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1.1 REREAGZREMREE

TR TE VL IR IR KK 7 W 58 i [l R B i L2
film 5% 1% B B o0 % 5 3k M T B o 57 B it 3
0.21 hm* (50 mx42 m), i F 5 50T XAk 1 4H
(31°77'03"N, 118°88"29"E). FrAHIFUAHT 1 4~ H 4l
Tk, RIS TEARABRE e, K E 1.5 m,
g R E— I EL, DARIET A A
BENTIAN 2747 & BE A SR M0 R (P YR
18.91 g), FRAHM 11 AJRZEWAF 12 AW, BHHE
MR TR YK 45 M V7 P OB IE 5 1D RH (R L& 1 35%),
T BHE R AR 3% A4 .

FEHE RN, BT A R IT R U IS e R
(R AE o BRR 2F 10: 00, FFHBEAFARRIE (S L)
SRAEMYEh O o Wi LR RS 3 R R)E
(15 ecm)JIC Ve e i, R KR SR EAE . s b e
Fth 2 PO A G e 2 BE A, fRDEHE M B AL IR TR R Z
TH-ErEEAAHR, KRG, K4 TC
PRAFAT ML g 2, AT bR 3 S RUIRTRFE AR
A BAE(D1I~D12),

1.2 WEEFNE

FIH 2 Dife K S EL (Y S16920v2, USA)X}
e 2 K Wy 3 o AT IR I, R AL
15 (temperature, Temp). pH. LA IEEFY)
(total dissolved solids, TDS)PA I % fi# % (dissolved
oxygen, DO). ZE[C#IIH I K A% B B (water
transperancy, SD). JRIRG VR THRIEE 5, K]
A% R B - AL TR (I 9 ) S A - R D A 0 T
A HLJ% (organic matter, OM) 7 & LA HLEK (total
organic carbon, TOC), Ji£JeH & % (total nitrogen,
TN)SEH KT HHEE R TEAE A 50 mL B 7K
BA, InitE ot mm i sl s, £4h0k
FEBINGE o BB (total phosphorus, TP)H /28 X+
WS PEAEI A 50 mL 53 Tk iR A, nmsit
o R A AR AT S, R AR B B o ot B
WA o

1.3 DNA $2EUF1 16S rRNA EFE 1

F|H QiagenDNeasy Blood & Tissue Kit {5
& (Qiagen, CA, 35 [E)IZBUR T AP & DNA,
Kl 4% 1) DNA {RFEF-20 C&H. 59
o4 338F il 806R"", 444 16S rRNA #[H V3~v4
AR X, PR vl e U AR S AR R 2R
HA R A E R
1.4 BEEMRLESH

Trimmomatic #1135 i Fe J5 4 7 41 Y 51
PIF barcode b4, it FLASH # kA7)
5 PHE, i VSEARCH (1.9.6)K F451ILL 97%H
RUPE 2R 25 45 4F 43 25 50T (operational  taxonomic
units, OTUs), X AY2 % 504 B & Silva 132
16SrRNA database (http://www.arb-sliva.de)!'*!,

Fi A Geit o b e rl Ak e pr BRI R B
1 vegan Fl ggplot2 #2/¥4d(version 3.2.2, http:/
www.r-project.org) LA K b1 S5 H A W B 2R RO
PR H] I-sanger =65 58 M. #1472 R T T,
MR Y5 B EAS b e D B P S0 EGHAT R, DLARIIE
T AMAEA T Y e R TR AR R 2KF F o R
mothur M54 o ZREPENY A B ZREMERT, X
HoF 5 BB R BOE #547 Hellinger #5461, @43k
¥ & 2 4 R 43 HF (nonmetric  multi-dimensional
scaling, NMDS), [ BtAS [a] A4S 8] 76 22 4 25 [] |
i 25 A U B TC A 43 T (redundancy  ana-
lysis, RDA)XFIREE K 5 i A= Yy i v 047 B xof
N, A E X IR T UE4T 999 ¥k Monte
Carlo BEAJAG I B 26T 1 FH AR LA 20 B
(analysis of similarities, ANOSIM)f 46 7% 17 [H] J&
THERENZES . &, BdZYMartzER
51 43 Fr (linear  discriminant analysis effect size,
LEfSe), M43 24 il 0 A AR $i IRAS ] 43 4 5%
1 AT 2 0 5 43 B (LDA), 8 H X 277 8 3
2SR
2 FERE5SW
2.1 [RiREHFE

