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1 EK = REHERE BRI K =T A A SR 258 B B T SE 0 % | ARE K= e e AR
EASIE )R M 510380

2 R RFK SR RilE 201306

3 MR A T R N SR JbaT 100141

# E. [¥%]) %% K& WNocardia seriolae) 2 —F ¥ 2 K [AMIFAE, HIIRFHA XL R
KA, EIUFAFRD BEF, e o e Ky EMRMAR. [B ) RS 9 RAR Fir. =
Bl Hy X B4 0 w69 R KK & L Ab 5 B e ik F KB AT R F R £ 2 . A R4FE. HRHELARHY
BB E R, At — AR R R AR G B 42 506 g7 R A R s B A A AR IE . [ 6] & 9 AKX
BEARAMEIRA T SR E, KA 16S rRNA LB 57| bxt. PRI EKE S M E
MRV BG R Rt Y38 A KRR secdl 3B A 7| AT R KR B AT AABLE AT, 8 ik 3% SRt
RIBBAHRGERENL, ATEHBAENT 9 HRRBRAN K ZHFGRHABRLER;, RAKRERN D
AR MK 9 MRS 2T 13 AP IE a9 KNI R, 12 A PCR L AA M H AR A A R
RAadt2h LB, [ R VAR AL RE T ORI H 5 &iEF K H 0 A KRR LF A48 5;
9 MIRBHARESMBEA—FK, FAMMNES, MREIERERKESHEMEAEHE, £ RK4FHEL
AR E2F; O MIRBREN KD ZHFHARRALZF LR, 2HEHAREFHARAE R, LHEF
mcelA. mig F= pup KB, " dop F» whiB3 R B E,; 9 MK H ¥ 3t 4 F B Fe 2 F Bk
it 2, PR NS1 b, #Rabagieln] F 808t sh, st X0 d hssk, T24% blarpy A= sull &t
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Abstract: [Background]| Nocardia seriolae is a kind of Gram-positive aerobic bacterium, which may
cause sarcoidosis in both freshwater and marine fish, among them, perciformes are the most susceptible to
the disease. In recent years, serious losses caused by N. seriolae in freshwater fishes such as Micropterus
salmoides and Channa argus have been increasing. [Objective] To compare and analyze the homology,
growth characteristics, pathogenicity and antimicrobial susceptibilities, 9 N. seriolae strains isolated from
different freshwater fish species suffering from sarcoidosis in different years and regions were determined
in this study, and to further develop a reliable scientific measures to control and treat this disease.
[Methods] 16S rRNA gene and the housekeeping gene secAl were amplified and sequenced for
identification and phylogenetic analysis of N. seriolae after biological characteristics and phylogenetic
analysis. PCR-restriction fragment length polymorphism (PCR-RFLP) was developed to analyze the
homoology of different origins of N. seriolae. Growth curve of 9 strains was determined by in vitro
culture. Pathogenicity of 9 N. seriolae strains was characterized by artificial injection against largemouth
bass. Antimicrobial susceptibility testing was carried out to determine the phenotypes of 13 antimiocribal
agents by microbroth double dilution method. Virulence genes and drug resistance genes of 9 strains were
also detected in this study. [Results] Based on the biological characteristics, most of the phenotypes in
9 strains were similar to Nocardia seriolae. Nine strains were identified to be N. seriolae and clustered into
one category with high intraspecies similarity. PCR-RFLP digestion patterns were identical and the growth
curvre of 9 strains showed no significant difference of growth characteristics. A variety of virulence
genes were detcted in 9 strains. Three genes of mcelA, mig and pup were all detected in 9 strains,
whereas dop and whiB3 genes were only carried in some of the strains. There was no significant
difference in the pathogenicity of 9 N. seriolae to largemouth bass. All the strains were resistant to
sulfamonomethoxine, flumequine and ampicillin, while most of the strains were susceptible to other
antimicrobial agents tested. blatpm gene was detected in 9 N. seriolae strains, some of which also carried
sull gene. [Conclusion] Nine strains of N. seriolae isolated from diferent origins showed similar growth
characteristics, pathogenicity and antimicrobial susceptibilities. It implied that N. seriolae was the
predominant pathogen of sarcoidosis prevailed in freshwater fish and with similar homology. The results
of the study provide foundation of further research on the pathogenesis, prevention and control
technology of N. seriolae.

Keywords: Nocardia seriolae, homology, pathogenicity, antimicrobial susceptibility

i [ (Nocardia seriolae), #:>% [ FHE PR, B S 7E 22 Bl K R K 025 Tk PR IR
LIRFFR, & T H (Actinomycetales) it [G 1B, Wnkifa(Mugil cephalus). £ 2 8&ith(Lateolabrax
HRH(Nocardiaceae)ifi K IR & (Nocardia), it japonicus) . % 8 (Channa argus) . B} & 48 2
RERERTT 1967 FHEHA 5 Kb oin sk (Trachinotus ovatus). 75NHHA5(Caranx sexfasciatus) .
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VU8 & #K (Eleutheronema tetradactylum) . 77 g i
&4 (Lutjanus erythropterus) . K ¥ i (Larimichthys
crocea) IR [ B (Micropterus salmoides)%:P ™
v P T 0 P s VG EIEL T, B9 H Mk
T oy il R RYL i R IR S . M. E
5 o RIS B IR AT DL Ay, i
S E . ONEL . LRSS R T UES BIZE T . XN
YA BET ORI, AREIER 20%-60%,
FET-H 14 100%" . Yasuike %°VH1 Han %515 it
4 5 DR 2 00 ok Ml o TR ) R A T T
il , %K B (Mycobacterium) TN <
B (Nocardia)" 2. 5185 1 T 7 D Resieill,, ik
M A& G (Anguilla japonica)T5i il R &5
IR (Vibrio) s il 2% R #2228 U AEARLA) S i S 1]
e S IS TR B i — 2P R B e T
TIPS TP O = RTS 7 a N AR T AN & S Sr e
DA B M . PRGN | 2 2 RN AU AR A
D5, AT UG T AN [F) R 52 T A K AR Pk 5 TR
PR FE A

AHHFEEERT 9 BRAS R A B - QA PR AR
KR RS LR W ek, DL SO T S 24
WU DT T HEAT T o0 0, T R TR Y
WAT IR, Sk — 25 T R i v - I i I 2
KMt IR A BRI 5%

