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Fig. S1. Scanning electron micrograph of strain AK-R2A1-2". Scale bar, 1 um.
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Fig. S2. Polar lipid profile of strain AK-R2A1-2" and closely related type strains.
A) AK-R2A1-2T; B) Subtercola frigoramans KCTC 49696"; C) Subtercola boreus DSM 13056"; D)
Subtercola lobariae KCTC 33586"; E) Subtercola vilae DSM 105013". DPG, diphosphatidylglycerol,

PE, phosphatidylethanolamine; AL, unknown aminolipid; GL, unknown glycolipid.
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Fig. S3. Map of the AK-R2A1-2"T genome generated with CGView. Marked characteristics are
shown from the outside to the center. Rings 1 and 2 show cluster orthologous group (COG) annotation
in the forward and reverse directions, respectively. Ring 3 shows the GC skew, while ring 4 shows the
G+C % content plot. The COG categories are: A, RNA processing and modification; B, chromatin
structure and dynamics; C, energy production and conversion; D, cell cycle control, cell division, and
chromosome partitioning; E, amino acid transport and metabolism; F, nucleotide transport and
metabolism; G, carbohydrate transport and metabolism; H, coenzyme transport and metabolism; |,
lipid transport and metabolism; J, translation, ribosomal structure, and biogenesis; K, transcription; L,
replication, recombination, and repair; M, cell wall/membrane/envelope biogenesis; N, cell matility; O,
post-translational modification, protein turnover, chaperones; P, inorganic ion transport and
metabolism; Q, secondary metabolite biosynthesis, transport, and catabolism; R, general function
prediction only; S, function unknown; T, signal transduction mechanisms; U, intracellular trafficking,
secretion, and vesicular transport; V, defense mechanisms; W, extracellular structures; X, mobilome:
prophages, transposons; and Z, cytoskeleton.
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Subsystem Coverage

21X

Subsystem Category Distribution

|

Subsystem Feature Counts

Cofactors, Vitamins, Prosthetic Groups, Pigments (143)

Cell Wall and Capsule {24)
Virulence, Disease and Defense (21)
Potassium metabolism {7)
Photosynthesis (0]

Miscellaneous (19)

Phages, Prophages, Transposable elements, Plasmids (0)

Membrane Transport (22)

Iron acquisition and metabolism (10)
RMA Metabolism (32)

Nucleosides and Mucleotides (84)
Protein Metabolism (150)

Cell Division and Cell Cycle (0)

Maotility and Chemotaxis (0)

Regulation and Cell signaling (16)
Secondary Metabolism (10)

DMA Metabolism (52)

Fatty Acids, Lipids, and Isoprencids (98)
Nitrogen Metabolism (7)

Dormancy and Sporulation (1)
Respiration (42)

Stress Response (22)

Metabolism of Aromatic Compounds (28)
Amino Acids and Derivatives (283)
Sulfur Metabolism (18)

Phosphorus Metabolism (20)
Carbohydrates (251)

Fig. S4. Subsystem features of strain AK-R2A1-2" revealed by the RAST server.



A NAPAA
E———

Lo — -—--_ ---P B e -‘l-‘-
86
B
Query sequence
JEE1C DD T T T D v DL o
: Glaciibacter superstes DSM 21135 K323DRAFT s... (48% of genes show similarity), NRF S-like
O R DO Oy T3 H < HE O
87
C
Contig No./locus ta Identified protein
ctg1_924 AsnC-type helix-turn-helix domain
ctg1_925 Protein phosphatase 2C
ctg1_926 Bacterial extracellular solute-binding protein
ctg1_927 ABC transporter
ctg1 928 Binding-protein-dependent transport system inner membrane component
ctg1 929 Binding-protein-dependent transport system inner membrane component
ctg1 930 L-asparaginase |l
ctg1_932 OsmC-like protein
ctg1_933 Major Facilitator Superfamily
ctg1 934 Peptidase M1 N-terminal domain
ctg1_936 FKBP-type peptidyl-prolyl cis-trans isomerase
ctclﬂ 937 1-deoxi-D-inulose 5-Ehosihate reductoisomerase
ctg1_939 Histidine kinase
ctg1_940 Response regulator receiver domain
ctg1_941 No significant similarity
ctg1 942 GcpE protein
ctg1_944 Domain of unknown function (DUF222)
ctg1_945 MarR family
ctg1_946 Transmembrane secretion effector
ctg1 947 Trypsin-like peptidase domain
88

