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Genetic identification of Aeromonas species using a housekeeping
gene, rpoD, in cultured salmonid fishes in Gangwon-Do
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At the present, fish farms are suffering a lot of economic losses due to infectious diseases caused
by various pathogens including aeromonad. Aeromonad is ubiquitous bacteria that causes infectious
diseases. At least 26 species in the genus Aeromonas have been reported to cause fatal infections
not only in salmonid fishes, but also in other freshwater and seawater fishes. Molecular techniques
based on nucleic acid sequences of 16S rDNA and housekeeping genes can be used to identify the
Aeromonas species. In this study, The genus Aeromonas was isolated from salmonid fishes of sixteen
fish farms in Gangwon-Do, Korea and phylogenetically identified based on the sequences of 16S
rDNA and housekeeping genes for Aeromonad, i.e. RNA polymerase sigma factor ¢”° (rpoD) or DNA
gyrase subunit B (gyrB). Consequently, 96 strains were collected from Atlantic salmon (Salmo salar),
coho salmon (Oncorhynchus kisutch), masou salmon (Oncorhynchus masou) and rainbow trout
(Oncorhynchus mykiss), and 36 isolates were identified as the genus Aeromonas by 16S rDNA analysis.
Thirty six Aeromonad isolates were further analysed based on rpoD or gyrB gene sequences and
found Aeromonas salmonicida (24 isolates), A. sobria (10 isolates), A. media (1 isolates) and A. popoffii
(1 isolates), indicating that 4. salmonicida is a main infectious bacteria in Salmonid fishes in
Gangwon-Do. It was also proved that the phylogenetic identification of Aeromonas species based
on the sequences of housekeeping gene is more precise than the 16S rDNA sequence.
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(Oncorhynchus mykzss) 3
< BIRE Aol o 7T Fa A oFolth ﬁ%
70%‘: zt AAA A A Bl &= FoASA T T
HO 2 87} FFatal o] o vt Fo
o] 7}A o] w9 stk ®E F3l STF 59 4t

AA A= A F Aol &Aooy (Oncorhynchus
ko) 5& AZE FAOIFOE B B A5 B4
2 AEST YT S FFAR W G2, A
o] B e 20101 71 1 T 2000= 014 2015 @
3 9400022 53 A 38) o] ST £
W AR 20129 = 728, 201319l 219 %,
201430 356202 313 Aol su) A= F
St ol A" Ul o] Aof An| g HiteES
3] F7kska e FAlolth a3y o2 2
T miR7IAI = Aol o] Joll A= theFet &
o] H“@’FS}F’- Rom o] o Fo| AN S
FA7lE F8 a%lo] Ha Yt

FANGE FolA F2 BAst= AHOEE
AR =7 AA S AGAAZHA ST 2
glo| g 24 AW A 2o MFA AH
WMy 2 7|AFAH Aol Aot (Natlonal
Institute of Fisheries Science, 2012). ¢|% A3 &
Aeromonas ZF ol o3l WA FHAZE HA
AUE ol ot dHo 2 FEIF AVE AF
7EA7} sterete] AAZ ] =4S 7AA A
(Wiklund and Dalsgaard, 1988). M4 %t & 714 73
A= A HAA o] H3t deromonas F 2| &3k
Hago] &HA UA FIL B 5o deromonas <
T4 w =S FAES el st
T Tl oy

Aeromonas &2 ThE3SE o]/ Fol A 53]
3} o FEnt opujt %‘-’F g sfo] Fol = A
QA AL
%13l ( Beaz-Hidalgo et al, 2013b; Vega-Sanchez et
al, 2014a), A EH S FE3= FHIHE 2= Aol
t} (Dallaire-Dufresne et al., 2014; Thenmozhi et al.,
2015). Aeromonas 4 VIEXAE A TS
olH, EAYIIATLE 4HA UY (Martinez-

