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Characterization of typical Aeromonas salmonicida isolated
from Sea-Chum Salmon (Oncorhynchus keta)

Jongwon Lim, Sungjae Ko, Youngjun Park, Do-il Ahn and Suhee Hong'

Department of Aquatic Life Medicine, Gangneung-Wonju National University, Gangneung 25457, Korea

Chum salmon (Oncorhynchus keta) is a species which returns to Korea for spawning and was
produced as seed production at the Fisheries Resources Agency located in Uljin-gun, Gyeongsangbuk-
do to preserve the species. However, farmed chum salmon showed symptoms of bacterial infection.
Therefore, in this study, bacteria were isolated to identify the causative agent from chum salmon
in October 2021. The isolated bacteria were identified based on the sequences of 16S rDNA, rpoD
(RNA polymerase sigma factor 6’°), and vapA (A-layer) genes. Also, salinity-growth curve, biochemical
characterization, antibiotic susceptibility test, and pathogenicity analysis were performed in four strains.
As a result, four isolated strains were identified as Aeromonas salmonicida subsp. salmonicida.
Additionally, the bacterial strains showed a decrease in growth as the salt concentration increased
in the medium. All of the isolated strains exhibited y-hemolysis, and the same biochemical properties.
In the antimicrobial susceptibility test, all strains showed an inhibition zone of 40 to 44 mm for
oxolinic acid, flumequine, and florfenicol. Pathogenic factors were assessed by RT-PCR at the mRNA
level, and found that the four strains expresses the outer membrane ring of T3SS (ascV), inner mem-
brane ring of T3SS (ascC), vapA, enterotoxin (act), and lipase (lip) genes which are well known
to significantly contribute to the pathogenicity of 4. salmonicida. The results of this study can be
used as basic data to prevent A. salmonicida subsp. salmonicida occurring in sea-chum salmon in
the future.
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9 ol's, A, thAt 18]a 4% Soll 9=
Bl ofue}t g Ao IHES S
24 g Qe 9ol E 4 T Maulu et al, 2021).
Aol o FollA F2 BASHE= nlolg 24 AW
o Bf AEA 287 AAS, A9 AE JA
=, Hlol 8] 2A &dA gjd=o] ¢ th Al A
A¥ol= A, viEg o, opytw| R4 g
I Y 22 7S Zé_‘tgol At (Sommer-
set et al, 2005; Shivam et al, 2021; Irshath et al.,
2023). 1 % Aeromonas salmonicida= Q3 A7/
NA EL HALET o] FEE Qe T HUA
Z ¢ A Y (Dallaire-Dufresne et al., 2014). A.

salmonicida= subsp. salmonicida, subsp. masoucida,

22,

s

2= o)
P

subsp. pectinolytica, subsp. smithia, LE] 3l subsp.
achromogenes® A 71X 9] olF o2 ERFHT
(Dallaire-Duftesne et al., 2014). 1 & A& (typical)
o2 4HZ A salmonicida subsp. salmonicidas A
o3} o] Fo] A S Uo7 (Dallaire-Dufresne
et al, 2014), YA Y 7R ofF H|AHF
(atypica) 2.2 dojz} L H|Aoj3} o] Foll FS
Y o 71t} (Wiklund and Dalsgaard, 1998). =] ol A
T FAME], thAgde] a8 HAo A 4.
salmonicida subsp. salmonicida®| TI$+ Z+HH B
7} 94T (Lim ef al., 2017; Kim et al., 2011). =3}
ol A AbSE 2 ERto A 29 BAE 4.
salmonicida w7} 1= AT+ (Kim et al., 2013).

Aeromonas 59 £ 38 FARLZE U3
o] & o] AT FAol HA FAN, 3927
3 §-22F % RNA polymerase factor " (rpoD) 7
Z7F Aeromonas & TS 7bssiAl ok
(Martinez-Murcia et al., 2011). Z=3F, A. salmonicida
o}F-2 ssp. pectinolytica’s A 2|33l vapA typing S
2 A% 2 Ay 77 7ET F Jv (Gulla e
al., 2016).

