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Abstract

A polyphasic study was designed to establish the taxonomic status of a Streptomyces strain
isolated from soil from the QinLing Mountains, Shaanxi Province, China, and found to be the
source of known and new specialized metabolites. Strain MBT76' was found to have
chemotaxonomic, cultural and morphological properties consistent with its classification in
the genus Streptomyces. The strain formed a distinct branch in the Streptomyces 16S rRNA
gene tree and was closely related to the type strains of Streptomyces hiroshimensis and
Streptomyces mobaraerensis. Multi-locus sequence analyses based on five conserved
house-keeping gene alleles showed that strain MBT76" is closely related to the type strain of
S.hiroshimensis, as was the case in analysis of a family of conserved proteins. The organism
was also distinguished from S. hiroshimensis using cultural and phenotypic features.
Average Nucleotide Identity and digital DNA-DNA hybridization values between the genomes
of strain MBT76' and S. hiroshimensis DSM 40037' were 88.96 and 28.4+/-2.3%,
respectively, which is in line with their assignment to different species. On the basis of this
wealth of data it is proposed that strain MBT76" (=DSM 106196" = NCCB 100637"), be

classified as a new species, Streptomyces roseifaciens sp.nov.



Strain MBT76" is an actinomycete isolated from a soil sample taken from the QinLing
mountains in China. Many actinobacteria isolated from this niche turned out to berich
sources of bioactive compounds effective against multi-drug resistant bacterial pathogens
[1]. Based on its genome sequence, MBT76 was positioned within the genus Streptomyces
[2]. Streptomyces sp. MBT76" is a gifted strain that produces various novel antibiotics and
siderophores [2-5], its genome contains at least 44 biosynthetic gene clusters (BGCs) for
specialized metabolites as identified by antiSMASH [6]. ][The importance of validly naming
novel industrially important streptomycetes is often overlooked despite improvements in the
classification of the genus Streptomyces [7-9] and adherence to the rules embodied in the
International Code of Nomenclature of Prokaryotes [10].

Actinobacteria are Gram-positive often filamentous bacteria that are a major source of
bioactive natural products [11, 12]. The genus Streptomyces, the type genus of the family
Streptomycetacae within the actinobacteria [13], encompasses over 700 species with valid

names (http://www.bacterio.net/streptomyces.html), many of which have been assigned to

multi- and single-membered clades in Streptomyces 16S rRNA gene trees [7, 9]. Despite
being the largest genus in the domain Bacteria, a steady stream of new Streptomyces
species are being proposed based on combinations of genotypic and phenotypic features
[14, 15]. It is particularly interesting that multi-locus sequence analyses (MLSA) of conserved
house-keeping genes are providing much sharper resolution of relationships between closely
related Streptomyces species than corresponding 16S rRNA gene sequence studies [8, 16].
Labeda and his colleagues observed correlations between certain morphological traits of
streptomycetes and phylogenetic relationships based on MLSA data, as exemplified by the
clustering of whorl-forming (verticillate) species (formerly Streptoverticillium) into a singlewell
supported clade. Similarly, the sequences of highly conserved proteins (SALPS) have been
used to resolve relationships between morphologically complex actinobacteria, including
streptomycetes and closely related taxa classified in the family Streptomycetaceae [17, 18].

The aim of the present study was to establish the taxonomic status of Streptomyces sp.

MBT76" using a polyphasic approach. The resultant data show that the strain forms the



nucleus of a novel verticillate Streptomyces species for which we propose the name
Streptomyces roseifaciens sp.nov.

Streptomyces sp. MBT76" was isolated from a soil sample (depth 10-20 cm),
collected from Shandi Village in the QinLing mountains, Shaanxi Province, China
(34°03'28.1"N, 109° 22'39.0"E) at an altitude of 660 m [1]. The soil sample (1 g) wasenriched
with 6% yeast extract broth [19] and incubated at 37°C for 2 h in a shaking incubator. 0.1 mL
aliquots of 10 to 10™ dilutions of the resultant preparations were spread over selective agar
plates [1] supplemented with nystatin (50 pg/ml) and nalidixic acid (10 mg/ml), that were
incubated at 30°C for 4 days. The colony of the test strain was subcultured onto Soy Flour
Mannitol agar (SFM) [20]. The isolate and Streptomyces hiroshimensis DSM 40037" were
maintained on yeast extract- malt extract agar slopes (International Streptomyces Project
medium [ISP 2] [21]) at room temperature and as suspensions of spores and hyphae in 20%,
vIv glycerol at -20°C and -80°C. Biomass for the chemotaxonomic and molecular systematic
studies was cultured in shake flasks (180 rpm) of ISP 2 broth after incubation at 30°C for 2
days and washed with distilled water, cells for the detection of the chemical markers were
freeze-dried and then stored at room temperature.

The test strain was examined for chemotaxonomic and morphological properties known tobe
of value in Streptomyces systematics [7, 15]. Spore chain arrangement and spore surface
ornamentation were determined following growth on oatmeal agar (ISP 3 [21]) for 14 days at
28°C, by scanning electron microscopy on a JEOL JSM-7600F instrument [22]. Key
chemotaxonomic markers were sought using standard chromatographic procedures; the
strain was examined for isomers of diaminopimelic acid (A,pm) [23], menaquinones and
polar lipids [24] and whole-organism sugars [23]. In turn, cellular fatty acids were extracted,
methylated and analysed by gas-chromatography (Hewlett Packard, model 6890) using the
Sherlock Microbial Identification System [25] and the ACTINO version 6 database.