F1 IHKREERFEEE

Table 1 Source information of 9 strains

1 RS hk
1.1 #
111

9 HRII T Y P E K R ST BE BRI
PAIETE IR R FS R I O R . S
B EAEEILE 1.
1.1.2 %8s

SR O OR BB B o
(Ctenopharyngodon idella) #1 %' 4 fi (Oreochromis
niloticus)W A T~ A& W1 H 3253, KEM
Y 10045 g, TESCIERIR 1 D G E
2541 °C, IEHHM), RABERA . fhimeem . &
o 45y AU A AE BRI R T T 400 D B L 1
R % G N DN W 37 O s
L13 EHY

BT 254 96 AL 24 B AR i R HE T 4 2
PHOR A RA RER . 2iBtd S 8 R 13 Fh™
TEHCR Y, b A v T R 2 RO e . RUE YD
BN A il 2 K HEIG RUGR) (i i 1] FH 4R
W E | iR e P e/ R AR E | e P s/
FURIE) . MEMERER (R e % . HINER) . 2kt
PR R), WHRKEHR). RIANER
KELER) . - (U PUAR) LA M o i 5
CEMETR) .

N

WA 5 Strain No.  ZFERT[A] Time 44 7R Source SREEHLIX. Area
NS1 2017 Z= ¥[8 Datnioides microlepis I~ Guangzhou
NS2 2013 -+ 2 & Lateolabrax japonicus ¥Rif§ Zhuhai
NS3 2014 A2 8 (BT 1 Q x 5 18 7Y Channa maculataQ xC. argusd H11l] Zhongshan
NS4 2013 A5 Scortum barcoo #5111 Foshan
NS5 2013 B 15 Clarislareza I~ Guangzhou
NS6 2015 YRIEEE S Trachinotus ovatus ¥Rif§ Zhuhai
NS7 2013 A 8 (BT 18 Q x 548 7Y Channa maculata@xC. argusd K Chongqing
NS8 2013 A 8 (BT 18 Q x 548 1) Channa maculata@xC. argusd 111 Foshan
NS9 2013 K125 Micropterus salmoides I~ Guangzhou
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1.14 EFERXFIFLEE

AN R 4] DNA $2BGAR &, RARA R
(AL =O A BRA L 032 WA ¥ K 37 3 (Brain
Heart Infusion Broth, BHI). 5%%f-F I FHe,
RPN RHE A R A A B Eo ) & &
Msp 1, Hinf 1, BstE 11, BsaH 1 BRI N VIR,
TaKaRa A H] . &R EMAL, Mérieux A H]; %
ST, BT SR A R A A
WG 245, Bio-Rad /s H]; A TR YLSCI0AE %
P 1.0 mx1.0 mx0.5 m KGEAA AT, HAaA LR
W
1.2 WEEEMEKRELRBIAES
1.2.1 S BHEHFED R

2 BRAAZAS FC 40 B % 5 T R o R 2 B £k
He RIS B ik 2k T 23 28 4R 2 e i ER R I MR
WA, X 9 PRI a2 . KRl
P A K B — g Y A= A R B T 2 P 45 AR B A A 3
PR T oY o
1.2.2 168 rRNA ERH F3 54

FIFHl TIANamp Bacteria DNA Kit 435! $&H
9 MIRIG 4 SE 4] DNA, T-20 °C {R17-45 .

16S rRNA JE[A (444 5 | 9y Ay id FH 5 1 %) 27F #i
1492R™M, 51 Hy 45 B RGR KRS L2 2, [
KM% F el

PCR JZWAKZ (25 uL): 10xTaq Buffer 2.5 pL,
dNTP Mix (2 mmol/L) 1.5 pL, MgCl, (25 mmol/L)
2.5 uL, Taqg DNA RAWH(S U/ul) 0.25 puL, I
THFS140(10 pmol/L)4% 1 uL, #H DNA 1 uL, #b

il ddH,0 % 25 pL.

PCR ¥ ¥4/ 46 ML FLE M E ARG BR S
HIF
1.23 ET hsp65 EFEMREIMERERKE S ##H
(PCR-Restriction Fragment Length Polymorphism,
PCR-RFLP)# #f

65-kD #7855 [ (Heat-Shock Protein, HSP)
BI85 . A RS2 De Armas
251 PCR P =W ZAT) N LR M AR
BRI, FEX YR B2 o DI IRT i H Y
i, R 4 FhEREE A YIRS (Msp 1. Hinf 1,
BstE 11, BsaH DFEATHEEY), FOWEEAEHFIH 3%
TG M A FEL TSI, 90 V HLTK 1 h R B T EREIR
G R G MEETT LB U) B RN
1.2.4 secAl E[H(Secretory Al Gene)F 554

secAl FERI Y IG5 1) . RONAR R A5 A2 7%
Conville %', PCR "/ Wy 24T M LS Wy
FARA BRA A0
1.3 EHREKFESHR

BOE F 48 F 1A b 25 °C TR IR R 3% 3 d AT
TR ICTE , BT KBS KA, A
i BHI #HAT0HE . HAHE 5 J5 r iR I
BHI % Z ¥4 9.0x10" CFU/mL W, K5
PR B R B T, B4 5 mL, W&
2T, FEFILE T 25 °C, 180 r/min 44 IR
iR R . LT ARBERIRG 24 h A BIE 2 A H IR
W, SRS Y S JE 2 iC 5% ODgoo 1H, 22
£¢28d.,

*&2 [iiiEFEKHE 16S rRNA. 65-kD HSP #l secAl EE &% IER
Table 2 Amplification of 16S rRNA gene, secA1 and 65-kD HSP gene of V. seriolae

HiERE 519751 B AR E K&
Target gene  Primers sequence (5'—3") Annealing Sequence
temperature (°C) size (bp)

16STRNA  F: AGAGTTTGATCATGGCTCAG 55 1500

R: GGTTACCTTGTTACGACTT
secAl F: GTAAAACGACGGCCAGGACAGGAGTGGATGGGYCGSGTGCACCG 60 468

R: CAGGAAACAGCTATGACGCGG ACGATGTAGTCCTTGTC
65-kD HSP  F: ACCAACGATGGTGTGTCCAT 60 439

R: CTTGTCGAACCGCATACCCT
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14 HEBR MR

