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Fig. 1 Locations of sampling sites
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Tab. 1 Identification results of culturable bacteria in Macrobrachium rosenbergii and pond water

J& %4 genus

TRUFA P B P bacteria isolated from prawn

H /K 1 E Fh bacteria isolated from pond water

NEhFFHE Acinetobacter

A. bouvetii, A. johnsonii, A. junii

A. baylyi, A. beijerinckii, A. calcoaceticus, A.
dijkshoorniae, A. haemolyticus, A. johnsonii, A.
junii, A. lwoffii, A. parvus, A. pittii

(fF%E to be continued)
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Tab. 1 continued)

J& 44 genus

TRUFMA P B P bacteria isolated from prawn

H /K 1 E Fh bacteria isolated from pond water

SRR Aeromonas

A. allosaccharophila, A. aquariorum, A. caviae, A.

dhakensis, A. enteropelogenes, A. hydrophila, A. jandaei ,
A. punctata, A. schubertii, A. sobria, A. veronii

FFF#i)E Arthrobacter
ZEfFF 1 JE Bacillus

A. creatinolyticus

B. amyloliquefaciens, B. aryabhattai, B. cereus, B.
firmus, B. horikoshii, B.
marisflavi,

idriensis, B. indicus, B.
B. megaterium, B. methylotrophicus,

B .pumilus, B. subtilis, B. toyonensis, B. velezensis

S AR Brevundimonas
& AT E Chryseobacterium

4 # /% Chryseomicrobium

FrE#ER T Citricoccus
FrEER AT )@ Citrobacter
AEHITE)E Comamonas

7% #FTEJE  Cronobacter
fRIRFKAFHE Delftia
ERTS 14 # % Elizabethkingia
FaFF )R Empedobacter

JAkT )% Enterobacter

E.brevis

C. zhacaiensis

C. braakii, C. freundii, C. murliniae, C. youngae

E. aerogenes, E. asburiae, E. casseliflavus, E. cloacae,

E. dissolvens, E. hormaechei, E. kobei, E. ludwigii, E.
tabaci, E. xiangfangensis

Bk #i )& Enterococcus
WK SCERE R Erwinia
/MTHJE Exiguobacterium

E.faecalis, E.phoeniculicola, E.sulfureus

E. acetylicum, E. arabatum, E. homiense, E. indicum,

E. mexicanum, E. profundum

R RAMATH B Glutamicibacter

G. nicotianae

W RJEHE Hafnia H. paralvei
L EEZE AT R Jeotgalibacillus  J. alkaliphilus

FEHEMIKEE Klebsiela
FLERT B Lactococcus
KR JE Leclercia

F RERH ) Macrococcus
Y0FT )% Microbacterium
TEREJE Micrococcus
LW Pantoea

BILAT RS Proteus
M5 )J#  Pseudomonas
5 ILIKHJE Shewanella

TP B JE  Siccibacter

B AT R Sphingobacterium
il F /% Sporosarcina
WA Bk A Saphylococcus
&k )8 Vagococcus

IS Vibrio

V. fluvialis

K. aerogenes, K. pneumoniae
L. garvieae, L. lactis
L. adecarboxylata

M. caseolyticus

P. agglomerans, P. anthophila

P. penneri, P.vulgaris

S. aquimarina

S. pasteuri, S. sciuri

V. alginolyticus, V. cholerae, V. diazotrophicus, V.

navarrensis, V. vulnificus

A. allosaccharophila, A. aquariorum, A. caviae,
A. dhakensis, A. enteropel ogenes, A. hydrophila,
A. sobria, A. veronii

A. protophormiae, A. pascens

B. altitudinis, B. aquimaris, B. aryabhattai,
B. cereus, B. indicus, B. marisflavi,
B. megaterium, B. subtilis, B. velezensis

