BB 0718

eDNA-PCR (ZLDFED DD FTHBEENNK 45 i & O B2 B3 0158

o

AT TR T A T

B B BE ALAEHI A DD EIHREL CHIER EICE EITFET 2 e m— AR AT ABLOF F U R AT~
AZADEHFTIFRICHETHD, ZNHDNAF VT AEWMAEM LB EZIT X, =8/ —/L KFEBLIOMb R LR
B OB ATREIT /0D, MHEICITIERE M2 B L OV S B E DIEF BB R A AR FET D, ZNHD
AT~ ZD 53 CBEAL) \ZRIH CEOMAEM IS D7, ZO G FHEMEDTIVE DI EAE THD, £z, ET
DOIEFEATREASMEIT 1%L FES I TEY, TOIEEAENEE M HE, HERERMECHOON N5, I, BEE N T
Z &7 EEZBR BT D DNA (environmental DNA =eDNA) DA TV, 747 TV — 503 T T %, eDNA %
REMAEMBESERORE 7 — VB X T ANREEBFOI/a—=0 7179 HiEThD, #43)1| IREAR T ERERSHT
D FERBE I I L OB D O WD XK DY TV 7 AT 0T, WKIZAT VR AT 42— %Al AL ClgfiA
T2 WK P ORI ORRE AT IR0 T2 ATURIAT L4 —J1) eDNA DO[ENLETT7eo72, B L 72 eDNA %5
ELT B-1,4-F2 T —F (HG10), 7HF—F (HG16) , FFF—¥ (HG18) BL® B-1,3-FFF—F (HG26) DIRTF
T OAER L T2 7T A~ — 24 JH U CRBEE K Sy il F8 A n 1 W i O¥ER A AT o 72, FERE I IR L 7% 7
NEOXT F— BRI W OBERIZASI LT, LOLRBBMO BRI DWW TR T 528 k-7, Zhb
DM Ora—=2T7%4T\, 85 /a— DT aAT o7z, TOOE RSN IREL  HEESNDT /Bt LizLZ
A, 14 FEEOX T —BIZaESh -, Zhb0FFF—BIZBFEOX T —E8 L 88%LL T OFFIEERL, HiFlOX
FF—BIHEESNI, SHIT61 7 — D3 96% LA EOMFRIMZRL ., Rl—FllbmoxFF—RB e iEsn, Znb
DFFF—E1% Bacillus circulans @ chitinase Al & 52% DA [EIM:Z R LT, ZAHDFF T —BIZMOWEHFE R kO~
JVINEHR ST, F2, eDNA Y7 /L% L T 16S IRNA BIE 747 7V — L OV T-RFLP (2 LD E # D
i §r %17 - 7=, % ® #% B . "Gammaproteobacteria” . “Alphaproteobacteria” . Bacteroidetes , Flavobacteriaceae .
Verrucomicrobia, Actinobacteria, Roseobacter sp.. Synechococcus sp. (ZJ& 3 AECAIE L=, ZHHDESIDZEL DR
[FEDEME K ThH-T2, LInLND, kb Z<MHLI-F T —BBE W OB kEE 2 ONIERIIHEET DL
IZHRZR T, AR%ITBONTXTF T —EBRE T 2 REICE 2R T — Bl T OREEZI T TIE THD,

1.8 ¥ ORI AR /2D, WEPEISITIERE , W& 3 KOV 2%
EABREIO REIHEICLORK T D CO, IRED LFH  HEEEOIFFICE TR A ALY AREET D, 21D
EHERIRB L E ORA R R BRI AL S I L ThD, DIRAF = AD G5 (B L) | TR CEDMEM TFERD
{EFAREHIE DD EREL CTHIER FICBEIFET D Dl ZOSMIEERTH O OBIEEALE THD, £,
NA—ARNAFTABLOF T VR AT~ AOFF] R OMEITZ O, HRFRME T HoLNT
FIIIEFICEETHD, ZNDDONAA v AEMAEM LD WD,

