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Absract : The environmental total DNAs were directly extracted from two sediment samplesfrom Pacific polymetal-
lic nodule province (112.950 3W, 11.884 N, water depth of 4 160 m; 145.351 4°W, 8.374 O°N , water depth of
5257 m). Two bacterid 16S rRNA gene libraries were generated by usng PCR and TA cloning. Phylogenetic re-
sultsindicated that 93 clones could be divided into 13 phylotypes, including Alphaproteobacteria, Gammaproteobac-
teria, Deltaproteobacteria, Betaproteobacteria, Planctomycetes, Acidobacteria, Cytophaga FlavobacteriunrBacte
roidetes (CFB) , Nitrospira, Actinobacteria, Chloroflex , Firmicutes, Deinococcus Thermus, and candidate division
OP11. 16S rDNA sequencesfrom membersof Gammaproteobacteria dominated two sediments samples. Proteobacte
ria (Alpha , Gamma , Beta , Deltar) , Planctomycetes, Acidobacteria, CFB , Nitrospira appeared in two sediments
samples. DOTUR and L IBSHUFF statistics of 16S rDNA gene sequences from the two libraries revealed major
differences, indicating a high richness in the sediment bacterial communities and considerable variability in bacterial
community composition among regions.
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(culture-independent method) ™!

PCR 16SrDNA

7.5 % 10" kn?
2 1
51 16S rDNA
, MEGA ,DOTUR LIBSHUFF
2
1
1.1
2005 8
, : EP2005
04 (112.950 W ,11.884 N, 4160 m) ,

; ES0505 (145. 351 4£° W,
8.374 O°N , 5257 m) ,
. , 10 mL , -
20
1.2
K(Merck) , (Sgma) ,pMD 18T
vector ( TaKaRa) , PCR  (PTC100 Bio-RAD) ,
DNA (Axygen) ,
(Beckman J-25) ( Eppendorf)
(Ultrospec 2100 Pro) ,
1.3 DNA
Zhou ®l:1g
( ) 10 mL "l 60 5min,
3000 g 5 min, , .
4.5 mLDNA (100 mmol - L™ * Tris

HCl (pH 8.0),100 mmol - L * NaEDTA (pH
8.0) ,100 mmol - L * NasPOs (pH 8.0) ,1.5 mol -
L ' NaCl,1% CTAB) ,

(37 ,90r- min*'),30 min,

5mg- mL*, 30 min, 0.5 mL 20 %
SDS,65 30 min; , 25U L
K(20mg- mL ') ,37 2 h.6000 g
10 min, ,
2 1.9 mL DNA

0.1 mL 20 % SDS,65 10 min,
6 000 g 5 min. , /
/ (25 24 1) /
(24 1) , 0.6
DNA ( 1 h) ,16,000 g 20 min,
70 % , 500p L TE
. - 20
1.4 16SrRNA PCR
DNA PCR ,

27F(5-AGAGTTTGATCCTGGCTCAG-3')

1492R (5'-GGTTACCTTGTTACGACTT-3").
PCR (50p L) :5pL 10 x PCR Buffer ,3u L
MgClz (25 mmol - L°*) ,0.5uL dNTP Mixtures
(10 mmol - L) ,1pL (4pmol - L %), Taq

DNA 1U. PCR 195 ,10 min;
94 45s,50 ,455s,72 ,75 55,30 ;
72 , 10 min. 1% PCR
, DNA
pMD18-T vector Kit , E. coli
TOP10 , ,
1% ,
1.5
RDP ,
CHECK-CHIMERA ,
GenBank BLASTN
, Clusta W
, MEGA 4.0 Neigh-
bor-Joining , Jukes Cantor ,
boot strap 1 000. PHYLIP
DNADIST , DOTUR
(8l (Rarefaction curves)
2 , LIBSHUFF
o1 16S rDNA
1.6 ( Accession number)
16S rRNA GenBank
EU675763- EU675845.
2
2.1 D NA PCR
1lg 450 ng
(EP2005-04) 420 ng (ES0505) DNA ,
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DNA ,
DNA ,
16SrDNA

PCR ,
1.5 kb.
2.2
50
, CHECK-CHIMERA
,EP2005-04 ESD505
46 47, 1 350 bp.