89  Fig. S5. Information of non-alpha poly-amino acids like e-polylysine (NAPAA) biosynthetic
90 gene cluster of strain AK-R2A1-2T predicted by antiSMASH. A) Identified secondary metabolite
91  regions using strictness “relaxed” option for detection. B) Type | polyketide synthase (TIPKS)

92  metabolite clusterblast compared with the NCBI database. C) Pfam-based GO term annotation of
93  genes. Maroon highlighting denotes core biosynthetic genes, while pink highlighting shows

94  additional biosynthetic genes.
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95
B
Query sequence
4T 4 T G T R TR e T o
: Cnuibacter physcomitrellae strain XA(T) chromo... (70% of genes show similarity), betalactone
T4 I G O G - K < CH
96
C
Contig No./locus tag Identified protein
ctg1_1392 MraW methylase family
ctg1_1393 MraZ protein, putative antitoxin-like
ctg1_1394 Protein of unknown function (DUF3040)
ctg1_1395 Polyprenyl synthetase
ctg1_1396 Rv2175c C-terminal domain of unknown function
ctg1_1397 Protein kinase domain
ctg1_ 1398 Class-Il DAHP synthetase family
ctg1_1399 Acyltransferase
ctg1 1400 ROK famil
ctg1_1404 AAA domain
ctg1_1405 MerR HTH family regulatory protein
ctg1_1406 MerR HTH family regulatory protein
ctg1_1407 FHA domain
ctg1_1408 Protein of unknown function (DUF1295)
ctg1_1409 Protein of unknown function (DUF3097)
ctg1_1410 Amino-transferase class IV
ctg1_1411 UPF0126 domain
ctg1_1412 Trypsin-like peptidase domain
97

98 Fig. S6. Information of microansamycin biosynthetic gene cluster of strain AK-R2A1-27
99  predicted by antiSMASH. A) Identified secondary metabolite regions using strictness “relaxed”
100  option for detection. B) Type | polyketide synthase (TIPKS) metabolite clusterblast compared with the
101  NCBI database. C) Pfam-based GO term annotation of genes. Maroon highlighting denotes core

102  biosynthetic genes, while pink highlighting shows additional biosynthetic genes.
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T3PKS
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2,020,000 2,025,000 2,030,000 2,035,000 2,040,000 2,045,000 2,050,000 2,055,000

Query sequence
LR — Sl R e, s SR p e L (R e o

: Clavibacter michiganensis strain AY2B8 AY 2B 6... (58% of genes show similarity), T3PKS
LA DT T EE s i@ el Ao DeEEmaa e ey

C

Contig No./locus tag Identified protein
ctg1_1888 ABC-type cobalt transport system, permease component
ctg1 1889 No significant similarit

ctg1_1894 ImpB/mucB/samB family

ctg1_1895 Protein of unknown function (DUF1697)
ctg1_1896 ABC transporter

ctg1_1897 No significant similarity

cti1 1898 SNARE associated Golii irotein
ctg1_1900 No significant similarity

cti1 1901 Uncharacterized irotein conserved in bacteria iDUF2236i
ctg1_1904 Major Facilitator Superfamily

ctg1_1905 Bacterial regulatory proteins, gntR family
ctg1_1906 Acetyltransferase (GNAT) family

ctg1_1907 Mycothiol maleylpyruvate isomerase N-terminal domain
ctg1_1909 Bacterial regulatory helix-turn-helix protein, lysR family
ctg1_1910 Transmembrane secretion effector
ctg1_1911 Protein of unknown function (DUF1345)

