J. Lake Sci. (4176 #+4) , 2020, 32(2) : 380-394
DOI 10. 18307,/2020. 0208
© 2020 by Journal of Lake Sciences

57 SEN Y E DT R e ot s R RSN

#iﬁfﬁl'z,;f‘l‘éﬂfgz,iﬁi‘}%l ,%ﬁ%)%l , ﬁ,%_ﬁ%IS , gk$€1,4’£ ﬁl**
(1 E K PE R0 58 BEBR VT K PSS B, 7N 510380)

(2 KA 2ABE , KT K ™= AR 28 K IR0 3 s S, Kt 300384)

(3 iR 5 A i, 1 201306)

(4: IR AR S 552, 11 201306)

O OE TRUR R AR A B BEMA N P O T BE S MR U AR B A A W R A 2 B PRI, T TR A TR R
I 28 REAE , B B AT AR S R G b 1 AR S T REELA B A2 8 3L 2016 4F 6 3 F1 12 F X BRYL R Uie 1 Ui 4 v 10 v
SEAL Y B s REAE A T IR DEST , 9T R A 16S rRNA. (5 388 S 0 7 B2 ARG B v AL 43 iE A7 4 BT 45 R 3 W AR TR VR 22 el 28O
#il] ( Proteobacteria) . JiltZk [ ] ( Actinobacteria) fLIFF ] ( Bacteroidetes) JEBER ] ( Firmicutes ) JEf%# [] ( Verrucomicro-
bia) FI#E 40P ] ( Cyanobacteria) 20 . BT 1R 1 TAHXS 3= i e ey , FEATHE B2 14 2 ( Betaproteobacteria) | a8 I 1 £)
( Alphaproteobacteria ) 1 y-25 T 1% 48 ( Gammaproteobacteria) . Z=75 |+, £ 7K 3] Shannon-Wiener il Chao 1 Z28E M8 50 T4k
TR, Ho o ZE AT 1R 4 ( Bacilli) F1BCF B 44 ( Flavobacteriia) 22 5 1 3 5 25 (1) b, BRVLF W T 434 VU VLAY LR (2R = A 1T 169 v 358
Fy TR A 3 A XK. SR A RDA SpHr el /K I (WT) &40 (DO) (R4 (PO -P) ERR £k (SiO3-Si) BB (TP)
FBWIIE (SD) S2 % Sh 25 7, 525 U057 T B 2 B MR AR . LT WT A1 SD 2 BT 15 22 R T
2 8 K AR K X 20 F 1t DO Ak 255 Uk (COD) & 325k (POS -P Si03-Si TP ) S5 =s 0] 22 (1 B K %
FEVETLITZR JBR = F T I rR R T 82 X 43 FF . PICRUSE S RE TN /A7 2 1 , %32 { ( Transporters) \ABC %432 {& (ABC
transporters) \DNA & 5 1 5 20 45 1 ( DNA repair and recombination proteins) 25 & Bk VT N IiF i I 4l I L 75 Fr Rk £ 2 1))
e, Hoh g (R ABC ez R D RE /KWW o T A /K], BSR4 SR T g BV T Ui A SRR L SR AR 2 225 R AR
SKBRIA: TRWEAH TR ; RVL T 0% 5 v 8 T 5 I 25 S0 A0 5 E R 4 A

Spatial and temporal distribution characteristics of bacterioplankton community structure
in the downstream of Pearl River”

DU Wanlin'?, SUN Jinhui*, MAI Yongzhan', LAI Zini', JIA Huijuan'”’, GE Dayan'* & WANG Chao'**
(1: Pearl River Fisheries Research Institute, Chinese Academy of Fishery Science, Guangzhou 510380, P.R.China)

(2: Tianjin Agricultural University, Tianjin Key Lab of Aqua-Ecology and Aquaculture , Tianjin 300384, P.R.China)
(3: College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, P.R.China)

(4. Ecology and Environmental Science, Shanghai Ocean University, Shanghai 201306, P.R.China)

