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Dactylosporangium sucinum sp. nov., isolated from
Thai peat swamp forest soil

Wongsakorn Phongsopitanun1, Takuji Kudo2, Moriya Ohkuma2, Khanit Suwanborirux3 and
Somboon Tanasupawat1

The actinomycete strain RY35-23T was isolated from peat swamp forest soil in Thailand. The taxonomic position of this strain

was determined using polyphasic approach. Strain RY35-23T showed typical morphology and chemical properties similar to the

members in the genus Dactylosporangium. On the basis of 16S ribosomal RNA gene analysis, this strain was closely related to

Dactylosporangium fulvum JCM 5631T (98.94%), D. roseum JCM 3364T (98.87%) and D. darangshiense JCM 17441T

(98.86%). The DNA–DNA relatedness between strain RY35-23T and its closely related species was lower than 70%, the cutoff

level for assigning strains to the same species. On the basis of these results mentioned, the strain RY35-23T could be

distinguished from its closely related type strains and represents a novel species of the genus Dactylosporangium, for which the

name Dactylosporangium sucinum (type strain RY35-23T= JCM 19831T= TISTR 2212T=PCU 333T) is proposed.
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INTRODUCTION

The genus Dactylosporangium, belongs to the family Micromono-
sporaceae, was first described by Thiemann et al.1 in 1967 for the
aerobic mesophilic filamentous bacteria which forms finger-shaped
sporangia and globose bodies on substrate mycelium as well as motile
spores.2 In this genus, Dactylosporangium matsuzakiense strains have
reported to produce an aminoglycoside antibiotic.3 The members of
this genus that validly published and isolated from soils comprise,
D. aurantiacum, D. fulvum, D. luridum, D. luteum, D. maewongense,
D. matsuzakiense, D. roseum, D. salmoneum, D. siamense, D. thailan-
dense, D. tropicum and D. vinaceum2–10 whereas D. darangshiense was
isolated from rock soil.11 In Thailand, D. thailandense,1,2 D. maewon-
gense,7 D. tropicum9 and D. siamense10 have been reported.
In the course of our investigation for diversity of actinomycetes in

peat swamp forest soil of Thailand, the strain RY35-23T was isolated.
In this study, we described the taxonomic position of the strain which
exhibited the morphology similar to the members of the genus
Dactylosporangium using polyphasic approach.

MATERIALS AND METHODS
A peat swamp soil sample was collected from a tropical moist forest at Nong
Jum Rung area in Rayong province, Thailand. The sample was air dried at
room temperature for 7 days and was grinded using mortar. One gram of
sample was added to basic lauryl sulfate solution (0.1 g sodium lauryl sulfate,
1.75 g KH2PO4, 3.5 g K2HPO4, 1000ml distilled water, pH 7.0) and prepared a
serial dilution to 10− 4. 100 μl of each resultant suspension was added on humic
acid–vitamin agar12 supplemented (l− 1) with 25mg of nalidixic acid and 50mg
of cycloheximide. The plates were incubated at 30 °C for 21 days. The colony of

isolate RY35-23T was selected by observing the morphology of colony and
sporangia and then transferred to International Streptomyces project media 2
(ISP 2 medium)13 for working culture.
The cultural characteristics of isolate RY35-23T was observed on various

media recommended by Shirling and Gottlieb.13 The color of colony, reverse
side and soluble pigment were determined using the Color Harmony Manual.14

The morphology of sporangia and globose bodies was observed using a
scanning electron microscope (JSM-7610F and JSM-5410LV, Japan) after
cultivation on sucrose nitrate agar and ISP 4 agar at 30 °C for 4 weeks.
Phenotypic properties were determined using the standard methods.15,16 The

utilization and acid production of various carbon sources were determined as
described by Shirling and Gottlieb13 and Gordon et al.,17 respectively. The effect
of pH, temperature and NaCl tolerance for growth was observed on ISP 2
medium at 30 °C for 14–21 days.
All chemotaxonomic studies were analyzed using freeze-dried cells obtained