FEAH R B AR U S R K R AR B R

LR 1o JR e L EK I (Temp) 5 B H B 2 19 2
T, WNAF 1 ARELTHE, 537 ARE
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Tab.1 Summary of physicochemical parameters for sediment and overlying water samples of | ctalurus punctatu pond

T i . , oy i

FE & ZAT KR/ C %iﬁi) oH WA B /em B/ (gke) B/ (g/ke) fﬂ(g “/f;/ kmg?z
sample season Temp DS /(mg/L) DO SD TN TP oM TOC
D12 4Z winter 8.32¢ 0.173% 8.794 12.244 554 3.12% 2.1234 2.49 1.44
D1 42 winter 4.51¢ 0.1754 9.36 16.30* 554 2.52%4 0.974 1.39 0.80
D2 47 winter 9.55¢ 0.173% 9.50* 15.05% 504 2.94* 1.254 2.57 1.49
D3 %2 spring 14.84" 0.168* 9.3148 11.06"® 40"8 2.64° 1.00® 245 1.42
D4  #Z spring 18.01% 0.170* 8.0248 5.52% 608 1.76® 0.75% 2.09 1.21
D5 4% spring 20.53" 0.1714 7.9848 4128 5048 1.87° 0.66" 2.91 1.69
D6 HEZ summer 26.31% 0.159° 7.628 6.035 358¢ 1.91° 0.84" 5.88 3.41
D7 EZ summer 33.18* 0.149"° 7.498 2328 408¢ 2.02° 0.82° 2.60 1.51
D8 HEZ summer 30.64" 0.134" 7.67° 6.108 458¢ 1.81° 0.87° 2.14 1.24
D9  FkZE autumn  24.36% 0.132°¢ 7.928 7.885 35¢ 1.82° 0.738 3.09 1.79
DI0 #kZ autumn  19.81% 0.135¢ 7.748 6.35"° 30°¢ 2.08% 0.82° 2.63 1.53
DIl  #Z autumn 9.70" 0.135¢ 8.64° 12.61° 35¢ 1.69" 0.75" 2.25 1.30

{E: D1~D12 5 IR YRE i, [ — B3I ) 5 Bk 2 WA [+) 2845 1) £ 1 10 35 1 22 52 (P<0.05).

Note: D1-D12 was sediment sample for each month. Different letters in the same column indicate significant difference between seasons

(P<0.05).

RFNE(E 33.18 C, ZJRZIE T, BREFEMEK
Zhh, HAh ZA5 0 EOK R E R EEER
(P<0.05), Gl fift 1t B ¥ ) (TDS) Al K 44 325 B i
(SDYFR I R 2k T e e s, A FRHn %
=T E#ZEP<0.05), EEK pH /T 7.49~9.50,
RLARFE B, &2 FEKAMME g S TR
k2 (P<0.05) . L KEE(DO)FT =N 3.32~
16.30 mg/L, A-Z=/K RIS 5 & 0 s T HAh 3
ANZEAT (P<0.05) /KA S50 (TN) L B (TP 3 1R
AR E K, XN TN M TP IR E B E ST
HAh 25 (P<0.05), Hifth 3 A~Z= 15 AN AR LA K,
Ji e 19 A HL BT (OM) & & FLE A HLEKR (TOC) I 7
JE I AR X PR R RS A, B R R B
E5,
2.2 MAEMEESHEMEESIT

b s, L3RS 357602 &7 51, FHy
BAFESPA 29800 M it pal, B HIK
JE R 441.28 bp, X EEJF I P L2 3043
OTUs, #i R M BT i FEAS R 423 - 22, /W
RIS T4, P IR B R DU LA IS e A
A REE 1R B