Abstract; The bacterioplankton community is highly responsive to river changes and may affect the biogeochemical processes of riv-
er habitats. Consequently, understanding the temporal and spatial characteristics of bacterioplankton communities and revealing
their ecological functions in river ecosystems have important scientific significance. In June and December 2016, the research team
investigated the temporal and spatial characteristics of the bacterioplankton community structure in the downstream of Pearl River,
and analyzed the sample components using 16S rRNA high-throughput sequencing technology. The dominant bacterial community
included Proteobacteria, Actinobacteria, Bacteroidetes, Firmicutes, Verrucomicrobia and Cyanobacteria. The relative abundance of

Proteobacteria was the highest, and its main components included Betaproteobacteria, Alphaproteobacteria and Gammaproteobacte-
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ria. The diversity index of Shannon-Wiener and Chao 1 in the wet season was higher than in the dry season, and the difference be-
tween Bacilli and Flavobacteriia was significant. The downstream of Pearl River can be divided into the Xijiang River, the middle of
Pearl River Delta and the surrounding areas of Guangzhou. RDA analysis showed that water temperature ( WT) , dissolved oxygen
(DO), phosphate( PO3™-P) , silicate( SiO% -Si) , total phosphorus(TP) and transparency( SD) were the most significant environ-
mental factors driving the change in bacterial community, and may have affected the increment metabolism of bacteria. Water tem-
perature and transparency are important factors affecting seasonal differences. The differences between wet and dry seasons; DO;
chemical oxygen demand( COD) ; and nutrients( PO3-P | Si03"-Si, TP) were important factors affecting spatial differences; these
distinguished the mainstream of the Xijiang River, the middle of Pearl River Delta and the surrounding areas of Guangzhou.
PICRUSLt functional predictive analysis showed that Transporters, ABC transporters, DNA repair and recombination proteins were
the main functions expressed by the bacterioplankton community in the downstream of Pearl River. The ABC transporters and Trans-
porters were significantly higher in the wet season than in the dry season. The research results can provide a scientific reference for
the ecological environment protection in the downstream of Pearl River.

Keywords; Bacterioplankton; the downstream of Pearl River; high-throughput sequencing; temporal and spatial characteristics;

community structure
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Fig.1 Sampling sites in the downstream of Pearl River

1.2 HRRESLE

i 5 LA NI R K 2 REFR R (FEBKI 0.5 m) AKEE 3 L. Hrdt 2 L kPR RS 57 RV 31 I B B
FEAS R (TWIRL EM® , LABPLAS INC. , Quebec, Canada) , Bi{F 4°C VK4 F ¥ 5, R HPGZ M1 S22, B 1.5 L KeE
R 3 (PR BRIR2E) L 43 48 200 pm JE IR (NY-05, Switzerland ) 4] 31§ 25 B K AL 77 i Ak 4 Fn
=57, FEiE T 0.22 pm FLAR B R ERFL IR IS (PALL, USA) i v, JF- BB R R 2 10 mL JE 25058, R
FELE-80°C 14 T I DNA $2EL. HARFER SR K 2 47, — 1348 0.45 pum FLARRS AR £F 2 3 I J ( Whatman,
USA) 3338 5 f B 7K BE 5 99 — 13 5 BR CORBURE i (1 B 77 AN B AR B A2 ) (HI 493 — 2009) Bk S A I8 72 77 T
4°CHLE AT RALZE53HT.
1.3 ERE TR S

fdiFH YSI Professional Plus T4 BHOUK F /3742 ( YSI INC., USA) HL3% I & /K I8 ( WT) | pH | % i 45
(DO) EALIE L (ORP) fb2# 7 % 5 (COD) FNERE (S) S48 & £ 2 B B & (SD) 5 42 0.45 pum JE
I3 R0 31 00 () KR 42 FR O M RV 35 4 3543 W8 /K 73BT ) (GB 17378.4— 2007 ) BLAE 1) J5 2, 5
WAL (POT-P) BE(TP) AR (NOS-N) F iR E: (NO;-N) (#%Eh (NH;-N) (& (NH;-N) % (TN) Al
FERRER (SI0F -Si) SR U . FRBE DN i 5k 407 R ) Excel HR BRI 3R 7 2250 Wik
1.4 DNA 12BL R AR (PCR) IS EENF