Aeromonas 9] & 43 AsHA 542 cy-
tochrome oxidase®} nitrate reductase®] &4, D-glu-
cose?} trehalose®] W&, mucate ©]-& F=, D-arabi-
tol, dulcitol, erythritol & xyloseZFE] 4k A4 E7}

5ol Utk (Abbott et al., 2003).
Aeromonas7} &30 £48 F =3t SAAR
2 AR, (A3, AT, ol 24 9y

A, A2, A-layer (vapA), AEZFT A, ME 4,

AEa, odloj2E 4], sl =i, glujolA, T2 H o}
Al 28 7 MEY AP E 21T} (Dallaire-
Dufresne et al., 2014). 54 AA F A-layer= A
U AATEFe 4% @ oiE FxolH, A
& S5 i Fasto] Al Hes
= Ao Z 4#HA Aot (Dallaire-Dufresne et al.,
2014). T3 A-layer2 gA =9 WolsHa EA
o]Fo AW AuAol S BAFUT (Gulla
et al., 2016).

Aol Falt Aol =
25 Sd 5 Pl Aol A
sttt o] 23 o] 2 FakAd F ol A= 1984
B o] AHdzA 2 A #E] HFHoE HAo
719 Rt ok 2, 20213 102 Ao
| BAEE eXT s T SR AL
st HAol o7} Al Aol e S
Holm & 08 FHAZE A ek Th o]yt of
U}, Hdojo] Al &gk ATt vvgk AA ol
o webA, B A= ol A A" HAo] o
A M-S 25t YAAE 16S tDNA, rpoD 2

Cad

&135)

il —{11

2

vapA FA7ke] A7 E £4& T3l FAtA S
2 FAsAY =3, BYE #FEL 8 v
of e g, st 54 B, FAA A4
B ow ydg s FUlE BAGY dFE

=4 gahsict.

M= 2
AAEE 370 e T THdA H
A E A4 3S (16.7~19. 5°C) FTFAY 3
712 o] 2HHE AT (9.8~11.9°0)F &7
‘6}% gz 22k A 371% (F 15g 2 °F 50g)
Tt ARSI T F 47l o] A oA
rJr# HARE HAo= 2021»1 104 8¢, 149, 20
agar 21 WA 3uped AdEste] v
A4S EEstth v A Ei WgolE
o]-&3}] tryptic soy agar (TSA) (236950, BD, USA)
Aol =gk & 25°CoN A 24~48 A1 7F Wl AF5HS
o o] & HigFE & At S S8 <5 e
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stRon, F2Ye] A4 Ao A {FE 7

s i okE FES TSB iAol A 244
H 20%9] M ES H7FsEA stocks
zﬂz%‘h —70°Cel B#stqTt EEE 45 2
> *é’z,hﬂr ZA Ay 4 Ty} wizel 7 Al
455 AA3sI] L121020, L51008,
2|31 L61014E W™ 3Fal &4 AFE-

> mlm
o
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A, salmonicida subsp. salmonicida®| &-20f
e da &l

0.301 HEE
subsp. salmonicida T+ NaCl2] i‘:ﬂ- 0.5%, 1.5
Y%, 2.5% 123l 3.5%°] T=2 =X TSBHiA|
A1 20°C, 180rpm .2 48A|Zt 53k vl FatH A
A N Ao 7 BRI AFSFE =AY

M35t HAE

A3}e2 9l EA42 API 20NE 2 API 20E kit
(BioM¢ rieux, France)E AF&3Fo] Al 2 A 2] =%
of mel EAst T hekekA|, AsEAR] EAS
EA3517] 938 TSA wiA ol vidd dd S2YE
5 3, G TRl g ot 2EH HF
St o] %, 2EY ] HFH ¥ 25°Coll Al 48

A 22 FRYANTHderomonas salmonicida)] gt £4 £ 265

+ Lim and Hong, 20202]
i o g B4
218 479 A. salmonicida
% 7}z 5 mle] TSB HiA]
gk Wosh . A
THLE 1x10°CFULZ 2750}051 o, TSA iAo
100 & =83 Sof JAA 235 &7 25°C
N 2443t F<F vl ekl At E SA 8T
Aol = Liofilchemoll A 9 oxolinic acid (2
mg), flumequine (30 mg), neomycin (30 mg), florfe-

