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A X8k R BR = A T R K Bk (112.18°E~
113.51°E, 22.38°N~23.17°N), —3:A4ii% 13 75
(E 1), WHEILTEBI) . BRF(CC). FEWI(HL). B
#(LH). A ILI(LHS) . HIE(QQ). WHF(SQ). 4k
WE(WH) . /MHE(XL) . /NJE(XT). #HiF(XW). Bk
IHF(ZIQ). ZEME(ZT),
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JLVE(113.19°E, 22.90°N), A4S (113.25°E, 22.97°N), Hii(113.48°E, 22.73°N), Hit%(113.33°E, 22.82°N), ¥4E1LI(113.51°E,

22.97°N), F8(112.18°E, 23.17°N), i Hf(113.43°E, 22.92°N),

HMEF(113.16°E, 22.59°N), /IM(113.41°F, 22.44°N), /N

(112.97°E, 23.06°N), #i[l(113.27°E, 22.38°N), BEVLHF(22.97°N, 23.14°N), Z:#(113.06°E, 22.80°N).

Fig. 1

Map of the Pearl River Delta

BJ-Beijiao, 113.19°E, 22.90°N; CC-Chencun, 113.25°E, 22.97°N; HL-Hengli, 113.48°E, 22.73°N; LH-Lanhe, 113.33°E, 22.82°N;
LHS-Lianhuashan, 113.51°E, 22.97°N; QQ-Qinggi, 112.18°E, 23.17°N; SQ-Shigiao, 113.43°E, 22.92°N; WH-Waihai, 113.16°E,
22.59°N; XL-Xiaolan, 113.41°E, 22.44°N; XT-Xiaotang, 112.97°E, 23.06°N; XW-Xinwei, 113.27°E, 22.38°N; ZJQ-Zhujianggiao,
22.97°N, 23.14°N; ZT-Zuotan, 113.06°E, 22.80°N.

SCERRE TN 2017 4F 11 A 2 2018 4F 1 A IR
KM FRIZKEECOKER 0.5 m), i 5 L AL
BERKAFRERIZAKIES L, Hrp 2 LEEARSER
<7 VRS B0 R BURESS R (TWIRL'EM®, LABPLAS
INC., Quebec, Canada), 7£ 4 CY¥ M TRz
WSLg0 %, 2850 2 pm RADGE IEMFT 0.22 pm JEAR
(Pall, USA) 85, ¥R H# AL 2 10 mL &
D, T DNA B2 — EHAE20CIRfF. H

REE ARG — 104 0.45 um FLARRE R
2F 4 E JE K (Whatman, USA )i 38 5 PR A7 76 R il
S — M I ARBRER AT [E 2 43 ilAE 4°C 5%
P A T A 2200
1.2 #EEFENE

5 S B F5IR E (temperature, T, C). pH.
5 Jif (salinity, S). %% % (dissolved oxygen, DO,
mg/L). B f#PEFE A (total dissolved solid, TDS,
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mg/L) 148 1k if J& # {37 (oxidation-reduction poten-
tial, ORP, mV), & YSI ZZ 80K B4 (Y SI
Inc., USA)HAT B I . SRHIZE 0.45 pm FLAE
PR 21 2f 2% 3 5% (Whatman, USA)d J& 9 £E &, H
SAN""4 H 87K fb4 51 (Skalar Analytical B.V.,
the Netherlands)43- | 7E 540 nm. 540 nm. 660 nm .
880 nm Al 810 nm A T Hh &K hiH IR E:
(NO3). WAYFRER(NOL) . Z(NHy). BEfRh(POL)
FURE 2 £k (S1O3™ 9 W JBE, i vk B 1R B o 4 391 A
540 nm, 880 nm P T IE S E(TN) ., BB (TP)
IV o

1.3 DNA #2El. PCR # &R F#HLNF

i DNA #2571 & (Magen Hipure Spil
DNA Kit) A\EEAHHE DNA, fii ] Qubit® dsDNA
HS Assay Kit (Qubit® dsDNA HS Assay Kit)4 il
DNA ¥, DNA H& U5 i A2 2 IR i)
R .