TRAREE 5 34 DNA 3% FH] DNeasy PowerWater® Kit 71 £ (MO BIO Laboratories , United States ) #£H , 3 iE4E
PR AL AU B THRAE. S5 6B T (NanoDrop ND-2000, USA ) #5:ll DNA 4G R FKE , Jf5@ it 1% By

MG I B Yk AT LR, FIF 515 1F 11 B ¥ (5'-GTGCCAGCMGCCGCGG-3") F1 806 J ] &1 4 (5'-GGAC-

TACHVGGGTWTCTAAT-3") ' 144 i 16S rRNA JEP ) V4 25748 X, 7E &4 10 wL 5% TransStart® FastPfu
Fly 28,5 wL dNTPs(2.5 mmol/L) ,2 wL IE[A 514 (5 pmol/L) ,2 pL KA 5]#)(5 wmol/L),1 pL Trans-
Start®FastPfu Fly DNA 43, 2.5 pL B4k DNA(25 ng) fil 27.5 L ddH, 0 {4 50 pL PCR R4 il dd 4
T30, PCR KR 2647 :95°C 1 min;95°C 30 s,55°C 30 s,72°C 45 s, 3% 27 AEFF;72°C 10 min;4°C & F R
BE. XA FE ST 25— 3 (3B PCR =S5 A BUR &, i — 20l i 1% BEEBESE R A PCR ™4 21k
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R R AE Mumina —AM)F -5 (Mumina Inc, CA, USA) #4707
1.5 £EHH

WL R 52 W% S5 R ALY I 5 B B (reads) 26 FLASH (version 1.2.11) ™7 41 %% Jf QIIME ( version
1.8.0) " B4, A SCHIF UCHIME ( version 4.1) ™3R5 3 3= 4 1% 4 FE 1] ( chimeric sequences ) , if UPARSE
(version 7.0.1001) "7 35 47 AT #2 4 4> 26 896 ( OTU , operational taxonomic units ) B2 28 (%1 — B0ME % &
97% ) , LA 0.8 B A5 B BIEXS OTU BEATUERE, I Ay i BB R 1Y 51 LA B2 OTU B4 (singleton)
Bk,

i# 3t RStudio 2 4 vegan ) diversity pRE01HE 74 -5 K #5881 ( Shannon-Wiener index ) 1 Chao 1 54X
(Chao 1 index). % 3 i £ 4 ] & (NMDS, nonmetric multidimensional scaling) F1AH P14 73 #1 ( ANOSIM,,
analysis of similarities) 515 43 7 240 T8 BF V% 4 [7) 22 5 M 25 o0 A 4 4E. 356 F 398 Bray-Curtis A5 &, R H
RStudio #2741 vegan il grid #17 CCA/RDA 347, ITA 40 1 5 P85 K 7 Z ) I DG &

1.6 hEETM & 1

] PICRUS i ff, 26T OTU (¥R EREAIF B 15 S, 4% KEGG £ i b & A BERL2H 1 R A% A 1 168
rRNA J3 91155 SILVA'™ B v 16 tRNA JF A G  SRJ5 K KEGG Bt e T A7 10 R b HE DR 418 7
JFHFT W, K UProC (version 1.2.0) Xt AT H: K20 /Y KO J¥ 3 #4740t )5 R 16S (4% DA # A 4k
HHATRE , SR 25247 KEGG FU LA K KO S EESETt, A il 36 5] i D RE B A5 2. SRR B8 1% 5
NCBI-SRA ¥jit i | % F 2 PRINA550236.