SoE 2 H X

NE r[o r

i&

Murcia et al., 2011). =3+ %54,
ZeA 9 Yy =8 335t
2 SAITHA, 7heetobA| 18 al

HF-3-S ¢ © It} (Martinez-Murcia ef al,, 2011).
3], Aeromonas salmonicida= &34 2L #HFA
S dodl= AW Fa ddtolH Fo
9 Aojz o Fol Y& w It (Beaz-Hidalgo
and Figueras, 2013a; Dallaire-Dufresne et al., 2014).
T 2 AEYS AHEYES EHOE F
(Janda and Abbott 2010). 88 A. salmonicida= El
22 e dddedo] HrbE WAl A #57}
A g AP ER o]lHd EA S o] &3t
A. salmonicida®] T55 HA 28T F U= AL
2 4# A Ut (Boone ef al., 2001; Dallaire-Dufresne
et al, 2014). 1y} He] AFANAE 4. salmoni-
cida °FE9] 75 AL 5o o7 FE H
HIAY 7o &/ disix do] &&st
(Dallaire-Duftesne et al., 2014). 53|, Aeromonas <
o AE A ERe Bdslel s8] wie] &
7 AAE FH37] oAHT &elA AT (Beaz-
Hidalgo and Figueras, 2013a).

O = &332l deromonas 52 % FFol
Aol 75 flsiA 2 7 A Ee] ARSI
JA T 7 FRLE A3 Bl AR 7)|ed
Zo| F7I=E Q8] AEH o2 sty vk whebA
EARFFA A2 deromonas 52 £ ER/7F AHEE
3 o A A2 FFolA vAEY AT
g7 E4& AL P E T8 A7l T8
& A4S staL Aok 53], 16S iDNAZHH S ©]

&3t deromonas 4 dFES T4 WHel 1H=E
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= Atk 16S IDNA A= Al 750 oA
A Fo]7] W&o REAHS 2ty 9lom ulglA

EE A Atole i3t #AE B F e b
AL 7HAZ dva €3 A Ak (Ko, 2008).
d38Y deromonas %52 =& F334 FAME S
Z Ql3}e] 16S 1DNA 2ol 23t £ EF7V} &
74971 B& Ao 2 RuFE 1 9t} (Beaz-Hidalgo
et al,, 2009). °]& g 9o 54 3¢ *?l%}%ﬂ
Zke] A71ME BAE B3l R HAE S
sHAl AR 4 o ojm] R *dffﬂ"ﬂ?%ﬂ/ﬂ
dZ=o ot oY & 392 7B A T4
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A WG Be 54 59 77 5ol E4H=
2], Al 57 EE 54 g o o84
F ATk (Ko, 2008). T3, o] Aol <ot

Aeromonas &3t TH S 913t RNA polymerase
factor ¢’° (rpoD) X DNA gyrase subunit B (gyrB)
FRZ e Sol Al ZetolHE Azt
Aol 7153 R T (Martinez-Murcia et al., 2011).
3], A. bestiarum3} A. salmonicida= 722
HetA #hH o] dgol= B3kl 3h-¢27]%
FRAAR] rpoD F2 A7 L 4o o)t Al
FTaAstA o ® Hedk B IS Hofon,
T oD FAA B0 F deromonas &9 T
Aeromonas piscicola &= W7 = T} (Beaz-
Hidalgo et al., 2009).

et B Aol A= Aol o 72 deromonas
1 1S A9 ﬁl A7) At =o] A

S 167] o F FAAe] Ao} of FollA Aeromonas
= &8 3kal 16S IDNAS| A E 3} o427 7%
ARl rpoD L& gyrB FAA AE S 7o R %—

FEolA AT
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AR RE
Aeromonas TF5 47| $35F] 20173 1€ A
94 Apolol F=el ATk F 1674 FAF L