KT T R IR IR Ve AN BRI R
FEMZ R, EH Ace $5%X .Chaol #8%4 . Shannon

FEECH Simpson $5%(. FRFHAEREN, Ace FEEUM
Chaol #EEU LA N —3, & W IBZ, &
MEHBERKZE 9 H, BKMEREAEN 1 G
05 (B ). FRAMIEIC eI #F 7% Shannon
FRECF Simpson FEEAS LA, R M EEHT
& Z AR A RS, PO 2 R A — 3, P
B B AT, (AR IR
FUpks, 4 AL TAERER(E, Shannon F58UFERK
1) 3 D HESRIZUT BE, MY Simpson 45
BAEE 3 A HUR/NRBE . RIS E Ry
225 BT (ANOVA)XT 4 DRI o 2R BT
ZE R, GIREM, 41 o ZHEHEIRER AT
1E 2 35 1 22 5(P>0.05) .

IR B £ 2 4k KB 43 i (NMDS) 2 B 55 78
M IE IS IE A B RER ) B ZHEME . L NMDS 4311 ]
(K 2A)RTLUE Y, B RMKEREA R BT
AT VRS e, 2= B N AR S (R BE RS B0,
YRR TR INARL, A EMEEZNEAES
e, BARHEAEZE LA, NMDS 4379 stress
B0 0.115, RUHFFERAN AT 4E . AR HE% )2
R P45 -5 NMDS 2501, B (8 HHEMFR
AR AL i R — T, T4 22 R 2R il A B
& SBRTRE R 53— (K 2B).
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The alpha diversity of bacterial community in sediment samples (n=3; X=SD)
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Fig. 2 NMDS plot (A) and hierarchical clustering analysis (B) of the compositional dissimilarities of the bacterial communities

23 WEMBERLH

3043 1~ OTU #{F B~ 57 4~ 1(phyla), 128 4
N (classes)Fl 585 V)& (genera), A T IB/DREVEHY
BRI, MXTEEART 1%0 % AR IE
WA, I Jg“others™™,

T RE L, FRFEM I KAEFEA T OTU $ig:
M B L2 By & 2= (2751)> F 2= (2665)> Bk 2=
(2615)>H 2%(2599), 4 MFETHAILZR OTU f1
2058 4>, (54 OTU K 67.63%, 3 NZEF5 A1 2 4
ZATAE A AL OTU 23051100 548 F1 317 4, (i Lk

18.01%F1 10.41%. T HLZAE S A 1) OTU £
b, HA 1204, (5 3.94%, Hrh, XMk
R MMA OTU &2, 414l 38 #1364, itk
1.24%F1 1.18%, HFEFESMA OTU &2, 11 16
A, HH 0.52% (F 3).

ANOSIM K56 2 B 4 A~ Z5 i 72 5 b I8 IS YR i
vt (5] 4 TR 3 7% 2 A AE S 35 7k 25 % (P<0.01) . 4 >
75 i 77 b 8 K R S 20 R TR S5 R AL, TE D]
FKF- b 2H A A LR 4) o AHXS = B2 A 2R
WK N, ZZIE ] Proteobacteria (34%), £%725
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Fig. 3 Venn diagram representing shared OTUs among four seasons
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Fig. 4 The most abundant phyla of bacterial community in sediment samples among the four seasons
antes (2.3%), 1] Actinobacteria (2.2%), W
#:1] Cyanobacteria (2.2%), Nitrospinae (2.0%), fiff
FL B2 TE B ] Nitrospirae (1.9%), PERLE ] Verru-
comicrobia (1.8%)fll Ignavibacteriae (1.7%)FHX} =

"] Chloroflexi (19%), AT ] Bacteroidetes (11%),
JEEEDE ] Firmicutes (5.7%), FRFFIET] Acidobac-
teria (4.9%), X 515 BHEER B 74.6% (K 4).

