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Abstract

In this study, bacterial samples were collected from 9 volcanic wetlands on
the Jeju Island and culturable bacteria were isolated. Subsequently, we
analyzed the bacterial communities through RFLP (restriction fragment length
polymorphism) typing by Haelll digestion and sequence analysis of PCR
amplified 16S rRNA genes of isolated bacteria.

From Dongsuak wetland sample, 160 colonies were picked and divided into
26 RFLP patterns. The bacterial species were distributed in three phyla,
Actinobacteria, Firmicutes and Proteobacteria and among these phyla, most
bacterial species were distributed in the class [G-Proteobacteria of the phylum
Proteobacteria. In Eoseungsaeng sample, 295 colonies were picked and
divided into 11 RFLP patterns. Three phyla, Actinobacteria, Bacteroidetes and
Proteobacteria, were confirmed. The bacterial species belonging to the
phylum Actinobacteria were approximately 70 26 of total numbers of species.
Arthrobacter oryzae was predominant. In Geumoreum sample, 92 colonies
were picked and divided into 23 RFLP patterns. Three phyla, Actinobacteria,
Bacteroidetes and Proteobacteria, were confirmed. The numbers of bacterial
species were found, in descending order, in the classes of a-Proteobacteria, 5
—-Proteobacteria, Actinobacteria, y—Proteobacteria. The numbers of bacterial
species belonging to the class Sphingobacteria of the phylum Bacteroidetes
were counted for approximately 1 9. In Saraoreum, 209 colonies were
separated and divided into 26 RFLP patterns. They were classified into 4
phyla and 3 classes. The genera Variovorax, Acidovorax, and Paralcaligenes
were dominant in G-Proteobacteria class. In Mulchatoreum, 675 colonies were
picked and divided into 57 RFLP patterns. The bacterial species found in this
sample belonged to 8 classes in 5 phyla, and showed the highest diversity

among the 9 study areas. Proteobacteria and [(-Proteobacteria comprized
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most abundant bacterial species in the phylum and class level respectively.
The numbers of bacterial species were shown, in descending order, in the
classes of [(-Proteobacteria, Actinobacteria, a-Proteobacteria and Yy
—-Proteobacteria, the class Bacilli of the phylum Firmicutes, the class
Cytophagia of the phylum Bacteroidetes, the class Sphingobacteria and the
class Verrucomicrobiae of the phylum Verrucomicrobia. In Muljangori sample,
174 colonies were picked and divided into 15 RFLP patterns. The numbers of
bacterial species belonging to the phylum Proteobacteria accupied
approximately 99 %, and the phylum Actinobacteria accupied the remaining 1
9. In the phylum Proteobacteria, only two classes of a—-Proteobacteria and
—Proteobacteria were shown. In Mulyeongari sample, 123 colonies were
picked and divided into 28 RFLP patterns. In the class [(-Proteobacteria,
much bacterial species Dbelonging to the genera Pelomonas and
Herbaspirillum were isolated. The genus Rhizobium in the class a
—Proteobacteria and genus Pantoea in the class y-Proteobacteria were
commonly found. In addition, bacteria belonging to the class Flavobacteria
and Sphingobacteria in the phylum Bacteroidetes were isolated. In Semioreum
sample, 215 colonies were picked and divided into 9 RFLP patterns. The
numbers of bacterial species belonging to the class a—Proteobacteria,
Actinobacteria and Flavobacteria were isolated. the genera Novosphingobium,
Beijerinckia and Shinella were shown in the class a—Proteobacteria. In the
class Actinobacteria, the bacteria belonging to genera Micrococcus,
Micromonospora, Sporichthya and Arthrobacter were shown. Flavobacterium
was isolated in the class Flavobacteria of the phylum Bacteroidetes. In
Wondangbong sample, 245 colonies were picked and divided into 33 RFLP
patterns. The bacteria were isolated in 6 classes of 4 phyla. The numbers of
bacterial species belonging to the phyla Proteobacteria, Actinobacteria,
Bacteroidetes and Firmicutes were isolated, and were most frequently

separated in the phylum Proteobacteria, followed by in the phylum
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Actinobacteria. At the class level, the bacteria were frequently separated in

order Actinobacteria, a—Proteobacteria, y—Proteobacteria and [5-Proteobacteria.
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ol FHEAY AFAHE AEE AATE 7 Qo] B AFAEe] AMEsta 9l
t} (Hugenholtz et al, 2003). PCR-restriction fragment length polymorphism
(PCR-RFLP) %<l amplified ribosomal DNA restriction analysis (ARDRA)

AR AEigel F 5ol £4 PHom AsE B w oh tFe A
of A4F: Qi AEAL] TH LANE AEHT Y WHolth (Urakawa ef

al., 1999; Ventura et al., 2001; Lee et al., 2004).

AAAAZ S4B A BAA AR AFEed AHAsts 25 36870 & AHA

(Kim et al, 2001), A &4 Lo #g A7 IetA o] Fojx]a
A= ®EAE FA AR Al 7HE 7Rl He Al £ R SR o
FOIA A @Fol At o] gk HJEIE A gltd (Choi et al, 2011; Jeong,
2011; Shin et al., 2011; Choi, 2012).

2 AFE dEAd EA8tE MY 7hsd Ads 28t 16S rRNA #3
2 @A7IME EAS Eetd o2 Ay A#AdES  ¥s|al,  Ribosomal

Database Project (RDP)®} GeneBank Sl &% U&= 165 rRNA gene
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oft

¥

2.1. ZAA 2 A 89 AAFH

2 AT 2AAE T oA, 528, A s, ERSE

gobe], Ao R, 18 949

Bxaa 9o (Fig. 1., Fig. 2., 2012\ 69 oA 99 Aol

Iortere] HE o] AAste] AHG L FHxE, AFauws Fs A
2

_UJ/TZ_JE EUZ_]_ '—(-IZ DH% %‘;ﬁé}ﬁ’i‘jr (Table 1)
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Fig. 1. The map of sampling sites on the Jeju Island.
DS : Dongsuak ES : Eoseungsaeng GM : Geumoreum
SR : Saraoreum MC : Mulchatoreum MJ : Muljangori
MY : Mulyeongari SM @ Semioreum WD : Wondangbong



Dongsuak Eoseungsaeng Geumoreum

Saraoreum Muljangori Mulyeongari

Mulchatoreum Semioreum Wondangbong

Fig. 2. Photographs of sampling sites.



Table 1. Geographic information of sampling sites and physical data of water

samples

) Coordinates Altitude  Water Water Fina.l
Sites temp. Sampling

latitude (N) longitude (E) (m) pH C) Date
Sept. 25,

Dongsuak 33° 21" 22" 126° 37" 42" 700 5.03 23 2012
July. 7,

Eoseungsaeng 33° 23" 49" 126° 29’ 16" 1,130 6.77 25 2012
Jun. 17,

Geumoreum 33° 20" 31” 126° 19" 40" 381 6.41 28 2012
Jun. 30,

Mulchatoreum  33° 23" 32" 126° 39" 12" 666 6.73 26 2012
. . Sept. 15,

Muljangori 33° 24" 50" 126° 36" 45" 882 5.74 18 2012
) Sept. 8§,

Mulyeongari 33° 21" 57" 126° 41" 43" 468 5.93 21 2012
Jun. 30,

Saraoreum 33° 22" 05" 126° 34" 19" 1,303 6.65 20 2012
. Jun. 17,

Semioreum 33° 21" 02" 126° 19" 21" 374 6.95 25

2012
o July. 20,

Wondangbong 33° 31" 35" 126° 35" 53" 108 6.96 23 2012




22. Al SR, Ad £

AFT A5 1 mL £ voltex 3+ & W3 0.85% NaCl £ 9 mL o] &Es}

A, e gdo dALHoz 10 ~ 10° W7 HA &4 F R2A Agar

Trad @ dFES AA wjgete] mjgFd S glycerol (20 %, w/v) &<

AEsto] -70 CollA W& E¥skAt

23. gE Ay &3 &4

2.3.1. Genomic DNA F<&

T 29 " vAE 7A1 1 loops 5 % Chelex (Molecular Biology Grade
Resin, 200-400 mesh, Sodium Form, BIO-RAD) 100 upLeol] o4 #+= =9A