ctg1 1912 GatB/GatE catalytic domain

ctg1_1914 Glu-tRNAGIn amidotransferase C subunit
ctg1_1915 No significant similarity

ctg1_1916 NAD-dependent DNA ligase adenylation domain
ctg1_1917 tRNA methyl transferase

ctg1_1918 Endonuclease/Exonuclease/phosphatase family
ctg1 1919 Bacterial protein of unknown function (DUF853)
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Fig. S7. Information of alkylresorcinol biosynthetic gene cluster of AK-R2A1-2" predicted by
antiSMASH. A) Identified secondary metabolite regions using strictness “relaxed” option for detection.
B) Type | polyketide synthase (TIPKS) metabolite clusterblast compared with the NCBI database. C)
Pfam-based GO term annotation of genes. Maroon highlighting denotes core biosynthetic genes,

while pink highlighting shows additional biosynthetic genes.
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RRE-containing

A A Ad
2, 634 ooo 2, 696 ooo 2, SBB ooo 2, 700 000 2, 702 000 2, ?04 000 2, ?06 000 2, ?DB 000

Query sequence
- eCA
: Mycobacterium sp. M3 1601, complete genome (109 of genes show similarity), NRPS TIPKS hglE-KS
KX BT X KRNI T IO R DO

Contig No./locus tag Identified protein

ctg1_2498 No significant similarity
ctg1 2499 Malate:quinone oxidoreductase (Mgo

ctg1l 2501 Uncharacterized nucleotidyltransferase

ctg1_2503 FAD dependent oxidoreductase
ctg1_2504 DUF218 domain
ctg1_2505 No significant similarit

Fig. S8. Information of kosinostatin biosynthetic gene cluster of AK-R2A1-2T predicted by
antiSMASH. A) Identified secondary metabolite regions using strictness “relaxed” option for detection.
B) Type | polyketide synthase (TIPKS) metabolite clusterblast compared with the NCBI database. C)
Pfam-based GO term annotation of genes. Maroon highlighting denotes core biosynthetic genes,

while pink highlighting shows additional biosynthetic genes.



betalactone

126
B
Query sequence
PLOCP e IR e @ I AT
: Frondihabitans sp. PAMC 28766 strain SR6 chrom... (43% of genes show similarity), TAPKS betalactone
PR-AEDC AR ITIREIR LR -O@ - I E D W@ ICE0 CUE-ARO-CROI-A0 O OE00ED
127
C
Contig No./locus tag Identified protein
ctg1 2807 Thioesterase superfamil
ctg1 2810 MaoC like domain
cti1 2811 N-terminal half of MaoC dehidratase
ctg1 2814 No significant similarity
ctg1 2815 Bacterial regulatory proteins, gntR famil
ctg1 2820 Acetyl-CoA hydrolase/transferase N-terminal domain
ctg1_2826 PaaX-like protein
ctg1_2827 BadF/BadG/BcrA/BerD ATPase family
ctg1_2828 2-hydroxyglutaryl-CoA dehydratase, D-component
ctg1_2829 2-hydroxyglutaryl-CoA dehydratase, D-component
ctg1 2834 Bacterial regulatory proteins, tetR family
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Fig. S9. Information of beta-lactone biosynthetic gene cluster of AK-R2A1-2" predicted by
antiSMASH. A) Identified secondary metabolite regions using strictness “relaxed” option for detection.
B) Type | polyketide synthase (TIPKS) metabolite clusterblast compared with the NCBI database. C)
Pfam-based GO term annotation of genes. Maroon highlighting denotes core biosynthetic genes,

while pink highlighting shows additional biosynthetic genes.
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terpene

A
T r \ T ; ; \ T 1 \ \
3,138,000 3,140,000 3,142,000 3,144,000 3,146,000 3,148,000 3,150,000 3,152,000 3,154,000 3,156,000
Query sequence
AN e K L B KX > ]