Pl 20~30 ng DNA o4 #if, ff A&
“CCTACGRRBGCASCAGKVRVGAA” ¥ 51l ) I 1jif
519 A4 % “GGACTACNVGGGTWTCTAATCC!!
FEHI RIS 0444 V3 Fil v4 X, SR 25 ul )
MK & (Trans Start Buffer 2.5 pL, dNTPs 2 uL,
Primers 1 pLx2, TransStart Taqg DNA 0.5 pL, #AR
DNA 20 ng, ddH,O #hZ SRR 25 ul), KA 4
M:94°C, 3 min; 94°C, 5's, 57°C, 90 s, 72°C, 10 s,
24 MEA; 72°C, 5 min FF4TPHE . PCR “HH
1.5%E Na Wi e e L Uk A o 53 4b, sk PCR )
16S rDNA f PCR ¥ A S fil 4 A Index 4%k,
MBI o

i# 11} Qubit3.0 Fluorometer (Invitrogen, Carls-
bad, CA)KSE I SCPEHR L o K SO E £ 3] 10 nmol/L,
#% Illumina MiSeq (Illumina, San Diego, CA, USA)
ACE$AE FH 6B 45 247 PE250 XU, H1 MiSeq
77 Miseq Control Software (MCS)EHUF51 . M
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R T 510 2 AT Ak P R B A A 41 R AT A
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MiSeq /745 - H] QUME (1.9 1)#E47 7 i i
P, i F UCHIME 85 Fg itk & A 51 il
JI VSEARCH(1.9.6)# 47 17 51 2R 28 (7 1) AR AL 1
WHR 97%), XIS H 5 Silva_132 16S
rRNA database(http://www.arb-sliva.de)!'>, #4114
—ALH) OTU #1145 Shannon 8401 Chao 1 458
B o ZREMESEEU. R0 — (LR |, ST
Bray-Curtis 2% 5 B9 p 2R,

1E R(3.5.2) ¥ A4 A (https://www.r-project.org)
kAT T g Az B i vegan(2.5.2)i 4T
NMDS HE, I ANOSIM (analysis of similari-
ties) AR RUIE 4347 X5 AN [ BV [ 1 ARARL P 4R 77 A
i vegan(2.5.2)F11 ggplot2 #EATIUA 4T (RDA)
EMERESHAERNTFZHMER, FIH
SPSS(19.0)% 1% f4:(IBM Corporation, USA)i#F4T
Pearson AHOC/MHT, B P45 K 2% 5 PR IF A0 TR 2 4
4:(Shannon #5 %7 5 Simpson $5%%) LA M ¥4 18
FEZ R

2 HBRE5HH

2.1 FEHERBETEAK

BRI W Fr A A i 174 78 55 2 (goods-coverage)
H99.7%(FR 1), FWIANG T IR A BN 38w K
-, BAERTRE . BT AR A BT SN EEE 39072~
76392 Z[i], OTU % H1E 359~658 Z ] (/751 [F] 4
PER 97%)(FR 1), FrAFEARY AR B, 3R
AAEAS 2 LA EAT I 2808 2 B (1 2).

FEZRVL WA P UCRAE T, BRAR 5251
HESL, 2017 4F 11 HAREM P9 E2 040 T 23
TR, 2018 4F 1 MRS FEE 040 T 29 DK,
13 NIRRT . 2B R
(Proteobacteria) . JilZE | ] (Actinobacteria), AT

® 1 HRILAMBAEXE S ZFi A E T 5IHHE

Tab.1 Sequence characteristics of planktonic bacteria in winter in the survey area of the Pearl River Delta

