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Phylogenetic Analysis of Bacterial Diversity in the Marine Sponge,
Asteropus simplex, Collected from Jeju Island
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Culture-dependent RFLP and culture-independent DGGE were employed to investigate the bacterial community
associated with the marine sponge Asteropus simplex collected from Jeju Island. A total of 120 bacterial strains
associated with the sponge were cultivated using modified Zobell and MA media. PCR amplicons of the 16S rDNA
from the bacterial strains were digested with the restriction enzymes Haelll and Mspl, and then assigned into
different groups according to their restriction patterns. The 16S rDNA sequences derived from RFLP pattems
showed more than 94% similarities compared with known bacterial species, and the isolates belonged to five phyla,
Alphaproteobacteria, Gammaproteobacteria Actinobacteria, Bacteroidetes, and Firmicutes, of which
Gammaproteobacteria was dominant. DGGE fingerprinting of 16S rDNAs amplified from the sponge-derived total
gDNA showed 12 DGGE bands, and their sequences showed more than 90% similarities compared with available
sequences. The sequences derived from DGGE bands revealed high similarity with the uncultured bacterial clones.
DGGE revealed that bacterial community consisted of seven phyla, including Alphaproteobacteria,
Betaproteobacteria, Gammaproteobacteria, Deltaproteobacteria, Actinobacteira, Chloroflexi, and Nitrospira.
Alphaproteobacteria, Gammaproteobacteria, and Actinobacteria were commonly found in bacteria associated with
A. simplex by both RFLP and DGGE methods, however, overall bacterial community in the sponge differed
depending on the analysis methods. Sponge showed more various bacterial community structures in culture-
independent method than in culture-dependent method.
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SHS oA SAof| o]27]|7HA] W %V% Ueti= AFASNAE 282 2L ok 2 do 24 sid 34
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A&zttt IRy o] sjde] Bt mdE 2R B i
Ae] o]0l vl glon] nAE 24 T4 e ATE o))
A2 A o]t}

oA E T2 B ofl= vl (culture-dependent) T} H]Hj
9F(culture-independent)o]] A 3l= Ex}2] HhH So] Wo] o] &
w3 glonl, 34 g 28 722 olslois ] v FRal
ljoo]] 4%t PCR-RFLP (polymerase chain reaction- restriction
fragment length polymorphism)= ZSZ% 16S tDNAY| E4 &
A} 2ol elAlah AghE s Aalsto] Aekel Aol o)
B FASHE W oR Adetu] 7usto] gk 1 s
TAAIE] ThepA & §01517) TolEt 4= 9l 7140]chBotstein
et al., 1980). Y] vjj%Fo]] A%t PCR-DGGE (polymerase chain
reaction-denaturing gradient gel electrophoresis)= £4 522}
$9IE PCRE Z2s1o] 2 Alo]A] H7] %5 oJ8) SHlshe
o sht olite] iAol SIE AR the WER 7
EHEE AAeH o v ES wiYgsHA ¢k 23 25 AAl
a}oksl 4= Q)= 7]<&o|th(Fischer and Lerman, 1983). All«2] &
A vl ohgstn] SR o2 A YA W g 7Rt
T AFE 91 1%0] Bg 02 LeiA o] (Hentschel
et al., 2003), vujF Wrof o5t i FAuYESY thekd W
TRTFZRY A7 S8k HEgel At ndE 2 B4
< 59 B2 o SolA ¢l MEL L(genus)T} F(species) 2]
u| P& HEo| 7538t thJackson et al., 2012).

