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2018 F41 2019 5, \URA M & W FE T — A F ) NIRFHH 4 4 T T 46 (Thamnaconus

septentrionalis)fr ¥ [ T ¢ (Sebastes schlegeli) Z /& 1=, EEEWR AE W H . afrdim, WA
HENEF TR EEXELS—HNREE, 254 % K 2018TS-1 #1 2019SS-1, 2 HHHZ 16S
RNA | 7. 43 A& S E fr vapA L E A # 2 o & 8 A 8 H & § AR & T A (Aeromonas
salmonicida subsp. masoucida), A L& %% R 8 x, 2018TS-1 1 2019SS-1 47l fi 5| 42 4% 4% & T 4
AR T, WAL EEMaER, S ERARER —&K, BFRHLELF H 1.78x10°
#10.89x10° CFU/R . AR ERBETEN L LArAGELTaE i K PR L RXES EHE
Wmel, TEMALIRESGE L TN G NRFRE, 024 K7EFESmo salar), & % &
(Scophthal mus maximus)# #¢ 2 # (Anoplopoma fimbria) s & # 5 , 7 ) R & K 38 o 5 P ok K 3
FHAEREROARETHNEL, AARERFET AL NET RO KRG T MR LE 0
B, W& ®DmafmirKTonrmnmEnmERERE.

XER @ KHEDEH; FRTH; AFLEE; FERERERDAETH

FESES S941.42+9  XEAFRIRED A XEHRS  2095-9869(2023)01-0191-10

&34 T 1fij fafi (Thamnaconus septentrionalis) i f&:—
SR e, HERFE, HRES, W
UR 6 36, A B 0 IR FLE B 1 (B R RUAE,
2018). B4 i1 37 K A A 8 B A R A A
Py, WA S fig T TR G O R LR A o IR 4 A 98 412 1
T NTHRFHR L RE, SEESmEIM N TEFEARCTIHK

BN (GRS, 2011, 2012; BEEASE, 2012), T 1k
FEF AT ATY A, B B — R L TT &0 ) FAA
P RO R R 0E R CXIBR A, 2017, 2019; 5K 7
45, 2020), fHE NS A A Sk g S 1 T A RE
X g 5 i T I ) A PR O o Sk T i 11 7
W), RPN A —E B AR RE T (3T
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4%, 2003), BEAN, BARABFST A 1 E(Cochlodinium
polykrikoides) %} g & & 1 fifi i #: 1EVE T, LAJCA IF5E
H R LT A i SR RS 2 FORS L1 A AR
(Zhao et al, 2001; Kim et al, 2000), {H 73258 414 F &
figs 0y £ A BT L R A AR A I AR L

AR, BEAE TR EIL T AR 7= A s kg, 17
[ V- fiifi(Sebastes schlegeli) 1) 775 it L AE B ARG AN, (HAE
FRAE I R A R Tt 2 B MR D55, 2011), 7F
WV ahFRE , EHE RS4RI (Mbrio harveyi)
(FM55E, 2010) . faliAEIE (Mbrio ichthyoenteri) (B H,
2012) . 8 F] Hrifii [C B (Listonella anguillarum) (£ g H
4, 2012) . kL2 B9 5 (lymphocystis disease virus)
(Zheng et al, 2016), R4 Hi(Anisakis spp.) (1K L1 4%,
2017). %Y (Mbrio rotiferianus) (F 2144, 2019). 3%
N A& G 28 A 4 Fh (Photobacterium  damselae
subsp. damselae) (Zhang et al, 2019)%5: % , ¥R E
RIGFEFIK .

2018 4F 11 H, INARE MG RN —FH % T
J Ak F7 B B ot 2 i B R R AE T s 2019 4R
4 H, IRV I il B AR SR T L, B
RRUREAR BT A W8 K 21 AR SI2 0 2 ol DA 2 s 2 6 5 1
il O - il 4 P9 I vh 23 B A5 B OLF R AR 2018TS-1
F1 2019SS-1, XFHBURMEHEAT TN TG HIA, I
T AR B A LSS SE L 16S rRNA FT vapA 3t BRI JF 434
X9 B R A TS, ISR N RS T EN T AR
oot 1] i RN F [COP- B A BRI 5, X 2 Pk
2 s B 45 R R SR A B AL T AR SCHE

