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21  Abstract
22 A polyphasic approach was used for evaluating the taxonomic status of strain HST21" isolated
23 from an extreme environment, Salar de Huasco, of Atacama Desert. The 16S rRNA gene and
24 multi-locus sequence phylogenetic analyses assigned strain HST21" to the genus Streptomyces
25  with Streptomyces albidochromogenes DSM 41800 and Streptomyces falvidovirens DSM
26 401507 (99.2% of rRNA gene sequence similarity) as the nearest neighbours. Digital DNA-
27 DNA hydridization (dI(DDH) and average nucleotide identity (ANI) between the genome
28  sequences of strain HST217T and its relatives, S. albidochromogenes DSM 41800" (35.6% and
29  88.2%) and S. flavidovirens DSM 401057 (47.2%. and 88.8%), were below the thresholds of
30 70% and 95-96% for prokaryotic conspecific assignation. Phenotypic, chemotaxonomic and
31  genetic results of isolate HST21" are in line with the genus Streptomyces and distinguish strain
32 HST21T from its closest neighbours. Strain HST21T is characterised by the presence of LL-
33  diaminopimelic acid in its peptidoglycan layer; glucose and ribose as cell wall sugar;
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diphosphatidylglycerol (DPG), hydroxy-phosphatidylethanolamine (OH-PE),
phosphatidylethanolamine (PE), phosphatidylinositol (PI), glycophospholipids (GPLi.2),
unknown lipids (Li2) and phospholipids (PLi.2) as polar lipids; anteiso-Cis.o (21.6%) and
anteiso-Ci7.0 (20.5%) as major fatty acids (>15%).

Based on these results, strain HST217 merits the recognition as novel species within the genus

Streptomyces for which the name Streptomyces altiplanoense sp. nov. is proposed. The type

strain is HST21T = DSM 107267" = CECT 96477,

Members of the genus Streptomyces [1, 2] of the family Streptomycetaceae [3, 4] are well
known as a preeminent source of secondary metabolites (80%) and antibiotics production [5].
This taxon encompasses Gram-positive, aerobic and heterotrophic microorganisms with
extensive branched substrate and aerial mycelia [6]. Over 800 Streptomyces species have been
validly named and characterised by the presence of LL-diaminopimelic acid (A;pm) in their
peptidoglycan layer; diphosphatidylglycerol, phospatidylethanolamine, phosphatidylinositol
and phosphatidylinositol mannosides as major polar lipids; saturated iso- and anteiso-fatty acids
as the major fatty acids; hexa- and octa-hydrogenated menaquinones with nine isoprene units
as predominant isoprenologues [7, 8] and a G+C content range between 69-78 mol%. The genus
Streptomyces 1s widely distributed in various ecosystems, such as soil, fresh and marine waters
and clinical samples [9], in addition that they are found in extreme or poly-extreme
environments, [10, 12-13].

In this context, and during our investigation of Streptomyces biodiversity in poly-extreme high
altitude saline wetland (3800 m.a.s.l) of the Atacama Desert, Streptomyces strain HST21" was
isolated and characterised [13,14-15] based on polyphasic taxonomic study. The isolate
HST21" was found to be a new species within the evolutionary radiation of the genus

Streptomyces for which the name Streptomyces altiplanoense sp. nov. is proposed.

Streptomyces strain HST217 was isolated from arid soil samples location (site H6) in the Salar
de Huasco [14] of the Atacama Desert. The characteristic of the site H6 and the isolation
procedures were carried out as described by Cortes et al. [13]. Isolate HST 217 was maintained
on GYM (DSMZ; Medium 65) agar plates, for 7 days of incubation at 28°C, together with its
closest phylogenetic relatives, Streptomyces albidochromogenes DSM  41800" [16],
Streptomyces flavidovirens DSM 40150" [17-18], Streptomyces chryseus DSM 404207 [18-19],
and Streptomyces helvaticus DSM 404317 [18-19], which were obtained from DSMZ German
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culture collection (https://www.dsmz.de/). All the strains were preserved in 25% v/v glycerol

at -80°C.

