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Abstract: [Objective] The objective of this study was to apply multilocus sequence analysis (MLSA)
to evaluate the phylogenetic relationship among highly similar strains of the genus Streptomyces
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isolated from the Indian Ocean sediment samples under the depth of 3 000 m, based on 16S rRNA,
atpD, recA and rpoB genes, and to further explore the potential of isolated Streptomyces species.
[Methods] We cultured 7 strains of Streptomyces albidoflavus, 11 strains of Streptomyces cavourensis,
16 strains of Streptomyces pratensis isolated from the Indian Ocean deep-sea sediments. We used PCR
amplification and sequenced the genes 16S rRNA, atpD, recA and rpoB from these strains and also
downloaded 5 strains sequences of S. pratensis from NCBI. We used all sequences to find the gene
types in MLST web site and to build the phylogenetic trees for comparison. [Results] After comparison
of S. pratensis, the same genotype strains were not clustered together in phylogenetic tree based on 16S
rRNA gene sequence, the tree was not stable and degree of differentiation was also low, the
phylogenetic trees based on atpD, recA, rpoB genes were relatively stable. Strains in the phylogenetic
tree based on multiple gene cluster analysis divided into six groups. In Multilocus sequence analysis of
the three Streptomyces, the degree of differentiation increased and the phylogenetic tree was more
stable and also found some special strains of recA gene. [Conclusion] Multilocus sequence analysis
can divide experimental strains into different types and some strains have large differences in
individual gene (recA gene). Multilocus sequence analysis is suitable for classification and
identification of some closely related species.

Keywords: Streptomyces, Housekeeping genes, Multilocus sequence analysis
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Table 1 The primers used for amplification and
sequencing of 4 genes

Genes Sequence (5'—3")
16S PA CAGAGTTTGATCCTGGCT
RNA pg AGGAGGTGATCCAGCCGCA
atpD  atpDF  GTCGGCGACTTCACCAAGGGCAAGG
TGTTCAACACC
atpDR  GTGAACTGCTTGGCGACGTGGGTGT
TCTGGGACAGGAA
recA  recAF CCGCRCTCGCACAGATTGAACGSCA
ATTC
recAR  GCSAGGTCGGGGTTGTCCTTSAGGA
AGTTGCG
rpoB rpoBF  GAGCGCATGACCACCCAGGACGTCG
AGGC
rpoBR  CCTCGTAGTTGTGACCCTCCCACGGC
ATGA

5min 95°C30s 16S tRNA 55 °C (atpD 63 °C

recA 60 °C rpoB 65°C)30s 72°C 1 min 30
72 °C 10 min PCR
SeqMan
MLST
(http://pubmlst.org/streptomyces/)
123 REHEUHBIME: 16S rRNA

EzBioCloud BLAST (http://eztaxon-

e.ezbiocloud.net/) (12]
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Table 2 The gene types of Streptomyces strains