BUAR T ORAF I LI P VR EA T8 o5 8 %, R T
EISERR, 25 °C 153% 48 h, ¥R RIANE
0.85%JC T 4 FRER /K BB TR M B &2 3%10° CFU/mL
M 3x10° CFU/mL X 2 MREERE . B—ikiti
NS8 R ML 7 5 (B E 3x10° CFU/mL)
G VB GLAg BRER 1 R  | ZRAg il | B R R
(REBIh 10045 g), SCH 45 XT B4 R 41 53 5]
20 B, RIS 0.2 mL, [AII A4 0.85%TC
B AR B ER KPR R A ot B, R A KT B o A
2541 °C, SCHGHAR]IE RN, ELLNER 14 d,
TCSREE R,

9 BRI B6 R 2 A R 3 o L P T 5 0 S %o
KT BGERE N 100£5 QW7 A TG, HREE
5502 mL, BRI (3x10° CFU/ML) 5%k B2
(3x10° CFU/mML)R415 5 10 45th, FRFEK Rl

Rx3 11 HEHERTIEHEXER

Table 3 Amplification of 11 virulence genes

1E 2541 °C, SCIRMAIRI TR B, MESEWEE 14 d,
LR
L5 ShEAFSH

FR P = P 4 FE R 41 /7 91 (GenBank 2 3%
54 AP017900)JFZ% BT E A R IR, 1
B 11 R (R 3): HMBEETT Ag8S A
WO fopd A fopC 3T, 15 SRR A T
PR TAH KR kasA F kasB FEDASL; 1] 3h 4 4
Az HF(Mammalian Cell Entry, MCE) [140%
(1) meel A" 17 FREE 1-85 (AMHA R SE(Prokaryotic
Ubiquitin-Like Protein-Proteasome System, PPS)fJ
) 4 EEER T pup . mpa. pafd Ml dop®”; 5
2T 7 L A P A2 M1 mig SR P
WhiB-Like & 155 i) whiB3 352, PCR |
IR FRTA 1.2.2, PCR IR 1.5%Z e BEEE L
L VKR, ZR4E) M SR A I BOARAT BR 2 w0

HWEERE 51975 1B SR K

Target gene  Primers sequence (5'—3") Annealing temperature (°C)  Sequence size (bp)

mig F: CGATGGATCCCCCGATCGACGCGCCGCT 60 1 000
R: CGATGGATCCTCGATGGCCGCGACCAAC

mcel A F: ATGGTGCAACAACACAGCGATGTGG 55 1254
R: GCTTGTTGCCCCCCGCCAGTCCGGGC

pup F: CATAAGCTTATGGCGCAAGAGCAGACCAAGCG 62 213
R: TGAGAATTCTCACTGTCCGCCCTTTTGGACGT

dop F: CCCGAATTCATGTTCTGGGTCGGCGGGCCTT 63 1683
R: TAAAAGCTTTTAGCGAGGCTCAGCGGTCAGT

pafA F: CACGAATTCGTGCAGCGTCGAATCATGGGCATC 65 1377
R: TAGAAGCTTCTACATGCTCGCGATCAGCCGCTT

mpa F: CATGAATTCATGGGTGAGTCAGAGCGTTCTCAGG 65 1 848
R: TAGAAGCTTCTACAGGTACTGGCCGAGGTTGGAC

kasA F: CGGAGGAGCACGCCAAAG 62 286
R: TGGCCCAGCGCAGACTTC

kasB F: GACATCGCGGGTCGCGAGGCATATGGTGGGGGT 55
R: CTGTCGCGTAGAGCTCGGGTTTAGTACCG

whiB3 F: CCGGATCCAGCTGCAGAATGCCACAGCCGGAGCAGC 63 1152
R: GTTAACTACGTCGACATCTTAAGCTGTGCGGCGGATG

fbpA F: CGGGATCCATGCAGCTTGTTGACAGGGTT 60 1109
R: TTGCGGCCGCCTAGGCGCCCTGGGG

fbpC F: CGCGGATCCATCGTGCGGCAGATGAGA 61 1093

R: CCGGAATTCATGCTGGCTTGCTGGCT
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1.6 o BURENiK

fERIY 96 FLEYER, SRR N7 A%
T REEIN R S EAR T 13 e IR 245 4 ) de /N TR
¢ FF (Minimum Inhibitory Concentration, MIC), #3
P 28 [ I R SE 35 AR E B2 (Clinical and Laboratory
Standards Institute, CLSI)FHT #2459 BUZME 1 &
Pt J K 52 3 TR R X T 24 4 A R
1.7 WG EERN

WA 2 25 SCHik [24-28] 6 LA ¢ 51 9 9F 47
PCR §"H4(3R 4), Hul sz iR bk 9 i UL 25
FED B A G O, ALHE B PN Tt i 2 T 2 Bk
(blatem, blacrxm) VU ZRIMFZG LN (tetd , tetM) |
ik W IS T 2 35 DR (swad 1, swd2) W85 A A T 2 35 [
(qnrS, ogxAB) N 1 JHEATGIE A (intl1); PCR JZ )i
WRF 1.2.2, YIREER MR AR
PR\l .
1.8 HuELE

W PP 25 A NCBI 9 GenBank 4 4
A TTEZL BLAST HEXI04T; KA MEGA X/Clustal W
FRFFXT 9 RIS A9 16S rRNA | secA1 FEH 21

x4 IMMAREY EHEXER

Table 4 Amplification of 9 antimicrobial resistance genes

1127 HN X ARPEAPHZ(Neighbor-Joining, NJ)ik
M EE R G s SR Lasergene/MegAlign #2711
RN AILEE ; 38 SPSS 16.0 HEFT 2250 Hr
2 HR54H
21 HIEBHEHFHE

9 MR THIRELL D-AANE . BRI LR A
—hRIEAE R X A LRI, ARG WA
B JRBEE P oK AL IE, SRR AN RO AL |
TERI KA ; BR NS1 Ak, #AREIRJFAEIRER ; 45 °C
150 °C 4b B 8 h JE M ARGEA K, S5FEFEMME
] R 25 D06 T M FR A A A B Al S 4 T
AR—3, 9 BRI AR ELA TR IS JE 41 TR Y
SEARHCARRAE , SR FC R A R (5 5).
22 [ERMSH
2.2.1 16S rRNA EREBEHH

