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Typical pathogenic microorganisms detection and bacterial
community analysis of gibel carp (Carassius auratus gibelio)
breeding environment
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Abstract: [Background] Aquaculture diseases are a significant constraint in the development of
freshwater fisheries, and the microbial status of aquaculture environment is closely related to the health of
fishes, which has drawn extensive attention. [Objective] To elucidate the change characteristics of
pathogen abundances and bacterial community diversity in aquaculture environment. [Methods] Real-time
fluorescence quantitative PCR method and terminal restriction fragment length polymorphism (T-RFLP)
technology were used to quantify typical pathogens in gibel carp breeding environment, and to analyze
bacterial community diversity. [Results] Pathogen abundances in the process of breeding presented
different change trend, the abundances of Aeromonas hydrophila, A. sobria and A. veronii were
significantly positively related to Cyprinid herpesvirus . The abundance of pathogens in water was
significantly affected by pH, temperature, dissolved oxygen and other environmental factors. T-RFLP
analysis showed that the composition of bacterial community in sediment samples was more complex than
that in water samples, and the dynamic change range of bacterial community in sediment was higher than
that in water. The T-RFs in water and sediment ranged from 11 to 29 and 20 to 32, respectively, and
Shannon-wiener index ranged from 1.44 to 2.87 and 2.44 to 3.25, respectively. [Conclusion] The
abundances of pathogens in cultured waters were higher than that in sediments, and the relative abundance
and diversity of bacterial community in sediments were higher than that in water. The changes of pathogen
abundances and bacterial community structure are closely related to environmental factors, and it will
provide theoretical data for guiding the early warning of pathogenic diseases in the breeding processes to
clarify the ecological distribution and abundance changes of pathogenic microorganisms in the aquaculture
pond.

Keywords: Aquaculture environment, Quantitative PCR, T-RFLP, Pathogenic microorganisms, Bacterial
community
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20 90
100% CyHV-2 Bl Wang P!
2011 9-10
PCR
PCR
PCR (Loop-mediated
isothermal amplification LAMP) PCR
hal [7] CyHV-2
Minamoto ! PCR
CyHV-2
Ol Fichi [
Arno River
Aeromonas sobria CyHV-2
(] LAMP
[12] 7
60
[13]
(Thelohanellus  wuhanensis)
(Myxobolus honghuensis) M.
turpisrotundus) (M. wulii)
PCR

[14]

PCR  T-RFLP
1
1.1
1.1.1
(32°56'N
120°56'E) (33°46'N  120°15'E)
10-20 hm®
1.8-2.0m
22 500-30 000 /hm’
4
1.1.2
pGEM-T Easy GoTaq® gPCR Master
Mix Promega 2xPCR PreMix
LB
( ) Fast DNA SPIN Kit
for Soil FastPrep-24  instrument with the

QuickPrepTM Adapter MP Biomedicals
E.ZN.A™ Gel Extraction Kit E.Z.N.A.® Plasmid
Mini Kit I Spin Kit Omega Bio-tek Gel
Doc™ XR+ CFX Connect™

PCR NanoDrop 2000

Thermo Fisher

Bio-Rad
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(Chemical oxygen demand COD)
1.1.3 (NOx-N) (NOs-N) (NH3-N)
2016 4-8 (Total phosphate TP) 5-10 min
0.22 um
4
1.5 mL
5 500 mL (7
30 cm (09mm 20 ) 20 °C
1.2.2 DNA
24 h
DF1 (500 mg) Fast DNA SPIN
DF2 SY1 Kit for Soil DNA
SY2 W S 5uL DNA 1.0%
1.2 NanoDrop 2000
1.2.1 (A260/A250 1.8-2.0 )
pH —80 °C
(Oxidation-reduction 1.2.3 PCR
potential ORP) (Dissolved oxygen DO) [18-23]
(D PCR
1.0%
[13-16] E.ZN.A™ Gel Extraction Kit
1 PCR

Table 1 Real-time PCR primers and probes sequences used in assay

Pathogen name Primer sequences (5'—3") Amplicon size (bp)  Annealing temperature (°C)  References

F: CAAGAACAAGTTCAAGTGGCCA 309 59 [18]
A. hydrophila R: ACGAAGGTGTGGTTCCAGT

F: TAAAGGGAAATAATGACGGCG 249 59 [18]
A. sl R: GGCTGTAGGTATCGGTTTTCG

F: GAGGAAAGGTTGGTAGCTAATAA 658 60 [19]
A vt R: CGTGCTGGCAACAAAGGACAG

I F: TCGGTTGGACTCGGTTTGTG 170 58 [20]