1 #8577
11 fHmEKRIE

R St 18 T T R ECOT- B R IR B &
Mg oy, (KR TR, R
28~30, pH N 7.6~7.8, k%K 8.0 mg/L /247, &k
fig LI fidi 24 5000 2, fKHH 200~300 g, FRFHT 8
25 m’ KRR PRI, JKIE R 14°C 5 4 Q- £ i
20 000 &, 1Kk 30~50 g, FRFET 8 1> 25 m® /Kik
KM, KIEA 12°C,

12 REESS

Rifi HIL1E M EL A BB IR () & 45 10 8, H 56
TE RS TS i | 8 RR IS4,
Rz 2 5 A AE A A UL, S FE R A5, 0l
W o S IE L LA RN B IEZH 2L, IR TR
i K S350 (tryptose soya agar, TSA)FI 2216E 1535

e, BEFREEE R 20°C, 72 h 5, BORETEES
A AT aliAk, I F H IR AE T—80°C AR IR vk
&

1.3 ANIRg

JR Y ST ) 45 58 T 1 i R FCOT- b L R
WA HFRY, KE N 30~50 g, SZHHT/ 913850
T 300 L JEIN /K FRIE R Gir, FREE/KIR A 16°C  J&
YesZuoRT, ML S R fa s, UM AE | R8T A AT
A10, AT TSA BRIk, W e SC b M AR R R
B AaBEALSY A 4 41, 4] 10 B, FRFET S0 L %%
PHAR , KRR 16~18°C . FIH PBS 2% i 5 45 7= 47 1)
2018TS-1 A1 2019SS-1 B JEHE & 1x10° 1x10°,
1107 F1 1x10® CFU/mL . 2% F75 &8 IL P 8 5 7 2
JFE 4% 4 0 T i 0 S Ik 2018TS-1 B 0.1 mL, R
VP ECOP i e SR 2019SS-1 MK 0.1 mL, X MR
$70.1 mL /9 PBS ZZ 0P, B4 2 A-FAT, 1SR TAH
FIZUE T o ARG E SR 21 d, idsR 4L &R
FERFBET BB, AR et A 52 FQ T (%, 1990)
T3 R R B9 2 B0 2 (lethal dose 50%, LDsg), HUAE
TS ) JF I M I AT DR Y R
JYESHN 16S r RNA HE RN P 4 5

14 REEHEE

F|F BIOLOG flUE ¥ 46 58 & 48(BIOLOG, ),
it Gen I 3 L A 3 7] 4% XF 8 A% 2018TS-1 Al
2019SS-1 #EA7AE B AE L RRAE S o FIH 519 27F
(5'-AGAGTTTGATCCTGGTCAGAACGAACGCT-3")
1 1492R (5-TACGGCTACCTTGTTACGACTTCACC

CC-3") PCR ¥ 147k 2018TS-1 F12019SS-1 [ 16S rRNA
F[H (Lane, 1991), FIH 514 A-layer 1F (ACAGTGCA
CCGAAGGTTGAT) and A-layer 6R (ACGGCAGAGC
TTGTCTACCT) PCR ¥ B4 #£1Y vapA K (Gulla et al,

2016), XTRAFHY IE =P AT F o BT B R 8
£ %= GeneBank, 31147 BLAST [R] Y& 1 L X (https://
blast.ncbi.nlm.nih.gov). #EHL GeneBank H X F 14 1
PR, /] MEGA 7.0 #0F, SRH4R 57 A i%: % (neighbor-
joining) {9 R4t & & # LM (bootstrap=1000) .

2 #R

21 REHEB

8 T a3 S FRAE M B AR S, R
MR LT, Mg, DRI S,
F Al WAFEA s (- 1), HZET-F N 0.4%~1.0%,
BRBULTRAN 25%; YA dA 5 IR0 H 3
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KIGICTIEDL, R amE Rk ar, g5, BHues, W
IR B ORAR(E 2), HIETRA R 1%, EFIE
TR0 40%.
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1 s 2o fi i S (R
Fig.1 The clinical signs of diseased T. septentrionalis

A: WEEKRLL; B: MEEEHE; C. (ARBUE; D: JFEHm
A: Red mouth; B: Ulcer in the fin;
C: Ulcer on the body; D: Liver congestion