# AL AFE BEOIAoIA 51F S A, simplexS Y
sto] ufFel] 2J3t PCR-RFLP W} mlufjgko] o3t 16S
tDNA-DGGE9] 23] sl 3-8 Alxte] ot d& 2AFstaL A3
£ vlwslsick

Mz 2
SHAIRS| XHE

Sk Sl A, simplexo] BASHE Al@el e ZA1]
Slatel AT TEoHo1A 20114 89 220 279 tho])
S olga}o] oF 15 m Zole] uhciol A e Axakdck A
g HS BE QFAsE 33 Al F 4T oA 1E 3 244
2k ool Aol A&kt

S SdMlzel Uiy W 22

el 22ke WP FleR 38 AA T, SH PE S |
em® 2712 Ze} Qg 3 ml gof FAIAZ g 1083
283} stk 22 107747] 43} 31413 5 M FE ZoBell
(ZB) "l | (peptone 5 g, yeast extract 1 g, FePO4H,0 0.01 g,
NaCl 23.6 g, MgSO,7H:0 5.94 g, MgCL6H:0 4.53 g, CaCl,
1.3 g, KC1 0.64 g, agar 15 g, DW 1 L, pH 7.2)2} MA Hjj%]
(marine agar 2216, Difco, USA)]| 100 pl& =@35}e 25T of| A
797 wiekstt. H=e| FejA EAof et vlE E=, ¥E
E ZB x4 797], MA wiX]ol|lA] 4170, & 1207H9] 455
Adstat. Add #4559 5 298 Yot Yt ujA|
oA Ad vjFstd @Y =S Aok o] FFEE 16S

rDNAS] RFLP 240} o]-§5}ic}.

DNA == 9 16S rDNAQ| PCR &%

HAA| DNAE 229 Al #5759 2 eho 25 gDNA
Extraction kit (Solgent, Korea)E ARMEsle] &35 on B
=] DNAE PCR HH2-9] 3 0 2 ARE3}STh 16S tDNAS] &
Zoll= 27f (5-AGA GTT TGA TCC TGG CTC AG-3)9}t
1492r (5'-TAC GGY TAC CTT GTT ACG AC-3)9] Zzlo|Hy
S AMESHA T PCR HEHE S8HE9] AL 5 ul 10x reaction
buffer, 1 pl2] 10 mM dNTPs, 5 unit/ul Tag polymerase (Solgent),
z}zko] Zatow 10 pmol, 18] 100 ng] A|E DNAZ 1 pl
F7kste 2F F1] 50 plo] E&=E sfo] PCR HHg-& 35k
t} GeneAmp PCR system 2700 thermal cycler (Applied
Biosystems, Version 2.0, USA)E o|-&3}o] 94 C oA 387 =
71 MAAZ &, 94°C oA 40237t WA, 55°CollA] 4027+ ¥,
72°C oA 183 A, o] IS 303 vhe 33 & T2 o
2 72°C o)A 1087E A ZT. ZEF DNAL] 8IS 954
PCR Y390 3 u1E 33} 1% o}7}k2 28 (Biopure, Canada)S
0]-83}4] Mupid-ex (ADVANCE, Japan)2 100 V, 2587t 1x
TAE €5-89(40 mM Tris-acetate, 1 mM EDTA, pH 8.0)°]|A]
A719% 519t A7)19%E %, EtBr (ethidium bromide, 50
ng/ml)e]] 1057+ GM3}ed Gel Logic 200 (Kodak, USA)Z ©]
&3ke] UVstoll A oF 1.5 kb TS gl

RFLP £

PCR AHZ9] RFLP H4< 98} 2%9] A|gtE4A Haelll
(Takara Bio Inc., Japan)2} Mspl (Takara Bio Inc., Japan)& A}
g9tk 221 1.5 kbe] DNA W] Z12te] A3 542 A
7ksto] 37°C oA 4X17E HES AT WGBS 3% olFtR Al
AMg8te] 1x TAE Y5890 2 100 V, 3087 27|95 8 &
EtBr2 FA3}o] Gel Logic 2002 o]-&3}¢] UVsiol| A Tzste]
7} g20] Wh=9-3-2 8101519} 165 rDNA-RFLP fingerprinting
Egle] whet 21219) RELP e}q] M2 1-2749) £ #5524
Hato] F 372 -2 @71 A D(500 bp o1& EA4 8T
ZZ =¥ PCR AH2-2 MG™ PCR DNA Purification kit (Macrogen,
Korea)& ©]-85t0] A5t L, 27f Zeto|HE o|&3t F7]
A g 24 (Macrogen)< 2| =34t}