Strain MBT76' was found to have chemotaxonomical and morphological properties
consistent with its classification in the genus Streptomyces [7]. The organism formed

branched substrate hyphae that carried filaments bearing short chains of oval to cylindrical,



smooth-surfaced spores arranged in verticils (Fig. 1). Whole-organism hydrolysate of the
strain was rich in LL-diaminopimelic acid, glucose, mannose and ribose, the isoprenologues
were composed of octahydrogenated menaquinone with nine isoprene units (MK-9[H8])
(47%) and lesser amounts of MK-9[H6] (8%) and MK-9[H4] (3%). The polar lipid pattern
consisted of  diphospatidylglycerol, glycophospholipid, phosphatidylethanolamine,
phosphatidylinositol, and an unknown compound, as shown in Fig. S1. The cellular fatty
acids of the organism contained major proportions (>10%) of anteiso- Ciso (34.40%), and
anteiso- Ci7 (10.92%), lower proportions (i.e. <10%) of is0-C14:9 (8.28%), iS0-C15.0 (5.11%) iso-
Cieo (7.99%), anteiso-Cieo (2.54%), Cis1 w9 (2.84%), Cieo (5.64%), Cig1 w9 (8.93%),
Co0:11 W1l (4.53%) and summed features Cig., W9,12/Cig, (8.81%).

A 16S rRNA gene sequence (1,416 nucleotides [nt]) taken from the genome
sequence of Streptomyces sp. MBT76' (Genbank accession number: LNBE00000000.1)
was compared with corresponding sequences of the type strains of closely related
Streptomyces species using the Eztaxon server [26]. The resultant sequences were aligned
using CLUSTALW version 1.8 [27] and phylogenetic trees generated using the maximum-
likelihood [28], maximum-parsimony [29] and neighbour-joining [30] algorithms taken from
MEGA 7 software package [31-33]; an evolutionary distance matrix for the neighbour-
joining analysis was prepared using the model of Jukes and Cantor (1969) [34]. The
topologies of the inferred evolutionary trees were evaluated by bootstrap analyses [35]
based on 1,000 repeats. The root positions of unrooted trees were estimated using the
sequence of Kitasatospora setae KM 6054" (Genbank accession number: AP010968).
Streptomyces sp. MBT76" formed a distinct phyletic line in the Streptomyces 16S rRNA
gene tree (Fig. 2; see also Fig. S2-S3). It was found to be most closely related to the type
strains of Streptomyces hiroshimensis [36, 37], Streptomyces mobaraensis [36, 38] and
Streptomyces cinnamoneus [36, 39] sharing 16S rRNA gene sequence similarities with them
of 99.37% (9 nt differences), (99.24%) (= 11 nt differences) and 99.17% (=12 nt differences),
respectively. The corresponding 16S rRNA gene sequence similarities with the remaining

strains fell within the range 98.13 to 99.10%. The test strain was also found to form a distinct



phyletic line in the analysis based on the maximum-parsimony and neighbour-joining
algorithms.

The partial sequences of five house-keeping genes: atpD (encoding ATP synthase
F1, B-subunit), gyrB (for DNA gyrase B subunit), recA (for recombinase A), rpoB (for RNA
polymerase B-subunit) and trpB (for tryptophan synthase, B-subunit) were drawn from the
full genome sequence of strain MBT76' and from corresponding sequences on the
Streptomyces type strains used to generate the 16S rRNA gene tree (Fig. 3; sequences
presented in Table S1). The multilocus sequence analysis was based on the procedure
described by Labeda [40], the sequences of the protein loci of the strains were
concatenated head-to-tail and exported in FASTA format, yielding a dataset of 33 strains
and 2351 positions. The sequences were inferred using MUSCLE [41] and phylogenetic
relationships defined using the maximum-likelihood algorithm from MEGA 7 software [31,
33] based on the General Time Reversible model [42]. The topology of the inferred tree
was evaluated in a bootstrap analysis as described above. Phylogenetic trees were also
generated using the maximum-parsimony [29] and neighbour-joining [30] algorithms.
Pairwise distances between the sequences of each locus were established using the two
parameter model [43]. Strain pairs showing MLSA evolutionary distances <0.007 were
taken to be conspecific as determined by Rong and Huang [44], a value that corresponds
to the 70% DNA-DNA threshold recommended for the discrimination of prokaryotic species
[45].

MLSA have clarified relationships between closely related streptomycetes, thereby
reflecting the strong phylogenetic signal provided by partial sequences of single copy house-
keeping genes [8, 9, 40, 44]. In the present study all of the verticillate-forming streptomycetes
fell into a single clade that is sharply separated from associated clades composed of strains
that form spores in straight, looped or spiral chains (Fig. 3). Strain MBT76' and the type
strain of S. hiroshimensis were found to form a distinct phyletic line supported by all of the
tree-making algorithms and a 100% bootstrap value. It can also be seen from Figure 3 that

these strains are at the periphery of a well-supported branch composed of an additional eight



Streptomyces type strains that produce verticillate spore chains. The discovery that the strain
can be separated from its closest phylogenetic neighbours by MLSA distances well above
0.007 threshold (Table 1) indicates that it forms a distinct phyletic line within the evolutionary
radiation of the genus Streptomyces [16]. The results of this study underpin those presented
by Labeda et al. [8] by showing that streptomycetes which produce verticillate spore chains
form a recognizable group in the Streptomyces gene tree that can be equated with the genus
“Streptoverticillium” [46, 47].

