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Distribution and diversity of rhizosphere bacteria of mixed
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Abstract : Coastal dunes must be conserved. Their native halophytes support coastal geog-
raphy while their symbiotic microorganisms help vegetation thrive. The Goraebul coast
has the largest, well-conserved dune system on the East Sea of the Korean Peninsula
due to a climax mixed halophyte (C. soldanella, C. kobomugi, and E. mollis) vegetation
support. This study identified rhizobacteria and their diversity in mixed halophyte com-
munities unique to Goraebul. Five phyla, 12 genera, and 21 species were identified based
on 16S rDNA sequences from 65 isolates. The phylum Bacillota, class Bacillota, order
Bacillales, and family Bacillaceae were identified, with Bacillus as the dominant genus
(46.15%). The richness and Shannon's diversity were higher at the species than at the
genus level due to the dominance of Bacillus; however, various Bacillus species (7)
were identified. Therefore, the climax mixed vegetation adapted to the Goraebul coast
may exert natural selection pressure in favor of the common characteristics of Bacillus.
However, despite this advantage, the Shannon equitability (0.86), Simpson (0.08), and
Shannon diversity (2.79) indexes indicate a stable rhizosphere cluster and the climax
mixed vegetation is affected by symbiotic relationships between healthy rhizosphere
microbiota.
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Fig. 1. Location of sampling site, A) Goraebul Coast located in the East Sea of the Korean Peninsula. B) Aerial
view of sampling site. The aerial images were collected using Google Earth (version 7.3.3) and modified for
this study. Sampling sites are highlighted with white line (0.80 km).
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Table 1. Distribution of mixed vegetation rhizosphere

bacteria
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cereus 15 23.08

paramycoides 1 1.54
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velezensis 5 7.69

zhangzhouensis 1 1.54

sp. 1 1.54

Brevibacillus agri 1 1.54
Brevundimonas vesicularis 1 1.54
oranimense 6 9.23

Chryseobacterium

sp. 3 4.62

Curvibacter sp. 1 1.54
Enterobacter quasiroggenkampii 1 1.54
nicotinovorans 1 1.54

Paenarthrobacter ~ nitroguajacolicus 6 9.23
sp. 2 3.08

Priestia flexa 1 1.54
Pseudarthrobacter  sp. 1 1.54
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cuatrocienegasensis 1 1.54
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Table 2. Taxonomical identity of isolates and similarity with type strain databases