F8HR item T HNEL effective sequence number OTU %k OTUs 7 55 % goods-coverage
Julfl range 39072-76392 359-658 0.996-0.998
SEH{E mean value 53662.65+10681.91 549.42+71.73 0.997
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Fig. 2 Rarefaction curve of planktonic bacteria in winter in Pearl River Delta
A. November 2017; B. January 2018.
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HIZEME(ZT Jan, 0.25%) . #ME(WH_Jan, 0.13%)
T (QQ _Jan, 0.26%) WA BIHARIY F1E, 75 HA
i RURE AR T R B R T 1%(18 3).
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A. 2017 4F 11 H; B. 2018 4F 1 A BJ: i, CC: WRAT, HL: 8430, LH: Bif%, LHS: J#4E1L,
QQ: iz, SQ: TWitF, WH: SMfE, XL: /M, XT: /NI, XW: B[, ZJQ: BRILARF, ZT: Zeif.
Fig. 3 Relative abundance of planktonic bacteria in Pearl River Delta at phylum level

A. November 2017; B. January 2018. BJ: Beijiao, CC: Chencun, HL: Hengli, LH: Lanhe, LHS: Lianhuashan,
QQ: Qinggqi, SQ: Shigiao, WH: Waihai, XL: Xiaolan, XT: Xiaotang, XW: Xinwei, ZJQ: Zhujiangqiao, ZT: Zuotan.
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(A 4).

2017 4F 11 AR AEIR 02 B4 15 V&
BIAH XT3 B KT 1%, Unclassified 5 48 5 & 1)
32.29%, hgcl clade (Actinobacteria, 11.11%). C39
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Flavobacterium (Bacteroidetes, 7.62%)Fll hgcl clade
(Actinobacteria, 4.84%)7r AL SUFFH
ITRA R 2T T AR R = B de v i) s (18 5)
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Xof A 2 BRI X 357 Ui 0 D 7 AT 22 R
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622.69+26.07 . 638.04+93.16, Shannon F550 4351 4
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Z[H] R 40 1R B Vs AN AEAE2E 5 o IR ANOSIM 43 #t
X NMDS F3#r5 RBEATAG S0, A4 A it i FEUE [i) i
o, Afefeie k2% 5% (R=0.88, P=0.001), %
M S T, ANZEREBERTAHARER
(R=-0.21, P=1), #F—25FB T BRI M 1 75 Ui
O D BT AT A S ) ) S 25 R, T AN A L A
R EES,
23 MERFEAREBEEZENXR

BRYTI] 7K B85 R 7RG 25 SR WLk 3. A
RDA #ll Pearson 43 M1 ¥35 K -5 41 R B % 22 1] 1)
KR, 7E RDA 4r#i, RDA 1 fil RDA 2 f##¥
67.15%H9 78 (K] 7)o 2047 45 S 2 IR (r=0.577,
P<0.01)F1 pH(r*=0.513, P<0.01)2 50 ¥ 7 41 1
FEVE I BN T AN A (r7=0.181,
P>0.05), ORP(r*=0.144, P>0.05), & (r*=0.023,
P>0.05), A (r’=0.047, P>0.05), B§REh(r’=0.04,
P>0.05), fil§f2Eh(r’=0.012, P>0.05), Whl4AEh
(r’=0.006, P>0.05), #5(r*=0.019, P>0.05), MR
£(r’=0.083, P>0.05)5 iF if 4l g B V% 2 Al B %

I PREES Campylobacteria [l 74 L41%47 Oxyphotobacteria
I AT 4 Bacteroidia
I 5 R 4R Actinobacteria [ v-A5JE B4 y-Proteobacteria
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A.2017 4F 11 J5 B. 2018 4F 1 . BJ: Jbi&, CC: BRAS, HL: B, LH: Hit%, LHS: #AELL, QQ: i,
SQ: TitfF, WH: SN, XL: /M, XT: /N, XW: B HL ZJQ: BRVLHR, ZT: 723,
Fig. 4 Relative abundance of planktonic bacteria in Pearl River Delta at class level

A. November 2017; B. January 2018. BJ: Beijiao, CC: Chencun, HL: Hengli, LH: Lanhe, LHS: Lianhuashan, QQ: Qingqi,
SQ: Shigiao, WH: Waihai, XL: Xiaolan, XT: Xiaotang, XW: Xinwei, ZJQ: Zhujiangqiao, ZT: Zuotan.
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[ HAth others I Dechloromonas Bl Cyanobium_PCC-6307 Il Virgulinella_fragilis I Novosphingobium
Il C1.500-29_marine_group [0 Candidatus_methylopumilus Il Rhodoferax [ Malikia