Cultural properties of strain HST217 were examined using different agar media: International
Streptomyces Project [ISP1-7][20] and GYM (DSMZ medium 65). A range of temperatures of
4°C, 10°C, 15°C, 25°C, 28°C, 37°C and 45°C as well as pH ranges from 6 to 11 were tested on
HST21T culture using GYM media. Strain HST21T was able to grow in all the tested media but
with moderate growth on ISP2. Optimal growth was detected at 28 and 37°C, pH from 6 to 10
and up to 8% (w/v) NaCl, after 7 days of incubation at 28°C. It formed a white aerial mycelium
and brownish substrate mycelia with diffusible pigment after 7 days of incubation at 28°C on
GYM media. More detail about the cultural characteristics of strain HST217 are listed in Table
1.

A field-emission scanning electron microscope (Tescan Vega 3 LMU: Tescan, Wellbrook
Court, Girton, Cambridge, CB3 ONA) was used to describe the spore chain ornamentation and
spore surface morphology of strain HST21" grown for 14 days on GYM media at 28°C. It is
characterised by the presence of rectiflexible spore chains in section with spiny spore surfaces
(Fig. 1) while S. albidochromogenes DSM 41800" and S. flavidovirens DSM 401507, the
neareast neighbours, have spiral and rectiflexible spore chains with smooth spore surface,
respectively [7].

The ability of the studied strain HST21" to use different carbon and nitrogen sources and to
grow in presence of inhibitory compounds were examined using GENIII microplates in an
Omnilog device (BIOLOG Inc., Haywood, USA). The type strains of S. albidochromogenes
and S. flavidovirens species were included in this test, which was carried out in duplicate. Opm
package for R [21-22] version 1.06 was used to analyse the resultant data. Strain HST217 could
be distinguished from its relatives cited above by its ability to metabolise rhamnose (carbon
source) and quinic acid (organic acid) while strain DSM 40150 was able to oxidise D-fucose,
N-acetyl-D-galactosamine, D-melibiose and methyl pyruvate (carbon sources), D-lactic acid
methyl Ester, L-galactonic acid-y-lactone, L-lactic acid (organic acids). However strain DSM
41800" could use N-acetyl-neuraminic acid (organic acid) and D-serine2 and L-serine (Table
2).

Standard procedures for chemotaxonomic analyses were used to characterise strains HST217,
S. albidochromogenes DSM 41800" and S. flavidovirens DSM 40150". Diaminopimelic acids
isomers [23], cell wall sugars [24] and polar lipids profiles [25] as well as menaquinones were

determined using freeze dried cells obtained following the same procedure of Cortes et al. [13].

3


https://www.dsmz.de/catalogues/details/culture/DSM-41800.html
https://www.dsmz.de/catalogues/details/culture/DSM-40150.html
https://www.dsmz.de/catalogues/details/culture/DSM-40150.html
https://www.dsmz.de/catalogues/details/culture/DSM-41800.html
https://www.dsmz.de/catalogues/details/culture/DSM-41800.html
https://www.dsmz.de/catalogues/details/culture/DSM-40150.html

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

The menaquinones were extracted as described by Tindall [26] and analyzed as described by
Cortes et al. [13]. A gas chromatography (Agilent 6890 N) instrument was used to analyse the
fatty acid extracts, obtained after Miller [27] and Kuykendall et al. [28], for all the strains cited
above. The extracts were identified using the standard microbial identification (MIDI) system
Version 4.5 and the ACTIN 6 database [29].

Whole cell hydrolysates of strain HST21T were rich in LL-diaminopimelic acid and, glucose,
and ribose as cell wall sugars while the type strains of S. albidochromogenes and S.
flavidovirens have mannose in addition. Isolate HST21T contained, in its polar lipids profile,
diphosphatidylglycerol (DPG), hydroxy-phosphatidylethanolamine (OH-PE),
phosphatidylethanolamine (PE), phosphatidylinositol (PI), glycophospholipids (GPLi-2) and
unknown lipids (Li2) and phospholipids (PLi.2). The same profile was obtained for S.
flavidovirens DSM 40150" and S. albidochromogenes DSM 41800" but devoid of OH-PE (Fig.
S1) and with unknown aminolipids (ALi-2) and glycolipids (GLi.4) for strain DSM 418007
Isolate HST21" has MK-9(Hs) and (MK-9(Hs) as predominant menaquinone (>20%) (Table 1),
like its close phylogenetic relatives; anteiso-Cis:o (21.6%) and anteiso-Ci7.0 (20.5%) were
detected as the major fatty acid (>15%) of strain HST21T; however its nearest relatives S.
falvidovirens DSM 40150 and S. albidochromogenes DSM 41800" had anteiso-Cis.0 (38.7%)
and anteiso-Cis.0 (27.0%) and Cie:0 (16.0%), respectively (Table S1).

