46 6 Vol.46, No.6

2015 11 OCEANOLOGIA ET LIMNOLOGIA SINICA Nov., 2015
%
( 316022)
10 , DAPI ,
DAPI
, ,  1.16x10°(A04 ) 1.48x10° cells/mL (BO3 )
: (
60.61%), 0- (50.62%); (15.18%) (14.79%)
(4.61%),
; SAR
, , (
)
; ; ;: DAPI; 16S rDNA
Q938 doi: 10.11693/hyhz20150900243
71%, ,
( , 2004),
,Jiao  (2007) 16S rRNA
(Lu et al, 2008),
, , (2008) PCR-DGGE
, (2008)
, (2005)
9.28x10" m’, 84.4%, ,
( ,2011) ,
DAPI
; 10 ,
16S rRNA , ,
(Ning et al, 2011), ,
* , 31270160 , J1310037 , LY12C03003 s R

E-mail: 865939587@qq.com
: s , E-mail: zswjx2575@163.com

12015-09-17, :2015-09-28



1532

1
1.1
2014 7, “ | ,
SBE 32 ( ),
10 >
1
N N
w-E
S
31.0°0 AQ1 AQ2 AQ3 AQ4AQ5
s B)2  BQ3
305 ' - m Cp3 Cg4 CP5
T e,
/. an
121.5° 1220°  1225°  123.0° 123.5°E

1
Fig.1 The sampling sites of the Changjiang River estuary and
adjacent areas

1.1.1 DAPI ( 2m)
30mL, 100pum , 10mL
, 1%
, 15
(-20°C)
1.1.2 DNA
1000mL,
100pm , 3um  0.22pum
(Millipore ) s
0.22pm SmL , —20°C
, —80°C
1.2 DAPI
1—2mL , 10pg/mL
DAPI s 30 min, 0.2pm
(100 ) 10
BNy=AXS1/(S,xV) , Bx

» A , S

46
, Sy , V
( ,2007)
1.3 DNA 16S rDNA
FastPrep (MP Biomedicals
) FastDNA spin kit for soil
DNA , (Bio-Rad )
DNA , PCR

341f (5'-CCTACGGGAGGCAGCAG-3") 907r
(5'-CCGTCAATTCCTTTGAGTTT-3") 50 pL

: 10xbuffer 5 pL, dNTPs 0.5 pL, Primer 341f 1uL,
Primer 907r 1 pL, H,O 41 uL, Tag (TaKaRa) 0.5 pL,

DNA 1 pL. PCR :95°C
94°C 1 min, 56°C 30s, 72°C

35 72°C 10 min

14

5 min,

2 min,

PCR pMD-18T vector(TaKaRa )
16°C , DH5a
(TaKaRa ), ,

, Usearch (http: //drive5.com/
usearch/) , BLASTn
, ClustalX (Version
1.8) , MEGA 5
(Kumar et al, 2004), Neighbor-Joining
, Bootstrap1000 ,
PHYLIP DNASIS ,
DOTUR >97%
OTU,

2005)