Isolates Closest relative bacterial species acgﬁ:ﬁ?‘nﬁo_ Sin(l(i’z)a)rity Accesi:i)(;gt el;lo. of
Goraebul002 Bacillus cereus ATCC 14579(T) AE016877 99.78 00s47711
Goraebul003  Bacillus cereus ATCC 14579(T) AE016877 99.52 0Q847712
Goraebul004  Pseudomonas piscium P50(T) LR797558 99.68 0Q847713
Goraebul005  Bacillus siamensis KCTC 13613(T) AJVF01000043 98.91 0Q847714
Goraebul006  Paenarthrobacter aurescens NBRC 12136(T) BJMD01000050 97.59 00847715
Goraebul007 Bacillus siamensis KCTC 13613(T) AJVF01000043 99.41 0Q847716
Goraebul008 Brevibacillus agri NRRL NRS-1219(T) D78454 99.09 0Qs47717
Goraebul009 Chryseobacterium oranimense DSM 19055(T) jgi. 1085873 99.36 0Q847718
Goraebul010  Bacillus cereus ATCC 14579(T) AE016877 99.08 0Q847719
Goraebul011 Bacillus cereus ATCC 14579(T) AE016877 99.50 0Q847720
Goraebul012 Paenarthrobacter nitroguajacolicus G2-1(T) AJ512504 99.81 00Qs47721
Goraebul013 Chryseobacterium oranimense DSM 19055(T) jgi. 1085873 98.22 00847722
Goraebul014  Paenarthrobacter nicotinovorans DSM 420(T) X80743 98.88 00847723
Goraebul015  Pseudomonas jessenii DSM 17150(T) NIWT01000013 99.19 0Q847724
Goraebul016  Bacillus cereus ATCC 14579(T) AE016877 99.52 0Q847725
Goraebul017  Enterobacter quasiroggenkampii WCHECI-1060(T) KY979139 94.99 0Q847726
Goraebul018  Bacillus cereus ATCC 14579(T) AE016877 99.52 0Q_47727
Goraebul019 Bacillus cereus ATCC 14579(T) AE016877 100.00 00847728
Goraebul020  Bacillus cereus ATCC 14579(T) AE016877 97.70 0Q847729
Goraebul021  Bacillus paramycoides NH24A2(T) MAOI01000012 99.31 0Q847730
Goraebul022  Bacillus cereus ATCC 14579(T) AE016877 99.29 0Q847731
Goraebul023  Rossellomorea vietnamensis 15-1(T) AB099708 88.37 0Q847732
Goraebul024  Bacillus cereus ATCC 14579(T) AE016877 99.23 00847733
Goraebul025 Bacillus cereus ATCC 14579(T) AE016877 99.13 00847734
Goraebul026 Chryseobacterium oranimense DSM 19055(T) jgi. 1085873 98.91 00847735
Goraebul027  Brevundimonas vesicularis NBRC 12165(T) BCWMO01000033 99.25 00847736
Goraebul028 Chryseobacterium oranimense DSM 19055(T) jgi. 1085873 98.60 0Q847737
Goraebul029 Chryseobacterium oranimense DSM 19055(T) jgi.1085873 99.27 0Q847738
Goraebul030  Bacillus siamensis KCTC 13613(T) AJVF01000043 99.72 0Q847739
Goraebul031  Bacillus cereus ATCC 14579(T) AE016877 100.00 00847740
Goraebul032  Paenarthrobacter nitroguajacolicus G2-1(T) AJ512504 99.62 0Q847741
Goraebul033  Priestia flexa NBRC 15715(T) BCVD01000224 99.51 00847742
Goraebul034  Pseudomonas neuropathica P155(T) LR797591 99.55 0Q847743
Goraebul035 Bacillus siamensis KCTC 13613(T) AJVF01000043 99.80 0Q847744
Goraebul036  Pseudomonas bijieensis 1.22-9(T) MT835388 99.89 0Q847745
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Table 2. Taxonomical identity of isolates and similarity with type strain databases (continued)