[ f Sporichthyaceae Unclassified [ Arcobacter [l C39 B LT HE Polynucleobacter

I Aquabacterium I Fluviicoccus I hgel_clade Wl Limnohabitans B AT Pseudomonas

[ Acinetobacter [ EFTHR Flavobacrerium M unclassified I [Agitococcus] lubricus_group
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4% sample 4% sample
B 5 8 AR B BRI 190 4 25 2 Jife 240 T R X = B8
A.20174F 11 H;B. 2018 4F 1 H. BJ: 4bi&, CC: BiAS, HL: BEi5, LH: Mid%, LHS: 3E4ELL,
QQ: FHI, SQ: Wik, WH: AMNEF, XL: /M, XT: /N, XW: B[, 2JQ: BRVILE, ZT: 75
Fig. 5 Relative abundance of planktonic bacteria in Pearl River Delta at genus level

A. November 2017; B. January 2018. BJ: Beijiao, CC: Chencun, HL: Hengli, LH: Lanhe, LHS: Lianhuashan, QQ: Qingqi,
SQ: Shiqiao, WH: Waihai, XL: Xiaolan, XT: Xiaotang, XW: Xinwei, ZJQ: Zhujiangqiao, ZT: Zuotan.

F2 RIIAMEFZHFMEE o SHMER
Tab. 2 a-diversity indices of planktonic bacteria in winter in Pearl River Delta
n=13; X+SD

i8] time Ace Chaol Shannon Simpson

2017-11 622.69+26.07 627.77+£28.49 6.78+0.29 0.98
2018-01 638.04+93.16 638.56+97.15 6.23+0.71 0.95+0.03
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.6 NMDS analysis of planktonic bacteria community in winter in Pearl River delta
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Tab.3 Monitoring results of water environmental factors in the Pearl River Delta
BER ORESC ST i [ ’fhﬂ?ﬂ‘.)ﬁ WA MEE BA BERREL AERREL WAERRE: R R
sample T s IMmgL) pH bfi/mV /(mg/L) /(mg/L) /(mg/L) /(mgﬂd) fmg/L)  /(mg/L)  /mg/L) /(n?g/zlj)
TDS ORP DO TP TN PO; NO;3 NO; NH; Si03
BJ Nov 22.50 0.13 0.18 7.57 38.9 8.18 0.14 2.25 0.06 2.20 0.01 0.08 12.59
CC_Nov 2190 0.12 0.16 7.84 53.2 6.33 0.19 2.27 0.06 1.96 0.00 0.01 12.04
HL Nov 2391 0.15 0.20 7.96 36.2 4.92 0.22 2.47 0.07 1.78 0.00 0.16 10.29
LH_Nov 2342  0.13 0.18 7.83 38.4 4.09 0.22 3.04 0.05 1.99 0.01 0.00 11.73
LHS Nov 24.63 2.08 2.61 7.56 38.3 1.51 0.30 3.42 0.07 2.86 0.00 0.34 12.09
QQ_Nov 23.66  0.15 0.20 8.04 32.8 6.59 0.38 2.47 0.27 1.66 0.09 0.59 8.60
SQ_Nov 23.54  0.13 0.18 7.75 38.9 3.04 0.28 3.19 0.10 2.35 0.01 0.62 12.96
WH_Nov  20.95 0.13 0.17 8.07 64.9 8.48 0.25 2.81 0.11 1.55 0.03 0.07 10.93
XL Nov 24.09 0.14 0.19 8.15 38.7 6.84 0.23 2.41 0.07 2.42 0.15 0.21 12.58
XT_ Nov 25.37 0.12 0.16 8.07 31.5 5.49 0.18 2.62 0.08 1.79 0.11 0.17 9.81
XW Nov 2396 0.14 0.19 8.01 46.2 6.79 0.24 2.62 0.08 1.73 0.07 0.14 9.88
ZJQ _Nov  22.25 0.24 0.32 7.56 65.8 3.3 0.32 3.43 0.10 2.43 0.40 0.44 14.27
ZT Nov 20.55 0.13 0.17 8.16 52.8 8.31 0.15 2.36 0.04 1.59 0.03 0.12 10.53
BJ Jan 16.26  0.13 0.17 8.33 36.4 8.69 0.23 2.61 0.06 1.73 0.07 0.15 9.88
CC _Jan 18.70  0.14 0.19 8.29 41.9 6.84 0.18 2.62 0.09 1.76 0.11 0.17 9.78
HL Jan 19.13 0.13 0.18 8.5 35.2 7.69 0.23 2.41 0.07 2.41 0.15 0.22 12.58
LH Jan 1562 0.13 0.18 8.45 39.1 8.17 0.14 2.25 0.06 2.17 0.00 0.09 12.56
LHS Jan 18.37 1.60 1.98 7.92 34.1 2.24 0.32 3.39 0.10 2.43 0.41 0.46 14.27
QQ Jan 16.45 0.15 0.20 8.67 67.1 8.51 0.37 2.47 0.26 1.66 0.09 0.59 8.63
SQ Jan 17.68  0.14 0.20 8.36 36.0 6.63 0.30 3.42 0.07 2.86 0.00 0.34 12.09
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ZT Jan 22.98 0.13 0.18 8.46 35.1 9.54 0.28 3.23 0.09 2.34 0.01 0.62 12.96
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Fig. 7 RDA analysis of planktonic bacteria community in winter in the Pearl River Delta