The genomic DNA extraction of strain HST21" and 16S rtDNA-PCR amplification were carried
out as described by Cortes et al. [13]. The retrievement of the nearest phylogenetic neighbours
of strain HST21" was performed following the alignment of the complete 16S rRNA gene
sequence (1517 bp; accession number KX130868) of isolate HST217T against those available in
EzTaxon database [30].

Pairwise sequence similarities of 16S rRNA gene were estimated based on the method of Meier-
Kolthoff et al. [31]; MUSCLE [32] software was used for multiple sequence alignments while
RAXML [33] and TNT [34] were applied for Maximum-likelihood (ML) [35] and Maximum-
parsimony (MP) phylogenetic trees [36], respectively. These later trees were inferred from the
DSMZ phylogenomics pipeline [37] available at the Genome-to-Genome distance calculator

(GGDC) web server [31] (http://ggdc.dsmz.de/.). A rapid bootstrapping method together with

the autoMRE bootstopping criterion [38] were used for the resultant ML tree. However the
resultant best topology of MP tree was obtained based on a combination of bootstrapping
method of 1000 iterations with a tree-bisection-and-reconnection branch swapping method in
addition to the use of ten additional random sequence replicates. The X? test of the PAUP

program [39] was used to check the sequences for a compositional bias. All the trees were
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rooted using the type species of the genus, Streptomyces albus subsp. albus NRRLB 18117 [1,
40].

Multi locus sequence phylogenetic analyses (MLSA) was carried out based on five partial
housekeeping gene sequences, atpD, gyrB, rpoB, recA (recombinase A) and trpB [41-44]. All
the genes of strain HST21T were taken from the draft genome sequence (accession number
RHMC00000000) and those of the reference strains were retrieved from the ARS Microbial
Genome Sequence (http://199.133.98.43) and the GenBank databases. A neighbour joining
phylogenetic tree was constructed using the MEGA software version 7 and a Kimura 2-
parameter [45] was used to estimate the genetic distance between the loci of strain HST217 and
its closest phylogenetic neighbours.

Strain HST21T showed 16S rRNA gene sequence similarity values of 99.2% with S
albidochromogenes NBRC 1010037 (12 nt of difference) and S. flavidovirens NBRC13039T (12
nt of difference) and 99.1% with S. chryseus NRRL B-12347T (13nt of difference) and S.
helvaticus NBRC 133827 (13 nt of difference). These results were reflected in the 16S rRNA
tree (Fig. 2), where strain HST21" formed together with all the strains cited above a well-
supported clade next to Streptomyces hypolithicus HSM10" [46] (Fig. 2). The phylogenetic
position of S. albidochromogenes NBRC 1010037, S. chryseus NRRL B-123477, §.
flavidovirens NBRC13039" and S. helvaticus NBRC 13382 (16S rRNA gene sequence
similarities between 99.9% and 100%) in the same branch, which is in line with previous studies
[7, 41, 47], call for taxonomic revision of the status of these species based on MLSA and
genomic analyses.

In the MLSA tree, strain HST21" forms with S. flavidovirens DSM 40150" a subclade next to
the one that encompasses the representative strains S. albidochromogenes, S. chryseus and S.
helvaticus. The latter were placed in the same branch unlike (Fig. 3). The topology of the ML
and NJ MLSA trees as well as the 16S rRNA gene tree are in concordance (Fig. 2-3 and Fig.
S2). These results are in coherent with the evolutionary genetic distances, which have a value
of 0.0% between S. chryseus DSM 40420" and S. helvaticus DSM 404317 (Table 2). However,
the genetic distance between strain HST21T and the rest of its closest phylogenetic neighbours
were above the threshold of 0.007 for the assigning Streptomyces strain to the same species [48-
49] (Table 2).