Total genomic DNA F£&

AR e 1 em’ 272 Dot AR ATASE AH T
10Tl 24X2F AulEAE ohd FZ2dx7]0A -507T,
0.033 M bar 7|90 2 247k Azl 2 AzE sHe
HE gz} APt @iu Bt em G-spin™ Genomic
DNA Extraction kit (Intron, Korea)E o|-83lo &3 &
DGGEE 93 PCR §H§-9] 8 0 = A3ttt

16S rDNA2| DGGE-PCR &=
GC clamp7} &7} 341f (5'-CGC CCG CCG CGC CCC
GCG CCC GGC CCG CCG CCC CCG CCC GCC TAC GGG
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Table 1. RFLP fingerprinting types and relative abundance of major groups in cultivable bacterial community of the marine sponge, 4. simplex (RA)

RFLP Representative  Phylum

% Sequence Number of

type” strain Bacterial species similarity strains Percentage®

Alphaproteobacteria 32.5

2B RA-29 Labrenzia alba (AJ878875)" 100 2 5.5

7G RA-52 Litoreibacter janthinus (AB518880) 96 1 2.7

SE RA-24 Pseudovibrio ascidiaceicola (AB175663) 99 1 2.7

1A RA-51 Pseudovibrio japonicas (AB246748) 100 1 2.7

3C RA-19 Ruegeria atlantica (D88526) 99 3 8.1

4C RA-22 Ruegeria halocynthiae (HQ852038) 100 3 8.1

81 RA-36 Ruegeria lacuscaerulensis (ACNX01000031) 100 1 2.7
Gammaproteobacteria 54.0

13L RA-118 Photobacterium leiognathi (D25309) 99 2 5.4

13K RA-92 Shewanella fidelis (AF420312) 100 1 2.7

12] RA-76 Vibrio chagasii (AJ316199) 100 12 324

10J RA-9%4 Vibrio comitans (DQ922915) 99 1 2.7

12H RA-67 Vibrio communis (GU078672) 100 1 2.7

14N RA-47 Vibrio fortis (AJ514916) 100 2 5.4

11 RA-98 Vibrio tasmaniensis (AJ514912) 99 1 2.7
Actinobacteria 3.4

16R RA-40 Serinicoccus chungangensis (HM068886) 97 1 34
Bacteriodetes 8.1

15Q RA-74 Salegentibacter mishustinae (AY576653) 94 1 2.7

150 RA-11 Salegentibacter salegens (M92279) 98 1 2.7

15P RA-117 Tenacibaculum mesophilum (AB032505) 99 1 2.7
Firmicutes 3.4

17S RA-49 Bacillus cereus (AE016877) 99 1 34

*Each combination of number and alphabet represents RFLP types of the restriction enzymes: Haelll and Mspl

b . . .
Number in parenthesis presents accession number

¢ The number represents percentage of phylum and species in total bacterial community

AGG CAG CAG-3)2} 518r (5-ATT ACC GCG GCT GCT
GG-3")9] Zato|uR-S o]-85to] 16S IRNA F73742] V3 4
< ZZ3519th PCR W2 GeneAmp PCR system 2700
thermal cyclerg ©]&3st¢ 2™ PCR EFEQ 242 16S
'DNAS| PCR 5%9) 9.9 5317 shih. POR 278
94 C o] A 40z7F ¥4, 65°C (13] 4 0.5C touch down)oj|A] 40
22+ 37k, 12C oA 187 A%, o] AL 303 BhE £33
5 02 72Co|A 1087F AGA A ZE8 DNAY] 3
212 918 PCR W59 2 WIS Fshel 2% ot 2A S ol g3}
& Mupid-exZ 100 VojA] 2557t 1x TAE 2-&gMof A 7]
5 ot W7 9E ¥ EtBrE HA5te Gel Logic 200 ©]
&, A AR ZRIsHAT SEE DNAY 27|15 ERlsp]
2%t marker2+ 100 bp ladder (Intron, Korea)E ARE-5}4th

DGGE ™7|H€S

DGGE+ Bio-Rad Dcode system (Bio-Rad, USA)& o]-&3}
o] 35}t ZZ % PCR AHE-2 bis acrylamide (Bio-Rad)E
EZ33F 8% polyacrylamideS ©]-€3}o] 30%04 70%2] =
Tl 24(7 M urea, 40% formamide) 22 A7| 95 35}