PELEATZIE, =% ) — ) KFBLOYLSE T 3EM 5% A, R E T e EERERE S DNA
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(environmental DNA = eDNA) O#HZ TV, T4 75—
4 (eDNA TA T TV —F/F AR ) BTATTU—) I
1T NDEEIZ/2»>T&7= (Cottrell et al., 1990; Rondon et
al., 2000; Hayashi et al., 2005) , eDNA ZBREii5 M RELE
EEROBIE T OT—VEEZ T, ZNHO R IA s
Gt Ora—= 71T HiEThHDH, RIFIELOHEER S
BRI RO B 72 BIn O AFATREIC R 5T, &
BICHTHHRE R 7O BUFHIZ eDNA-PCR iEb i SN CUD,
BEWE 2 e DB B TR G RE T T ~—%
F%EHL eDNA (2L T PCR &1\, HHMERER FF-7-RE
HBEFERADTR-ATHD, RIL77IV—I2RT5
BTHIEE R OIS, B3R OMRE R 72T 2RO WSS
TH X eDNA-PCR {EIL -+ xR TZ5
(Hayashi et al., 2005; Sunna et al., 2003) , AHRFFEIXIELE
Hr oD By e L RS AR AR B OR O BEELINK 43 R R &
eDNA-PCR {E4A L THUSZATV, BB 2RI T
HHENB—ARNAT T ABLOF T RANAF T AD
BRFIHE BT CTHD,

2. MM ERE
2.1 @KoY TYLT

WK 7" AR A | B JEAR T BB ERSHT O AR s
[ZFVNT 2007 4 5 H 17 BICHFRIZRE X[ EF 725
o 2OV TN T30 LT T, Fi-, 2007 4 10 H
18 HIZHEESIEE L O EL M KOY TV 7 54T
~7=, 2007 4510 H 19 HIZIE5 H 17 HE[FIEE, BEAspkh
W TR S LMK DY T T o d Ttz 2D
I NVE OKI &4 1T,
2. 2 DNA O

B L7249 10 L Dk za YRS R 7 TR E AT
Y7 Z (Millipore, Bedford, MA) (2t LiAx, AT U~
ADT 4 )VZ— FITHIE DR ZAT IR T, itk . A7
R ZBEKEBOERE DNA Zit3 2% T -20C
CIRAEEATIR ST,

AT VR 2% @R, 1.8 ml @ SET buffer (20%
Sucrose, 50 mM EDTA, 50 mM Tris-HCI pH 7.6) Z73: AL
=, F5EVNT, 62 pl DU F 74 (5 mgiml) A LT, Fk
#%. 15 73K LIz, 16 pl D 25%0> SDS ¥R A s
ML, |IRT 1 K- <Y LB E1T70 572, 50
ul 7’177 —E K (20 mg/ml) OEINELT7a0, R T 3

