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Microbial community structure in a channel catfish pond in Nanjing , China
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State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nan-
jing 210008, China; 3.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Microbes play important roles in aquaculture environments. Consequently, to understand and predict the response of such an eco-
system to environmental changes, there is an urgent need to explore the structure and constructive mechanism of microbial communities in
aquaculture ponds. This study characterized the structure of microbial communities in water samples from a channel catfish pond in Nan-
jing, China. High—throughput sequencing of the V3-V4 hypervariable region in the 16S rRNA gene was used to investigate the microbiome
structural characters. The results showed that the bacterial community structure exhibited a strong seasonal change, whereby a distinct tem-
poral succession was evident over the entire year. The bacterial community compositions were similar between the winter and spring and be -
tween the summer and autumn. The dominant phyla in water samples were Cyanobacteria, Actinobacteria, Proteobacteria, and Bacteroide-
tes. Among the measured environmental variables, TDS, temperature, pH, NO;=N, and TOC were observed as the primary drivers for the
bacterial communities(>>0.6), which also had a significant correlation with the bacterial community structure (P<0.05).
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Hh DR A BR i R Al R 58 K™ T R E A
AR FREH i R KT SR A BT R 60% DA B
T P i 92 7K st 39 7 A S He b B R R 3R 5 O X
2018 4F F2 58 [ ARk 252.7 J7 hm?, 3558 7 8 2 212.2 77
t, o7 A E K™ R Y 32.99%, it 3 SR AR I 5
JH“FRASEFRKT BN T 7E T HE FRAE A, S X 3R
Bt 3R ) K AR AT it N A A B LA (A R A K AR
PRHFFCE 16 37 S E A E YR, XA R ak
R 38 3o it S o R R KA R R AL A R I
Tesh Wi A4, i s K AR A= 7= 0, S fa s itk 5
JE 0 A AL T R X6 R R I A 2 AR T T T
AR

5 HRKIEA S RG] IR A IE IR A8 R
NI ESRG . 708 WE SR B0y
PR 28 R RIS, B P LT R it 3 A=
BRGEYM BB T ge Ay o 5L at . 4
R TE G B B b 5 1 T A, — T AN TR 2 i
YER 2 ARe I A2, s — il e e %
M A BRI K A WL A R AR R T, B
R Sh P AN S ER T B IS R AN TR TR
5K 8 37 K- B T IFEAR ) ) A 0 e A7 A BH i 6
Rl MR TR E R AR E R
T3, /INES R RE ) R0 i S o B AR A, T fg
X AR S R G P B A RV A R R L (R
XoF % B Sl 3 7K A 200 R R T 25 R T R IO T Ay LB
AR 16S rRNA K& K] 7 Bt sy 38 1 I3 46 AR X B 5t
TS SR (Tetalurus punctatus VIR 7K 35 1 35 7K A 20
BIREVR By R AE ARG TP R TS, B B (1) T it
BAF pii, SRR S Rt 3 K AR 20 R AR A 2L AR I A
JEE AR AR AR A5 (2) BH B BRE o5 S 5 5 9 K R A4 AT
TEVE S5 I B LR R o X ORI 25 S X B o
SR 3 5 3 K A PR 0 A T R A B 3 i 4Rt
.

1 MREFE

1.1 FEMERFERIE

I TE VLA TR A K =i 55 Ir [ R B 8 S 2 fi
WAL AL SR L T . 3R A Tt Y 1 AN 0.21
hm®(50 mx42 m) , v F 5 5 i1 VLT KRk FT 4 (310777
03”N,118°88'29"E) . FEFH 4 Hi— 1~ H fili Tith K,
IR S K 2 15 m A2 AT i ik A
WML, 4—10 H , BEM 23: 00 JF IR G A HL 2= K H 152
J=4:00, W5 KA 11:00 S FF)E 2 h, (RIEFRFEK A7