4t} Polyacrylamide &2 =7] 20x13 (WxH cm), T2 1 mm
2 ZAJ3}o] PCR A|ZE 2% loading dye2} E§3}1o] 40 pl 2] A]

2 loading3H9ith. 1% TAE $5-8942 ALg3te] 60C, 30 V
oA 1AIZE QPEBIAIR] 60 VE AS 2] 15X A7 9%
& 35tk M7]19%F F DGGE A2 EBrz 147 gast
o] Gel Logic 200 o]-&, 2] A ZALZ 155t

DGGE gice| SH

DGGE A AoflA 22 ¥ e F, ZH HEE oA Zehfof
Gel Extraction kit (QIAGEN, Germany)E ©]-835}¢] DNAE 3]
Folgth. @714 BAL $i5te] MERRE 548 DNAS
TP ARSIt Zeto|m= GC7 AlAE 341£9} 518r&
ol g5l Slot £ £A T PCRS 43kt PCR ZE
AHE-2 Wizard SV Gel and PCR Clean-Up System (Promega,
USA)Z ol-&ste] AR 3 A71ME 24 (Macrogen)< 2|
st

ASEE 2 U AES Ay

RFLP E}{]<] gfel B9 213} FPQuest”" (Bio-Rad, Belgium)
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softwareS 0|23}l RFLP W DGGE Z3}2 dojZ g7]A
&2 NCBI (the National Center for Biotechnology Information)
o 525 F7]4¥EE JALC Z Blast searchE 53} c}. 2zt
A71A € 9] alignment:= CLUSTAL W (Thompson et al., 1994)
£ 0|83} AE3} 1 Molecular Evolutionary Genetics Analysis
(MEGA) software version 4.0 2 ©]-&&}¢](Tamura et al., 2007)
neighbor-joining ¥ (Saitou and Nei, 1987)0] 23} As}1A ]
£ At AlesE F2313h 1,0003] WHE bootstrap 4]
of o3 AF4E gl

N

oh

it BAMERO| 22| U RFLP £
=

Arr B2olx]oA NAHE A. simplex A2 vjeF 7H535t

Haéelll

0
0

4
E;D
100

o = [1IRILT

A S FZE 16S tDNAS| PCR-RFLP HH o] o3 =
Abt7] fiste] 2R A E F 1209t thste] = F/2
AFt AAE 0]-831o] 16S tDNAS] RFLP B}YS 2451t}
RFLP B}l 717} HaelllS 0|83t 7% 1770, Mspl2] 3% 19
7h9] Btle] WEEUT 7 EAE o83 RFLP Bl 29
sto] F 24709] A= thE RFLP EfQlo] &5 3 th(Table 1
and Fig. 1).

DGGE HHE kAt

| oF o]l 7] 23t 165 rDNA 2] PCR-DGGES 285} A.
simplex®] W FAARY) AT hpS Akt 3
H AR RHE 53 7344 DNAE 3 2 & 16S IDNA 54
28] V39 A& SE31o] 194 bp9] AFE F27]¢] PCR A=
At A. simplex2] DGGE Y= wfj€l 24 Ax}, & 127)] o]AF

Mspl
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Fig. 1. Dendrogram showing the 16S rDNA-RFLP profiles and the relationship among bacterial strains isolated from the marine sponge, 4. simplex.
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Table 2. Phylogenetic affiliation of re-amplified denaturing gradient gel electrophoresis (DGGE) bands derived from the sponge, 4. simplex (DA)

