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Table 1. Information of the medical plant and soil physicochemical property

pH

Sample  Vegetation type Sampling site Soil pH TOC/( g/kg)
1 Zanthoxylum nitidum( Roxb. ) DC. South China Botanical Garden( ) 4.28 24.30
2 Lasianthus chinensis( Champ.) Benth. South China Botanical Garden( ) 4.34 81.25
3 Melastoma candidumD. Don. Nanling National Forest Park( 4.38 45.22
4 Pithecellobium clypearia( Jack.) Benth. South China Botanical Garden( ) 4.40 97.25
5 Rubus alceaefoliusPoir. Nanling National Forest Park( 4.52 67.42
6 Canarium pimela Leenhlia. South China Botanical Garden( ) 4.68 64. 46
7 Pithecellobiumlucidum Benth. South China Botanical Garden( ) 4. 68 60. 47
8 RhodOmyrtus tomentosa( Ait.) Hassk. Nanling National Forest Park( 4.83 64.52
9 Wrightia pubescens R. Br. South China Botanical Garden( ) 5.00 36. 50
10 Pinus massonianalamb. Nanling National Forest Park( 5.03 10. 35
1 Cratonylum cochinchinense ( Lour.) Blume  South China Botanical Garden( ) 5.29 74.53
12 Vitex quinata( Lour. ) F. N. Will. South China Botanical Garden( ) 5.38 50. 17
13 Liquidambar formosana Hance. Nanling National Forest Park( 5.53 94. 63
14 Quisqualis indica L. South China Botanical Garden( ) 5.62 29.77
15 Psychotria rubra ( Lour.) Poir. South China Botanical Garden( ) 5.82 41.79
16 Alpinia oxyphylla Miq. South China Botanical Garden( ) 6.10 36. 86
17 Murraya exotica L. South China Botanical Garden( ) 6.26 40. 43
18 Aporosadioica ( Roxb. ) Miill. Arg. South China Botanical Garden( ) 6.45 61.92
19 Alstonia scholaris(1.) R. Br. South China Botanical Garden( ) 7.07 49. 48
20 Schima superba Gardn. et Champ. Nanling National Forest Park( 7.11 9.89
21 Ophiopogon japonicus ( L. f.) Ker-Gawl. South China Botanical Garden( ) 7.81 25. 81
22 Portulaca oleracea 1. Nanling National Forest Park( 7.82 41. 16

Note: TOC: total organic carbon

2.2 o N N

16S rDNA
22 18
11 1
50 8 ( 2).
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2.
Table 2. Morphological characteristics of the isolated myxobacteria strains
Fruiti body 1 crude  Fruiti body 1 >
Genus ruftng - body i crude ruiting - body fm pure Vegetative cell Myxospore Swarm
culture culture ’
Spherical soft-slimy . .
Spherical soft-sl
mound  with a smooth phenca soits " Slender  rods  with Regular sphere  or  Soft slime
.. mound  yellow  greenish . . . .
surface vivid  yellow slightly tapering ends ovoid diameter 1.0 —  sheet  yellow
Myxoxoccus . . yellow orange pale . . .
orange  pinkish white or . cigarshaped 0.5 - 2.0 wm with a heavy greenish yellow
. . . orange reddish orange or
yellowish white some with . . 0.8wm x3.0-8.0pum  capsule or orange
Sy even light violet
a long pellucid slime stalk
Spherical contorted ribbon— Mesenteric masses of Slvender roc'ls with Regular sphere Soft dlime
L . . . contorted and  convoluted  slightly tapering ends diameter 1.6 - 1.8 .
Pyxidicoccus like or closed circularity . . . sheet with a
. strings  brown or olive 0.5-0.6pum x5.5- wm with a heavy
golden brown or olive brown undulated edge
brown 7. 6pm capsule
Ridgedike small pustules . . . Slvendcr r0('ls with chular . sphere  or  Soft slir'ne
Corall beadlik herical licht Ridgedike or spherical slightly tapering ends ovoid diameter 1.0 —  sheet with
orallococcus eadlike or spherical i
. °p g orange reddish orange cigarshaped 0.5 - 2.0 pwm with a heavy undulated edge
orange or pink .
0.8wum x3.6 -7.8um  capsule or wrinkles
Branchedpellucid slime Long slender needle- Regular sphere
. . . . . . Tough film—
. stalk bearing a cluster of Irregular mass pale red like rods with tapering  diameter 1.1 - 1.5 . . .
Archangium . . . like with radial
spherical pastel pink  brown or dark brown ends 0.5 - 0.7um x  pum with a heavy veins
sporangiole 6.9 -16. 7Tpum capsule
. Rods  with  rounded Soft shr-ne
Spherical ol Boat-shaped with P vicall sheet with
Spherical sporangioles ends optically
Stigmatella P porang Not form fruiting bodies tapering ends 0.7 - . P Y undulated edge
without a stalk pink refractile 0.9 - .
0. 8um x3.8 —8. 8pum 12 %24 or  wrinkles
il pm pink
Spherical ~ solitary  or in Thin tough
Spherical  solitary or in long chains that sometimes . . slime  sheet
. . . . . Needle-shaped with  Fat rods with rounded .
long chains that sometimes form three-dimensional tapering ends 0.6 v dliehtl tanered delicately
Cystobacter form three-dimensional  networks ~ with a thick apering ends T or siently - lapere plicated  radial
. . 0.9um x 6.5 - ends 0.5 -0.7um x . .
networks brown chestnut  hyaline and colorless slime 141 11-2.0 veins with
. lpum .1-2.0pm
brown or even black capsule  brown  chestnut " ® undulated edge
brown or even black or wrinkles
§ iolesturnip-shaped
Chondromys Sr.)nrangl.n esturmpshape No pure strain - - -
with a single pellucid stalk
Note: —1is not be observed.
( 1 ~
( I ) \ (
. 9
i) Al Al ]:[ ) o
2 o A Al
| 0.5 -
. . 0.8pm 3.0-167pm ( 3). .
1.0 -2.0 pm