(Schloss et al,

2

2.1 DAPI
DAPI 1 , B03
(1.48x10° cells/mL) , A05
(1.23x10° cells/mL), A04 (1.16x
10° cells/mL) , 10 4.92x
10° cells/mL, s
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F1 KWIORBIEEBEREEKMEE DAPI £ EITHER
Tab.1 The DAPI direct count of the bacteria in surface seawater in Changjiang River estuary and adjacent areas
(mL) (cells) (cells/mL)
A0l 122°05'24.00"E 30°59'53.52"N 2 25 1.61x10°
A02 122°17'57.48"E 30°59'53.52"N 1 11 1.42x10°
A03 122°34'33.24"E 30°59'53.52"N 1 12 1.55x10°
A04 122°49'33.24"E 30°59'53.52"N 1 9 1.16x10°
A05 123°04'39.36"E 30°59'53.52"N 1 95 1.23x10°
B02 122°39'58.68"E 30°43'45.84"N 1 45 5.81x10°
B03 123°04'18.84"E 30°43'45.84"N 1 115 1.48x10°
Co03 122°39'36.00"E 30°27'56.52"N 2 31 2.00x10°
C04 122°54'12.60"E 30°27'56.52"N 1 27 3.49%10°
CO05 123°10'22.80"E 30°27'56.52"N 1 39 5.04x10°
2.2 700bp; DOTUR 5 >97%
2.2.1 16S rDNA OTU,
110 s 550— 2 R 2
*2 KIARBEBHREBKABES HFHEH TR
Tab.2 Bacterial diversity indices of the surface seawater in Changjiang River estuary and adjacent areas
OTU
Bias-corrected Chaol Abundance-base Coverage Estimator Shannon index(H") Simpson index(D)
A01 98 33 56.75 73.509 2.62685 0.162003
A02 107 75 227.5 460.334 4.06021 0.017281
A03 104 33 90.75 97.862 2.74881 0.106796
A04 101 33 71.5 114.125 2.66379 0.132475
A05 106 31 44 48.623 2.95182 0.069722
B02 108 36 51 54.698 3.22613 0.043787
BO03 95 35 57.67 56.121 3.25104 0.038746
Co03 109 52 126.38 129.025 3.53589 0.038736
C04 107 21 39.33 35.438 2.12483 0.199612
CO05 106 33 71 83.375 2.86645 0.081941
Chaol  ACE , ,
>
2 Chaol ACE A02
, C03 s 2.2.2
Co4 Shannon  Simposon BLASTn , 10 1041
, 11 ;
, A02 (Proteobacteria) (Bacteroidetes)
, C03 , C04 (Actinobacteria) (Cyanobacteria)
, A02 (Firmicutes) (Chloroflexi)
,A02 CO03 (Acidobacteria) (Planctomycetes)
, (Fibrobacteres) (Verrucomicrobia)
, (Tenericutes), 2.02%
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Fig.3 The ratios of bacterial groups in clone library of different sites
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99 A02B19
91 _(: Uncultured alpha proteobacterium clone TKTMmvi-B36 (AB611500.1)
B02B53
Ll WC Uncultured alpha proteobacterium DGGE band: KR-31 (AB367468.1)
C05B29
4100|: Uneultured alpha proteobacterium clone HF70 25M19 (EU361374.1)
B03B5
61 4100: Erythrobacter sp. WH10-2-6 (HM473185.1)
100 A01B19
_(: Methylobacterium sp. L2-5 (HF548443.1)
98 Co3B11
WC Uncultured alpha proteobacterium clone A0-2 (JN371304.1)
— A02B21
00l Uncultured epsilon proteobacterium clone LMC82 (JN868245.1)
100 A01B17
{ Uncultured alpha proteobacterium clone LiUU-14-208 (AY874027.1)
= _95: B02B2
Uncultured SAR11 cluster alpha proteobacterium clone GG101008Clone137 (JN591858.1)
100 C05B24
_83(: Uncultured SAR11 cluster alpha proteobacterium clone S2-1-014 (KF786785.1)
100 A01B48
100 Methylophilaceae bacterium MMS-VI-127 (LN681514.1)
A02B20
9 WC Uncultured beta proteobacterium clone C13W 125 (HM057691.1)
A04B6
4100‘: Uncultured Comamonadaceae bacterium clone DS152 (DQ234234 .2)
98 100 A04B36
{ Uncultured gamma proteobacterium clone SGPW537 (GQ346769.1)
& ;00‘: A02B4
Uncultured gamma proteobacterium clone DH133B19 (JN672637.1)
69 C03B109
W(: Uncultured gamma proteobacterium clone MP-R211 (JN038896.1)
— C03B12
100 L—— Uncultured delta proteobacterium clone S2-1-135 (KF786854.1)
100 A01B61
{ Uncultured delta protecbacterium clone ANOX-095 (JF344657.1)
= ﬂ': A02B68
Uncultured SAR406 cluster bacterium clone PRTAB7918 (HM798785.1)
100 A03B49
TOO|: Uncultured SAR406 cluster bacterium clone 0S3SD26 (JN233088.1)
4 16S rDNA