DGGE

Accession % Sequence

band Closest relative o, similarity Phylum
DA-5 Marivita sp. CZ-AX3 JX306767 98 Alphaproteobacteria
DA-2 Uncultured beta proteobacterium clone EC10 DQ889936 90 Betaproteobacteria
DA-10 Uncultured gamma proteobacterium clone A44 FJ1529272 94 Gammaproteobacteria
DA-8 Uncultured delta proteobacterium clone XC2A01 IN596694 100 Deltaproteobacteria
DA-11 Uncultured delta proteobacterium XC2A01 IN596694 100 Deltaproteobacteria
DA-4 Uncultured actinobacterium clone OTU115 JQ217275 98 Actinobacteria
DA-7 Uncultured actinobacterium clone Petrosia64 IN392390 100 Actinobacteria
DA-12 Uncultured actinobacterium clone ACT-E234 IJN113055 99 Actinobacteria
DA-1 Uncultured Chloroflexi bacterium clone W04IS4E04 EF629722 99 Chloroflexi

DA-6 Uncultured Chloroflexi bacterium clone XD2022 IN596747 97 Chloroflexi

DA-9 Uncultured Chloroflexi bacterium clone 289R EU819048 99 Chloroflexi

DA-3 Uncultured Nitrospira sp. clone XD2H12 HQ270376 91 Nitrospira

o] =g FeIa 4 93IT(Fig. 2). o] 8 £9] DGGE W=
7} e Al TR S Thetaly] $15to] 165 rDNAS) i
CHPECEREEE

G7IME BN W AISSE BN
165 tDNA-RFLP RA4o] oJ3] 2474¢] Efeloz Lpd, A,
simplexo| A 2|8 Mlat5oll H3l Z- RFLP ety B = 1-270¢]

Fig. 2. DGGE banding patterns of amplified 16S rDNA obtained
from A. simplex (DA); DA1 and DA2 present the DGGE profiles
from independent experiments using the same sponge sample.

2 #F& Adste] FE G714 G500 bp o]hH)E AR
t}h @71Ago] BAHE £ 379 e 45 BF 7|E0 B
H Al 3 94% o1+ FAHES e SITk(Table 1). €71
X go] E45 247119 RELP €492 197]9] Al &2 UYEFH S
om o] ZIF TAR AF RFLP 249 2o 1204753
EAstaL 0|59 BA Aol A F8 FAAA L&l
et AlS3H thebdS 2483 th(Fig. 3). 16S tDNAS] RFLP
HXo| o3| A. simplex 3|He] FRAT-S Alphaproteobacteria,
Gammaproteobacteria, Actinobacteria, Bacteroidetes, Firmicutes,
5719] Hof &35h= A o2 el THFigs. 1 and 3).

DGGE H1E 35l ¢ 2 ¥ Al 9 oS £4517] 9
3 &<l DGGE WEcj4 DNAE &350 71482 &4
stk 23, 12709 e thg H71 A ES SIS 5= Q1%L
o, 239 AE5E 25 &2 A 857 90% oA 100% ] 4
54 (similarity)2 YE} I th(Table 2). DGGE Hi= 9jgl-& t}
Fotgon, MEZRE WE7l o] NEE2 vigEA g
2 Al (uncultured bacteria) 53+ =2 A4S UYETH
DGGE W =94 DA-1, DA-62} DA-9+= uncultured Chloroflexi
(EF629722, IN596747, EU819048)2} 97 % 9| X 99% 2] AFsA-S
e )21, DA-2+= uncultured Betaproteobacteria (DQ889936)
©}90%, DA-3=uncultured Nitrospira (HQ270376)2} 91% A5
A& eh9ith DA-4, DA-73} DA-12=uncultured Actinobacteria
(JQ217275, IN392390, IN113055)2} 98% ol 4] 100% 2] AF5A
2 Yeljiglew, DA-5= Marivita sp. (JX306767)2} 98%,
DA-83} DA-11-2 uncultured Deltaproteobacteria (IN596694)2}
100% A=EALS Hgow, HWlE DA-10&  uncultured
Gammaproteobacteria (F1529272)2} 94% A+5/3-S Ve i
DGGE Y1=2] §714F &4of ZATI Ale4E A% A1t
(Fig. 4), A. simplex®] T8 FRAITd 15 Alphaproteobacteria,
Betaproteobacteria, Gammaproteobacteria, Deltaproteobacteria,
Actinobacteria, Chloroflexi 18)1L Nitrospira®] 7719 £o2

b,
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Az AAEHE B S A simplexe] TAAE the
A2 erok7] Sistol wlopol ofgk PCR-RFLPS} lujof 27}
A28 DGGE £4& =35ttt