ERE FAIMNE], A FAo], &0, Ao
(Oncorhynchus masou masou)=5-F /\‘H‘FLH Ay
F4E Yt A& AELS §F oyt 11,
v, AL, ASFEEES N33 tryptic soy agar
(TSA) Bl A] (236950, BD, USA) o] =23k 5 25C
ol A 24 A7 vl FstA T sl A EElE dFe
1% sodium chloride (Usb, USA)7} Z7F8 TSA HlA|
of vkttt 18l 9 7FE & EE ]
8l oAl Bt Wgo]E o] &8t TSA HijA| o
Ad) wjeFste] HFH R & B 775 ¢
Atk 18 F2Y A AL #FE HE
3] #AFste 7S5 BE ¥ tryptic soy
broth (TSB) WAl A 24 A1ZF w3 5 20% glye-
erol (GLY001.1, Bioshop, Canada)E 3 7}3l] stock
< Az3tal 70Tl BAsH T
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E3S HAE

_,43] P _/] A§a]6b<4 o) /\gpﬂrzﬂ—z% E/H -l_-lLUi Kol
#3l Gram-stain (B1, YD, Korea)® API 20E TEST
(BioMe rieux, France)E A3+ T}, Gram-stain
TSA HjA o &4 widdE O FEYUE W Fol&
o] 83t &Etol=9ol ST A=A AT
Aol w2} P E o, Frl7d (CH30RF200, Olym-
pus, Japan)oi _ﬂ.;‘gﬂ.oﬂ& w] Hx}Molm ek
A+, Aol g o2 AAHIAT. =
API 20E TESTE A % H A Aol met 2542°C
of| A 24~48 AZt v st BEg AAE gelet
=3

PCR &1 Z2l0|H

%A W3 (Polymerase chain reaction, PCR)
EFELS EFSHFST 7.5 ulS} prime Taq DNA
Polymerase 1.25 unit, 2X reaction buffer, 4 mM
MgCl,, enzyme stabilizer, sediment, loading dye, 0.5
mM each of dATP, dCTP, dGTP, dTTP7} ¥4
Premix 12.5 ul (Genetbio, Korea)$} foward$} reverse
primer (10 pmo)Z 2+ 1 ul & 713 EFAo| sin-
gle colonyE 718l H 1, B SHFFTE H7stA
HE BF225 1= Z"‘] 3}, &35k 5 thermal
cycler (Model 2720, Applied Biosystems, USA)E ©]
&3t] PCRS AAISFATE WHg 5@% 94°C ol A]

10 3t A *4/\171 5 94ColA 30 = WA, 55Col
A 30 23+ A%, 72ColA 1 &3 214 E35§4

Hﬂo}w 0F TN T B AF A B
AE AR Zefolmel el mer 471: vl
o] Qoo BHA AA A ZASHUY == H
AR ES &3] 3l ethidium bromide”} 0.5 1l
/ mL 352 A7l 1.5% agarose geloll A 0.5 X
TAE Buffer (20 mM Tris-acetate, 1| mM EDTA, pH
8.0)5 &EH o2 3l 100Vl A 25~30 B3+ A
71953 & Gel Logic 100 Image system (Kodak,
USA)oll A Molecular Imaging Soft version 4.0
(Kodak, USA)S. 2 HF &S &3t PCR
of AR8-E Zglo|m &= Table 19] EAISIATE

DNA A2t Al#HA
UV transilluminator 3ol A Eo]& <l W=7} &
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Table 1. Primers designed for this study
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Primer Target gene Sequence (5°-3") Location” Reference
EUB-F ACGCTGGCGGCAGGCCTAACAC 13~34 .

EUB-R 165 rDNA ATTACTAGCGATTCCGTCTTC 1309~ 1329 This study
rpoD-F1 CGTCAATTCCGCCTGATGCC 769 ~788
rpoD-F2 RNA polymerase GAAGGCGAAATCGACATCGC 340~359
rpoD-R1 sigma factor CTCTGCGTTGAGCAGGCCAA 887868
I'pOD-R2 ATCAACCGYCGCATGAGCAT 1100~1081 Martinez-Murcia
gyrB-F1 GGGGTCTACTGCTTCACCAA 793 ~812 et al., 2011
gyrB-F2 DNA gyrase CATGTCTACGAGCAGACCTA 415~434
gyrB-R1 subunit B GACGAGTACAACCCGGACAA 1460~ 1441
gyrB-R2 GGCAAGATCCTGAACGTGGAG 1362~1342