from the culture grown in ISP2 broth at 30 °C for 6 days. Isomers of
diaminopimelic acid in cell wall peptidoglycan were determined using TLC
based on the method of Staneck and Roberts.18 Whole-cell hydrolysate sugars
were analyzed using HPLC following the method of Mikami and Ishida.19 The
N-acyl type of muramic acid was analyzed using the method of Uchida and
Aida.20 Phospholipids were extracted and analyzed using the procedure of
Minnikin et al.21 The isoprenoid quinones were extracted according to the
method of Collins et al.22 and were analyzed by HPLC. Fatty acid methyl esters
were prepared according to the method described by the manufacturer's
instruction (Sherlock Microbial Identification System MIDI, Inc., Newark, DE,
USA)23,24 and analyzed using gas chromatography and a HP-computer with
MIDI data base (Hewlett Packard, Palo Alto, CA, USA). The presence of
mycolic acids was determined using TLC based on the method of Tomiyasu.25

Genomic DNA was extracted from freeze-dried cells as described by Raeder
and Broda.26 The G+C content of DNA was determined using HPLC according
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to the procedure of Tamaoka and Komagata.27 The amplification of 16S

ribosomal RNA gene was carried out as described by Suriyachadkun et al.,28

and the PCR products were sequenced (Macrogen Inc., Seoul, Korea) using

the universal primers.29 The sequence was determined using BLAST analysis on

the EzTaxon-e database30 and was aligned, Bioedit software (Ibis Biosciences,

Carlsbad, CA, USA), against the member of the genus Dactylosporangium. The

phylogenetic trees were constructed using MEGA5.0 software31 based on

neighbor-joining,32 maximum-parsimony33 and maximum-likelihood34

methods. The confidence values of nodes were evaluated using the bootstrap

resampling method with 1000 replications.35 The DNA–DNA hybridization was

performed as described by Ezaki et al.36

RESULTS AND DISCUSSION

Taxonomic properties of strain RY35-23T

Phenotypic characteristics. Strain RY35-23T produced branch-
substrate mycelia, while aerial mycelia were not observed on agar
culture. Substrate mycelia were not fragmented. The strain produced
finger-shaped sporangia on short sporangiophores. The irregular

rugose sporangia were 0.6–1 by 3.2–4.3 μm in size (Figure 1a).
Formation of globose bodies was observed on various ISP media,
nutrient agar and sucrose nitrate agar. Globose bodies were spherical
to oval in shape (1–1.6 μm in size) and emerged directly from
substrate mycelia (Figure 1b). The motile spores were observed after
30min when the agar culture was flooded with yeast dextrose broth.
The colony of the strain showed amber to light melon yellow on
various ISP media (Table 1). The temperature for growth was
20–37 °C with the optimal temperature at 25–37 °C. No growth was
observed at 15 and 45 °C. The pH range for growth was 4–9 with the
optimal pH at 6–7. The phenotypic properties of strain RY35-23T are
showed in Table 2.

Chemotaxonomic characteristics. Cell wall peptidoglycan of strain
RY35-23T contained 3-hydroxy-diaminopimelic acid and meso-diami-
nopimelic acid as the major and minor diaminopimelic acids,
respectively. The N-acyl muramic acid was glycolyl type. Whole-cell
hydrolysate contained rhamnose, ribose, galactose, mannose, glucose,
arabinose and xylose. The two latter sugars, arabinose and xylose, are
diagnostic sugars that are classified as whole-cell sugar type D
according to the classification of Lechevalier and Lechevalier.37 The
major phospholipids were diphosphatidylglycerol, phosphatidyletha-
nolamine, phosphatidylglycerol, phosphatidylinositol and phosphati-
dylinositol mannosides (Figure 2). This polar lipid pattern
corresponds to polar lipid type II, which showed one nitrogenous
phospholipid, phosphatidylethanolamine, as diagnostic polar lipid.38

