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Fig.1 Planar structural sketch map of test group ponds
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120 d B A X BEZH 3t 3 (4 %5 ICGO) ik 50 41 h 3%
(G5 TEGO) HREHLEL 5 & ff E 47 R A% L SR AR i 4K
At 45 E WA 24 h, ICG) 4 fi R HLAS R
(0.159+ 0. 021) g/F, ICGO 4 o {k HL 4% &
(8.5241.21) g/J& . IEGO 4 fa K #i4% K (10. 98 +
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¥ 0.2 g EHFAHIENEYHATHELE
i imA 15 mL PBS 2% . 8 8.0 8 DL 500
r/minfR# B0 5 min, H#H LEWRIKT ) —LH
B FH 15 mL PBS ® 2 DL LA RAN BDLTE.
B2 ARSI FWEWAE 12 000 r/min £FF &0 10
min WHEDVLE ., KM DNA Mini Kit(#£E QIAamp
/3 F), Cat. No. 51306) #EHUAN A 3L 1 41 DNA,
1% B B i W 1 r, ik Ao T 4 B3 1Y) B X 2 DN,
F4#i F§ Nanodrop ND-1000 43 %)% J&# 3t ( Thermo,
EEDIATHEA DNA E & . i MEE M E DNA
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W PCR 47347514 338F/806R, BI¥ITHIH .

338F:5-ACTCCTACGGGAGGCAGCA-3',

806R:5'-GGACTACHVGGGTWTCTAAT-3',

PCR By MR ZE N : 15 mmol/L MgCl, 10 X
Buffer 10. 0 pL, 2. 5 mmol/L ANTP 2. 0 uL, 10
pmol/L 51#14% 5 ul., 5 U/ul. Phusion fif 1.0 pL.

DNA #ifz 4. 0 pL, K KB FK 73 pL. SAERFD
100 pL,
PCR %44 .94 CAS M 120 s394 CAS 4 30 s,

55 CiB K 30 5,72 °C ZEfH 30 s. 4734 25 MG ; &%
J& T 72 ‘CHEA 10 min, 735 A9 PCR 7= HI#G 2k
% PCR F=#br AL 7] £ (AxyPrep) 4ifk . B 5 28
Hﬂ&gjcii%/\ﬂ ( B M8 Miseq (Illumina)
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P IR JE X DFHEJS B9 paired end Bds HE AT ORG HE £
Z s FEBRAR BT i 1) B AR e 41) DL K AR e 41 . B
J5 R 22 A% 5 IS AT Js i S R Y S A L R A
FFART0 )75, #E4T T AT . OTU (operation-
al taxonomic units, #EYE/F K0 BTER G KA
BUE R AL A5 R T T, AR AR —
SPRBITCR R JE B o A BCE 1Y R — BR A
AWFFE R CD-HITY 43205 vk, ¥ Br AT 1541 LA
97 % WAL HE AT OTU 432, 5 81 A UL BE K F 8%
ST OTYHIAR —A4 OTU #t, RS L OTU 43
Ferh R E R FIAARTFI .

