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Bacterial Diversity in Lianyungang Marine Sediment and Qinghai Lake Sediment
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Abstract: The 16S rRNA clone libraries of two different saline environments the Lianyungang marine sediment and the Qinghai Lake
sediment were constructed. The Shannon diversity index,Chao and ACE richness index and Simpson dominance index of the bacterial
communities in the two samples was compared, and the analysis for the bacterial community structures of this two samples was
conducted. The results showed that the Shannon diversity index of Lianyungang marine sediment achieved 3. 53, and that of Qinghai
Lake sediment achieved 3. 05, it was concluded that the bacterial communities in the two samples were diverse. The main bacterial
communities in Lianyungang marine sediment included Proteobacteria (49.2% ) and Bacteroidetes ( 29.2% ), and Bacteroidetes
(60.0% ) and Firmicutes(26.0% ) were the main bacterial communities in Qinghai Lake sediment. Some halotolerant and halophilic
bacteria were found,which were important for industrial production and high saline wastewater treatment.
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Table 1  Physical and chemical characters of the two samples
v SR Cl™ i fiE DOC ¥ &
B pH -1 -1 -1
/mS-cm /gL /mg-L
B RWEIRIENR  6.89 34.2 18. 84 94. 17
T I e 7.33 27.0 11. 95 145.5

L1.2 2GS
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Soil 37 &, B AR 7 ik WAR ) & SR H 41 1%16S rDNA
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1492R ; 5'-TACGGYTACCTTGTTACGACTT- 3") i 17
PCR 4 44 F Bt K/NZI1 500 bp. % V44 £l 50
pl, £ 4% 10 x PCR buffer (1.5 mmol-L " MgCl,) 5
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Table 2 BLAST result of 16S rRNA sequence from the Lianyungang marine sediment

GenBank 1]

OTU %i 5 (5 B4 5 ) VB 2 0 B

GenBank b i AHALP 41 (05 ) AHALEE /%

Bacteroidetes 29. 2%

LYG-1( F-79,F-3,F-80) HQ703804 Croceimarina litoralis (EF108214)96%
LYG-2(F-15) HQ703795 Ulvibacter antarcticus( EF554364 )96 %
LYG-3(F-2,F-84,F-85,F-74 ,F-66) HQ703796 uncultured Bacteroidetes bacterium ( AJ969457 )94 %
LYG-4(F-73) HQ703822 uncultured bacterium (FJ716931)95%
LYG-5(F-40) HQ703815 uncultured marine bacterium ( FR685113)93%
LYG-6(F-24 ,F-61,F-91,F-93 F-39) HQ703799 uncultured Bacteroidetes bacterium ( GQ261811)96%
LYG-7(F-63,F-45) HQ703824 Flexithrix dorotheae( ABO78038)90%

LYG-8(F-54) HQ703801 uncultured Bacteroidetes bacterium ( AJ441221)97%
y-Proteobacteria 27. 7%

LYG-9(F-69,F-37) HQ703825 uncultured y-Proteobacterium ( DQ351758)98%
LYG-10(N-74 ,N-64) HQ703844 uncultured y-Proteobacterium ( DQ351809 )98 %
LYG-11(F-71,N-91,N-38 ,N-67,N-85,N-83) HQ703821 uncultured y-Proteobacterium ( DQ351787)99%
LYG-12(F-10) HQ703805 bacterial endosymbiont of Idas sp. ( AM402960 )95 %
LYG-13(F-29) HQ703814 uncultured y-Proteobacterium ( GU230360 )97 %
LYG-14(N-35) HQ703831 uncultured y-Proteobacterium ( FJ497636 )98 %
LYG-15(F-35) HQ703828 y-Proteobacterium RAp143 (EU672868 )94 %
LYG-16(F-62) HQ703826 Oleiphilus messinensis( NR025432)91%
LYG-17(N-31) HQ703843 marine bacterium marisflavum ( EF468717 )94 %
LYG-18(F-13) HQ703807 marine y-Proteobacterium HTCC2148 (AY386334)97%
LYG-19(F-56) HQ703819 Pseudoalteromonas sp. Ws17( AJ704790)91%
§-Proteobacteria 16. 9%

LYG-20(F-60) HQ703802 uncultured candidate division OP8 bacterium ( FN424394 )97 %
LYG-21(F-68) HQ703820 Desulforhopalus singaporensis(NR028742 )94 %
LYG-22(F-16) HQ703808 benzene mineralizing consortium clone SB-29 ( AF029047 )96 %
LYG-23(F-6) HQ703812 Desulfofaba gelida( NR028730)97 %
LYG-24(N-23,N-62) HQ703836 uncultured Desulfuromonas sp. ( AY177801)98%
LYG-25(N-69) HQ703838 uncultured Desulfuromonas sp. (DQ395053)98%
LYG-26 (N-53,N-63) HQ703835 uncultured §-Proteobacterium ( GU230390)95%
LYG-27(F-41,F-42) HQ703829 Pelobacter sp. A3b3( AJ271656)98%
g-Proteobacteria 3. 1%