The SsgA-like proteins (SALPs) have recently been proposed as phylogenetic
markers for the accurate classification of Actinobacteria [17]. Members of the SALP protein
family are typically between 130 and 145 amino acids (aa) long, and are unique to
morphologically complex actinobacteria [18]; they coordinate cell division and spore
maturation [48, 49]. SsgB shows extremely high conservation within a genus, while there is
high diversity even between closely related genera [17]. Genes encoding SALPs were drawn
from the genomes of strains MBT76', S. cinnamoneus (NZ_MOEP01000440.1), S.
mobaraensis (NZ_AORZ01000001.1) and S. hiroshimensis (NZ_JOFL01000001.1) and from
those of non-verticillate reference organisms, namely “Streptomyces coelicolor” A3(2)
(NC_003888.3), S. griseus subspecies griseus NBBC 13350" (NC_010572.1) and
“Streptomyces lividans” TK24 (NZ_GG657756.1). A second BLAST search was undertaken
based on a low cut-off value (e-value 10°) to interrogate the genome sequence of “S.
coelicolor” M145 (NC_003888.3) to verify that the initial hits were bona fide SALPs.
Sequences showing their best reciprocal hits against SALPs were aligned using MUSCLE
[41] and trees generated using the maximume-likelihood algorithm with default parameters as
implemented in MEGA 7 software [31], the robustness of the resultant trees was checked in
bootstrap analyses [35] based on 1000 replicates.

The maximume-likelihood tree (Fig. 4) shows that all of the strains have genes that
encode for the cell division proteins SsgA, SsgB, SsgD and SsgG [18, 48]. It is also evident
that the SsgB-protein, which mediates sporulation-specific division in Streptomyces strains

[49] encodes for identical proteins in both the verticillate and reference strains. The



sequences of the SALP proteins, SsgA and SsgG, underpin the close relationship between
the test strain and S. hiroshimensis and separate them from the type strains of S.
cinnamoneus and S. mobaerensis. It is particularly interesting that the verticillate strains lack
an orthologue of SsgE, which is fully conserved in non-verticillate streptomycetes. SsgE
proteins are considered to have a role in morphogenesis and the length of spore chains in
“S. coelicolor” [48]. Further comparative studies are needed to determine whether the
absence of SsgE in the genomes of verticillate streptomycetes is correlated to their different
mode of sporulation.

Strain MBT76" and S. hiroshimensis DSM 40037" were examined for cultural and
phenotypic properties known to be of value in the systematics of the genus Streptomyces
[15, 50]. The cultural properties were recorded from tryptone-yeast extract, yeast extract-malt
extract, oatmeal, inorganic-salt starch, glycerol-asparagine, peptone- yeast extract-iron and
tyrosine agar (ISP media 1-7, [21]) plates following incubation as 28°C for 14 days. Aerial
and substrate mycelium colours and those of diffusible pigments were determined by
comparison against colour charts [51]. The strains grew well on all of the media forming a
range of pigments (Table 2). In general, strain MBT76' produced a pink aerial spore mass,
dark red substrate mycelia and pale brown diffusible pigments, black melanin pigments were
formed on ISP 6 agar. In contrast, S. hiroshimensis formed a white aerial spore mass,
cream, pink or white substrate mycelia and, when produced, a brown diffusible pigment, it
also formed melanin pigments on ISP 6 agar.

The enzyme profiles for the test strain and S. hiroshimensis were determined using
API-ZYM kits (BioMerieux) and a standard inoculum corresponding to 5 on the Mc Farland
scale [52] and by following the protocol provided by the manufacturer. Similarly, a range of
biochemical, degradative and physiological properties were acquired using media and
methods described previously [50]. Identical results were obtained for all of the duplicate
cultures.

The full genome sequence of strain MBT76T (GenBank accession number

GCF_001445655) was elucidated using Illlumina sequencing. The sequences assembled into



18 contigs, giving a total genome size of 8.64 Mb with a G+C content of 72.1%, with an N50
of 2,514,044 and a 200x genome coverage. The genome is predicted to encode 73 RNAs
and 7,598 proteins. Gene functions were distributed among different classes using the RAST
annotation tool (Fig. S4) [53]. A total number of 44 secondary metabolites are predicted by
antiSMASH 4.2.0 [6], as shown in Table S2. Several genomic metrics are now available to
distinguish between orthologous genes of closely related prokaryotes, including the
calculation of average nucleotide identity (ANI) and digital DNA-DNA hybridization values
[54, 55]. In the present study, ANI and dDDH values were determined from the genomes of
strain MBT76" and S. hiroshimensis DSM 40037 using the ortho-ANIu algorithm from
Ezbiotaxon [54] and the genome-to-genome distance calculator (GGDC 2.0) at

http://ggdc.dsmz.de. The dDDH value between the genomes of the two strains was 28.4%

+ 2.3 %, a result well below the 70% threshold for assigning strains to the same species
[45], the digital DNA G+C value recorded for strain MBT76' was 71.9 mol%. Similarly, a
low ANI value of 88.96 was found between the two organisms, a result well below the
threshold used to delineate prokaryote species [56, 57].