S5E WrEA7 L Do A3l WHoR DNAE F%39] spin down

20 ColA WE mskrt

o

2.3.2. 16S rRNA #ZAF¢] ARDRA (amplified rDNA restriction analysis)

16S rRNA 42 =Z & universal primer 27F (5'-AGA GTT TGA TCC
TGG CTC AG-3")9} 1522R (5'-AAG GAG GTG ATC CAG CCGCA-3)= A}
243Fe] DNA 1.2 pl, SP-Tag Polymerase 0.15 pL, 10X G-Tag Buffer 3 uL,
25 mM dNTPs mixture 0.6 pL, forward®} reverse primer 2}Z} 1.2 ul, Hir
W TR 2275 uL® F 4 30 ul o o= PCRES Adstth. PCR uHe
& Peltier Thermal Cycler PTC-100"™ (M] Research, MA, USA)& o] &3}



95 TColA 5%7F initial denaturation ¥ $, 95 TeollA 1&3F denature, 55 Coll
/] 1%7F annealing, 72 ColA 1#7F elongation ¥F&& & 30 3] WHE3SFaL 72
Tol A 103t final extension < 33t} th PCR 4H= 2 pLE& 1 % Agarose
gelol Al 100V, 307t 05 X TAE Buffer2 27195 3te] 1 Kb Labo DNA
Ladder< ol-&3te] =715 &<lsitt

<% ¥ 16S rRNAC RFLP (Restriction Fragment Length Polymorphism)

M

A& e AgaA Haelll (GG | CC; TaKaRa, Japan)E AF&3t9low, PCR 4t
= 8 ul, Haelll 05 pL, 10xBuffer 1 L, B+ ¥ S7FF 05 pLEs 492 10 ulL
5 37 CAA 2 AZF 9bSAHY, vkg-9 10 pL & 05<TAE Buffer 2 25 %
Agarose gel oA 50 VZ 2 A7+ 30 ¥ &<t #7195 S 31932, 100 bp DNA

Ladder (Bioneer)E ©o]&3to] Adta Ao < #d witeo =7|E 3Helsta

ARDRA #4& &3 593 RFLP dddds Hede IS Bof IR
Testal 4 79 T dRERAEFE AEste d7IAdE B4+ #s TNT-P200

PCR Purification Kit (TNT research, Korea)Z ©]&3to] AA= s}

AA #H T rRNA 34 97144 42 ABI BigDye Terminator Cycle
Sequencing Kits v3.1 (Applied Biosystems)¥, 27F primerES A}&3}o] capillary
W2l o] ABI 3730XL DNA Analyzer (Applied Biosystems)E o] &3ttt 243
71492 Basic Local Alignment Search Tool (BLAST) search program-<
o]8-3}lo National Center for Biotechnology Information (NCBID<®] Genbank
database$} EzTaxon server (Chun et al., 2007)9 A fAFsE 712 <d& v alst
i, 7P 2dEely Fom yeiue AdE et B ATl osiA A

3} databaseoll Al A H A AT H7IAES Mega 5.05

2
)
n2
N
o)
e

softwareol] X3¥ Clustal W Z 2133 o]83o] multiple alignment & A&
SFA Y (Tamura et al., 2011). Z13t4 A= Jukes & Cantor distance model

(Jukes and Cantor, 1969) WH-& o]&3ste] A4St neighbor-joining 1



(Saitou & Nei, 1987)% o] &35l AlF+E 24 th Tree topology2 A=A
S #Hristz]l 9lske] 10008 2] replicationg 483k bootstrap w41S Atk

(Felenstein, 1993; Maidak et al., 1994).
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31. AT

311 AR AT F

7t 2AA 9 A EE Fau)H

3|
A

EEIERINE

Aol 4 (cfu/mL)+= Table 2. o YERY ) o] Ay 33

Table 2. Bacterial number of samples from investigation sites

Site Bacterial Number (cfu/mL)
Dongsuak 0.9 x 107
Eoseungsaeng 25 x 10°
Geumoreum 26 x 10°
Saraoreum 1.0 x 107
Mulchatoreum 35 x 10
Muljangori 0.9 x 10°
Mulyeongari 1.3 x 10°
Semioreum 2.7 x 10°
Wondangbong 1.1 x 10°
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32. A7 B 2 W
3.2.1. AT 23

Petri dish Aol wjeF ® Al#e dete] mok Az =7 AFETE u skl
Aol &5 ATt b7t & Fouk Eo| dol= A Hd FaetoA= Aol
3 160712 Heho]l EoEdar, ojsAd = 29571 Hgo] EyEAon, Fo
FolAde 9271 Fde, Al Fell A= 20971 Feo] &

A9 BRLEAAE 675719 fetel wEHUon, BFLANA 174749
A, =dokEelA 123719 feo] At V£ el dgon Az
d 5AQ Ao BT dREelAE 27k 2157 etk 24570 Petol EE A
(Table 3).
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Table 3. Number of colony isolated from different sampling sites

Site colony
Dongsuak 160
Eoseungsaeng 295
Geumoreum 92
Saraoreum 209
Mulchatoreum 675
Muljangori 174
Mulyeongari 123
Semioreum 215
Wondangbong 245

_12_



33. A9 T3 &4

3.3.1. 16S rDNA 3 x2] ARDRA (amplified rDNA restriction analysis)

AbAL ] Al gl A Eee FEhe] RFLP

N

il

&l AdetEl 16S rRNA #4

I

A Haelllol 2

Flgcs

Al

W oEFgete 26709 74, A 1A, 55 2970, AEte

2

g 33

[~

[e)
32
R

577W, =422 1570, = <okl 2870, Av &5 974,

2 EFEAe™ (Table 4), =39 59 Al

o
3o

N

o7 BAblo] gu) o]t x}o]

A2A Aol A

SERIRE D

o

™
<

"o

3} A

FHoR AL

= 54

o] A% 37
o] AHR el Aol A%

gle A9

7]
59 %3

]
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Table 4. Number of RFLP types of samples collected at each sampling site

Site RFLP type
Dongsuak 26
Eoseungsaeng 11
Geumoreum 23
Saraoreum 26
Mulchatoreum 57
Muljangori 15
Mulyeongari 28
Semioreum 9
Wondangbong 33

_14_



332 97148 2 ASHH B4

o

o

16S rRNA #FHa= EdWol7E & dojubx] kol o1 47144
AW oAlte Sk 2y 290 B2 AAE 9ske] AliEEe] rRNA
7] el gk Azt FH o] 7Fal 9lan, 16S rRNA 971449 24 A
st2 Q& o Ha AgeA Mds 2F 5 dA HA
7zt A AlmOlA Ee | T F B4 ® 16S rRNA d7IMde 9714
A7 FAIEES 3¢ls7] ¢el BLAST search program< ©]-&3te] NCBI2
Genbank®} EzTaxon serverolA {rAbgH @7IMES Hluetal, 7P <2 o
U, T2 Yeus S Flssl
sotel A ZeEle 16070 "= & RFLP #do] sd3 +5 =