(proteobacteria)

EP2005-04-P10, EU675772

South lonian sea sediment cloneHO6(AY 534018)
ES0505-S36, EU675834

ES0505-S39, EU675839

Izu-Bonin Trench clone BD5-16(AB015571)

Ther maikos GulfcloneTherm30-H10(AY533991)

S0505-S47, EU675842

EP2005-04-P28, EU675784 (2 clonu£
Uncultured gamma proteobactenum(AB 35392)
EP2005-04-P44, EU67579

South lonian sea sediment clone HO4(AY534017)
ES0505-S31, EU675830

ES0505-S21, EU675821

EPZM&OJ—PM EU675790

Pacific nodule province clone ESA9(EF061182)
Coxiellaburnetii(AY342037)

ES0505-S16, EU675816 (2 clones)

EP2005-04-P1, EU675763
EP2005-04-P40, EU675794

1 ES0505 -S29, EU675828
Moraxellasp. (EF409330)

ES0505-S7, EU675807
EP2005-04-PS, EU675767
Acinetobacterjunii(EF 178436)
Acinetobactersp. (EF570077)
ES0505-833, EU675832
Uncultured gamma proteobacterium(AY711364)
o EP2005-04-P58, EU675802
Alcanivoraxsp. (AB053124)

,ﬂ ES0505-S45, EU675840

Stenotrophomonassp. (EF491967)
ES0505-S50, EU675845
(AF181569)

ES0505-S17, EU675817
Slelmtmphommulsmallophlha(AY 837728)
ES0505-S22, EU67
Nitrosospira sp (AY123791)
505-S13, EU675813
Neisseriasp. (DQ409137)
ES0505-S3, EU675804
Ralstoniasp (EF657839)
EP2005-04-P31, EU675786
~—{ EP2005-04-P8, EU675770
Citrobacterfreundii( AB244459)
———{ EP2005- 04-P49, EU675801
Uncultured alpha proteobacterium(EF491445)
EP2005-04P41, EU675795
Permeable Shelf Scdlmem clone LC1-25(DQ289899)
ES0505-S15, EU6758I5 (2 clones)
Uncultured aipha proteobacterium(AB247855)
ES0505- S35, EU675833
Roseovariuspelophilus(AJ968650)
ES0505-S4, EU675805
Uncultured alpha grmcobaclmum (EF491493)

EP2005-04-P2, EU675764 (3 clones)
Ochrobactrumsp. (EU187496)
ES0505- S26, EU675825
Ochrobactrumsp. (EU107177)
ES0505-S30, EU675829 (2 clones)

L [ EP2005-04-P42, EU675796

ES0505-S18, EU67:

" ES0505-52, EU675803

———————————{_ EP2005-04-P38, EU67

Uncultured delta prmeobmenum(EF49l469)
ES0505-S27, EU6758:

teria)

13

(Alphaproteobacteria) Y
teobacteria) 0
( Planctomycetes)
ria) ,
tophaga Flavobacteri um-Bacteroidetes, CFB)
(Nitrospira) B
(Actinobacteria)

Belgian contaminated marine sediments clone(DQ351778)

:l Legionellales

Uncultured gamma proteobacterium (AY711415)
Uncultured gamma proteobacterium (AY711687) NB1

Pseudomonadales

] Oceanospirillales
Xanthomonadales
:] Nitrosomonadales

:] Neisseriales

] Burkholderiales

: Enterobacteriales

: Rhodobacterales

Rhizobiales

r_mltured delta gro(eobmcnum(DQZéNOJ)
Uncuhured delta gro(cobu:tcnum( AY580412)

ES0505-S4
Pacific nodule province clone ESB 12(EF061192)
EP2005-04-P12, EU675774 (2 clones

South lonian sea sediment cloneGO1(AY533956)

— Amsterdam de?-m clone 313(AY593421)

Pacific nodule provmce clone ESA13(EF061188)

——{ " ES0505-523, EU675823

Uncultured delta proteobacterium (EF019898)
ES0505-S9, EU6 ‘IP
South loman sea sediment cloneA02(AY533953)
ES0505-S48, EU675843
Xisha Trough cloneMD2902-B17(EU048623)
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Fig.1 Phylogenetic tree reconstructed from 16S rRNA sequences of proteobacteria
from Pacific polymetallic nodule province EP2005-04 (P) and ES0505 (9
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ES0505-S5, EU675806
Pacific nodule province clone ESAIX(EF061214)
EP2005-04-P48, EU675800
ES0505-S46, EU675841
South Ionian sea sediment clone COS(AY$33907)
EP2005-04-P15, EU675776
permeable shelf sediments clone(DQ289915)
..____._—.E: EP2005-04-P34, EU675788
Uncultured Acidobacterium clone (DQ070804)
EP2005-04-P35, EU675789
ES0505-S14, EU67578%(2 clones)
South Ionian sea sediment clone CO6(AY533906)
ES0505-S42, EU675839
California marine sediment clone Bol95 (AY193249) —
EP2005-04-P17, EU675778
uncultured bacterium clone (DQ413113)
ES0505-S40, EU675837
Uncultured bacterium clone (DQ416529)
EP2005-04-P13, EU675775
Uncultured bacterium clone(EF459864)