~4 WEH | EEEIETEE T/ 572, 5 ml OVEHER TAT YA
I ZANFVIE IR DIENN TR 5T, SHIZAT YRR
1 ml ® STE buffer Z N2 Beifa1778572, YEAHRITH A
REBIZIEIN LTz, 110 REOEHE TN T LB IO 2 ER
BOTH ) —)VEINZ, KPIZ 15 47, FEL 7=, 15,000
rpm, 10 53], L BEEAT70 570, T0% =4 ) — /L Tk
1% | WERAATRUN, 500 pl O TE WSEfRLT-, 7= /—/L
— 7RV DL ZF TR0, 15,000 rpm O LS BERAT
720 FEEREE, = —VEINZ KT 15 43,
HriE L7-, 15,000 rpm, 10 43, .0 BEEAT 7257,
70% =& /) — /)L CHEE4 . B2z 1700, 100 pul @ TE 12
TRfiE 7=, = D%, High Pure PCR Template Preparation
Kit (Roche, Basel, Switzerland) % I\ »"C DNA O &A1 T
otz
2. 3 16SIRNAEIEFFA1T)—DIEE
o= N—Y LT T M<— 27F (5 AGAGTTTGA
TCCTGGCTCAG 3)and 1492R (5' GGTTACCTTGTTAC
GACTT 3) i FHL T 16S rRNA iftfs 1-fEk O HiE A1 T
7po72 (Lane, 1991), PCR SR L 72 Al Hi koD
%772 DNA, 1.25 U @ TaKaRa Ex Tag. 5 pl ® Ex Taq
buffer, 4 pl @ dNTP mixture (ZIZILDHEFHEA 2.5 mM
SO%ETe) . 25 pmol DENENDTTA4~—%NZ, 50
Ml TS ZAT 72 o 7o, RO (2 1% Biometra PCR
TGRADIENT Zf L C, 95°C, 3 /3 ittk, 20 12
JL(95°C, 30 4, 50°C, 30 ¥, 72°C, 143 30 F0) D &AT
RN, BRI T72°CL 10 3 DR RISEA T/ o7, HIEL
7= 16S rRNA i#{z 1-1% UltraClean PCR Clean-up Kit (Mo
Bio Laboratories, Inc., CA) % HW TR RA 72 o7, 1
L7z 16S rRNA i&{z % Original TA Cloning Kit
(Invitrogen, San Diego, CA) & W CIEERHaA 1 T2\,
16S IRNA AR 1747 TV —DREEAA T2 5T, F3biiz
R % M13F 77 A~ —& M13R 7T A~ —%ffi ]
L Tam=—PCR [TV AZ#172 16S rRNA BAxF-HT A
DO¥EEZIT 72, BEIEKT % MultiScreen 96-well filter
plates (Millipore) Z-fs I L CHgia47 -7,
2. 4 BEMKSBEREGTFHAIOIO—=VT
HhH L7 B sk~ 2 DNA Z 8581 21 Table 112
RUTEE T T A~ —Ty M W TR NIK S5 il 2 8 R
F W i o HE g 21T o 72, K 121X Biometra PCR
TGRADIENT #ffi fHLC, 95°C. 3 ZrfIist% . 30 12
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Table 1. PCR primer sequences used in this study

Oligonucleotide

Sequence

Chi F1 (HG18)*
Chi R1 (HG18)*
Chi F2 (HG18)*
Chi R2 (HG18)*
xynFwl (HG10)**
xynRv1l (HG10)**
xynFw2 (HG10)**
XynRv2 (HG10)**
HG16 Fwl

HG16 Rvl

HG26 Fwl

HG26 Rvl

5" ACGGCGTGGACATCGAYTGGGART 3’
5" CCCAGGCGCCGTAGARRTCRTAY 3’

5" CGTGGACATCGACTGGGARTWYCC 3
5" CCCAGGCGCCGTAGARRTCRTARSWCA 3’
5’ CAYDSNYTNDTNTGGCA 3’

S’ TCRTTNACNACRTCCCA3’

5 TGGGAYGTNGTNAAYGA 3

5" YNKNRTARTCRTTRTA 3’

5" GATKMNACYCARGARAT 3’

5" TGRTARTCYTGRAABGG 3’

5’ CCDCAAGATTGTAACTGG &

5’ RCTRTCRCCCCARTANCC 3’

* Lain et al., (2007), * * Hayashi et al., (2005)

JV(95°C, 30 5, 50°C, 30 4, 72°C, 143 30#)) DEUGZEAT
7R, PRIZ 72°CL 10 Sy DA RBUGEA T8 oT2, LFREo
BOGSTHE LN T DN TUET ==V 7R E
% 50~60COMIZIVVTEZ TR E T o7, HIEL -
G TWT X pCR®2.1 /— /Ry B — |2 ya—=
#%. KIBHE INVaF' % (Invitrogen) IR E#&# L 72, 551
TR R A M13F 774~ —& M13R 7' I A ~—%fif
ML Tar=—PCR (2Ll ASH7= 16S rRNA {17
F OYEIEZAT 7=, ¥EIEWT % MultiScreen 96-well filter
plates (Millipore) Z-fs ] L Tk a17 -7,
2. 5 DNA BEFSIDIRTE & RIFHHT