: Rathavibacter sp. VKM Ac-2762 chromosome (50% of genes show similarity). terpene
W SR, RS GE— ] S N N S S R N S—

C
Contig No./locus tag Identified protein
ctg1_2905 MerR HTH family regulatory protein
ctg1_2906 DnaJ domain
ctg1_2907 GrpE
ctg1_2908 Hsp70 protein
ctg1 2909 Vacuole effluxer Atg22 like
ctg1 2911 CarR_dom_SF: lycopene cyclase domain
ctg1 2912 CarR_dom_SF: lycopene cyclase domain

ctgl 2914 Squalene/phytoene synthase

ctg1_2918 No significant similarity
ctg1_2919 dUTPase
| cgt2020 ~ FAD-bindingdomain |
ctg1_2921 No significant similarity
ctg1_2922 PAP2 superfamily
ctg1_ 2923 Bacterial regulatory helix-turn-helix protein, lysR family

Fig. S10. Information of carotenoid biosynthetic gene cluster of AK-R2A1-2T predicted by
antiSMASH. A) Identified secondary metabolite regions using strictness “relaxed” option for detection.
B) Type | polyketide synthase (TIPKS) metabolite clusterblast compared with the NCBI database. C)
Pfam-based GO term annotation of genes. Maroon highlighting denotes core biosynthetic genes,

while pink highlighting shows additional biosynthetic genes.
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redox-cofactor

a _I,-- -_EDAI---- L S O G S S |
B
Query sequence
H ) I I I I —EEEH M I < <
 Mycobacterium kansasii strain K4 Scaffold ... (28% of genes show similarity), thiopeptide
[ I I I B N B XK } DI DN 3OO
C
Contig No./locus tag Identified protein
ctg1_2981 RelE-like toxin of type Il toxin-antitoxin system HigB
ctg1 2982 Major Facilitator Superfamily
ctg1_2983 MarR family
cth]1 2984 Bacterial recl;ulatoi iroteins, tetR famili
ctg1_2986 Coenzyme A transferase
ctg1_2987 Coenzyme A transferase
ctg1_2988 IcIR helix-turn-helix domain
ctg1_ 2989 GMC oxidoreductase
ctg1_2990 Bacterial regulatory proteins, tetR family
ctg1 2991 Mycofactocin: mycofactocin

ctg1_2994 AAA domain (dynein-related subfamily)
ctg1 2995 Von Willebrand factor type A domain

ctg1_2997 Creatinine amidohydrolase

ctg1 3003 HpcH/Hpal aldolase/citrate lyase famil
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Fig. S11. Information of lipopolysaccharide biosynthetic gene cluster of AK-R2A1-2" predicted
by antiSMASH. A) Identified secondary metabolite regions using strictness “relaxed” option for
detection. B) Type | polyketide synthase (TIPKS) metabolite clusterblast compared with the NCBI
database. C) Pfam-based GO term annotation of genes. Maroon highlighting denotes core

biosynthetic genes, while pink highlighting shows additional biosynthetic genes.
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173  Table S1. General features of Subtercola endophyticus AK-R2A1-27.

Feature Subtercola endophyticus AK-R2A1-27

GenBank sequence accession ID CP087997 .1

Genome assembly

Assembly method Canu; V1.7
Sequencing technology PacBio Sequel, lllumina platform
Annotation NCBI PGAP

Genome features

Genome length (bp) 4,318,731
G+C content (mol%) 65.8
No. of contigs 1
Total no. of genes 3,945
Protein-coding genes 3,874
Pseudogenes 71
RNA genes 56
rRNA genes (55, 16S, 23S) 6(2, 2, 2)
tRNA genes 47
ncRNA genes 3
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Table S2. ANI (%), orthoANI (%), and dDDH (%) values between strain AK-R2A1-2T and

closely related type strains of members of the family Microbacteriaceae. Data were

calculated from ANI calculator at EzBioCloud, Orthologous Average Nucleotide Identity (OAT)

software, and GGDC web server, respectively.

