster 33)

eleSke
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Figure S23. TfuA-related GCF containing a fused tfuA and ycaO genes. Sequence logo of predicted precursor
peptide using RiPPER is indicated.

NZ_AECNO1000070.region001: Burkholderia thailandensis E555 BTHES55_69, whole genome shotgun sequence

(- )R

NZ_CP008915 2 region?: Burkholderia thailandensis strain 2003015869 chromosome 2, complete sequence

{4

A: Fused TfuA-Ycao E: RiPP maturation radical SAM C-

B: phytanoyl-CoA dioxygenase family protein methyltransferase

C: radical SAM protein F: cupin-like protein

D: putative precursor peptide (Cluster 127) G: ThiS
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Figure S24. TfuA-related GCF annotated to also produce ranthipeptides as annotated by antiSMASH. Both
GCFs share the same precursor peptide network. Sequence logo of predicted precursor peptide using RiPPER

is indicated.

VIRJ01000008.1.region001: Microbispora sp. KK1-11 NODE_8_length_275523_cov_39.9384, whole genome shotgun sequence

-4 - ) BT )

VDMAO02000016.1.region001: Microbispora catharanthi strain CR1-09 NODE_16_length_247240_cov_33.398927, whole genome shotgun sequence
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NZ_JNZQ01000004.region001: Microbispora rosea subsp. nonnitritogenes strain NRRL B-2631 contig4. 1, whole genome shotgun sequence

T I (A C i) - (e o M0

A BCDE F G H I J
A: alpha/beta hydrolase F: cytochrome P450
B: ABC transporter ATP-binding protein G: O-methyltransferase
C: ABC transporter permease H: FAD-dependent monooxygenase
D: YcaO I: radical SAM protein (ranthipeptide)
E: TfuA J: putative precursor peptide (Cluster 14)

NZ_BBXG01030. regl0n1 Herbidospora cretacea strain NBRC 15474, whole genome shotgun sequence

A B C D EFG H I J K L

A: ABC transporter ATP-binding protein H: PqgD family protein

B: ABC transporter permease (Stand_Alone_LassoRRE PF05402)

C: YcaO I: radical SAM protein (ranthipeptide)
D: TfuA J: putative precursor peptide (Cluster 14)
E: cytochrome P450 K: adenylate/guanylate cyclase domain-
F: O-methyltransferase containing protein

G: LuxR family DNA-binding response L: S8 family serine peptidase

regulator
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Figure S25. TfuA-related GCF annotated to also produce linear azole-containing peptides as annotated by
antiSMASH. Sequence logo of predicted precursor peptide using RiPPER is indicated.

NZ_KEB893721.1.region1: Frankia elaeagni strain BMG5.12 B207DRAFT_scaffold_23.24, whole genome shotgun sequence
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A B C D E F GH | J
A: ATP-binding cassette domain-containing E: RiPP maturation radical SAM protein 1
protein F: TfuA
B: NHLP family bacteriocin export ABC G: YcaO
transporter peptidase/permease/ATPase subunit H: putative precursor peptide (Cluster 609)
C: SagB/ThcOx family dehydrogenase I: Lanthipeptide dehydratase, C-terminal domain
D: YcaO (TOMM precursor leader peptide- J: Lanthipeptide dehydratase, N-terminal domain

binding protein)
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Figure S26. TfuA-related GCFs annotated to also produce thiopeptides as annotated by antiSMASH.
Sequence logo of predicted precursor peptide using RiPPER is indicated.