PCR-RFLP 249] 95| A. simplex®] W% 7Fa3r 3 A+
L2 Z57019) ol £33t 1 == GammaproteobacteriaZ} 54% %=
71} 48k= Al 231Utk Alphaproteobacteria®] 7-$-=
32.5% 2 YERY} Gammaproteobacteria®l ©]o] A= Al
30|tk Table 1). Alphaproteobacteria®} Gammaproteobacteria
£ 238t Proteobacteria -2 & 86.5% = A5t A. simplex
oA 71 st Mot 24U & 4= St o= Li 5(2007)
of gl dE=dlloll Ask= 4% W, Stelletta tenuis,
Halichondria rugosa, Dysidea avara, Craniella australiensis2)
Sl ogt A X B4 ol A Alphaproteobacteriat
GammaproteobacteriaZ} 77 $4sH= Aot -2 RE

9} Gammaproteobacteria= H FAMF L oMA 7 24
St= Al 302 gl A 9Ith(Webster et al., 2004). 713 &
2 B3xE HQ M £ Gammaproteobacteria® Vibrio
(45.9%)} Alphaproteobacteria®] Ruegeria (19%) Rt} Vibrio
% % V. Chagasii=32.4% AAst= @Y $HAFTOE FA] of
A 2RE XS Ee=o] o] sigeEd Aes duA
QJth(Thompson et al., 2003). Actinobacteria®} Firmicutes= Z}
7k 3.4%F ATt A simplex WollA 71 AL £ix5 Ve
QTt. Actinobacteria®) 73S Serinococcus 45, Firmicutes®] 73$-
Bacillus7} 38 4.0 2 FAE|Ict RA-74 o5= Salegentibacter
mishustinae®t 94% F5/3S Uetfo] AF FE 43dS &
4= Q] tH(Table 1).

HiF 7He 3t FAAITE R 9 A2 5719 Eol wadd vl
v ko]l 7] %23 DGGEW | &%t 7% 770 2] &o] Ueht 34
At 23 T2 Qo] W] @& Zol& Ure $lth(Figs. 3
and 4).

H} o]9} Ux|5t= Agon, UukA © 2 Alphaproteobacteria PCR-RFLP2} DGGE H}*Hol| 2J3}] A. simplex 3|82 A 5RA|

91 pA-82

RA-42
85 RA 77 Gamma-

proteobacteria

53 | RA-8
RA-5 "
96 |{/bRr/Ao 9Cé]3ga$ll R-37127(AJ316199)
97 Vibrio tasmaniensis LMG 215747 (A)514912)

77 99 L RA-47
Vibrio fortis LMG 215577 (AJ514916)
[ Vibrio communis R-404967 (GU078672)
RA-67
sol_|RA-G4
100 Vibrio comitans GHG21T (DQ922915)
Photobacterium leiognathi ATCC 255217 (D25309)
10 A3

RA-92
100 Shewanella fidelis KMM 35827 (AF420312)
100 éibéegnzm alba CECT 50947 (AJ878875)

RA-80
RA-24
100 [ ﬁezﬁ’avibnb japonicus WSF2T (AB246748)

70 Pseudovibrio ascidiaceicola FA23T (AB175663)

T RA 52
80 Ltcreibacter janthinus KMM 38421 (AB518880)

100 RA-27
45 RA-22
77/ |RA-30 .
Ruegeria ha/o?/nz‘h/ae MA1-67 (H%852038)
Ruegeria atlantica IAM 144637 (D83526,
40 RRuiggeﬂa lacuscaerulensis TTI-11577 (ACNX01000031)
RA-91
56/ RA-60
T RA-40
100 Serinicoccus chnffggensis CAU 95367 (HM068886)

29 | 100 — Panacibaculum rmesophilum MBIC1140T (AB032501)
RA-74
100 Salegentibacter mishustinae KMM 6049T (AY576653)
100 Fr e
96 Salegentibacter salegens DSM 54247 (M92279)

r RA-49
100 * Bacillus cereus ATCC 145797 (AE016877)
Thermococcus alcaliphilus DSM 103227 (AB055121)

100

99

82| 67

Alpha-
proteobacteria

| Actinobacteria

Bacteroidetes

Firmicutes

0.05

Fig. 3. Phylogenetic relationship were determined by the 16S rDNA sequences of the isolated bacterial strains from the marine sponge, A.
simplex (RA). Numbers above branches indicate bootstrap values of neighbor-joining analysis (>50%) from 1,000 replicates. The scale bar
represents 0.05 substitution per nucleotide position.