B2 R VE P ilhE R
Fig.2 The clinical signs of diseased S. schlegeli
A: KW, B: BEERALL; C. fEEFE; D: HERK
A: Diseased fish; B: Red mouth;
C: Ulcer in the fin; D: Intestinal hydrops

PRI AR S Bl B WL R L AR SR N I, oK i B2y
ARG FIAT TSA [EIAREIRIE, MO o £ i)
JFFRIE . BEAEE T U 0] 23 B A B R B E AS — Bk B 1
I AN 2 W T 7

22 ANIRLsis
38 3 7 ER L PR S R e 1 T =X A D e R

2018TS-1 X &% T i ffi £ 2019SS-1 X34 F& - fif 74
ko N TR G AET- f R B 5 [ SRR e — 3K
(REIR , B 5 LAY (R R LT i . A HE I, 53 TS
PEALLL I it B2 A5 RE MR . 1x107 CFU/ R IR YL 20 1) 4k i 1
TR FG T i 7R R I AR AE T, R 21 4y
FET- . 2018TS-1 X & fif o [ ffi i) > 0 3058 2
1.78x10° CFU//Z, 2019SS-1 X1/ [ -t i) 2 B 5t
4 0.89x10° CFU/RE, ¥ HAHGRMBURTEGE 1),
YR BE T A St 858 T T i 17 S o R e i
I R G T =T NG 0 e S e 0 3
) 16S rRNA I 545 5 5 2018TS-1 F112019SS-1 —%
FEU B9 BT T2 oy B AR R B Xof R S50 fa oK
AR RETE B R

x1 FEOEEES5IFR A TRRIE
Tab.1 Experimental infection of T. septentrionalis

and S. schlegeli
SRt BRI AT RS CREEotE
Test fish Infectiog dose  Dead fish LD5_0
/(CFU/ind.) /total fish  /(CFU/ind.)
254 L T i 1x10’ 10/10 1.78x10°
T. septentrionalis 10/10
1x10° 8/10
6/10
1x10° 6/10
3/10
1x10* 1/10
1/10
W TG fi 1x10’ 10/10 0.89x10°
S schlegeli 10/10
1x10° 8/10
8/10
1x10° 6/10
5/10
1x10* 3/10
1/10
TE: 2018TS-1 JERYLLrfE D, 2019SS-1 JRYLVFIT
SF-fif

Note: T. septentrionalis was challenged by 2018TS-1;
S. schlegeli was challenged by 2019SS-1.

23 mEREETE

BIOLOG Genll i &4 e 25 R L% 2, ik 2
AL, 2 ARBAXHRIRS . D-ZE 200, R . D-K#gE .
D-H#&pE . D-bE. D-HE&EL. B, Him, L-BA
R A L-45 2 R S S BH R o X Je i — b . D-FA —
WL OKIRE . % 0 D-2PRLBE . LA, LR
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B WU . L-INER . & T L-ER AR S 2P
FW o 4 BIOLOG %5 RS0 0 M, 2 R A B A AR
TiE 5 28 B R PARL TRT e A, TR B 0.999,

FIH PCR 4354 B B kK 2018TS-1 H1 2019SS-1 Ay
16S rRNA K531 , Gene Bank 555543 414 OK258319
Il OK258320, llJP&sReid BLAST HXF 43T R,
Bk 2018TS-1 F12019SS-1 16S rRNA £ [F7F Gene Bank
H [ P e e SR R R B SR B i — 2D AR B T
2 BRE vapA R[5, 2018TS-1 F1 2019SS-1 11

99

72

100]

0.0020

GenBank #35%5/3 8 OK300094 F1 OK300095. M
GenBank FEHFRMETEE, FIH MEGA 7.0 #4535
FgEE T 16S TRNA FE KT vapA 5L i RGEE R . 16S
RNA RG LR 7R, 2018TS-1 Fll 2019SS-1 #1555
i S PRI R R O — (1 3), SRR LSS E S R A .
vapA RG24 F R, 2019TS-1 F12018TS-1 15
AREE MR A HAEE AR —(E 4), LRG0
SER FHIX 2 PR I R A S R B S PR PR R H AR T

