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Prediction of bacterial species richness in the South China Sea slope sediments

LI Tao'?, WANG Peng'*
1 State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

2 Guangzhou Marine Geological Survey, Guangzhou 510760, China

Abstract: Two families of statistical approaches, parametric models and nonparametric estimates, were developed and used
to predict bacterial species richness in core MD05-2896 collected from the South China Sea during the Chinese-French joint
MARCO POLO/IMAGES 147 cruise ( chief operator Yvon Balut). MDO05-2896 (08°49.50'N, 111°26.47'E) was an
11. 03 m long core collected from the SCS south slope, where the water depth is 1 657 m. A total of twelve microbial
subsamples were collected from the top to the bottom of the core at intervals of 1 m. For each sample, we extracted the bulk
DNA and amplified the bacterial 16S rRNA gene sequences. All of the bacterial 16S rRNA gene sequences were used to
construct a 16S TRNA gene library. A total of 194 unique phylotypes were identified based on the phylogenetic analysis,
most of which clustered into 17 phyla that belong to Planctomycetes, Proteobacteria, Chloroflexi, Actinobacteria,
Sprirochaetes, Verrucomicrobia, Acidobacteria, Bacteriodetes, Defferribacteres, Nitrospirae, and candidate divisions OP1,
OP3, OP8, OP11, JSI, WS3, and TM6. All sequences were grouped into Operational Taxonomic Units (OTUs) based on
9% , 98% , 97% , 95% , 90% , and 80% similarity cut-off values. Sequences were aligned using the CLUSTALW
software, after which the% sequence similarity was calculated and the sequences were grouped into OTUs using the
unweighted pair group method. These frequency data were then analyzed by parametric models and coverage-based
nonparametric estimates, ACE and ACE- 1, respectively. Because nonparametric estimates usually underestimate the
species richness, this study focused on application of parametric models. Five models, including the inverse Gaussian, log
normal , negative binomial , Pareto and 2-mixed exponential, were adopted to fit asymptotically with the OTU’s frequency

data and predict the species richness. The parametric models were implemented step by step according to the procedures
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described by Hong et al. , and the best fitted model was selected for the final parametric analysis. At the level of 99%
rRNA sequence similarity, our data were best described by the 2-mixed exponential distribution model, which estimates the
richness at 326 40 (SE). At the level of 97% rRNA sequence similarity, the negative binomial distribution model
describes our data best with an estimated richness of 244 +10(SE). At the level of 95% tRNA sequence similarity, the
negative binomial distribution model best described the data and estimated the richness at 220+6 (SE). At the level of 90%
rRNA sequence similarity, the 2-mixed exponential distribution model best described the data and estimated the richness at
127+4(SE). At the level of 80% rRNA sequence similarity, the Pareto distribution model described the data best and
estimated the richness at 62+4 (SE). The 99% , 97% , 95% , 90% , and 80% rRNA gene sequence similarities were
adopted to identify bacterial strain, species, genera, families/classes, and phyla, respectively. Accordingly, core MDOS5-
2896 contains at a minimum of 326 + 40(SE) bacterial strains, 244 + 10 (SE) bacterial species, 62 + 4 (SE) bacterial
phyla, 127 + 4 (SE) bacterial families/classes, and 220 + 6 (SE) bacterial genera. However, these numbers are
conservative because of the limitations associated with laboratory experiments, such as coextracted interfering substances

including humic and fulvic acids, and PCR bias.