A, EEEA A PR, FRRENEE 2 A #K—
Wo b IE LA 2 747 B BE SR fill £a il (S 1y
1891 g- &™) , SN 1L TR ZBIRAFE 12 Y], B HE
G VPR K A5 MLV V7 2 R A T et (B 1 7 5 35%) L Al
RN LAy 0 A BT R ) 3% A2 A o

TR, B A AR TP R AKFERSE . Bk bk
F10:00, FJ ] Schindler K7k % (5 L) R4 3 4bith I 3=
J2 50 em KAE A K BV . AKFETICA 4 CIR
LA Y RS 2 A T B AR A 3 KRR IR A
FE o B 300 mL R A K FE 2 0.22 o 119 3R 65 2 g S
(Millipore , Cork, Ireland ) 7t F5 5 358 , 15 21 38 JECAE s , i
A2 mL B JC T B0, —80 CHEI I VKA V8 VR AR AT
P4 7% DNA #2359 B 200 mL ¥R & /K AE 4 CAR T A
17, BT K AL 24 R 53T o
1.2 ityEK R EFE

F I £ T g K 5 2 50U (YS16920v2, USA ) Bl 37
I 72 ik B (Temp) | R B B2 (pH) | 5L fff 12k 20 0% 40
(TDS) i B (Tur) LA K A (DO) S ISR 7, 2
R AR 72 K AAZ B B (SD ) o oAt /K 5t 46 b £ 52 30 %
A% LA O 0 2 < 2 (TN SR R P8 o 7 IR 0 71
22 ANV (GB 11894—1989) 5 £ 45 (NH: -
N) R0 G 20 6 B 7 (GB 7479—1987) 5 il 4
A (NO:-N) 2K FH By — it 12 43 ' % FE 1 (GB 7480—
1987) ; WAHAS A (NO-N) R 40661 (GB 7493—
1987) ; &L (TP) FIEBE IR L (POY—P) >R W 4H ¥ L
3 (H] 670-2013) ; S A LK (TOC) R B BE—E 53
HLE A W 0k 75 (GB 13193—1991) 5 1k 2% 5 A it
(CODw,) 2K FH 15 % B2 B 7% 22 ¥ (GB 11892—1989)
JKFEZ Whatman GF/C 0.45 wm JERIEE IS , 4066
:(HJ 897—2017) il & 4 % a(Chl a) % i .
1.3 DNA32EUF0 16S rRNA E E 1

KRR 2 i A U S, S 28 75% T RS B
(9 25 FH B J1 89 % )5 , KL Qiagen DNeasy Blood & Tis-
sue Kit i £ (Qiagen, CA, USA) H2HUAE 9 5 DNA
FEIH DNA 28 58500 0 TR 1% 1 B b B e
H, VKRG 0 e B B 2 B I, —20 SCARAE 45 . LA FH 5|
H 338F F11 806R §" 1 16S rRNA JE[H V3-V4 5725 [X 17,
AP % v A Y A 25 AR W R AR A BR A
Al S
1.4 HEKUE S

AW B 2E A TR, 56 Trimmomatic #M 2Bk
R 246 B 41 B 5 1490 Al barcode Fr45 , T FH FLASH %X
% Py 90 64T BF 4, 8 VSEARCH (1.9.6) ¥4 )5 471
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L 97% AEAE SR 28 iU 4325 51T (Operational taxo-
nomic units, OTUs) , Ft Xt 19 2 2% 3045 JFE 2 Silva_132
16SrRNA database (http : //www.arb—sliva.de )"’

FIT AT GE it o A ST Ak e A B R RE = P Y
vegan F ggplot2 #2 ¥4, (Version 3.2.2) VL ) kg 3E
A R 2GR BR S H] I-sanger 27 & 56 . Z4F
PE I3 BT L AR A A AR AS v d5e D 8 P 5 B A T Al
A mothur FAF I o ZHAEM, THIA B ZHEIEAT,
X4 5 0 0 R ECHE 51T Hellinger #5461, FRaET T
4k B i 2 4k R 79 #1 (Nonmetric multi —dimensional
scaling, NMDS)™, XJ #1855 K £ 14 7 999 ¥X Monte Carlo
A B ) I 1) IS L SR FHOTAR 70 Ht (Redundancy
analysis, RDA ) X P45 K 5 s A= W e 0 204 7 I X6
P A BT SR AR ALY 43 BT (Analysis of similarities,
ANOSIM) A5 56 7= 15 0] 22 57 o fieJim , i i 22 Wy P 2 1k
22 55 #5343 M7 (Linear discriminant analysis effect size,
LEfSe) , #4173 58 5 2H U AR AS $2 B W] 3 20 2% A i
Fr&AEF 50 53 #r (LDA) , $ H HA 215 B & v 22 57 il
A