It can be concluded from the chemotaxonomic, cultural, morphological and
phylogenetic data that strain MBT76' belongs to the genus Streptomyces. It can be
distinguished from the type strain, S. hiroshimensis, its closest phylogenetic neighbour using
genotypic and phenotypic procedures, notably by low ANI and dDDH values.
Consequentially, strain MBT76' should be recognised as a new Streptomyces species for

this we propose the name Streptomyces roseifaciens sp.nov.

Description of Streptomyces roseifaciens sp. nov.

Streptomyces roseifaciens (ro.se.i.fa’ci.ens L. masc. adj. roseus rosy; L. pres. part. faciens
producing; N.L. part. adj. roseifaciens producing rosy colour). Aerobic, Gram-stain positive
actinobacterium which forms an extensively branched substrate mycelium that carries long
straight filaments bearing at more or less regular intervals branches arranged in verticils.

Each branch of the verticils produces at its apex short chains of 3-5 spores with smooth



surfaces. Grows well on all ISP media. A red substrate mycelium, a pink aerial spore mass
and a pale brown diffusible pigment are produced on oatmeal agar. Grows from 20-50°C,
optimally at ~30°C, from pH 5.0 to pH 11, optimally at pH ~7, and in the presence of 2%
NaCl. Produces acid and alkaline phosphatase, a-chymotrypsin, a-cysteine arylamidase,
esterase (C4), esterase lipase (C8), N-acetyl-B-glucosaminidase, a- and B-glucosidase, a-
mannosidase, naphthol-AS-Bl-phosphatase, trypsin and valine arylamidase, but not a-
fucosidase, a- or B-galactosidase or B-glucoronidase (API-ZYM tests). Degrades casein,
gelatin, hypoxanthine, starch and L-tyrosine. Glucose, inositol and sucrose are used as sole
carbon sources. Additional phenotype properties are given in Tables 1 and 2. Major fatty
acids are anteiso-C;5,9, and anteiso-C;7,, the predominant menaquinone is MK-9 (H8), the
polar lipid profile contains diphospatidylglycerol, phosphatidylethanolamine,
phosphatidylinositol, glycophospholipid, and an unidentified lipid, the DNA G+C composition
is 71.9 mol% and the genome size 8.64 Mbp. The genome contains 44 biosynthetic gene
clusters many of which encode for unknown specialized metabolites.

The type strain MBT76" (=NCCB 100637' =DSM 106196") was isolated from a soil
sample from the QinLing mountains, Shaanxi Province, China. The species description is
based on a single strain and hence serves as a description of the type strain. The GenBank
accession number for the assembled genome of Streptomyces roseifaciens is

GCA_001445655.1.
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Table 1. MLSA distances between strain MBT76' and the type strains of closely related

Streptomyces species.

Strain MLSA (Kimura 2-parameter) distance
1 2 3 4 5 6 7 8 9 10 11 12
1 Strain MBT76" -
2 S. abikoensis 0.056
AS 4.1662"
3 S. cuspidosporus 0.097 0.128 0.117
NRRL B-5620 "
4 S. griseocarneus 0.059 0.121 0.067 0.075
NRRL B-1350 "
5 S. hiroshimensis 0.014 0.114 0.084 0.070 0.063
NRRL B-1823 '
6 S. kishiwadensis 0.062 0.106 0.093 0.080 0.068 0.107
NRRL B-12326"
7 S. lacticiproducens  0.065 0.106 0.089 0.090 0.083 0.112 0.078
NRRL B-24800 '
8 S. lavenduligriseus  0.055 0.115 0.090 0.086 0.079 0.117 0.077 0.052
NRRL B-3173 T
9 S. lilacinus 0.038 0.109 0.075 0.081 0.054 0.115 0.060 0.066 0.109
NRRL B-1968 '
10  S.luteosporeus 0.079 0.106 0.080 0.084 0.092 0.104 0.066 0.088 0.117 0.074
NRRL 2401 '
11 S. mashuensis 0.062 0.106 0.093 0.081 0.069 0.107 0.001 0.078 0.104 0.060
DSM 40221 "
12  S. sparsogenes 0.100 0.130 0.119 0.123 0.112 0.133 0.102 0.108 0.122 0.097 0.102
NRRL 2940 '
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Table 2. Growth and cultural characteristics of strain MBT76" and Streptomyces hiroshimensis DSM 40037 after
incubation at 30°C for 14 days.