Key Words:; bacteria; species richness; the South China Sea; sediment

FR I P E T BE 2k B E JrRh SR, B AT Hh 0 K 22 B0 A L 3 B A A e, X
U e A W) B A A BB AR Sl T A HE DB 3 A3k, o b 0 e (S S 35 T4 0, A I i 8 8 AR A TGk 58 4 I il
Y 2R (RS HE U E DR R ) 4. FETIER IR rRNA ARSI U E ) 2R i
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2005 45 H 15 H—6 H 8 H IMAGES147 ik 345 BT MDO5-2896 , SRAF A o7 T A 1A il 3 [X.
B V5 I 5 Hb PG 5521 2% (08°49. 50N, 111°26.47'E ,/KIE 1 657 m) , R I shA R IR 25 R &E T
L EK 1 m, NRIZREZLL L m S ERAE, 2L 12 A RE S B BT -20 ¢ FHAE, iRk s s
fitif7 T-80 C,
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12 MAAEYIRE A FRILS ¢, RA] Zhou FHEEE" 43 HIHEBUE DNA i 41T 16S rRNA i FH 514 Eubac
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#] RDP II ( ribosomal database project) (4% , #]F CHECK- CHIMERA ¥:56 , 2 A& #)F %1, v F BLASTN
¥ (www. nebi. nlm. nih. gov/BLAST/ ) ## 2 A4 ¥ 51, >R A ClustalX ( Version 1. 8) #E47 o X} 43 #7, i i
PAUP( Version 4.0b10) 7' #7245 & & # , 1 Fl Neighbor-Joining B 75 15 | %4 Jukes-Cantor #EILIE S, 4H
B 16S rRNA 3t [ ¥ 4 £ Genbank #% # B2 % 48 & 19 82 % %5 H EU048662—EU048694 Al
EU385666—EU385826

1.3 ZHEAI T

A CLUSTUALW R PEXFTURUIAE MDOS-2896 4 T8 16S rRNA J5 81 AT FF 41 LU X 7047 , 115077 51 A A0
PE,LL 99% .98% .97% .95% .90% il 80% W ¥ 5 — BUMEAE J 43 - br v, R4 OS clustering 2 F¢ #Y B 1k
(http ://www. compbio. dundee. ac. uk/Software/OC/oc. html) , F| FH ICIIAL L BE 7 %50 e 9 047 2004 B e
HE PRI (OTU) AR R BRI 9 0 IR, BIr 28 5T h Y 16S tRNA JP A%, Kior2E
BT H BB NBICHES ], Ge it H BRUCEOH [R] 1) 73 2R BT N4, A2 0T H BRUCEORIXS I 1 43 26 B
TCANE RN Ay i — 273 A (8 Al A0l

Z RS RYSE S N B R AT A0 G A R L ) A A S R 3 A AR L I AV o UL 3 1 4
P RN G S AR A 07 AT, R ANE YA LS (), It IR
B W W FEH7 5 M0 ZEATT IR B <r I U < FAT 107 . RIS A SCIR S SR 4L 5 R S 85080y
AT T E BN R A T A5 e S PR A T . EIARIEA - (1) SUE R (GOF) K40 .
SRINE L EE (natve GOF) FIMTHHUA LI ; (2) BEASBNA A7 B SCRYARIEZE 5 (3) {88 W Aot 5 WL I 5048 114
I RBIR B ( Bl R YA R o

TS AR A ARiC BRI (MRR) 7 DA A B R O 2 (4 (< 148 ) 5 00080 21— 1k i1
YrFpag ik 244, RITE AR S iR b, Y0 Rh A OO 3] 1) TL R/ B = 5 B b A RE 408 I 3] —
W A AE— > ZAEHARMR RO VR, B0 F 5 DA AR OO0 B i LR N . R B T R E " Y
iR H /0 1 (R R R ARG = B SR ST A S A 2K R FHAR 22K 50 . A SCRI ] SPADE - it iy 2
TP LR A0 AT Ak T,

M T ARS B RGN U W) A 5 DR, AR S 32 Z e S AU R0 A 7 B BT
2 HR
2.1 165 rRNA JE[R SCHEAN E 2 HEE

A 97% J3 SWARUPENE A AR R B 73 AR 1 329 254074 16S rRNA JEH P51 7358 T 190 M REK T
B RGERE A RRVIX R G R TR FZORA 17 AT MBYZERE(“1T7)  PREDIRTE (Planctomycetes ) |8
JEFT B ( Proteobacteria ) | £k Jif ¢ #T 7 ( ChloroFlexi ) | il £ B ( Actinobacteria ) |, #2 Ji€ /& ( Spirochaetes ) . J& 1 &
( Verrucomicrobia) .FR #T i ( Acidobacteria) L FT B ( Bacteriodetes ) . 2k 30 JE #T B ( Defferribacteres ) . fild £k 12 &
(Nitrospirae ) LA & candidate division OP1 ,OP3 ,OP8 OP11 JS1 WS3 TM6, ZHE 16S rRNA JL[K v [ T 5F11¢
ROV 117 A AR 1
2.2 FIFIBERITUN A 25

