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Table 1 The morphological classification of 15 myxobacteria strains
Fruiting bod i i-
Strains Cell/pm Myxospore/um 950ty Morph(;!ogtlf:al classi
color sporangium Ication

0007-3 5-7 Regular spheres 1.5-2.0 Orange red Finger-like Cc. coralloides

0082-2 7 Regular spheres 1.5-2.0 Orange red Coral-like Cc. coralloides

0085-4 5-7 Ovoid spheres 2.0 Red brown Aberrant Cb. velatus

0121-3 5-6 Regular spheres 2.0-2.5 Green yellow Spot set Mx. xanthus

0148-1 6-8 Regular spheres 1.5-2.0 Pink spherical, short stalk Mx. fulvus

0159-5 5-7 Regular spheres 1.2-1.5 Pink Spherical short stalk Mx. fulvus

0185-2 5-7 Regular spheres 1.5 Orange red Coral-like Cc. coralloides

0189-5 5 Regular spheres 1.2-1.5 Pink Spherical non-stalk Mx. fulvus

0195-1 5-7 Regular spheres 1.2-1.5 Pink Spherical non-stalk Mx. fulvus

0198-1 5-8 Regular spheres 1.2 Orange red Spherical non-stalk Mx. fulvus

0198-2 5-7 Regular spheres 1.5-2.0 Orange red Coral-like Cc. coralloides

Bj41 10-12 Short stick 1.5x4 Brown Slim sheet cluster Cb. fuscus

Ch9737 10-13 Short stick 1.5x4-5 Black brown Slim sheet  cluster Cb. fuscus

Myx9736 8 Regular spheres 2.0-2.5 Pink Aberrant Mx.macrosporus

NMO03 7 Regular spheres 1.5-2.0 Pink Coral-like Cc. coralloides

A1

BB KA E E AR T RIS

Fig. 1 Morphological characteristics of some studied Myxobacteria strains. A: Mx. macrosporus Myx9736; B: Cb. velatus 0085-4; C: Mx.
xanthus 0121-3; D: Cc. coralloides NMO03; E: Mx. fulvus 0159-5; F: Cb. fulcus Bj41. Bars = 100 um except in Aand D, where bar = 50 um.
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Fig. 2 The phylogenetic tree constructed by the 16S rRNA gene sequences of the 15 myxobacteria strains and references. Numbers in
parentheses represent the sequences accession number in GenBank. The number at each branch points is the percentage supported by
bootstrap. Bar, 2% sequence divergence. The bold represents the studied myxobacterial strains. Desulfotomaculum reducens is used as
the outgroup to root the tree. Abbreviations: Myxo, Myxococcus; Cora, Corallococcus; Cyst, Cystobacter; Anae, Anaeromyxobacter. m
Means the strains that were not located in their own morphological genus branch.
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Myxo-Group Fig.3 The phylogenetic tree constructed by HSP60 gene se-
Cora-Group quences of the five myxobacterial strains and the references.
Numbers in parentheses represent the sequences accession
0085-4 NMO03 number in GenBank. The number at each branch points is the
0085-4 percentage supported by bootstrap. Bar, 2% sequence divergence.
The bold represents the studied myxobacterial strains.

Myxo-Group s
NMO03 Cyst-Group 3 Vh@
2 Melittangium lichemicola ATCC
25926 Cora-Group
Polyangium vitellinum Pl
vil
Myx9736 NMO3
0085-4  0121-3
Kofleria s
16S rRNA
0195-1 0189-5 0159-5
0148-1 (1.2]
16S rRNA 99% 0198-1
16S rRNA 16S rRNA
15
16S rRNA 16S rRNA
0159-5
HSP60 0195-1 0189-5 0148-1 0198-1
HSP60 16S
rRNA 3 HSP60 0198-1 4 16S rRNA
Mx. fulvus 4.4%
0159-5 0189-5 HSP60 99%
Mx. xanthus 91% 0085-4 0195-1  Myx9736
Mx. fulvus 0159-5 0189-5 16S rRNA 99%
16S rRNA 0085-4

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



716 Deming Jiang et al. /Acta Microbiologica Sinica (2008) 48(6)
tween morphogenetic classification of myxobacteria. Int J Syst
Bacteriol, 1999, 49: 1255-1262.
[9] Yan ZC, Wang B, Li YZ, et al. Morphologies and phylogenetic
16S rRNA classification of cellulolytic Myxobacteria. Syst Appl Microbiol,
HSP60 2003, 26: 104-109.
16S rRNA [10] Viale AM, Arakaki AK, Soncini FC, et al. Evolutionary relationships
among eubacterial groups as inferred from GroEL (chaperonin) se-
quence comparisons. Int J Syst Bacteriol, 1994, 44(3): 527-33.
. [11] , , . (Myxobacteria)
’5 % X Tﬁk (Acta Microbiologica Sinica), 2000, 40:
652-656.