9 MRIRIRTH Y 16S rRNA Je[R 4 14 ¥ R
24° 1 437 bp ) DNA Bt i@k NCBI BLAST #
TFIPAN LT, 9 BRI TR 35 4 5 hy il v = EC A
i NI A R G, 9 RIS B 5 i
RIRER N 1),

EFiEE-S| 5151

Target gene Primers sequence (5'—3")

blarem F: AAAGATGCTGAAGATCA
R: TTTGGTATGGCTTCATTC
blactx-m F: GTGCAGTACCAGTAAAGTTATGG
R: CGCAATATCATTGGTGGTGCC
tetAd F: GTAATTCTGAGCACTGTCGC
R: CTGCCTGGACAACATTGCTT
tetM F: ACAGAAAGCTTATTATATAAC
R: TGGCGTGTCTATGATGTTCAC
qnrS F: ATGGAAACCTACCGTCACACATAT
R: CTAGTCAGGAAAAACAACAATACCC
0gxAB F: GATCAGTCAGTGGGATAGTTT
R: TACTCGGCGTTAACTGATTA
intll F: ATCATCGTCGTAGAGACGTCGG
R: GTCAAGGTTCTGGACCAGTTGC
sull F: CGGCGTGGGCTACCTGAACG
R: GCCGATCGCGTGAAGTTCCG
sul2 F: TCCGGTGGAGGCCGGTATCTGG

R: CGGGAATGCCATCTGCCTTGAG

1B KR E K
Annealing temperature (°C) Sequence size (bp)
56 425
56 538
60 956
55 171
55 656
52 670
55 892
55 433
56 191
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£5 9 MRS EMENE £ K E S BE IR LT
Table S Physiological and biochemical characteristics of 9 strains and reference strain of V. seriolae
547 Traits NSI NS2 NS3 NS4 NS5 NS6  NS7 NS§ NS9 JCM3360"
ME—Bk J5 A Growth on sole carbon sources
‘H #2# Mannitol - = - _ _ _ _ _ _ B
7 {18 Arabinose - - - — _ _ _ _ _ _
LLIZFE Sorbitol - - - - _ _ _ _ _ _
FriEiRLk Citrate
D-##j%j % D-glucose
257742 Enzyme production
L E L A Catalase + 4+ + + 4 i . o o .
R Lysozyme - - = - _ _ _ _ _ _
E AL Oxidase - - = - _ _ _ _ _ _
XM Urea — = _ — _ _ _ _ _ _
JK 1% % Hydrolysis
L 1F Aesculin + + 4+ + + + 4 o o o
BA it Ak Gelatin liquefaction - = = - — — — _ _ _
JEH) Starch - - = — _ _ _ _ _ .
FHFERER IR B Nitrate reduction 3 - - = — — _ _ _ _
45 °C 4K Growth at 45 °C = — - = = _ _ _ _ _
50 °C £5%% 8 h Culture 8 h at 50 °C - = — - = — — _ _ _
b BEME; - BAEE

Note: +: Positive; —: Negative

NS 6 (MT952865)
NS 7 (MT952866)
NS 1 (MT952860)
NS 8 (MT952867)
NS 9 (MT952868)
Nocardia seriolae (EF192033)
99 | NS 2 (MT952861)
NS 4 (MT952863)
97 Nocardia seriolae (CP017839)
Nocardia seriolae (CP063662)
]7 NS 3 (MT952862)
88-[NS 5 (MT952864)
Nocardia crassostreae (AF430049)
Nocardia salmonicida (NR 041869)
Mycobacterium (X93995)
Vibrio harveyi (JQ920475)

99 Edwardsiella tarda (MN515384)
100 L Yersinia ruckeri (MG581405)

73] Aeromonas schubertii (GQ845453)
498'?[ Aeromonas salmonicida (AB027546)
63— Aeromonas veronii (MN753978)

— Streptococcus agalactiae (KT869025)
100 Y—————— Smreprococcus iniae (MN206041)

100

0.050

1 9 HIRICE Y 16S rRNA ERERBE N

Figure 1 16S rRNA gene cluster analysis of nine strains

TE: 55 EErFAER GenBank 55 %, AN 3R BB RPN BT 01, ARANER 5%0)F 51 2201

Note: Those in parentheses are GenBank accession number; Numbers at each branch points indicated the percentage of software output;
Bar: Nucleotide divergence is 5%
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2.2.2 PCR-RFLP 4

9 BRI Y Msp 1 BEUIEIE 2 2 4500, 433
f72F 100-150 bp. 150200 bp; Hinf I EFYIE1E% Y
2 434 T 100-150 bp 5 300-400 bp; BstE 11
LIRS 1 4545, 7 400500 bp; BsaH 1 )&
RELL 3 24, 3BT 50-100, 100 F1 150-200 bp.
9 BRI HLE 4 FlEY) S SRR R, K
9 PRI A [FIRPEAR T, J& R —FE KA (4 A
R IE 2).
2.2.3  secAl FhATELE 5347

XF 9 BRI H B secdl KNP 13154y

A: BstE 11 S b 6
AR SRS
bp M P OEESE

500 —
400 —|
300 —

200 —
150 —

100 —

50 —

C: Hinf 1
N S D e H o D e D
bp M O OO P

500
400

300

200
150

100
50

2 4 MEgX 9 RN HAYEBII LS R

Figure 2 The results of four enzymes digestion of 9 strains

468 bp K1) DNA F B, bl o afi Ak
filf iy R QR o AL 2 )7 81 X o B 3 11 55 Rl ]
LK, 25BN, 9 MR 1Y secdl 3
RS ARST, AUAEAE 1 DR 25, AR
FEK ik 97.5%-99.0%, ] 9 B [H Sk A
fili v = EC B Al RDAE 0L 1 AR R (e X 43 BT 25 SR L
Kl 3. K 4).
23 HEREFHSH

BIRRAE RS20 R (K15), 9IRGB IR Bk
KHAITE 48132 h, ODgyo WE(ETE 1.073—1.388 2
[B), Joi 222 5 (P=0.953).