LL99% \98% \97% 95% 90% 80% J¥FUARMIMEAE N 73 2 BAIT i o0 5, A DAL LA D7 i % 1329 %
AN 16S rRNA JERFSIHEATIRIHT, 43 I 4LEER 212,194 190 168 115 . F1 50 402K, F S50
RURAG R I oTF A, 5 R R 2,

MEEFRTE (R 2) , S B08 RS 20 A9 T8 — i TAES B Th ik NS s B vp SR B AR A T
Hong S5\ R LA 5675 165 WL 5408 400 A B8 B i ) A Y | A SRAF A 22 IS 5 LI 54k 1 005 R R R AL
T A AT T A bR o2 AR B R A Y R SR T AR el . AR B, R B D (<5
W) IEHHBRECH 1 W e B 2, BRIV 1Y 8 BRI 0 45 R 2 15 5 WL B ) 4
SR I HH IR BN 15 Y 73 28 B T0 A B T8 D0 1 2 5 3 W I L 45 SR R B 24 0 S B OT 43 99 % A
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Fz1 AR MD05-2896 EETFAEME T HHIH TR
Table 1 Bacterial phyla detected among sequenced clones in sediment core MD05-2896
Il ARFAAEL TERETMEL
Phyla Number of phylotypes Number of clones
1 AL AT ( Proteobacteria )
Alpha 5 142
Delta 22 200
Gamma 1 13
2 TEAPR T ( Planctomycetes ) 52 318
3 LEJEBEAT 1 ( ChloroFlexi) 13 79
4 oP1 1 16
5 0oP3 15 116
6 0P8 8 69
7 OP11 11 55
8 JS1 3 106
9 WS3 2 10
10 TM6 2 11
11 T ZR # ( Actinobacteria ) 3 36
12 BETE (A ( Spirochaetes ) 4 40
13 PEE ( Verrucomicrobia) 5 33
14 BRHT 1 ( Acidobacteria) 7 47
15 FUFT T ( Bacteriodetes ) 3 8
16 RIE JF AT ( Defferribacteres ) 2 18
17 AL IR B ( Nitrospirae) 2 11
18 Ko (Unclear affiliation ) 29 181
41t Total 190 1509
L 97% 17 AR B A AR R B Y 43 3
£2 MARHHE MD05-2896 AR HIFEE
Table 2 Bacterial richness of the core MDO05-2896
eSS B9 Ah 3T Estimate of the total samples’ richness
INH BT N TS HAT
Bk ﬁuuﬂﬂ% SRR Parametric model Nonparametric
Operational 45312 EEPURIELED estimators
taxonomic  Statistic S.ample's SECIE 5
units LV e el TR
boundary detected  verce o Neotive 2-mixed Paretn ! ACE ACE-1
Gaussian Norrial Bingomiai Expomential
99% YT ML 212 244 246 300 326 283 255 267
FRUfEZE (SE) 9 10 88 40 10 12 17
S AR ILA L RE 0.043 0.03 0.447 0.483 0.015 NP NP
WL O R 0.242 0.0214 0.637 0.867 0.177 NP NP
FEE () 18 18 21 36 9 18 18
98% ST L 194 219 221 248 273 251 229 238
FRifi2 (SE) 8 8 10 27 9 10 15
JEAR LA I B 0.074 0.058 0.023 0.271 0.039 NP NP
LA A R 0.364 0.345 0.125 0.942 0.311 NP NP
A () 18 18 12 30 10 18 18
97% ST M 190 214 216 244 256 244 223 232
FrifEZE (SE) 7 8 10 23 9 10 15
S LRI I B 0.107 0.086 0.009 0.486 0.017 NP NP
i LA P R 0.174 0.165 0.092 0.987 0.239 NP NP
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FE S FBE B THE Estimate of the total samples’ richness
P P
I}ﬁijb EQD;TTE ST Parametric model Njfnpa%:isi_c
Operational St & IR estimators
taxonomic  Statistic Sample’s % —
nits s WA A o PR e
boundary detected  [yerse '“‘Log ; cantive 2-mixed P ACE ACE- 1
Gaussian Normal Binomial Expomential
R (T) 18 18 11 25 10 18 18
95% YT ML 168 183 183 220 250 162 191 196
P2 (SE) 4 6 6 33 9 8 10
AR i R 0 0 0 0.005 0 NP NP
WA R 0 0 0 0. 806 0 NP NP
FA(T) 5 6 8 46 6 10 10
90% I M 115 124 124 149 127 162 129 132
FrifE2E (SE) 3 3 9 4 9 6 9
JE ARl fR 0.001 0.001 0.001 0.006 0 NP NP
WA P 0 0 0 0.003 0 NP NP
At () 5 5 7 6 6 10 10
80% IyHTT DR 50 54 54 61 54 62 55 56
FrifE2E (SE) 3 2 5 2 4 4 5
JE AR il 1 0.104 0.103 0.009 0.112 0.548 NP NP
LA I R NA NA NA NA NA NP NP
FAi(T) 5 5 8 5 7 10 10