The major isoprenoid quinones were MK-9(H8; 75%) and MK-9(H6;
25%), the same as D. darangshiense, the closest species.11 The major
cellular fatty acids were C17:0, C18:0, C18:1ω9c, anteiso-C15:0, iso-C15:0,
iso-C16:0, iso-C17:0 and anteiso-C17:0 as shown in Table 3. This fatty
acid profile of strain RY35-23T was similar to the other closely related
Dactylosporangium type strains but was different in the percentage and
some minor fatty acids. The mycolic acid was absent. The G+C
content was 72.5mol%. These chemical analysis results showed that
the strain RY35-23T exhibited typical chemotaxonomic characteristics
of the genus Dactylosporangium.39

Phylogenetic analysis. BLAST analysis revealed that the strain
RY35-23T showed 16S ribosomal RNA gene similar to D. fulvum
JCM 5631T (98.94%), D. roseum JCM 3364T (98.87%) and
D. darangshiense JCM 17441T (98.86%). The phylogenetic tree based
on neighbor-joining analysis revealed that strain RY35-23T shared
monophyletic clade with those three closest Dactylosporangium species
as showed in Figure 3.

DNA–DNA hybridization. The levels of DNA–DNA relatedness
among strain RY35-23T, D. fulvum JCM 5631T (27.4± 3.1 to
36.1± 2.9%), D. roseum JCM 3364T (37.1± 3.7 to 39.5± 1.4%) and
D. darangshiense JCM 17441T (25.0± 2.9 to 32.9± 3.5%) were lower
than 70% (Table 4), the cutoff level for assigning strains to the same
species.40 This can be indicated that strain RY35-23T represents a
genomic distinct from those Dactylosporangium species.

CONCLUSION

Based on the results of polyphasic approach, the strain RY35-23T

showed typical morphology and chemical characteristics similar to the
members of genus Dactylosporangium. The taxonomic position of
strain RY35-23T was confirmed by phylogenetic tree analysis, which
revealed that our strain belonged to the genus Dactylosporangium
(Figure 2). The strain RY35-23T was compared with its closest
Dactylosporangium species and could be distinguished using

Figure 1 Scanning electron micrograph of sporangia (a) and globose bodies
(b) of strain RY35-23T grown on sucrose nitrate agar and ISP 4 at 30 °C for
4 weeks, respectively. ISP, International Streptomyces project.
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phenotypic properties, especially the cultural characteristics on ISP 2
medium, whose strain RY35-23T showed the amber colony and light
maize pigment, whereas D. fulvum JCM 5631T, D. roseum JCM 3364T

and D. darangshiense JCM 17441T showed maple, coral and light
maize colony, and tan pigment, chili pigment and no pigment,
respectively. Moreover, other phenotypic properties can also use for

distinguishing between species as showed in Table 2. Therefore, on the
basis of phenotypic properties, chemotypic properties, 16S ribosomal
RNA gene analysis and DNA–DNA relatedness, strain RY35-23T

represents the novel species of the genus Dactylosporangium, for which
the name D. sucinum (type strain RY35-23T= JCM 19831T=TISTR
2212T= PCU 333T) is proposed.

Table 1 Cultural characteristics of strain RY35-23T and closely related type strains

Medium RY35-23T D. fulvum JCM 5631T D. roseum JCM 3364T D. darangshiense JCM 17441T

Yeast extract–malt extract agar (ISP medium 2)
Growth Good Good Good Good

Sporangia None Moderate Poor None

Color of colony Amber (3lc) Maple (4le) Coral (6½ lc) Light maize (2ea)

Reverse color Orange (4la) Maple (4le) Red wood (6ne), Chili (6lc) Melon yellow (3ga)

Soluble pigment Light wheat (2ea) Tan (3ie) Chili (6lc) None

Oat meal agar (ISP medium 3)
Growth Moderate Moderate Poor Moderate

Sporangia None Poor None None

Color of colony Amber (3lc) Light brown (3lg) Light melon yellow (3ea) Bright melon yellow (3ia)

Reverse color Bright melon yellow (3ia) Olive (1½ni) Light wheat (2ea), colorless Light orange (4ia)

Soluble pigment None None None None

Inorganic salt starch agar (ISP medium 4)
Growth Moderate Moderate Moderate Moderate

