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Abstract: The environmental total DNAs were directly extracted from two sediment samples from
Pacific polymetallic nodule province (112.9503°W, 11.8849°N, water depth of 4160m; 145.3514°W,
8.3740°N, water depth of 5257m). Two bacterial 16S rRNA gene libraries were generated using PCR
and TA cloning. Phylogenetic results indicated that 93 clones could be divided into 13 phylotypes,
including  Alphaproteobacteria, Gammaproteobacteria, Deltaproteobacteria, Betaproteobacteria,
Planctomycetes,  Acidobacteria, Cytophaga-Flavobacterium-Bacteroidetes (CFB), Nitrospira,
Actinobacteria, Chloroflex, Firmicutes, Deinococcus-Thermus and candidate division OP11. 16S rDNA
sequences from members of Gammaproteobacteria dominated two sediments samples. Proteobacteria
(Alpha-, Gamma-, Beta-, Delta-), Planctomycetes, Acidobacteria, CFB, Nitrospira appeared in two
sediments samples. DOTUR and LIBSHUFF 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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IR FRIECE KR 1000 K LUR I3y, iEve ARG 75%M . vRife AT Ik
RS FEAKCOT 2R 55, o IR AE MR AN R A S R AR A AR il 2
TEAER RN B TSR YT A R RIS, A HLAE Tl AR 7 25 A T A (R
M. BT ARFSOIRIEE A 2 REvE, 1 B TR N Hb B 32 MR AR W 0 o AR AE I
EE%’I\%%?&%%}W IThRE-SVE R, 6T R R G AR Y 8 U A I
PG

R 20 B 5 IR 10 7 V3R A (R E i b, LR 3 mg v B RvE s o —
BN, AEGERE IR T IANAESAT 0.1-10% i 2E M Ah 2, iy HAR M4 1 1 Jse e A 885
WAEY 2R M AR R RF M 6E. K, BEE - TAEDadG R R, K H
JE8497 75 (culture-independent method) ™ KA S H ARAE NATTREWS X A5 1 A W 1 22
REPESEAT SEHERG 10201 Horh 55 T-PCRIY) 16S rDNAIMN FE: N Fl fe by )32

W E RO L 4B S5 X TR 7.5 X 10 km?, A A RXATEX . XA X 38 45 &
GERZIX, B B A 5 B B X Y. A SR 16S tDNABI Y, N
MEGA, DOTURFILIBSHUFF#A4- 4341 EL 85 T 4542 45 [R) X 2R IX N ik s e AR i 4
ZHREME, BAEWIE T I AN [R] St 518 1R 40 T 2 AN ) A 1R

1 MERTE
1.1 FECREE

S P BRI DU IRE il i« KyE—5 7 BB MET 2005 45 8 I HALZ & T
B XASAEREZ SRBERAERKMAXITRE, 258 EP2005-04 i
(112.9503°W, 11.8849°N, JK¥E 4160m), YIFIM)RA Jyfk JFokh +: ES0505
(145.3514°W, 8.3740°N, JZK¥E 5257m), YIRS AN AR L. FEMCRES,
SEET WM 10 ml FERE H, 20 CIRAT
1.2 FEGRAA A

B AR K(Merck), % # i} (Sigma), pMD 18-T vector(TaKaRa), PCR {X (PTC-100
Bio-RAD), DNA [FIAFE (Axygen), iR =0l (Beckman J-25), &3
AR O (Eppendorf), 436G TE (Ultrospec 2100 Pro), 514 i1 B4 T4 k.
1.3 B LIEK 2] DNA [F$2HL