“Following E. coli numbering

H AHEE 35 2 AASH] Y8 Expin™ com-
kit (GeneAll, Korea)& AF-&3}<] Gel purification
XA T A 1.5% agarose geloll A 7]
g & AYstaL geloll A= FAAE 535171
3 UVl A E3 3= Alo] 29| WIEE cutting
S 1.5 ml FH Lﬂcﬂ—%(ﬂt} o] & gel9] 3 HJ
volume TFE-2] GB buffer & 23 vortexES A A3}
o ge% 53] <A U2 column FHo| &4 &
o} 914l £a] (12000 x g, 2 min)S 3FUct ohS
NW Buffer 500 1l & ¥ 94 &g (12000 x g,
2 min)3te] MA3sta ¥l {FE JEE ¥ o 94
g U}XMOE B buffer 20 ul (12000 x
g, 2 min)E ¥ U4 st ¢&otal FAE
DNA 221 F53H Q‘ﬂr ZAE DNA & A&
S|Ate] By @71AEREA S A=, Ter-
minator v3.1 Cycle Sequencing Kits (Applied Biosys-
tems, USA)®} DNA Engine Tetrad 2 Peltier Thermal
Cycler (BIO-RAD, USA)E AF&3}4 PCR HH&-<
Y3k & wh-gof] FofshA] eF2 dNTPS} vhg&
< A|A32 ABI 3730x1 DNA Analyzer (Applied
Biosystems, USA)oll Al Al 235 AT (Ma-
crogen, Korea).

o ofn rHIo g e

DNA S7|ME BEM

A7 g B4 7= BioEdit version 7.2.5 & 9]
43t SZH grIAgoe] &3 PeakE F A5
=2 elstgth MEGA7 T 2139 CLUSTALW

HH © 2 multiple sequence alignment S Z1 3] g1

NCBI (National Center for Biotechnology Informa-
tion, USA)®I blast search (Megablast)2 53| Gen-
Bankoll 5&5H U&= #FEY F7IAEH vl
3t A4S AASAT
2ot W D

g M

3670 2] Aderomonas 42 dF+= 18 94
IFSANTLE glglon, 25T A 2 4
H Fstte W TSA ¥Rl A o] S22 34
2 AAT A AFT AHH wiA] ]
A = A salmonicidas |A BHEE 4
HAd FdstAl 2 AFolA ZEE 24709 4
salmonicidad 5 % 2371 ElZ410] H714 wj=|
oA ZAMAE FASGT Ty =2 17)
o] FFoAE ol AT IREAIZ HIAY 4.
salmonicida v+ A MAE A Ut
(Abbott ef al, 2003). &= Th2 3ol ot HAH
A. salmonicida= A2 MALE FSEAY =2]A A
Attty B Enlst At Altmann et al, 1992).
ol2]9] 10702 4. sobriadTE %t FEAE
DA sk 22U §4 o}gix:} 19 7hzh
A. popoffii, A. media= TSA WX oA T8 <F
Zte] B EAS glth API 20E KITE ©] 435}
#EE W3 A A= v B ARE Ve
Wor, o)Jd By AT 2}t FAF Y (Beaz-
Hidalgo et al., 2009; Beaz-Hidalgo et al., 2010; Yi
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16S rDNA EI7|AME 2M