2 HERE5HH
2.1 JKERIBLLAFAE

AR SR G R R A, K (Temperature ) S 1 H
B AT AR, NI A RBE T , E BT
H AR RFNE(Y 33.78 °C, Z )G %18 N 1%, Br&EZ ik Z

A, HoAth Z= 5 R K IR #R A A B 2 PE 25 57 (P<0.05) o &
VS M PR (TDS) FK A4 375 BH B (SD) #8222 B 1
LR BES, HEEAE R R Em T AKE(P<
0.05) . 24EKFE pH A T 7.68~9.50, I L A% 45 I 55k
P, AR IR B35 9 F B 28 (P<0.05) o KR
A (DO) &4 6.12~16.39 mg- L7, i& At F500 , &
T KR B ¥ A Tt B 3 M 3 A2 (P
0.05) o KM (TN) LS i (TP) 3k JIE B 2 4k 1555
FAKOF, — HAN T B B SRR A U ZE A TN AR LA
KL ZETP IR B E LT E B FET (P<0.05). &
A(NH;-N) EAEERER (NO-N) il E: (NOS-N) Fiti 7=
AR RIS — 2 B 25 5 HIERE R ER (POY-P) I
SETEEEYEAE L. B VLK (TOC) th R A& F
FFEE T EMKZE(P<0.05), 4% a(Chl a) Bk
FEETARZE, P EFED S T HA3AZFT,
IEAE T F Ik BIAF B, & ZE R M40 R a MR AR I
IKARFRALRRIE L3R 1,
2.2 WEMEE ST

AL B, L3545 356 877 %4, E A4
FE S A 29 741 Sk R Y A, R AR K E
434.55 bp, XEETFHIHRIE N 10234~ OTUs, Fiké
Mo Br v A REAS AR 23 22, SR B A U B
FEFCr 03 TR A DA S WA AR AR A1 A R 19 A 4

2
H./&hyo

PEHL Ace $8%1  Chaol 5 %X . Shannon 45 £ Fl Simp-

F 1 BER RN R R K AR IR LR

Table 1 Summary of physicochemical parameters for water samples of channel catfish pond

. . KW B o WR o A AR W WA P s AR 0T
J o L S w0 o0 N NN oov e vors oo ala
C  TDS/g-L™" mg- L™ mg-L”" mg'L' mgL" mg'lL” /mg-L7” pegeLl” mg-L" pe L