2 HEREHM

2.1 BRI ik IR (L 45 4E

BRVL T 16 A3 ALK AR BRACARAE AN SR 1 Bi7R. =R AE o, WT SD A ORP (#2515 ] 25 5 L5
i, PAEI/INT 0.01. F/k I WT F1 ORP B 2 7 T4 K 19, SD WA 5 #5974k (POY -P TP NO;-N NO;-N
NH;-N NH,-N TN (SiO3 -Si ) ¢ & — it 5 BUAR /K 301385 T F /K S0 0 MU 233 ) A3 A1 R A S 7%, 1 7l o s i 37
48 FR R T B — i B 1 v T M 37, (P<0.05) , DO AR (P<0.01). H DO ¥ B 1 25 [] 4347 4 R B AR 5
S P VLI b A TRk = A 0T X S T ) it s 0 A A, COD 55 A . LA A 45 IR 7 ) 23 (] 43 A o
IR A
2.2 BRI T kiR A E B S A K

PP AR R, BT U85 , BRYL Nl 16 A3l fr iR A 19 48 3R 2K EE M, —JL 315 4389036 A%
reads , 319 ¢ 268004 4~ OTUs, SE- ¥4 MEA Ry OTU % H 4 3125+1632.

FENIZOKT b B B AT 15 AS1128, 22795 RRAE 7R 28 T2 B ( Proteobacteria ) 7% 32 /K 3 A 7K 15135 oy
SRR T 2) AT E 4 F 43 50.04% F1 52.62% . A1, FE /KBRS TR0 ZRErE B TH KL IR T
WA ZE 5 1 R AR TE 1R TR ( Actinobacteria ) FILIFT 14 ( Bacteroidetes ) 41, JEEBE TR ( Firmicutes ) 1 4
T ( Cyanobacteria ) 7£ 3= 7K 1 B4~ 71 3 067 £ T8 BB R A PR 5 (18] 2A) . 28 [ R, A8 T8 B AE F K Ry 2
() A S22 BT O v A X 2 3 R T PR VLI RN T M T S 32 (IR 2A) T EL e A K 8 ) 3 0 43 A D) 22 40 2
HEF(E 2B). Ak, JERE R AL A T VLI 4T 1 eh S i A s 67, A =F B 2B i AR B (R 2A)

TE 532K |, B-ZETE 6 ( Betaproteobacteria ) 75 “F AT FIAL 7K 31 24 4y foe L 345 49 (181 3) , AHXT B 43 M
G390k 27.89% F1 25.62% . BLAN, SEAKINREA 0 PR 30 A9 28 FHF 1 ( Bacilli ) F13E 41 174 ( Cyanobacteria ) ( [£]
3A) , TS 7K R A DL ER 20 A1 BT T ( Flavobacteriia ) 1 e-8 1 14 ( Epsilonproteobacteria) (|8 3B) . %3 ] ¢
AES IR, AT B S PO VIR 2> Ty ) Hh > 1 M T SR i B 95+, o2 T 1 ( Alphaproteobacteria) | y-A5TE
( Gammaproteobacteria ) Fl 2 FLFT P 75 PG VLIH 2 FYR] (90 e 38 A 53] 3l 57 i Ry e R ERT 20 (181 3A) , S A 7E T MM
7 A T s AR X 2 B B S T s A KN BRI A A VG VT 4 (AR X B i B A G, A T I PSR R T
JAs s fiickase (B 3B).

23 I THFAREE S LM Bl
Shannon-Wiener $§%80H1 Chao 1 $8 500745 5 W/R , BRVT N U PR W 240 15 E I (0 22 22 R W I, 2K 4



384 J. Lake Sci. (#ia#%) ,2020,32(2)

1 BRI T IR 2RISR SR

Tab.1 Characteristics of water environment factors in the downstream of Pearl River