#f(Aeromonas salmonicida subsp. masoucida),

A. salmonicida subsp. achromogenes 6263/4/5 (NR037011 )
A. salmonicida subsp. smithia AS20/1/1 (NR 025295)
A. salmonicida NCIMB 1102 (NR 118945)
2019SS-1 (OK258320)
2018TS-1 (OK258319)
A. salmonicida ATCC33658 (NR119042)
A. salmonicida subsp. masoucida NBRC13784 (NR113635)
30 A. salmonicida subsp. salmonicida NBRC12718 (AB680335)
A. salmonicida subsp. salmonicida NBRC12659 (AB680308)
A. sobria ATCC43979 (NR119044)
99" A. sobria JCM2139 (NR112837)
| 4. veronii bv. veronii ATCC35624 (NR119045)
100! 4. veroniit CM7375 (NR112838)

A. media ATCC33907 (NR119041)
ﬂ A. media RM (NR036911)
94L 4. hydrophila ATCC7966 (NR119039)

A. caviae CECT4221 (NR104824)
A. hydrophila DSM30187 (NR119190)
A. caviae ATCC15468 (NR029252)

K3 JET 16S rRNA LR 7 914 ) 2R 58 4 7 E A
Fig.3 Phylogenetic tree constructed by neighbor joining method based on sequences of 16S rRNA

100 |

100 (67

52

| A. salmonicida NCIMB 11107 (AJ749889)

A. salmonicida ATCC 33659T (AJ749888)
A. salmonicida subsp. achromogenesa As4101 (AM937255)

51 2019SS-1 (OK300095)
99 | | 4. salmonicida subsp. masoucida ATCC 270137 (AJ749883)
82 2018TS-1 (OK300094)

A. salmonicida subsp.salmonicida AsCh08 (GU734698)

A. salmonicida subsp.salmonicida NVI-4704 (KP184533)

A. salmonicida subsp. salmonicida NVI-4757 (KP184534)

A. salmonicida subsp. salmonicida NVI-3294 (KP184528)

A. salmonicida subsp. salmonicida NVI-3094 (KP184527)

A. salmonicida subsp. achromogenes 117-92 (AJ749879)

A. salmonicida subsp. smithia NCIMB 132107 (AJ749880)

4 HET vapA BE 7906 EE Y R 58k B ELA

Fig.4 Phylogenetic tree constructed by neighbor joining method based on sequences of vapA
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% 2 Hitk 2018TS-1 #1 2019SS-1 A3 4 L HF1E
Tab.2 Physiological and biochemical analysis of 2018TS-1 and 2019SS-1 strain by Biolog

i H 2E 8 Results miH 2t Results

Items 2018TS-1 2019SS-1 Items 2018TS-1 2019SS-1
IFE Dextrin + + D-7#ifR D-Gluconic acid + +
D-Z 2% D-Maltose + + D-Fij & 2 D-Glucuronic acid - -
D-¥#§ ¥4 D-Trehalose w + HIWEEEME Glucuronamide - -
D-4£F-4 — ¥ D-Cellobiose + + AR Mucic acid - -
Jo.lH — 4 Gentiobiose - - Z=TI% Quinic acid - -
THEBE Sucrose + + Wi 2 D-Saccharic acid - -
D-#A B D-Turanose p-FRHE-R R - -

- - p-Hydroxy phenylacetic acid
JKF5HE Stachyose - - YRR H R Methyl pyruvate + +
HaF-B D-Raffinose 3 B D-FLRH B - -
D-Lactic acid methyl ester
a-D-FL B a-D-Lactose - - L-#LFR L-Lactic acid - -
% W D-Melibiose - - Fr&EH2 Citric acid - -
B-H it-D-# i B-Methyl-D-Glucoside w w a-fiiil-I% —#2 a-Keto-glutaric acid - -
D-7K#%1 D-Salicin + + D-3- 2 D-Malic acid - -
N-Z.B-D-Hi i - - LR . .
N-Acetyl-D-Glucosamine L-Malic acid
N-Z.1t-B-D- H Z& ik B-T R w N
N-Acetyl-f-D-Mannosamine Bromo-Succinic acid
N-ZBt-D - FUR - - i 40 w w
N-Acetyl-D-Galactosamine Tween 40
N-Z B2 R - - y-E AT B a
N-Acetyl neuraminic acid y-Amino-butryric acid
a-D-Hij## a-D-Glucose w w a-#2%E- T2 a-Hydroxy-butyric acid - -
D-H ## D-Mannose . N B-FHED, L TTH _ B
B-Hydroxy-D, L Butyric acid