HJ5, WBE{K]] Spirochaetae (2.4%), Aminicen-
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FTHOKF b, & E PR B2 A
FEHET RS TR T T >4 25 B T > AT B T >JE BE I
FI>TRFFER T, F ZAF & b SOUFF 1 T T B 245 B
TR = BESE 2EHE, BKEERE S b R R AT I
IT>JERER T, INIFEI AR B R, FRAEIRRTe b
5 A FEW TR AR = B 2 0 AN [R]85 Ak
(K 5A). ZBIB TR TTE SR B8 4 B N IR LR R R 4K
i, SV TRRAF A A BRI FEKE, m
FOURT BT [0 JELE BT [T W 4 A Bz, SRk 2 B AR G 5
HILTAHZ, BEl]. Nitrospinae [# | JFIfilfk
WEE TR DA S B I BRI AR AL . ST AR X 3
JE—HEARQ% L), FAZFER 10 A 11 AR A
Ry 12 AsEWE T, ket e+ —A
(10.1%). Nitrospinae B [ ] B i (1) FLIGTEAE Ak 32 8L
IRAERKZE (3. 1%) FIARSR 1Y 4 28 12 Iy, Hefm i
WHIAE 11 J1(3.6%)o Al AL BRTE TR I 1AR X 3= 2 )
EATEE, e EAE 2 H(2.9%),

Xof D A 25 G R AR i 100 ) A0 T R v AL Itk A 7
P )7 253 M1 (one-way ANOVA)KG B, 45 3%
BH, TR AT BRI T A AR I 25 B (R A7 A i 5 M 25
5#(P<0.05) M, BT pE 11 AR X4k i i

A
community barplot analysis
LOr | ] o = B B |
3 !gEEQ%EE%E=E
g SEEEsSpESCHEp
%08“‘-_-- -_--
gﬁﬁ - - [ | ..-
>
228 068 [ |
£5%
TEZ
"rf’ngA—
ﬁmg
Ce
|
3 02+t
5]
a

D9 D10D11

0
DI12D1 D2 D3 D4 D5 D6 D7 D8
samples

W Proteobacteria = Spirochaetae ™ Nitrospirae

m Fusobacteria

fe T AR, TR AT WA AR S, Bk R AR
Xof Hite o F AR T Al 3 =5 (18] 5B).

JBHOKF L, FRA M IE R R N
norank_f__Anaerolineaceae. norank_c__Acidobacteria.
Jiii 48 24 iy 1% JB (Dechloromonas) #il + #T i J&
(Geobacter) . J&Z K HIRIKIMEILRY], A+
AR R & B MBI (E 6). H i, no-
rank f ML635J-40 aquatic_grou . 7 22 IH &
(Erysipelothrix)#l norank f SRB2 [{AH%} 3 7E
MAEWP BT HE S, BURER BT ® R
(Flavobacterium)H X 4= B2 7E Rk 2= B AR T HAth 3
AT . KT FRIE Y g 2R TR R AT R
Bacillus X = B2 )2 Ak =0 AR T4 F 2
24 FEPNERUEHSMW

4 A2 FERE 1] 0 40 DR 7 LR R 7 22930 i
(one-way ANOVA)TE 2 D& [ TR T B EMEE S,
FEBT LR i — 2R LefSe #AFF KA
BRETE FEAS AT 2R 23 BT (LDA), DL FIXF
AN 25 Tk 2R X N Y B 7 B B (P<0.01)
LDA A5 BI{ER T 3.0 i, kM5 52 N AR[E 42
KRR ZEREAE 4 DT EA B3 2 5 (A
7)o L RYCAE A 3L 17 DA [F] 43 287K 1 40 B

B one-way ANOVA bar plot

Chloroflexi = 0.0646
Bacteroidetes E 0.2656
Firmicutes 0.3332
Acidobacteria E 0.0398 iﬁf
Spirochactae E 0.0217 :é
Aminicenantes E, 0.1411 ™~
Actinobacteria ! 0.6056
Cyanobacteria E, 0.0882
Nitrospinac [l 0.0595