2
ol
o =
4@«
[\]
S
O
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nicol (30 mg), erythromycin (15 mg), oxcytetracycline
(30 mg)] FAA} Ak SHRETE B
A gz Al AFsHA &skal, Atz
& 7t7te] zol YAAE AsbekA ekt

16S rDNA RTXIE 0|88 M= & SH

Hdolol A 2| Al & 585 93l 16S
DNA 7 7tel] gt Solzeo|mE o] &3l
PCRE $ Y3} T} (Table 1). PCRS 2xPrime Taq
Premix (1.25units of Prime Taq DNA polymerase; 2x
reaction buffer; 4 mM MgCl,; enzyme stabilizer; load-
ing dye; each of 0.5mM dATP, dCTP, dGTP and
dTTP [Genet Bio]) 10 pl, A& Zetol (10 uM)
oF IurgF Zgolw (10 uyM)E 22 1.0 wl, B+
SHT T, T 1 WE EFsE] FAsA 168

ANZEokete] o 2 A WSS VB2, B DNAE SZ3}7] 9]¢ PCR &7 95°CellA] 10
Z N ofe F7ksto] AlzdA o] B w4 95°Col Al 30%, 55°Col Al 30%, 72°Col A 18-
sheta] wee BASUT. Eat, BEAHL blood B 35 Akl F; 72000l A 78 Bk HE Aata
agar (Synergy Innovation, Korea)oll #& =23} =
25°Coll A 48413t wfj oFate] ghQlstitt. PCR ZZ 42HEL 1.5% ol7t2 22 Ao 0.5
Table 1. The primer for identification used in this study
Purpose Primer Nucleotide sequence (5° — 3°) Size(bp) Target gene Reference
16S 16S F ACGCTGGCGGCAGGCCTAACAC oF 1300 16S DNA Lim et al,
rDNA PCR 16S R ATTACTAGCGATTCCGTCTTC 2017
rpoD_F TCGTTACTACCTCCCTCGCA
poD PCR - 0D R CACCCAAGACAGCTGTAGCA 347 rpoD
Gulla et al.,
vapA ' CTGGACTTCTCCACTGCTCA Aclayer 2016
A PCR - 2 highl iabl
vapA PCR U DA R ACGTTGGTAATCGCGAAATC 626 (highly variable

vapA region)
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x TAE Buffer (20mM Tris-acetate, ]| mM EDTA, pH
8.0)5 ¢hFH o=z 3o 100VelA 30E3 A9 %
sttt o] & BEAS oEFoE G & FRT
Z GAEL] gel logic 100 image system (Kodak,
USA)ell Al =S 133t

rpoD L vapA SH™XIZE 0|28t A salmonicida
or5el 3

Aeromonas® 79| A& FOFE FAH}]
#18l poD FA Al th3E Solzeto] 2}, 4. sal-
monicida &2 °}&& TA37] 3l vapA FH A
of gk Solxzgte]HE o] &3t PCRE 3}
9T} (Table 1). PCR 2xPrime Taq Premix (1.25
units of Prime Taq DNA polymerase; 2xreaction buf-
fer; 4mM MgCly; enzyme stabilizer; loading dye;
each of 0.5mM dATP, dCTP, dGTP and dTTP [Genet
Bio]) 10 pl, A3 Zakol™ (10 pM) oF <43k
zZgtolm (10 uM)E 22 1.0 u, B+ /T 7
pl, 74 1 pl ko] F3EA T poD FAAE
FZ317] 913 PCR 2312 95°Coll A 10+&; 95°Cell
A 30%, 55°Col A 30%, 72°Coll A 18 F<F 35 A
o] F; 72°ClA 7% < HF AFSIATE vapA
FHAE FE317] 9% PCR 272 95°Cl A 10
i 95°Cll A 132, 53°COll A 14, 68°CollA 12 &
QF 30 Aol F; 68°CollA] 4 Ft HF ATk
PCR 5% &g 7] 58 HHo=E MEs

selatgl .

