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Analysis of Endospore-forming Bacteria or Nitrogen-fixing Bacteria Community Isolated from Plants
Rhizosphere in Dokdo Island. Jeon, Seon-Ae, Hye-ri Sung, Yu-Mi Park, Jae-Hong Pak, and Sa-Youl
Ghim*. School of Life Sciences, and Research Institute for Dokdo & Ulleungdo Islands, Kyungpook National
University, Daegu, 702-701, Korea — Bacteria were isolated from roots of plants belonging to family Solan-
aceae and Gramineae, inhabited in Dokdo island. Fifty six endospore-forming bacteria grown on tryptic soy
broth (TSB) agar medium and 23 nitrogen-fixing bacteria (NFB) grown on nitrogen free agar medium were
isolated, respectively. The isolates were partially identified by analyzing the 16S rDNA and categorized into
phylogenetic groups. The 16S tDNA sequences of each identified isolates were compared with sequences of
each type strains to analyze phylogenetic relationship by phylogenetic tree. As a result, endospore-forming
bacteria and nitrogen-fixing bacteria were classified into 4 and 6 lineage groups, respectively. Among these
isolated, 18 were presumed to be novel species candidates based on the similarity (lower than 98%) analysis of

the 165 tDNA sequences.
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Table 1. The position of sampling site and isolates number.

Number of isolates

Site

a Position Host plant Spor.e- Nit'ro.gen-
no. forming fixing
bacteria  bacteria
1 N37°14'13.7" ; 5
E131°5222.1"
2 N37°14'15.0" Solanum 10 5
E131°5223 4" nigrum L.
5 N37°L41ss! (7HA1 2% 5 )
P
E131°52238" )
4 N37°14'13.6" 5 A
E131°52'26.2"
N37°14'14.3" Agropyron s
E131°52'23 4" tsukushiense 1
var. transiens
N37°14'14.0" Ohwi 6 )
E131°5223.0" (w3} AL)
N37°14'11.8" s
E131°5220.3" Echinochloa
N37°14'10.9" crusgalli s .
E131°52'20.5" (L.) P. Beauv.
3L X51
N37014l10.3u ( H:]""]' E—‘L] ) 8 4
E131°52'17.9"
Total 56 73