2] Tk B4 A3} Alphaproteobacteria, Gammaproteobacteria,
Actinobacteria®) 15°0] TE0 2 ZA5I= Al 2otk A
FE FSANAN HAs= FF77F o-E 89, Spirastrella
abata®] gk PCR-RFLPS} DGGE hglo] ofah FAA the
Aol T3t ALol| A= Alphaproteobacteria, Gammaproteobacteria,
Actinobacteria= ZZ2 02 e = ZAAN A 202 91
H.oul(eong et al,, 2010), 7 9] 3}9]<] S| S Fofl B3 A
FOME o] Al BL ol S0l W) BEel g RO 8
315 v} QIti(Zhang er al., 2006; Mohamed et al., 2008; Kennedy
et al., 2009). $+H, Bacteroidetes®} Firmicutes= RFLP H'H o]
Ol Tt EFAEQIe™  Betaproteobacteria, Chloroflexi,
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A Eo] Wo whE FAAIE Tl AeolE eIt
S sl de] Exske Ao A Q= Chloroflexi,
Niospiraz ko vljoF 2RURHS] A9 B HER
AEEY vl gt A9 w4 W=7} wf-$- Rrh(Jeong et
al., 2010; Erwin et al., 2011). o]+= vljoFal x| 9] A, vjok =4
T = W9 Apojof 71Q1g Ao A7 E W, webs thggt
A5 o] &3to] B2l aES S} talA} Sl go] vkl
ofgh e BAHE Thebgol e AT olRolAn gt
(Park et al., 2002; Sipkema et al., 2011). Haliclona sp. 3|02
e 7hs et SAAIES 2E5k7] S8l S, A
¥, floating filter B<¥, 37}A] 2] A& th2 WhHE o] &3 A$-
i< ¥R of] whet Allat Tthd/d o] @AI3] 2tk 21 Bastglrt
(Sipkema et al., 2011). =g s FAAZE] Belo Qo] Thof
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@ 2o e A8 A9 A2 $1 1Fe X
Alphaproteobacteria (89%) R, A= &of YojA= A
wERQl ool SlIAlE 2 Hel=jx] S Planciomycetes,
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AL B3 th(Sipkema et al., 2011). Hymeniacidon perleve
o2 HE WAHFS Ha5}e] 16S rRNA gene-RFLPO] 2]
3 thek S 2ARSE Aol A = ek o what WAoo ook
AL ¢ gAY, B3] gAY uigel &3] AHgEE
MA W72 ALgT S Alge] thopd e uhe AgE o)zl 2
< B 38}31 QJth(Zhang et al., 2006). Jackson 5(2012)°] &gt
Aol = ujFol] of%t -, £t 200712 #71 4719
2ol &3k BHA pyrosequencing®]] o3 TS EARE H9-
10712] Fo] LA=GIE & A AIoNE wigke] gt
RFLP 31 9] 79 ululjef DGGE®| H|3| thefdo] B2 A=
Ut vigFdol ot A9 ko] wie AE7 He A
(Jackson et al., 2012)2 & &= ek L2} vkl oJstA] &
= DGGE W gA| SZH TS0 A2 A 2 E=A &
At A9 = Ll wet FEEE Al 10 HEAY E
gk - B2 A71A D(SF 150 bp) = Q18] Al thek/de] £40
= A7 Sl
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e
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Fig. 4. Phylogenetic tree from analysis of 16S rDNA sequences of DGGE bands from A. simplex (DA). Numbers above branches indicate
bootstrap values of neighbor-joining analysis (>50%) from 1,000 replicates. The scale bar represents 0.05 substitution per nucleotide position.
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