( 4o



./ (2013) 53(7) 661

Figure 1. Morphological characteristics of fruiting body of some myxobacteria strains. A:42-j2 Mx. xanthus; B: 42-md<4  Mx. fulvus;
C: 42-heh4  Mx. supitatus; D: 42403 Py. fallax; E: 42404  Cc. exiguous; F: 42406 Cc. coralloides; G: 42-sjz-  Cec.
macropsporus, H:42-mis2 Ar. gephyra; 1:42-mis-6 Stigmatella sp.; J: 42-mtsd  Cystobacter sp.; K:42-402 Cystobacter sp.; L:
42-heh-5 Chondromyces sp. .

2.
Figure 2. Morphological characteristics of colony of some myxobacteria strains. A:42-j2 Mx. xanthus; B: 424035 Mx.
Sulvus; C: 4244 Mx. stipitatus; D: 42403 Py. fallax; E: 42404  Cc. exiguous, F:4240-6 Cc. coralloides; G: 42—

sjzd  Cc. macropsporus; H:42-mts2 Ar. gephyra; 1:42-mts6 Stigmatella sp. ; J: e-mts3  Cystobacter sp. ; K:e-mis2
Cystobacter sp.; L:42-eyd  Cystobacter sp. .
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3

. (bar =2.0 pm)

Figure 3. Transmission electricity microscope observation of vegetative cells of some myxobacteria strains( bar
=2.0 um) . A: 424j2 Mx. xanthus, B: 42403 Py. fallax; C: 424044 Ar. gephyra; D: 42-mis2
Ar. gephyra; E: e-mts2 Cystobacter sp.; F: e-mis3 Cystobacter sp. .

4. (bar =1. Opm)
Figure 4. Transmission electricity microscope observation of myxospore of some myxobacteria strains( bar =
1.0um) . A:424j2 Mx. xanthus; B: 42dmzd  Mx. fulvus; C: 4244 Mx. stipitatus; D: 42403 Py.
fallax, E: 424044 Ar. gephyra; F: 42dmz2 Cc. macropsporus.