diminuta

daecheongense, C. hispalense, C. indologenes,
piscicola, C. taihuense

amylolyticum

0000

palamuruense

freundii
aquatica
helveticus

tsuruhatensis

moooo

anophelis

E. ashuriae, E. cloacae, E. hormaechei, E. kobe,
E. ludwigii, E. tabaci

E. billingiae

E. acetylicum, E. aestuarii, E. arabatum, E.
aurantiacum, E. indicum, E. mexicanum, E.
profundum

G. protophormiae

K. aerogenes, K.pneumoniae

L. garvieae

M. esteraromaticum

M. luteus, M. yunnanensis

P. agglomerans, P. dispersa, P. eucrina
P. penneri, P. vulgaris

P. alcaligenes, P. mendocina, P. putida

S. amazonensis, S. baltica, S. litorisediminis,
S. xiamenensis

S. colletis
S. daejeonense

S. epidermidis, S. pasteuri, S. sciuri

V. cholerae
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Fig. 3 The detection rate of bacteria in Macrobrachium rosenbergii and pond water in three batches of samples at genus level
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Fig. 4 Phylogenetic tree based on 16S rRNA gene of Aeromonas spp. isolated from Macrobrachium
rosenbergii and pond water
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Fig. 5 Phylogenetic tree based on 16S rRNA gene of Bacillus spp. isolated from Macrobrachium rosenbergii and pond water
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Fig. 6 The proportion of bacteria at phylum level in different pond of Macrobrachium rosenbergii
A. Healthy prawn pond; B. Prawn pond with “iron shell”; C. Prawn pond with cyanobacteria bloom.
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Fig. 7 The proportion of bacteria at genus level in different
pond of Macrobrachium rosenbergii

A. Healthy prawn pond; B. Prawn pond with “iron shell”;
C. Prawn pond with cyanobacteria bloom.
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Tab. 2 Screening results of antagonistic bacteria against Aeromonas dhakensis

n=3;X+SE
TPk 4 FR strain F 5 strain number . Mﬁ%lﬁ&./ mm
diameter of inhibition zone

F LB SR RZEAT I Bacillusmethylotrophicus — 19071503W2 8.7£0.6
DUSERT ZE #1411 B. velezensis 19071503G1 9.2+0.2

R TER ZEMIAT T B. amyloliquefaciens 19071503N2 9.0+0.4

T 3EM 2F 74T % B. velezensis 19071505W1 10.0+0.2

HiBL AT B. subtilis 201908253 CE# 8.1£0.4

E L ZE AT B. altitudinis 19071502W4 0

f#TER ZEfATH B, amyloliquefaciens 1907150107C, 9071503C1 0

K HFEE B, aquimaris 1907150109W, 9071502G4, 2019082501DL, 0

2019082505XL
Pl [CZEFEAT B. aryabhattai 1907150254

BEAEZE AT B. cereus

1907150105W, 19071505W5, 19071503N1,

2019082512KL, 2019082515XL, 201908252BE#,
201908252GE, 2019082515BE#

(f¥2% to be continued)
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IBRA PR strain B4 strain number . M%EE&/ mm
diameter of inhibition zone
IXSEZEAT I B. firmus 2019082512EE 0
W O ZEMFT T B. haikouensis 2006273010 0
THAEMFFE B. haynesii 2006271001 0
it [C2E AT B. horikoshii 201908258RE#, 2019082512RE 0
ST 2EfAT I B. idriensis 201908253HE 0
ENJE 2R AT B B. indicus 2019082505YL, 201908256AE 0
HOEZEMUAT I B. marisflavi 1907150283, 19071502C5, 19071505W4, 0
19071505W6, 2019082512RL, 201908256R#L
ERZEAIAFH B. megaterium 19071502C3, 19071505W3, 19071504W4, 0
19071503W1, 19071504W1, 19071502S6-1,
1907150286-2, 201908253 AE#, 201908251 5R#L
B ZEMIAT T B. paramycoides 2006271030 0
SE/NZEARIAF B, pumilus 201908255JE# 0
[R5 )2 2 /4 % B. stratosphericus 2006273044 0
iR ZFAAFFEE B. subtilis 2019082515GE#, 19071504W2 0
RS F M B. timonensis 2006271039 0
ZREEZFHIAT A B. toyonensis 201908253bE#, 201908253BL 0

B9 5HREEMHERILE R REE R E
& 9a—e 43 B MR 2E AT 1 201908253CE#, DI 3EHT 2E 74T
T4 19071503G1 . DIZMr ZF AT 1R 19071505W1 | R UE ¥ 2F 1t
FFIA 19071503N2, H AL SRR ZERIAT TR 19071503 W2.