Each site number based on Fig. 1.
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Fig. 1. Map showing the sample sites in east side of Dokdo
island.
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Table 2. 16S rDNA sequence similarity of endospore-forming bacteria to the closest relative.
Isl(l)ti Host plant I[solate No. Acisfflon Phylogenetic group® Closest relative based on 16S rDNA Sln(l%a)nty
KUDC1001  FJ944628  Low G+C, Gram-positive  Paenibacillus amylolyticus (D85396) 98.63
KUDC1002  FJ944629 = Low G+C, Gram-positive  Paenibacillus jamilae (AJ271157) 99.08
Solanum KUDC1003  FJ944630  Low G+C, Gram-positive  Paenibacillus terrigena (AB248087) 98.25
nigrum L. KUDC1004 FJ944631 Low G+C, Gram-positive  Bacillus megaterium (D16273) 98.67
KUDCI1005 FJ944632  Low G+C, Gram-positive  Bacillus vallismortis (AB021198) 98.43
KUDC1006 FJ944633 Low G+C, Gram-positive  Paenibacillus taichungensis (EU179327) 98.48
KUDCI1007  FJ944634  Low G+C, Gram-positive  Bacillus pumilus (AY456263) 98.98
KUDC1008 FJ944635  High G+C, Gram-positive  Microbacterium paraoxydans (AJ491806) 99.92
KUDC1009  FI944636  alpha proteobacteria Ochrobactrum lupini (AY457038) 99.10
KUDCI1010  FJ944637  Low G+C, Gram-positive  Bacillus anthracis (AB190217) 98.97
KUDCI1011  FJ944638 High G+C, Gram-positive  Microbacterium paraoxydans (AJ491806) 98.55
Solanum KUDC1012  FJ944639  Low G+C, Gram-positive  Bacillus nealsonii (AF234863) 99.67
nigrum L. KUDC1013  FJ944640  alpha proteobacteria Ochrobactrum lupini (AY457038) 99.92
KUDC1014  FI944641  alpha proteobacteria Ochrobactrum lupini (AY457038) 100.00
KUDC1015  FI944642  Low G+C, Gram-positive  Bacillus megaterium (D16273) 99.13
KUDCI1016  FJ944643  High G+C, Gram-positive  Microbacterium paraoxydans (AJ491806) 98.76
KUDC1017  FI944644  alpha proteobacteria Ochrobactrum lupini (AY457039) 100.00
KUDCI1019  FI944645  Low G+C, Gram-positive  Bacillus megaterium (D16273) 98.81
Solanum KUDC1020  FJ944646  Low G+C, Gram-positive  Bacillus thuringiensis (D16281) 100.00
nigrum L. KUDC1021  FJ944647  Low G+C, Gram-positive  Lysinibacillus fusiformis (AB271743) 99.62
KUDC1024  FJ944648  Low G+C, Gram-positive  Bacillus anthracis (AB190217) 99.54
KUDCI1025 FJ944649  High G+C, Gram-positive  Streptontyces drozdowiczii (AB249957) 100.00
KUDC1027  FI944650  Low G+C, Gram-positive  Bacillus megaterium (D16273) 99.20
Solanim KUDC1028 FJ944651 Low G+C, Gram-positive  Bacillus safensis (AF234854) 99.90
nigrum L. KUDC1030  FI944652  Low G+C, Gram-positive  Paenibacillus elgii (AY090110) 98.79
KUDC1031  FJ944653 Low G+C, Gram-positive  Bacillus megaterium (D16273) 95.14
KUDC1032  FI944654  Low G+C, Gram-positive  Bacillus cereus (D16266) 100.00
KUDC1033  FJ944655 Low G+C, Gram-positive  Bacillus megaterium (D16273) 99.63
tﬁiﬁ% :Z’s’e KUDC1034  FJ944656  Low G+C, Gram-positive  Bacillus megaterium (D16273) 99.71
5 var. transiens KUDC1035  FJ944657  Low G+C, Gram-positive  Bacillus pumilus (AY456263) 99.92
Ohwi KUDC1036  FJ944658  Low G+C, Gram-positive  Paenibacillus amylolyticus (D85396) 99.77
KUDC1037 FJ944659 Low G+C, Gram-positive  Bacillus megaterium (D16273) 98.66
KUDC1038  FJ944660  Low G+C, Gram-positive  Sporosarcina aquimarina (AF202056) 99.23
Agropyron KUDC1039  FJ944661 Low G+C, Gram-positive  Paenibacillus amylolyticus (D85396) 99.00
6 tsukushiense KUDC1043  FJ944662  Low G+C, Gram-positive  Paenibacillus assamensis (AY 884046) 99.04
var. fransiens  KUDC1044  FI944663  Low G+C, Gram-positive  Paenibacillus pabuli (AB073191) 98.10
Ohwi KUDC1045  FJ944664  Low G+C, Gram-positive  Paenibacillus amylolyticus (D85396) 98.53
KUDC1046 -~ FJ944665  Low G+C, Gram-positive  Paenibacillus amylolyticus (D85396) 98.53
KUDCI1047  FI944666 Low G+C, Gram-positive  Paenibacillus taichungensis (EU179327) 97.97
Echinochloa KUDC1048  FJ944667  Low G+C, Gram-positive  Paenibacillus amylolyticus (D85396) 98.60
7 crusgalli(L)P. KUDCI1049 FI944668  gamma proteobacteria Acinetobacter gerneri (AF509829) 99.45
Beauv. KUDC1050  FI944669  Low G+C, Gram-positive  Bacillus megaterium (D16273) 99.61
KUDC1051  FI944670  High G+C, Gram-positive  Cellulosimicrobium funkei (AY501364) 99.91
KUDC1052 FJ944671 Low G+C, Gram-positive  Paenibacillus amylolyticus (D85396) 97.95
Echinochloa KUDCI1053  FJ944672  Low G+C, Gram-positive  Bacillus megaterium (D16273) 99.83
8 crusgalli(L.)P. KUDC1054 FJ944673 Low G+C, Gram-positive  Bacillus anthracis (AB190217) 99.28
Beauv. KUDC1055 FJ944674  Low G+C, Gram-positive  Paenibacillus amylolyticus (D85396) 98.01
KUDCI1056  FJ944675 Low G+C, Gram-positive  Bacillus pumilus (AY456263) 99.91
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Table 2. 16S rDNA sequence similarity of endospore-forming bacteria to the closest relative (continure).

::2 Host plant  Isolate No. Acc;(s:mn Phylogenetic group” Closest relative based on 16S rDNA sz;)a)nty
KUDC1057 FI944676  High G+C, Gram-positive ~ Microbacterium flavescens (AB004716) 99.09
KUDC1058 FI944677  Low G+C, Gram-positive  Bacillus megaterium (D16273) 98.89
Echinochloa ~KUDPC1059  FI944678  Low G+C, Gram-positive  Paenibacillus glycanilyticus (AB042938) 97.95
9 crusgalli (L.) P. KUDC1060  FJ944679  High G+C, Gram-positive  Micrococcus luteus (AJ536198) 99.75
Beauv KUDC1061 FJ944680 Low G+C, Gram-positive  Bacillus megaterium (D16273) 98.27
’ KUDC1062  FI944681 Low G+C, Gram-positive  Bacillus thuringiensis (D16281) 100.00
KUDC1063  FJ944682  Low G+C, Gram-positive  Paenibacillus chitinolyticus (AB021183) 99.21
KUDC1064 FJ944683  Low G+C, Gram-positive  Paenibacillus chitinolyticus (AB021183) 98.43

“Each site number based on Fig. 1.