CyHV-2 R: CTCGGTCTTGATGCGTTTCTTG

Probe: CCGCTTCCAGTCTGGGCCACTACC

F: GTCAAATACCCAACTGCTTG 693 60 [21]
Saprolegnia spp. R: CTATTAATCATTACCTCGGTGTGC

F: AGACACTGGGAGGTGGTGAC 196 52 [22]
Myxobolus spp. R: CACTGCGTGATCCAACTACG

F: ACTCCTACGGGAGGCAGCAG 200 60 [23]

Total bacteria R: ATTACCGCGGCTGCTGG
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PCR pGEM-T Easy
DH5a
PCR LB
1.5 mL
NCBI
BLAST (http://www.ncbi.nih.gov/blast/)
E.ZN.A." Plasmid Mini
Kit T Spin Kit DNA
10
PCR
PCR CFX Connect™
PCR GoTagq" qPCR
Master Mix 12.5 uL (0.5 umol/L)
0.5 uL 1 puL 25 ul
PCR
95°C2min 94°C15s 52-60°C30s
72°C45s 40 72 °C 10 min
95°C1min 55°C30s 95°C30s
3 C
ddH,0O DNA

ddH,0

1.24 T-RFLP
DNA 16S rRNA
27F  926R PCR ( 27F
5 FAM ) PCR 95 °C
Smin 95°C45s 50°C45s 72°C1min 30
72 °C 10 min 3 3 PCR
PCR
E.ZN.A™ Gel Extraction Kit PCR
Hha 1 (GCG"C)
(37 °C 3 h)
ABI 3730xl DNA
analyzer T-RFLP
1.3

T-RFLP GeneMarker (V1.75)

GS600liz
(T-RFs) <50 bp  >900 bp
(Shannon H) (Simpson D)
(E) ()

<1%  T-RFs™®!

(Moving-window analysis)

(ze] TRFs
MICA III TRFLP analysis (PAT+) program
(http://mica.
ibest.uidaho.edu) SPSS 20
Prism 6
2
2.1
1
pH
(7.5£0.2)—(9.8+0.4)
(19.9+2.0)—(35.3+£0.2) °C ORP
(147+27)—(2204£8) mV
DO
[(2.144£0.7)—(18.0+£0.5) mg/L]
DO
DO
5-7
COD (13£2)—(109+16) mg/L

[(0.11£0.01)~(0.29+0.01) mg/L]
(0.033+0.015)—(0.105£0.015) mg/L
(0.037+0.002)—(0.42+0.02) mg/L
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Figure 1 The physiochemical properties of aquaculture water from different ponds

2.2 ( 2
PCR 2.3
10 231
6—8 PCR
93.5%—114.3%
R*  0.985-0.995 —3.736—3.020 2
C, Ig 5.18-8.08 lgcopies/L
2 PCR
Table 2 The linear relation and amplification efficiency of qPCR
G
Pathogen name R’ Linear relation Efficiency (%) Samples C; range
A. hydrophila 0.993 Y=-3.020x1gX+40.66 114.3 19.29-27.74
A. sobria 0.985 Y=-3.489x1gX+47.31 93.5 28.44-35.63
A. veronii 0.995 Y=-3.736x1gX+48.19 95.7 16.62-23.36
II  CyHV-2 0.991 Y=-3.095x1gX+37.61 110.4 28.52-36.32
Saprolegnia spp. 0.988 Y=-3.424x1gX+46.46 103.0 25.64-27.76
Myxobolus spp. 0.989 ¥Y=-3.480x1gX+38.76 107.8 25.66—29.67
Total bacteria 0.990 Y=-3.298x1gX+38.76 101.1 14.06-15.58
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Figure 2 Concentrations of pathogenic microorganisms in pond waters

Note: A: A. hydrophila; B: A. sobria; C: A. veroniiy D: CyHV-2; E: Myxobolus spp.; F: Saprolegnia spp..

5.67-9.10 lgcopies/L

5.71-8.72 lgcopies/L 2.74—
5.45 lgcopies/L 6.01-8.83 lgcopies/L
2.88—4.74 1gcopies/L 2
4
DF2  SY2
DF1 SY2

9.5-11.1 Igcopies/L

A.sobria  A.veronii  pH

(R>0 P<0.05) A. hydrophila A. sobria

A. veronii COD (R<0 P<0.05)
CyHV-2 pH
(R>0  P<0.05) (R<0

P<0.05) Myxobolus spp.
(R<0  P<0.05)
(R>0 P<0.01)

Pearson CyHV-2

Saprolegnia spp.
(R<0 P<0.01)

Aeromonas spp.