A7IMLS BA3 A3 Actinobacteria, Firmicutes, Proteobacteria® 3719 &+

H| 1l

ot

o2 H

L

[
= A

il

ol
-

ol A Actinobacteria, Bacilli, a-Proteobacteria, [-Proteobacteria < y
-Proteobacteria®]l 5712 7ol &A= A} (Table 5, Fig. 3.). Proteobacteria
o] ¢ 93 %E AAs] M8, Firmicutes °F 4 %, Actinobacteria °F 3
%e AA|3FA T Proteobacteria <=2] a-Proteobacteria, [B-Proteobacteria ¢t y
~Proteobacteria 3712 7 oA [-Proteobacteria 7+°] ¢F 53 %E A 8%
il, a-Proteobacteria 28 %, y-Proteobacteria ©°F 19 %E AA|3FHt}.
Firmicutes -9+ Bacilli 7, Actinobacteria %4+ Actinobacteria 7 WHo]
vebykth. 71 $AE A UEbd B-proteobacteria YA E EEA A
¥ Curvibacter lanceolatus, A~ A o2 484 $l+= Burkholderia tropica
7} o] yelyttt (Linxian Ding et al, 2004; V. M. Reis et al, 2004). a
~Proteobacteria 7ol 4 Eo] UEld Ensifer £& ESA] = Aoz
&34 Atk (L. E. CASIDA, JR., 1982; Li et al., 2011) y-Proteobacteria |4
wol Yelt Pseudomonas segetis = E A E&¥ A+ (Park et al., 2006)
o7 Wol UBtd AdES BW 5590 o] FAek EFSAE e T @A
S Yea i Beol Ao AR Faeke S¥uRUt AA 54 iR 9

o Bgata glofA gubd olsloli Bol wolX €um gow KA A
91 e A olr}

_15_



Table 5. The Phylogenetic relatives of representative strain from each RFLP type
strains from Dongsuak sample by 16S rRNA gene sequence similarity

RFLP NO. . . Sequence

Type colony Phylum/Class Closest relative species similarity (%)
DS1 2 Betaproteobacteria Chromobacterium piscinae 99.8
DS2 3 Gammaproteobacteria  Pantoea brenneri 985
DS3 5 Gammaproteobacteria  Serratia nematodiphila 100.0
DS4 3 Betaproteobacteria Mitsuaria chitosanitabida 100.0
DS5 15 Alphaproteobacteria Ensifer adhaerens 974
DS6 5 Betaproteobacteria Curvibacter anceolatus 99.7
DS7 2 Firmicutes Bacillus niacini 99.2
DS8 1 Firmicutes Cohnella arctica 97.7
DS9 1 Betaproteobacteria Duganella sacchari 979
DS10 20 Betaproteobacteria Burkholderia tropica 100.0
DS11 6 Betaproteobacteria Mitsuaria chitosanitabida 98.3
DS12 3 Firmicutes Lysinibacillus xylanilyticus 100.0
DS13 3 Betaproteobacteria Chromobacterium violaceum 98.6
DS14 3 Alphaproteobacteria Sphingomonas insulae 979
DS15 3 Alphaproteobacteria Novosphingobium capsulatum 98.5
DS16 3 Betaproteobacteria Aquitalea denitrificans 98.9
DS17 13 Betaproteobacteria Rhizobacter fulvus 99.9
DS18 15 Gammaproteobacteria  Pseudomonas segetis 97.0
DS19 6 Gammaproteobacteria  Enterobacter kobei 98.2
DS20 11 Alphaproteobacteria Methylobacterium aerolatum 100.0
DS21 3 Alphaproteobacteria Methylobacterium komagatae 99.9
DS22 1 Actinobacteria Rhodococcus erythropolis 99.7
DS23 3 Actinobacteria Arthrobacter methylotrophus 99.1
DS24 3 Alphaproteobacteria Bosea [upini 99.1
DS25 4 Alphaproteobacteria Novosphingobium capsulatum 98.8
DS26 23 Betaproteobacteria Curvibacter lanceolatus 100.0
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Fig. 3. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences
of cultured bacteria from sample of Dongsuak. Numbers on branch nodes are
bootstrap values expressed as percentages (1000 replicates). Bar, 0.02 substitutions

per nucleotide position.
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s Ao A= 1170 RFLP-3o] YEeEsa o] &9 16S rRNA F3 =] 714

BAsa Ahe S A4

ro

v} Actinobacteria, Bacteroidetes,
proteobacteria < <213ttt (Table 6, Fig. 4.). Actinobacteria %°] < 70
%E Ao 2R M3 AL, proteobacteria w°| F 27 %, Bacteroidetes -
o] ¢ 3 % 7} YElYY proteobacteria oA+ a-Proteobacteria, L
-Proteobacteria ¢+ y-Proteobacteria 7} YWEF 2™ B-Proteobacteria °F 74
9%, vy-Proteobacteria ¥ 15 %, a-Proteobacteria °F 11 % 7} YEY
Actinobacteria ¥+ Actinobacteria 7}, Bacteroidetes oA+
Cytophagia 74+ Tto] YENGTE 74 oA A B, Actinobacteria 74°] ¢F 70
9%, B-Proteobacteria &< ¢F 20 %, y-Proteobacteria “¥°] °F 4 %, a
-Proteobacteria 7, Cytophagia 7¥°] Zt7Zt ¢ 3 %E& A= Aoz eSS
t}. Actinobacteria 7¥9] Arthrobacter 4] o} S-ASHA UERSTE o5 A 9]
Al g o M= Arthrobacter 42 Arthrobacter oryzae 7} 7FE 48 dtE Ao =
YElutth o] Al = EdA wA ¥ Aow HuwoFow (Kageyama
et al., 2008), B-Proteobacteria 32| Methylibium %°] t& 2oz @o] YElyto
H S22 A4 W B FolA 8 7F HAH(Song et al, 2007; Yoon et
al., 2007). ol 4ol H7F & Fof
Qo] Al7lel= =& BWol 7HA L YA X durHl EY AS Ast o
710l A S NA yEtE Al E9F oA vEue Aol o] e
2 AT B AW, o= ojgAe] FAH A SAAEA FAHA WYL
Hol Frhal AR ETh
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Table 6. The Phylogenetic relatives of representative strain from each RFLP

type strains from Eoseungsaeng sample by 16S rRNA gene sequence similarity

RFLP NO. . . Sequence

Type colony Phylum/Class Closest relative species similarity (%)
ES1 17 Actinobacteria Streptomyces cinereorectus 100.0
ES2 44 Betaproteobacteria Methylibium petroleiphilum 96.2
ES3 4 Bacteroidetes Spirosoma linguale 93.9
ES4 5 Alphaproteobacteria Sphingomonas pituitosa 100.0
ES5 4 Alphaproteobacteria Sphingomonas melonis 99.0
ES6 12 Gammaproteobacteria  Luteibacter rhizovicinus 99.0
ES7 2 Bacteroidetes Spirosoma linguale 95.1
ES8 4 Actinobacteria Streptomyces avellaneus 100.0
ES9 14 Betaproteobacteria Massilia suwonensis 975
ES10 187 Actinobacteria Arthrobacter oryzae 99.9
ES11 2 Bacteroidetes Fibrella aestuarina 87.7
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Fig. 4. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences
of cultured bacteria from sample of Eoseungsaeng. Numbers on branch nodes
are bootstrap values expressed as percentages (1000 replicates). Bar, 0.02

substitutions per nucleotide position.
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QEA He © 9279 HEe 23709 RFLPHF3d o= Yelyga ZF 739

@FE 165 RNA fFAAe @GR bke e AAE 2w

o

Actionobacteria, Bacteroidetes, Proteobacteria 3712 +o2 Y= F A
(Table 7, Fig. 5.). Proteobacteria w©°] 7} @o] 2 &o] oF 86 %= AA| 3}

ATt 1 902 Actionobacteria w°] °F 13 %7} WEFWEIL Bacteroidetes &

o] ok 1 %7} uvErwth b ®ol uEhd 1E<l Proteobacteria & a
—-Proteobacteria, B-Proteobacteria, y-Proteobacteria ZJol e AL,

Proteobacteria w=Woll A vt Blus] B QkS w a-Proteobacteria “3°] °F 65 %&
2} A8+ Al B-Proteobacteria 4] °F 21 %, y—-Proteobacteria 73°] °F 14 %E
AAstE Aom eyt 3254 FdE AdE A FEodA Anrd,
Actionobacteria 74°] ¢ 13 %E XA dtal  Bacteroidetes -+ (phylum)<]
Sphingobacteria 7F°] ¢F 1 %= A3+ 3L a-Proteobacteria 742 °F 55 %, B
-Proteobacteria 72 °F 18 %, y-Proteobacteria 742 °F 12 % 7} YERuk