B: Msp 1

p M ST S E S

500
400

300

200
150
100

50

D: BsaH 1

M O EE S SO

bp

500
400

300

200
150

100

50
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Majority

NSl.seq
NS2.seq
NS3.seq
NS4.seq
NS5.seq
NS6.seq
NS7.seq
NS8.seq
NS9.seq

Majority

NSl.seq
NS2.seq
NS3.seq
NS4.seq
NS5.seq
NS6.seq
NS7.seq
NS8.seq
NS9.seq

Majority

NSl.seq
NS2.seq
NS3.seq
NS4.seq
NS5.seq
NS6.seq
NS7.seq
NS8.seq
NS9.seq

Majority

NSl.seq
NS2.seq
NS3.seq
NS4.seq
NS5.seq
NS6.seq
NS7.seq
NS8.seq
NS9.seq

Majority

NS1.seq
NS2.seq
NS3.seq
NS4.seq
NS5.seq
NS6.seq
NS7.seq
NS8.seq
NS9.seq

Majority

NSl.seq
NS2.seq
NS3.seq
NS4.seq
NS5.seq
NS6.seq
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GTTCCTCGGCTTCGAGGTCGGCGTGATCCTGGGCGGCATGACCCCGGCCGAGCGCCGCGAGGCCTACGCCGCGGACATCA
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GTTCCTCGGCTTCGAGGTCGGCGTGATCCTGGGCGGCATGACCCCGGCCGAGCGCCGCGAGGCCTACGCCGCGGACATCA
GTTCCTCGGCTTCGAGGTCGGCGTGATCCTGGGCGGCATGACCCCGGCCGAGCGCCGCGAGGCCTACGCCGCGGACATCA
GTTCCTCGGCTTCGAGGTCGGCGTGATCCTGGGCGGCATGACCCCGGCCGAGCGCCGCGAGGCCTACGCCGCGGACATCA
GTTCCTCGGCTTCGAGGTCGGCGTGATCCTGGGCGGCATGACCCCGGCCGAGCGCCGCGAGGCCTACGCCGCGGACATCA
GTTCCTCGGCTTCGAGGTCGGCGTGATCCTGGGCGGCATGACCCCGGCCGAGCGCCGCGAGGCCTACGCCGCGGACATCA
GTTCCTCGGCTTCGAGGTCGGCGTGATCCTGGGCGGCATGACCCCGGCCGAGCGCCGCGAGGCCTACGCCGCGGACATCA
GTTCCTCGGCTTCGAGGTCGGCGTGATCCTGGGCGGCATGACCCCGGCCGAGCGCCGCGAGGCCTACGCCGCGGACATCA
GTTCCTCGGCTTCGAGGTCGGCGTGATCCTGGGCGGCATGACCCCGGCCGAGCGCCGCGAGGCCTACGCCGCGGACATCA
GTTCCTCGGCTTCGAGGTCGGCGTGATCCTGGGCGGCATGACCCCGGCCGAGCGCCGCGAGGCCTACGCCGCGGACATCA

CCTACGGCACCAACAACGAGTTCGGCTTCGACTACCTGCGCGACAATATGACCCACTCGCTGGATGATCTGGTCCAGCGC

90 100 110 120 130 140 150 160

CCTACGGCACCAACAACGAGTTCGGCTTCGACTACCT GCGCGACAATATGACCCACTCGCTGGATGATCTGGTCCAGCGC
CCTACGGCACCAACAACGAGTTCGGCTTCGACTACCTGCGCGACAATATGACCCACTCGCTGGATGATCTGGTCCAGCGC
CCTACGGCACCAACAACGAGTTCGGCTTCGACTACCTGCGCGACAATATGACCCACTCGCTGGATGATCTGGTCCAGCGC
CCTACGGCACCAACAACGAGTTCGGCTTCGACTACCTGCGCGACAATATGACCCACTCGCTGGATGATCTGGTCCAGCGC
CCTACGGCACCAACAACGAGTTCGGCTTCGACTACCTGCGCGACAATATGACCCACTCGCTGGATGATCTGGTCCAGCGC
CCTACGGCACCAACAACGAGTTCGGCTTCGACTACCTGCGCGACAATATGACCCACTCGCTGGATGATCTGGTCCAGCGC
CCTACGGCACCAACAACGAGTTCGGCTTCGACTACCT GCGCGACAATATGACCCACTCGCTGGATGATCTGGTCCAGCGC
CCTACGGCACCAACAACGAGTTCGGCTTCGACTACCT GCGCGACAATATGACCCACTCGCTGGATGATCTGGTCCAGCGC
CCTACGGCACCAACAACGAGTTCGGCTTCGACTACCT GCGCGACAATATGACCCACTCGCTGGATGATCTGGTCCAGCGC

GGGCACAACTTCGCCATCGTCGACGAGGT CGACTCCATCCTCATCGATGAGGCCCGCACCCCGCTCATCATCTCGGGCCC

170 180 190 200 210 220 230 240

GGGCACAACTTCGCCATCGT CGACGAGGTCGACTCCATCCTCATCGATGAGGCCCGCACCCCGCTCATCATCTCGGGCCC
GGGCACAACTTCGCCATCGTCGACGAGGTCGACTCCATCCTCATCGATGAGGCCCGCACCCCGCTCATCATCTCGGGCCC
GGGCACAACTTCGCCATCGT CGACGAGGT CGACTCCATCCTCATCGATGAGGCCCGCACCCCGCTCATCATCTCGGGCCC
GGGCACAACTTCGCCATCGTCGACGAGGTCGACTCCATCCTCATCGATGAGGCCCGCACCCCGCTCATCATCTCGGGCCC
GGGCACAACTTCGCCATCGTCGACGAGGTCGACTCCATCCTCATCGATGAGGCCCGCACCCCGCTCATCATCTCGGGCCC
GGGCACAACTTCGCCATCGT CGACGAGGTCGACTCCATCCTCATCGATGAGGCCCGCACCCCGCTCATCATCTCGGGCCC
GGGCACAACTTCGCCATCGTCGACGAGGTCGACTCCATCCTCATCGATGAGGCCCGCACCCCGCTCATCATCTCGGGCCC
GGGCACAACTTCGCCATCGTCGACGAGGTCGACTCCATCCTCATCGATGAGGCCCGCACCCCGCTCATCATCTCGGGCCC
GGGCACAACTTCGCCATCGTCGACGAGGTCGACTCCATCCTCATCGATGAGGCCCGCACCCCGCTCATCATCTCGGGCCC