« 3
23.2
3
3.49-6.05 lgcopies/g
3.63-6.24 lgcopies/g 4.29—
8.15 lgcopies/g 2.29-4.47 lgcopies/g
3.89-6.17 lgcopies/g 2.89—
4.66 lgcopies/g
7.06—9.57 lgcopies/g
DF2 SY2
DF1  SY1
24
Hha 1
PCR-RFLP
4
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3 Pearson
Table 3 Pearson correlation between environmental factors and water pathogens
11
Environmental factors  A. hydrophila A. sobria A. veronii CyHV-2 Saprolegnia spp.  Myxobolus spp.
pH 0.400 0.469° 0.470" 0.473° 0.065 —0.130
Temperature 0.163 0.557 0.657" 0.615" -0.163 -0.789"
DO 0.404 0.437 0.436 0.586" —0.086 —0.706"
COD —0.517" —0.662" —0.665" —0.098 —0.474" 0.180
NO,-N —-0.296 —-0.010 0.124 -0.309 0.054 —-0.051
NO;-N 0.120 —0.150 —0.309 —0.342 0.298 0.681"
NH;-N 0.147 —0.113 —-0.136 —-0.050 0.199 0.298
TP —-0.196 -0.271 —0.262 —0.484" 0.070 0.200
1.000 0.845™ 0.812™ 0.738" 0.685" —0.349
A. hydrophila
1.000 0.956™ 0.470" 0.543" —0.555"
A. sobria
1.000 0.451" 0.491" —0.635"
A. veronii
I 1.000 -0.273 —0.326
CyHV-2
1.000 0.020
Saprolegnia spp.
1.000
Myxobolus spp.
* 005 () #% 001 )
Note: *: P<0.05, significant difference; **: P<0.01, extremely significant difference.
A B DF1 [ DF2 [ SY1 @ Sy2 C
28 = 8¢ 10
L0 = 26t
2 4 Z 4 =
8 S g4
g2 g2 £
= < =
3 3 3
=0 = 0 = 0
S Apr. May Jun. Jul. Aug. S Apr. May Jun. Jul. Aug. § Apr. May Jun. Jul. Aug.
D E F
S, Sep =g
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a4 r ‘a 26l
S S 4l 3
23 2 2
2] n = 4
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E g z,
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3

Figure 3 Concentrations of pathogenic microorganisms in pond sediments

Note: A: A. hydrophila; B: A. sobria; C: A. veroniiy D: CyHV-2; E: Myxobolus spp.; F: Saprolegnia spp..
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4