R BRI AR BRI, RPHE NA AT NP REETLIETT

so L eI SRy
i FrF— St
:j 99% —m— Vil TR 4 BT HITOKC
E - = RHA TR A
g 40
éé 97% —e— SElE T HEHTH 4 K BT IS
: - o — MTIRATRIIIIE
ég 30 0% —a— FEHE T HEFTEY 43 2T UK
2 -« = USRI
B
§ 2l 80% —o— FwRETFEHF 1 43 2800 IR B
Z - o - MR R BLA
<_
i
%
i 10 - -

0 ) =

0 5 10 15 20 25

H IR Z Number of occurence

1 HAEREFETNSLATARSHRSEREMNE

Fig.1 Frequency distribution of OTUs in the bacterial library versus parametric model’s fitted values
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90% ¥ 9 — I, SR B A S S ARG TSRS AR THE 53512 326440 (SE) 1 127+4 (SE) ;443K HIT4)
L0 98% F1 80% 73 —BUMERT , DA TRFC /AT A B HEAG TR Al B 205 4 25149 (SE) F162+4 (SE) ;245>
FKIPITHT RN 97 % T 95% Jo 5 — kit 52 Z 300 0 A e AEAG AL Al B 53700 244 £10 (SE) #1220+
6 (SE)., EI1 &R TLL99% 97% 90% Fil 80% JT 51— F 4y 73 S B TC 7 AR, e iR A A B A 1119 70 2
BT H BB KRS 7 1) 3 2R BT AN B SR EE LA S . NI, 3 2 B e AN Bl 5 S B (B 2 W)
G, JUHIE IR B A 109 53 25 BT AN B T 5 SRR S AR — B0, BRI RS TR A5 G X 240 1 =F BE Al 3

HTiT, FIH 16S rRNA F [ 7516 40 1R “ Fl ™ R 3 I AR R AL, 1% Tl 3% 19 T35 25 S 4 4 FH 1< Fr
(2 S 3R BRI MR LA 1% 750 22 SR R BRIAR 20 28051, LA 3% VE R« Bl B9 43 280D FEBLRR T, Al
112 326+40 (SE) 1~ £k ,244£10 (SE) M,

AR JB” <BE /<7 R sy OT AR XMEE 1T 16S TRNA FE K 781 19 22 S5 ok vl Jl 43, 2 STk
S5 5% 10% Fi1 20% 55125 /B R LB 4543 FE Bt i SRR AR IR HE TR A MDOS-2896 Hi 4
HREE RAM3E 6244 (SE) D117 ,127+4 (SE)DN“BE/“ 447 F1 22016 (SE) M &,