DNA €7|ME 24

SZo] AHE ASELS DNA gel extraction
S&V kit (Bionics, Korea)E ©]-83ld A F mac-
rogen (Korea) Aboll o] E]ste] Al 3ttt 5
H ¥7]4 €2 BioEdit version 7.2.55 °]&3ld] &
Z5 Al do] A3 peaks FAst=A &
3tk ©]F, MEGA X ZZ139] clustal WE ©]
43t alignmentE 2183} %1 3, NCBI (National
Center for Biotechnology Information, USA)®ll blast
7 (Megablast)e F3| GenBankdl 5% 5

9 d71M<EH Hlwste] FAEAT

2 of

AS4 24
wel| @7 fa8te BAE S5 9

NCBI GenBankell A o2 =7} 9 s3olA Hilg
A. salmonicida TF2] vapA G711 L& F3 35+
A3 AT AlST= vapAS] E7141E 9] multiple
alignment (Clustal W) ol maximum likelihood
method 2 bootstrap 10,0001 &2 273} T},

Hd RHUXE HE5H7| fgt RT-PCR

4 + mRNA FFENA HUA
Az FFE 43871 #18) TSB vl Aol A 20
F a3t AT o] %, total RNA EE&
RNAiso plus (Takara, Japan)S AF-&3}o] A2 A
o Ao et F=3A T RNA 5 8 s5=
Y =% 7]7] (BioSpectorometer Eppendorf, Ger-
many)E ©|&3te] FAHsAT ¥ RNAE
ReverTra Ace qPCR RT Master Mix with gDNA
Remover (TOYOBO, Japan)E AF83l4] ¢cDNAE

s, A4 A7bA —70°Co] BAS R
A. salmonicida®] B9 A= cDNAE F+3
S & ARg3te] PCRE FE3F1 T PCR-E 2xPrime
Taq Premix (1.25 units of Prime Taq DNA polymer-
ase; 2xreaction buffer; 4 mM MgCly; enzyme stabil-
izer; loading dye; each of 0.5mM dATP, dCTP,
dGTP and dTTP [Genet Bio]) 10 ul, 4 4-3F Za}o]
w10 pM)e} ek Zeto]H (10 uM)yE 242} 1.0
ul, B ZF7<5 7 ul, DNA 1 WS E3tste] =333}
ATk PCR 272 95°Cell Al 54 95°Cell A 30,
58°Coll A 30z, 72°CollA 603 E<F 35 Akol &,
72°Col A T2 F% HF A8 165 IDNAE
Wi o2 ARSI AL, 7] PCR W ol A
SE cycles 203 343t AF3AL BE F
Z AELS 7] ¥ DNA 97149 24 o
2} sttt 71E ATFolA AAE ZetolnE
A&-3te] 8719] MU {7 AR ascV (outer mem-
brane ring of T3SS), ascC (inner membrane ring of
T3SS), T3SSY AL 2=4d DAl exsA (T3SS
transcriptional regulator), act (cytotoxic enterotoxin),
lip (lipase), ela (elastase), hlyA (haemolysin), aerA
(aerolysin), vapA A AE FSE3FA T (Table 2).
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Table 2. The primer for detection of virulence factors

Primer Nucleotide sequence (5° — 3°) Size (bp) Target gene Reference
ascV_F ATGGACGGCGCCATGAAGTT Outer membrane B
ascV_R TATTCGCCTTCACCCATCCC 710 ring of T3SS Chacén et al., 2004
ascC F GCATTGGAGCAACAGTCCCA 476 Inner membrane Lim ef al.. 2020
ascC_R CCTTCAATCCCCTTGCGAT ring of T3SS »
exsA_F TACCACAGAGAAGGGCGATA T3SS transcriptional .
exsA_R GCGAGCAGAAACAGCAACT 435 regulator Lim et al., 2020
act F AGAAGGTGACCACCAAGAACA 19 Cuiotosic enerotoxn | Kin€OMbe €t al.
act R AACTGACATCGGCCTTGAACTC ylotoxic enteroto 1999
lip F ATCTTCTCCGACTGGTTCGG .
lip R CCGTGCCAGGACTGGGTCTT 382 Lipase Sen et al., 2004
ela F ACACGGTCAAGGAGATCAAC
ela R CGCTGGTGTTGGCCAGCAGG 313 Elastase Sen et al., 2004
hiyA F GGCCGGTGGCCCGAAGATACGGG .
hiyA R GGCGGCGCCGGACGAGACGGG 397 Haemolysin Wong et al., 1998
aerA_F GCWGARCCCRTCTATCCWG .
aerA R TTTCTCCGGTAACAGGATTG 252 Aerolysin Santos et al., 1999
vapA_F TCGTTACTACCTCCCTCGCA .
vapA_R CACCCAAGACAGCTGTAGCA 822 Alayer Lim et al., 2020
zZnt o o3 W & dee mesol B
Mz 22|