LYG-28(N-87) HQ703839 uncultured bacterium ( FJ628292)95%
LYG-29(F-89) HQ703798 uncultured g-Proteobacterium ( GQ249515)99%
a-Proteobacteria 1. 5%

LYG-30(F-38) HQ703800 Rhodobacter sp. 20V17 ( HM050420)92%
Cyanobacteria 7. 7%

LYG-31(F-5,F-47) HQ703816 chloroplast Amphora coffeaeformis ( FJ002183)99%
LYG-32(F-11,F-51) HQ703818 chloroplast Thalassiosira punctigera ( ¥J002174)99%
LYG-33(N-50) HQ703837 chloroplast Bacillaria paxillifer ( AJ536452)90%
Verrucomicrobia 6. 2%

LYG-34(F-1,F-75,F-83,F-77) HQ703809 uncultured Verrucomicrobiales bacterium ( DQ351738)96%
Acidobacterial. 5%

LYG-35(F-86) HQ703813 uncultured Acidobacteria bacterium ( GU230436)93 %
Chloroflexi 1. 5%

LYG-36(F-57) HQ703793 uncultured Chloroflexi bacterium ( AY921965 )93 %
Firmicutes 1. 5%

LYG-38(F-7) HQ703810 uncultured Bacillus sp. ( AF454301)91%
Actinobacterial. 5%

LYG-39(N-37) HQ703834 uncultured actinobacterium ( DQ431884)93%

Nitrospira 1. 5%
LYG-37(F-49) HQ703817 Nitrospira sp. enrichment culture clone LPTV-S11 ( HM131832)97%
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Table 3 BLAST result of 16S rRNA sequence from the Qinghai Lake sediment

OTU i 5 (e 4 ) GenBank B GonBank - RAAE ) (05 ) RATIRLE /%
FPE AL S
Bacteroidetes 60. 0%
gi;l,(w?_'ff”ﬁ_'gg)’ B-11,B-21,8-23,B-37, HQ703869 benzene mineralizing consortium clone SB-1( AF029039)96%
QH-2(B-14,B-46) HQ703854 uncultured bacterium ( EF632650 )98 %
QH-3(B-68) HQ703850 uncultured bacterium ( EF632713)96%
QH-4(B-51) HQ703849 uncultured Bacteroidetes bacterium ( FJ516920)95%
Bacteroidetes  bacterium  enrichment  culture  clone ~ VNC3B008
QH-5(B-47,B-78 ,B-90) HQ703876 (GU339485)96%
QH-6(M-77,M-5,M-28 ,M-64) HQ703882 uncultured bacterium ( EF632931)99 %
QH-7(B-16,B-87,B-20) HQ703866 Rikenellaceae bacterium JAM-BA0501 ( AB362265)98%
QH-8(B-17,M-35) HQ703871 uncultured Cytophagales bacterium (FJ517039)92%
QH-9(B-4) HQ703874 uncultured Cytophagales bacterium (FJ516914)96 %
QH-10(B-73,B-8) HQ703851 Salegentibacter sp. BSw21547 ( GQ452870)98%
QH-11(B-96) HQ703859 Gillisia sp. 7S4-6(FJ889670)96%
QH-12(B-50) HQ703863 Cyclobactertum lianum ( DQ534063 )94 %
Firmicutes 26. 0%
QH-13(B-89,B-52) HQ703855 Clostridium sp. P410(2) (GU370092)98%
QH-14(B-9) HQ703861 Tindallia texcoconensis( DQ234901)95%
QH-15(B-58) HQ703865 Clostridia bacterium P221(2) (GU370091)97%
QH-16(M-4) HQ703883 uncultured bacterium ( AB506399 )99 %
QH-17(B-3,B-45,M-13 ,M-66) HQ703875 Alkalibacterium putridalgicola ( AB294168 )98 %
QH-18(B-70) HQ703864 Planococcus sp. EP36 ( AM403727)98%
QH-19(B-2) HQ703872 uncultured Bacillus sp. ( AF454301)93%
QH-20(M-10) HQ703885 Arctic bacterium NP25 (EU196331)98%
QH-21(B-95) HQ703867 uncultured bacterium ( CU922503)96%
Proteobacteria 8. 0%
QH-22(B-72) HQ703870 Rhodocyclaceae bacterium FTL9 (DQ451825)98%
QH-23(B-56) HQ703857 Azoarcus sp. CR23 (AF011328)96%
QH-24(B-63) HQ703877 Nitrosomonas sp. Nm143( AY123794)98%
QH-25(B-55) HQ703856 y-Proteobacterium HRh1 ( FJ482231)93%
Tenericutes 6. 0%
QH-26(B-94,B-6,B-41) HQ703848 Acholeplasma palmae(133734)93%
4 PiH 16S rRNA o SO (¥ 2 K I 45 H0%  if >
Table 4  Diversity index and Coverage of the twol6S rRNA clone libraries
FE S TR H OTU ¥ H S Chaol Sace Shannon 5 % Evenness #5 % Coverage/ %
B W R R e 65 39 97.1 156. 1 3.53 0.96 52.3
i U 50 26 51.5 67.3 3.05 0.94 64.0
2.2.1 E=WWEEKIEVE 16S rRNA b B SCFE 4 1.5% ) ,%¢ %5 W '] ( Chloroflexi, 1.5% ), i £k 1 ')