Table 4 Bacterial diversity and richness obtained using T-RFLP analysis

Water samples

Sediment samples

Sample ID Sample time S I ) 7 S I D 7
DF1 Apr. 22 2.51 1.68 0.56 30 3.07 2.38 0.72
May 17 2.14 1.28 0.50 27 2.96 2.15 0.71
Jun. 24 2.53 1.87 0.52 20 2.44 1.67 0.57
Jul. 25 2.54 1.97 0.51 24 2.81 1.93 0.69
Aug. 17 2.33 1.29 0.60 25 2.84 1.99 0.68
DF2 Apr. 23 2.69 1.72 0.64 23 2.70 1.86 0.65
May 17 2.31 1.28 0.60 30 3.19 2.31 0.81
Jun. 26 2.52 2.07 0.48 26 2.98 2.03 0.76
Jul. 29 2.87 2.28 0.61 26 2.85 2.16 0.66
Aug. 17 2.29 1.30 0.58 27 2.86 2.15 0.77
SY1 Apr. 25 2.32 1.97 0.41 31 3.25 2.39 0.83
May 19 2.21 1.44 0.48 30 3.12 2.31 0.75
Jun. 25 2.50 1.96 0.49 32 3.15 2.43 0.73
Jul. 17 2.09 1.28 0.42 22 2.71 1.69 0.68
Aug. 11 1.44 0.90 0.38 26 2.86 2.02 0.67
SY2 Apr. 25 2.40 1.97 0.44 24 2.75 1.96 0.65
May 22 2.24 1.70 0.43 31 3.13 2.37 0.74
Jun. 26 2.59 2.04 0.51 32 3.20 2.49 0.76
Jul. 15 1.85 1.38 0.39 31 3.07 2.38 0.70
Aug. 17 2.14 1.41 0.40 28 3.00 2.18 0.72
77-96bp 197-209bp  508-596 bp
T-RFs 11-29 84 bp (0%—7.4%) 89 bp (9.0%
20-32 Shannon-wiener 1.44-2.87  27.1%) 94 bp (0%—5.6%) 200 bp (1.4%—5.1%)
2.44-3.25 202 bp (0%5.1%) 203 bp (0%—6.1%) 533 bp
T-RFs 17-29  20-30 (0%—12.0%) 538 bp (0%—15.0%) 560 bp
T-RFs 11-26  22-32 (0%-14.3%) 567 bp (0%—22.7%) Others
T-RFs <1% 4
T-RFs
- 84 bp
14.28%  6.08% DF1 DF2
- 17.8% 89 bp  T-RF
22.7% SY1 SY2
4B
4A
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A DF1 DF2 SY1 SY2 B DF1 DF2 SY1 SY2
1.0 =Others 1.0 =Others
17} =567 bp ©n =564 bp
Q
% 0.8 =560 bp g 0.8 562 bp
S 538bp © Lec =364 bp
g 06 533bp 2 00 | 1 upt | 362 bp
0 =203bp 0 | 203 bp
5 0.4 =202bp 5 04 =202 bp
e =200 bp E =200 bp
é 0.2 «94bp 202 =89 bp
-89bp O =87 bp
0.0 S SNBSS AN U ATYGS %Q'\.Qo'l84bp 0.0 S S Y G DN U S DY %S %Q.\.%.'T”Dp
RS SN S SCSNE RN RS SN N S SN AN
4 (A) (B) T-RFs
Figure 4 The top ten relative abundances of T-RF's from water (A) and sediment (B)
77 bp (0%3.6%) 87 bp T-RFLP T-RF

(1.1%—13.7%)
(4.4%-27.7%)
(0%-8.1%)

89 bp (19.9%41.5%) 200 bp
202 bp (0%-16.6%) 203 bp
362 bp (0%-7.0%) 364 bp

MiCA (http://mica.ibest.
uidaho.edu/pat.php) T-RFLP analysis (PAT+)
RDA 16S rRNA

(0%-11.1%) 562 bp (0%—11.1%) 564 bp T-RFs
(0%—18.0%) 5 T-RFs
T-RFs (89 200 202 203 bp) Proteobacteria  Firmicutes  Bacteroidetes
T-RFs Actinobacteria  Chloroflexi
5 MiCA T-RFs
Table S The dominant T-RFs represented bacteria groups based on MiCA alignment
/ T-RFs
T-RFs fragment (bp) Genus Phylum
77 Delftia sp. Proteobacteria
84 Enterococcus sp. Firmicutes
87 Capnocytophaga sp. Bacteroidetes
89 Flavobacterium sp. Bacteroidetes
94 - Uncultured bacterium
200 Clostridium sp. Firmicutes
202 Mycobacterium sp. Actinobacteria
203 Polaromonas sp. Proteobacteria
362 Bacillus sp. Firmicutes
364 Corynebacterium sp. Actinobacteria
533 - Uncultured bacterium
538 - Chloroflexi
560 Clostridium sp. Firmicutes
562 - Proteobacteria
564 Arhodomonas sp. Proteobacteria
567 Comamonas sp. Proteobacteria
MiCA

Note: —: Taxon was not clearly identified based on MiCA alignment.
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3
[27]
pH
6.5-8.5
pH
ORP
[28] ORP
(DO)
DO
>3 mg/L
4-5 mg/L DO
COD
COD
COD [29]
0.1 mg/L

0.728 mg/LP"

[31-32]
PCR
I
89
[33]
CyHV-2
CyHV-2
DF2 SY2
CyHV-2

CyHV-2
(A. hydrophila)

(4. sobria)**)

[36]

18S rRNA
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Proteobacteria

Bacteroidetes  Actinobacteria
Ke 17 [39]

Flavobacterium sp. Clostridium sp. Mycobacterium

sp. Corynebacterium sp. [40]

Cetobacterium Prolixibacter ~ Rhodocyclus
Desulfomicrobium

Xanthomonas

41 Qhe 12 16S rRNA

CyHV-2 Plesiomonas

T-RFLP T-RFLP

[38] Flavobacterium sp. Bacillus sp.  Mycobacterium

sp. T-RFLP

T-RF
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