GGCCGACGCCTCCTCGAAGTGGTACGCGGAGTTCGCGCGCATCGCGCCGCTGCTCAAGAAGGACCTGCACTACGAGACCG

250 260 270 280 290 300 310 320

GGCCGACGCCTCCTCGAAGTGGTACGCGGAGTTCGCGCGCATCGCGCCGCTGCTCAAGAAGGACCTGCACTACGAGACCG
GGCCGACGCCTCCTCGAAGT GGTACGCGGAGTTCGCGCGCATCGCGCCGCTGCTCAAGAAGGACCTGCACTACGAGACCG
GGCCGACGCCTCCTCGAAGTGGTACGCGGAGTTCGCGCGCATCGCGCCGCTGCTCAAGAAGGACCTGCACTACGAGACCG
GGCCGACGCCTCCTCGAAGTGGTACGCGGAGTTCGCGCGCATCGCGCCGCTGCTCAAGAAGGACCTGCACTACGAGACCG
GGCCGACGCCTCCTCGAAGT GGTACGCGGAGTTCGCGCGCATCGCGCCGCTGCTCAAGAAGGACCTGCACTACGAGACCG
GGCCGACGCCTCCTCGAAGTGGTACGCGGAGTTCGCGCGCATCGCGCCGCTGCTCAAGAAGGACCTGCACTACGAGACCG
GGCCGACGCCTCCTCGAAGT GGTACGCGGAGTTCGCGCGCATCGCGCCGCTGCT CAAGAAGGACCTGCACTACGAGACCG
GGCCGACGCCTCCTCGAAGTGGTACGCGGAGTTCGCGCGCATCGCGCCGCTGCTCAAGAAGGACCTGCACTACGAGACCG
GGCCGACGCCTCCTCGAAGTGGTACGCGGAGTTCGCGCGCATCGCGCCGCTGCTCAAGAAGGACCTGCACTACGAGACCG

ACATCAAGAAGCGCACCATCGGTGTGCACGAGGCCGGTGTCGAATTCGT CGAGGACCAGCTGGGCATCGACAACCTCTAC

330 340 350 360 370 380 390 400

ACATCAAGAAGCGCACCATCGGTGTGCACGAGGCCGGTGTCGAATTCGT CGAGGACCAGCTGGGCATCGACAACCTCTAC
ACATCAAGAAGCGCACCATCGGTGTGCAIIGAGGCCGGT GTCGAATTCGT CGAGGACCAGCT GGGCATCGACAACCTCTAC
ACATCAAGAAGCGCACCATCGGTGTGCACGAGGCCGGTGTCGAATTCGTCGAGGACCAGCTGGGCATCGACAACCTCTAC
ACATCAAGAAGCGCACCATCGGTGTGCACGAGGCCGGTGTCGAATTCGT CGAGGACCAGCTGGGCATCGACAACCTCTAC
ACATCAAGAAGCGCACCATCGGTGTGCACGAGGCCGGTGTCGAATTCGTCGAGGACCAGCTGGGCATCGACAACCTCTAC
ACATCAAGAAGCGCACCATCGGTGTGCAMIGAGGCCGGTGTCGAATTCGT CGAGGACCAGCTGGGCATCGACAACCTCTAC
ACATCAAGAAGCGCACCATCGGTGTGCACGAGGCCGGTGTCGAATTCGT CGAGGACCAGCTGGGCATCGACAACCTCTAC
ACATCAAGAAGCGCACCATCGGTGTGCACGAGGCCGGTGTCGAATTCGTCGAGGACCAGCTGGGCATCGACAACCTCTAC
ACATCAAGAAGCGCACCATCGGTGTGCAMIGAGGCCGGTGTCGAATTCGT CGAGGACCAGCT GGGCATCGACAACCTCTAC

GAGGCCGCCAACTCGCCGCTGGTGAGCTACCT GAACAACGCCATCAAGGCCAAGGAGCTCTACACCAAGG

410 420 430 440 450 460 470

GAGGCCGCCAACTCGCCGCTGGTGAGCTACCT GAACAACGCCATCAAGGCCAAGGAGCTCTACACCAAGG
GAGGCCGCCAACTCGCCGCTGGTGAGCTACCTGAACAACGCCATCAAGGCCAAGGAGCTCTACACCAAGG
GAGGCCGCCAACTCGCCGCTGGTGAGCTACCTGAACAACGCCATCAAGGCCAAGGAGCTCTACACCAAGG
GAGGCCGCCAACTCGCCGCTGGTGAGCTACCTGAACAACGCCATCAAGGCCAAGGAGCTCTACACCAAGG
GAGGCCGCCAACTCGCCGCTGGTGAGCTACCTGAACAACGCCATCAAGGCCAAGGAGCTCTACACCAAGG
GAGGCCGCCAACTCGCCGCTGGTGAGCTACCT GAACAACGCCATCAAGGCCAAGGAGCTCTACACCAAGG
GAGGCCGCCAACTCGCCGCTGGTGAGCTACCTGAACAACGCCATCAAGGCCAAGGAGCTCTACACCAAGG
GAGGCCGCCAACTCGCCGCTGGTGAGCTACCTGAACAACGCCATCAAGGCCAAGGAGCTCTACACCAAGG
GAGGCCGCCAACTCGCCGCTGGTGAGCTACCTGAACAACGCCATCAAGGCCAAGGAGCTCTACACCAAGG

3 9HKRIRIE secAl EE % FFILxtE

Figure 3 Multi-sequence alignment of secA1 genes for 9 strains
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Note: The shade indicates the difference of nucleobase in NS2, NS6 and NS9 from other strains
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Figure 4 Inter comparison of secA1 genes in N. seriolae
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Figure 5 Growth curve of 9 strains
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PNEEDO L
Control (Largemouth bass)
AL S 2H
Experimental (Channa maculata?xC. argus?3)
ZRAC T B2
Control (Channa maculata?xC. argusd)
Bt S50
Experimental (Oreochromis niloticus)
LR RER Oy et
Control (Oreochromis niloticus)
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11213 14 Experimental (Ctenopharyngodon idella)
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Figure 6 Artificial infection result of V. seriolae to different fish at 25 °C
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Figure 7 Artificial infection results of 9 strains at 25 °C in two different density (3x10° CFU/mL (A), 3x10° CFU/mL (B))