WI/  Sb/ DO/ ORP/ PO-P/ TP/ NO3-N/NO;-N/NHI-N/NHy-N/ TN/ Si03-Si/ COD/ Ehs/

Fdt C em P (mgL) mv (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) %o

FkE B 325 10 7.6 7.9 1151 0.019 0.038 1.580 0.033 0.289 0.010 2.868 2.682 2.29  0.89
i 28.8 10 7.4 79 1945 0.023 0.046 1.590 0.002 0.141 0.003 2.604 2.589 236 0.72
R 273 10 79 7.3 1794 0.019 0.038 1.470 0.028 0.332 0.020 2.775 2.682 197 0.68
Fig 251 15 7.9 6.5 1853 0.057 0.114 1410 0.155 0.289 0.015 2.804 2869 232 0.63
LM 271 15 8.0 7.1 1492 0.033 0.066 1.350 0.094 0.165 0.012 2432 2776 151 1.27
JNEE 31.0 30 7.1 74 1146 0.024 0.048 1.900 0.013 0.008 0.000 2.882 2.589 192 1.14
B 282 20 6.8 7.3 111.1 0.042 0.084 1.460 0.023 0.041 0.000 2.286 2.495 2.81  0.68
M 33.8 10 7.9 6.5 121.9 0.026 0.052 1.310 0.033 0.170 0.020 2.300 3.242 238 1.03
NE 297 10 7.8 6.6 1269 0.022 0.044 2.060 0.072 0.132 0.007 3.407 5.112 271 0.58
eiE 276 10 1.5 6.5 111.9 0.026 0.052 1.260 0.061 0.127 0.003 2.177 3.804 232 0.75
Wi 283 10 8.0 6.7 129.6 0.026 0.052 1.310 0.017 0.318 0.026 2.507 4.738 3.05 1.33
B 26.9 10 7.7 6.0 101.5 0.026 0.052 0.350 0.183 0.175 0.007 1.073 4832 324 0.60
Bk 279 10 7.8 6.8 131.1 0.023 0.046 0.670 0.037 0.127 0.007 1.262 4.458 299 1.19
mitF 323 5 7.8 6.5 150.7 0.068 0.136 1.760 0.077 0.160 0.011 3.012 4987 550 0.96
A 311 10 7.9 43 1352 0.062 0.124 3.640 0.197 0.189 0.015 6.062 5.112 449 141
BT 307 10 7.7 25 1428 0.093 0.186 4.0600 0.226 1.703 0.083 9.108 8.477 4.47 0.75

Mk #HF 201 55 8.3 8.2 71.4 0.005 0.010 1.880 0.039 0.118 0.011 3.072 3.991 1.63 0.11
K 20.6 45 8.2 79 80.0 0.005 0.010 1.760 0.041 0.203 0.015 3.029 3.430 146 0.12
BRK 226 45 8.3 7.9 1185 0.005 0.010 1.860 0.044 0.175 0.018 3.146 4271 141 0.12
FlE  20.8 40 8.0 6.9 71.8 0.013 0.026 1.840 0.078 0.208 0.010 3.204 7.168 237 0.13
L 20.8 55 8.4 1.1 74.1 0.027 0.054 1.770 0.089 0.141 0.017 3.026 3.710 1.72 0.12
ANE 232 50 8.6 9.6 52.8 0.041 0.082 1.770 0.075 0.165 0.033 3.065 3.617 2.14 0.12
B 212 60 8.3 7.1 70.1 0.013 0.026 1.700 0.127 0.499 0.048 3.561 6.794 194 0.14
M 20.6 50 8.4 7.5 82.9 0.037 0.074 1.820 0.124 0.246 0.028 3.327 3.804 1.86 0.14
NE 197 70 8.5 7.5 59.8 0.042 0.084 1.730 0.104 0.456 0.060 3.525 3.991 175 0.12
s 18.0 70 8.4 7.9 52.8 0.052 0.104 1.780 0.111 0.508 0.051 3.675 4.178 220 0.12
Wi 19.8 60 8.3 1.7 87.9 0.043 0.086 1.890 0.106 0.737 0.066 4.199 4364 220 0.13
MW 205 45 8.3 6.7 73.6  0.057 0.114 1.860 0.089 0.346 0.032 3.491 3.897 2.17 0.14
A 19.0 50 8.3 6.6 583 0.058 0.116 2.130 0.108 1.046 0.087 5.057 4.551 259 0.13
w197 40 8.1 5.1 59.3 0.083 0.166 2.080 0.129 1.160 0.065 5.151 4271 299 0.17
N 217 20 8.0 1.4 88.9 0.024 0.048 3.810 0.265 0.508 0.026 6914 4.738 4.14 136
RITHE 234 25 79 1.0 91.0 0.127 0.254 2.780 0.472 14.130 0.669 27.077 4.458 5.41 0.30

