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Abstract: [Objective] To investigate the characteristics of culturable microorganisms and the
genetic diversity of dominant pathogens during shrimp postlarva bacterial vitrified syndrome
(BVS) of Litopenaeus vannamei in the factory breeding system. [Methods] The composition
and structural characteristics of culturable bacterial communities in shrimp (parent shrimp,
fertilized egg, nauplius, zoea, mysis, and postlarva), water, and bait samples at different
breeding stages were studied by in vitro bacterial culture method combined with gene
sequencing technology, and the genetic diversity of the pathogenic bacteria was studied by
multilocus sequence analysis (MLSA). [Results] The 526 isolates with typical morphological
differences and community dominance belonged to 113 species, 38 genera, 24 families, 16
orders, 5 classes, and 4 phyla. At the class level, Gammaproteobacteria had the highest
abundance, with 453 isolates (86.1% of the total isolates). At the genus level, Vibrio had the
highest abundance, with 369 isolates (70.2%). At the species level, V. alginolyticus was the
most dominant species, with 112 isolates (21.3%). V. alginolyticus was distributed in the whole
breeding system and had the highest abundance in the baits. The multiple correlation analysis
showed that the influence of baits on the structure of culturable bacterial community increased
gradually with the development of larvae. The MLSA confirmed 100 out of the 112 potential
isolates as V. alginolyticus. MLSA was further employed to construct a phylogenetic tree for
revealing the genetic diversity of the isolates. The 100 V. alginolyticus isolates were classified
into 9 clusters, and the isolates from the same type of samples showed dispersed distribution in
different clusters. [Conclusion] During the occurrence of BVS, abundant culturable
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microorganisms existed in the factory breeding system of L. vannamei. The baits exerted effect

on the structure of culturable bacterial community in the larvae. V. alginolyticus was the
dominant species of Vibrio in the factory breeding system of L. vannamei, with wide
distribution and high genetic diversity in the breeding system. The results of this study provide
data support for analyzing the succession rules of culturable microorganisms in shrimp
breeding system and lays a foundation for pathogen prevention and control and healthy

breeding of shrimp.

Keywords: Litopenaeus vannamei; factory breeding; shrimp postlarva bacterial vitrified syndrome
(BVS); microbial community structure; multilocus sequence analysis (MLSA); Vibrio algolyticus
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1.1 AREIXEN S E B M BRI REM
A8

2021 4F 4-6 F, LAFRFIRAEIEMERE
BVS 11 2 ZERBIXER R T R RAF a5, DALANTEE
XTHR TR E T RGENFEN S, 53R E A
KB O BAXTIR . B/ K FERL 3 B2
Mo JLHXT A S AL FEFIER (parent shrimp, PS).
2 K5 UP (fertilized egg, FE). JG77 4144 (nauplius,
NP). FAR&A(zoea, ZA). BEEF4A (mysis, MS)
FTUF(postlarvae, PL); Z&H H/KFE LSRR
2 H /K (parent shrimp breeding water, PSW), 3%
+5 BN 9% 1k /K (fertilized egg incubation water,
FEW) . &Y 4R FH A 7K (nauplius breeding water,
NW) . AR 2K EF B /K (zoea breeding water,
ZW) . FEIFLRZEF F K (mysis breeding water,
MW) AT IR 2 F H 7K (postlarvae breeding water,
PLW); FEARMEE 5 A0 45 A 1) (R} [Fh R DR At
(clam worm, CW)FIIKIZRBL i (frozen squid, FS).
4 UK 15 R} 13 8 (microalgae, MA) il xI 5 (brine
shrimp, BS) AR ¥ Bie & 4 RHER A (XP)]o

FHICTR 57 28 ) AR 2 s BEALIE R 5 2
PR, AN [ 25 [ B2 114 5067 Al N 4 4 25 5 3 o
MURE— & ARG 00 . TRk, SRk
BEARZAARFIAFAR , FI2EREEFT RENNWEFTH
TR DA S A B B A MR DR A, B 46 A 1
BEODH . VKRB fRese . pa ) AR TC 5
BEAF R o X IR A Wy R ST 1.5%
NaCl ik 3-5 Ya, ISR 2 T2k 1
b 7% A e 1 B~ B R el o [ W b
R SRAR B BRI S A T AR LR R AR N
1 1B 353 A TR A

REHLFRBOST IR CGEER A7 8 A RAR . SZRG B0
TCTahAR . FARGAR . BRERGIAFN AT FIE AL TP

Ar, UKURBAG . faGEE . 1 HURIET )RR S 0.5 g,
JIA T mL JCR 1.5% NaCl %0, 7ECE &,
WHES AT, AREIRUCHEAT 10 R EERTRE
XS KRS T 10 AR R . IR
ARESFRBRAS 100 pL JEF AR IR O N v s
F K (tryptic soy broth, TSB) A IR BRERF TGRS
AE ER AR B I 1% 37 3L (thiosulfate  citrate bile salts
sucrose agar culture medium, TCBS)Eig-F-H 511
BAERE 3 APATIAS:, T 28 CCHEFFENESTR
1.2 ERHNSBMHLMEE

B 1A J5 19 TSB F1 TCBS “E# & T 28 °C4%
TFREE 24 WG, SO Itk T
M5, TR it BAAREREIT,
MRV . B KN B DEAHE
S, PREBORRIZE S0 BRI VR BB AN T TSB B

