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Bacterial diversity was studied in the rhizosphere of Suaeda japonica Makino, which is native to
Suncheon Bay in South Korea. Soil samples from several sites were diluted serially, and pure iso-
lation was performed by subculture using marine agar and tryptic soy agar media. Genomic DNA
was extracted from 29 pure, isolated bacterial strains, after which their 165 rDNA sequences were
amplified and analyzed. Phylogenetic analysis was performed to confirm their genetic relationship.
The 29 bacterial strains were classified into five groups: phylum Firmicutes (44.8%), Gamma proteobac-
terin group (27.6%), Alpha proteobacteria group (10.3%), phylum Bacteriodetes (10.3%), and phylum
Actinobacteria (6.8%). The most widely distributed genera were Bacillus (phylum Firmicutes), and
Marinobacterium, Halomonas, and Vibrio (Gamma proteobacteria group). To confirm the bacterial diver-
sity in rhizospheres of S. japonica, the diversity index was used at the genus level. The results show
that bacterial diversity differed at each of the sampling sites. These 29 bacterial strains are thought
to play a major role in material cycling at Suncheon Bay, in overcoming the sea/mud flat-specific
environmental stress. Furthermore, some strains are assumed to be involved in a positive interaction
with the halophyte S. japonica, as rhizospheric flora, with induction of growth promotion and plant
defense mechanism.
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Table 1. Geographic coordinates of the sampling locations at the Suncheon Bay

Site no. Plant names GPS Coordinates Genus Species
1 Suaeda ivonica 34°51'59.83"N, 127°31'06.24"E 7 9
2 i 34°51'59.73"N, 127°31'06.36"E 9 10

Soil samples were collected from around roots of S. japonica species native to the Suncheon Bay.
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Table 2. Partial identification of marine bacteria isolated from the rhizosphere soils of S. japonica in Suncheon Bay

(Site 1)
Site Strain 1o, Isolates  Isolated Closest relative Accession Similarity Phylogenetic group
name media based on 165 rDNA sequence no. (%)
1-55-4-3-2-M KNUSC3039 ~ MB  Gordonia terrae (X79286) KP342134 99.9 Actinobacteria
1-5j-4-7-2-M KNUSC3042  MB  Labrenzia aggregata (AAUWO01000037) KP342242 9.6  (HighG+C,Grampositive)
1-5-4-4-3-M KNUSC3040 MB  Gramella forsetii (CU207366) KP342133 98.8 Alpha-proteobacteria
1-55-2-1-3-T  KNUSC3029  TSB  Bacillus anthracis (AB190217) KP342144 99.9 Bacteriodetes
1-5-2-1-1-M  KNUSC3026 ~ MB  Bacillus aryabhattai (EF114313) KP342147 995
1-5-2-1-1-T KNUSC3027  TSB  Bacillus aryabhattai (EF114313) KP342146 98.9
1-5-2-2-2-T KNUSC3031  TSB  Bacillus aryabhattai (EF114313) KP342142 99.4
1-5-2-6-2-M KNUSC3035 ~ MB  Bacillus aryabhattai (EF114313) KP342138 99.7 Firmicutes
1 155-2-7-5-T KNUSC3036  TSB  Bacillus aryabhattai (EF114313) KP342137 998 (Low G+C, Gram positive)
1-5-2-7-6-T KNUSC3037  TSB  Bacillus aryabhattai (EF114313) KP342136 99.8
1-§5-2-2-2-M KNUSC3030 ~ MB  Bacillus taeanensis (AY603978) KP342143 99.9
1-5-2-3-1-M  KNUSC3033 ~ MB  Bacillus taeanensis (AY603978) KP342140 99.3
1-5-2-6-1-M KNUSC3034 ~ MB  Bacillus taeanensis (AY603978) KP342139  100.0
1-5j-4-1-3-M  KNUSC3038 ~ MB  Halomonas ventosae (AY268080) KP342135 98.0
1-§-2-1-3-M KNUSC3028 ~ MB  Marinobacterium rhizophilum (EF192391) ~ KP342145  100.0 Gamma-proteobacteria
1-5j-4-6-1-M KNUSC3041  MB  Marinobacterium rhizophilum (EF192391)  KP342241 99.9
1-§-2-2-3-M KNUSC3032 ~ MB  Microbulbifer maritimus (AY377986) KP342141 99.3
(Site 2)
2-5-4-3-1-M KNUSC3053 MB  Demequina aestuarii (DQ010160) KP342253 98.7 Actinobacteria
2-5j-4-3-3-M KNUSC3054  MB  Erythrobacter nanhaisediminis (FJ654473) KP342254 98.9 (High G+C, Gram positive)
2-5j-2-6-1-M KNUSC3048  MB  Yangia pacifica (AJ877265) KP342248 98.8 Alpha-proteobacteria
2-5j-3-7-1-M KNUSC3050 ~MB  Tamlana crocina (AM286230) KP342250 97.3 Bacteriodetes
2-5j-4-1-4-M KNUSC3052  MB  Cylclobacterium jeungdonense (GU291862) KP342252 9.1
) 2-5j-2-3-3-T KNUSC3044 TSB  Bacillus aryabhattai (EF114313) KP342244 9938
2-5j-2-4-3-T KNUSC3046  TSB  Bacillus aryabhattai (EF114313) KP342246 993 Firmicutes