Fig.4 The phylogenetic tree of Proteobacteria according to 16S rDNA gene sequences
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) C04B90(1 ) Espejo
>
*3 LTHREREFFILSRBUERS BRI
Tab.3 The taxonomic affiliation of Proteobacteria and the closest species origins
( )
a-
B02B53  Alpha proteobacterium clone KR-31 (AB367468.1) 99%
C05B29  Alpha proteobacterium clone HF70_25M19 (EU361374.1) 99%
A02B19  Alpha proteobacterium clone TKTMmvi-B36 (AB611500.1) 98%
CO03B11  Alpha proteobacterium clone A0-2 (JN371304.1) 100%
AO01B19  Methylobacterium sp. L2-5 (HF548443.1) 100%
BO3B5  Erythrobacter sp. WH10-2-6 (HM473185.1) 99%
A01B17  Alpha proteobacterium clone LiUU-14-208 (AY874027.1) 99%
B-
A02B20  Beta proteobacterium clone C13W_125 (HM057691.1) 99%
A01B48  Methylophilaceae bacterium MMS-VI-127 (LN681514.1) 100%
A04B6 Comamonadaceae bacterium clone DS152 (DQ234234.2) 99%
y-
A04B36  Gamma proteobacterium clone SGPW537 (GQ346769.1) 100%
A02B4 Gamma proteobacterium clone DH133B19 (JN672637.1) 99%
C03B109 Gamma proteobacterium clone MP-R211 (JN038896.1) 99%
5-
C03B12  Delta proteobacterium clone S2-1-135 (KF786854.1) 99%
A01B61  Delta proteobacterium clone ANOX-095 (JF344657.1) 98%
-
A02B21  Epsilon proteobacterium clone LMC82 (JN868245.1) 99%
SAR
B02B2 SARI11 cluster alpha proteobacterium clone GG101008Clonel137 (JN591858.1) 99%
C05B24  SARII cluster alpha proteobacterium clone S2-1-014 (KF786785.1) 99%
A02B68  SARA406 cluster bacterium clone PRTAB7918 (HM798785.1) 6000 97%
A03B49  SAR406 cluster bacterium clone OS3SD26 (JN233088.1) 99%
. 6.92x10°—5.54x
3 10°cells/mL ; (2010)
3.1 5.85x10*—9.26x
10°cells/mL ; (
, , 1.16x10°—1.48x10°ells/mL ,
( 4.92x10°cells/mL) ,
, 2004),
(2003) ,
A05 BO03 CO05
3.97x10°—1.162x10° cells/mL , 7.19% s A01—A04 C03—C04

10° cells/mL; (2011)
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99
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Uncultured Brachybacterium sp. clone OTU116 (JQ217228.1)

100 Uncultured Acidimicrobiales bacterium clone S1-7-129 (KF786730.1)

— A02B15

99l Uncultured actinobacterium clone MS-C124 (FJ949412.1)
— A03B26

100 Uncultured Chioroflexi bacterium clone CS20 (JQ771976.1)

— A02B7

100 L Uncultured Clostridiales bacterium clone D10 02 (EU266777.1)

Uncultured Acidobacteria bacterium clone A0-103 (JN371767.1)

99

Bacillus aryabhattai strain: 121-2 (AB999936.1)

83

76

100 Uncultured Mollicutes bacterium clone SHWN night2 16S 487 (FJ745269.1)

Uncultured bacterium clone Espejo 9 20 11 Water.135590 (KM165485.1)

100 Unidentified marine bacterioplankton clone E307B 1 19 (KC002562.1)

100 Uncultured marine bacterium clone B17-48 (JX405638.1)

100 [—— A04B73

L Uncultured Fibrobacteres bacterium clone LiUU-9-330 (AY509521.1)

100 —— B03B82

100

L Uncultured Bacteroidetes bacterium clone CB11D01 (EF471578.1)

Uncultured Bacteroidetes bacterium clone DH133B01 (JN672613.1)

57

5

100 C03B55
Flavobacteria bacterium Yb008 (AB496663.1)
99 C05B6
4100|: Uncultured Flavobacterium sp. clone ARTE1 247 (GU230408.1)
100 A02B1
54 —I: Uncultured Verrucomicrobia bacterium clone Ln38 (HM474952.1)
A02B29
4100: Uncultured planctomycete clone B6D (FJ205240.1)
il: B02B3
Uncultured cyanobacterium clone MWLSA69 (FJ937866.1)
99 C04B80
) Uncultured cyanobacterium clone F9P4 10H15 (HQ242218.1)
16S rDNA