0 5 10 15 20 25 30 35
-1 5 He/% mean proportions

® Chloroflexi ™ Aminicenantes * Verrucomicrobia Planctomycetes -

W Bacteroidetes ™ Actinobacteria ™ Ignavibacteriae m WS6 mm %% spring == k% autumn
Firmicutes B Cyanobacteria ™ unclassified k norank = Omnitrophica = B2 summer =8 %K winter

B Acidobacteria W Nitrospinac M Latescibacteria m others

K 5

I FE L 3 IR YR TR AR A R AL

(A TERIK- A T B 20 K (9 AF BE A2 s (B)PH R[] 10 A F2 2051 1] ) AH A F B2 HL AR

Fig. 5 Bacterial community composition (BCC) in sediment samples

(A) Annual dynamic of BCC at the phylum level; (B) comparisons of 10 abundant phyla based on one-way ANOVA.
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Dechloromonas
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B norank f BSV26
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Thiobacillus

norank_o__GIF9
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B Syntrophobacter
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K6 Frpe b IE I e AR Y m oK-F i 73 = BRI A

Fig. 6 Bacterial community heatmap analysis in genus level

KBFEAREFE, TEEFSE. R
G, TR E TSR AT E
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#] g norank c__ Bacteroidetes_VadinHA17 J& L\

K425 H 1] Chloroflexi M GIF9 H#| g norank_

o__GIF9 J& & F R IeHE i 18 MLFH A B2,

S T IERE TR T, Horh, JERERE
FF 3 44 (Bacilli) 3] 2 4T I J& (Bacil lus) #1 I 3k
)& (Enterococcus) A7 i L #; SUFFIRTTH M
AT B 2K Flavobacteriia 3] ¥ #T 14 J& (Flavobacterium)
BABEME, ZIRETT P M B 55 R
(Xanthomonadaceae) | < L /if I J& (Aeromonas) 2
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g unclassified [ Familyl o Subsectionl = A au
f_Prevotellaceae umn

g Faecalibacterium 2 spring
g Prevotella 9 57 summer

o_SCI384 B A& % winter

f norank o_ SC_I 84
g norank o SC I 84
f_Lachnospiraceae
f_Enterobacteriaceae

g Escherichia_Shigella
o__Enterobacteriales

o_ norank ¢ KD4 96
f norank ¢ KD4 96
c__KD4 96
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g Clostridium_sensu_stricto 1
c¢_ Bacilli
o__Lactobacillales

o__ Bacillales

f Bacillaceae
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o__Flavobacteriales [ —
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g Flavobacterium
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. Enterococcus

f Streptococcaceae
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Fig. 7 LEfSe identified the most differentially abundant taxa in sediment samples among four season
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Analysis of microbial community structure and their environmental
impact factors in the sediment of channel catfish ponds
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Jian®, BIAN Wenji'
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2. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China

Abstract: As the foundation of material circulation and energy flow, microbes play an important role in an aqua-
culture environment. Consequently, to understand and predict the response of ecosystems to environmental
changes, it is necessary to explore the structure and constructive mechanism of microbial communities in aqua-
culture ponds. Since their introduction from the US in 1984, both the cultivation areas and the production of
channel catfish have increased dramatically in China. Along with the US, China has become a major producer and
consumer of channel catfish. This study characterized the structure of microbial communities in sediment samples
from a channel catfish pond. High-throughput sequencing (Illumina MiSeq) of the V3-V4 hypervariable region in
the 16S rRNA gene was used to investigate microbiome structural characteristics. The results showed that the
bacterial community structure presented a seasonal change. Samples in winter and spring were more similar than
others. The dominant phyla in sediment samples were Proteobacteria, Chloroflexi, Bacteroidetes, Firmicutes and
Acidobacteria, which were apparently different from that in the water body of the channel catfish pond. No sig-
nificant difference of a-diversity was detected between the four seasons. Among the measured environmental
variables, water transparency (SD) and total dissolved solids (TDS) were observed as the primary drivers for bac-
terial communities, which had a significant correlation with the bacterial community structure (P<0.05). These
results might provide basic references for understanding and managing the bacterial community composition in
channel catfish ponds.
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