Sporangia Poor Moderate Abundant None

Color of colony Apricot (3ga) Luggage tan (4ne) Pale pink (6ca) Melon yellow (3ga), Light melon yellow (3ea)

Reverse color Bright melon yellow (3ia) Maple (4le) Light Apricot (4ea),

Dusty coral (6gc)

Light melon yellow (3ea)

Soluble pigment Light wheat (2ea) Turf tan (3le) Pastel orange (4ic) None

Glycerol-asparagine agar (ISP medium 5)
Growth Poor Poor Poor Poor

Sporangia Moderate None Abundant None

Color of colony Light melon yellow (3ea), colorless Ivory (2db), colorless Colorless Light melon yellow (3ea), colorless

Reverse color Colorless Colorless Colorless Melon yellow (3ga)

Soluble pigment None None None None

Peptone-yeast extract iron agar (ISP medium 6)
Growth Moderate Moderate Moderate Poor

Sporangia None None None None

Color of colony Amber (3lc) Bamboo Light gold (2ic) Light amber (3ic)

Reverse color Bright melon yellow (3ia),

Melon yellow (3ga)

Colonial yellow (2ga) Bright gold (2nc) Amber (3nc)

Soluble pigment None None Honey gold (2ic) None

Tyrosine agar (ISP medium 7)
Growth Good Poor Poor Poor

Sporangia None None Abundant Moderate

Color of colony Orange (4la) Ivory (2db), Colorless Light melon yellow (3ea) Light melon yellow (3ea)

Reverse color Light orange (4ia) Colorless Light melon yellow (3ea), colorless Light apricot (4ea), Light orange (4ia)

Soluble pigment Light wheat (2ea) None Bamboo (2fb) None

Nutrient agar
Growth Moderate Good Moderate Moderate

Sporangia None Poor None None

Color of colony Light melon yellow (3ea) Bamboo (2fb) Bamboo (2fb) Ivory (2db)

Reverse color Light wheat (2ea) Colorless Light wheat (2ea), colorless Light maize (2ea)

Soluble pigment None None None None

Abbreviation: ISP, International Streptomyces project.
Numbers and letters in parentheses referred to the color based on the Color Harmony Manual.14

Dactylosporangium sucinum sp. nov.
W Phongsopitanun et al

381

The Journal of Antibiotics



Description of Dactylosporangium sucinum sp. nov.
Dactylosporangium sucinum (su.ci’ num. L. neut. adj. sucinum amber
gold color). Gram-positive, mesophilic, aerobic actinomycete.
Amber vegetative mycelia are formed on ISP 2, ISP 3 and ISP 6
media. Finger-shaped sporangia can be observed on ISP 4 and ISP 5
media. Globose bodies are formed on ISP 2, 3, 4, 5, 6 and 7 media.
Light wheat pigment is produced on ISP 2, ISP 4 and ISP 7 media. The
strain shows good growth on ISP 2 medium, moderate growth on ISP
3, 4, 6 media and nutrient agar, and poor growth on ISP 5 medium.
Optimal temperature for growth is 25–37 °C; no growth observed at
45 °C. Growth pH is 4–9 (optimum pH 6–7). The maximum NaCl
concentration for growth is 3%. Hydrolysis of esculin and starch is
positive. Liquefication of gelatin is negative. Nitrate is not reduced to
nitrite. Peptonization of milk is positive but coagulation of milk
is negative. Produces acid from salicin, D-melezitose, D-xylose,
D-mannitol, D-mannose, L-rhamnose, L-arabinose, D-cellobiose and
D-glucose but not myo-inositol and D-sorbitol. Utilizes D-glucose,
L-arabinose, D-mannose, D-xylose, D-mannitol, sucrose, D-melezitose,
D-cellobiose but not D-melibiose, D-arabitol, D-sorbose and D-
raffinose. Cell wall contains 3-hydroxy-diaminopimelic acid as a major
diaminopimelic acid and small amount of meso-diaminopimelic acid.
The major phospholipids were diphosphatidylglycerol, phosphatidy-
lethanolamine, phosphatidylglycerol, phosphatidylinositol and

phosphatidylinositol mannosides. The major isoprenoid quinones
were MK-9(H8) and MK-9(H6). The major cellular fatty acids were
C17:0, C18:0, C18:1ω9c, anteiso-C15:0, iso-C15:0, iso-C16:0, iso-C17:0 and
anteiso-C17:0. The G+C content of type strain is 72.5mol%.