Fig.5 The phylogenetic tree of other bacteria according to 16S rDNA gene sequences
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>
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Tab.4 The taxonomic affiliation of other bacteria and the closest species origins
( )
B03B82  Bacteroidetes bacterium clone CB11D01 (EF471578.1) 99%
A02B16 Bacteroidetes bacterium clone DH133B01 (JN672613.1) 97%
C03B55  Flavobacteria bacterium Yb008 (AB496663.1) 99%
C05B6  Flavobacterium sp. clone ARTE1_247 (GU230408.1) 100%
A02B15  Actinobacterium clone MS-C124 (FJ949412.1) 96%
C03B10  Acidimicrobiales bacterium clone S1-7-129 (KF786730.1) 99%
A02B69  Brachybacterium sp. clone OTU116 (JQ217228.1) 99%
A03B26  Chloroflexi bacterium clone CS20 (JQ771976.1) 98%
A02B7  Clostridiales bacterium clone D10_02 (EU266777.1) 99%
AO01B8  Bacillus aryabhattai strain: 121-2 (AB999936.1) 100%
A02B44  Acidobacteria bacterium clone A0-103 (JN371767.1) 99%
A02B1  Verrucomicrobia bacterium clone Ln38 (HM474952.1) 97%
B02B3  Cyanobacterium clone MWLSA69 (FJ937866.1) 100%
C04B80  Cyanobacterium clone FOP4_10H15 (HQ242218.1) 100%
A02B29 Planctomycete clone B6D (FJ205240.1) 95%
A04B73  Fibrobacteres bacterium clone LiUU-9-330 (AY509521.1) 100%
CO05B18  Mollicutes bacterium clone SHWN night2 16S 487 (FJ745269.1) Sapelo 99%
unclassified
C03B72  Unidentified marine bacterioplankton clone E307B_1 19 (KC002562.1) 99%
C03B1  Uncultured bacterium clone Espejo 9 20 11 Water (KM165485.1) Espejo 99%
C04B90  Uncultured marine bacterium clone B17-48 (JX405638.1) 98%
B02 3.2
b
b
(2012)
(Voros et al, 2003), , (a-, B- 7v-
, ; Feng  (2009)
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72.9%), a- Y- (Li et al, 2011),
; Sekiguchi  (2002)
, - )
-
, ( , 2012),
(Bull et al, 2005),
60.61%,
) ( ;
, a- 2003),
( 50.62%) - ,
H,S ( , 2008);
o- s DOC
(Sjostedt et al, 2012) 5 ,
o- 50% S
, A0l  A02 , Vieira (2008)
o- >
B- A0l  A02
(Mueller-Spitz et al, 2009; Cottrell et al, 2005), (Sorokin et al,
B- 4.32%, 2012),
v- >
(Bowman et al, 2005; , A02
Ravenschlag et al, 1999), v- , )

(Bowman et al, 2003; Barns  (2007)
Inagaki et al, 2003),

S-
Xu et al, ,
2008), - (Serensen et al, 2005),
( ) (Musat et al, 33
2009), -
€- SAR
, (2011) ,
(Takai et al, 2003; Nakagawa et al, 2005), , Beazley (2012)
, A02
Co05 ,
SARI11
, , SARI11
(Abell et al, 2005), DOM , CN

(Cytophaga) (Rappé et al, 2002),



1540

46
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(Tripp et al, 2008) SAR406
, (Oxygen
Minimum Zone, OMZ) (Wright et al, 2012),
; Crump  (2007)
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4
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10
11 R o-
SAR
, , , 2010.
,31(2): 287—295
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R R , 2008. PCR-DGGE
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650—656
, , , 2011,
, 29(3):
118—124
, , , 2003.
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161—168
> , , 2008.
, 48(3): 323—329
, 2012.
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, 2008.
, 93—95
, , , 2003.
(Heterotrophic Bacteria) , 34(3):
295—305
, R , 2007.
( ), 24(1): 57—60
, , , 2011.
,32(9): 2681—2688
, , 2004. ,
, 46: 42—66
, 2008.
, 34—41
, 2005.
, 109—113