P12 X% 8.30¢ 0.173a 8.99a 12.24a 55a 2578  0.320b 0.032 7be 0.446 8ab  0.130b 2.264 6.488a  8.744b
P1 X7 4.51c 0.174a 9.24a  1639a 55a 2229  0.077b 0.014 8bc 0.476 9ab  0.136b 2.657 6.621a  6.181b
P2 X7 9.69¢ 0.172a 9.50a 1491a 50a 1.965  0.067b  0.015 7be 0.163 6ab  0.146b 4.669 5.880a  10.487h
P3 7 14.83b  0.168a  9.33ab  11.02b 40ab 2.713  0.041b  0.002 3¢ 0.0132¢ 0.254ab 0.995 7.141a  23.647b
P4 7 18.06b 0.170a  8.03ab  6.65b  60ab 2.436  0.374b 0.0177¢ 0.116 8¢ 0.168ab 5.093 6.747a  16.049b
P5 2 21.56b  0.168a  9.19ab  11.79b 50ab  1.853  0.046b  0.002 0c 0.031 5¢ 0.167ab 3.363 5.388a  23.002b
P6 H7ZE 26.29a  0.159b 7.68¢  6.16b  35be  2.384  0.485a 0.033 7ab 0.205 4bc 0.178a 4.125 5.097b  38.112a
P7 HZE 3378  0.147b 7.89¢  7.10b  40be  2.701 0.399a  0.025 4ab 0.111 3bc 0.272a 6.796 4.386b 85.761a
P8 HZ  30.64a  0.134b 7.80c  6.12b  45bc  2.836  0.817a 0.064 7ab 0.209 8bc 0.256a 5.538 5.347b  47.592a
P9 7 24376 0.132¢ 7.97bc  8.09b 35¢ 2993 0.266b 0.0522a 0.3164a 0.227a 1.411 5.181b  27.595b
P10 #Z  19.81b  0.135¢ 7.84bc  6.44b 30c  2.887 0.351b  0.0857a 0.5295a 0.215a 3.535 4.595b  24.250b
P11 2 9.71b 0.135¢ 8.73bec  12.70b  35¢  2.512  0.074b  0.0354a 0.5198a 0.186a 5.763 4.058b  20.859b

T PI~P12 B A AR AN TR 7 RE R AN R 240 (o) A 2 3 122 57 (P<0.05)

Note: P1~P12 is water sample for each month. Different letters in the same column indicate significant difference between seasons (P<0.05).
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son $8 KR e s W7 B it 8 /K A 20 AT 9 1 P R =
FERZREM: . SRR (B D), FREEAFE N, Ace TR %L
1l Chaol 8BS A Ry — 3 XA /5 SIEAE,
FB/MERBAEAZE2 ] IF S8 1T LU BE R
3 B B RE T R = & B/ MRS, Z e B 34
JIHFEE ETE 37 1 Ace $550H Chaol $5 KRR T K
ZIE R E G LT, IEAE 10 7 3k BIAE B 5 KA
i FH BALIRI 6 5 22 49 B (ANOVA) XiF 4 A~ 2R Y Ace 18
UM Chaol $8 50T Z 8 LA, 45 R R I, I F5 5k
HA KA T Z [ TE B 35 1 22 57 (P<0.05) . 4F
JEE PN 75 B s KA 240 TR R 5 9 Shannon 45 530CFT Simp-
son T5 B AR S 2 AH S Ay R A, SRIH AR B R Vs 22 FE vk
AR AR XS E , T 45 S 45— 2. Shannon 45 £ Al
Simpson 75 AR Y L7 AR, 7 R AR A TS 24
PR B ARAE , H5 AT £ 22 54K, 3 7 IR B 40CH
TARAE, HoAl T AR K (B 1) o B R 247
r5 2\ L (ANOVA) 25 R iR, 44~ ZF i Shannon
B HUA Simpson 48 %4\ JC i #1422 5 (P>0.05) o

it AR B2 5 22 4 RUBE 43 Bt (NMDS ) &7 55 8 il
JEOKFEHTERETE 10 B ZHEME . NMDS 4341 K (18 2A)
SR, A FEA S0 A g 2 R HE S B e B 4
A2 O FEAS AT LA RH S L IX G5, R — 2 B PN R
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(i) 1 T, LG A T o s AR L TRl i), A
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PRI 22 i 2 A HEA , A S 2 i I AR 5 R A 191
Gb, SRKZERA S HRRHEE A . NMDS 48t
1) Stress {EL 47 0.042, W R BIHEF L5 R AT HE . 40 HEVR
JZ R BT A SE 5 NMDS 2510, BT A R v 58 A
% (FE 2B) : E B RAKZERE S (11 A FERBRAN) By —
W, A MBS RN 7 —F . FENH, &
ANZETRE IR — 32,

2.3 WMEMBELEY

1 023 /> OUT #% 1% B4 27 4~ 1] (Phyla) 60 1~ 2K
(Classes) F1347 & (Genera) . A T I/ DHEVE IR AR
PERUTAYE M S BEAR T 1% W BEVE R M A
Fl, 35 “Others ™!,