RSG5 A Zhoud R BGES: 1gUURBIRE S GRED I 10mIft M, 60
‘C/K# Smin, 3000g2.Lr Smin, L3, FEEUEE K. A 4.5ml DNAfFE S MK
(100mM Tris-HCI (pH 8.0), 100mM Na,EDTA (pH 8.0), 100mM Na3;PO4 (pH 8.0),
1.5mol/L NaCl, 1% CTAB), KIS T#KT ¥ (37°C, 90rpm), 30min, JIAK
W E 2R Smg/ml, 4k4:9%3%% 30min, JIA 0.5ml 20% SDS, 65C{#i& 30min; ¥4
HE=, A 250 FRAK (20mg/ml), 37°C/K#HRI 2h. 6000g25Ly 10min, Hf
IS OCH B0, DU EE I 2 K, BB AEPEH I 1.9ml DNAH
PN M 0.1m120% SDS, 65°C/K¥# 10min, 6000g-0 Smin. & JIF F3SW, A
SRR T e (25:24:1) )5 F ISR S0/ e el (24:1) HEE Hhfe
—, LL0.6 FAAARR I S R UTEDNA (UK 1h), 16,000g5.0y 20min, JLHER] 70%
VRSP IR, FLA TG ] 500ul TEVR#. (i Baalifh 5 — 20 C 1174 .
1.4 16S rRNA F£[X PCR 44, 5 B F13

¥ B2 BB DNA /E 5 PCR ¥ 38 19 BE M, A6 H 40 B 38 FH 9 &) 27F(5°-
AGAGTTTGATCCTGGCTCAG-3")H1 1492R(5’-GGTTACCTTGTTACGACTT-3").PCR
RNAEZBORD): 511 10X PCR Buffer, 311 MgCly(25 mmol/l), 0.5u1 dNTP
Mixtures(10 mmol/l), 1w 15[4(4 1 mol/l), Taq DNAZK & 1U. PCRIZN At 95



"C 10 min; 94°C 45s, 50°C 45s, 72°C 75s, 30 MEFL; 72°C 10min. 1% I/l HEkE
R MPCRY 455, JF FIDNA I Al 546 b4

K H pMDI18-T vector Kit #:471%Hz, LA E. coli TOP10 Jhfg 3=, W BE vk H
PeEAl 7, PRIESRIUTRE, 1% TR lEBHSE R B Ik R M A BOR /N, & IEAfiEA
Jr B v Bk o D0 e ] SR ON SRS DRI A e i S R 0 E
1.5 MERGKE W

3220 E e AZ 2IRDP 1 £ 14, FI A fE 2kl T A CHECK-CHIMERA K
MR AR, LRk &G 107 %07 %18 1 GenBank [FI BLASTNFE 4% 2 w51 [R1 YR 7 41,
K M ClustalW #2 7 it 417 2 ¢ # UL i 21, 2R 5 @ i MEGA 4.0 2 )7 F 1Y
Neighbor-Joining /7%, KM Jukes-Cantorvt S, X6 AR T 44 R0 HL & 8001 1R 40 141 O3
MK RS R B, bootstrapfi %€ K 1000. A FHPHYLIP# 41 (I DNADISTHE 7
HEPR B, FHDOTUR A A ek ik (Rarefaction curves) A HL#EE /#7176
AN S5 R B R 2 REPE, 8 LIBSHUFF#CP R LA 16S rDNA W[5 S 7] (1 72 55
P
1.6 4 ZEA7H 5 (Accession number)

16S rRNA JE[H P F17E GenBank #% PR E R 72 16 fili ‘5 8 EU675763-EU675845.

2 HiR
2.1 AL 4] DNA fICRT PCR 47 1Y

M A gIRHFIUR b 2 3RS T 29 450 ng (EP2005-04)F1 420 ng (ES0505) ¥R 5
DNA, K/NA 23 kbo I 2% b il i i 24Dk F T 2 HUIDNA, - 28 7 B 4l i
REMABEATPCRY 4, BTG 2IAIDNA )0 i —24t, BRI 1.5 kb,

2.2 4I1# 16S iDNA REKH 5 HT

Al BEHLEIC 50 AN IEAEA T K s 7, 4 CHECK-CHIMERA
OIHT BRI G RIS, EP2005-04 3t A1 ES0505 3 (AT RUT S1K00y il h 46 K 47, 1134
K RT 1350 bp.