16S rRNA B{x 1747 TV —"THRLTZW Iz oW T
1% 5°{HI#) 500 bp DIEIELES| DR EELT T, 2TF 7 T4
~—%721% 520R 771 ~—(5' ACCGCGGCTG CTGGC
3) (Lane, 1991) Zf#i L C Big Dye Terminator Cycle
Sequencing Kit (Applied Biosystems) S0 /&% 1T0 Y, ABI
PRISM 3130 =777 I —2AE L Ttz
1T o7z, #E F Bl %1 1X GENETYX-Mac Version 11.2
(Software Development Co., Tokyo) . Blast fi## L0
Ribosomal Database Project-1l (RDP-11) (ZL0FATF =
2 %47-7=(Cole et al., 2003) ,

RTE LT FEEL A2 DU Tik CLUSTAL W 2 L C
T 74 ANl To7= (Thompson et al., 1994) , A IUT
Bt BRI X0 1R E 4T 72 (Saitou and Nei, 1987)

BEEINAR 53 e F8 AR BT IO Tt M1BF 751
~—BIOMIR 7T A~ —% L T16S IRNA IS T
[RIERI I ISR DR TEEAT o T2, FEEIMNK S FREESR DT
UEEANIEL CLUSTALW ZAflE L TT7 oA A M To7z
(Thompson et al., 1994) , ek ITBERS B EIZ KV PERL
%471-7- (Saitou and Nei, 1987) ,
2. 6 T-RFLP IZ&5iEKYTILOMEE DR

T-RFLP fi#fi11d 27F 7’7 A~ —& 1492R 7' A ~—%1ii
FL T, LARNCE#E L7z 15 T1T - 72 (Sakamoto et al.,
2003), 27F 77 A4~—{% 6-FAM (6-carboxyfluorescein,
Applied Biosystems) T7~LENT=FTA~—%EMH LT,
PCR D413 165 rRNA JE {52 HEE L IzREL o
7NV 30 B A7V LISMERIRE CT 7572, PCR FEEMITAR
YxFL 7 Y=a—L (PEG 6000) IZL0kERIZFTU Y, 20 pl
DIRHE K IAELT= (Hiraishi et al., 1995) , #HL 7= PCR
FEEMIE Hhal, Mspl., Alul 721 Haelll (2L~ CUIKi&1T
o7, HIREEFRICEVEIBL7Z PCR FEMIL Hi-DI™
Formamide (Applied Biosystems) & DNA 7 A X 24
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% — k (GS-500 ROX & GS-1000 ROX [Applied
Biosystems]) # /& & L7z, T-RFs O ESDOENT X ABI
PRISME 3100 ¥ =37 v 277 F 7 A % — (Applied
Biosystems) ® Genescan “&— R % L TR 21777,
DAN 1/ dEXIE GenScan Y7y =7 —Dra—7 L
P —RIZEVERZIT o7, 25 OELIRE LD /S0
T-RFs O —ZIIfEMTBERINU T2, 872 T-RFs 13 16S
IRNA SR F-TA7 7V —CTHRIZEFIDOa Ea—s a3
L—rarJREELTZ,

3. RELUEBR
3. 1 16SIRNABEIGEFFMT ) —ITLHME AT

T30 BLUOKI B 7 /L OfiE #% 16S rRNA (&5 1
TAT TV ZFOFT AT 72572, T30 BELTUOKI DEHL
FNOTATI)—J0T7 2 N2 182 7a—2(T3091 /1
—, OKI 91 7v—2) Z45BfEL C 574, 9 500 bp DX I
By & D E LTz, FHREIPERNT OFEF, b0 /m— 0%
RAL L 377 )7 2@ LT (Fig. 1 & Fig. 2), 182 71
—YDW, 2 7a—rDHPPAFOEFITBL T, 5%
VO a— AR BED LR E 2L B B RO BLS &
HETE S ATz, VigAK ATIRZ <BERE 2% | E 0 BB 1A 25 22 <
FAET DZEDBRZZLDWED D LI, AFFEIZINT
bR RN RSN, £, Z2hbor/m—v
¥ . "Gammaproteobacteria” . "Alphaproteobacteria” .
Bacteroidetes , Flavobacteriaceae . Verrucomicrobia .
Actinobacteria, Roseobacter sp.. Synechococcus sp. 12
JBL T\, ZOREFITA ETITBHT SV CODIEET
TNDRERE—ET D,
3. 2 T-RFLP [Z&5HIE & DM