Isolates Closest relative bacterial species acc(fzigili)?lnllilo. Sinz(i‘}oa)ﬂty Accesizioolgtelgo. of
Goraebul037 Pseudomonas bijieensis 1.22-9(T) MT835388 100.00 0Q847746
Goraebul038 Agrobacterium salinitolerans YIC 582(T) MRDHI111 98.98 0Q847747
Goraebul039  Paenarthrobacter nitroguajacolicus G2-1(T) AJ51254 99.28 0Q847748
Goraebul040 Pseudomonas piscium P5(T) LR797558 99.17 0Q847749
Goraebul041 Bacillus cereus ATCC 14579(T) AE16877 99.90 0Q847750
Goraebul042 Bacillus cereus ATCC 14579(T) AE16877 100.00 0Q847751
Goraebul043 Bacillus bingmayongensis FJAT-13831(T) AKCSI111 98.12 0Q847752
Goraebul045 Bacillus velezensis CR-52(T) AY63658 99.81 0Q847753
Goraebul046 Bacillus velezensis CR-52(T) AY63658 99.31 0Q847754
Goraebul047 Chryseobacterium oranimense DSM 1955(T) jgi.185873 97.55 0Q847755
Goraebul048 Bacillus siamensis KCTC 13613(T) AJVF143 99.71 0Q847756
Goraebul049 Pseudarthrobacter oxydans DSM 2119(T) X8348 96.18 0Q847757
Goraebul050  Paenarthrobacter nitroguajacolicus G2-1(T) AJ51254 99.43 0Q847758
Goraebul051 Agrobacterium arsenijevicii KFB 33(T) JWIT161 98.78 0Q847759
Goraebul052 Chryseobacterium oranimense DSM 1955(T) jgi. 185873 91.25 0Q847760
Goraebul053 Bacillus cereus ATCC 14579(T) AE16877 99.26 0Q847761
Goraebul054 Bacillus zhangzhouensis DW5-4(T) JOTPI161 99.24 0Q847762
Goraebul055 Paenarthrobacter nitroguajacolicus G2-1(T) AJ51254 99.6 0Q847763
Goraebul056  Paenarthrobacter nitroguajacolicus G2-1(T) AJ51254 98.84 0Q847764
Goraebul057 Bacillus velezensis CR-52(T) AY63658 99.32 0Q847765
Goraebul058 Bacillus velezensis CR-52(T) AY63658 99.62 0Q847766
Goraebul059 Bacillus velezensis CR-52(T) AY63658 98.88 0Q847767
Goraebul060 Bacillus cereus ATCC 14579(T) AE16877 99.53 0Q847768
Goraebul061 Paenarthrobacter nitroguajacolicus G2-1(T) AJ51254 94.82 0Q847769
Goraebul062 Pseudomonas bijieensis 1.22-9(T) MT835388 100.00 0Q847770
Goraebul063 Chryseobacterium oranimense DSM 1955(T) jgi. 185873 99.50 0Q847771
Goraebul064 Chryseobacterium oranimense DSM 1955(T) jgi. 185873 99.40 0Q847772
Goraebul065 Curvibacter gracilis 7-1(T) AB19889 97.68 0Q847773
Goraebul066 Bacillus siamensis KCTC 13613(T) AJVF143 99.93 0Q847774
Goraebul068 Pseudomonas cuatrocienegasensis 1N(T) EU791281 99.62 0Q847775
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A) Phylogenic tree of isolates belongs to Bacillus genera

— Batillus ceraus isolates Goraebul010
Bacillus cereus isolates Goraebul019
Bacillus cereus isolates Gorabul060
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Bacilus cereus isolates Gorasbul053
—— Bacilus cereus isolates Goraebul)03
Bacillus cereus isolates Goraghul0d1
Bacilus cereus isolates Goraebul016
Bacillus cereus isolates Goraghul031
Bacillus cereus (T) (AED16877)

Bacillus cereus isolates Goraebull42

Bacillus paramycoides isolates Gorasbul021
Bacillus paramycoides (T) (MACI01000012)

_ﬂus sp. isolates Gorasbul020
Bacillus cereus isolates Goraebul25

il Bacillus cereus isolates Goraebul024

i — Bacillus cereus isolates Goraebul11

Bacilus bingmayongensis (T) (AKCS01000011)
Bacilus bingmayongensis isclates Gorashul(43
100 Baoillis Zhangzhouensisisolates Goraebul054

|Baclus zhangzhouensis (T) (JOTPO1000061)
Bacillus velezensis isolates Goraebul(58

Bacillus velezensis isolates Goraebul059
Bacilus velezensis isolates Gorashul057
Bacilus velezensis (T) (AY603656)

Bacillus velezensis isolates Goraebul046
Bacilus velezensis isolales Gorasbul04

Bacillus siamensis isolates Goraebul007

Bacilus siamensis (T) (AWF01000043)

Bacillus siamensis isolates Goraebul035

Bacillus siamensis isolates Gorasbul(48

Bacillus siamensis isolates Goraebul05
Bacilus siamensis isolates Gorashul030
Bacillus stamensis isolates Goragbul068