B AR TR ] (proteobacteria) M1H & S HE A1 14173 ) 2 RGE K B (& 1. 2),
SiRWoR, 93N TiESE T 13 AR, 288 T oA B E 24 (Alphaproteobacteria), y
A T W 44 (Gammaproteobacteria) , 6 4% JE & 44 (Deltaproteobacteria) , % % B | J
(Planctomycetes) AR F 4 | J(Acidobacteria), 4% 7371 Jg Tk 21 2 o - B0 Bl - 400 A TR
(Cytophaga-Flavobacterium-Bacteroidetes, CFB), LIS JiE R [ ](Nitrospira), B A% JE
X (Betaproteobacteria), Ji{ZE # [ J(Actinobacteria), %¢%5 | ]J(Chloroflexi), JEEER ][]
(Firmicutes), % BRE-Wi# 5 ] (Deinococcus-Thermus)Mlcandidate division OP111%,
AT 8 D rEBEANRERE RS F AL (Unclassified A-E). Hrb 22 NP4 © R0l s
FEANPE 16S tDNAJPHIA R M FYETEGER 1), HACK Z2H)7 815k B i TR A
JERE TR A Rl fe v, 0l P 91 A BRI AR 55 e 21 [ P e, 1T S5 RN W) %
FrANE 5 AR PEARAIG

MAZTE BN 2R 58 B W R IR 2 4 8 45 5 X DT AR 6 18 A 2R 6
f5 4 ANEH#E: Alpha. Beta. Gamma Fl Delta WWHE. Hirb ¢ AR B XS 41 B £E P A s
s HARPEE, HAE EP2005-04 R ES0505 P SCIZE 1A 345 41 Hh i o (¥ LE A3 4 3l
M 21.7%H 27.7%. H 9 NI IE T Fl (Legionellales). 20 il i H
(Pseudomonadales). ¥y FBR R H (Oceanospirillales). 75 & 5.y 5 H (Xanthomonadales)
H AT A H (Enterobacteriales), At #5170 & THAER IR T LR vi b . o A TE RN
LEWAN SR BUT IR BT B 10.9%F1 14.9%, H 7 MEBUTHI B T4



| EP2005-04-P31, EU675786

EP2005-04-P10, EU675772 —]
South Ionian sea sediment clone HO6(AY534018)

ES0505-S36, EU675834

ES0505-S39, EU675839

Izu-Bonin Trench clone BD5-16(AB015571)

Thermaikos Gulf cloneTherm30-H10(AY533991)

Belgian contaminated marine sediments clone(DQ351778)

EP2005-04-P28, EU675784 ( 2 clones)
Uncultured gamma proteobacterium(AB235392)
EP2005-04-P44, EU675797

South Ionian sea sediment clone HO4(AY534017)

ES0505-S21, EU675821 .
EP2005-04-P36, EU675790 Legionellales
Pacific nodule province clone ESA9(EF061182)

Coxiella burnetii(AY342037)

ES0505-S16, EU675816 ( 2 clones)

Uncultured gamma proteobacterium (AY711415)

ncultured gamma proteobacterium (AY711687) NB1

EP2005-04-P40, EU675794
————————FS0505-S29, EU675828
— Moraxella sp. (EF409330)
ES0505-S7, EU675807 Pseudomonadales
EP2005-04-P5, EU675767
cinetobacter junii(EF178436)
Acinetobacter sp. (EF570077)
ES0505-S33, EU675832
ncultured gamma proteobacterium(AY711364)
H EP2005-04-P58, EU675802 iri
Alcanivorax sp. (AB053124) —] Oceanospirillales
ES0505-5S45, EU675840
Stenotrophomonas sp. (EF491967)
ES0505-S50, EU675845 Xanthomonadales
Stenotrophomonas sp. (AF181569)
ES0505-S17, EU675817
L Stenotrophomonas maltophilia(AY837728)

—— [ ES0505-S22, EU675822 .
itrosospira sp. (AY123791) —1 Nitrosomonadales
— T

Gammaproteobacteria

ES0505-513, EU675813 ] . .
Neisseria sp. (DQ409137) Neisseriales

ES0505-S3, EU675804 .
Ralstonia sp. (EF657839) :I Burkholderiales

Betaproteobacter

|EP2005-04-P8, EU675770 i
"Citrobacter freundii(AB244459) —1  Enterobacteriales

——{ EP2005-04-P49, EU675801
Uncultured alpha proteobacterium(EF491445)
EP2005-04-P41, EU675795
Permeable Shelf Sediment clone LC1-25(DQ289899)
ES0505-S15, EU675815 ( 2 clones)
Uncultured alpha proteobacterium(AB247855)
ES0505-S35, EU675833
—Roseovarius pelophilus(AJ968650) —1 Rhodobacterales
4"_550505-54, EU675805
ncultured alpha proteobacterium (EF491493)
EP2005-04-P2, EU675764 ( 3 clones)
(Ochrobactrum sp. (EU187496) i .
ES0505-526, EU675825 Rhizobiales
Ochrobactrum sp. (EU107177)
ES0505-S30, EU675829 ( 2 clones) -