T30 & OKI #7/L> T-RFLP Lol w7 il BRIESE
Hhal, Mspl, Alul BX O Haelll L0fiEdTa1T72-7- (Fig.
3A L 3B), F%72 T-RFs 1 16S rRNA R 7147 7V —
JORH US| o B a— 2 2l — v a JO[EE R
1772572, 16S IRNA Bz 71477V —Thitish
7z "Gammaproteo bacteria” . "Alphaproteobacteria” .
Bacteroidetes , Flavobacteriaceae . Verrucomicrobia .
Actinobacteria, Roseobacter sp.. Synechococcus sp. % Hi
e THOHHEE TED T-RFs ARSIz, LLRSD,
16S rRNAE =747 7V —TI& 5% 500 bp D il

H AR TE LT D Frdn-727-81Z, 500 bp LL_E T-RFs D[F]

TENTHSRZR Do Te, ETe, R LR O EiE £z 132
m— 75 T-RFs DRES AlRERS G H&H 273, T30 &
O OKI B o7 nmra—r b LRSI b Ui
DHEFEEZIT70— BN THZDIEFEAE D 95%LL T
Tholz, DFEY, 16S IRNA B FESIIXZ b0 a—
ATTIIZ2NTNDTD | Ieb Tk DR £/ 3 7 v —
b T-RFs OHEEIZARFIRE Tdh o7, 4 [El, 16S rRNA
AR T TA7 T —1T 182 rr— L #E DL ERRHTIC
BT 075 ClIimnotz, Z0, Ml #E
DERBGERDZ DT T-RFLP LA 21172577,
ZORER, 16S IRNA Bn 7147 7V —TlIffibz 52&
DR -T2, T-RFs 2 HUR L | £ DM # D2k
BEOZ DI ENATREIZ 25T,
3. 3 BHEKIMMEEREGTFHFOIO—=T
FF T —BHEN 77 4~— ChiFR2 VI A/~ —H LDV
Chi R2 I A~—%fEHL7-FHZ T30 o7 LB
OKI 7 )LD J5 K0 250 bp D fs1-Wi v & HEfE L
7o ZOW A% pCR®2.1 IZ/7 0 —= 27 %47\, KEGH
INVaF' AR 7=, T30 ¥ 7 /BN TiL 44 D
m— OKI Yo7V 41 Dra— %157, Znony
12— OB FEHINOHEES NS T I/ RERL 1% SWISS
PROT ZLoTHMTZAT o722 A, ZNHDE G B
I THEFE RS T 7 —18 ITB L CRY, 14 FEOT %
TRl EsN (Fig. 4), 2nH0xFF - —8I138E
FOXFF—EL 88%LL FOMIREMEZRL, FHOFF
F—BLHEESNZ, 61 DZ/—2 (T30 28 31 Zu—>,
OKI 73 30 Z7m—2) DZNZE DS 96%LL EOFARIMEZ 7~
L. FAl—blLTEmoxFF—BEHfEsni, £7-. 2
NHOFFF—+F13 Bacillus circulans OFF7—F Al &
53%. Bacillus lichenifomis ®F%FF—F B & 52%,
Bacillus ehimensis D3 FF—+ 80 & 52%DFAFEIEERL
7z, Lian 5(% Chi F1, Chi R1, Chi F2 33X U Chi R2 %1 H
LT T NAE L TR TFF—B OSRMEANT 21T
7o TNDD, AKra— A3 &7y (Lian et al.,
2007), %7, LeCleir HIdkkx 22Ky 72 LT,
AR THER L2727 I~ —% W T7 73U —18
BT 5% T F—EBRIE W ora—=7%170,
FFF—EBDOLEEM AR LT (LeCleir et al., 2004) , AHF
FELIX R ST T — BB T W OHIEE{T> T
H0O7TC, AR TR @BE TR LIz — 2 LD g
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1L &2 A3, Bacillus circulans <° Bacillus lichenifomis ™
XFFF—EBoiIxOXFF—BIIMRHIN T e, £
To AKX TF T —BITRHIN 25 2 Y7V 7 CEsi
FEITR RSN DT EMD | BRI R AL 3 DMl e
ROFFF—VBLHEESND, L LA 5, 16S rRNA &
f5ATFATTV—BLO T-RFLP LAME# OB
Bacillus circulans <> Bacillus lichenifomis FH3® 16S
IRNA B FEAN IR S TR, 2072 | ARFT
T —BBAE AR O M B I E S AT 9 D i ok
TN EEZBND,