BV AT AN A 37 # alidb 3 TR AR

KPS FIEL, SRR (F A 1.5% NaCl ) 20%
HWMEBOIR S, REWRITEHSPRE, HEA
PR S, T80 °C {5

PRI SR AR BRI 75 BT 100 pL J
R B FKNIFREWATES), 99 C&|in
15 min J5, T 4 °C. 12 000 r/min 25/ F &S0
5 min, WHCEHE, 566 TH(NanoDrop 1000)
W5E EIFT DNA VRO 2 5 7KK
#2100 ng/ul, FHE PCR ik DNA, - FiE
514 27F/1492R" 4T 16S rRNA FEF F514 44
PCR SZRARZR(50 uL)ly: 2xMaster Mix 25.0 uL,
RS 9145 1.0 uL, Biflk DNA 1.0 L, dd H,O
22.0 pL, PNy 94 °CHIARYE 5 min; 94 °C
ARPE30s, 55°CiEk 30, 72 °CHEfH 45 s, HEIR
30 K; 72 °CIR#E 10 min, 4 °C{#f¢. PCR P il
b 1% B RE RS H TR I 5 A% 5 A TN, I8
1t EzBioCloud (https:/www. ezbiocloud.net/) Fll
NCBI (https://www.ncbi.nlm.nih. gov/)iE47 HXT 73
BT, B S X A5 it P R B R T S e 42
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So HASTTAE. DRIREFIFEARE#E LD Excel
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(https://www.omicshare.com/) - i AHIE T H5E B
14 ARIZEEMRIMANEFNTERER
PSS

i ik F B 4> 4> M1 (principal component
analysis, PCA), WA [ B B BT R4 Py TR
ISR AEA A G Sl A R ST R B
WA i S5 PR i 2 (] B R S, LA AT AN ]
EF U0 IR 5% 7 R 48 A RS T 8 R
YT I AHOCHE . PCA 430 #fTifi i) omicshare = V&
(https://www.omicshare.com/) N84 PCA T H5EM
15 REINE MLSA £EFIEEMRIME ST

DATEAS [RI B B ) LN EEXT IR B F R G ™
1 5¥MER

253 A0 LA —I B I g F S &2, AR
Rahman 25U R 8 A9 S5 2 £ R, HL gyrB
pyrH . recA Fl atpA, 3127% Sawabe Z I HF5Y
gE I SR topA FIl gapA, I3t 6 NMERIEE K
H PR, XA ] ke 58 1y v e oI A — 20 i 2
{7 5 R 3 43 B (multilocus  sequence  analysis,
MLSA)YE, 51 fE BAY AR 1. HEH
V. alginolyticus ATCC 17749 LA Kz W 4k [C#% e
(Harveyi clade)' [ V. azureus DSM23306. V.
campbellii ATCC 25920, V. harveyi ATCC35084 .
V. jasicida JCM16453 . V. mytili LMG19147. V.
natriegens ATCC 14048 . V. parahaemolyticus
ATCC 17802, V. rotiferianus DSM 17186 3L 9 #f
PRUER bR N S F Hibk. id MEGA 7.0 INKY
clustal W E47 3 B 5 810 7510, 8K )5 i
PhyloSuite® & I & % % gyrB-pyrH-recA-
atpA-gapA-topA . K <P (neighbor-joining, NJ)
Y, L) kimura 2-pammeter A% TR EEAUAR Y
bootstrap (1 000 K E &) AKH 4P, WER
Gk B, FFEd iTOL (https:/itol.embl.de/)ik
FIAT AR AL FT

Table 1 Primer information of this study
Primer Sequence (5'—3") Amplicon length (bp) Annealing temperature Reference
O

16SrRNA  F: GAGTTTGATCCTGGCTCAG 1500 55 [16]
R: GGTTACCTTGTTACGACTT

gyrB F: GAAGGTGGTATTCAAGCGTT 570 52 [17]
R: CGGTCATGATGATGATGTTGT

pyrH F: CCCTAAACCAGCGTATCAACGTATTC 501 59 [17]
R: CGGATWGGCATTTTGTGGTCACGWGC

recA F: TGCGCTAGGTCAAATTGAAA 462 55 [17]
R: GTTTCWGGGTTACCRAACATYACACC

atpA F: CTDAATTCHACNGAAATYAGYG 489 51 [17]
R: TTACCARGWYTGGGTTGC

topA F: GAGATCATCGGTGGTGATG 800 55 [18]
R: GAAGGACGAATCGCTTCGTG

gapA F: AACTCACGGTCGTTTCAAC 750 51 [18]

R: CGTTGTCGTACCAAGATAC
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Figure 1
level. B: Genus level. C: Species level.

Culturable bacterial community composition of Litopenaeus vannamei breeding system. A: Class
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Figure 2 Culturable microbial diversity of different types of samples. A: Bar diagram of class level
community structure of culturable microbiota from different types of samples. B: Bar diagram of genus level
community structure of culturable microorganisms of different types of samples. C: Heatmap diagram of
species level community structure of culturable microorganisms of different types of samples (Top 17 species in

relative abundance).
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Figure 3  Principal component analysis of the
microflora difference between the shrimp bodies and
environment at different breeding stages. PS: Parent
shrimp; FE: Fertilized egg; NP: Nauplius; ZA: Zoea;
MS: Mysis; PL: Postlarvae; PSW: Parent shrimp
breeding water; FEW: Fertilized egg incubation
water; NW: Nauplius breeding water; ZW: Zoea
breeding water; MW: Mysis breeding water; PLW:
Postlarvae breeding water; CW: Clam worm; FS:
Frozen squid; MA: Microalgae; BS: Brine shrimp.
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