®Based on Bergey's Manual of Systematic Bacteriology, Second edition.
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Table 3. 16S rDNA sequence similarity of nitrogen-fixing bacteria to the closest relative.

Site Accession . . Similarity
o, Host plant Isolate No. No. Phylogenetic group® Closest relative based on 16S tDNA %)
KUDC1065 FJ944684 alpha proteobacteria Novosphingobium panipatense (EF424402) 98.66
1 Solanum nigrum L. KUDC1066 FJ944685 beta proteobacteria Pandoraea sputorum (AF139176) 98.23
KUDC1068 FJ944686 gamma proteobacteira Pseudomonas geniculata (AB021404) 99.49
KUDC1069 FJ944687 alpha proteobacteria Rhizobium larrymoorei (Z30542) 98.98
KUDC1070 FJ944688 Flavobacteria Flavobacterium johnsoniae (M5905) 97.44
2 Solanum nigrum L. KUDC1071 FJ944689 gamma proteobacteira Pseudomonas hibiscicola (AB021405) 99.64
KUDC1072 FI944690 Flavobacteria Flavobacterium johnsoniae (M59051) 9743
KUDC1073 FJ944691 High G+C, Gram-positive Microbacterium aerolatum (AJ309929) 99.22
KUDC1074 FJ944692 gamma proteobacteira Pseudomonas geniculata (AB021404) 99.82
KUDC1075 FJ944693 gamma proteobacteira Stenotrophomonas maltophilia (AB008509) 99.45
3 Solanum nigrum L. KUDC1076 FJ944694 Sphingobacteria Flexibacter aurantiacus (M62792) 97.35
KUDC1077 F1944695 alpha proteobacteria Ochrobactrum pseudogrignonense (AM422371)  100.00
KUDC1078 FJ944696 gamma proteobacteira Pseudomonas indoloxydans (DQ916277) 98.46
KUDC1079 FJ944697 gamma proteobacteira Stenotrophomonas maltophilia (AB008509) 98.87
4 Solanum nigrumL KUDC1080 FJ944698 High G+C, Gram-positive Streptomyces drozdowiczii (AB249957) 100.00
" KUDC1081 FJ944699 gamma proteobacteira Pseudomonas geniculata (AB021404) 98.47
KUDC1082 Fi944700 gamma proteobacteira Pseudomonas geniculata (AB021404) 99.49
Agropyron tsukush-
5 iense var. KUDC1083 FJ944701 High G+C, Gram-positive Microbacterium lacus (AB286030) 99.47
transiens Ohwi

Echinochloa crus- . L. .
8 galli (L.) P. Beau. KUDC1084 FJ944702 High G+C, Gram-positive Rhodococcus equi (X80614) 100.00
KUDC1085 FI944703 gamma proteobacteira Acinetobacter baylyi (AF509820) 98.89
9 Echinochloa crus- KUDC1086 FI944704 gamma proteobacteira Stenotrophomonas maltophilia (AB008509) 99.23
galli (L.) P. Beauv. KUDC1087 FJ944705 gamma proteobacteira Enterobacter aerogenes (AJ251468) 98.91
KUDC1088 FJ944706 gamma proteobacteira Enterobacter aerogenes (AJ251468) 98.37

#Each site number based on Fig. 1.

"Based on Bergey's Manual of Systematic Bacteriology, Second edition.
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Fig. 2. Phylogenetic tree showing the affiliations of 16S rDNA sequences of endospore-forming bacteria to selected reference type
strain sequence. The tree was constructed from a distance matrix by the Neighbour-Joining analysis. Bootstrap percentages higher than
50% are placed alongside the node considered. The bar represents 0.1 estimated sequence divergence. Desulfovibrio arcticus (DQ296030)
served as the outgroup.
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Fig. 3. Phylogenetic tree showing the affiliations of 16S rDNA sequences of nitrogen-fixing bacteria to selected reference type strain
sequence. The tree was constructed from a distance matrix by the Neighbour-Joining analysis. Bootstrap percentages higher than 50% are
placed alongside the node considered. The bar represents 0.1 estimated sequence divergence. Bacillus cereus (D16273) served as the out-

group.
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