Table 2 Differential characteristics between strain RY35-23T and

closely related type strains

Characteristics RY35-23T
D. fulvum

JCM 5631T
D. roseum

JCM 3364T
D. darangshiense

JCM 17441T

Gelatin

liquefaction

− − + −

Skimmed milk

coagulation

+ − + −

Starch hydrolysis + + − +

Nitrate reduction − − + −

Growth at pH 4 + + − −

NaCl tolerance (%) 3 2 3 1

Acid production from
L-Arabinose + w − +

D-Mannitol + + − +

D-Melezitose + + w +

D-Melibiose + − − +

L-Rhamnose + − − +

Salicin + + w −

D-Sorbose w + − −

D-Xylose + + − +

Utilization of
L-Arabinose w − w +

D-Cellobiose + + w w

D-Mannitol + + − +

D-Mannose + w + +

D-Melezitose w w − w

D-Melibiose − − − w

Salicin w w w +

D-Sorbose − − − −

Sucrose + + + +

D-Raffinose − − − w

D-Xylose + + − +

Abbreviations: +, positive; w, weakly positive; − , negative.

Table 3 Cellular fatty acid compositions (%) of strain RY35-23T and

closely related type strains

Fatty acid RY35-23T
D. fulvum

JCM 5631T
D. roseum

JCM 3364T
D. darangshiense

JCM 17441T

Saturated fatty acids
C14:0 — 2.6 1.1 —

C15:0 0.5 1.4 1.2 0.3

C16:0 1.0 10.1 7.8 1.3

C17:0 5.1 0.6 3.0 1.3

C18:0 1.9 9.6 4.7 1.8

C19:0 0.7 0.4 0.2 —

Unsaturated fatty acids
C16:1ω7c — 1.0 1.3 —

C18:1ω9c 1.1 2.7 6.4 0.8

Branched fatty acids
iso-C14:0 0.7 2.6 2.2 0.8

iso-C15:0 31.5 19.8 29.2 23.2

anteiso-C15:0 6.5 13.3 2.8 6.5

iso-C16:0 19.8 11.9 30.0 35.5

iso-C17:0 9.6 2.4 3.2 7.1

anteiso-C17:0 19.0 0.9 4.3 20.1

iso-C18:0 0.6 0.3 0.4 0.8

Summed in feature 8 1.6 1.2 2.2 0.4

—, not detected. Summed in feature 8 comprises C18:1ω8c.

L3

L2

L1

Figure 2 Polar lipid profiles of strain RY35-23T on a two-dimensional thin-
layer chromatogram that were detected with 5% phosphomolybdic acid in
ethanol as spraying reagent (for total lipids). DPG, diphosphatidylglycerol;
L, unknown lipids; PE, phosphatidylethanolamine; PG, phosphatidylglycerol;
PI, phosphatidylinositol; PIMs, phosphatidylinositol mannosides; PL, unknown
phospholipid. A full color version of this figure is available at The Journal of
Antibiotics journal online.
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The type strain RY35-23T (= JCM 19831T= TISTR 2212T= PCU
333T) was isolated from peat swamp forest soil collected from Nong
Jum Rung area, Rayong province, Thailand.

ACKNOWLEDGEMENTS

This research was supported by Ratchadaphiseksomphot Endowment Fund,

Chulalongkorn University, 2012. We thank Dr Maki Kitahara, Japan Collection

of Microorganisms, RIKEN BioResource Center, Tsukuba, Japan, for

DNA–DNA hybridization method and Professor Aharon Oren, The Hebrew

University of Jerusalem, Jerusalem, Israel, for the etymologies.

1 Thiemann, J. E., Pagani, H. & Beretta, G. A new genus of the Actinoplanaceae:
Dactylosporangium, gen. nov. Arch. Mikrobiol. 58, 42–52 (1967).