Assembly No. Strain ANI  orthoANI dDDH
GCF_016881145 Subtercola lobariae 9583b" 80.0 80.3 24.5
GCF_004923255 Subtercola vilae DB165" 77.6 78.2 22.6
GCF_003399685 Subtercola boreus K300 77.5 77.8 22.5
GCF_016907385 Subtercola frigoramans DSM 130577 76.8 77.5 22.5
GCF_013409865 Herbiconiux flava DSM 264747 74.7 74.0 20.7
GCF_001571005 Herbiconiux solani NBRC 1067407 74.5 74.1 20.5
GCF_900107435 Herbiconiux ginsengi CGMCC 4.34917 74.4 73.6 20.6
GCF_000938265 Agreia bicolorata VKM Ac-1804" 74.0 73.5 20.5
GCF_000469485 Leifsonia aquatica ATCC 14665" 73.9 72.9 20.3
GCF_900177685 Agreia pratensis VKM Ac-2510T 73.6 73.5 20.1
GCF _013410375 Leifsonia shinshuensis DSM 151657 73.4 72.5 19.9
GCF_013410615 Leifsonia naganoensis DSM 151667 73.4 72.6 20.0
GCF_014204935 Conyzicola lurida DSM 1057847 73.4 73.0 20.4
GCF_900167575 Okibacterium fritillariae VKM Ac-2059" 73.3 72.6 20.4
GCF_000470775 Leifsonia xyli subsp. cynodontis DSM 46306" 73.2 72.5 20.1
GCF_020009625 Leifsonia poae BS717 73.2 72.3 20.3
GCF_004570845 Leifsonia flava SYP-B21747 73.2 72.6 20.5
GCF_014639655 Conyazicola nivalis CGMCC 1.12813T 73.2 72.8 20.5
GCF_013408745 Leifsonia soli DSM 238717 72.9 72.4 19.8
GCF_006716125 Homoserinimonas aerilata DSM 264777 72.9 72.4 20.9
GCF_004801905 Glaciibacter flavus YIM 1318617 72.8 72.4 20.8
GCF_000421145 Glaciibacter superstes DSM 211357 72.7 71.9 20.4
GCF_013410665 Leifsonia psychrotolerans LI1T 72.5 71.9 20.3
GCF_014645015 Salinibacterium1xg’géaﬂgense CcGMCC 718 712 205
GCF_003113315 Salinibacterium hongtaonis S11947 71.8 71.2 20.4
GCF_014652955 Salinibacterium amurskyense KCTC 99317  71.4 71 19.5
GCF_006788895 Rhodoglobus vestalii DSM 219477 70.4 69.5 21.4
GCF_000477555 Leifsonia rubra CMS 76RT" 704 69.6 20.6
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Table S3. Presence of secondary metabolite biosynthetic gene clusters in the genome sequence of strain AK-R2A1-27, as
detected using antiSMASH.

Most similar known Similarit Core Additional
Region From To smBGC type o y biosynthetic  biosynthetic
cluster (%)
gene(s) gene(s)
Region 1 940,093 974,349 NAPAA ) ) 1 0
Region2 1478451 1,502,396 Beta-lactone Microansamycin 7 2 1
(Polyketide)

. Alkylresorcinol
Region 3 2,015,037 2,056,128 T3PKS (Polyketide) 66 1 0

. RRE- Kosinostatin -
Region 4 2,692,066 2,709,921 containing (NPR + Polyketide) 1 0
Region 5 3,035,049 3,068,677 Beta-lactone ) ) 3 7
Region 6 3,136,010 3,156,939 Terpene Carotenoid (Terpene) 50 1 0

Redox- Lipopolysaccharide

Region 7 3,218,696 3,243,543 cofactor (Saccharide:Lipopolysacc 5 3 0

haride)
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