74 @ol  EE ®© a-Proteobacteria 7ol A= Novosphingobium}t
Methylosinus <°] YEF Y. Novosphingobium 42 2:d7] A%, 7 sh9
HAE & F71E0] Bo] v HolA wAdvd Hiuvol vt (Katsuhiko et
al., 2003; Sohn et al., 2004; Saxena et al., 2012). Methylosinus <& 54 W
EdollM A= Ador ofF F& A9 FAMAE EEHAYL B
o]z 9t} (Dedysh et al, 2000; Wartiainen et al., 2006). &2 52 Algte]l <)
7F 9dom A} @S wbEol 5245 Holal glth o]l Novosphingobium <3}

Fol fF7lEo]l B2 oA Aek= Aldsol Bol yEwtal Bl X

|
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Table 7. The Phylogenetic relatives of representative strain from each RFLP

type strains from Geumoreum sample by 16S rRNA gene sequence similarity

RFLP NO. . . Sequence

Type colony Phylum/Class Closest relative species similarity (%)
GM1 3 Actinobacteria Micromonospora saelicesensis 99.9
GM?2 21 Alphaproteobacteria Novosphingobium indicum 954
GM3 1 Betaproteobacteria Chitinilyticum litopenaei 95.1
GM4 15 Alphaproteobacteria Methylosinus sporium 96.7
GMbH 5 Betaproteobacteria Polynucleobacter necessarius 99.8
GM©6 5 Alphaproteobacteria Bosea thiooxidans 93.1
GM7 2 Betaproteobacteria Ideonella dechloratans 96.9
GMS8 2 Alphaproteobacteria Paracraurococcus ruber 95.1
GM9 1 Alphaproteobacteria Roseomonas lacus 95.0
GM10 1 Alphaproteobacteria Methylobacterium tardum 100.0
GM11 5 Actinobacteria Sporichthya polymorpha 93.6
GM12 Alphaproteobacteria Methylosinus sporium 96.0
GM13 3 Actinobacteria Mycobacterium frederiksbergense 97.2
GM14 5 Betaproteobacteria Massilia niabensis 98.0
GM15 1 Alphaproteobacteria Brevundimonas bullata 99.5
GM16 1 Betaproteobacteria Curvibacter delicatus 97.7
GM17 1 Alphaproteobacteria Methylocystis echinoides 96.3
GM18 3 Betaproteobacteria Polynucleobacter necessarius 100.0
GM19 1 Actinobacteria Mycobacterium frederiksbergense 97.7
GM?20 1 Bacteroidetes Pedobacter nyackensis 97.1
GM?21 1 Alphaproteobacteria Novosphingobium stygium 98.8
GM?22 11 Gammaproteobacteria  Rhodanobacter soli 100.0
GM?23 1 Alphaproteobacteria Paracraurococcus ruber 94.9
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Fig. 5. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences
of cultured bacteria from sample of Geumoreum. Numbers on branch nodes are

bootstrap values expressed as percentages (1000 replicates). Bar, 0.02 substitutions

per nucleotide position.



AtEtQ Eol Al EelE 20971 HEhe 2671 RFLP f3d o2 v 7t 3
TFE 16S rRNA F3#e] 71D 77k S5 A 23 4709 &, 6
he] 7ro] ettt (Table 8, Fig. 6.). Proteobacteria %-°] °F 68 %= x}#| s}t
L, Actionobacteria w°] °F 30 %7} YENES™,  Bacteroidetes W3}
Firmicutes w-°| Z+7F ¢k 1 % 7} yWetwth. 71 @ol yWebd Proteobacterias-
ol a-Proteobacteria, [-Proteobacteria, y-Proteobacteria 7} WEYH,
Proteobacteria X+ [-Proteobacteria 7} ¢ 79 %, a-Proteobacteria 7}
oF 20 %, y-Proteobacteria 7} °F 1 % 7} UEMSTh &2 ¥ 6719 7oA vlal
S RH G-Proteobacteria’t ¢ 54 %5 A AL, Actionobacteria?}
ok 30 %7} YEFES ™, a-Proteobacteria’t ¢F 13 %, L 2| Flavobacteria 7,
y—Proteobacteria 7+, Bacilli 7+°] 1 %°]|3dt2 e

B-Proteobacteria 7} <o\~ Variovorax, Acidovorax <°] 7} o] X sl+=
Ao 2 Yetwtth  Variovorax &8 st SAEY Soa] Be Hdvia e
A 9dem,  Acidovorax &8 2#7] WigA E EA EejA Sol|A ey
ATt (Kim et al., 2006; Yoon et al., 2006; Miwa et al., 2008; Kim et al., 2008;
Choi et al, 2010; JIN et al, 2012). Actionobacteria 7Fol A= Arthrobacter 40|
7 Wol wal HAY Arthrobacter %2 AGAAAME - E o2 LE

o=

gtk o] o AFE B, v EY, 2 EY, A%, @

2 odo] Eok oFx
Hete] HA4E 5 e el Ueuy §E EEE Hola e £or &
T AT (Reddy et al, 2000; Kageyama et al., 2008; Kim et al., 2008;
Ganzert et al., 2011; Zhang et al, 2012; Margesin et al, 2012). a
~Proteobacteria 73X revundimonas 4] WEMSEH ol AZo] A
R &9 #ZE HHor ofFolxl il FRel Rl wHE = SAL
(black sand)?! AF%= MAZAl FAdF U a7 e Fe7t HAL

To BEYALE Bl HAgan dHAY (Yoon et al, 2007, Kang et al.,
2009; Choi et al, 2010). o= 3pAbA|E 81 shatEel dddo] & Ao 4
t}.

rﬂ

l
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Table 8. The Phylogenetic relatives of representative strain from each RFLP

type strains from Saraoreum sample by 16S rRNA gene sequence similarity

RFLP NO. . . Sequence

Type colony Phylum/Class Closest relative species similarity (%)
SR1 1 Gammaproteobacteria  Stenotrophomonas humi 97.2
SR2 2 Betaproteobacteria Variovorax boronicumulans 994
SR3 2 Bacteroidetes Chryseobacterium haifense 97.8
SR4 11 Actinobacteria Arthrobacter oryzae 100.0
SR5 18 Actinobacteria Arthrobacter globiformis 99.5
SR6 26 Alphaproteobacteria Brevundimonas bullata 99.7
SR7 8 Actinobacteria Arthrobacter kerguelensis 98.8
SR8 1 Firmicutes Brevibacillus brevis 100.0
SR9 17 Actinobacteria Arthrobacter globiformis 99.5
SR10 32 Betaproteobacteria Acidovorax facilis 98.0
SR11 3 Betaproteobacteria Acidovorax radicis 98.0
SR12 1 Alphaproteobacteria Kaistia terrae 100.0
SR13 1 Betaproteobacteria Paralcaligenes ureilyticus 975
SR14 7 Actinobacteria Arthrobacter globiformis 99.3
SR15 1 Alphaproteobacteria Afipia broomeae 97.8
SR16 1 Betaproteobacteria Variovorax paradoxus 99.3
SR17 3 Betaproteobacteria Variovorax paradoxus 99.5
SR18 1 Actinobacteria Streptomyces avellaneus 99.5
SR19 1 Betaproteobacteria Variovorax paradoxus 99.5
SR20 1 Gammaproteobacteria  Pseudomonas mohnii 100.0
SR?21 2 Betaproteobacteria Polaromonas jejuensis 979
SR22 1 Betaproteobacteria Oxalicibacterium solurbis 97.6
SR23 1 Betaproteobacteria Variovorax paradoxus 99.5
SR24 2 Actinobacteria Streptomyces avellaneus 99.5
SR?25 23 Betaproteobacteria Paralcaligenes ureilyticus 974
SR26 42 Betaproteobacteria Variovorax paradoxus 99.3
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Fig. 6. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences
of cultured bacteria from sample of Saraoreum. Numbers on branch nodes are
bootstrap values expressed as percentages (1000 replicates). Bar, 0.02 substitutions