16S rRNA
Strains number Similar strains LR e i e Gene types
(%) 16S rRNA atpD (A) recA (B) rpoB (C)
YIM M12110 Streptomyces albidoflavus 99.43 38 5 5 28
YIM M12121 Streptomyces albidoflavus 99.71 38 5 5 28
YIM M12134 Streptomyces albidoflavus 99.22 38 5 5 28
YIM M12150 Streptomyces albidoflavus 99.72 38 5 5 28
YIM M12218 Streptomyces albidoflavus 99.72 38 5 5 28
YIM M12262 Streptomyces albidoflavus 99.58 38 5 5 28
YIM M12264 Streptomyces albidoflavus 99.71 38 5 5 28
YIM M12006 Streptomyces cavourensis 99.72 33 94 96 35
YIM M12022 Streptomyces cavourensis 99.45 33 94 96 35
YIM M12024 Streptomyces cavourensis 99.27 33 94 96 35
YIM M12086 Streptomyces cavourensis 99.50 86 94 96 35
YIM M12089 Streptomyces cavourensis 99.79 86 94 96 35
YIM M12101 Streptomyces cavourensis 99.93 33 94 96 35
YIM M12172 Streptomyces cavourensis 99.79 33 94 96 35
YIM M12233 Streptomyces cavourensis 99.67 33 94 96 35
YIM M 12284 Streptomyces cavourensis 99.57 86 94 96 35
YIM M12299 Streptomyces cavourensis 99.51 86 94 5 35
YIM M12123 Streptomyces cavourensis 99.45 33 94 96 35
YIM M12003 Streptomyces pratensis 100 4 97 22 23
YIM M12009 Streptomyces pratensis 100 4 97 5 23
YIM M12011 Streptomyces pratensis 99.67 77 9 97 8
YIM M12012 Streptomyces pratensis 99.85 77 9 97 8
YIM M12023 Streptomyces pratensis 100 4 97 22 23
YIM M12052 Streptomyces pratensis 100 4 97 22 23
YIM M12061 Streptomyces pratensis 99.62 4 97 22 23
YIM M12076 Streptomyces pratensis 100 4 25 22 23
YIM M12087 Streptomyces pratensis 100 4 97 22 23
YIM M12092 Streptomyces pratensis 100 4 97 22 23
YIM M12108 Streptomyces pratensis 100 4 97 22 23
YIM M12117 Streptomyces pratensis 99.63 4 97 22 23
YIM M12138 Streptomyces pratensis 99.85 77 9 97 8
YIM M12183 Streptomyces pratensis 99.05 33 94 96 35
YIM M12361 Streptomyces pratensis 100 4 25 22 23
YIM M12121-1  Streptomyces pratensis 99.81 77 9 97 8
ch24 Streptomyces pratensis 99.93 15 38 36 38
ch2 Streptomyces pratensis 99.54 15 38 36 38
W25 Streptomyces pratensis 99.51 15 38 36 38
Cald 193 Streptomyces pratensis 99.42 15 38 36 38
C4.1868 Streptomyces pratensis 99.84 15 38 36 38
S. albidoflavus 99%
4 S. cavourensis ( 1 NI )
3 S. pratensis 6 21 S. pratensis 16S rRNA
NJ ( 1A) YIM
2.2 S.pratensis B # 8] £ E 3 b 2 17 M12183 165 rRNA

21 S. pratensis 16S rRNA
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Figure 1 The comparative representation of S. pratensis strains by phylogenetic trees (NJ) and gene types based on 16S

rRNA, atpD, recA, rpoB genes and multiple gene cluster analysis
Note: A: 16S rRNA; B: atpD; C: recA; D: rpoB; E: Multiple gene cluster analysis.
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Figure 2 The comparative representation of S. pratensis, S. cavourensis, S. albidoflavus strains by phylogenetic trees (NJ)

based on 16S rRNA, atpD, recA, rpoB genes and multiple gene cluster analysis

Note: A: 16S rRNA; B: atpD; C: recA; D: rpoB; E: Multiple gene cluster analysis.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



934

AEY) 4R Microbiol. China

2016, Vol.43, No.5

40

YIM M12009

YIM M12299  recA

16S rRNA

16S rRNA

16S rRNA (16]

[3]

[4]

2 013
952

(585 ) 16STRNA

16S rRNA

[17-18]

16S rRNA
[19-20]

% 3 o
Arrigo KR. Marine microorganisms and global nutrient cycles[J].
Nature, 2005, 437(7057): 349-355
Dang HY, Li TG, Zeng ZG, et al. Microbiological studies on
subseafloor deep biosphere in deep sea extreme environments[J].
Studia Marina Sinica, 2006, 47: 41-60 (in Chinese)