The genomic DNA of strain HST21T was sequenced using Ion Torrent PGM (Personal Genome
Machine) sequencer technology as described by Cortes et al. [13] while the S.
albidochromogenes DSM 41800", S. chryseus DSM 40420" and S. helvaticus DSM 404317

genomes were sequenced using [llumina next-generation sequencing technology (MicrobesNG,
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Birmingham, UK). The RAST server [50-51] was used for annotation of these genome

sequences.

The genome sequence of strain HST217 has a size of 7.9 Mb and an in silico G+C content of
71.0 mol%. However, the type strain of S. albidochromogenes (accession number....) and S.
flavidovirens (accession number AUBE00000000) have genome sizes of 7.4 Mb and 7.07 Mb
with an in silico G+C content of 70.5% and 70.4%, respectively.

The GGDC server with the recommended formula 2 [31] was used to estimate the digital
DNA:DNA hybridization (dDDH) between the draft genome sequence of strain HST217 and
its closest phylogenetic relatives, S. albidochromogenes DSM 418007, S. chryseus DSM
40420%, S. flavidovirens DSM 40105" and S. helvaticus DSM 404317, The OrthoANIu
algorithm of the ANI Calculator [52-53] was used to calculate the average nucleotide identity
(ANI) values between the strains cited above.

The obtained dDDH values between the genome of the HST21T and its closest relatives S.
albidochromogenes DSM 41800" (35.6%), S. chryseus DSM 404207 (36.5%), S. flavidovirens
DSM 401057 (47.2%.), and S. helvaticus DSM 404317 (36.0%), with which the 16S rRNA gene
sequence similarities values are above 99.0%, were well below the threshold of 70% for
conspecific assignation [54]. These results are in concordance with the corresponding ANI
values of 88.2%, 88.4%, 88.8% and 88.2%; these results are below the cut-off point of 95-96%
for delineation of prokaryotic species [55-57].

The comparison of the dDDH and ANI values estimated between the pair of the closest
phylogenetic neighbours showed that only S. chryseus DSM 40420" and S. helvaticus
DSM40431" have dDDH (95.3%) and ANI (99.4%) values above the described threshold of
70% and 96%, respectively. These results are coherent with their phylogenetic position in
the16S rRNA gene and MLSA tree and also with their phenotypic and chemotaxonomic
features. Both strains have DPG, PE, PI, GPL as major polar lipids and anteiso Cis.0 (19.9%)
and iso Ci6:0(19.3%) as the major fatty acids (>15%). In light of these findings, it is proposed
that S. helvaticus species be recognised as heterotypic synonym of S. chryseus. Therefore, an
emended description of this later species is necessary.

In conclusion, strain HST21T showed phenotypic, genetic and genomic data distinct from its
closest phylogenetic relatives and consequently, it merits the recognition as a new species,

namely as Streptomyces altiplanoense sp. nov.
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Description of Streptomyces altiplanoense sp. nov.

Streptomyces altiplanoense (al.ti.pla.no.en.se N.L. masc. n. altiplanoense referring to the site
of Chilean Altiplano where the strain was isolated)

Aerobic, Gram-positive actinobacteria produce white aerial mycelium and brownish substrate
mycelia with diffusible pigment were observed after 7 days of incubation at 28°C on GYM
media. It has rectiflexible spore chains in section with spiny spore surfaces. Optimal growth of
strain HST21" on GYM agar medium at 28°C. Strain HST21" was able to metabolise sucrose,
stachyose, D-raffinose, D-fructose, D-galactose (carbon sources); L-pyroglutamic acid, quinic
acid, B-hydroxy-butyric acid, o-keto-butyric acid, butyric acid (organic acids); L-arginine
(amino acid); and grow in presence of aztreonam, lithium chloride and Tween 40 (inhibitory
compounds) and sodium bromate, 1% sodium lactate (salts) (Table 1). Whole cell hydrolysates
of strain HST21T were rich in LL-diaminopimelic acid in its peptidoglycan and, glucose, and
ribose in its cell wall sugars. It is characterised by the presence of diphosphatidylglycerol
(DPG), hydroxy- phosphatidylethanolamine (OH-PE), phosphatidylethanolamine (PE),
phosphatidylinositol (PI), glycophospholipids (GPLi>) and unknown lipids (Li2) and
phospholipids (PLi-2) as polar lipids; anteiso-Cis.0 (21.6%) and anteiso-Ci7.0 (20.5%) as major
fatty acids (>15%). The menaquinone profile contained MK-9(Hs) (6%, MK-9(Hsg) 25%, MK-
9(H4) 8%, MK-7(H2) 8%, MK-8(Hz) 6%, MK-9(H2) 3%, MK-10 2%.