per nucleotide position.
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E3to FolA 28 # 675719 Fehe 5770 RFLP f8 22 el
o] #FE 16S rRNA A= A7ILEy 77k S5 A% 2y 57 &, 87
Zow 71 vkt BEFato] YEW T (Table 9, Fig. 7). Proteobacteria +-°] <F

f
o
oftt

-

41

65 %, Actionobacteria -°| ¢F 23 %, Firmicutes +°] ¢F 6 %, Bacteroidetes
o] ¢ 5 9%, Verrucomicrobia w°] ¢ 1 % & AXA|3}I T}y Proteobacteria -1
X+= a-Proteobacteria, [3-Proteobacteria,

y-Proteobacteria 7} YENS ™, Bacteroidetes oA+ Cytophagia 7,
Sphingobacteria 7+°] YERWTE 7F 5ol HlnE s, B-Proteobacteria 7k
o] ¢F 37 %, Actionobacteria 3] °F 23 %, y-Proteobacteria 7t} °F 14 %, a
- Proteobacteria “J°| ¢F 13 %, Bacilli 7+°] ¢F 6 % Sphingobacteria “J°] °F 4
%, Verrucomicrobiae 7¥°] ¢ 1 % & A5t thFstA yelyth B3 5L
HALE oo TF o FAR il FAE Aol dloew FHe =4 A
1 A gEo] e 24
wRwel vt Aol 9Fe I Aow Helth RFLP type MC82
Actionobacteria | <3}9, Lapillicoccus jejuensis ¢+ 99.8 % AMAS e
H 2 ® Y FEE b we 9o HZol Be =AUk Lapillicoccus
jejuensis = A|FEe F2 FZoA EE7F HAu Bl @ Foltd (Lee et
al., 2007).

o

AL Atk ol g Al G} E g

B-Proteobacteria 73X Variovorax Z°] 7}4 o] YEel+=d], o] £ Algt
L FAMAME Fol vetwton, sk, QAN B 24 BEY 5 dEol B2 X
oA #Z FEgy Zo=z HolW (Kim et al, 2006; Yoon et al., 2006, Miwa et
al., 2008; JIN et al, 2012). Yersinia nurmii®t Shigella flexneri= %2 Z ol
EAetE Mo sEY EHS Tl EXE FAd 9 HASE A=

A B3t Fo FA7F FHl AAsts FEEdA T3 AFdow
|5 Ao AlsdEd. "E A9y gy ugddel A4 #8d
Actionobacteria 73\~ Lapillicoccus jejuensis 2o %ol #2 ¥ Leifsonia %
L 2d EY Ak, W8k oA 28 HolH A (Qiu et al, 2007; Dastager et
al.,, 2008; Reddy et al, 2008; Dastager et al, 2009; Pindi et al., 2009;
Madhaiyan et al, 2010), 41 2 E% 404 E5F el o] FZAFX] ol A

X

4_4

©

_27_



A SoA HolEa v}t (Jiang et al., 2012; Park et al., 2012).
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Table 9. The Phylogenetic relatives of representative strain from each RFLP

type strains from Mulchatoreum sample by 16S rRNA gene sequence similarity

RFLP NO. . . Sequence

Type colony Phylum/Class Closest relative species similarity (%)
MC1 4 Betaproteobacteria Ralstonia pickettii 99.6
MC2 3 Actinobacteria Oerskovia turbata 99.8
MC3 1 Alphaproteobacteria Sphingomonas mucosissima 98.7
MC4 1 Alphaproteobacteria Novosphingobium stygium 98.0
MC5 5 Verrucomicrobia Luteolibacter pohnpeiensis 979
MC6 10 Betaproteobacteria Variovorax ginsengisoli 994
MC7 21 Betaproteobacteria Variovorax soli 98.4
MCS8 90 Actinobacteria Lapillicoccus jejuensis 99.8
MC9 3 Bacteroidetes Arcicella aquatica 975
MC10 5 Alphaproteobacteria Methylobacterium radiotolerans 99.8
MC11 1 Actinobacteria Arthrobacter ramosus 99.1
MC12 5 Firmicutes Staphylococcus hominis 99.8
MC13 30 Actinobacteria Leifsonia shinshuensis 99.0
MC14 20 Actinobacteria Arthrobacter pascens 100.0
MC15 13 Betaproteobacteria Massilia niabensis 96.7
MC16 3 Actinobacteria Streptomyces avellaneus 99.7
MC17 10 Firmicutes Bacillus thuringiensis 99.8
MC18 3 Betaproteobacteria Cupriavidus metallidurans 100.0
MC19 9 Alphaproteobacteria Bradyrhizobium betae 99.7
MC20 4 Firmicutes Bacillus drentensis 99.7
MC21 2 Gammaproteobacteria Pseudomonas moorei 99.0
MC22 5 Gammaproteobacteria Enterobacter soli 100.0
MC23 10 Bacteroidetes Chitinophaga niabensis 90.5
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Table 9. continued

RFLP NO. . . Sequence

Type colony Phylum/Class Closest relative species similarity (%)
MC24 15 Betaproteobacteria Cupriavidus pauculus 98.3
MC25 6 Betaproteobacteria Methylibium petroleiphilum 97.1
MC26 2 Betaproteobacteria Variovorax ginsengisoli 100.0
MC27 1 Bacteroidetes Chitinophaga niabensis 90.5
MC28 1 Bacteroidetes Chitinophaga eiseniae 98.6
MC29 30 Gammaproteobacteria  Acinetobacter parvus 98.8
MC30 1 Actinobacteria Dactylosporangium luridum 99.8
MC31 2 Betaproteobacteria Curvibacter lanceolatus 994
MC32 4 Bacteroidetes Arcicella aquatica 975
MC33 2 Firmicutes Staphylococcus saprophyticus 99.8
MC34 8 Betaproteobacteria Duganella violaceinigra 96.3
MC35 19 Firmicutes Bacillus luciferensis 99.0
MC36 8 Actinobacteria Terrabacter aerolatus 99.8
MC37 7 Betaproteobacteria Pelomonas saccharophila 979
MC38 30 Gammaproteobacteria  Yersinia nurmii 97.2
MC39 3 Bacteroidetes Dyadobacter ginsengisoli 97.1
MC40 25 Betaproteobacteria Variovorax ginsengisoli 99.6
MC41 64 Alphaproteobacteria Novosphingobium capsulatum 98.1
MC42 13 Betaproteobacteria Aquitalea denitrificans 99.7
MC43 82 Betaproteobacteria Variovorax ginsengisoli 98.5
MC44 10 Betaproteobacteria Variovorax soli 994
MC45 22 Betaproteobacteria Pelomonas saccharophila 99.0
MC46 2 Gammaproteobacteria  Stenotrophomonas maltophilia 99.0
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Table 9. continued

RFLP NO. . . Sequence

Type colony Phylum/Class Closest relative species similarity (%)
MC47 3 Bacteroidetes Sediminibacterium salmoneum 92.3
MC48 1 Bacteroidetes Chitinophaga eiseniae 98.6
MC49 1 Gammaproteobacteria Shigella flexneri 97.0
MC50 24 Gammaproteobacteria Rhizobacter fulvus 91.2
MC51 5 Betaproteobacteria Variovorax ginsengisoli 99.3
MC52 7 Bacteroidetes Sediminibacterium salmoneum 92.9
MC53 2 Actinobacteria Streptomyces avellaneus 99.7
MC54 1 Gammaproteobacteria Dyella japonica 98.5
MC55 4 Betaproteobacteria Variovorax ginsengisoli 100.0
MC56 11 Alphaproteobacteria Novosphingobium aromaticivorans 979
MC57 1 Bacteroidetes Chitinophaga niabensis 89.8
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Fig. 7. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences

of cultured bacteria from sample of Mulchatoreum. Numbers on branch nodes

are bootstrap values expressed as percentages (1000 replicates). Bar, 0.02

substitutions per nucleotide position.
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EZoA EalwE 174719 F&e 15719 RFLP ¢33 o2 ey 72 §3
o] #FE 16S rRNA FAAe] A7 LEy 77ke 55 A 23 2709 &, 3
fel Zwko] Yepdoz 71 AL EFS Ueld A Yol (Table 10, Fig.