2 AFdAME FLEY 167] o/ ¥4 A
o o] {Fl FANFo, thAFA, & F
HoloA & &9 #7759 58S #al 16S
DNA FHAAE 7|9t e.2 A 23 Zeto|HE o] &
ste] PCR& A A7} oF 1300 bpo] A4 &
HE #elsty o (Fig 1) 1 A3 BE¥ 96 +5
= 36 4F7} deromonas 52 dFHFoH 1 -
O Z Pseudomonas %°| 17 o2 717 @o] g
E T} (Table 2). 2 9] B AA F2+EQd Carno-
bacterium sp. °|W QA FHF AT Lacro-

coccus garvieae 7t 247} 877 FAEHUTH =
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Fig. 1. Electrophoresis results of PCR products amplified
using universal primers for 16S rDNA gene. PCR was
performed using EUB primer-F (5'- ACGCTGGCGGCA
GGCCTAACAC-3") and EUB primer-R (5°- ATTACT
AGCGATTCCGTCTTC-3"). Typical PCR product of A.
media (lane 1) was confirmed with the band size of about
1300 bp. Lane M, DNA marker (GeneRuler, Thermo
Scientific, USA).

Table 2. Identification of bacterial strains isolated from salmonid fishes using 16S rDNA sequence analysis

Bacteria Fish No. of isolates Farm
Rambpw trout A E F H
Aeromonas sp. Atlantic salmon 36
ILJ N, O
Coho salmon
Rainbow trout A, C, E,
Pseudomonas  sp. Coho salmon 17 G N, O
Carnobacterium sp. Rainbow trout 8 A, N
Coho salmon
Lactococcus garvieae Rainbow trout 8 C
Flavobacterium sp. Rainbow trout 4 A, N
Masou salmon
Acinetobacter sp. Rainbow trout 4 A, L
Citrobacter sp. Rainbow trout 4 C, F
Arthrobacter sp. Rainbow trout 3 A, L
I Rainbow trout
Vibrio sp. Coho salmon 3 B
Vibrio anguillarum Rainbow trout 2 B, D
Masou salmon
. Rainbow trout
Bacillus sp. Coho salmon 2 G, M
Lactococcus sp. Rainbow trout 1 N
Acidovorax sp. Rainbow trout 1 A
Brochothrix thermosphacta Rainbow trout 1 K
Plesiomonas shigelloides Rainbow trout 1 N
Pantoea sp. Rainbow trout 1 P

"Bacterial strains were isolated from the 16 farms marked with capital letters
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o Foll Al oltH RAR S d o7
A e Flavobactermm——‘,— T &
Vibrio &l A 2708 T3+ Vibrio angulllarum =
o2 FAHHIJANRE, Ur‘ﬂ;q 3ol dF= 168
DNA §71AE B2 3 78] o8]
o & Tdol o5t 2o HEFS A¢sta
Vibrio anguillarum &-2 16S tTRNA 2 F&°] 7}
stpn Haso] Ytk (Wilk er al, 1995). =
Thompson et al., 2005%] W2 H Vibrio TE2| Ht}
HEshA AlS TS 42 #1380 oA, recA,
pyrH 59 F32& nesfoF dvkal Bastar 9}
o O 9 ES ZE A gy =t 9l
= Acinetobacter3;, Arthrobacters w571 4719} 3
Mo =2 44 B =, ZUAFA Citro-
bacterss 47 7t EEH AT

rr
pou)
(o
fru
2 e
v

==

rpoD ST™XMEMHS 0|28t Aeromonas &
Ex‘l
H AFo| A= 16S tDNA E439 ]3] deromonas
o7 Agy 3o 3 TEES Y8 oD =
Z|Hre & A 23k Zefo]mE o] &5t FA 8
oW rpoD fFRAAF Ao ofste] F&3 Fo| F
Aol ¢ H= 3 e #Fol el ARt T Al grB
FHAAE o] &3t T FAHS AANSAT. H=x
rpoD +73 Ao Eo]&Ql Zeto|HE ©] 83 PCR
<= AR A3 rpoD2] F13+ R1 Ze}o]m| 23te]
AHES oF 118 bp= WEMS AL, F19F R2& ¢F 331
bp, F29} R19] Zto|H] 2§ oF 547 bpo 2 o
el Z1diglE =719 PCR 4HES ER1E &= Q)%
t} (Fig. 2). ¥ ATl A= A salmonicida®}t A. so-
bria %) AFA 2 BHo| o] F APAE
HofA o &2 vehte F9] 89 PCR 4o HE
SHA @S A3 29 Fl 23H9] ZElolnE
ek

rpoD 7= RNA T 849 54 7fA F
#1o] F2e F8a UA BEE = JHA Ao
I, gyrBE 73] H2 AJEH oA DNA EE 27
£ xHstn %&‘ﬂ]% A7 sl 4 olF
= Aeshes B 1 Exol
/\Eﬂ E}Xﬂiﬂ @ W == housekeeping A}
53 /by