Fo6 FHERERPCRELER

Table 6 PCR amplification results of virulence genes

# 13 Virulence gene  NS1 NS2 NS3 NS4 NS5 NS6 NS7 NS8  NS9

mig + + + + + + + + +
kasA = = = = = = = = =
paf - - - - - - - - -
kasB = = = = = = = = =
mpa = = = = = = = = =
Jop4 -
pup +
dop -
whiB3 = =
fepC - - - - - - - - -
mcel A + + + + + + + + +
Vs v FHOERRURITE, — FRIED Kb

Note: +: Virulence gene positive; —: Virulence gene negative

B8
B8

+ o+
+ + +
[
[
[
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Table 7 13 antimicrobial agents sensitivity of 9 strains

LB MIC i 5E MIC value (mg/L)
Drug name NSl NS2 NS3 NS4 NS5 NS6 NS7 NS8 NS9
BIEVP R Enrofloxacin -~ 2.00(I)  0.50(S)  0.12(S) 025(S) 0.12(S) 0.03(S) 0.12(S) 0.12(S)  0.50(S)
SR JE#% Florfenicol 200(S) 4.00(I) 4001 400(0) 4000  2.00(S) 4.00()  4.00 () 4.00 (I)
% F 4 Flumequine 32.00 >32.00  >32.00  >3200  >32.00  >32.00  >32.00  >32.00 >32.00
B 7 & Neomycin <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 1.00
iR 8 4 8 8 8 8 8 8 8
Thiamphenicol
Z Y Z Doxycycline  1.00(S)  2.00(S)  <0.50(S) <0.50(S) <0.50(S) <0.50(S) <0.50(S) <0.50(S) <0.50(S)
SE4FR Oxolinic acid >8 >8 >8 8 4 >8 >8 >8 >8
Tiek i 1] FPY 4 s g 256.00 (S) >1024.00 >1024.00 >1024.00 512.00 >1024.00 >1024.00 >1024.00 >1024.00
Sulfamonomethoxine R) R) R) R) R) R) R) R)
4155 2% Erythromycin <0.25(S) <0.25(S) <0.25(S) <0.25(S) <0.25(S) 0.50(S) 0.50(S) >8.00(R) <0.25(S)
Ttk g FR e /PR 405 E <9.50/0.50° <9.50/0.50  <9.50/0.50 <9.50/0.50 <9.50/0.50 <9.50/0.50 19.00/1.00 <9.50/0.50 <9.50/0.50
Sulfamethoxazole/ (S) (S) S) S) (S) (S) (S) (S) S)
Trimethoprim
Tt — PR s e /B ASBE - 5.00/1.00  <2.50/0.50 5.00/1.00 5.00/1.00 5.00/1.00 5.00/1.00 5.00/1.00 5.00/1.00  5.00/1.00
Sulfadimidine/ (S) (S) S) S) (S) (S) (S) (S) S)
Trimethoprim
IATPE Ciprofloxacin -~ 8.00(R)  1.00(S)  <0.50(S) <0.50(S) <0.50(S) <0.50(S) <0.50(S) <0.50(S) 2.00 (I)
ZRPEAR Ampicillin >512.00 >512.00 >512.00 >512.00 >512.00 >512.00 >512.00 >512.00  >512.00
R) R) [®R) [®R) ®) R) R) R) [®R)

M R: MW2h; 1. H0;

S: MR FTME . B TN AT e T 24 R A v

Note: R: Resistant; I: Intermediate; S: Susceptible; Flumequine, neomycin, thiamphenicol and oxolinic acid have no clinical breakpoint

Tiff 24 35 PR 4™ 44 45 T W ir A i - £ BT 24 485
W B-IN 2SR 25 75 K (blarem); X NS3., NS4,
NS5. NSO #E47 Tk Bl 25 B 18 (sul D), AT
2y BRI ARATIN S (3R 8).
3 WikE48
3.1 AERBFEEHRERS LIS SRR

9 BRIRIO T B 5 8 TG B b U T ik
AAH A B3R, 25 SR 5 I Y HRGE R R
P TR 2 B TR RR A — 3 U200 (B 7 il R 5 3 D
AT R 2SR, ATRES MR A bl 2% 5
fk, TEISR -, @AY AR I T —
BT RS . TR %, WE A
16S rRNA B[R PSR RS0k B WA TRh R R L%
FFRHRY, HEE AP 16S rRNA JLH T
H%E 15 Byt R T T RS T, A2
IRARRIMER 99% A |, Sl R IR y—i%. A

168 rRNA. DA R AR P 2ok v 7 [+ Jas AN [R] o 48 1
5328 B2 B —E BRI, R, Ok B2 148 500k
AN secAl. gyrB F hsp65 S50 HF RG5>
Pro secAl e B RIRE RS K IR Z —, 4t
SecAl #HH, BT abittwlE . &R
)8 (Gordonia) L SRR NS 5E , ] RERELD?
FIH secAl FERSERL T X 91 Rk IR T 8 4 7 1)
R, AT R TR e g Al LA
16 AN o33, e R R R T 2 A R 3 247 T
e LTRSS S PRy N i N AN R NI i )
AT AL, FEIEED IR LY 16S rRNA
FEH secAl BN RGE K BRI HBEAT T HEL, KL
secAl FENTERPN 36 b HA B, PCR-RFLP
T JETE PCR ¢ 3G R SEat b, Zead BRI P VI g
4 H SR AT DI ) /NS [ i B A B
DAL WD AL i 078 S5 e SR B2 ) kA=, DT
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Table 8 Detection of resistance genes of 9 strains

i 24 3 A NSI NS2 NS3
Drug resistance gene

NS4 NS5 NS6 NS7 NS8 NS9

blatem aF 4 F
blacrx-m
tetA - - -
tetM - - -
qnrS = = =
0qxAB - - -
intl] - - -
sull = = F

sul2 = = =

e o+ HAOZERRRIFAYE; — H ARG B TE

Note: +: Resistance gene positive; —: Resistance gene negative

X B R EAT 20 T2 BB DL T AR A TR SR Y5 T b
f [FEE . De Armas 251% Bl i PCR-RFLP J7
AT XA [ R IR A T PR Y, AR AR
BEI%) 16S TRNA F K )y ik o A pstE