flt > 7 v — 1% Clostridium thermocellum . Synecho
coccus sp.. Paenibacillus ehimensis % ZiT#g7ax T —
Sz (Fig. 4), LocLenn, ZOfEME 51

~88ULEL TE\W b D TIN5 T2, 1FEAE DRSS HEE.

KRIFEOEME KDOFF F—EBLHEFES D, Vibrio
proteolyticus EFH[FEDN E VY (90%) DD m—1 73 OKI
YU T NIPBIEHEIL TS, 16S IRNA Eis 7147 7Y
—bb—ODrE—U RIS TERY, LZHRHSN
feME—pra—Ths (Fig. 2).,

BB EL O S LMK T b xR T —8
AR T W R OB R Eh L7228, BEME BN D el Ted
T RN 21 T 727 7= (Data not shown) ,

B-1,4-%>7F—E (HG10) , 77 —E (HG16) LI

B-1,3-F T —F (HG26) IO\ TIZE DV T b
TNOOBE T A ORI 22k -7, b
DBAR T DY TNV HITIFAEL WD A TEE R L72
TA~—NENLOBEFOHEIREIZHE L CTWiRdro 72 7]
REMEL®H D,

4. SHRDFE

ARl FHX T — B LB 2D NDBE T OEUS
(AP T, ZNODBIST-W i OYE ARSI T 7 I
VA—F T ATV, BREROXTFT T —BEIn T O
2T RIGHE CRILSE, ZOMHREEHLNET 5, 6
\Z H 2k b~~~ (SOM: Self- Organizing Maps) %
FENTZAT\N, ZOBE T OH KT HMESHHNET D00
ERHD,

E il

A TEDITINC ST WK DI TV 78 LORME
FEOT FREE LU CTIEW -, BAUKS WEFZERT O K
B0, IR E YRR AT EZ BN BN
EEiCBLR L BT Ed, £ iFROZBhS42 L CIEN,
7o, O) BALZEARZE AT SAFY Y — ' 22— AEY
MEIBAF E ORI CERICBILAL RIFET,
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A3 (2 clones)
Cellulophagasp. RE2-13
Formosa algae KMM 3553
D5 (1 clone)
Gelidibacter sp. IMCC1914
Bizionia argentinensisstrain JUB59
97 Al (1 clone)
—EGS (5 clones)
53— A4 (2 clones)
Ulvibacter litoralisKMM 3912
Ulvibacter antarcticusstrain IMCC3101
Flavobacteriaceae bacterium ALC1
Bacteroidetesbacterium R634
G3 (2 clones)
Sphingobacteria bacterium SKA50
F12 (2 clones)
Sphingobacteria bacterium SKA51
Algibacter mikhailovii
H11(1 clone)
Psychroserpens burtonensis ACAM188

0.05

68

60 706~ Psychroserpens aff. burtonensis
A11 (1 clone)
87 —— E4 (2 clones)
L D6 (1clone)
C4 (1 clone)