Growth Aerial spore Substrate mycelium colour Diffusible pigment

mass colour
Strain MBT76"
Glycerol- asparagine agar (ISP 5) +++ Pink Dark red None
Inorganic salts-starch agar (ISP 4) +++ Pink Pink None
Oatmeal agar (ISP 3) +++ Pink Red Pale brown
Peptone-yeast extract- iron agar (ISP-6) ++ Pink Grey Black
Tryptone-yeast extract agar (ISP 1) +++ Pink Dark red Pale brown
Tyrosine agar (ISP 7) +++ Grey Dark red Pale brown
Yeast extract-malt extract agar (ISP 2) +++ Pink Dark red Pale brown
S.hiroshimensis DSM 40037"
Glycerol- asparagine agar (ISP 5) +++ White Pink None
Inorganic salts-starch agar (ISP 4) +++ White White None
Oatmeal agar (ISP 3) +++ Pink Pink Brown
Peptone-yeast extract- iron agar (ISP 6) ++ None Grey Black
Tryptone-yeast extract agar (ISP 1) +++ White Cream Brown
Tyrosine agar (ISP 7) +++ White Pink None
Yeast extract-malt extract agar (ISP 2) +++ White Cream Brown

+++abundant growth. ++, very good growth
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Table 3. Phenotypic properties that distinguish strain MBT76 " from S.hiroshimensis

DSM 40037"

Characteristics

Strain MBT76"

S. hiroshimensis DSM 40037

Cultural characteristics on

yeast extract-malt extract

agar

Aerial spore mass

Substrate mycelium

Diffusible pigment
APl ZYM tests:
a-Chymotrypsin
B- Glucosidase
Lipase (C14)

a -Mannosidase
Trypsin
Degradation of:

Xanthine

Growth on sole
source

Sucrose

Fructose

Pink

Dark red

Pale brown

carbon

Growth in presence of:

3% wi/v sodium chloride -
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Legends for Figures:

Figure 1. Scanning electron micrograph from a 14-day old culture of Streptomyces MBT76"
grown on an ISP-3 agar plate showing the presence of smooth, round to cylindrical
verticillate spores. A shows a full overview, the white and black arrows refer to the respective

maghnifications B and C. Scale bars 1 pM.

Figure 2. Maximume-likelihood phylogenetic tree based on 16S rRNA gene sequences,
showing relationships between isolate MBT76" and the type strains of closely related
Streptomyces species. Asterisks indicate branches of the tree that were also recovered using
the neighbour-joining and maximum-parsimony tree-making algorithms. Numbers at the
nodes indicate levels of bootstrap based on an analysis of 1,000 sampled datasets, only
values above 50% are given. The root position of the tree was determined using
Kitasatospora setae KM-6054". GenBank accession numbers are given in parentheses.

Scale bar, 0.005 substitutions per nucleotide position.

Figure 3. Phylogenetic tree inferred from concatenated partial sequences of house-keeping
genes atpD, gyrB, recA, rpoB and trpB using the maximume-likelihood algorithm, based on
the general time reversible model. The final dataset consisted of 2351 positions and 33
strains. Asterisks indicate branches of the tree that were recovered using the maximum-
parsimony and neighbor-joining algorithms. Percentages at the nodes represent levels of
bootstrap support from 1,000 resampled datasets with values with less than 60% not shown.
Streptomyces morphology: & verticillate spore chains. ®: not determined ©: Streptomyces with

canonical (apical) spore chains.

Figure 4. A composite maximume-likelihood tree showing the relationships between strain
MBT76", the type strains of S. cinnamoneus, S. hiroshimensis, S. mobaraensis and
reference strains “S. coelicolor”, “S. lividans” and S. griseus, based on the sequences of

SALP proteins.
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Ninhydrin molybdenum blue

a-Naptho-sulphoric acid Molibdatophosphoric acid

Figure S1. Annotated polar lipids. Two-dimensional TLC plate of polar lipids of
strain MBT 76" stained with ninhydrin, molybdenum blue, a- naptho-sulphoric acid,
and molybdatophosphoric acid spray. 2D TLC of Polar lipids are
diphospatidylglycerol (DPG), phosphatidylethanolamine(PE), phosphatidylinositol
(P1), Glycophospholipid (GPL), and an unknown lipid (L).



Streptomyces platensis JCM 4662 (AB045882)
Streptomyces libani subsp. rufus LMG 200877 (AJ781351)
Streptomyces hygroscopicus subsp. glebosus NBRC 137867 (AB184479)
Streptomyces glebosus CGMCC 4.1873"(NR117951)
Streptomyces caniferus NBRC 153897 (AB184640)
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—*E Streptomyces sclerotialus NRRL ISP-52697 (JOBC01000056)

Streptomyces monomycini NRRL B-243097 (JNYL01000005)

F’_i‘: Streptomyces olivaceiscleroticus DSM 40595™ (AJ621606)

99 Streptomyces niger NBRC 133627 (AB184352)
Streptomyces sp. MBT76" (MG947385)

63 Streptomyces mashuensis DSM 402217 (X79323)
4*|: Streptomyces Iuteosporeus NBRC 146577 (AB184607)
Streptomyces palmae CMU-AB204™ (LC073309)

— 98 Streptomyces sparsogenes ATCC 25498 (MAXF01000077)

* Streptomyces cuspidosporus NBRC 12378 (AB184090)
88| Streptomyces bingchenggensis BCW-17 (CP002047)

66 Streptomyces aldersoniae NRRL 18513" (EU170123)
Streptomyces griseocarneus DSM 400047 (X99943)
Streptomyces abikoensis NBRC 13860" (AB184537)
Streptomyces lilacinus NRRL B-1968" (JNXU01001020)
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Streptomyces lacticiproducens GIMN4.001™ (GQ184344)
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Streptomyces ardus NBRC 134307(AB184864)

Streptomyces mobaraensis NBRC 13819™ (AORZ01000256)
Kitasatosporia setae KM-6054T (NR112082)