D-S4# D-Fructose + + a-fil- T HR o-Keto-Butyric acid + +
D-(-FL# D-Galactose - - LI 218 Acetoacetic acid w w
3-H R BE 3-Methyl glucose - - R Propionic acid w w
D-’£ ¥4 D-Fucose - - 4R Acetic acid + +
L-A et L-Fucose - - F iR Formic Acid - w
L-fZ=0% L-Rhamnose - - pH 6 w +
JWIE Inosine - - pH 5 - -
D- 11134 D-Sorbitol - w 1% NaCl + +
D-H & D-Mannitol + + 4% NaCl - -
D-Fi[$iA(EE D-Arabitol - - 8% NaCl - -
AL myo-Inositol - - 1%ZFLEREM 1% Sodium lactate w +
‘Hl Glycerol + + A% IRR Fusidic acid - -
D-#ij##-6-% D-Glucose-6-PO4 - - D-22%4 /2 D-Serine - -
D-HHE-6-2 D-Fructose-6-PO4 - - L- KA R R L-Aspartic acid + +
D- K44k D-Aspartic acid - L-A4 8 L-Glutamic acid + +
D-22 % i D-Serine - - L-#H ¥ L-Histidine w w
B Gelatin + + L2 M2 L-Pyroglutamic acid - -
H = mEFE-L-Ifi 22 Glycyl-L-proline + + L-22% & L-Serine + +
L-N%& 2 L-Alanine - - D-2F MR D-Galacturonic acid - -
L-K5 &R L-Arginine N N L-2P-FUBHEATR IN R - -

L-Galactonic acid lactone

e 47 N, =" FoRPIER,

Note: +: Positive; — Negative; w: Weak positive.

“wr R P o
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A PR P — P Y S R, AE TS
LRI Z 5345 o AR TR R 285 2% AR 3R AR R
W E R A I . R AR EE . TS RNAE,
G305 AR, 4350 R A8 7 A (A, salmonicida subsp.
salmonicida) . #% H A< f: 7 Ff1(A. salmonicida subsp.
masoucida) . JC {4 W Ff (A. salmonicida subsp.
achromogenes) . 5 [ V. # (A. salmonicida subsp.
smithia) 1 #% £ K W Ff (A. salmonicida subsp.
pectinolytica) (Holt et al, 1994; Pavan et al, 2000; Nash
et al, 2006), FHorf R AP AR HOBIRR, HAD AR
I 9F B8 bk (Wiklund et al, 1998), A 2 [ (A-layer)
AR MR A Z —, R
[H vapA %ifi (Lago et al, 2012), vapA JE[H & R ES
PN B 43 R S 1 — A T AR E(Gulla et al,
2016), ARHE vapA F& DA i AT AR DR S fi SR TR 43R
14 AP BRI — 26 AR bR, DA KTE vapA SEFA g v 1
WA (Gulla et al, 2019), AR T vapA FE A
Gy BURYJ5 e, JF R 4k B E) A B 2018TS-1 Al
2019SS-1 i & h A% H ASBET il

2 B\ SRy T B0 M 1) 2 e A< T S SR e S b
J& TR TR AR, 1T LAt SO P S 2 R g Ve 1 T
PR, RS KM, WERVEEEE(Salmo salar) .
T 4 (Oncorhynchus mykiss) . K 7§ ¥ i ffi (Gadus
morhua) . b 4T 5t (Salvelinus alpinus), KPEH
H ff (Hippoglossus hippoglossus) . K 7§ ¥ R i
(Anarhichas lupus)%:(Woo et al, 2017), I FCF-fil
1 £ b5 I T s B %) 3R 5E K R A3 5 S 12°C A
14°C, S55ERitt s MvG . (IR B R, Kb
AL TR R ) A ORIz, AR TR ARG SR
b A A B R %G, N £4(Siniperca chuatsi)
(Lin et al, 2020) . £ &£ (Epinephel us coioides) (Zhong
et al, 2021)%, Mo, RYABEAAF K SRW-0G1
J& T RE I R BEE R, FTRAAE 37°C ALK, BAE
T AEG X At RPN R (Zhong et al, 2021),