2 Thiemann, J. E. in The Actinomycetales (ed. Prauser H.) 245–257 (Veb Gustav
Fischer Verlag, Jena, 1970).

3 Shomura T. et al. Studies on a new aminoglycoside antibiotic, dactimicin. I. Producing
organism and fermentation. J. Antibiot. 33, 924–930 (1980).

4 Shomura, T., Yoshida, J., Miyadoh, S., Ito, T. & Niida, T. Dactylosporangium vinaceum
sp. nov. Int. J. Syst. Bacteriol. 33, 309–313 (1983).

5 Shomura T. et al. Dactylosporangium roseum sp. nov. Int. J. Syst. Bacteriol. 35,
1–4 (1985).

6 Shomura, T., Amano, S., Yoshida, J. & Kojima, M. Dactylosporangium fulvum sp. nov.
Int. J. Syst. Bacteriol. 36, 166–169 (1986).

7 Chiaraphongphon, S., Suriyachadkun, C., Tamura, T. & Thawai, C. Dactylosporangium
maewongense sp. nov., isolated from soil. Int. J. Syst. Evol. Microbiol. 60,
1200–1205 (2010).

8 Kim, B. Y., Stach, J. E. M., Weon, H. Y., Kwon, S. W. & Goodfellow, M.
Dactylosporangium luridum sp. nov., Dactylosporangium luteum sp. nov. and

Dactylosporangium salmoneum sp. nov., nom. rev., isolated from soil. Int. J. Syst.
Evol. Microbiol. 60, 1813–1823 (2010).

9 Thawai, C., Tanasupawat, S. & Kudo, T. Dactylosporangium tropicum sp. nov., isolated
from soil. Int. J. Syst. Evol. Microbiol. 61, 2358–2362 (2011).

10 Thawai, C. & Suriyachadkun, C. Dactylosporangium siamense sp. nov., isolated
from soil. Int. J. Syst. Evol. Microbiol. 63, 4033–4038 (2013).

11 Seo, S. H. & Lee, S. D. Dactylosporangium darangshiense sp. nov., isolated from
rock soil. Int.J. Syst. Evol. Microbiol. 60, 1256–1260 (2010).

12 Hayakawa, M. & Nonomura, H. Humic acid-vitamin agar, a new medium for the
selective isolation of soil actinomycetes. J. Ferment. Technol. 65, 501–509 (1987).

13 Shirling, E. B. & Gottlieb, D. Methods for characterization of Streptomyces species. Int.
J. Syst. Bacteriol. 16, 313–340 (1966).

14 Taylor, H. D., Knoche, L. & Grauville, W. C. Color Harmony Manual 4th edn (Container
Corporation of America, Chicago, IL, USA, 1958).

15 Arai, T. Culture Media for Actinomycetes (The Society for Actinomycetes Japan, Tokyo,
1975).

16 Williams, S. T. & Cross, T. Actinomycetes. Methods Microbiol. 4, 295–334 (1971).
17 Gordon, R. E., Barnett, D. A., Handerhan, J. E. & Pang, C. H. N. Nocardia coeliaca,

Nocardia autotrophica, and the nocardin strain. Int. J. Syst. Bacteriol. 24,
54–63 (1974).

18 Staneck, J. L. & Roberts, G. D. Simplified approach to identification of aerobic
actinomycetes by thin-layer chromatographyl. Appl. Microbiol. 28, 226–231 (1974).

19 Mikami, H. & Ishida, Y. Post-column fluorometric detection of reducing sugar in
high-performance liquid chromatography using arginine. Bunseki. Kagaku. 32,
E207–E210 (1983).

20 Uchida, K. & Aida, K. An improved method for the glycolate test for simple
identification of the acyl type of bacterial cell walls. J. Gen. Appl. Microbiol. 37,
463–464 (1984).

21 Minnikin D. E. et al. An integrated procedure for the extraction of bacterial isoprenoid
quinones and polar lipids. J. Microbiol. Methods 2, 233–241 (1984).