Figure S2. 16S neighborhood joining tree based on 16S rRNA gene seguences,
showing relationships between isolate MBT76" and the type strains of closely related
Streptomyces species. Asterisks indicate branches of the tree that were also
recovered using the maximume-likelihood and maximum-parsimony tree-making
algorithms. Numbers at the nodes indicate levels of bootstrap based on an analysis
of 1,000 sampled datasets, only values above 50% are given. The root position of the
tree was determined using Kitasatospora setae KM-6054'. GenBank accession
numbers are given in parentheses. Scale bar, 0.005 substitutions per nucleotide
position.
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I— Streptomyces caniferus NBRC 153897 (AB184640)

Streptomyces platensis JCM 46627 (AB045882)

Streptomyces hygroscopicus subsp. glebosus NBRC 137867 (AB184479)
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Fig S3. Max parsimony tree based on 16S rRNA gene sequences. Relationships
between isolate MBT76" and the type strains of closely related Streptomyces species
are presented. Asterisks indicate branches of the tree that were also recovered using
the maximum-likelihood and neighborhood-joining tree-making algorithms. Numbers
at the nodes indicate levels of bootstrap based on an analysis of 1,000 sampled
datasets, only values above 50% are given. The root position of the tree was
determined using Kitasatospora setae KM-6054". GenBank accession numbers are

given in parentheses. Scale bar, 0.005 substitutions per nucleotide position.



Subsystem Coverage Subsystem Category Distribution

IEEEEE

Subsystem Feature Counts

Cofactors, Vitamins, Prosthetic Groups, Pigments (345)
Cell Wall and Capsule (165)

Virulence, Disease and Defense (58)
Potassium metabolism (18)
Photosynthesis (0)

Miscellaneous (38)

Phages, Prophages, Transposable elements, Plasmids (13)
Membrane Transport (92)

Iron acquisition and metabolism (73)
RNA Metabolism (111)

Nucleosides and Nucleotides (131)
Protein Metabolism (331)

Cell Division and Cell Cycle (40)

Motility and Chemotaxis (1)

Regulation and Cell signaling (74)
Secondary Metabolism (26)

DNA Metabolism (123)

Fatty Acids, Lipids, and Isoprenoids (363)
Nitrogen Metabolism (76)

Dormancy and Sporulation (8)
Respiration (131)

Stress Response (167)

Metabolism of Aromatic Compounds (61)
Amino Acids and Derivatives (632)

Sulfur Metabolism (43)

Phosphorus Metabolism (42)
Carbohydrates (526)

Figure S4. Overview of Streptomyces sp. MBT76 (Streptomyces roseifaciens)

subsystem gene functions as generated by analysis in the RAST server at

(http://rast.nmodr.orq)




Table S1. DNA sequences and accession numbers of genes used for taxomic
analysis of MBT76"

Gene

DNA sequence

Accession numbers

atpD

GCCTTCGACCAGCT CGAGT CCAAGACCGAGATGT TCGAGACCGGECCTG
AAGGT CGT CGACCT GCT GACCCCGT ACGT CAAGGGCGGCAAGAT CGGT
CTGITCGGT GGT GCCGGT GT CGGCAAGACCGT GCTGATCCAGGAAATG
ATCATGCGT GTGGCGAAGCT GCACGAGGGCGT TTCCGT CTTCGCCGGT
GT CGGT GAGCGCACCCGT GAGGGCAACGACCT CATGGT CGAGATGGAG
GAGGCCGGCGT TCTCGACAAGACCGCGCTGGT CTTCGGCCAGATGGAC
GAGCCCCCGGGECACCCGT CTGCGCGT GGCCCTGGCCGGTCTGACCATG
GCGGAGTACTTCCGCGAT GT GCAGAAGCAGGACGTGCTGI TCTTCATC
GACAACATCTTCCGCT TCACCCAGGCCGGT TCCGAGGT CTCCACCCTG
CTGGGCCGCATGCCCT CCGCGGT GGGT TACCAGCCGAACCT CGCGGAC
GAGATGGG

WP_058046297

gyrB

TCTGCACGGT GT CGGCGT CTCGGT CGT CAACGCGCT GT CGACGCGCGT
CGCGGT CGAGGT GAAGACCGACGGECT TCCGCT GGACCCAGGACTACAA
GCTCGGCGT CCCGACCGCCCCGCT GCAGCAGAACGAGGCGACCGACGA
GCACGGCACCTCGGT CACCT TCTGGGCCGACGGCGACATCTTCGAGAC
CACCGAGTACTCCT TCGAGACGCT CTCGCGGCGCTTCCAGGAGATGGC
GTI' TCCT CAACAAGGGCCT CACCAT CT CGCT GACGGACGAGCGC

WP_058045312

recA

GACGT CGCCCTCGGCGT CGECGEECT CCCGCGCGGCCGTGTGGTGGAG
ATCTACGGACCGGAGT CCTCCGGTAAGACGACCCT GACCCTGCACGCC
GT GGCCAAT GCGCAGCGGGECCGECGECACGGT GGCCTTCGTGGACGCC
GAGCACGCGCT GGACCCCGAGT ACGCCAAGAAGCT CGGCGTCGACATC
GACAACCT CATCCT GT CCCAGCCGGACAACGGCGAGCAGGCCCTCGAG
ATCGT CGACATGCTGGT CCGCTCCGGCGCGCTCGACCTGATCGTCATC
GACT CCGT CGCGGCCCT GGT GCCGCGCGCGGAGAT CGAGGGCGAGATG
GGCGACTCGCACGT GGGT CTCCAGGCCCGT CTGATGAGCCAGGCGCTC
CGGAAGAT CACCAGCGCGCT CAACCAGT CCAAGACCACCGCGATCTTC
ATCAACCAGCTCCGCGAGAAGAT CGGCGT GATGT TCGGCTCCCCCGAG
ACCACGACCGGT GGCCGGECECT