Alphaproteobacteria

EP2005-04-P42, EU675796 ]

Uncultured delta groteobacterium(DQ269 103)
ES0505-S18, EU6/5818

Uncultured delta proteobacterium(AY580412)

ES0505-549, EU675844
acific nodule province clone ESB12(EF061192)
EP2005-04-P12, EU675774 ( 2 clones)

South Ionian sea sediment clone GO1(AY533956)
L [TES0505-S2, EU675803
Amsterdam deep-sea clone 313(AY593421)
EP2005-04-P38, EU675792

Uncultured delta proteobacterium(EF491469)
[TES0505-S27, EU675826
Pacific nodule province clone ESA13(EF061188)

—@?})5-823, EU675823
ncultured delta proteobacterium (EF019898)
ES0505-S9, EU675809
South Tonian sea sediment clone A02(AY533953)
ES0505-S48, EU675843
Xisha Trough clone MD2902-B17(EU048623)

Deltaproteobacteria
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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 (S)



ES0505-S5, EU675806 —
acific nodule province clone ESA19(EF061214)
EP2005-04-P48, EU675800
ES0505-S46, EU675841
South Ionian sea sediment clone C05(AY533907)

L [ EP2005-04-P34, EU675788
Uncultured Acidobacterium clone (DQ070804)

EP2005-04-P15, EU675776
permeable shelf sediments clone(DQ289915)

EP2005-04-P35, EU675789
ES0505-S14, EU675789 ( 2 clones)
South Tonian sea sediment clone C06 (AY533906)
ES0505-S42, EU675839
California marine sediment clone Bol95 (AY193249) —
EP2005-04-P17, EU675778

Acidobacteria

uncultured bacterium clone (DQ413113)

ES0505-S40, EU675837
Uncultured bacterium clone (DQ416529)
[~ EP2005-04-P13, EU675775

Unclassified A

Uncultured bacterium clone(EF459864)

IES0505-S19, EU675819

— California grassland soil clone(AY177763) -
EP2005-04-P3, EU675765 Firmicutes .
EP2005-04-P16, EU675777 ( 2 clones) (Low G+C G")
Mid-Atlantic Ridge clone AT-s30(AY?225657)
1
—J

ncultured bacterium clone(EF491525) Unclassified B

— [EP2005-04-P19, EU675779
Ryukyu Trench clone (AB015550) Cytophaga

Pacific nodule province clone ESA14(EF061204)
ES0505-S10, EU675810 :I
EP2005-04-P9, EU675771

Nitrospirae

uncultured bacterium clone (DQ499297)
[ EP2005-04-P11, EU675773

—Uncultured Cytophaga sp.(DQ070835)
ES0505-S12, EU675812 CFB

—| —Ulvibacter litoralis (AY243096)
—ES0505-538, EU675835
—u

ncultured Bacteroidetes (DQ404664)

[ES0505-S24, EU675824 .
Xisha Trough clone MD2902-B4(EU048611) —1 Chloroflexi

EP2005-04-P39, EU675793

JEP2005-04-P30, EU675785 :| Unclassified D
'Uncultured bacterium clone(AY592335)

—— EP2005-04-P20, EU675780

Pacific nodule province clone ESA10(EF061208) . .
EP2005-04-P37, EU675791 Actinobacteria
4[EEP2005-04-P6, EU675768 (High G+C G")
Sylt-Romo Basin clone Sylt 21(AM040117)
‘Arctic cold marine sediment (AJ240976)
[ES0505-S41, EU675795 :I Deinococcus-Thermus
hermus kawarayensis (AB071811)
ES0505-S32, EU675831 .
———Uncultured bacterium clone (EF459928) :| Unclassified E
I ES0505-S11, EU675811 :l OP11

