Vol.49, No.6

49 6
2018 11 OCEANOLOGIA ET LIMNOLOGIA SINICA Nov., 2018
*
1,2 2 1 3 4 1
(1. 315211; 2. 315211; 3.

315010; 4. 315700)

9 a-
) ; 15
(Synechococcus) OCS155 SARIl  «a-
(operational taxonomic units, OTUs )
Q178.53 doi: 10.11693/hyhz20180300057
( ) , ( , 2013)
, ( )
(B ,2015) ,
( ,2016)
, (Kan et al, 2008; , 2011; i
2015)
, (
, 2015),
* 863 , 2012AA092001 ; ,2017C10045 s , E-mail:

chenheping@nbu.edu.cn
: , E-mail: wangkai@nbu.edu.cn

:2018-03-19, :2018-07-21

>



6 : 2013 1269
( , 2017)
1
> 1.1
, , 12 ,
, 90% 5 , : ( ) ( )
90% 80 ( , 1999) ( ) ( o 2013 7 2
> (0702) 16 (0716) ,
> (0.5m) 4L; 1L 100um
, 0.2pm
( , 2014, , 2015; , 2015; (Millipore, ) ,
,2015) -80°C ) DNA;
( ,2014; pH 3-STAR
, 2014; , 2015; , 2016),
( > (GB17378.4-2007): (dissolved oxygen, DO)
2015; , 2016), : (chemical oxygen demand,
( -2015) ’ COD) ; a(chlorophyll a,
( , 2011; .
chl a) ; (NHy)
, 2014; , 2015; , 2016), .
; (NOy) - ;
16S rRNA , (NO3) ; (total nitrogen, TN)
(total phosphorus, TP) ;

29°45'

29°40'

29°35'

29°30

29°25'

121°25' 121°30' 121°35'
1

Fig.1

121°40'

(POY)

121°50'

121°45' E 121°55'

Sampling stations in the Xiangshan Bay



1270 49
1.2 DNA 16S rRNA (Clarke et al, 2001) PAST
, Power Soil DNA (similarity percentage, SIMPER)
(MOBIO, ) DNA, Nano Drop (
ND-1000 DNA , OTUs), R
-80°C 27F: AGAGT (linear
TTGATCMTGGCTCAG  519R: GWATTAC CGCGG discriminant analysis effect size, LEfSe)(Segata et al,
CKGCTG 16S rRNA V1—V3 , 2011)
10 Barcode , ( =1.0%)
3 PCR R 2
PCR :94°C 30s,
55°C 30s, 72°C 30s, 30 , 72°C 2.1
10min PCR ’
) ., POI NO, COD
PCR (TaKaRa, ) >
PCR , ( 237 2
Roche FLX 454 (Roche, ) , T 16
QIIME 1.7.0 , pH DO NOj
(Caporaso et al, 2010a) UCLUST , 272 poi*
97% NO;3 7 16 .7
(Operational Taxonomic Units, OTUs)(Caporaso et al, 5 7 16 NH*
2010b) OTU 4
R Greengenes 13.8 72 chl 4
s filter _taxa_from_otu_table.py ’ 716 chl g
| 3" , chla
(Singletons) , 2.2
3400 ( (
) ) o- (Alphaproteobacteria,
13 30.8%) (Actinobacteria, 19.4%) y-
Origin 9.1 (Gammaproteobacteria, 17.2%)
R (V3.2.1) vegan (Bacteroidetes, 10.3%) p- (Betaproteobacteria,
(Shannon- 6.8%) (Cyanobacteria, 6.1%) -
Wicner index) Chao 1 (Deltaproteobacteria, 2.2%) SAR406(1.3%),
(Pielou’s evenness) SPSS 19.0 94.1%(  3) ’
( OTU ) Spearman (Cyanobacteria)
R vegan 9" 10" 11" 12*
(Detrended correspondence (Actinobacteria)
analysis, DCA) ,
(Redundancy analysis, RDA)(Smilauer et al,
2014), “envfit” (P<0.05, D) a-
( P<0.01 , ); ,  NHj
PRIMER-E(v.5.0) ; ; DO
(two-way crossed analysis of similarity) NO3 chla ;-
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Fig.2 Main physicochemical factors of the water samples
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B- PO;” NOj , pH pH , PO} NO,
; COD PO NO, chl , ,
a , COD o- o- )
SAR406 ,
F 1 MBZHRAR TR ENHEXEE 5KIFEREFH Spearman 18X 1%
Tab.1 Correlations between the Spearman rank of environmental factors and the relative abundance of dominant phyla and
proteobacterial classes
pH COD Chl-a
Alphaproteobacteria ~ 0.284  —0.682" —0.183  —0.256 -0.395 —0.107 0.501° —0.005  —0.219 0.434"  —0.054
Actinobacteria 0.336  —-0.028 —0.600" —0.290 —0.253 -0.482" -0.027 -0.667"  —0.355 0.447"  -0.478"
Gammaproteobacteria  0.312  —0.252  —-0.147 -0.730" -0.586"" 0.006 -0.077 0.190  —0.654"  0.509" —0.495"
Bacteroidetes -0.119  0.172  —0.182  0.426° 0290 —0.019 0.044 —0.381 0.354 -0.075  0.230
Betaproteobacteria  —0.659"" 0314  0.868"  0.108 0.490°  0.128 —0.094 0.823" 0.259  —0.675""  0.047
Cyanobacteria -0.206 0291  —-0.006 0.666™  0.512°  0.030 0.237 0297 05917  -0.389 0.565"
Deltaproteobacteria ~ 0.686"  —-0.279 -0.687"" -0.581"" -0.740" -0.373 0.071 -0.309 -0.574" 0.768" —0.427"
SAR406 0.687" -0.505" -0.871" —0.336 —0.581"" -0.496" 0290 -0.719" -0.443" 0.792" -0.318
Planctomycetes -0.155  0.284 0.082  —0.001 0249 0314 -0.017  0.027 0.125 0260 —0.178
0.01 , 0.05 , n=24
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Tab.2 Two-way cross analysis on the similarity in variation of bacterial community structure among cruises or sea areas and key
contributing taxa to the variation