A12 (1 clone)
D4 (2 clones)
G2 (1 clone)
F8 (1 clone)
Cytophaga sp. Dex80-37
F9 (1 clone)
B1 (2 clones)
E6 (1 clone)
Fluviicola taffensisstrain RW262
Cryomorphaceae bacterium CML50

100

73

100 ~ B7 (4 clones)
L— Uncultured Gram-positive bacterium clone ZL1715
A8 (1 clone)
100 Uncultured bacterium clone FS266-91B-03

D7 (1 clone)
Fucophilus fucoidanolyticus
Roseibacillus ponti
68 E12 (2 clones)
100 Bacterium HTCC8042
56 Candidatus Microthrix calida strain TNO2-4
77
AT —
67 Actinobacterium YM22-133
88 B10 (1 clone)

97—: Terracoccus luteus

| B2 (1 clone)
924|—': F7 (2 clones)

98 Synechococcussp. EW15
Marinobacter sp. HS7
F1 (1 clone)
Pseudomonas sp. BSw20008
C12 (7 clones)
D10 (1 clone)
Uncultured bacterium clone VH-FL8-28
E8 (1 clone)
Marine gamma proteobacterium HTCC2180
G4 (1 clone)

Dasania marina strain KOPRI
Gamma proteobacterium NAMAF009

64

C6 (1 clone)
C9 (13 clones)
86 Haliea rubra strain CM41_15a
100 Uncultured bacterium clone VH-PA5-2!
——————————— Rickettsia akari
53, Devosia sp. IPL20
_|:Labrenzia alba
r —— B6 (3 clones)
85 100 H6 (1 clone)
83 Alpha proteobacterium SKA54
C7 (2 clones)
7 69 Loktanella tamlensis strain SSW-35

B4 (2 clones)

Roseobacter sp. 38.98
T_oligotrophus

51 Roseovarius aestuarii strain SMK-122
B11 (5 clones)
C11 (2 clones)
Roseobacter sp. NP30
Bosea thiooxidans
B5 (1 clone)
100 E10 (1 clone)
C2 (1 clone)
A5 (3 clones)
100 Candidatus Pelagibacter ubique strain HTCC1062

Fig. 1. Phylogenetic tree showing the relationship of 16S rRNA gene sequences from T30 samples. The tree was constructed
using neighbor-joining analysis based on 16S rRNA gene sequences. Bootstrap values (n =100 replicates) of =50 are
considered as parentages. The scale bar represents 0.05 substitutions per nucleotide position. Numbers in parentheses
represent numbers of clones.
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79, A7 (4 clones)

63[l H9 (1 clone)

Uncultured Flavobacteria bacterium clone NorSea85
G6 (1 clone)

0.05 D1 (4 clones)
F6 (1 clone)
A6 (1 clone)

Flavobacteriaceae bacterium TID809
Gilvibacter sediminis
Ulvibacter litoralis
Ulvibacter antarcticus IMCC3101
Al 4 clones)
C1 2 clones)
C2 {clone)
E5 2 clones)
100 - Uncultured Flavobacteria bacterium NorSea33
B9 { clone
Coccinimonas marina IMCC1846
100 100' Sphingobacteria bacterium SKA50
Polaribacter dokdonensis MED152
Sandarakinobacter sediminis
_: Sphingobacteria bacterium SKA51
Mesonia motionis KMM 6059
G7 Lclone)
Formosa algae KMM 3553
Gelidibacter gilvus1C158
Flavobacteriumsp. Sun4
F4 1 clone)
Uncultured Bacteroidetesbacterium clone SBI104_36
r All Lclone)
L Uncultured alpha proteobacterium clone Chili3-D1
E12 {clone)
Uncultured actinobacterium clone: pltb-RF-22.
100 Uncultured actinomycete OCS155
B7 1 clone)