I California grasstand soil clone(AY177763) ]
=
3

Acidobacteria

Unclassified A

Firmicutes
(Low G+C G+)

EP: 04-P3, EU675765

EP2005-04-P16, EU675777(2clones)

Mid-Atlantic RidgecloneAT-s30(AY225657)

{ ES0505-S19, EU675819

Uncultured bacterium clone(EF491525)
EP2005-04-P19, EU675779
Ryukyu Trenchclone (AB015550)
Pacific nodule province cloneESA14(EF061204)
ES0505-S10, EU675810 :] Nitrospirae
EP2005-04-P9, EU675771

Unclassified B

Cytophaga

" EP2005-04-P21,EU675781 Unclassified C

uncultured bacterium clone (DQ499297)
[ EP2005-04-P11, EU675773
L—— Uncultured Cytophaga sp (DQ070835)

ES0505-812, EU675812 '
Ubvibacter litoralis (AY243096) CFB
ES0505-S38, EU675835
Uncultured Bacteroidetes (DQ404664)

{— ESORO'\-SZG, EU67582

Y Xisha Trough cloncMD2902 B4(EU048611) 3 Chloroflexi
EP2005-04-P39, EU675793
{ EP2005-04-P30, EU67578S j Unclassified D

Uncuhured bacterium clone(AY592335)
__.._..._{' EP2005-04-P20, EU675780

Pacific nodule province cloneESA I0(EF061208)
EP2005-04-P37, EU675791 Actinobacteria
EP2005-04-P6, EU675768 (High G+C G+)
Sylt-Romo Basin clone Sylt 21(AM040117)
Arctic cold marine sediment (AJ240976)
ESOSO.‘»—SH EU675795 j Deinococcus-Thermus
= Thermuskaw arayensis(ABO71811)
L ES0505-S32, EU675831
b Uncultured bacterium clone (EF459928) j’ Unclassified E
ES0505-S11, EU675811
Australia soilclone(AY 529890) Jorn
{"' ES0505-520, EU675820
___-[ Xisha Trough cloneB I9(EU048625) ——1
AF———— EP2005-04-P26, EU675783
Bclgmn contaminated sediments(DQ351812)

EP2005-04-P7, EU675769 (2 clones)
Pacific nodule province ESA23(EF061199)
EP2005-04-P47, EU675799

Uncultured planctomycete(AY712070)

EP2005-04-P45, EU675798

mred lnncmmyme(EUMMm
ESOSO‘-SZ!. 675
ES0505-S8, EU675808
Permeable Shelf Sediment cloneSC3-8 (DQ289943)
EP2005-04- P4, EU675766
Black Sea suboxic zone clone JK712(DQ368174)
EP2005-04-P33, EU675787
Uncuitured planctomycete(DQ070834)
Mid-Atlantic RidgecloneAT-s2-38(AY225652)

EP2005-04-P24, EU675782

Thermaikos GulfcloneTherm30-E10(AY534072) —J

Planctomycetes

0.02

2 16S rRNA
Fig.2 Phylogenetic tree reconstructed from 16S rRNA sequences of other bacteriafrom
Pacific polymetallic nodule province EP2005-04 (P) and ES0505 (9

roflexi) (Firmicutes) - Beta Gamma Delta . Y

( Deinococcus Thermus) candidate divison , EP2005-04
opP11%% 8 ES0505 2
(Unclassified A-E) . 22 21.7% 27.7%. 9

16S rDNA ( 1), (Legionellales) ( Pseudomonadal es)
(Oceanospirillales)
, (Xanthomonadal es) ( Enterobacteria
, ) les) , .a
2
4 :Alpha 109% 14.9%, 7
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(Rhodobacteral es) (Rhizobiales) B CFB
2 22% (High G+ C G")
6.4 %, , (Chloroflexi) (Low G+C G")
(Nitrosomonadal es) - candidate divison OP11.
(Neisseriaes) (Burkhol deria EP200504  ES0505
les) .0 2 (17. 4% 6. 4 %) (8. 7%
8.7% 14.9%, 10.6 %) , 2
1 16SrDNA

Table1l Partial bacteria 16S rDNA phylotype &filiations from the sediments of Pacific polymetallic nodule
province province EP2005-04 (P) and ESD505 (9