WP_079110898.1

rpoB

GGCCCGAACATCGGT CTGAT CGGCTCGCTCGCCTCCTACGGCCGCGTC
AACGCGT TCGGCTTCGT CGAGACCCCGT ACCGCAAGGT CGT CGAGGGT
GT CGT CACGGACGAGGT CGACTACCT GACT GCCGACGAGGAAGACCGC
TTCGT CATCGCCCAGGCGAACGCCGCCCTCACCGAGGACATGCGCTTC
GCCGAGGCCCGCGT GCTGGT CCGCCGCCGT GGCGGCGAGATCGACTAC
ATCGCCGGCGACGACGT CGACTACAT GGACGT CTCCCCGCGCCAGATG
GT' GI'CGGT CGCGACCGCCATGATCCCGT TCCT CGAGCACGACGACGCC
AACCGCGCGCTCATGGGAT CGAACAT GAT GCGCCAGGCCGT TCCGCTG
ATCAAGGCCGAGGCGCCGCT GGTCGGCACCGGCAT GGAGTACCGCTGC
GCGGTCGACGCCGGT GACGT CATCAAGGCCGAGAAGGACGGTGTCGTC
CAGGAGGT CTCCGCCGACTACGT CACGGT GGCCAACGACGACGGCACG
TACAACACCTAC

WP_058046833

trpB

GCCAGCACGGCGT CGCCACCGCCACCGCCTGCGCCCTCTTCGECCTCG
AATGCACCATCTACAT GGGCGAGGT GGACACCCAGCGGCAGGCGCTGA
ACGT CGCCCGCAT GCGGAT GCTCGGCGCCGAGGT CATCGCCGT GAAGT
CCGGCAGCCGCACCCT GAAGGACGCCAT CAACGAGGCGT TCCGCGACT
GGGTI' CGCCAACGT CGACCGCACGCACTACCTCTTCGGCACCGT CGCGG
GCCCGCACCCTTTCCCGGCCCT CGT CCGCGACT TCCACCGGGTCATCG
GCGT CGAGGCGCGCCGCCAGAT CCT GGAGCGCGCCGGCCGCCTGCCGG
ACGCCGCCGT GGCCT GCGT GGGAGGCGGECT CCAACGCCATCGECCTGT
TCCACGCCT TCCT CCCCGACGAGGGCGT GCGCCTGAT CGGCTGCGAGC
CCGGCGGCCACGGCCT GGCCACCGGECGAGCACGCGGCCACCCTCACCG
CCGGCACGCCCGGCAT CCTGCACGGECTCGCGCTCCTACGT CCTGCAGG

WP_058044868




ACGAGGACGGCCAGATCACCGAGCCGTACTCGATCTC

16S
rDNA

CGGATTACCGGTAAACAT TCACGGAGAGT TTGATCCTGGCTCAGGACG
AACGCT GGCGGCGT GCTTAACACAT GCAAGT CGAACGATGAAGCCCTT
CGGGGT GGATTAGT GGCGAACGGGT GAGTAACACGT GGGCAATCTGCC
CTGCACT CTGGGACAAGCCCT GGAAACGGGGT CTAATACCGGATACGA
CCTGCCGAGGCAT CTCGGT GGGT GGAAAGCT CCGGCGGT GCAGGATGA
GCCCGCGGCCTATCAGCT TGT TGGT GGGGT AAT GGCCTACCAAGGCGA
CGACGGGT AGCCGGCCT GAGAGGGCGACCGGECCACACT GGGACTGAGA
CACGGCCCAGACT CCT ACGGGAGGCAGCAGT GGGGAATAT TGCACAAT
GGGCGAAAGCCT GATGCAGCGACGCCGCGT GAGGGATGACGGCCTTCG
GGTTGTAAACCT CTTT CAGCAGGGAAGAAGCGAAAGT GACGGTACCTG
CAGAAGAAGCGCCGGCTAACT ACGT GCCAGCAGCCGCGGTAATACGT A
GGGCGCAAGCGT TGTCCGGAAT TATTGGGCGT AAAGAGCT CGTAGGCG
GCTTGI CACGT CGGAT GT GAAAGCCCGGGGECT TAACCCCGGGTCTGCA
TTCGATACGGGCAGGCTAGAGT TCGGT AGGGGAGATCGGAATTCCTGG
TGTAGCGGT GAAAT GCGCAGATAT CAGGAGGAACACCGGT GGCGAAGG
CGGATCTCTGGGCCGATACT GACGCT GAGGAGCGAAAGCGT GGGGAGC
GAACAGGATTAGATACCCTGGTAGT CCACGCCGTAAACGT TGGGAACT
AGGT GT GGGCGACAT TCCACGT CGT CCGT GCCGCAGCTAACGCATTAA
GTI' TCCCCGCCT GGGGAGTACGGCCGCAAGGCTAAAACT CAAAGGAATT
GACGGGGGCCCGCACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAA
CGCGAAGAACCT TACCAAGGCT TGACATACACCGGAAACACCTAGAGA
TAGGT GCCCCCTTGT GGTCGGT GTACAGGT GGTGCATGGCTGTCGTCA
GCTCGT GT CGTGAGAT GT TGGGT TAAGT CCCGCAACGAGCGCAACCCT
TGICCTGTGT TGCCAGCATGCCCTTCGGGGT GATGGGGACT CACAGGA
GACT GCCGGGGT CAACT CGGAGGAAGGT GGGGACGACGTCAAGT CATC
ATGCCCCTTATGT CTTGGGCTGCACACGT GCTACAAT GGCCGGTACAA
TGAGCTGCGATACCGCGAGGT GGAGCGAATCTCAAAAAGCCGGTCTCA
GI' TCGGATTGGGGT CTGCAACT CGACCCCATGAAGT TGGAGT TGCTAG
TAATCGCAGATCAGCATTGCTGCGGTGAATACGT TCCCGGGCCTTGTA
CACACCGCCCGT CACGT CACGAAAGT CGGTAACACCCGAAGCCGGT GG
CCCAACCCTTGT GGAGGGAGCCGT CGAAGGT GGGACT GGCGATTGGGA
CGAAGT CGTAACAAGGTAGCCGTACCGGAAGGTGCG