s =2d

Adolol A 5

29 409 o

T TSA HlA S| A] 25°C, 24A13F F<F vl &k Aol

2 F2U7F AZFHAT (Fig. 1). B3 4. salmo-
nicida ¥+ B2 e dlddeido] Artd
iAol A 571 A A4S At HoE &
& ATt (Dallaire-Dufresne et al., 2014).

A. salmonicida subsp. salmonicida2| S50
e 4% =l

Aol EEH AE A salmonicida& 20°Col
A FEE (0.5%, 1.5%, 2.5%, 3.5%) HiA| ol wj st
o A A SE AdFTE S5t A4S g4
Ak (Fig. 2). L A3}, NaCle] 5571 S71&<
5 7o Aol HAasgth ol ATl W=,
A. salmonicida= 60.0%02] =& F=o WAool A
g RaE T (Wang et al, 2005). ©] -l A
£ 3.5%<] NaClo] 7k wjAol| A o] iR
RUAIRE, WA o] FF, pH, WY &5 Toll FFES

Fig. 1. Cultured appearance of the four strains isolated
from chum salmon on TSA at 25°C for 48 hours. (A)
L121020; (B) L51008; (C) L111021; L61014.
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Fig. 2. Growth curve of 4. salmonicida 1.51008 cultured
in TSB supplemented with 0.5%, 1.5%, 2.5%, and 3.5%

NaCl at 20°C, 48 hours.

HY 24

o] AFollA EAH 49 #FE BT A4 A
45 9, vl 885 YEAT =S AP 20E9}
API 20NE kitZ o] &3}o] A3slsts B3 A}

478 #5= EF esulin, gelatine, glucose, D-man-
nitol, inositol, D-sorbitol, L-rhamnose, D-sucrose,
amygdalin, N-acetyl-glucosamine, D-maltose, potas-
sium gluconate®l| A} A WHg-& UEFS S, indole,
ONPG, citrate utilization, sodium pyruvat, ornithine
decarboxylase, arginine dihydrolase, H,S production,
urease, tryptophan deaminase, D-melibiose, L-arabinose,
D-mannose, capric acid, adipic acid, malic acid, phe-
nylacetic acidoll A+ 24 WSS YERST) (Table 3).

o] AFoA EAF 4719 FF+= oA HauH
A& A salmonicida?} LF ThE AY3}EHA <l HE-S-
o] YElytt}. 53], sodium pyruvat, esculin, trypto-
phan deaminase, D-mannitol, inositol, D-sorbitol ~L
2] 3 amygdalin®| A UERG W82 2006~2011d
Abolol] Aol A BEE AE A salmonicidat
Hh-g-o] Dt} (Kim et al, 2011). HEA ) 47§2] +
< indole, OPNG, citrate utilization, lysine decar-
boxylase, H,S production, urease, ~L€] 31 D-melibios
ANA 54 W& UL, o= olddl = o
A eFol, FANE 2Elal FAoldA #ed
Y 4. salmonicida® LAsh= ¥H3-o]ATh (Lim
and Hong., 2020; Kim et al., 2011). ] &L 37
Aol W=l Aote] thkd EHYL wHEo]

Table 3. Analysis of biochemical properties of 4. salmo-
nicida

strain A. salmonicida
Brown pigment +
Haemolysis Y
Indole -
ONPG -
Citrate utilization -
Nitrate reduction +