The genome size is 7.9 Mb with an in silico G+C content of 71.0%. The type strain HST21"
(DSM 1072677 = CECT 9647T) was isolated from hyper arid soil of Salar de Huasco in the
Atacama Desert, Chile.

Amended description of Streptomyces chryseus (Krasil'nikov et al. 1965; Pridham 1970)
The description is as given by Kédmpfer (2012) with following modification and additions after
inclusion of S. helvaticus. Spore chains in section Retinaculiaperti to Spirales but rectiflexible
spore chains may also be common; spore surface is smooth. Fatty acids profile (>5%) contains.
anteiso-Ciso (19.9%), anteiso Ci7.0 (12.5%), iso-Cie0 (19.3%), iso Ciso (8.6%), Ciea cis 9
(6.9%), Ci60(5.7%) and Ci6:0 methyl 9 (5.9%). Polar lipid pattern has DPG, PE, PI, GPL, AL, L;.
2 and PL. Genome size is 7.1 -7.6 Mb with an in silico G+C content of 71.2-71.3%.

The type strain is AS 4.1694, ATCC 19829, CBS 678.72, DSM 40420, NBRC 13377, JCM
4737, NCIMB 10041, NRRL B-12347, NRRL-ISP 5420, RIA 1338, VKM Ac-200.
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Figure legends

Fig. 1. Scanning electron micrograph of strain HST21 showing “rectiflexible” spore chains
section and spores with a spiny surface, after 14 days of incubation on GYM agar plates at
28°C.

Fig. 2. Maximum-likelihood phylogenetic tree based on almost complete16S rRNA gene
sequences constructed using the GTR+GAMMA model showing the phylogenetic relationship
between isolate HST21" and its relative within the genus Streptomyces The numbers above the
branches are bootstrap support values greater than 60% for ML (left) and MP (right).

Fig. 3. Maximum-likelihood phylogenetic tree based on concatenated sequences of five genes,
atpD, gyrB, recA, rpoB and #rpB, showing the phylogenetic relationship between isolate
HST217 and its relatives within the genus Streptomyces. The numbers above the branches are

bootstrap support values greater than 60% for ML (left) and MP (right).

Table 1. Growth and cultural features of strain HST217 after 7 days of incubation at 28°C

Medium Growth | Substrate mycelium Aerial mycelium Diffusible
colour colour pigments
Tryptone-yeast extract agar ++ Deep reddish brown Dark brown Strong reddish
(ISP1) brown
Yeast extract-malt extract + White White -
agar (ISP 2)
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410
411
412

413
414

415

Oatmeal agar (ISP 3) +++ - White Deep reddish
brown
Inorganic salts-starch agar ++ Dark grayish yellow Light grayish olive Vivid greenish
(ISP 4) yellow
Glycerol-asparagine agar ++ Light olive brown Strong yellowish Strong yellow
(ISP 5) brown
Tyrosine agar (ISP 7) ++ Dark yellowish brown | Light olive brown Dark Yellow
GYM (DSMZ 65) -+ Strong brown White Deep reddish
brown
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Table 2. Phenotypic features that distinguish strain HST21T from its nearest phylogenetic neighbours S. albidochromogenes DSM 41800" and S. flavidovirens
DSM 40150