8.). Proteobacteria %-°] °F 99 %, Actionobacteria ¥-°] ¢k 1 % 7} ¢ HUy=

N

-

dl, a-Proteobacteria “F°] ¢F 60 % & A}A|8}al, (-Proteobacteria 73°] °F 39
%, Actionobacteria 7+°] °F 1 %E A= A= EISTE.  Proteobacteria
Fo| M= a-Proteobacteria 2} [B-Proteobacteria 7I%ro] <F 60 %, 40 % 7} 1}
Ebwtth.  a-Proteobacteria  73ollA =  Novosphingobium,  Bradyrhizobium,
Sphingomonas <:°] o] ¥8%lal, B-Proteobacteria 7t A= Variovorax 4,
Aquabacterium 4:°] %ol et Actinobacteria Fol A+ Sporichthya <3¢
o] YEstth. Novosphingobium 42 325 AYoAx @Wo] Yelyon 7
9 HAE LA YEhH (Saxena et al, 2012; Sohn et al., 2004; Katsuhiko
et al., 2003), Bradyrhizobium %-& 33 21&9] nodules?l A +7 3 A= A
o2 dHA 7)ol FHALA| O FH AEo] Atk AZto] Ho] Xt (Zhang
et al., 2012). Sphingomonas & 72 A] B, 1A U9 EY, A EY SolA
o H o= a1 At Zhang et al., 2010; Lin et al, 2011; Margesin et al., 2012).
dowls AAE Eol o] UAN AFH FA| ut=e] HAFZ7AA] A H S
o H7 ® EgdA FEH Aolet Ho T} Variovorax 42 AlEte R, &
ol olo] ol YEtu= Aor Hol FX A= Z Ak Aow A
oAt} Aquabacterium %9 AltS 7R3 EoA wo] YEUE o
A A o (Kalmbach et al, 1999; Chen et al., 2012), ol =329 +29]
Hatvks A & A s A4 e #FAE Yokl 9§ e
FAE F9o] SAEH Ao FHIHE S AEREe] JAE T F UE FeE

AFHN BHORNE T AYs o 9

to

7+
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Table 10. The Phylogenetic relatives of representative strain from each RFLP

type strains from Muljangori sample by 16S rRNA gene sequence similarity

RFLP NO. . . Sequence

Type colony Phylum/Class Closest relative species similarity (%)
MJ1 28 Alphaproteobacteria Novosphingobium  fuchskuhlense 99.3
M]J2 11 Alphaproteobacteria Sphingomonas pituitosa 97.8
M]3 5 Betaproteobacteria Rubrivivax gelatinosus 95.3
M]J4 24 Betaproteobacteria Aquabacterium commune 97.6
MJ5 6 Betaproteobacteria Uliginosibacterium gangwonense 95.5
M]J6 1 Betaproteobacteria Zoogloea caeni 94.2
M]J7 1 Alphaproteobacteria Methylocystis echinoides 95.5
M]8 7 Betaproteobacteria Albidiferax ferrireducens 96.8
M]J9 1 Actinobacteria Sporichthya polymorpha 95.3
M]J10 2 Alphaproteobacteria Methylobacterium persicinum 100.0
M]J11 1 Alphaproteobacteria Roseomonas mucosa 95.7
MJ12 1 Alphaproteobacteria Novosphingobium fuchskuhlense 85.7
MJ13 37 Alphaproteobacteria Novosphingobium fuchskuhlense 100.0
M]J14 26 Betaproteobacteria Variovorax soil 99.1
M]J15 23 Alphaproteobacteria Bradyrhizobium oligotrophicum 99.9
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Fig. 8. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences
of cultured bacteria from sample of Muljangori. Numbers on branch nodes are

bootstrap values expressed as percentages (1000 replicates). Bar, 0.02 substitutions



Fdotg oA EelE 123719 H=ge 28719 RFLP fFd o2 Yelyka 7z /3
o] #FE 16S rRNA #FHAe 714Dy 7k S5 AAS 23 41 &
Actionobacteria, Bacteroidetes, Firmicutes, Proteobacteria +©°] WE}sLO ™
Actionobacteria, Flavobacteria, Sphingobacteria, Bacillli, a—-Proteobacteria, 3
-Proteobacteria, y-Proteobacteria 2 77| “Fol FEAst= Alito] YERS

(Table 11, Fig. 9.). <l w 4789 Fo| M= Proteobacteria +°] °F 86 % =
AAstAA, FREkL = AeR uewtal, o9 IR £ 747 oF 10 %
njgro 2 uElyth 7 wo]l YEld Proteobacteria ol ARE dolHW B
~Proteobacteria 73°] °F 73 % & A sHA 714 SASA et 2F5FY S
& = Q3. a-Proteobacteria= °F 13 %, y-Proteobacteria= ¥ 11 % & =}
AetF Tt ot B H M-S A oA AH KW, B-Proteobacteria
7} ¢F 63 %, a-Proteobacteria °F 13 %, [(-Proteobacteria <F 11 %,
Actionobacteria ¥ 7 %, Bacilli 9F 6 %7} WElsk3l, Bacteroidetes w2
Flavobacteria, Sphingobacteria 72 2tz 1 %S @A &t} B-proteobacteria
el Pelomonas, Herbaspirillum <] 7V 2ol ®I7F HIAT «a
-Proteobacteria 73X Rhizobium%;:°], Gammaproteobacteria 73X &=
Pantoea %°] o] YENET Pelomonas 42 AR U] B4 2 F]
Toltt (Gomila et al, 2007). =Fote] =& =gt wz7iA = A

ofell ol How i U= FA AR, Ak E]io] AFAAR o] FolA L 3l

rlr
>

it
binei)

ow, QFdA TS WEsta Stk oo wWE AAzw o] 2EH
a 7)ol yebwtiar wol Atk Herbaspirillum 4 34be] Bkl A &2 7}
H Aol Bl Hof t} (Carro et al., 2012). =dote] GA] stile] o) A
H 345 FA )7l wol EeE Aol AzhEnh
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Table 11. The Phylogenetic relatives of representative strain from each RFLP

type strains from Mulyeongari sample by 16S rRNA gene sequence similarity

RFLP NO. . . Sequence

Type colony Phylum/Class Closest relative species similarity (%)
MY1 2 Actinobacteria Curtobacterium albidum 98.4
MY?2 3 Actinobacteria Microbacterium hatanonis 99.9
MY3 7 Gammaproteobacteria  Pantoea brenneri 97.8
MY4 1 Bacteroidetes Chitinophaga oryziterrae 87.8
MY5 2 Gammaproteobacteria  Pseudomonas argentinensis 98.9
MY6 3 Firmicutes Bacillus safensis 98.0
MY7 10 Alphaproteobacteria Rhizobium nepotum 99.2
MYS8 3 Alphaproteobacteria Aminobacter niigataensis 99.3
MY9 1 Betaproteobacteria Paludibacterium yongneupense 97.2
MY10 3 Betaproteobacteria Duganella sacchari 97.7
MY11 2 Actinobacteria Arthrobacter humicola 99.2
MY12 2 Betaproteobacteria Kinneretia asaccharophila 99.0
MY13 3 Firmicutes Paenibacillus garidevorans 97.8
MY14 2 Betaproteobacteria Pelomonas aquatica 97.8
MY15 1 Alphaproteobacteria Sphingomonas aquatilis 99.0
MY16 2 Alphaproteobacteria Sphingomonas pituitosa 100.0
MY17 1 Gammaproteobacteria  Xanthomonas translucens 99.7
MY18 2 Gammaproteobacteria  Pantoea ananatis 99.6
MY19 1 Bacteroidetes Cytophaga massiliensis 99.9
MY?20 1 Actinobacteria Lapillicoccus jejuensis 100.0
MY?21 5 Betaproteobacteria Albidiferax ferrireducens 97.1
MY?22 34 Betaproteobacteria Pelomonas aquatica 924
MY?23 1 Firmicutes Paenibacillus pectinilyticus 99.3
MY?24 1 Betaproteobacteria Pelomonas puraquae 97.8
MY?25 2 Betaproteobacteria Kinneretia asaccharophila 98.0
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Table 11. continued