Uncultured Desulfomicrobium sp. clone B276_D12
A9 8 clones)
Uncultured actinobacterium clone: plth-RF-5.
ncultured actlnobactenum clone: pltb-RF-22.
83 5 Uncultured marlne bacterium clone C58
E3 ¢ Clone)
ncullured marine bacterium clone C82
2 100 Cryobacterlum sp. 013
———— G2 { clone)
— A2 Bclones)
90 B8 § clones)
] A3 2 clones)

Synechococcussp. CCMP839
Cyanobium sp. LB03

100 — Al12 { clone)

L Uncultured planctomycete clone AW03C04

100 100 D6 2 clones)
U_planctomycete2
M 74 C12 8clones)
Uncultured planctomycete clone Sylt 14

100
3 10 clones)

B s
1004'_1_: Rubritalea tangerina
7 Rubritalea sabuli
C3 {clone)
—| 100 H11 {clone)
81 Uncultured gamma proteobacterium clone 0S040
B6 1 clone)
Vibrio alginolyticus strain NRL-SS41
100 déibrio parahaemolyticusclone Vp 27
D3 {clone)
F12 Lclone)
F8 {clone)
Roseobacter gallaeciensisSCH0407
Rhodobacteraceae bacterium No. 63
65Leisingera methylohalidivorans
Roseobacter sp. H454
B4 {clone)
o' Uncultured marine bacterium clone C82
A4 6 clones)
Roseobacter sp. NP30

6.

100 B12 { clone)

E Uncultured Agrobacterium sp. clone EF2105
Astomonema sp. clone LSI-Al
C5 L clone)
Sulfur-oxidizing bacterium ODII16
H5 2 clones)
Aminomonas aminovorus C2A1

1006 A8 2 clones)
100 F Marine gamma proteobacterium HTCC2149
Haliea rubra strain CM41_15a
Alpha proteobacterium SKA48
Pelagibacter ubique strain HTCC1002
98 73 D8 Lclone)
0 Uncultured bacterium clone $23_932

Fanlélla hongkongensis

Eﬁl:Francisella philomiragia

C11 {clone)

Fig. 2. Phylogenetic tree showing the relationship of 16S rRNA gene sequences from OKI samples. The tree was constructed
using neighbor-joining analysis based on 16S rRNA gene sequences. Bootstrap values (n =100 replicates) of =50 are
considered as parentages. The scale bar represents 0.05 substitutions per nucleotide position. Numbers in parentheses

represent numbers of clones.
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Summary

The aim of this study was to identify novel glycoside hydrolyase genes from mixed genome DNA of seawater
samples without bacterial cultivation. | attempted to obtain directly novel chitinase genes from mixed genome
DNA of seawater, including bacteria. A short region (about 280-bp) of family-18 chitinase genes was amplified
by PCR from the seawater sample with two degenerated primers ChiF1 and ChiR1, cloned into the plasmid vector,
and introduced into E. coli. A total of 85 colonies in two samples from seawater (T30 and OKI) were subjected to
sequence analysis with subsequent on line homology searches using databases. Fourteen different family 18
chitinase genes were recovered from these clones. These chitinases exhibited low sequence similarity (less than
88%) with the other known chitinase, were thought to be novel chitinase. Out of 85 clones, 61 had same chitinase
genes. These chitinase (acids deduced from about 280-bp) exhibited amino acid sequence similarity to Bacillus
circulans chitinase Al with sequence identity of about 52% and were not detected in other seawater samples. The
same samples (T30 and OKI) were characterized by the 16S rRNA gene libraries and terminal restriction fragment
length polymorphism (T-RFLP) analysis. A large number of species that are not yet known exist in the T30 and
OKI samples. The 16S rRNA gene libraries and T-RFLP included
the “Gammaproteobacteria”, “Alphaproteobacteria”, Bacteroidetes, Flavobacteriaceae, Verrucomicrobia,
Actinobacteria, Roseobacter sp., Synechococcus sp.. Bacteria, which related to a lot of detected chitinase (61
clones) were not detected from 16S rRNA gene libraries and T-RFLP.
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