3 itig
3.1 AT AT SR

MR R SCERA T, 2 FAS R FREE AL, X 40 8 = BE A A T HELAH 22 AR K, B b sl 4 J 75 Y 1 + 18
AT 2 A T 300—1 5001 7 T AT A& 39 A 4B =K BE 1945 T THELU 5% 6 000—10 0001 | HE 28 54
#1500 000", 16S rRNA F K AR MERESRE 5 rP A H BB — i A L HF, 2 Ak JLE Fh, A E B+
YHPE B AR A 225112 Hong SF AN IS o 40 T8 3 AN B A AL 1R 22501, 35X oAy B ANl 5, it
e TR 9T 3 e 8 1 4B IR AR D) (E0 S IR R AT RS

Sy it — AR AN B B AG T B T 5E 1, A S0 Hong 25 AOAIF I 45 S HE 4T T . A5 Hong 25 1y 5L
REECHE AR H 16S vRNA FEPH SO 2R T 58 S AH R s AR  (EAS AN B « b B0 A THE R 22 R,
T A2 S 0 D DKL VT R SR S B A A SO i AR R R A G,

MAG TR 45 AT | AR SO 4B b B Ak E-5 SIEAR 225K, #8107 g, it ELG SR [ P9 Vb i A
FITTERIEE MDO5-2902 F H 41 1 = B T A 179+9 (SE) , L HikF] 10% £-4%; SR 1M1, Hong 2540 B ¥ R Kt
AT E 29 I E Y 10 52247, R 107 g o A0 A A A0 A4k 0 BT = 8 1 D B ) 43 2 BT Hh
YRR R A3 A X LB P A, 75 A SR, IE A T ARG H 432 B0 AN, R A il 2k R BN .
i 2k 22 v R BE , 1 FHASE AL O R BCR O (A H ) 19 43 2R B STAN B R 22 Tt 0655 083000 {8 2 51l 8K . Hong A
i B AT T o A SR s R 2 B 00 25 BT H BB AT 1, BIVRE S b o R 22 503 24 BT P VOO 1) /) LR
AN HRBLUCECR 153 28 BTN EIGIE R T H BRUCEC R 2 (BIEF UML) 1) 73 28 BT B8, AR S A i 2 A s AR
B , 2R A TP AR R AR 9 43 2 BT Al T HERZE K TR, AR SCBIF SR A i 1) 48 TRT v B SO A 4
20 AT BB T 1, 0% 43 A i 26 22 s ARG 50 5% (TR 1) 5 01 40 A ph 4 000 A A H 19 4 2 B ot A
e/ B2 BT B UOWIN B 9 LR AR =, 38t e 1) 20 2 B e AR WA /0 | BRI Ay 312 30 R
3.2 ARG E R

ST 240 TR = FEAG T T HEPE Y 2R B WA B e R A TR A A e 4, AN [] ) Ak 1A 7R A5 21 1y &5 2R T
REA BRI 22 52 HOJE Al T A SE R AR | 7ok 5 At Bl e 1o 52 56 - BER SR B , Bie o o 32 2 e
TR E AR,

3.2.1 Atk

I, XS BOER R E SR Tk U 305 A7 A B R B G ™ B S FH S 5085 R, 77 7 0 4] 35 5 A58
R R K

XS EERT 5  ARME R ST — A R A5 KW R ) 2 B3 P2 R SRS R 1) £ RO 25 AR B v (1 53 A 5
BOHATIE , DN L9018, N8 o B8 TR S AR, HAS [R] fr) 2 25 0] e AR 8 (1% 1 B 1 5 42
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AIFl, Curtis AN AN BE A HA S sh A0, WK BER, BEVE A A B W BUE S 40 A 5 Rad Jeon 48 24
BRURECR 1 A9 43 SR T0 AR R HE B 335 w8 30 40 A AR R 0 B3 0 =F B A Bt A 31 s Hong 250 I F AR A7
FE— 0 3 5 AR B I g 55 R A AR ARSI LASSE Ay 1% vl Sk

ESEAG T 58 @M T 43 25 B IO AR = BE BT T, 76 T A (AR ) A P R A R X e i B BORE i 22
AN AESEUR AR 2 — A BNE R/ 2 BT 2R, B ISR B 73 28 st h RIS B, 5 381
BARURTR , AESE G THE RN RE S, H 2 S BRIT AR X 32 BE BRI A0, 25 5 2206 T AR “ M b 1) S e, 3
XA ) = B AR ATA
3.2.2 SEKEAR
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