R, AR T A H A EE AP g s T
YL Z Pk 7 SR G B ), 45 il = (Apostichopus
japonicus) (17 3% 4%, 2007), K PG (Du et al.
2015) . Hr (7% 4, 2018) . [ K 5 (Andrias
davidianus) (&G, 2019)%, ALK drE LA
B 1Y 35 5 4R 55 £ (Anoplopoma fimbria) (F B #1453,
2017). >F ¥ 75 i (Cynoglossus semilaevis) il Kk 3 fif
(Wang et al, 2020) " & 3 T A BES B P 28 H AR i 37

TR (R 1] S8 S AT — 20 R, R B
PR H A e S s v J G o 6 T i 07 LGP B, 5
FE5 1)1 N I FE AN O o A% B A= P T ) i
R b & A R #shoofh, 564 Aot
(insertion sequences, ISs). &[4 5 (genomic islands,
GEIs). %% 8T (transposons) Fl R I B /4 (prophages) %5
(Reith et al, 2008; Emond-Rheault et al, 2015), iX&Ln]
sl A it 7 AR BE S M T 1R SRR, Wik —2P
HaoR T A XA L PREE RS N RE 77 (Juhas et al, 2009;
Bellanger et al, 2014; Darmon et al, 2014), X 7] & F
B AF o 2R B M TR A RS RI AT XSO
Wrdy R B 2R A

AR YR £ 4 68 L T Bl 1 7 TGP il o 40 15 1 R
2 ¥REURTE 2018TS-1 1 2019SS-1, A TIRYL 256 2%
R, ik 2018TS-1 F1 2019SS-1 fit 5| & 4k o 1
BlFIVE [P EFE T, RS A SRS T AR —
o, NN TR & v a] PR 43 B B AR A
2018TS-1 11 2019SS-1, FHIIX 2 BRTE MK LY
P B T A AR AR S GE | 16S TRNA T vapA JE K 4y
R, 5 o I Ry AR e AR B A HAR SRS R ARG
Je N TS5 GH Rt I T i i 35 1) 9] 400, S 0 1 Tl
filg (1) T B AR SR A BRI B o A H A Y
PR3k 2 fi AR T R R 1 BT il 149 97 ] (Izumikawa
etal, 1997; Han et al, 2010), {HAHF5T 52 FE N E xRk
TEVE QP il B g A BE M TR o [F], ARTE ] — 337
B 1 B AN [) SR i b 449 R B <O PR R R, 3R]
YW Al BEAFAE K- AR5, FEgRpa g Bih , Bt
o 2P e