Nov: November 2017; Jan: January 2018. BJ: Beijiao, CC: Chencun, HL: Hengli, LH: Lanhe, LHS: Lianhuashan, QQ: Qingqi,
SQ: Shigiao, WH: Waihai, XL: Xiaolan, XT: Xiaotang, XW: Xinwei, ZJQ: Zhujiangqiao, ZT: Zuotan.
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Tab. 4 Correlation analysis between bacteria community diversity, abundance of dominant species
and environmental characteristics in the Pearl River Delta

Puba: EZRAR IR

e NE| +h S o 4 M e E].e N st ik

CHRE WE WEE pH WIRE MBE OBE Bk AR itk %z+ FRI/E

bacteria community T S - DO TP TN PO;” NO3 - NH, Si03”
TDS ORP NO;

i

. 0.430" —0.078 —0.063 —0.161 0.115 0.044 0225 0.165 0.208 0.097 0.133  0.212 0.016
v —Proteobacteria

e " N
)ﬁ[/).%[ﬂgﬂ . 0.436 0.033 0.037 -0469 -0.009 -0.292 -0.219 -0.111 -0.239 -0.110 -0.290 -0.183 -0.135
Actinobacteria
Mﬂ:[ﬂ?ﬂ -0.369 —-0.085 -0.092 0.304 -0.078 0.220 -0.318 -0.290 -0.129 -0.042 -0.096 -0.138 0.119
Bacteroidetes
SIAE . " "
o N R 0.777 0.159 0.167 -0.760 0.161 -0.467 -0.055 0273 -0.133 0.260 0.109 0.151 0.233
Alphaproteobacteria

-
Shannon f#{( 0.198 0.005 0.020 -0.504" 0.019 —0.383 0.107 -0.245 -0.018 0.029 -0.245 0.027  0.027
Shannon
. o
z%mpson?g.ﬁ( 0.232 0.081 0.083 -0.515" 0.012 -0.357 -0.112 0.086 —0.234 —0.048 0.072 0.277  0.055
impson

T *3RR BFAIE(P<0.05), **3R /R B3 AH I (P<0.01).