RAZS01000003.1.region001: Micromonospora musae strain NGC1-4 contig0003, whole genome shotgun sequence
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RAZT01000006.1.region002: Micromonospora musae strain MS1-9 contig0006, whole genome shofgun sequence

I < - ) ) I (-4l - O

B CcC Db E F

A: putative precursor peptide (Cluster 192) E: SagB/ThcOx family dehydrogenase
B: Lanthipeptide dehydratase, N-terminal F: YcaO (heterocycloanthracin_C_RRE)
domain G: YcaO
C: Lanthipeptide dehydratase, C-terminal H: TfuA
domain I: YcaO
D: Lanthipeptide dehydratase, C-terminal J: aldo/keto reductase family oxidoreductase
domain
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NAEP01000023.1.region001: Candldatus Lumbrl(:ldophlla eiseniae isolate EaCA-K 1, whole genome shotgun sequence

A: ABC transporter substrate-binding protein F: YcaO

B: putative precursor peptide (Cluster 486) G: ABC transporter ATP-binding protein
C: ThiF Goadsporin_CD_RRE H: YcaO

D: YcaO I: TfuA

E: nitroreductase (PF00881) J: ThiF
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Figure S26 (cont.). TfuA-related GCFs annotated to also produce thiopeptides as annotated by antiSMASH.
Sequence logo of predicted precursor peptide using RiPPER is indicated.

FMHZ01000002.1.region004: Micromonospora citrea strain DSM 43903 genome assembly, contig: Ga0070606_12, whole genome shotgun sequence
A

\

A B C D E FG H | J K
A: YcaO G: Lantibiotic biosynthesis dehydratase C-term
B: TfuA H: Lanthipeptide dehydratase, N-terminal
C: YcaO (ribosomal protein S12 domain
methylthiotransferase accessory factor) I: precursor peptide (Cluster 192)
D: YcaO J: Alpha/beta hydrolase family protein
E: SagB-type dehydrogenase domain-containing (Peptidase_S9)
protein K: dehydrogenase
F: Lantibiotic biosynthesis dehydratase C-term
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Figure S27. TfuA-related GCFs containing multiple ycaO genes without further annotation. Sequence logo of
predicted precursor peptide using RiPPER is indicated.

NZ_WXEWO01012 region1: Herbidospora sp. NEAU-GS84 Scaffold12, whole genome shotgun sequence
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NZ_BBXC01033.region1: Herbidospora sakaeratensis strain NBRC 102641, whole genome shotgun sequence

I EEDCBIOE L D5

SZ0QA01000029.1.region001: Herbidospora galbida strain NEAU-GS14 Scaffold29, whole genome shotgun sequence
OED(OEDTBIO L DR
A B cC D E F G H J K L

A: MFS transporter H: TfuA

B: ABC transporter ATP-binding protein I: iron compound ABC transporter, periplasmic
C: ABC transporter ATP-binding protein J: iron ABC transporter permease

D: putative precursor peptide (Cluster 200) K: ABC transporter ATP-binding protein

E,F, G:YcaO L: putative precursor peptide 2
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NZ_BBPMO01054.region1: Streptacidiphilus carbonis strain NBRC 100919, whole genome shotgun sequence

o

A B C D EFG H I J K
A: flavin reductase family protein G: TfuA
B: alpha/beta hydrolase (Peptidase S9) H: YcaO
C: MFS transporter I: TfuA
D: putative precursor peptide (Cluster 515) J: MFS transporter
E, F: YcaO K: GNAT family N-acetyltransferase
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Figure S27 (cont.). TfuA-related GCFs containing multiple ycaO genes without further annotation. Sequence
logo of predicted precursor peptide using RiPPER is indicated.

AP012204.1.region007: Microlunatus phosphovorus NM-1 DNA, complete genome

PO I DI T )

G: TfuA
A: ABC transporter permease/ATP-binding H: prolyl endopeptidase (Peptidase S9)
protein I: MatE efflux family protein
B: ABC transporter permease/ATP-binding J: ABC transporter substrate-binding protein
protein K: ABC transporter ATP-binding protein
C: putative precursor peptide (Cluster 224) L: ABC transporter permease protein

D, E, F: YcaO
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Figure S28. Sequence logo of the ATP-binding sequence motifs identified from TfuA-associated YcaO
proteins.
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