Strain HST21T S. albidochromogenes S. flavidovirens
DSM 418007 DSM 40150
Carbon utilization
D-arabitol ,D-fructose, a-D-lactose, myo- + - +
inositol, D-mannitol, D-raffinose, pectin,
stachyose and turanose
D-fucose , N-Acetyl-D-galactosamine and - - +
D-melibiose
L-rhamnose + - -
Methyl pyruvate - - +
Aminoacids
D-Serine 2, L-Serine - + -
Glycine-proline + + -
Organic Acids
Bromo-succinic acid, citric acid and I- + - +
pyroglutamic acid
D-lactic acid methyl ester, L-galactonic - - +
acid-y-lactone and L-lactic acid
D-malic acid and sodium formate + + -
N-acetyl-neuraminic acid - + -
Quinic acid + - -
Inhibitory compounds
Rifamycin sv, 1% sodium lactate + + -
8% NaCl + - -
Menaquinone patterns MK-9(Hs) 26%, MK-9(Hs) 25%, MK-9(Hsg) 76%, MK-9(H¢) 7%,  MK-9(Hs) 52%, MK-9(Hs) 22%,
MK-9(Hs) 8%, MK-7(H,) 8%, MK-9(H4) 7%, MK-9(H>) 6%, MK- MK-9(H4) 11%, MK-9(H>) 9%,
MK-8(H>) 6%, MK-9(H>) 3%, 10(Hz2) 1% MK-10(Hz) 3%, MK-8(H4) 2%,
MK-10 2% MK-9 1%
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+ positive reaction; - negative reaction. All the strains were able to metabolise Dextrin, D-Maltose, L-Fucose, D-Trehalose, N-Acetyl-f-D-Mannosamine, D-
Cellobiose, B-Gentobiose, f-Methyl-D-Glucoside, D-Salicin, N-Acetyl-D-Glucosamine, D-Glucose, D-Mannose, D-Galactose, Inosine, Glycerol, D-Glucose-
6-Phospate, D-Fructose-6-Phosphate, Gelatin Sucrose and Tween 40 (carbon source); L-Arginine, L-Alanine, L-Aspartic Acid, L-Glutamic Acid and L-Histidine
(aminoacids); Butyric Acid, B-Hydroxy-Butyric Acid, D-Gluconic Acid, a-Keto Glutaric Acid, L-Malic Acid, y-Amino-n-Butyric Acid, a-hydroxy-Butyric Acid,
a-Keto-Butyric Acid, Acetoacetic Acid, Propionic Acid and Acetic Acid (organic acids); to grow in presence of Nalidixic Acid, Lithium Chloride, Potassium
Tellurite, Aztreonam and Sodium Bromate (inhibitory compounds); and at 1-4% (w/v) NaCl and pH 6-8. In contrast none of the strains used D-Sorbitol, 3-O-
Methyl-D-Glucose and Glucuronamide (carbon source); D-Aspartic Acid and D-Serine #1 (aminoacids); D-Glucuronic Acid, D-Galacturonic Acid, p-Hydroxy-
Phenylacetic Acid, D-Saccharic Acid and Mucic Acid (organic acids); and were unable to grow in presence of Guanidine Hydrochloride, Tetrazolium Blue and
Violet, Troleandomycin, Vancomycin, Minocycline, Lincomycin, Niaproof, Fusidic Acid and pH 5.
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Table 3. Evolutionary distances between strain HST217 and its phylogenetic relatives based on
the concatenated partial sequences of the five housekeeping genes: atpD, gyrB, recA, rpoB and

trpB using Kimura 2-parameter.

Strain HST21T -

Streptomyces

violaceorectus 0.104 -

NRRL B-121817

Streptomyces 01

xanthochromogenes  0.110 0'3 -

NRRL B-5410T

Streptomyces

anulatus 0.113 %71 %91 -

NRRL B-2000T"

Streptomyces_mauv 01 00 0.1

ecolor 0.102 01 46 03 -

NRRL B-243027

Streptomyces

hypolithicus 0.094 (;11 (())61 (;21 (())11 -
NRRL B-24669"

Streptomyces

litmocidini 0.104 %;) (())71 %; (())21 gé -
NRRL B-36357

g;r:if;;yces oqps 01 01 00 01 01 01
NRRL ISP-5083T 14 18 32 08 35 09
Streptomyces

albidochromogenes  0.063 (())71 (171 (())31 (())91 (181 %71 %j -
DSM 41800

Streptomyces albus 01 01 01 01 01 01 01 0.1

subsp. albus NRRL  0.143 36 45 29 35 48 43 36 30

B-1811"

;Zveg;’;’fryec;; 0059 01 01 01 01 01 01 01 00 01

S 401507 12 19 o1 13 11 11 06 52 31

Streptomyces 01 01 01 01 01 01 01 00 0.1 00
helvaticus 008551 19 13 15 16 18 18 41 35 68
DSM 404317