V25 S5 S S 2 5145 T 1] ( Proteobacteria,
49. 2% ) F1#LFF # 1] ( Bacteroidetes, 29.2% ) 4 1= 3%
KPE. A ] ( Proteobacteria) X {1 #% y-4% 7 B 4
27.7% ), &% J& W N ( 6-

16.9% ), &% 2
3.1%) Al ﬂéélﬂ (a-
1.5% )4 4. Bk LA, % SC P it
7.7% ), P& R 1)
|5 RE B

( y-Proteobacteria,
Proteobacteria , ( e-
Proteobacteria,
Proteobacteria ,

LA WA

( Verrucomicrobia

I'] ( Cyanobacteria,
6.2% ),

"] ( Firmicutes,

1.5% ) , i A6 B8 1€ 7 1] ( Nitrospira,
1.5% ) MR #T 1% 1] ( Acidobacteria, 1.5% )7 4~17].

X I 7 U I RS JE 16 65 AN e I kAT ) U
P e KB, A 4 D BEE T WO W T
( Bacteroidetes ) 71 [f] Flavobacteriaceae , 1% £} /7 K &
SR T g ER R, B e B F15 Y5 Ulvibacter
antarcticus (EF554364 ) A1 AL N 96% , 1% A AL B #k
FAE 1.0% ~3.0% ff) NaCl ¥k 55 v 7k & 38 7 K
BREER 2.0% AT 9 AR T &
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obtained from the Lianyungang marine sediment
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Fig. 2 Neighbour-joining phylogenetic tree of 16S rRNA gene sequences ( partial clone sequences) obtained from the Qinghai Lake sediment
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WK, WK B RIR . T FT L R BE
SR
(AF454301 ) #HALEE 24 91% , Z AL %1 2k B % |
TR A JE B JH PR Sy 9 55 30 v Bl v B F49 B A
A W2 i€ B Nitrospira sp. (HM131832) A{LLEE 4 97% .
FABURE 21 i oK 22 B0k B g VeI 88, AN 00 ok B S0k s]

(' Firmicutes ) uncultured  Bacillus  sp.
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HLOR 23 J8 1 R A B 5% 10 4 81, 3R W 2% O I 24
P\ R B
2.2.2 F5UgWIETE 16S yRNA by [ S 7y By

16 g W R U8 #LFF B 1] ( Bacteroidetes,
60. 0% ) Fll J5 B 1% ] ( Firmicutes, 26. 0% )y 3= # 2%
BB FEAS TE 1] ( Proteobacteria, 8. 0% ) , % IE 14
['J( Tenericutes, 6. 0% ).

X T W e ) 50 A v B R AT R U A 2 B
WA 13 A el Jm T )5 BER ] (Firmicutes) , Horb o
% M10 5 Arctic bacterium NP25(EU196331 ) 45L&
N 98% , iz AL P Bk B KK — A N
7.5% fi MR O OOR, W OBE B4S L wE B
Alkalibacterium putridalgicola ( AB294168 ) A 1LL FE Ky
98% ,Alkalibacterium 2 7 & W 2h 1 )& , 7o B M81 £¢
5 W J& " 1Y Carnobacterium pleistocenium
(NR025211) AHBLJE h 95% , iZ A AL %)) il £E 0 ~
5.0% (¥ NaCl & [ 9 4= K7, 52 B B9 5 Tindallia
texcoconensis (DQ234901 ) AL EE &y 95% , i% AH fLL