2 #HREHMH
21 WEERNGRRSH

38 3k X BT A Y 51 3E AT TR AL B, 25 R AR T

B F ) A F 5 . ICG] . ICGO IEGO =ANKE & 4%
B4R H] 15 545,15 161,17 726 S0 E T 5 (F£ 1),
AR B 1A RO S B AT LU L Al A1)
SFARFE 350~450 bp Z[H (Bl 2), 3 ANFF &b 19 48 7
ZREVEHRR LB S . A Mothur 228 O B h 28
A M%ﬁ*éﬂﬂﬁﬂ’] rarefaction [ (&l 3) AJ LA
B3 Ak Ze s o7 38, U B I A B AR
E%E@f&%ﬁiﬁkﬂ%ﬁE@(JTUE@ﬂ;ﬁmﬁME/J .
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Table 1 Bacterial richness in each samples
POE B G5 HRUTINEE PRSI EE /bp Hxg OTU %k M JF 5 OUT ¥ B/ %
Target Samples No. of reads Average length OTUs No. Singletons No. Coverage
1CG]J 15 545 418 163 35 99. 77
165 rDNA ICGO 15 161 109 159 50 99. 67
1IEGO 17 726 411 123 42 99. 76
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Fig.2 Lengths of bacterial sequence in each sample
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Fig.3 Rarefaction analysis of the different samples
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Fig.4 Comparison of the major bacterial class in the samples
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17. 48 % GRIG D) , JEBE TR [T 0. 88% L F+ H48. 4%
O BR 4D K 21,89 % G BG4 L AR TR W 1T A0 B AR
T, N 88.56% FREN 14. 56 % (R BE41) K 36. 72 %
GREZHD . [F i AN 3 bk B, fE SR FE W), A2 08 1A
I TAE A~ v 350 0 iy T VR AR o 2 X A, B B R A
V] P9 ZEE A, 25 A 200 A1 A L B 3 b 1) 40 AR B T4 A
ffiFll MOTHUR # {4 41 (%) venn 4y 4 M Excel
BAFLLREAR Y OTU #i h R 35 7 35 1B
(B 5) R 40 BT 45 FF i R A BR 1 22 R . 7R SR
BT (ICGD BIRE S AT 65. 03 %0 1 OTU XU % A
mn R R B T AE 57 58 R 3, o B (TICGO) FH B
4 (ICGO) Hrix — Ul 43 51 2 60. 38 %6 Fl 69. 89 %
SAMESTILA R OTU %k 25, 5 =% OTU &%k
) 6.27%;1CG] F1 ICGO £ S th 3t OTU ¥k
46, 5P OTU BB 18.55%;1CG] Al ICGO £
A OTU Bk 36, & % OTU By
13.58%;ICGO il IEGO # fh tf 345 OTU % h
A2, 5 M OTU MBI 16.09% . FHILEX 3 ME
il HH o 5 B R0 A N 1 AN B R S 2 R 22 S

(SN

B8 M S AT OTU i, The numbers in the diagra

is the OTU in each samples.
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Fig.5 Analysis of the bacterial diversity in

the correlation between samples
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Table 2 The bacteria of the first ten family in each sample

. AHAL T CRH . AR F CRLD . AR ABL F CRD
FE i FE/% . . FE FEE/ % . . FE FE/% . .
. Strain species . Strain species . Strain species
Sample Percentage L Sample Percentage L Sample Percentage .
(Family) (Family) (Family)
IR R FLAF R AT AR
.90 47, 34 17. 4
68 Vibrionaceae 3 Lactobacillaceae 8 Fusobacteriaceae
g 23 A IR R 39 52 ) ’rz&ﬁ%ﬂ 12,27 ?L?H'Elﬂ
Shewanellaceae Fusobacteriaceae Lactobacillaceae
1 A8 B TR R AN LR IR AL
4. 50 5.57 10. 93 .
Pseudoalteromo Rhodobacteraceae Vibrionaceae
e frzaﬂmﬂ 128 BER AR 5 61 %ﬂmﬂ
Fusobacteriaceae Moraxella Enterobacteriaceae
H E=S A =g A
1CGJ 2.55 oAl ICGO 111 }Aﬁﬁiﬂﬁlﬂﬂ 1EGO 117 /%Qiﬂﬁlilﬂ
Others Comamonadaceae Porphyromonadaceae
= ) R B AR % 5 A
1.60 R F 1.07 U 411 R
Aeromonadaceae Rhizobiacea Clostridiaceae
0.77 W ¥ Cyanobacteria 1.06 W ¥ Cyanobacteria 4. 00 R 4 Mollicutes
S e £ 1T L L7 2
0.76 m%[&ﬁﬂ 0. 86 A1 & R R 5 01 ,T,l]].aﬂ
Nocardiaceae Brucellaceae Rhodospirillaceae
- e . AT R
0,51 ?Lﬂ:!%lﬂ 0. 82 W%ﬁﬁlﬂ 5 85 Hﬂ‘ﬁﬂ
Lactobacillaceae Methylobacteriaceae Bacteroidaceae
M . — .
0.5 4%$H@@ﬁ' 0.70 . tﬁﬂniﬂ@@ﬂ' 3.65 [Borreliaceae]
Comamonadaceae Sphingomonadaceae
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Table 3 The bacteria of the first ten genus in each sample
. ) ARBL TR (D . . ARABL TR (D . . AL T il D
e FE/% . . FE i FHE/ % o . FE i FE/ % : .
S | P . Strain species S | p . Strain species S | p . Strain species
Sample ercentage (Family) Sample ercentage (Family) Sample ercentage (Family)
= - GO I
68. 90 AR 47. 34 AR 17. 48 . 5 T 4 1
Vibrio Lactobacillus Cetobacterium
< e R I S p
8.23 *?EEE@E 32.52 i '?H@, 12. 27 ?LH@E
Shewanella Cetobacterium Lactobacillus
| e g B B B
1. 50 5522 A B IR 3.96 AR 10. 92 INEIE Vibrio
Pseudoalteromonas Paracoccus
i T B FaR il N
4.05 . M:T[ZIE 1.59 R 5.58 sidlake
Cetobacterium Rhodobacter Enterobacter
HoAl I 7 &
2.55 1.07 4.17 Dysg s
Others Rhizobium ysgonomonas
1CGJ R 1ICGO W IEGO B
1.59 1. 06 . 4.11 . o
Aeromonas Cyanobacteria Clostridium
AT R BRI E
0.77 ¥ Chl las. 1.01 4. 00
2 oropiast Acinetobacte Mollicutes
b T ye - p o7
0.59 mFEEIiIEﬂ 0. 86 SRR 5 01 H@E
Nocardia Ochrobactrum Rhodospirillum
SR T T DT B
0,51 ?LHEE 0,67 #JHE:HZIIIE 5 85 HH‘[ZIE
Lactobacillus Sphingobacterium Bacteroide
TRAT GRaal Y
0. 39 AT H R 0. 67 P TT%]E 5 65 ﬁ?ﬁﬁﬁi
Erythrobacter Brevibacterium Spironema