Representative clone Numbers of ) ) o
GenBank No. Nearest phylogenetic relative Smilarity/ %
of clone group total clones
Alpha proteobacteria
P2 EU675764 3 Ochrobactrum sp. X-16 100
26 EU675825 1 Ochrobactrum sp. LS 16S 100
30 EU675829 2 Ochrobactrum sp. X-16 99
35 EU675833 1 Roseovarius pelophilus strain GoIIT 96
Beta proteobacteria
P31 EU675786 1 Ralstonia §p. 9RC-10 100
3 EU675804 1 Ralstonia p. 9RCG 10 100
S13 EU675813 1 Neisseria §p. JO1 99
2 EU675822 1 Nitrosospira sp. Nsp57 98
Gamma proteobacteria
P5 EU675767 1 Acinetobacter p. w2 100
P8 EU675770 1 Citrobacter f reundii , strain:C3-1 100
P36 EU675790 1 Coxiellaburnetii strain VR145 94
P58 EU675802 1 Alcanivorax . Mhol 94
SY4 EU675807 1 Acinetobacter junii strain 2R11 100
S17 EU675817 1 Stenotrophomonas maltophilia 99
29 EU675828 1 Moraxella sp. "Morax. M1 100
A5 EU675840 1 Stenotrophomonas sp. OS17 99
50 EU675845 1 Stenotrophomonas $p. JRL-2 99
Bacteroidetes
S12 EU675812 1 Ulvibacter litoralis strain KMM 3912 94
Deinococcus Thermus
HAl EU675838 1 Thermus kawarayensis 97
2.3 16S D NA 1 O(kwcragc curves for EP2005-04(X) to ES0505( Y)I (
, 0
EP2005-04 ES0505
16S rDNA : : o e
97 % % 06 0.6 "~
(oTU)®, 40 . DOTUR 2 T,
o 04 04 2
( 3),
( 2). : (1) EP2005-04 0.2 0.2
Chaol ACE ES0505 , " -
; (2) EP2005-04 00 0l 02 03 04 06
Shannon Weaver ESO505 , Evolutionary Distance
Smpson ES0505 , 3 16S IDNA
EP2005-04 EP2005-04 Fg.3 Rardfaction curves usng baecteria 16S rDNA sequences
1(3) 1 1 , from the sediments of Padfic polymetalic nodule province at 0.05

evol utionary di stance
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ouT ,  ES0505
. 2 46 EP2005-04 ,
47 , 40 OTU, 2 )
2
Table 2 Measures of bacterid diversty from the sedimentsof Padfic polymetalic nodule province at 0. 05 evol utionary distance

Formula EP2005-04 ES0505

Bias-corrected Chaol 8.1 179.2 115.5

Abundance base Coverage Estimator (ACE) [8.11] 188.6 124.0

Shannon index (H) H =- .SZ PInP 3.59 3.56
Smpson index (D) D=1- isz ﬂ{-ﬁl‘—% 0.008 7 0.010 2

S, the number of OTUsin the samples; N, total number of clonesin the samples; ni, the number of clonesinan QU T; P;, the propor-

tion of clonesin the ith gecies

2 L
, L IBSHUFF o1 (
4) , (Homologous coverage (12-181 (2]
curve) ( Heterologous coverage 6 ,
curve) AcC AcC Y ,
P, , (18] ES0502
(P=0.001). Y
Coverage curves for EP2005-04(X) to ES0505(Y)
1.0 1.0
0.8 0.8
$ 06 06 = SO P 7 y
z T, Moraxella ( ) Acinetobacter (
o 04 04 <2
) - L y
0.2 0.2 [14- 18]
0 0.0
0.0 0.1 0.2 0.3 0.4 0.6 S17 45 S50 y
Evolutionary Distance
Stenotrophomonas , ,
4 EP2005-04
ES0505 16SrDNA LIBSHUFF [17] ]
Fig.4 LIBSHUFF analyssof bacterial 16SrDNA from V6 B9 A7 P10 P28 P44
EP2005-04 (X) compared to ES0505 (YY) [14 18- 19] 98 %
clone libraries
(Homologous coverage curve, m) Cx =1 - - S16 P1
(Nx/n), (Heterologous coverage curve, @) Cxy =1 P40 Y ( 1)
- (Nl 1), AcC=(C- Cy)2AC P (NB1) , 16S rDNA
.n X SN« X (unique) 87% 90 %, y
,ny X Y s N x
N (D). (D) Ac
(Cx- Cy)?2, AcC(P=0.05) a
[20]
3 P2 S26 S30 a
Ochrobactrum ( ),
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A2
(81%

90 %,

[22]

),

(5% 97%

CFB
2

(High G+C G")
EP2005-04

OP11

, EP2005-04

Kurosawa &

kawarayensis

17.4%

,ES0505

LIBSHUFF

.L

IBSHUFF
Stach

P7
(88

, 2
, LIBSHUFF , 2
, (identical community, P =
1 00) . 2
(2 , L IBSHUFF

16S rDNA
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