Sodium pyruvat -
Lysine decarboxylase -
Ornithine decarboxylase -
Arginine dihydrolase -
H2S production -
Urease -
Esculin +
Tryptophan deaminase -
Gelatine +
Glucose +
D-Mannitol +
Inositol +
D-Sorbitol +
L-Rhamnose +
D-Sucrose +
D-Melibiose -
Amygdalin +
L-Arabinose -
D-Mannose -
N-Acetyl-glucosamine +
D-Maltose +
Potassium Gluconate +
Capric acid -
Adipic acid -
Malic acid -
Phenylacetic acid -

9 £ ATk (Wee er al., 2022).

M| ZEM HAE ZD}
A Zred A Aol A BAE 49 75
+ oxolinic acid, flumequine ~L2] 3L florfenicol ] A3
Aol A 40~44 mme] AAHE F/33IATH (Table 4).
3k, oxytetracycline®l] T3l A= 32~40 mme] A
£ ¥A3}99 2™, neomycin?} erythromycin®ol|] th 3l A]
= 26~30 mme| AAHNE FAsHTH

Fabat g ol A ik

ot ok

o] AT A= CLSI & =
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Table 4. Antimicrobial susceptibility of 4 A. salmonicida

A 22 FRYANTHderomonas salmonicida)d] U E4 £ 269

o L121020 L51008 L111021 L61014
Antibiotics Test range (mg) —
Inhibition zone (mm)

Oxolinic acid 2 40 40 40 40
Flumequine 30 42 42 40 44
Neomycin 30 30 26 26 30
Florfenicol 30 42 42 40 44

Erythromycin 15 28 30 30 26

Oxytetracycline 30 32 32 40 34

e vwd 2 RF2FF7F LREA &7 WE AE & o] &3t Al A REHo=m A
of &gt oo g ¥y g, o] A 23T (Amann et al., 1995). 13U, Al A&
Tob FAS GAA B4 PO BAE old 3 F BRE i%% FRAH AL 7R AR
Aol Hlashd, = oFA FATR G B A% A A= 7ed F9 F7H= dal oz A
Ao BEElH AH A salmonicida= oxytetacty- 3

=
clineol] thate] Wjgdo] YAAIRE, o] AFtollA &
H ) #FE5 BT 32~40 mme] JANE F43t
9t} (Lim and Hong et al., 2020).

A. salmonicida®] oxytetracycline W43
tetE 29 EA o 7o} o] = 2
HA AT (Kim et al., 2011). tetracycline®l] T g+
WA tet FAATE dEsleta e F5 HE,
BRE BT T 54 B84319 Al 71A A
HAYEZSZ Q3] TAYSTE (Chopra and Roberts,
2001).

A. salmonicida®] ZAA WA FHAAEL 22
54 F4 a4e A3 A& o)Fe] 7hsdtnt
3 ¢4E A ATt (Piotrowska and Popowska, 2015).
R A WA FRAAES OE IS4 v
ZolE o]Fd  om, o] g 542 v elo}
o] o] WAYUZ O E 283t} (Reith et al., 2008).

J -2 tetA
Ao

r°" 1o W

SHEO0IM X2 HHOuA 228 M7l S
sty 53
AAolo A Bald 4/ #5799 & SHS 93l

16S tDNAC] Tt o] Zeto]HE o] &3} PCR
< FYstATh. 1 A4, 16S tDNAC] thafA oF
1,300bp2] A A& 213 H 2™ deromonas
&0l #F2 FAHAY (FlelHE YERHA &
). 168 F71-E EAH2 16S rDNA 3419
7HHZ QD R FTEQ dUIME REeE T

%0 st
= %xé% $ 3“ A X8 FAodA EF=
rpoDoll g Solzetolm &
01%0}04 PCRE& "f‘ﬁ st 1 A3, °F 550bpe]
AES Ao, dVIAE &4 AelAE 4.
salmonicida TF2Z 1= A (HolEE YeER]

2 & °) rpoDv— SH-~718 FHAZ deromonas
3 TFEE 7ME5HA 3 deromonas F 573l
LY Ft ]-B-QOigl'ﬂ- (Lim et al., 2007, Martinez-
Murcia et al., 2011).