[1] Reichenbach H. The Myxococcales. In: Garrity GM. Bergey's 191 Li YZ. Hu W. Zh v t al. A simol thod to isolat
Manual of Systematic Bacteriology, Part 3: The Alpha-, Beta-, [12] Li Y2, Hu W, Zhang _Q’ et a -S|mp & metho o. |sozi1e
Delta-, and Epsilon-proteobacteria. 2" ed, New York: Springer- salt-tolerant myxobacteria from marine samples. J Microbiol
Verlag’ 2005, 10501143 ’ Methods, 2002, 50: 205-209.

[2] Reichenbach H, Dworkin M. The myxobacteria. In: Balows A [13] Brosius J, Palmer ML, Kennedy PJ, et al. Complete nucleotide
Triiper HG, Dworkin M et al. The Prokaryotes. 2" ed. New York: sequence of a 16S ribosomal RNA gene from Escherichia coli.
Springer-Verlag, 1992 Proc Natl Acad Sci USA, 1978, 75: 4801-4805.

[3] Kaiser D. How and why myxobacteria talk to each other. Curr [14] Goh SH, Potter S, Wood JO, et al. HSP60 gene sequences as univer-
opin microbial, 1998, 1: 663668 sal targets for microbial species identification: studies with coagu-

[4] Dawid W. Biology and global distribution of myxobacteria in lase-negative staphylococci. J Clin Microbiol, 1996, 34(4): 818-23.
soils. FEMS Microbiol Rev. 2000. 24: 403-427 [15] Thompson JD, Gibson TJ, Plewniak F, et al. The CLUSTAL_X

[5] Reichenbach H. The ecology of the myxobacteria. Environ Mi- windows interface: flexible strategies for multiple sequence
crobiol. 1999. 1: 15-21. alignment aided by quality analysis tools. Nucleic Acids Res,

[6] Reichenbach H. Biology of the myxobacteria: Ecology and tax- 1997, 25: 4876-4882.
onomy. In: Dworkin M, Kaiser D. Myxobacteria I1. Washington, [16] Saitou N, Nei M. The Neighbor-joining Method: A New Method
DC. : American Society for Microbiology, 1993. for Reconstructing Phylogenetic Trees. Mol Biol Evol, 1987, 4:

[7] Shimkets L, Woese CR. A phylogenetic analysis of the myxobac- 406-425.
teria: basis for their classification. Proc Natl Acad Sci USA, 1992, [17] Kumar S, Tamura K, Nei M. MEGAS3: Integrated software for
89: 9459-9463. Molecular Evolutionary Genetics Analysis and sequence align-

[8] Spréer C, Reichenbach H, Stackebrandt E. The correlation be- ment. Briefings in Bioinformatics, 2004, 5: 150-163.

Phylogenetic analysis of the 16S rRNA and HSP60 gene sequences of the
morphology-based taxa of myxobacteria

Deming Jiang, Xiuwen Zhou, Xiaoxiang Tian, Zhihong Wu, Yuezhong Li

(State Key Laboratory of Microbial Technology, College of Life Science, Shandong University, Jinan 250100, China)

Abstract: [Objective] Using the 16S rRNA or HSP60 gene sequences to identify the myxobacteria taxa at the levels of species and
genus, which were difficult to be classified by their morphological characteristics. [Methods] 15 myxobacterial strains were iso-
lated using the traditional isolation methods, and classified based on their morphological characteristics. The 16S rRNA and HSP60
gene sequences were amplified by PCR methods, and phylogenetically analyzed. [Results] Eleven strains possessed typical mor-
phological characteristics, while the other four strains 0085-4, 0121-3, NM03 and Myx9736 were degenerated of fruiting body
structures in different extents. The strains were classified into the suborder Cystobacterineae, located in three genera of two families
based on their morphological characteristics. The 16S rRNA gene sequences were 95.4% to 99.5% homology, which were in good
consistence with the classification of the morphology-based genera; while the HSP60 gene sequences were in longer phylogenetic
distances. [Conclusion] The present morphology-based classification of myxobacteria is highly consistent with the phylogenetic
results of 16S rRNA gene sequences at the levels of genera or higher taxa; while HSP60 gene sequences provides a more efficient

method for identification of closely related myxobacteria species.
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