22 Collins, M. D., Pirouz, T., Goodfellow, M. & Minnikin, D. E. Distribution of menaqui-
nones in actinomycetes and corynebacteria. J. Gen. Microbiol. 100, 221–230 (1977).

23 Sasser, M. Identification of bacteria by gas chromatography of cellular fatty acids.
USFCC News 20, 1–6 (1990).

24 Kämpfer, P. & Kroppenstedt, R. M. Numerical analysis of fatty acid patterns of
coryneform bacteria and related taxa. Can. J. Microbiol. 42, 989–1005 (1996).

25 Tomiyasu, I. Mycolic acid composition and thermally adaptation changes in Nocardia
asteroids. J. Bacteriol. 151, 828–837 (1982).

26 Raeder, U. & Broda, P. Rapid preparation of DNA from filamentous fungi. Lett. Appl.
Microbiol. 1, 17–20 (1985).

27 Tamaoka, J. & Komagata, K. Determination of DNA base composition by reversed-phase
high-performance liquid chromatography. FEMS Microbiol. Lett. 25, 125–128 (1984).

28 Suriyachadkun C. et al. Planotetraspora thailandica sp. nov., isolated from soil in
Thailand. Int. J. Syst. Evol. Microbiol. 59, 992–997 (2009).

29 Lane, D. J. in Nucleic Acid Techniques in Bacterial Systematics (eds Stackebrandt E. &
Goodfellow. M.) 115–175 (John Wiley & Sons, Chichster, UK, 1991).

30 Kim O. S. et al. Introducing EzTaxon-e: a prokaryotic 16S rRNA Gene sequence
database with phylotypes that represent uncultured species. Int. J. Syst. Evol. Microbiol.
62, 716–721 (2012).

31 Tamura K. et al. MEGA5: molecular evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum parsimony methods. Mol. Biol. Evol.
28, 2731–2739 (2011).

32 Saitou, N. & Nei, M. The neighbor-joining method: a new method for reconstructing
phylogenetic trees. Mol. Biol. Evol. 4, 406–425 (1987).

Dactylosporangium maewongense MW2-25T(AB495209)

Dactylosporangium aurantiacum DSM 43157T(X93191)

Dactylosporangium siamense MW4-36T(AB529466)

Dactylosporangium luteum BK51T(FJ973604)

Dactylosporangium salmoneum NRRL B-16294T(FJ973607)

Dactylosporangium tropicum KB2-4T(AB454508)

Dactylosporangium matsuzakiense DSM 43810T(X93193)

Dactylosporangium vinaceum DSM 43823T(X93196)

Dactylosporangium luridum BK63T(FJ973605)

Dactylosporangium sucinum RY35-23T (AB872783)
Dactylosporangium darangshiense DLS-44T(FM882231)

Dactylosporangium fulvum DSM 43917T(X93192)

Dactylosporangium roseum DSM 43916T(X93194)

Dactylosporangium thailandense DSM 43158T(X92630)

Verrucosispora gifhornensis DSM 44337T(Y15523)

98

100
50

7879

71

0.005

*

* 

*
*

*

#
#

#

#
#
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and all members in the genus Dactylosporangium. Verrucosispora gifhornensis DSM 44337T was used as an out group. Asterisk (*, #) indicated that the
branches were recovered in the maximum-likelihood tree and maximum-parsimony tree, respectively. The number at branch nodes indicates bootstrap
percentages derived from 1000 replications (only value 450% are shown). Bar=0.01 substitutions per nucleotide position.

Table 4 DNA–DNA relatedness of strain RY35-23T and closely

related type strains

DNA–DNA relatedness (%) with labeled strainsa

Strain RY35-23T JCM 5631T JCM 3364T JCM 17441T

RY35-23 T 100±0.0 36.1±2.9 37.1±3.7 32.9±3.5

D. fulvum JCM 5631T 27.4±3.1 100±0.0 60.9±2.2 30.1±3.4

D. roseum JCM 3364T 39.5±1.4 67.1±10.7 100±0.00 23.0±6.0

D. darangshiense
JCM17441T

25.0±2.9 28.9±1.0 31.0±1.5 100±0.0

aAverage from six independent determinations.
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