A. salmonicida ¥ 271999 vapA E7]
A B 53\ 4 salmonicida®l 3+ o}FS 4
A FEE 5 At} (Gulla et al., 2016). ©] Aol A
ool A B2lE A salmonicida T+FE2 °%
< TE5H7] 9180 vapA A Ato] ik Solzetol
HE ©]&3t] PCRE T8 ATE vapA Aol
e A= 2F 600bpe] T3 o] A= AT (‘:ﬂ °] ¥
2 JehfA &), =3 5 B ZZ EL A
)3ty HF2H O 2 A salmonicida subsp. salmonici-
daZ SJS AT} A. salmonicida®] 3 H ¥ A H
T 728 F = MIY Z2tolH (Miyata et al.,
1996)%} tapA A AE *}E3l+= insertion sequence
Ql ISAsa4 3Z2}e]™ (Nilsson et al., 2006)5 ©]-&3F
PCRE & AFolX A= OH, A salmonicida
subsp. salmonicida @52 FAEH AT (HolHE
UEtH A eF5). F7HE S3FH vapA 132 971

:“.:

0>~
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A salmonicida 1008L5 @
16 A. salmonicida 1021L11 @
49 A salmonicida 1020L12 @
17 A salmonicida 1014L6 @
MN166624.1 Aeromonas salmonicida subsp. salmonicida strain SC18032201
GU734698.1 Aeromonas salmonicida subsp. salmonicida AsChO8

KP184533.1 Aeromonas salmonicida subsp. salmonicida strain NVI-4704

749882.1 Aeromonas salmonicida subsp. salmonicida 4012
£ M646355.1 Aeromonas salmonicida subsp. salmonicida A450
40 CP000644 Aeromonas salmonicida subsp. salmonicida A449
— KP184524.1 Aeromonas salmonicida strain NVI-3071 409bp atypical

99l KP1843526.1 Aeromonas salmonicida strain NVI-3080 399bp atypical

KP184544.1 Aeromonas salmonicida strain NVI-8017 atypical
KP184520.1 Aeromonas salmonicida strain NVI-1844 atypical

32

KP184519.1 Aeromonas salmonicida strain NVI-1843 atypical
?'_—E AJ749880.1 Aeromonas salmonicida subsp. smithia NCIMB 13210T
99’ KP184522. 1 Aeromonas salmonicida strain NVI-2796 41 1bp atypical
AJ749883.1 Aeromonas salmonicida subsp. masoucida ATCC 27013T

45 MH681060.1 Aeromonas salmonicida subsp. masoucida CS-1
17 OK300094.1 Aeromonas salmonicida subsp. masoucida 2018TS-1

91

94

MT162550.1 Aeromonas salmonicida subsp. masoucida RZ6S
—7|: OK300095.1 Aeromonas salmonicida subsp. masoucida 201955-1
AM937254.1 Aeromonas salmonicida strain aAs4088 atypical
AJ749886.1 Aeromonas salmonicida subsp. achromogenes 4102
KP184543.1 Aeromonas salmonicida strain NVI-8013 atypical
AM937255.1 Aeromonas salmonicida subsp. achromogenes aAs4101 465bp
AJ749890.2 Aeromonas salmonicida strain 4128 atypical
AJ749889.1 Aeromonas salmonicida subsp. achromogenes NCIMB 1110T
KP184541.1 Aeromonas salmonicida strain NVI-6487 402bp atypical
KP184545.1 Aeromonas salmonicida strain NVI-8039 402bp atypical

33 KP184538.1 Aeromonas salmonicida strain NVI-6402 402bp atypical

Fig. 3. Phylogenetic analysis of vapA nucleotide sequences was performed by the maximum likelihood method
(Bootstrap, n=10,000)using Mega software. ® indicates the strains used this study.