Abell G C J, Bowman J P, 2005. Colonization and community
dynamics of class Flavobacteria on diatom detritus in
experimental mesocosms based on Southern Ocean seawater.
FEMS Microbiology Ecology, 53(3): 379—391

Barns S M, Cain E C, Sommerville L ef al, 2007. Acidobacteria
phylum sequences in uranium-contaminated subsurface sediments
greatly expand the known diversity within the phylum. Applied
and Environmental Microbiology, 73(9): 3113—3116

Beazley M J, Martinez R J, Rajan S et al, 2012. Microbial
community analysis of a coastal salt marsh affected by the
Deepwater Horizon oil spill. PLoS One, 7(7): e41305

Bowman J P, McCammon S A, Dann A L, 2005. Biogeographic
and quantitative analyses of abundant uncultivated
v-proteobacterial clades from marine sediment. Microbial
Ecology, 49(3): 451—460

Bowman J P, McCuaig R D, 2003. Biodiversity, community
structural shifts, and biogeography of prokaryotes within
Antarctic  continental shelf sediment. Applied and
Environmental Microbiology, 69(5): 2463—2483

Bull A T, Stach J] E M, Ward A C et al, 2005. Marine
actinobacteria: perspectives, challenges, future directions.
Antonie van Leeuwenhoek, 87(1): 65—79

Cottrell M T, Waidner L A, Yu L et al, 2005. Bacterial diversity
of metagenomic and PCR libraries from the Delaware River.
Environmental Microbiology, 7(12): 1883—1895

Crump B C, Peranteau C, Beckingham B et al, 2007. Respiratory
succession and community succession of bacterioplankton in
seasonally anoxic estuarine waters. Applied and
Environmental Microbiology, 73(21): 6802—6810

Feng B W, Li X R, Wang J H et al, 2009. Bacterial diversity of
water and sediment in the Changjiang estuary and coastal
area of the East China Sea. FEMS Microbiology Ecology,
70(2): 236—248

Inagaki F, Suzuki M, Takai K et al/, 2003. Microbial communities
associated with geological horizons in coastal subseafloor
sediments from the Sea of Okhotsk. Applied and Environmental
Microbiology, 69(12): 7224—7235

Jiao N Z, Zhang Y, Zeng Y H et al, 2007. Ecological anomalies in
the East China Sea: Impacts of the three gorges dam?. Water
Research, 41(6): 1287—1293



1541

Kumar S, Tamura K, Nei M, 2004. MEGA3: Integrated software
for Molecular Evolutionary Genetics Analysis and sequence
alignment. Briefings in Bioinformatics, 5(2): 150—163

Li Y, Lee C G, Watanabe T et al, 2011. Identification of microbial
communities that assimilate substrate from root cap cells in
an aerobic soil using a DNA-SIP approach. Soil Biology and
Biochemistry, 43(9): 1928—1935

Lu J R, Santo Domingo J W, Lamendella R et al, 2008.
Phylogenetic diversity and molecular detection of bacteria in
gull feces. Applied and Environmental Microbiology, 74(13):
3969—3976

Mueller-Spitz S R, Goetz G W, McLellan S L, 2009. Temporal and
spatial variability in nearshore bacterioplankton communities of
Lake Michigan. FEMS Microbiology Ecology, 67(3): 511—522

Musat F, Galushko A, Jacob J et al, 2009. Anaerobic degradation
of naphthalene and 2-methylnaphthalene by strains of marine
sulfate-reducing bacteria. Environmental Microbiology, 11(1):
209—219

Nakagawa S, Takai K, Inagaki F et al, 2005. Distribution,
phylogenetic diversity and physiological characteristics of
epsilon-Proteobacteria in a deep-sea hydrothermal field.
Environmental Microbiology, 7(10): 1619—1632

Ning X, Lin C, Su J et al, 2011. Long-term changes of dissolved
oxygen, hypoxia, and the responses of the ecosystems in the
East China Sea from 1975 to 1995. Journal of Oceanography,
67(1): 59—75

Rappé M S, Connon S A, Vergin K L et al, 2002. Cultivation of
the ubiquitous SAR11 marine bacterioplankton clade. Nature,
418(6898): 630—633

