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£ 1 B 16S rRNA EEFE IS
Table 1 ~ Similarity analysis of partial 16S rRNA gene sequences of all strains
. . . . similarity ~ siderophore
prokaryotic group strain nearest strain ( Accession) number of bases J% . unit /%
Alphaproteobacteria T19 Agrobacterium rubi ICMP 11833" (AY626395) 692 99 4.2"
(17.0%) R88 Alterierythrobacter marinus H32" (EU726272) 1333 95 10. 0"
R84-2 Paracoccus yeeii CDC G1212" (AY014173) 705 98 12.0"
R136 Paracoccus yeeii CDC G1212" (AY014173) 704 98 6.6"
R72-1 Pannonibacter phragmitetus C6-19" ( AJ400704) 1330 93 8.3"
R114 Sphingomonas koreensis JSS-26 * (AF131296) 702 99 17.9*
T21 Sphingopyxis macrogoltabida 203" (D13723) 705 99 14.9"
N53 Sphingopyxis ginsengisoli Gsoil 250" ( AB245343) 685 98 11.2*
Betaproteobacteria R50 Variovorax paradoxus DSM 66" ( AJ420329) 699 99 74.9°
(23.4%) R135 Variovorax paradoxus DSM 66" ( AJ420329) 703 99 74.0"
R56 Variovorax paradoxus DSM 66" ( AJ420329) 702 99 71.1"
R73-2 Variovorax paradoxus DSM 66" ( AJ420329) 693 99 70. 1%
R61-2 Variovorax paradoxus DSM 66" ( AJ420329) 703 99 54. 6"
R53 Variovorax paradoxus DSM 66" ( AJ420329 ) 693 98 50.9"
R51 Variovorax paradoxus DSM 66" ( AJ420329) 705 98 44.0°
R236 Burkholderia arboris R-24201" ( AM747630) 725 99 67.6"
N85 Burkholderia arboris R-24201" (AM747630) 700 99 66.4"
N20-2 Massilia niabensis 54205-26" ( EUS08006 ) 737 98 25.0"
N24-1 Massilia niabensis 54205-26" ( EUS08006 ) 707 98 15.6"
Firmicutes(17. 0% ) T20 Bacillus aerophilus 28K" ( AJ831844) 714 100 7.9
N44 Bacillus aryabhattai BSW22" (EF114313) 703 100 11.8"
N23 Bacillus aryabhattai B§W22" (EF114313) 698 99 9.6
R76-2 Bacillus niabensis 4T19" (AY998119) 696 98 8. 1"
R81-2 Bacillus subtilis Spizizenii CIP 106094" ( AF074970) 706 100 21.9"
R60-1 Bacillus stratosphericus 41KF2a' (AJ831841) 715 99 24. 1"
R151 Bacillus tequilensis 10b" (AY197613) 721 99 14. 3"
T23 Bacillus thuringiensis TAM 12077" (D16281) 715 100 13.8"
Actinobacteria R78-1 Nocardioides aquiterrae GW-9" ( AF529063 ) 748 99 8.2"
(42.6% ) R71-3 Nocardioides aquiterrac GW-9" ( AF529063 ) 707 99 8.3"
R75-2 Nocardioides aquiterrae GW-9" ( AF529063 ) 712 97 12.6"
N35 Nocardioides ganghwensis ]C2055" (AY423718) 735 98 6.3"
N37 Nocardioides kongjuensis A2-4" (DQ218275) 1410 97 8.5"
R71-1 Nocardioides pyridinolyticus 0S4" (U61298) 697 99 6.1°
R75-1 Mycobacterium cosmeticum LTA-388" ( AY449728) 711 98 3.3"
N36 Mycobacterium cosmeticum 1L TA-388" ( AY449728) 665 98 5.8"
R148 Mycobacterium canariasense 502329" ( AY255478) 693 98 5.7
R142 Microbacterium keratanolyticum ATCC 35057" (AB004717) 748 98 15. 4
R82-2 Microbacterium keratanolyticum ATCC 35057" (AB004717) 701 97 13.8"
R146 Microbacterium keratanolyticum ATCC 35057" ( AB004717) 728 97 5.0
N22 Microbacterium keratanolyticum ATCC 35057" ( AB004717) 699 97 12. 7
R145 Microbacterium paludicola USIST " ( AJ853909) 713 97 9.9
T22 Mycobacterium neoaurum ATCC 25795" ( AF480593) 693 99 6.2"
N21 Citricoccus zhacaiensis FS24" (EU305672) 691 97 6.3"
N25 Micrococcus flavus LW4" (DQ491453) 744 99 3.9°
R110 Solirubrobacter soli Gsoil 355" ( AB245334) 694 97 0.27
T50 Nocardiopsis antarctica 25-145" (X97885) 692 98 1.4"
T16 Streptomyces albospinus JCM 3399" (AY999753) 1417 97 9.8"

* The relative standard deviation values were less than 5% ;" The relative standard deviation values were 5 — 10% .
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Fig. 1  Neighbor-joining tree based on 16S rRNA gene partial sequences of siderophore-producing endophytic bacteria from the roots of
Cymbidium goeringii. Numbers at the nodes indicate the bootstrap values( >50% ) based on neighbour-joining analyses of 1000 resampled
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Diversity of siderophore-producing endophytic bacteria of

Cymbidium goeringii roots
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Abstract: [ Objective ] In order to obtain the effective plant growth-promoting bacteria, we studied the diversity of
siderophore-producing endophytic bacteria in the roots of Cymbidium goeringii. [ Methods ] We screened for siderophore-
producing bacteria from 189 root endophytic strains of Cymbidium goeringii by using chrome azurol S ( CAS) agar plate
assay. The diversity of siderophore-producing endophytic bacteria was investigated by 16S rRNA gene sequence analysis.
[ Results] We obtained 47 siderophore-producing strains (24. 9% of the total strains) . Sequence analysis revealed that 47
strains were members of 31 species of 17 genera in four phylogenetic groups ( Alphaproteobacteria, Betaproteobacteria,
Firmicutes, Actinobacteria) . The dominant group was Actinobacteria (42.6% ), and the dominant genera were Bacillus
and Variovorax. The strains of Variovorax produced relatively high levels of siderophore. In addition, there may be two
novel taxonomic units. [ Conclusion | The results show that there are abundant species diversity of siderophore-producing
endophytic bacteria in the roots of Cymbidium goeringii.
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Supported by the Central Scientific Institution Basal Research Fund of China ( RIF2010-16 ), by the Natural Science Foundation of Hebei
(€2009000180) ,by the Project of Talents of Hebei University (2006-088) and by the Important Science and Technology Specific Projects of Hainan
Province (080102 )

" Corresponding author. Tel/ Fax: +86-10-62888687 ; E-mail; nanayao215@ 163. com

Received ;18 September 2010/Revised:1 November 2010