J01 B A0 £ i T AR T ) A TR R 2 ) Y 2 S L L SR
B A S X 6 4 R Ak B2 2 () B A B A R
) B 22 S o HI 2 2 [) A9 28 53 B LU ) 3 2 ) B 22
BT

3 i i

IR GE A Ry — b on] LA Al K pR B 8 DL g 2,
LK KR B0 S8 7 3R i 1 O ELAS 25 - 000 K AR i
JRTS Y A RS B AR SR B K AR T K A A
W SRR 73 (9 280 3R 3 o A W A T s 3 2 B
MR AU — /N & RBUT KA R 1 45 A 4
ZUh T K AR AR ) BOAR R AR X A o AR rp 4R A A S AL
I IS A FR IR S 45 b DR AR SRR W AR AP AR
T A A TS T LR A TR BOER

B 7K 7 37 5H R 8 AR B K 7 3R R Y
o L R R, LR R 7 SR A B W A
PR T AF SR 2 T I 119 7K ™ SR B T F R 9 45
Ko BARZS AR AT VRO 1R K 7 sl W bR
A B DR R el T B TN R TR R A S S EOPL AR
F G 2 0T I S D 200 TR A LA AR 5 K A A W Uk
JeRpH o FEAL G IR B AR v IO 4 T 0 1Y
DA R YU R HSTE KA
AL 7K™ IR B Y R B T T VR 22 N R R L
LU N WA R ) NN 1 DR AL
SEUT T BGARSE S WA A I L A AR R R v R £