& 1Rk b R g R B, 8 R K NaCl i Bl 72
5.0% ~ 10.0% "' , 5o % B2 5 uncultured Bacillus
sp. (AF454301) AHALE Oy 93% . A 3 A 5 g Ja 1 41
#F W 11 ( Bacteroidetes ) ™ {1 # T W Ff
Flavobacteriaceae, 5 [% B96 5 Gillisia sp. 7S4- 6
(FJ889670 ) #H 1L & & 96% , w. B B8/B73 5
Salegentibacter sp. BSw21547 ( GQ452870) A0 L FF 4
98% , vt % B50 5 L AT B ] ( Bacteroidetes ) 7 [1]
Cyclobacterium lianum ( DQ534063 ) 1 LB 4 94% ,
AL AR T 7E 1.0% ~ 12.0% ) NaCl i [ A 2k
K AT 4 A SEREJE T B B 1 ( Proteobacteria)
Hopow B BSS HRh1
(FJ482231) AHALLEE 4 93% , 1% AHABh v K ok 1 v W80
M, v BE B63 5 i AL 5. B Nitrosomonas sp.
Nm143 (AY123794) AL FE 5 98% , v & B56 5
AR Azoarcus sp. CR23 ( AFO11328 ) A 1L FE
96% , i % B72 5 &% A & )& ( Thiobacillus ) & )
Rhodocyclaceae bacterium FTL9 ( DQ451852) A bl ¥
N 98% , Ti & M47 £ 5 K B 4k B benzene
mineralizing consortium clone SB-1( AF029039 ) 4% 44
WAEH 95% ~96% . 1% 3C I [ AL 71 oK Ut EE A
AN CRERE 7N AN X RN NN S E S RN
GREERI R

5 y-Proteobacterium

3

L 2 M G 4 G 3 2 A

[ 3 B4 355 B A b 20 0l K i 16S rRNA e [ SC A, JF
WATRERE I, BHRKI 2 ALET R Z 5
16S rRNA J3* 51 #8 55 & 3 ££ GenBank {4l & 1 ()
16S rRNA J¥ FI 7 BRI 76 5, 10 3 23 WB VA IR Ve
11 40.0% ¥ ve B Fe 51 5 A0 8L 1) 9 A ABL B2 IR T
95% , 1575 I e WA 16. 0% 1 v [ e 31 5
B FUAR AL BEAR T~ 95% , 3 BH 3% 2 W6 I i I e FH 5
Y 90 JE 8 T A A K R R i B el AT AR R 2D T R A
H.

5 7 ¥ 1 SIS RS e SCPE R, R4S 10 e 91 AE K Y
M Lty A0S AN [ i GO BT 5 4 R K AR —
B, AEAS 7] ¥ U o 4 R U AN B SR R A A
I ZE SRR AR W IE 2 U U R R e T
K R 4 v S B A2 A2 JF B 1] ( Proteobacteria ) |, 1y H: 1
1 y- 2S5, & 18 Mo, iX 4 R 5 VH K
PRI AR 2 BT A B8 RO -
LA TERE T, o- 447 Bl b 358 PR 5RO op A AR
e, AR WG DU AR A BE 22 A R, A SO
YA A VERE T, R RE S R B T AT R A B R 5
Wi 5 53— KR 2 AT 18 1] ( Bacteroidetes ) , Ho i 47
4 NTClE T )R T Flavobacteria, 1% S A2 i v 3R )2 K
R B E R B SR W T X L AT
HEIH) SC A, SR B 1] ( Bacteroidetes ) | J& BE TR [7]
(Firmicutes) F17% 7% B ] ( Proteobacteria) = 2 ft [y
EEA i 94. 0% ,1X 3 b 2 B % 3k A7 £ — B ) 2
2T ] (Tenericutes ) [R 40 B ) 8% /b
8 At #3558 > WL 6 e 2 AN SRR B, AR TE B
["] ( Proteobacteria) L 4T 1 ] ( Bacteroidetes ) Fil J& B
] (Firmicutes ) 52 PY 7 304 (0 4l w1 R 1, ELIE =
SO VE A W SCPE T i Al R AR 2, K4y
2 T IS B, P BAT AN A 2 R X
e i TR AOR A & W H AN E TS,
B2 B = 1 R T I < S S R N T RS SR 7 S
Y A A R

Ve S BRI T T AR AR A S R T R,
T3 A T M B &N EE ARG R E L, B
KUK LY 50 A2 v g b 2 A g AT £ 40 R e AT
oy ) J& T A2 B4 E 1] ( Proteobacteria ) | J& HE B[]
( Firmicutes) . L # 5 ] ( Bacteroidetes ) | il £k W ]
(Actinobacteria) . Jli 3 45 2R 3 W], 2 > 3T 1 A K
oy e 7 R T Bk LR i v, HL IR U A K 2
HORYS T S 3 Bl e 348 05, BAT — 2 1 8 R T

e
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AW 2 FEE S A AT 16S rRNA - T |5 SC % 73 A 4

RARW] T 2 Hh i RS Ve AR IR e P A
FR 40 B 2 AR PR, ELT A LA 2 e I T AR
2 H e R RN, P A AR KR T R R R
AR AE T B B 78 b AR 7™ F1ER 855 36 2145 T T 1
I A A5 2 — S5 R ST.
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