I Australia soil clone(AY529890)
ES0505-S20, EU675820 —

_|

Xisha Trough clone B19(EU048625)
I~ EP2005-04-P26, EU675783

Belgian contaminated sediments(DQ351812)

EP2005-04-P7, EU675769 ( 2 clones)
acific nodule province ESA23(EF061199)
—@mos-owu, EU675799
Uncultured planctomycete(AY712070)

0.02

L [ EP2005-04-P45,EU675798

Uncultured planctomycete(EU044135)
ES0505-528, EU%75827
ES0505-S8, EU675808

Permeable Shelf Sediment clone SC3-8 (DQ289943)

EP2005-04-P4, EU675766

Black Sea suboxic zone clone JK712(DQ368174)

EP2005-04-P33, EU675787

Uncultured planctomycete(DQ070834)

Mid-Atlantic Ridge clone AT-s2-38(AY225652)
EP2005-04-P24, EU675782

Thermaikos Gulf cloneTherm30-E10(AY534072) —

Planctomycetes
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Fig 2 Phylogenetic tree reconstructed from 16S rRNA sequences of other bacteria from Pacific polymetallic nodule

province EP2005-04 (P) and ES0505 (S)

—EP2005-04-P21, EU675781 ] Unclassified C



FF 5 H (Rhodobacterales) FlIA % i H (Rhizobiales). B 2% JE B 4N E P AN SCPE I 50741
T AT LB . 2.2%F0 6.4%, HAXESS nl 555 40 A 5 s 0 e S IAR L, 43 s
T W fi Ak PR B B H (Nitrosomonadales) < 45 &% B H (Neisseriales) A1 11 3 K B H
(Burkholderiales). 8 A8 B 44LE PN SR 207 50 B o R LG4 O2 = 8.7% 1 14.9%,
H A5 4y J8 T AR F2 07130 A3 1 v e

AR ARSI A0 R 1) R B, o] LUK SRS B 0 V7 85 B ) B AT B 1)
CFB. THALIEE R 1]« Lk 1 (High G+C G')+ 4¢%5 14| J(Chloroflexi). /A J(Low
G+C G"). W BRE-M T ] Flcandidate division OP11. 41 {EEP2005-04 F1ES0505
PIAN SCPEIAT UF 9 PR BT T 1(17.4% A0 6.4%)RIBRFT B T1(8.7%F1 10.6%) 1T 1 LL151]
FERT s BT 2 NP5 00 T T AN B 1 1R S0 BR R FER T, T s LA A
M pE K A ARG TR TR AR M v

R 1 KVHEZ SRALIX TR A5 16S tDNA P51 73 #4521
Table 1 Partial bacteria 16S rDNA phylotype affiliations from the sediments of Pacific polymetallic nodule province
province EP2005-04 (P) and ES0505 (S)

Representative clone of Numbers of
GenBank No. Nearest phylogenetic relative Similarity%
clone group total clones
Alpha proteobacteria
P2 EU675764 3 Ochrobactrum sp. X-16 100%
S26 EU675825 1 Ochrobactrum sp. LS 16S 100%
S30 EU675829 2 Ochrobactrum sp. X-16 99%
S35 EU675833 1 Roseovarius pelophilus strain G5IIT 96%
Beta proteobacteria

P31 EU675786 1 Ralstonia sp. 9RC-10 100%
S3 EU675804 1 Ralstonia sp. 9RC-10 100%
S13 EU675813 1 Neisseria sp. JO1 99%
S22 EU675822 1 Nitrosospira sp. Nsp57 98%

Gamma proteobacteria
P5 EU675767 1 Acinetobacter sp. w2 100%
P8 EU675770 1 Citrobacter freundii, strain:C3-1 100%
P36 EU675790 1 Coxiella burnetii strain VR145 94%
P58 EU675802 1 Alcanivorax sp. Mhol 94%
S7 EU675807 1 Acinetobacter junii strain 2R11 100%
S17 EU675817 1 Stenotrophomonas maltophilia 99%
S29 EU675828 1 Moraxella sp. Morax. M1' 100%
S45 EU675840 1 Stenotrophomonas sp. OS17 99%
S50 EU675845 1 Stenotrophomonas sp. JRL-2 99%