Note: * indicates significant correlation (P<0.05), **indicates extremely significant correlation (P<0.01).
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Bacterioplanktonic community’s composition and their environmental
impact factors of the Pearl River Delta in winter

WANG Songge' %, LAI Zini', MAI Yongzhan', LIU Qianfu'

1. Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: Along with the development of economy and the living standard of residents, the discharge of industrial
and agricultural wastewater and municipal domestic sewage has a serious impact on the water quality of the Pearl
River Delta. Bacterial communities are important components in riverine ecosystem and play key roles in the
degradation and transformation of various pollutions in river environment. Bacterioplanktonic community re-
sponds to changes in biotic and abiotic factors that are amplified during spring and summer these wet seasons,
however, whether communities respond to environmental disturbance in dry seasons remains unknown. In this
study, we collected surface water samples from the Pearl River Delta (112.18°E-113.51°E, 22.38°N-23.17°N) in
November 2017 and January 2018, using high-throughput sequencing of 16S rDNA gene amplicons on the Illu-
mina Miseq platform, to investigate the bacterioplanktonic community’s composition and their environmental
impact factors of the Pearl River Delta in winter. Total DNA was extracted from water samgles by using DNA
extraction kit (Magen Hipure Spil DNA Kit), and DNA concentration was determined by Qubit~ dsDNA HS Assay
Kit. The targeted V3-V4 regions were amplified with the primers set (341f-CCTACGRRBGCASCAGKVRVGAA;
806r-GGACTACNVGGGTWTCTAATCC). The purified PCR products were sequenced on Illumina MiSeq (Illu-
mina, San Diego, CA, USA) platform, and raw reads were screened by QIIME (1.9.1), with the removal of chi-
meric sequences by UNCHIME. Operational taxonomic units (OTUs) were generated by Vsearch (1.9.6) with
similarity at 97%, and aligned against reference database SILVA (http://www.arb-sliva.de). Alpha diversity indices
such as Shannon and Chao 1 index, and beta diversity based on Bray-Curtis difference coefficients were calculated
in R (3.5.2) software (http://www.r-project.org) according to normalized OTU abundance. Non-metric multidi-
mensional scaling (NMDS) was used to test communities dissimilarity, and analysis of similarities (ANOSIM) was
used to test the similarity among different communities, by using vegan (2.5.2) package. Redundancy analysis
(RDA) was used to analyze the relationship between bacterial community and environmental factors by using ve-
gan (2.5.2) and ggplot2. Pearson correlation analysis was carried out with SPSS (19.0) statistical software (IBM
Corporation, USA) to determine the relationship between environmental factors and the diversity of planktonic
bacteria (Shannon index and Simpson index) and the abundance of specific bacteria. The results showed that Pro-
teobacteria, Actinobacteria, Bacteroidetes, Cyanobacteria were abundant phyla in Pearl River Delta. y-Proteo-
bacteria was the most abundant class among the communities, followed by Actinobacteria and a-Proteobacteria.
The bacterioplanktonic community showed a relatively high diversity in the Pearl River Delta in winter, with no
significant differences observed in bacterioplanktonic community’s composition among all sampling sites. Pearson
correlation analysis showed that the abundance of y-Proteobacteria (P<0.05), Actinobacteria (P<0.05) and
a-Proteobacteria (P<0.01) was positively correlated with temperature, while the diversity index was negatively
correlated with PH (Shannon, P<<0.01; Simpson, P<0.007) and the abundance of a-Proteobacteria (P<0.05) was
negatively correlated with dissolved oxygen. RDA showed that temperature, pH were the main driving factors
affecting the structure of bacterioplanktonic community. Temperature was identified as the main environmental
factor affecting planktonic bacteria community. Previous studies shown the composition of bacterial community
was driven more by temperature and the average cell size of planktonic bacteria community decreased with the
increase of temperature. In addition, temperature was related to the diversity of estuarine ecosystems. Seasonal
temperature variation was also considered to be the main variable affecting the dynamics of sediment bacterial
community in the Pearl River Estuary. The pH was another major environmental factor affecting the structure and
diversity of bacterial communities. pH was generally considered as an indicator of Actinobacter, in the study,
negative correlation was observed between pH and Actinobacter (R=—0.469, P=0.016), which was consistent with
the results of other studies. These results might provide fundamental information on bacterioplanktonic commu-
nity composition and environmental factors in winter Pearl River Delta.
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