RFLP NO. . . Sequence
Phylum/Class Closest relative species o

Type colony similarity (%)

MY?26 1 Betaproteobacteria Undibacterium oligocarboniphilum 95.4

MY?27 26 Betaproteobacteria Herbaspirillum aquaticum 99.3

MY?28 1 Gammaproteobacteria  Pseudomonas protegens 99.2
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Fig. 9. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences

of cultured bacteria from sample of Mulyeongari. Numbers on branch nodes

are bootstrap values expressed as percentages (1000 replicates).

substitutions per nucleotide position.
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Ar e el A Eele 215709 Je2 97he] RFLP 3 o2 Yeutal 72t 39
5 165 rRNA #Fxae  @r7IAxLExs Jbke &AM Ay
Actionobacteria, Bacteroidetes, Proteobacteria w2 2 3719 o =2 3135
aL, ZF71 1K AFRbol  uERwE (Table 12, Fig. 10.). 370¢] & ZolA
Proteobacteria’t °F 85 %= F-AlstA WEFRLAL, Actionobacteria’t °F 15 %,
Bacteroidetes7t 1 % W|Rro2  &A3 AT Proteobacteria & FolA  a
-Proteobacteria 7to] 27} ¥ 3L, Novosphingobium, Beijerinckia, Shinella
Zo] ulEIY o Novosphingobium 0] ofF $AHA @Wo] e

Actionobacteria’d ol A= Micrococcus, Micromonospora, Sporichthya, Arthrobacter
&o] Aol uEhwtal, o] & FollA  Micrococcus %ol Wel e

Bacteroidetes &2 Flavobacteria 73| Xi= Flavobacterium®] %2 ¥ At} o]
ZAFA A = Novosphingobium 49 Algto] o S-AMstAl YErRtom, o] &
= FAY HAEC #E7F HY woE, 2dgolAE wWel 7t HAG
(Katsuhiko et al., 2003; Sohn et al., 2004; Saxena et al., 2012). & A

Fa FaAde] gon, Fu M EF dolnl R J1E HTE ol AFA
=

et al., 2007; Dastager et al., 2010; Chittpurna et al., 2011), 1-FH oz A3}
o ool HAY, Ad EYY  fol HUAVIA dvEwoa Azte
Arthrobacter %2 5T, oA, AHELLE. B3 S, 282, EYotdl, 99

oA et on o] &2 FASANM & A= Aew F4 dr
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Table 12. The Phylogenetic relatives of representative strain from each RFLP

type strains from Semioreum sample by 16S rRNA gene sequence similarity

RFLP NO. . . Sequence

Type colony Phylum/Class Closest relative species similarity (%)
SM1 14 Alphaproteobacteria Novosphingobium stygium 99.1
SM?2 1 Bacteroidetes Flavobacterium granuli 97.7
SM3 1 Actinobacteria Micromonospora mirobrigensis 99.7
SM4 3 Actinobacteria Sporichthya polymorpha 94.1
SM5 2 Actinobacteria Arthrobacter oryzae 99.7
SM6 3 Alphaproteobacteria Shinella fusca 98.2
SM7 22 Actinobacteria Micrococcus yunnanensis 99.8
SMS8 4 Actinobacteria Micromonospora mirobrigensis 99.5
SM9 25 Alphaproteobacteria Beijerinckia indica 94.9

_41_



17 Micromonospora mirobrigensis \WA2017(AJ626950)
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Fig. 10. Neighbor—joining phylogenetic tree based on 16S rRNA gene
sequences of cultured bacteria from sample of Semioreum. Numbers on branch
nodes are bootstrap values expressed as percentages (1000 replicates). Bar, 0.02

substitutions per nucleotide position.
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ddeolA Zeld 245789 Fe=h2 33709 RFLP f+do2 yebstal 7 39
TFE5 16S rRNA #F3#e] A7 3 77k F5 AAE A3 4719 ZellA
6709 el Aol EFEHJTY (Table 13, Fig. 11). Proteobacteria,
Actinobacteria,  Bacteroidetes, Firmicutes 9] M| 3to] g
Proteobacteria?} ¢ 55 %, Actinobacteria’} °¢F 40 %%  YERYEIL,
Bacteroidetes °F 3 %, Firmicutes ¢F 2 %& ZJ3Ath 4 oA HHA

Actinobacteria 7+°] < 40 %, a-Proteobacteria®} °F 38 %= W|S=3tAl YES

a1, y-Proteobacteria ¥ 17 %, Bacilliy Sphingobacteria Z}7Z+ <F 2 %, B
~Proteobacteria % 1 %, Flavobacteria 1 % VIRro.2 YEISTE Actinobacteria
ol += Nocardioides, Arthrobacter <°] Alphaproteobacteria 74X+
Sphingomonas <°], Gammaproteobacteria 73|+ Lysobacter 4°] @o] Lt
E}vith. Bacteroidetes 5ol 4= Sphingobacteria, Flavobacteria 73°] WEMRES
W, Firmicutes ol X< Bacilli 7+°] YEIS T Nocardioides <2 3l 2%
LA REdnta I8 A Ut (Woo et al, 2012). 9552 s 108m=
A A gell mirkel A, AR A o] e I FA4¢ &

AF BEF 2 AAA SoA Wo] Fxde MuEe] dHElwew Its FA4
o] QIZteY ESdo] AFEH ITFAUE

el o] Hlawd vggFd Eawol T =46t

FHoR AR ASITY AA]
oj-o] At A&
k.

facs
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Table 13. The Phylogenetic relatives of representative strain from each RFLP

type strains from Wondangbong sample by 16S rRNA gene sequence similarity

RFLP NO. . . Sequence

Type colony Phylum/Class Closest relative species similarity (%)
WD1 1 Bacteroidetes Flavobacterium resistens 96.0
WD2 1 Firmicutes Bacillus cibi 100.0
WD3 9 Alphaproteobacteria Sphingomonas oligophenolica 98.4
WD4 1 Actinobacteria Micromonospora humi 98.7
WD5 2 Gammaproteobacteria  Pseudomonas mosselil 100.0
WD6 1 Betaproteobacteria Duganella violaceinigra 98.8
WD7 1 Alphaproteobacteria Sphingomonas oryziterrae 985
WDS8 27 Gammaproteobacteria  Lysobacter dokdonensis 98.1
WD9 7 Alphaproteobacteria Sphingomonas oryziterrae 98.8
WD10 2 Alphaproteobacteria Sphingomonas jaspsi 99.3
WD11 2 Gammaproteobacteria  Pseudoxanthomonas icgebensis 98.4
WD12 1 Alphaproteobacteria Brevundimonas aveniformis 99.0
WD13 9 Actinobacteria Arthrobacter oryzae 99.8
WD14 55 Actinobacteria Nocardioides ganghwensis 979
WD15 1 Firmicutes Bacillus nanhaiensis 100.0
WD16 1 Bacteroidetes Filimonas lacunae 91.3
WD17 2 Betaproteobacteria Massilia varians 975
WD18 1 Actinobacteria Microbacterium maritypicum 100.0
WD19 2 Firmicutes Exiguobacterium indicum 99.6
WD20 10 Gammaproteobacteria  Lysobacter brunescens 100.0
WD21 1 Alphaproteobacteria Sphingomonas jaspsi 994
WD22 49 Alphaproteobacteria Sphingomonas jaspsi 994
WD23 4 Bacteroidetes Filimonas lacunae 91.6
WD24 1 Alphaproteobacteria Methylobacterium oryzae 100.0
WD25 1 Alphaproteobacteria Sphingomonas soli 98.2
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Table 13. continued.