W e T ARG K DT (1 4)

RHEETIH—AL OTUs FZH) NMDS Jp#i 77 1% , 455 ANOSIM f R (21T B ZHEAE 047, ANOSIM 2
WORAR2E S RN E R —DSHL. B 2RV AT A5 R AR WY, BRULTT Ui 17 0 40 01 V8 45 A 7 23 1] RO |
o 225 (R=0.033,P=0.331) , MifERS (6] RUEE 2 B 12257 (R=0.222,P=0.001) . T i8530
4 21, SEOK IR KT AT LA XA T 20 1 A 3 D R B0t 7, 21 2 AN 4 85 2 7K 200 % 7 i 0 Tl A 7 4
SALAN, B AG A (B S ) . A 5 R 23 6] _E T LASR PSR, SR K 4L 1 ol (0 T 5 =
FUN, 2 3 AL FACTL =AU s KB4 2 IRl LA T T T 30, 4 4 RAR 0 T P VLT R AN ER = £
10 o H .

2.4 I TR AR E SN IRERNEF
XA 7RV R v S PRI 4T RDA 2087 (181 6) . T 220 K ( ANOVA test) 45 5R 7R, il 1(P=
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Fig.2 Relative abundance of each phylum of bacterioplankton in wet season( A)and dry season (B)

in the downstream of Pearl River

0.001) Fifh 2( P=0.035) X IR 52w S35 Bl 1 Rl 2 A Rp AR 435012 13.052 i1 9.572, 433 W] #f T e
A EREL T Y 30.029% A 22.02% , AT 4 - M i B AN 8 B V4 4L S5 PR BE I 22 [ i 6 2. WT(R® =0.200,
P<0.01) .DO(R*=0.136, P<0.01) .PO} -P(R*>=0.095, P<0.01) .Si0} -Si(R*=0.076, P<0.05) TP (R’ =
0.072, P<0.05) Fil SD(R*=0.072, P<0.05) 9K Zh 40 7% A8 b e (35 B RS [ 7 (P<0.05) . JETF4l 1 #Y
RIRPEZE R B oR , WT H SD JE 52 x4y 22 S B B R W 3K WP RIAG KA 43 5F 5 2 Tl 2 A DRIP4 R 18
71, DO COD I F7Ek (POT -P (SiOF -Si TP) 5 0 25 [7] 22 5 A d BN 38, 401 1 A4l 3 40 JF 41 2 Rl 4
I

AT 15 G900 A PR BFV% S5 B IR 7 64T RDA 23047 (181 7) il 1(P=0.034) Fifh 2(P=0.621) X B
B, Bl 1 A 2 AO4FAEME 4T 2.235 1 0.880, 437 W] fig R Air G EREE IR T RE MR AY 44.43% i1 17.49% .
FETH L P CIMESS R R, RTINS WT S IEARDC, M AFF R 40 5 HAR & BT 2 (9 G4 R 8
R, eSS DO RHAAEX, 5 COD FE ik (PO) -P TP NO;-N NO;-N NH;-N .NH,-N TN Si0} -Si)
IR TEARDG M 2 AAT B 49 5 HAR TP HI R . TR A5 TP 1 POY -P H 5L f A .
2.5 BRIT T ilsiF i 40 T B % T RE T 43 ¢

TIRETUM A5 R (B WoR , 25 W50 L R ZHRE S T, D Re i A A X 32 B2 AHAL Y. %32 & ( Transport-
ers) \ABC #%iz2{& ( ABC transporters) .DNA &5 FIE2H & H ( DNA repair and recombination proteins ) £ % £H
43 45 (two-component system ) 552 ZR VL F VR I 40 DA AF 9% I 22 1A 00 EZETIRE. 299 oA b, KT o
A B AEXS = B v ALK, L 2 R RN ABC %32 1A A X =2 B 2K 01 e 3 A K (151 8).
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