2-5-2-6-5-M KNUSC3049 MB
2-5-2-3-4-M KNUSC3045 MB
2-5-3-7-2-M KNUSC3051 MB
2-5-2-5-2-M KNUSC3047 MB
2-5-2-3-3-M KNUSC3043 MB

Bacillus aryabhattai (EF114313)
Alteromonas halophila (EU583725)
Halomonas denitrificans (AM229317)
Halomonas nitroreducens (EF613113)
Vibrio azureus (AB428897)

KP342249 99.3
KP342245 98.3
KP342251 99.3
KP342247 98.7
KP342243 99.2

(Low G+C, Gram positive)

Gamma-proteobacteria

Twenty-nine bacterial strains were isolated from the rhizosphere soils of S. japonica.

MB: marine broth; TSB: tryptic soy broth
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Table 3. Taxonomic composition of marine bacteria isolated from rhizosphere soils of the S. japonica in Suncheon Bay

Phylum Order Genus Distribution ratio (%)

Actinobacteria Corynebacteriales Gordonia 34

(HighG+C,Grampositive) Actinomycetales Demequina 34

Flavobacteriales Gramella 34

Bacteriodetes Cyclobacteriaceae Cyclobacterium 34

Flavobacteriales Tamlana 34

Firmicutes (LowG+C,Grampositive) Cytophagales Bacillus 448

) Rhodobacterales Labreazm 34

Alpha-proteobacteria . Yangia 34
Sphingomonadales

Erythrobacter 34

Alteromonadales Alteromonas 34

Marinobacterium 6.9

Gamma-proteobacteria Microbulbifer 34

Oceanospirillales Halomonas 103

Vibrionales Vibrio 34

The isolated microorganisms were classified into nineteen species. The table shows the distribution ratio of all isolated bacterial

strains, identified to the phylum, order and genus (%).

e

o>4
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Bacillus aryabhattai BBW22T EF114313

Bacillus aryabhattai KNUSC3037 KP342136

Bacillus aryabhattai KNUSC3036 KP342137

" Bacillus aryabhattai KNUSC3026 KP342147

M gacillus aryabhattai KNUSC3031 KP342142

Bacillus aryabhattai KNUSC3027 KP342146

Bacillus aryabhattai KNUSC3035 KP342138

Bacillus anthracis KNUSC3029 KP342144

100 Bacillus anthracis ATCC14578T AB190217

Bacillus taeanensis KNUSC3034 KP342139

Bacillus taeanensis KNUSC3033 KP342140

Bacillus taeanensis KNUSC3030 KP342143

Bacillus taeanensis BHO30017T AYE03978

iGordonr'a ferrae KNUSC3039 KP342134

lEIEIT— Gordonia terrae DSM 432497 X79286

leGrameHa forsetii KNUSC3040 KP342133
T Gramella forsetii KT0803T CU207366

104 Labrenzia aggregata KNUSC3042 KP342242
E Labrenzia aggregata 1AM 126147 AAUWO01000037
77| Marinobacterium rhizophilum KNUSC3028 KP342145
9g 100( I—Man'nobacfen'urrJ rhizophilum CL-YJ9T EF192391
Mannobacterum rfuzophilum KNUSC3041 KP342241
100 100y Microbulbifer mantimus KNUSC3032 KP342141
4 Microbulbifer maritimus TF-17T AY377986
T Halomonas venfosae KNUSC3038 KP342135
100 Halomonas ventosae Al12T AY268080

Staphylothermus hellenicus DSM 12710 NR_074532

a2

0.05

101 Vibrio azureus KNUSC3043 KP342243
B 95 Vibrio azureus LC2-0057 AB428897

—
Alteromonas halophila KNUSC3045 KP342245
10 100 Alteromonas halophila JSM 0730087 EU583725
Halomonas nifroreducens KNUSC3047 KP342247
100 Halomonas nitroreducens 11587 EF613113