RFLP NO. . . Sequence

Type colony Phylum/Class Closest relative species similarity (%)
WD26 1 Actinobacteria Micromonospora aurantiaca 100.0
WD27 18 Alphaproteobacteria Bosea thiooxidans 94.5
WD28 1 Alphaproteobacteria Sphingomonas jaspsi 994
WD29 1 Alphaproteobacteria Porphyrobacter donghaensis 99.0
WD30 1 Actinobacteria Nocardioides ganghwensis 97.8
WD31 2 Actinobacteria Micromonospora humi 98.5
WD32 2 Actinobacteria Micrococcus yunnanensis 99.8
WD33 27 Actinobacteria Arthrobacter oxydans 100.0
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Fig. 11. Neighbor—joining phylogenetic tree based on 16S rRNA gene
sequences of cultured bacteria from sample of Wondangbong. Numbers on
branch nodes are bootstrap values expressed as percentages (1000 replicates).

Bar, 0.02 substitutions per nucleotide position.
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ZAA 9 oA EEdE AT AVIMEe BAR Ay, Fo BERTo=
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st Aytela AZE Y. Firmicutes 2 DNA G+C H]&9] Y& (lostridium, 3t

M
-
!
ol
o
Rl
i
=)
rlr
Mz
=il

o2 ZAMA AA A Bacilli 73wto] vhERyE o™
ol rirS YERN AL Ut} Verrucomicrobia & W wjdA At o ® oA 7}
A @ol dHA YA B EFTOR B AfoA 1719 tFute] vERgon

o Altel tid ¥ w2 Ao W2 A9 JFAVE =va Al Eh

o B 2AA 9o FA AT TR BE ATE Fohmgith FWE o) %
A F SmgAe] At Ehel B AT Adsh wEHC} Uu, AFE WE F
eBWH FA% 100mA F#A8 A4S 97 dvh wEsel ArkBaik



2006; Choi, 2012). #&d A5 A3 m=2H X FX| A= Firmicutes i ©]
ok 50 %= WS st al, Actinobacteria o] °F 32 %= o] uElyith 1
] Proteobacteria °| ¢F 14 %, Bacteroidetes w°] ¢ 4 %= UEsEOH,
Proteobacteria |4 a-Proteobacteria 7} ¢F 7 %, y-Proteobacteria’t °F 5
%, B-Proteobacteria?t °F 2 %7} UELS T AFE9 3435 FA A= A4
S 2 Proteobacteria &-°| S-AMstA YERG ABRE FEA FREEQ ko A
ol A A= skl AF=et 421 o] AE Pt AZpE It o]
AF= ol A st735 FA¢F AAFA Y Adey 235 A, 2=
FA 9 1100227 FA A= 470 &, T/ 7ol A 8= Avhal B =]l
Proteobacteria 9|~ a-Proteobacteria, [3-Proteobacteria, y-Proteobacteria
7ol Webykal, Bacteroidetes -9lX= Flavobacteria 7%, Sphingobacteria 7°]
Uelyk o™ Actinobacteria 2| Actinobacteria 7, Firmicutes A Bacilli
ol YElwth. B-Proteobacteria 44 %, y-Proteobacteria 29 %, Bacteroidetes
o 15 %, a-Proteobacteria 11 %, Actinobacteria & 1 %, Firmicutes .+ 1 %
ngk olgle= BIEE HYtl.  Proteobacteria  Fo]  $ABHAl YERwEa,
Bacteroidetes, Actinobacteria & <2 %2 YEMETE Proteobacteria w2 A3}k
A vEhd AL = o] $-x FA ok FAgE AolE yEha v S
T4} @] Bacteroidetes o] %ol Yetd A& st A9 Ak A FA]
o] zpol Mol A Zrofrolop & Fojt}, o] X FA, AFE w&=WH

A, 11004 FA 9 3t72 FA4= FAAA = 8 7T YEl 3l
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V. 8 <

3 FAY AdTHS EA AT

Fotol A= 160700 Fetol £ H AL, 267H¢] RFLP f&3 o2 wrojxon
Actinobacteria, Firmicutes, Proteobacteria®l 37} & (phylum)e] Alito] # ¥}
Row  Proteobacteria & & [-Proteobacteria 7% (class)e] Alxto]l 7} wol
T AT e = 295709 HFe] elH AL, 1171 RFLP 322
oy F T}, Actinobacteria, Bacteroidetes, Proteobacteria 3719 & <1 &
T AATt.  Actinobacteria o] °F 70 %= A =4, Arthrobacter 49
Arthrobacter oryzae 7} 73S 3t Q= Ao 2 YEYT FoEoAE 92 )
o] Hgo] B, 23709 RFLP F3d o=z yFol#t}h. Actinobacteria,
Bacteroidetes, Proteobacteria 3719 5 <21 & 4 AATE a-Proteobacteria, B
-Proteobacteria, Actinobacteria, y-Proteobacteria 74 o2 o] yEltory,
Bacteroidetes 2] Sphingobacteria 7+°] °F 1 %E A3kt Algte &2 209
el ol £ H AL, 267H¢] RFLP F&8 o2 wvroj it o] 52 470 &, 371
Foz FFHEUA, B-Proteobacteria 7+ A Variovorax, Acidovorax, ~1E]
I Paralcaligenes 0] 7V ®o] AAstE Aoz yEyth S FNA=
67571 Fehe] el E A, 57719 RFLP 3 o= yrol A 5712 FelA 8
el el &obe= Aol yvErW o™, 9 A T P vl =& FoE
YUEelwttl. Proteobacteria w-©| 713 ol UEwE S W Proteobacteria & ol A4
B-Proteobacteria  7}°] W] UENTE  [B-Proteobacteria, Actinobacteria, a
-Proteobacteria, y-Proteobacteria 7, Firmicutes 9  Bacilli 7,
Bacteroidetes 2 Cytophagia 7, Sphingobacteria 7, Verrucomicrobia 2]
Verrucomicrobiae 7 2% Wo] UeHTh 428w 174709 Feto] a5
A3z, 15789 RFLP 8o 2 Yol Ht}. Proteobacteria %-°] ¢F 99 %Z 2HA|

3+ 31 Actinobacteria w°] ¢F 1 %E AA| ST Proteobacteria & oA %
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a-Proteobacteria 9+ [B-Proteobacteria 7F5ro] YERSTE E Gl ol A& 1237
o] Heto] ¥ la, 287) RFLP F3d o2 UFolH vt B-Proteobacteria 7<)
Pelomonas, Herbaspirillum <°] 7} o] ®27F AT}t a-Proteobacteria
7ol A Rhizobium 4], y-Proteobacteria 7 )X+ Pantoea 40| %o| YEly:
t}. 1 2o Bacteroidetes w4 Flavobacteria, Sphingobacteria 742 At 9]
B ¥ i, Firmicutes ¥oNX Bacilli 7+¢] Alito] UErRTh An oS0
21570 ¢ Hegeo] &R, 9719 RFLP F3 22 U3tk aProteobacteria,
Actinobacteria, Flavobacteria 732 Aito] #+2]7} S At} a-Proteobacteria 7
ol A Novosphingobium, Beijerinckia, Shinella % ¢] Y EISFC 1, Actinobacteria
oA Micrococcus, Micromonospora, Sporichthya, Arthrobacter <2 At 9]
YUElwtal,  Bacteroidetes 2] Flavobacteria 7 oA+ Flavobacterium®] %]
H ATk Agol A= 245709 Heto] ®E]H L, 33708 RFLP & o= 1ol
Hnom 4ol FEolA 6719 Ao Aol EHHAJT.  Proteobacteria,
Actinobacteria,  Bacteroidetes,  Firmicutes %9  Alito] Hg ¥,
Proteobacteria oA 7} o] & EH U™, Actinobacteria w°] 1 TS
Ak, A oA B Actinobacteria,  a-Proteobacteria, y
-Proteobacteria, 3-Proteobacteria <=2 % o] g7} At}

939 st4s FAONA WY e Alds el A3 S &, 8719 Aol
A Tk Algto] 2 HATE shAIRE vl FEAd Aol ol tigk Aok FA
Woll A Al 524l A9l o v oA 2AMGHA 343 FA4 9
SAske Aol Wall & o des] & AS slojth

2 ATe str3E 549 A o

dEste] ggd A4 A H I E vpen

4
BN
iy
=2
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