Ravenschlag K, Sahm K, Pernthaler J et al, 1999. High bacterial
diversity in permanently cold marine sediments. Applied and
Environmental Microbiology, 65(9): 3982—3989

Schloss P D, Handelsman J, 2005. Introducing DOTUR, a
computer program for defining operational taxonomic units
and estimating species richness. Applied and Environmental
Microbiology, 71(3): 1501—1506

Sekiguchi H, Koshikawa H, Hiroki M et al/, 2002. Bacterial
distribution and phylogenetic diversity in the Changjiang
estuary before the construction of the Three Gorges Dam.
Microbial Ecology, 43(1): 82—91

Sjostedt J, Koch-Schmidt P, Pontarp M et al, 2012. Recruitment of
members from the rare biosphere of marine bacterioplankton
communities after an environmental disturbance. Applied and
Environmental Microbiology, 78(5): 1361—1369

Serensen K B, Canfield D E, Teske A P et al, 2005. Community
composition of a hypersaline endoevaporitic microbial mat.
Applied and Environmental Microbiology, 71(11): 7352—
7365

Sorokin D Y, Liicker S, Vejmelkova D et al, 2012. Nitrification
expanded: discovery, physiology and genomics of a
nitrite-oxidizing bacterium from the phylum Chloroflexi.
The ISME journal, 6(12): 2245—2256

Takai K, Inagaki F, Nakagawa S er al, 2003. Isolation and
phylogenetic diversity of members of previously uncultivated
e-Proteobacteria in deep-sea hydrothermal fields. FEMS
Microbiology Letters, 218(1): 167—174

Tripp H J, Kitner J B, Schwalbach M S er al/, 2008. SARI11
marine bacteria require exogenous reduced sulphur for
growth. Nature, 452(7188): 741—744

Vieira R P, Gonzalez A M, Cardoso A M et al, 2008.
Relationships between bacterial diversity and environmental
variables in a tropical marine environment, Rio de Janeiro.
Environmental Microbiology, 10(1): 189—199

Vords L, Balogh K V, Koncz E et al, 2003. Phytoplankton and
bacterioplankton production in a reed-covered water body.
Aquatic Botany, 77(2): 99—110

Wright J J, Konwar K M, Hallam S J, 2012. Microbial ecology of
expanding oxygen minimum zones. Nature Reviews
Microbiology, 10(6): 381—394

Xu H X, Wu M, Wang X G et al, 2008. Bacterial diversity in
deep-sea sediment from northeastern Pacific Ocean. Acta
Ecologica Sinica, 28(2): 479—485

BACTERIAL DIVERSITY AND COMMUNITY STRUCTURE IN SURFACE SEAWATER
OF CHANGJIANG RIVER ESTUARY AND ADJACENT AREAS

LIU Xiao-Hui,
YU Kai-Cheng,

WANG Jian-Xin,

WANG Shuai-Bing,
JIANG Ran,

FAN Ying-Ping,
LIU Ming-Hua

(Zhejiang Ocean University, Laboratory for Marine Microbial Molecular Ecology and Application, Zhoushan 316022, China)

Abstract

We sampled surface seawater in 10 stations in Changjiang River estuary and adjacent areas, and studied the

diversity and community structure of bacteria in seawater, showing high abundance of bacteria in the study region ranging
between 1.16x10° (Station A04) and 1.48x10° cells/mL (B03) by DAPI direct count. Among them, 60.61% the total clone
library was Proteobacteria, of which Alphaproteobacteria took 50.62%, Bacteroidetes (15.18%), Actinobacteria (14.79%),
Cyanobacteria (4.61%), few Firmicutes, Chloroflexi, Acidobacteria, Planctomycetes, Fibrobacteres, and Verrucomicrobia,

and occasionally Tenericutes and SAR groups as shown in phylogenetic analysis on the clone libraries. Therefore, the

bacteria in the surface water of Changjiang River estuary and adjacent areas was abundant and diversified in complicated

structures, reflecting the impacts of local aquaculture activities and regional marine physical-chemical settings, for

example, the oxygen depletion at sea bottom and Changjiang River water dilution.

Key words Changjiang River estuary; bacteria;

diversity;

DAPI; 16S rDNA