2.3 Neighbor—oinig ( 5o
36 16S rDNA 36 4 o
EzTaxon Blast N
16S rDNA Clustal X
Mega4. 1
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Figure 5. Phylogenetic tree of 36 myxobacteria strains and reference strain based on 16S rDNA gene order. The numbers at the nodes
indicate the bootstrap values based on neighbor§oining analyses of 1000 sample date sets. The scale bar represents the estimated number

of base changes per nucleotide sequence position. The numbers in parentheses are accession numbers of sequences.
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16S rDNA o 4
16S rDNA

o

2.4 ( 6). *

6. ( Chondromyces)
Figure 6. Morphological characteristics of Chondromyces sp. Strains. A B C D E F G: 42-heh5

Chondromyces sp. .

pH pH :
( 3) pH 4.28 -7.82
pH
5 pH : o
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Table 3. Diversity of myxobacteria in soil samples with different pH values
Soil pH Myxococcus Corallococcu Pyxidicoccus Archangium Cystobacter Stigmatella Chondromyces ~ Total
4.28-5.0 5 3 0 1 1 0 1 11
5.03 -6.10 4 3 0 2 2 0 0 11
6.26 -7.82 9 5 1 5 4 1 3 28
Total 18 11 1 8 7 1 4 50
2 2
( 4

(9.89 —10. 35¢/kg) .
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4. (TOC)
Table 4. Diversity of myxobacteria in soil samples with different Total Organic Carbon values
Soil TOC( g/kg)  Myxococcus Corallococcu Pyxidicoccus Archangium Cystobacter Stigmatella Chondromyces ~ Total
9.89-10.0 2 1 0 0 0 0 0 3
10.35 -20.0 1 0 0 0 0 0 0 1
24.30-30.0 4 2 0 1 2 0 1 10
36.50 -40.0 0 0 0 0 1 0 0
40.43 -50.0 6 4 1 4 3 1 2 21
60.47 -70.0 2 2 0 1 1 0 0 6
74.53 -80.0 1 2 0 1 0 0 0 4
94. 63 -100. 0 2 0 0 1 0 0 1 4
Total 18 11 1 8 7 1 4 50
1.5
( CCA) 7 o ( Biplot)
A TOC
4
° Q
13 i
o i
5
%0
Me.stipi ©
18 X NP
{’@glﬂ()z Xigu
29-30 Sg3Ps o aCemacro
°© A i7 Dr 15
o:\[twres maﬁ”ﬂ“’ﬁﬁ‘/"{’) 01
pH. o pH ) 14
( Mx. virescens) . | 9 =
( Ce. coralloides) " 2
pH pH
; ( Mx. stipitatus) -1.0
-1.0 1.0
. ( Ce. 7.
exiguus) ( Ar. gephyra)

Figure 7. Canonical correspondence analysis ordination biplots of
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Isolation and identification of cultivable myxobacteria in
the rhizosphere soils of medicinal plants

Zhiying Zhao' > Xianjiao Zhang' Zhiyuan Tan® Jun Guo' Honghui Zhu'

'Guangdong Institute of Microbiology ~Guangzhou Provincial Key Laboratory of Microbial Culture Collection and
Application Guangzhou Provincial Open Laboratory of Microbial New Application Technique State Key Laboratory of
Applied Microbiology Ministry Guangdong Province Jointly Breeding Base Guangzhou 510070 China

*South China Agricultural University Guangdong Provincial Key Lab of Plant Molecular Breeding College of Agriculture
Guangzhou 510462 China

Abstract Objective We isolated myxobacteria and explored their diversity from the rhizosphere soils of some medicinal
plants. Methods We used the helper bacteria baiting technique to isolate myxobacteria from the rhizosphere soils
collected in South China Botanical Garden and Nanling National Forest Park. The myxobacteria were identified by
morphological characteristics and 16S tDNA gene sequences analysis. Results A total of 50 strains were isolated from
22 soil samples which were identified into 7 genera Myxococcus ( 18)  Corallococcus ( 11)  Cystobacter ( 7)
Archangium (8)  Stigmatella (1)  Chondromyces (4) and Pyxidicoccus (1) . The dominant genera were Myxococcus and
Corallococcus.  Conclusion Environmental factors were associated with the diversity of myxobactria. Myxobacteria better
adapt in high organic matter content and neutral pH environments. The strains of Myxococcus and Corallococcus had a good
adaptability for different pH. Meanwhile the dependence of the strains of Myxococcus and Cystobacter on organic carbon
content was not too obvious and they can also be found in the poor soils. Our findings provided an important scientific
base for the development and utilization of myxobacteria resources.

Keywords: medicinal plants soil myxobacteria diversity
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