}j”eﬁl”o’"ycef o105 01 00 01 00 01 01 01 01 01 01 0l
undungensis : 0l 44 04 38 08 03 06 14 40 20 20
BH38

Streptomyces 00 0.1 01 01 01 00 01 01 01 0.1 0.1 0.1
laurentii 011223 01 00 01 20 6 01 10 38 11 14 02
ATCC 312557
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Streptomyces 0.l 01 01 00 01 01 01 01 01 00 01 0.1 0.1

scopuliridis 0.115

READT 14 08 03 98 15 17 15 05 36 98 11 10 17
Streptomyces 01 01 01 01 01 01 01 00 01 00 00 0.1 0.1
chryseus 0.085 71 18 12 14 15 18 17 40 34 67 00 19 14
DSM 404207

. & .
1 .
SEM HY: B.0 kv WD: 10,82 mm | VEGA3 TESCAN
SEM MAG: 25.1 kx| Date{midiy}: 1011818 2 pm
Bl 6.00 Det: SE EMRS

Fig. 1. Scanning electron micrograph of strain HST21 showing “rectiflexible” spore chains section and

spores with a spiny surface, after 14 days of incubation on GYM agar plates at 28°C.

17



Streptomyces flavidovirens NBRC 13039T (AB184270)
/-

Streptomyces albidochromogenes DSMZ 418007

.
g1/1bo Isolate HST217 (KX130868.2)

Streptomyces chryseus DSMZ 404207
791/-
90/10[0

Streptomyces helvaticus DSMZ 404317

— Streptomyces hypolithicus HSM10™ (EU196762)

Streptomyces scopuliridis NRRL B-24574T (JOEI01000056)
63/190

Streptomyces xanthochromogenes NRRL B-54107 (DQ442559)
94/190

gp/1loo Streptomyces hundungensis MBRL 2517 (JN560157)
91/10d

Streptomyces mauvecolor LMG 201007 (AJ781358)

72/10p { Streptomyces puniceus NBRC 128117 (AB184163)
5/1j00

Streptomyces anulatus NRRL B-2000™ (DQ026637)
66/1p0

— Streptomyces litmocidini NBRC 127927 (AB184149)

63/f00

Streptomyces cinereoruber subsp. cinereoruber NBRC 127567 (AB184121)

Streptomyces violaceorectus NBRC 131027 (AB184314)

Streptomyces laurentii ATCC 312557 (AP017424)

Streptomyces albus subsp. albus DSM 403137 (AJ621602)

0.007

Fig. 2. Maximum-likelihood phylogenetic tree based on almost complete16S rRNA gene sequences
constructed using the GTR+*GAMMA model showing the phylogenetic relationship between isolate
HST21" and its relative witin the genus Streptomyces. The tree was inferred using the GTR+GAMMA
model and rooted using the 16S rRNA sequence of Streptomyces albus subsp. albus DSM 40313". The
numbers above the branches are bootstrap support values greater than 60% for ML (left) and MP (right).
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Streptomyces chryseus DSM 404207
100/100
100/100 Streptomyces helvaticus DSM 404317

Streptomyces albidochromogenes DSM 418007

94/100

Streptomyces flavidovirens DSM 401507

Isolate HST21"

Streptomyces scopuliridis RB72"

Streptomyces puniceus NRRL ISP-50837
100/100

Streptomyces anulatus NRRL B-2000"

Streptomyces xanthochromogenes NRRL B-54107
66/-

100/100 ———— Streptomyces hundungensis BH38

821/-

Streptomyces mauvecolor NRRL B-243027

Streptomyces hypolithicus NRRL B-24669"

Streptomyces violaceorectus NRRL B-121817
85/97

100/100 ——————————— Streptomyces litmocidini NRRL B-3635"

Streptomyces laurentii ATCC 312557

Streptomyces albus subsp. albus NRRL B-18117
0.02

Fig. 3. Maximum-likelihood phylogenetic tree based on copncatenated sequences of five genes showing
the phylogenetic relationship between isolate HST21" and its relatives witin the genus Streptomyces.
The tree was inferred using the GTR+GAMMA model and rooted with S. albus subsp. albus NRRL B-
18117 as outgroup. The numbers above the branches are bootstrap support values greater than 60% for

ML (left) and MP (right).
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