[J]. , 2006, 47: 41-60
Lipp JS, morono Y, Lnagaki F, et al. Significant contribution of
Archaea to extant biomass in marine subsurface sediments[J].
Nature, 2008, 454(7207): 991-994
Whitman WB, Coleman DC, Wiebe WJ. Prokaryotes: the unseen
majority[J]. Proceedings of the National Academy of Sciences of

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

the United States of America, 1998, 95(12): 6578-6583
Liu ZH. Modern Microbiology[M]. Beijing: Science Press, 2002
(in Chinese)

. [M]. ,2002
Bentley SD, Chater KF, Cerdefio-Tarraga AM, et al. Complete
genome sequence of the model actinomycete Streptomyces
coelicolor A3 (2)[J]. Nature, 2002, 417(6885): 141-147
Thompson CJ, Fink D, Nguyen LD. Principles of microbial
alchemy: insights from the Streptomyces coelicolor genome
sequence[J]. Genome Biology, 2002, 3: reviews 1020.1
Osawa R, Koga T. An investigation of aquatic bacteria capable of
utilizing chitin as the sole source of nutrients[J]. Letters in
Applied Microbiology, 1995, 21(5): 288-291
Stackebrandt E, Goebel BM. Taxonomic note: a place for
DNA-DNA reassociation and 16S rRNA sequence analysis in the
present species definition in bacteriology[J]. International Journal
of Systematic Bacteriology, 1994, 44(4): 846-849
Li WJ, Xu P, Schumann P, et al. Georgenia ruanii sp. nov., a
novel actinobacterium isolated from forest soil in Yunnan (China),
and emended description of the genus Georgenia[J]. International
Journal of Systematic and Evolutionary Microbiology, 2007,
57(7): 1424-1428
Guo YP, Huang Y. Design and validation of primers for
housekeeping genes of streptomycetes[J]. Acta Microbiologica
Sinica, 2007, 47(6): 1080-1083 (in Chinese)

, . [J].

,2007, 47(6): 1080-1083

Kim OS, Cho YJ, Lee K, et al. Introducing EzTaxon-e: a
prokaryotic 16S rRNA gene sequence database with phylotypes
that represent uncultured species[J]. International Journal of
Systematic and Evolutionary Microbiology, 2012, 62(3): 716-721
Thompson JD, Gibson TJ, Plewniak F, et al. The CLUSTAL X
windows interface: flexible strategies for multiple sequence
alignment aided by quality analysis tools[J]. Nucleic Acids
Research, 1997, 25(24): 4876-4882
Tamura K, Peterson D, Peterson N, et al. MEGAS5: molecular
evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods[J].
Molecular Biology and Evolution, 2001, 28(10): 2731-2739
Bowler C, Karl DM, Colwell RR. Microbial oceanography in a
sea of opportunity[J]. Nature, 2009, 459(7244): 180-184
Sun DL, Jiang X, Wu QL, et al. Intragenomic heterogeneity of
16S rRNA genes causes overestimation of prokaryotic
diversity[J]. Applied and Environmental Microbiology, 2013,
79(19): 5962-5969
Cilia V, Lafay B, Christen R. Sequence heterogeneities among
16S ribosomal RNA sequences, and their effect on phylogenetic
analyses at the species level[J]. Molecular Biology and Evolution,
1996, 13(3): 451-461
Anderson AS, Wellington EMH. The taxonomy of Streptomyces
and related genera[J]. International Journal of Systematic and
Evolutionary Microbiology, 2001, 51(3): 797-814
Stackebrandt E, Frederiksen W, Garrity GM, et al. Report of the
ad hoc committee for the re-evaluation of the species definition in
bacteriology[J]. International Journal of Systematic and
Evolutionary Microbiolog, 2002, 52(3): 1043-10471
Devulder G, de Mont clos MP, Flandrois JP. A multigene approach
to phylogenetic analysis using the genus Mycobacterium as a
model[J]. International Journal of Systematic and Evolutionary
Microbiology, 2005, 55(1): 293-302

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