A BB SR TH K 7 IR A Sh W A B i S L O aE i
FEBL 55 AV FH OR300 B A o A U B, X
T R A A U E AR A SR
SCLPERIEGE R v R] BB U 8 L OB Y A A2 T . H I
AP 8 Bifidobacterium 3 WA J& Bacillus ¥
BRIWE Lactococcus VA S LR W & Lactobacillus %
NIRRT FRGE s B Ve 25 AR R L X F R
P FRIAM 5 Z AT A AR 2 6T Hoai AR W oot
A FE B g by B T 2F M AT TE (Bacil-
Lus sp. ) s & BLHAL ARG 50 vhox 77 2% G 2 30 40 1) g
JE VA B i R B AR O B AE AR 5T oh L ALAE
FRIA I I W 7E v A ) i 1 v kBT 2F AT R
(Bacillus sp.) s FARHEEAL R 0. 01300, HAEFRFE AR
30 1) of 18 2 A 3 2H e X R P ORI Y L 3R B 2
FFH (Bacillus sp. ) A I 5 i 0 g 38 09 D0 322 & Fi
HABEAE S i il b g M, X 5 Wu S5 52 1
i 8 £ B R O TR Jlg T8 A TR R I ) A SR R TR (R
5 Z i 2R P A% G835 I BOR 73 B v 390 44 3 40 TR T IR
FHIEE A BRI 22 5200, P LA ZE IR A AT REOR
REAE g — T AT R0 25 A= T F T s A i R 5. X
B0 g 38 1 At 41 T B 9Y 3R B 5T TR (Ceto-
bacterium) NARIE I LR A 4. 05 % LT+ A R WA 56 24
(4 17. A8 Yo RN HRAL Y 32.52% . A ¥ & M 5 B R
[F] Ao 2 3R /K 8 i T8 vh 43 5t B 85T TR (Cetobacte-
rium) , FeBEWE S W% 22 KBk K Ak & W00 o T 7E 2 19 1Y) 3k
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TR REE Pe A e A R B, L X 3 W AT 1R A
EMRMHEAME RSB A ECEEN. AR
J& (Lactobacillus) A= T KNG FE B b T+, A 4
0. 51 % b Fk Sy xk BRZH By 47, 34040 F i 56 41 Y
12. 27 %0 cFUBRHF WA O — o B B2 09 45 A2 7, 7T LAY
A E R AR A K B b &7 A A A R L
i o 00 R 9 D 2 A 1 A A R IR R AR
T, DTG A 8 7 AR U s e 2= BT DA AT DA 8
5 - @ (Cetobacterium) MIFIF B J& (Lacrobacil-
Lus) AT DAAE Sy o 500 f0 57 58 o 72 op 4l 1 25 2 3 &
P, R 3C B (Pseudoalteromonadaceae) £ ##
B i B 2 R A BN IR R — A
W FAEHZL SR N & B0 13X S 20 7 T HLE I L
XHAE EJRAT 25 00 AR AR 95 GE oK 1L X 2 A
CaAN Rl 1 WL w R, OF B B AT A
1 A2 A AL TR A Sy i A= TR I T 2K R 5 2 4 Y i
T, HL— Sl 5 2 B A A T A 0 D o T D) LR
TR Ry — A R K 7 TR 2 A TR R 0 FH A (B A5
— ST .

X T g A A HE At 40 B A 5 R B SRR iR (Vib-
rio) INFRFEHIIA A 68. 9 20 B A1k 31 1 36 2H 57 8 K 10 1Y
10. 92 % , H B ANTE F3 58 A X5 B4 i) DI 34 B 1 3 161
M. Sugita 5 RFFE K B OIREE 76 IR K 75 58 Y
R i T8 )RR AE AR X TR R R R AT 4R 1Y, (H
AT AR Z ST R L B T T 2 R R DK
Fr B S ISR EOR TR T L AR IR B 0 Y B A
T, &K EJE (Shewanella) 2 5 8. 23%
AR Rl . & T4 L IR B (Shewanella) TE 25
Ji 3 HP G 23 A 3R E B9 S £ Kozinska %620 76 0T 695 iz
T A T AN B [ A O R B K A B B R
(Shewanella putrifaciens) J&— Fl ¥ 76 1Y 200K H .
Xof AR = B2 A B 4 43 A vh AR SR 5 S 3 B9 X B 2H b 3
AT R 0. 013% I B AT B (Flavobacteri-
um) AR TE LA AE 5 p ok & B T A AR X A
M Y I ) AR 1Y i 1 R AT I OY e I HL SRR
FHT I P BT D e g R W BB
JH v 300 g D 14 1 A fdt R 174 2 £ Jigg vt A T i
THEAT R R A 2 A SR A A B T A I T
& (Flavobacterium) , B M 7] DL 36 BH T 8K B2 5
B 20y ) S8 ™ S A TR R 5 TV A ) AT 5 B B
Bl R AR RS,

T8 2k X LA ) 5% 4 B S0 £ 09 i 18 A W HE
7 J5 R AR AN 6] 37 GE I 199 8 5040 i 38 b 1y AR )
(AR = BE AL S5 R A A T RO W R i s Ak, H