ANEE Mg R AFTE S4S A5, ) +5
E57} olHe B3l B A salmonicida subsp. salmo-
nicidad €3 87 28 A=A (Fig 3).
2006~2011'd Afooll AA4t Ao ok 1F 73t
HAoje] XA vapA typingS = F 8807 Al =
Z 34.5%2] ANE7F A8 A salmonicida®l 7+ H =
ATk (Kim et al., 2011). =3k, B A. salmonicida=
ZATo] AT F2 Ao o FellA W EHA
AZH AL ¥tk opgt FAMNES (Oncorhyn-
chus mykiss)&} 241 (Oncorhynchus kisutch)©l| A1
=& HYAS YeEFAY (Lim et al, 2017; Lim and
Hong et al., 2020). W-2+X, A. salmonicida subsp.
salmonicidaw =W 0]} o] Fol A ALHH o2
I E FE T HAAYES YERATH

Table 5. Detection of PCR products using virulence
gene primer with ¢cDNA of 4 A. salmonicida strains

WLmozo L51008 L111021 L61014
Factors

ascV + + + +
ascC + + + +
vapA + + + +
act + + + +
lip + + + +
ela - - - -
hlyA - - - -
aerA - - - -
exsA + + + -
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Supplemental table: Individual details for 4. salmonicida used in phylogenetic tree analysis

NCBI

Isolation

Bacteria Accession number source/host Country Sub species Date
A. salmonicida 1008L5 In the study Chum salmon Korea salmonicida ~ 2023.10.08
A. salmonicida 1014L6 In the study Chum salmon Korea salmonicida ~ 2023.10.14
A. salmonicida 1020L12 In the study Chum salmon Korea salmonicida ~ 2023.10.20
A. salmonicida 1021L11 In the study Chum salmon Korea salmonicida ~ 2023.10.21
A. salmonicida 4012 AJ749882.1 Atlantic salmon Scotland  salmonicida Uncertain
A. salmonicida AsCh08 GU734698.1 Chum salmon Korea salmonicida Uncertain
A. salmonicida SC18032201 MN166624.1 Perch China salmonicida 2018.04
A. salmonicida NVI-4704 KP184533.1 Turbot Norway salmonicida 2003
A. salmonicida A450 M64655.1 Brown trout France salmonicida 1978
A. salmonicida A449 CP000644 Brown trout France salmonicida 1975
A. salmonicida NVI-1844 KP184520.1 Turbot Norway atypical 1990
A. salmonicida NVI-8017 KP184544.1 Ballan wrasse =~ Norway atypical 2011
A. salmonicida NVI-1843 KP184519.1 Arctic char Norway atypical 1990
A. salmonicida NVI-8013 KP184543.1 Ballan wrasse = Norway atypical 2011
A. salmonicida 4128 AJ749890.2 Spotted wolffish Iceland atipical 2001
A. salmonicida aAs4088 AM937254.1 Spotted wolffish Norway atipical Uncertain
A. salmonicida RZ6S MT162550.1 Turbot China masoucida 2016.12
A. salmonicida ATCC 29013T MT162550.1 Masou salmon Japan masoucida Uncertain
A. salmonicida 2019SS-1 0K300095.1 Salmon salar Norway masoucida 1992
A. salmonicida 2018TS-1 0K300094.1 Salmon salar Norway masoucida 1992
A. salmonicida CS-1 MH681060.1 Tongue sole China masoucida Uncertain
A. salmonicida NCIMB 1110T AJ749889.1 Brook trout UK achromogenes  Uncertain
A. salmonicida 4102 AJ749886.1 Atlantic cod Canada  achromogenes 1981
A. salmonicida aAs4101 AM937255.1 Atlantic cod Iceland  achromogenes  Uncertain
A. salmonicida NVI-8039 KP184545.1 Atlantic cod Norway atypical 2011
A. salmonicida NVI-6487 KP184541.1 Atlantic cod Norway atypical 2008
A. salmonicida NVI-6402 KP184538.1 Atlantic salmon  Norway atypical 2008
A. salmonicida NCIMB 13210T AJ749880.1 Roach UK atypical Uncertain
A. salmonicida NVI-3071 KP184524.1 Atlantic salmon  Canada atypical 1896
A. salmonicida NVI-2796 KP184522.1 Atlantic salmon  Norway atypical 1988
A. salmonicida NVI-3080 KP184526.1 Atlantic salmon  Canada atypical 1987
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