MG947385

SSgA

MRETVQAEVI MTFLVSEEL SFRI PVGLDYDSSDPYAVKFTFHL PGDAP
VTWAFAREL L L DAL SQPSGEGDVHI APASAEHL SDVFI RLQVGSEGAL
FRAGAAPL VAFLDRTDRI APL GEERSVADFDYDLAAALDNI LAGNTEG

QNAG

WP_030366799

ssgB

MNTTVSCELHLRLVVSSESSL PVPAGLRYDTADPYAVHATFHTGAEET
VEW/FARDL LAEGL HRPTGT GDVRVWPSRSHGQGVVCI ALSSPEGEAL
L EAPARAL ESFLKRTDAAVPPGTEHRHFDL DTELSHI LAES

WP_003959770.1

ssgD

MSTVI DQAVQARL | ASAPQDRAVPACQLRYVPSDPFAVHI AFPPVASLD
GADVEW/FARETLACGL I APTGGEDVHVWPCGPDRT VL EFHAVEGVAM
VQ DTAELRRFLARSYAL VPAGSEGGHL DVDGDLAAL L REA

WP_058042587.1

ssgG

VHTVVERELEI DLVLSPERSI PVPSRLSYRTADPYAVHI AFHVTSEAP
VHWFAREL L VEGVFRPCGSGDVRVDRADPFAVRMI FPAPATLEGVEV
CWI'FSREL LI AGMQEPNGHGDVRVRPYAYDRT VL EFHAPEGT AVI HVR
SGEL RRFL QAAGEL VPVGLEHL QL DL DHDL AEL MRGSC

WP_058044271.1




Table S2. Predicted natural products of Streptomyces roseifaciens (Streptomyces sp.

MBT 76).

Input name

NZ_LNBEO01000001.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000001.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000011.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000002.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000002.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000002.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000002.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000002.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000002.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000002.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000002.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000002.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000002.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000002.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000002.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

MBT76 scaffold_1, whole
MBT76 scaffold_1, whole
MBT76 scaffold_11, whole
MBT76 scaffold_2, whole
MBT76 scaffold_2, whole
MBT76 scaffold_2, whole
MBT76 scaffold_2, whole
MBT76 scaffold_2, whole
MBT76 scaffold_2, whole
MBT76 scaffold_2, whole
MBT76 scaffold_2, whole
MBT76 scaffold_2, whole
MBT76 scaffold_2, whole
MBT76 scaffold_2, whole
MBT76 scaffold_2, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole

MBT76 scaffold_3, whole

Gene cluster type
phosphonate-nrps
tlpks-terpene
tlpks

terpene
blactam-t1pks-nrps
terpene

bacteriocin

other

nrps

tlpks

tlpks

terpene

tlpks
tlpks-siderophore
tlpks-nrps

nrps

tlpks

nrps

tlpks

terpene
terpene-tlpks-nrps
other

tlpks

amglyccycl
terpene
lantipeptide-tlpks-nrps

nucleoside



NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000003.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000004.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000004.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000004.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000004.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000004.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000004.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000004.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000005.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000006.1 Streptomyces sp.

genome shotgun sequence

NZ_LNBEO01000009.1 Streptomyces sp.

genome shotgun sequence

MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_3, whole
MBT76 scaffold_4, whole
MBT76 scaffold_4, whole
MBT76 scaffold_4, whole
MBT76 scaffold_4, whole
MBT76 scaffold_4, whole
MBT76 scaffold_4, whole
MBT76 scaffold_4, whole
MBT76 scaffold_5, whole
MBT76 scaffold_6, whole

MBT76 scaffold_9, whole

terpene-tlpks
tlpks-butyrolactone-nrps
ectoine-terpene-otherks
other
bacteriocin-thiopeptide
t3pks

other

melanin
lantipeptide-terpene
ectoine
t3pks-terpene-siderophore
amglyccycl-lassopeptide
t3pks

melanin

siderophore

t2pks

tlpks-nrps