Bacteroidetes

S12 EU675812 1 Ulvibacter litoralis strain KMM 3912 94%

Deinococcus-Thermus
S41 EU675838 1 Thermus kawarayensis 97%

2.3 41 16S IDNA CPEZREME T
FEHEEP2005-04 FIES0505 PN £ 20 I 3RAF 1] 16S tDNAJFH, X 741 2 [H] [FIAH
LIPEELEL, K AT KT 97%AE (1 58 B 7 51U - [l — AN E 40 St (0TU)Y S, 48
H 40 A, JEIIDOTURKAFAE BcFiRe ek (B 3), JEAF P Uh A 2 FETEFR Bl
(K ). M4 R2K W : (1)EP2005-04 37 [f)Chaol MACE=F"E 5 £{H K T-ES0505
vh, VHHETE I 2R T /5 (2) EP2005-04 [)Shannon-WeaverZ #£14:F5 41
B 5 T"ES0505 %, Simpsonf/t 35S 5 £ (IS K T-ES0505 i, 1t HEP2005-04 3k () 4
P2 AEEREFE S 5 T-EP2005-04 3l (3) MRSl SRR thR a1 111 %4k, %4k



SELEBE RN e B AR 7y JB — AN OUTHIHE T T £t (1 ELZR o [H) B P AN o A 78 SC 78 v B 4
Iyl 46 R 47 RS E, Rk 40 NOTU, ISk S E L s £
FEVE, TES0505 i A5 R 2 B HLEP2005-04 355G T 2%, ViaRT & AR Hf
PERSIED T 53, X5 2RI L g5 R —2

® 2 KL EE A XU A v 2 FEVE R B
Table 2 Measures of bacterial diversity from the sediments of Pacific polymetallic

nodule province at 0.05 evolutionary distance

Formula EP2005-04 ES0505
Bias-corrected Chaol Sk 179.2 115.5
Abundar.lce—base Coverage S 188.6 124.0
Estimator (ACE)
5
Shannon index (H”) H'= —Z PInP, 3.59 3.56
i=1
Si index (D) D=1 i UIWED 0.0102
impson index =l=-) —7- . .
i N(N=1)

S, the number of OTUs in the samples; N, total number of clones in the samples; n;, the number of clones in an OUT; P;,
the proportion of clones in the ith species.
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Fig. 3 Rarefaction curves using bacteria 16S rDNA sequences from the sediments of Pacific

polymetallic nodule province at 0.05 evolutionary distance

H T PR Al i v B ST PRI e (AR B B 2= 5, N LIBSHUFF 8 A 23547 4%
PP (B 4), 194 T FVETE 7% % 4k (Homologous coverage curve), 577 o %
it £&(Heterologous coverage curve), W IZE[R 225 2k AC, VLR ACEZEVER
ZHP, FIREN], P R A A AT B ZE R (P=0.001).



Coverage curves for EP2005-04(X) to ES0503(Y)
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Fig. 4 LIBSHUFF analysis of bacterial 16S rDNA from EP2005-04 (X) compared to ES0505 (Y) clone libraries
[F] Y5 78 75 2 1 £k (Homologous coverage curve, M)C,=1-(N,/n), 5% o5 % #h 2k (Heterologous coverage curve,
®)C,,=1-(N,/n), WHlIZi%ERF AC=(C\-Cyy)’s ACHBFEMMIIPHIA . nlyXSCPEM ve AL, N FRIEX SO
JURF (unique) P FIEL, Ny RORXSCE T IRLAEY SCE R EE TN E , N FIN B TG IR 2(D). i4k
FORAEAFRILEE 25(D) R AC or (C,-Cyy)’s MELRAREBHHLILFE i) 4C(P=0.05).

3 ik

B ST 22 4 5 A DX ANl st AR D U R S A T A B 22 R PR A HT » 45 R
KW, YT RN B L X P AN DURIRE S R I R, X4 50 TR
S AR A5 KR TR A N T 22 FEER I — s P e H IR DR E £ 4R 45
X VG DX SRAF DRI AN 1 53 S8 T 75N KIS, T Ay A8 T 181 A4 A 12 DX IR AR 38 1 S
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