99 Halomonas denitrificans KNUSC3051 KP342251
Halomonas denitrificans M29T AM229317

1p0y Yangia pacifica KNUSC3048 KP342248
Yangia pacifica DX5-10T AJBTT265
i 100 EEr}ffhrobacfer nanhaisediminis KNUSC3054 KP342254
100L Erythrobacter nanhaisediminis T30T FJ654473
leTam.'ana crocing KNUSC3050 KP342250
Tamlana crocina HST1-43T AMZ286230
100 LC.'cfobacferfum jeungdonense KNUSC3052 KP342252
100— Clelobacterium jeungdonense HMD3055T GU291862
quemequr'rra aestuani KMUSC3053 KP342253
T—Demequma aestuani JC2054T DQO10160
Bacillus aryabhattai KNUSC3044 KP342244
Bacillus aryabhattai KNUSC3049 KP342249
Bacillus aryabhattai KNUSC3046 KP342246

Bacillus aryabhattai B8W22T EF114313
Staphylothermus hellemicus DSM 12710 NR_074532

—
93

0.05
Fig. 1. Neighbour-joining phylogenetic tree based on 165 rDNA sequences showing the positions of marine bacteria and representa-
tives of other species related taxa. Only bootstrap values (expressed as percentages of 1,000 replications) greater than 70%
are shown at branching points. Filled circles indicate that the corresponding nodes were also recovered in the trees generated
with the maximum-parsimony and maximum-likelihood algorithms. Staphylothermus hellenicus DSM 12710 (GenBank accession
number, NR_074532) was used as an outgroup. Bar, 0.05 substitutions per nucleotide position. A) Marine bacteria isolated
from site 1; B) Marine bacteria isolated from site 2.
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Table 4. Diversity index and distribution of marine bacteria iso-
lated from the rhizosphere soils of S. japonica in
Suncheon Bay

Genera Site 1 Site 2

—_

Alteromonas
Bacillus
Cylclobacterium
Demequina
Erythrobacter
Gordonia
Halomonas
Labrenzia
Marinobacterium
Microbulbifer
Vibrio

Yangia
Tamlana

Total 17 12

Margalef’s richness (Dmg) 1.765 3.219
Menhinick’s index (Dmn) 1.455 2.598
Shannon’s diversity index (H') 1.397 2.095
Simpson’s index (D) 0.346 0.061

Marine bacterial strains were analyzed using four diversity in-
dex (H) at the genus level.

—_
DO ONNNRPRP PR PRPODODOOO

_ R R O OO NO R =W

B. aryabhattai®] ¥ 9 gibberellins, abscisic acid, indole
butyric acid 5 4 &4 ¥ O 24 Eulste Ao
2 B3 H3lon[34], 3] a9 salt stress condition 3}l
A 2 &5 2 A A (Root elongation), 1844 %7l (Plant growth
promotion) [23], o A A Fo] RAFHIT30]. ¢rE L
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F= Margalef’s richness (site 1: 1.765, site 2:
3.219), Menhinick’s index (1.455, 2.598), Shannon’s diversity
index (1.397, 2.095) ¥ Simpson’s index (0.346, 0.061) 2.2 &
AEAS & SHE T B AFodA site 27} site 1R T
Ao s & A4E YA, ol site 19] site 2]
A En 2R gL 37 EEHAo U, site 19] A5 Rl
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£2: 20 Fpixo| TUCRNE 2alE HUMBO CIYN U HSSE 2N

ea - uze?  ges g o oy’ YsI"
(A%dsta Agasy, R Fdd 7L, FEATY ThELATY)
£ U Az 2o 24 EY EASe 24 AT ddA BAS 98 2 A AHE ARE F
NEYGS AANHT. A EFAEE marine broth, tryptic soy broth A E o] &3tAA A et 1t
et FRE 53l ¢FEe HAdth £2E A7 genomic DNAE 5& &, 717+9] 165 rDNA %7 1
4& FEZ-E43te F 29 straino] FETA HAT o] 5 FARA FAS Y8l ATFE AT AT, o] 52

ZYZ} firmicutesit (44.8%), gamma-proteobacteria group (27.6%), alpha-proteobacteria group (10.3%), bacteriodetes —Er

(10.3%), actinobacteria &(6.8%)°1 &3t T 2 -3t firmicutes & A& Bacillus 0], 2 $-H 3= gamma-pro-
teobacteria group®l A& 2+ Marinobacterium, Halomomzs Vibrio 0] % £Xdte A= Yebgth £ 3
AMEE 9 7HA A& Abgetel b4 AFE R2stdle W, AH AH 2 A5 Aol & Hol AA &

W % A0 T} Aold MATHL AL Ao 238 FelE 25 F U¥E AW 549 FRAL
FRUA AUz 2AA AEHY BA5H, 4ZAF 24 2 JAA B4 S HE 5 A4 257
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