: d OTU639502 OTU592269 OTU1016465 OTU404788
0.784 0.001 4.66% 4.21% 4.01% —
vs. 0.718 0.002 4.40% — 4.50% 9.03%
vs. 1.000 0.010 5.00% 5.40% — 7.03%
vs. 1.000 0.010 7.03% — 5.69% 9.74%
vs. 0.446 0.044 7.23% — 4.99% 6.72%
vs. 0.926 0.002 7.46% — 6.85% 7.07%
vs. 0.667 0.040 7.46% — 6.85% 7.07%
( ) 0.953 0.001
P 0.01)

OUT639502 (Actinobacteria) (Acidimicrobiia) (Acidimicrobiales) OCSI155_

OTUS592269 (Proteobacteria) ar- (Alphaproteobacteria)

OTU404788_ (Cyanobacteria) (Synechococcophycideae) Synechococcales (Synechococcaceae)

(Synechococcus)
OTU1016465 (Proteobacteria) O (Alphaproteobacteria) _ (Pelagibacteraceae)
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Tab.S1 The Spearman’s correlation between the difference of major driving taxa in community structure and environmental factors
OTU639502 OTU592269 0OTU404788 OTU1016465
pH 0.577** —0.340 —0.208 0.095
—0.300 —0.050 0.354 —0.416*
—0.839%* 0.281 —-0.024 —0.118
COD -0.274 0.647** 0.700%* 0.134
—0.450% 0.536** 0.561** —0.063
—0.464* 0.142 —0.012 0.049
—0.141 0.403 0.603** —0.001
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TEMPORAL AND SPATIAL DISTRIBUTION OF BACTERIOPLANKTON COMMUNITY
IN THE XTANGSHAN BAY IN SUMMER 2013

CHEN He-Ping"?, ZHU Jian-Lin’, ZHANG De-Min', ZHU Xiang-Yu’, ZHENG Kai-Hong!, WANG Kai'

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China; 2. Faculty of Architectural, Civil Engineering and
Environment, Ningbo University, Ningbo 315211, China; 3. Ocean and Fishery Information Monitoring Center of Ningbo, Ningbo
315010, China; 4. Xiangshan County Marine and Fisheries Bureau, Xiangshan 315700, China)

Abstract A bay ecosystem is highly susceptible to human activities, in which bacterioplankton play an important role
in maintaining the balance and stability of the ecosystem. The distribution pattern and dynamic changes of
bacterioplankton reflects the extent of human activities affecting the bay ecosystem. We conducted two surveys in July
2013 in the Xiangshan Bay, Ningbo, Zhejiang, China. It is a ~55km long and ~5km wide narrow bay wide and a typical bay
under heavy anthropogenic impacts. We studied the spatial distribution characteristics and the driving factors of
bacterioplankton communities in the surface waters in summer. The results show that there was no significant difference in
the a-diversity and the evenness of planktonic bacteria in four main sectors of the bay. The bacterioplankton community
structures were clustered generally in the bay sectors whose community structures were significantly different from each
other. According to the samples of the two cruises in a 15-day interval, the bacterioplankton community structure in each
sector showed a significant temporal succession. The salinity, temperature, and nutrients were the main environmental
factors shaping the community structure. Four OTUs (operational taxonomic units) affiliated to Synechococcus, OCS155,
SARI11, and Alphaproteobacteria were the main contributing taxa to the variation in community structure across the bay. In
certain areas, discriminatory taxa of similar functional potentials were discovered, reflecting probably the long-term effects
of local water quality. Therefore, the spatial distribution of bacterioplankton community in the surface waters of Xiangshan
Bay in summer 2013 was preliminarily revealed in response to the environmental changes, providing basic data for
assessing the micro-ecological effects of environmental disturbances in bay ecosystems.

Key words Xiangshan Bay; bacterioplankton community; high-throughput sequencing; environmental factors