001

Peenibacillus polymyxa (T) (NRO37006)
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B) Phylogenetic tree of isolates excluding Bacillus group Paenarthrobacter nitrogusjacolicus isolates Goraebul050
Paenarthrobacter nitroguajacolicus isolates Goraebul056
Paenarthrobacter nitroguajacolicus isolates Goraebul032
Paenarthrobacter nitroguajacalicus (T) (AJ512504)
Paenarthrobacter nitroguajacolicus isolates Goraebul012
Pagnarthrobacter nitroguajacolicus isolates Goraebul039
\Tanhrobacternitroguajaco!icus isolates Goraebul056
Paenarthrobacter sp. isolates Goraebul061
Paenarthrobacter aurescens (T) BJMD01000050
100 Paenarthrobacter aurescens isolates Goraebul006
79| Pagnarthrobacter nicotinovorans isolates Goraebul014
Paenarthrobacter nicotinovorans (T) (X80743)
89 Pseudarthrabacter sp. isolates Goraebul049
og! Pseudarthrobacter oxydans (T) (X83408)
99 Brevibacillus agri isolates Goraebul008
Brevibacillus agri (T) (D78454)
9 Rossellomorea sp. isolates Goraebul023
% Rossellomorea vietnamensis (T) (NR024808)
99| Priestia flexa isolates Gorasbul033
gy Priestia flexa (T) (BCVD01000224)
Chryseabacterium oranimense (T) (jgi.1085873)
Chryseobacterium oranimense isolates Goraebul026
%8 Chiyseobacterium oranimense isolates Goraebul028
Chryseobacterium oranimense isolates Goraebul029
Chryseobacterium sp. isolates Gorasbul047
Chryseobacterium oranimense isolates Goraebul063
Chryseobacterium oranimense isolates Goraebul064
Chryseobacterium oranimense isolates Goraebul009
Chryseobacterium oranimense isolates Goraebul013
77 Chryseobacterium sp. isolates Goraebul052
81 100, Brevundimonas vesicularis isolates Goragbul027
Brevundimonas vesicularis (T) (BCWM01000033)
99, Agrobacterium salinitolerans isolates Goraebul038
9 Agrobacterium salinitolerans (T) (MRDHO1000011)
8 100| Agrobacterium arsenijevicil isolates Goraebul051
o7 Agrobacterium arsenijevicii (T) (JWIT0O1000061)
r Curvibacter sp. isolates Goraebul065
uq- Curvibacter gracilis (T) (AB109869)
— Enterobecter sp. isolates Goraebul017
A g9 Enterobacter quasirgggenkampii (T) (KY979139)
60— Pseudomaonas jessenii isolates Goraebul015
Pseudomonas jessenii (T) (NIWT01000013)
Pseudomonas neuropathica isolates Goraebul034
Pseudomonas neuropathica (T) (LR797591)
Pseudomonas bijieensis isolates Goraebul036
Pseudomonas bijieensis isolates Goraebul037
Pseudomonas bijieensis (T) (MT835388)
Pseudomonas bijieensis isolates Goraebul062
Pseudomonas piscium (T) (LR797558)
Pseudomonas piscium isolates Goraebul004
Pseudomonas piscium isolates Goraebul040
Pseudomonas cuatrocienegasensis (T) EUT91281
Pseudomonas cuatrocienegasensis isolates Goraebul068

94

Aureobasidium pullulans (T) (MB5639)

—_
02

Fig. 2. Phylogenetic tree based on 16S rDNA sequences showing the positions of rhizosphere marine bacteria
and representatives of other species related taxa. The evolutionary history was inferred using the Neighbor-Joining
method [58]. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap
test (1,000 replicates) are shown next to the branches. The evolutionary distances were computed using the Kimura
2-parameter method [28] and are in the unit of the number of base substitutions per site. The rate variation among
sites was modeled with a gamma distribution (shape parameter = 1). All positions with less than 95% site coverage
were eliminated. Since there are too many isolates to implement phylogenetic tree with appropriate resolution,
Phylogenetic tree were constructed by distinguishing the species belonging to genus Bacillus (A) and non-Bacillus
species (B). Used outgroup sequences for constructing phylogenetic tree (A) was Paenibacillus polymyxa type
strain NR037006 and for tree (B) was Aureobasidum pullulans type strain M55639.
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