FEFE M K AAAEAS Hh OTU $i it A s S 52 30y
KESHEFSE BT, ANFTHAILENOUTH
324, 54T OTU 19 31.67%,3 2= M 2 245k
i (B 52 OUT 439k 274 A~ F1 267 4, 1 B 26.78% Al
26.09%. THLZAE A 19 OUT Bt i/, HA 158
A dT 0 15.44%, Horp  ZZEFIRCRAE VMR OUT #
Z 500 48 AN AT A, i HE 4.69% F1 4.59% , B 24
i A OUT e, 0294, 5 1 2.83%
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Figure 1 The alpha diversity of bacterial community in channel catfish pond



URIEIN Xl F3965 78

oLo AR B A BRI Oy - i 3 17] Cyanobacteria
(29%) . il 2% 1 '] Actinobacteria (25%) .28 & [# ]
Proteobacteria (20%) Fl1 1 ¥ B '] Bacteroidetes
(12%) , 3X 4 1] 5 B v 1 86% . M HERUA 1]
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R P LA TR T A AR T2 AR AR T 5% DB ] £
IR M IR AR R A E T TR ARG S R
SRR A A 2t a3 (18 3) o BEET ] A AR X 3= B
SHETE AR, B 2RIk B i 0 (37%) , B IK RS A
T F%(30% F132%) , & 2B ek (17.45%) . Horr, 3 /]
A7 KA Hp s i 1A S R BT R R B B T
W, 3B 49.97% F156.77% . R LT 1A X5 & )
RPN K 1 a3, WEZEN 20% — BN B4 7
129% . AETETTT 1 AR BYARG = BE PR AR AR
HEHRFAE 20% 247 o BRI T T 528 U 2T AR 4k, R4
ZEm(15% K 47) , RRKZER(8.5%) o

4~ Z A S I %) 200 TR 0 25 4 LU A SR | SRR

1598
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Figure 2 NMDS plot and hierarchical clustering analysis

of the compositional dissimilarities of the bacterial communities

ANOSIM £ 56 3¢ B 4 4~ 25 i S 5 il 3 /K AR i )
NPTV L A AE B 2 PR 25 57 (P<0.01) o R, 4047
AN TEBETE L5 P LR, T AT R S E T ) A 2H R8s M A

Bl ST ] Saccharibacteria | JAE7E & 125 5 (P<
0.05), Hrp, &0 JERERE [ AN $ i B 5 5 T
B e T T HE R KR 2 & T AR
Z5 | Ak ZE Saccharibacteria [ ) B A X5 R T 2 5 T H

b3 2=,

T | FAO K RO I8 heel_clade
W 40 & JB norank_c__Cyanobacteria . %€ 3R ¥ J& Syn-

1.0r

; B Cyanobacteria

= [ Actinobacteria
PE 0.8 K
=5 [l Proteobacteria
,;E[( = T>’ [ Bacteroidetes
kT %‘é 0.6 B Verrucomicrobia
= £= [ Planctomycetes
?&5 g:: 04t (] Fimicut?,s
i S e @ Chlorobi
=2 - [l Chloroflexi
- § 0.2 [l Saccharibacteria

CE M Others

0
P12 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11
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3 PR X R R R R A Rk FAE R B SR FEEER

Figure 3 Annual dynamic of bacterial community composition at the phylum level
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echococcus .CL500-29 .CL500-3 F1 Z ¥+ 1# J& Polynu-
cleobacterium . RIEIAEIFRY], B b, Ira e R
RABEFMERKPGE (K 4), Hrh, 3KTE & Enterococ-
cus MK T8 J& Bacillus FLER T JE Lactococcus . B Jifl
[ J& Polaromonas . 1. 5 Wl J& Rhodoferax 1 BT 14 J&
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Figure 4 Bacterial community heatmap analysis in genus level
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Figure 5 LEfSe identified the most differentially abundant taxa in the channel catfish pond among four seasons
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