2 % X M
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Abstract The greenfin horse-faced filefish (Thamnaconus septentrionalis) and rockfish
(Sebastes schlegeli) occupy important positions in the offshore net fishery in Shandong Province.
Interest in their mariculture has been developing rapidly in recent years as candidates for submerged
cage open-sea aquaculture. With the development of breeding techniques and the expansion of large-
scale farming, fish disease may become a serious constraint that limits sustainable aquaculture and
leads to great economic losses. Epidemiological investigation is the basis of disease control and should be
carried out throughout the culture process. In this study, we describe the diseases of T. septentrionalis and
S. schlegeli caused by Aeromonas salmonicida subsp. masoucida. In November 2018, an outbreak of
T. septentrionalis disease was observed in a farm located in Penglai, Shandong Province, and an
outbreak of S. schlegeli disease occurred in the same farm in April 2019, with daily mortalities of
0.4%~1% and about 1%, respectively. The main symptoms in the diseased fish were ulcers, redness,
swelling, and bleeding in the mouth. Most diseased fish in the ponds showed “red mouth”. No
parasites were observed by the naked eye or light microscope. From the liver, spleen, and kidney of
all the diseased fish, many homogeneous colonies were observed after three days incubation on TSA
and 2216E agar plates. All strains had the same shape, color, and size, and the 16S rRNA genes of all
strains were the same, with high identity with A. salmonicida. The virulence of the isolates was tested
experimentally via injection with T. septentrionalis (infected by 2018TS-1) and S. schlegeli (infected
by 2019SS-1) in the laboratory to calculate the median lethal dose (LDsg). The results showed that the
LDso of 2018TS-1 to T. septentrionalis was 1.78x10°> CFU/fish, and that of 2019SS-1 to S. schlegeli
was 0.89x10° CFU/fish. The dead fish of the experimentally infected group showed ulcers and red
mouth, the same symptoms as in naturally infected fish. Dominant colonies isolated from
experimentally infected fish were all identified as A. salmonicida by 16S rRNA gene sequencing, which
indicated that 2018TS-1 and 2019SS-1 were the pathogens of T. septentrionalis and S schlegeli,
respectively. Bacterial identification was carried out by 16S rRNA gene analysis and Biolog Gen 1l
characterization. The 16S rRNA gene sequences of 2018TS-1 and 2019SS-1 (Gene Bank: OK258319
and OK258320) isolated from T. septentrionalis and S schlegeli were analyzed using MEGAS, and the
phylogenetic tree derived from 16S rRNA gene sequences clustered the isolates with A. salmonicida.
Among the Biolog Gen Il tests, 31 produced positive reactions or weak positive reactions for both
strains (Dextrin, D-Maltose, D-Trehalose, D-Cellobiose, Sucrose, B-Methyl-D-Glucoside, D-Salicin,
a-D-Glucose, D-Mannose, D-Fructose, D-Mannitol, Glycerol, Gelatin, Glycyl-L-Proline, L-Arginine,
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D-Gluconic Acid, Methyl Pyruvate, L-Malic Acid, Bromo-Succinic Acid, Tween 40, a-Keto-Butyric
Acid, Acetoacetic Acid, Propionic Acid, Acetic Acid, pH 6, 1% NaCl, 1% Sodium Lactate, L-Aspartic
Acid, L-Glutamic Acid, L-Histidine, and L-Serine), and two weak positive reactions for 2019SS-1,
while the others were negative. According to the Biolog database, both strains were identified as
A. salmonicida. Based on the molecular analysis of 16S rRNA genes and Biolog Gen Il phenotype
results, the isolates were identified as A. salmonicida. The vapA gene, which encodes the outer
membrane protein (A-layer protein) and causes the auto-aggregation of bacteria, is a conserved gene
with some variation region in A. salmonicida. vapA gene typing is an effective and important method
for classifying the molecular types and subspecies of this fish. vapA gene typing was also used in this
study to identify subspecies of strains isolated from T. septentrionalis and S. schlegeli. The vapA
gene sequences of 2018TS-1 and 2019SS-1 (Gene Bank: OK300094 and OK300095) were analyzed
using MEGAS with type strains obtained from Gene Bank. The phylogenetic tree derived from the
vapA gene sequences clustered 2018TS-1 and 2019SS-1 with type strain ATCC 27013, indicating that
the strains isolated from T. septentrionalis and S. schlegeli belonged to A. salmonicida subsp.
masoucida, similar to the A-layer type VI strains, which are all from the northeast Asian and
Canadian coasts in the Pacific Ocean. Based on the experimental infection, 16S rRNA sequence
analysis, Biolog Gen Il characterization, and vapA gene typing, we confirmed that A. salmonicida subsp.
masoucida is the pathogen of T. septentrionalis and S schlegeli, and the cause of these two diseases on
the farm. This is the first report of T. septentrionalis and S schlegeli infected by A. salmonicida in
industrial aquaculture, as well as the first report of a disease of T. septentrionalis in culture. It has
been reported that A. salmonicida subsp. masoucida can infect Atlantic salmon (Salmo salar), turbot
(Scophthalmus maximus), sablefish (Anoplopoma fimbria), and tongue sole (Cynoglossus semilaevis)
cultured in Shandong Province. In this study, we expanded the host list of A. salmonicida subsp.
masoucida to include two new species in aquaculture, T. septentrionalis and S. schlegeli, on the same
farm, indicating that A. salmonicida subsp. masoucida may translate and adapt to a new host in a
short period. Considering the increasing host and economic losses caused by A. salmonicida in fish
culture, the prevention of A. salmonicida subsp. masoucida should be an important objective for
mariculture in the future.

Key words Thamnaconus septentrionalis, Sebastes schlegeli; Bacteria identification; Aeromonas
salmonicida subsp. masoucida