2 e 38 = T 25 R R AT 1A T ] (Fusobacteria) | J&
BETH '] (Firmicutes) . ZZ JE 18 '] (Proteobacteria) |
FFE ] (Bacteroidetes) 5 78 A [i] 77 58 I 3] 3% i 77 75
(A S5 TR A Nam S50 X6 5 i 4 #E 30 4 19 0F 5%
WA B TR S5, B AEXT T 7L | B Fifa | i )
R A R T B g,
P UG 3 4 b 40 TR 1) 2 2 AL TR R
RS2 A ATHEAS [6] #0288 iz 18 v #5009 4 T AT RE A7 7 22
SN2 B fp it — B SE . Grisez VY Fl Da-
vid 255N X [ £ 28 AT 5 e 2% I AE £ 26 TR A 2
Ko B9 H i R S M I A e B 22 5. W S50
iz % [G 454 M 2 5o %) F 5 £ i 38 9 25 9 ) i
BE I B 58 R BT, A T A8 [] AR K B Be 1y AR 75 T8 1k il
A RPN 53 A0 AFAE BT @ 22 55, X FUAS B 5
T B 010 g B 2 R R VR E AN RAE K R B R B S S
HMEE R, I, 57 5 B 5T B A 2R 1y AR
AT B4 A2 A B I B AS ] T g R S BOE AN R SR 5
FI 300 8 5850 e J S A 0 R 2 S R A
A 38 G E R VR T 6T ) R AL
BB ST S B, L 21 R 2% 3% B K AR T 4h T R VR Y 5
L R i i DR R S~ = NS N @ N - e
YRR 2R AR B 25 W | 0 28 BT AL R )
A BOIR ZS T R F B B 23 52 e T Ak TE TR 9 A
B ARJEBEE T AR R R R R RS
AR R B AR A S NATTIZ T A B K AR T B A R
Xt P e W R R R BN 2RI AR
30 ok [ — 5 5 L 3 100 A [ 5 B 5 A IR UK £ 2K i 1
W) i R TSR A 6 1Y) R S5 4 o AT A 5, R BTN
[F) ot 11 288 g T TRT HHE 45 A O AN SR 0 HG T A B B 5 ) R
Ay ) TR S e TR T M T PN Y R R S
F 3% 46 TR Ty CHUCH 7 b R S P 1 S 2 FAR D) . W
L O T A Y A 5 R B R 40 g T N Y 4 T
e R 2T 2 R RDRL R W A R A S N R A R
TR 4 TR A R AT S 2 R T 0 S i TR RE R 2R, R
TE ST b 35 % A 2 W s AR 48 O Tk R A
W F 75 vk 45 6 W B 92 3R W, b 30 % 0 i 88 19 5
AH LG B A ST A AR AL, RN TSR
B 2 T 5 AR TR R B UL BT R SR A R A LR X
N IR oA i BREIR 25 1Y) A0 A8 35 AN 8 X 3k A 44 T
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Intestinal microbial communities of yellow catfish (Pseudobagrus fulvidraco)
in pond with Ipomoea aquatica forsk planted on artificial floating beds

SHI Yan MA Xufa WU Zhixin REN Yuwei CHEN Xiaoxuan

College of Fisheries , Huazhong Agricultural University/Key Laboratory of
Freshwater Animal Breeding sMinistry of Agriculture/
Freshwater Aquaculture Collaborative Innovation Center of Hubei Province,

Wuhan 430070,China

Abstract The removal capacity of nitrogen and phosphorus by Ipomoea aquatica Forsk planted on
artificial floating beds were emphatically studied, and the microflora structure in the yellow catfish
(Pseudobagrus fulvidraco) intestine were analyzed by using high-through sequencing technique. The re-
sults showed that ammonia nitrogen, total nitrogen and total phosphorus can be removed by the
I. aquatica Forsk planted on artificial floating beds, with high removal efficiency. There were some
differences in the intestinal bacteria diversity between the experimental (with artificial floating beds) and
control (without artificial floating beds) groups. But the bacterial composition of different groups did not
significantly vary from each other,and the predominant species were similar in all groups. At the begin-
ning period,Proteobacteria was dominant (88. 56 %) in the yellow catfish intestine,and at the ending pe-
riod, the dominant bacterial community in the control group were Firmicutes (48. 4%) ., Fusobacteria
(32.52%) and Proteobacteria (14. 56 %), whereas in the experimental group,the core microbiota com-
posed of Proteobacteria (36. 72%), Firmicutes (21. 89%), Fusobacteria (17. 48%) and Bacteroidetes
(11.48%). This study provided a more comprehensive understanding that I. aquatica Forsk planted on
artificial floating beds can change the flora structure of the yellow catfish intestine.

Keywords yellow catfish (Pseudobagrus fulvidraco) ; intestine; I pomoea aquatica Forsk; artificial
floating beds; microflora structure; high-through sequencing technique

(TS A HF)