AHFFE R 16S rRNA J R A 5 Fi 58 2543
M. T secdl FEH M54, DL PCR-RFLP
DR, SR BRAFDRIER 9 MR
Sfiiig R G % N —#%, PCR-RFLP f4) X2
AHIR] B AF T, 2558 2 B AR AR 4G T 45 L Ay 1 %
E, WE 9 PRIRIGTELEANTE 2 B[R] R i
QTR s secAl FEDR FLAE P28, A [R] F 05 B o 1]
Fh AL X 97.5% A |, HEURAEETERRY 9 fk
TR FC T A R E PR ARG o 3 5 LA ) oR JA
AR AR INZ, BB 9 MG A K AR rE S
A—5, FEMIAEEK, 24 h JEAPEABE K
B, 1320 FHEAEEE, S5ESRREDIIE 6862
T U5 PG TR A K AE LR IR 25 AL . DA &
FW, RREIEHE . AR SRR K S B
i U5 5 G T AT A ) A0 A= 9 2 R T I A 56
Pk, R ARG Hb DX Y R K A i R EG TR T e
MR — A TR AL
32 AEREBEEMKMBFEESSHER

S R A e — b L P 27 A T PO, IR )
27 PR ZE i ——— b P S SR A0 R e

FR 48 PRk, AT B i B i B
fili vy R G0 2800 O 891 H Y fa 8 gL B 5
BRES R, M. DRIRERES | SEEAOC T BT K
HRTE 20%-60%, (HBL IR, mAMT
RAE 35%—100% 740 ARSzuarr,  FH 24 A s
R R AT TG, SRR K T 2R M5 2 A fl
FUR L BOE AR ik 85%LA |, IS 30 H LR 51
FEAR T AR AN A0 R B SRR 10% H.
A H I BT R REAR o SRyt — 2 T A AN [ R YR A
X R TR R BO PR 25 5%, AN 9 BRI TR
K FH 2 Rl B (3%10° CFU/mL 1 3x10° CFU/mL)%}
KT RGP T N TG, 458K, BRIt
PR AL BE T A B [RLAN [+ (e e J32 4 L Aok o 2 i i
3-4 A, BPIE T (43 90%—100% F
70%—100%) Fi1 %2 5 i PR (PN I 2H 40 52 B0 1 €0 2854
¥R 25, R 9 MR B BoR AL
730 A R R R 4 3 R A P R H At
FIFER R E R B, MR R A £
FASRIZE T ) B 3L R, AFE 55 40 TR #E B W 4 it
HAE TS R G o R AN P AN R I L R RR TS
(75 S LR fhpA N fhpC, LUK 5 41T Adz B gt
A2 1) MCE 8 1A 25 35 B R -5 0 TR e s 4 i 1)
SOD EAL AV HLHI MK IE R S0, F s R
A5 0 A TR A A R N B0 ML 45 T A
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L, ABEFEAAGIN T 4 AT TR Y — 225 ) A O Kk
DRI, B 365 70 40 T L v R 43 FH ) L W 40 i 7%
LR (mig)*!, FESORIE AN G | 15 3 S8 025 S v
Hh R AR T 2 A A - B AR R G AH G
PR pup . mpa. pafd 1 dop®®, LI RAELNE
SR P AR IR WhiB-Like ZEHRIEHEDEP,
ARSZEG R, 9 MR AR R mee. mig A1 pup
FLIN, dop Fl whiB3 JE N WIFE Sy A oA i 21 o
SRR, X sEg ) B AT RRAE M R IR E R A
Y. o FE AR DL S B AN AR A A D TR
RIETHEM.
33 ARRIFEERMAMERESTZHER
PRIV IR S R R, 9 MR R 24
PBURME A e 22 5 0 2 1 TR AR 34 X 240 78 Mk i
2y, 5K IRGE I R 53 25 WA Rk I5 1 i IR T
2ot AR, i HAZ R A ] BN LR
KI5 HH blarpm. CAMREY, SISk
WIE AN KR blarey FEN, WTRES &4
TR N F G IR K= B-IN IR 259
A K, blarpm B Z A0 T2 ki b, Al
AL E AR R AT P A 10 RS -k
e A I K FRAE A HEAE TR 254, (HZ2F
SCHR[43-45 [ BT FRFEIRAM B A B-I I
e s 24 56 BRDOF R B SHZ R Wi 25, 487 Tt
24 LA PT 8 30 ok 7K PR A5 A BT AE AN (] R Y5 4 A7 v
PRz AR, BR LRRIRAN, A 8 HRIIR
RS XT ki (] PR A ms E TR 28, T HL 4 AR TG
W2 itk i STt 25 36 [ sull o R S 259 02K = 7%
R KA R R —KAY, &4
T 22 Tl S i o B 25 B 00, [ A AMIE ST E
TERAUY, A A 43 B A I S R B X B B T e 2
i) AR 2, TR S 5 R 2 25 AT Uk
DRI DR b o o /0 B 5 Ttk e S 25 W iR T, 248
FHAE 5 0 245 40 st e P g/ FR AR i e —
i I /Y AR I A, AT Ol 2 i e IS T 24 4k 1
Ao AT, 9 BRI X AR R P

UK, 5 E N SMIF TR E AR SR
S ARSI 25 Wy O 56w i R EC B K 2 B
29U, ARG PRIG YT S0 EA 24 6] il v - EC T
BRI ROR AT, AT BE 581G B 2 I P 27 4 B
AKX, KWEIERY G AL BT RIA 2, R
1) 2 P 7RI (] B 2 BEL S 24 %o 4 T A
HRPEARSNE R LE R B, Bz 5 d TR
SBRZEY, IR R UAE IR 2 R B mT AT
2, ARSCEGLERALN N R AR A R R R
(RS TS , ) % B4 ) At 8 3 T L 0 8 G
SEER DB RSB B, R
KT HEATESIRYT , AR IR P S R 2 R
s e 25 MR T ACR o

[ NP i S o' N NS Y
RSSO 0 2 R, RS A 0 B
FEH AR T B o N [k Y5 1 6 4 R EC P 7E 40 25 b
7 i TRIAEARLE B B0 P 55 J T Y LA = BEAH D)
Pk, 7EBLIERE b AT R AT R i R A
GBI F AR ST, A Bl TR 4 i %
o E AT 5G4 .
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