FEF 1L 2 IE R, 3. 4 09 PBS.
Fig. 9 Antibacterial effect of 5 strains of Bacillus spp.
against Aermonas dhakensis
9a—e are plate of B. subtilis 201908253CE#, B.
velezensis19071503G1, B .velezensis19071505W1, B.
amyloliquefaciens 19071503N2 and B. methylotrophicus
19071503W2. 1 and 2 represent the experimental strain,
3 and 4 represent PBS.
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The composition of cultivable bacteria in the pond aquaculture system
of Macrobrachium rosenbergii in Gaoyou City, Jiangsu Province
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Abstract: Giant freshwater prawn Macrobrachium rosenbergii is an important aquaculture species in inland areas
of East and South China. In the past decade, prawn disease has occurred frequently during the grow-out stage,
mainly due to pathogenic bacteria, which have caused different diseases in different regions. Gaoyou City in
Jiangsu Province is the core aquaculture zone of M. rosenbergii in China, however the prawns cultivated in this
region suffer from “Dixing disease” during summer. This disease causes prawns to die every day, with lower daily
mortality over a long period. Since 2012, another disease has appeared, which causes prawns to grow slowly and
develop precocity (commonly known as “iron prawn syndrome” prawn). Both these diseases have caused great
economic losses to the prawn industry. In the mid-late grow-out stages, Cyanobacteria blooms have caused the
pond water to deteriorate, indirectly affecting prawn production. Microbes in the aquaculture environment are
closely related to the health of farmed animals, and the flora structure in the intestinal tract and pond environment
of healthy prawn are significantly different from those of a diseased prawn pond. To better understand the
composition of dominant bacteria in the aquaculture system of M. rosenbergii and improve the management
technology, the composition of cultivable bacteria in the prawn and pond water was investigated in Gaoyou City in
July, August, and October 2019. Luria-Bertani medium was used to separate and purify the cultivable bacteria
from the hepatopancreas, intestines, gills, and pond water of prawn. Subsequently, the isolated bacteria were
identified using 16S rRNA gene sequencing. High-throughput sequencing technology was employed to analyze the
microbial community composition in a pond of the prawn affected by “iron prawn syndrome ”and in a pond with a
bloom of Microcystis aeruginosa. Additionally, the species of antagonistic bacteria, and their effects on prawn
pathogens in the aquaculture system, were screened and analyzed using Aeromonas dhakensis as a test pathogen. A
total of 605 cultivable bacteria were isolated and 601 strains were successfully identified, belonging to 37 genera
and 119 species. Among them, 76 species in 23 genera were isolated from prawn and 81 species in 28 genera were
isolated from pond waters. Investigation results confirmed the existence of potential pathogens in the pond system,
belonging to genera such as Aeromonas spp., Enterobacter spp., Lactococcus spp., and Vibrio spp. The species
composition and proportion of dominant environmental microorganisms in ponds with “iron shell” prawn are
similar to those of healthy prawn ponds, but bacteria in the genera Exiguobacterium and Acinetobacter had higher
proportions in disease-affected ponds than those in healthy pond . The blooming of M. aeruginosa could affect the
species and structure of environmental microflora and lead to an increase in the proportion of Aeromonas bacteria.
Four Bacillus spp., namely B. subtilis, B. methylotrophicus, B. velezensis, and B. amyloliguefaciens, were screened
as potential probiotics and were found to have a strong antagonistic effect on Aeromonas spp. These results aid in
clarifying the composition of bacterial pathogens in the culture system of M. rosenbergii and provide a theoretical
basis for establishing prevention and control technologies for prawn disease.
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