0})|

2|

E°|t}. = multiple sequence alignmentE

500—
300—
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Fig. 2. Electrophoresis results of PCR products ampli-
fied using primers for rpoD gene of Aeromonas species.
Lane 1; The combination of rpoD-F1 and rpoD-R1 is
about 118 bp, lane 2; The combination of rpoD-F1 and
rpoD-R2 is about 331 bp, lane 3; The combination of
rpoD-F2 and rpoD-R1 is about 547 bp. Lane M, DNA
marker.

conserve® Zglo]HE-& A3t PCRE A A g
s A7IME A4S F8t grBS} oD TAATE
AFTEASGHAAE Bt ¢ 4 v
4S UF3A Y Martinez-Murcia et al., 2005). ©]
A A I ZH deromonas T TES 93| o]
|5+ 2718 T3 71D AR ol
AAA poD FHATY grB FHAAET A E-FAF
Aol Ao PmZ deromonas 52 EIF 7o ¢ A
ek Ao 2 RSP T (Martinez-Murcia et al,
2011). 23Y rpoD A A= A. allosaccharophila
2} A. veronii, A. lusitana®} A. tectaS 83| TE
sHA] Zshe Ao E ey

B AT A= 16S tDNA £4-2 53l deromonas
&0 2 3RIH 367 FFE5 rpoD A A714<E
< B43t] FA% A} A salmonicida?} 24 5
2 67%° 23R oH, I HEE A sobria 7} 107)]
4F2A sHEH HE AT (Table 3). = &
AFolA = 18] #F5 mpoD FRAAE o] &3
F HEAA A media®}t A. rivipollensis & 3 &3}
A gAES & g 3= ol o F 9 rpoD
Az @71AALol wg- A ] wZol Tk w
A FIHECE grB A EVIAEEN S A
A%t A3} A mediaZ 7 = A Th (Table 3). &=
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Table 3. Comparison of 16S rDNA and housekeeping gene analysis for the identification of Aeromonas species

16S rDNA rpoD gyrB Fish No. of isolates Farm
A.salmonicida Rainbow trout
A.hydrophila A.salmonicida - Atlantic salmon 24 A, H, N
A.bestiarum Coho salmon
. . Rainbow trout A, E, F,
A.sobria A.sobria ) Atlantic salmon 10 H J, N, O
A.hydrophila .
A.media 4.@6(1’1(1, . A. media Rainbow trout 1 A
. A.rivipollensis
A.caviae
A.bivalvium
A.mollusscorum
A.encheleia . .
A salmonicida A.popolffii - Rainbow trout 1 I
A.sobria
A.veronii

o ol et deromonas FEC] RALE AL
91 2 W (Beaz-Hidalgo et al., 2009; Martinez-Murcia
et al, 2011; Vega-Sanchez et al., 2014b), £ A7l
A= ATAR F2 deromonas &9 T A. sal-
monicida, A. sobria, A. media, A. popoffii®] & 45
o] YEFRTH

ATAH rpoD A B ol &30 4. salmo-
nicida 2 3% W89 24719 FF+E 16S iDNA £
A A. salmonicida S A. hydrophila, A. bestia-
rum?l A2 e 788 = gllem o] o]
£ F719] 16S 1DNA H714LF9] ¥ FAA 9
AARSHEY, =8 A media®}t A. popoffii=. 16S tDNA
FZA B A TS deromonas 53 L X3
A5 YeElfo] 83t & A= AL o
Aok 28y A. sobria ] 73-%- 16S tDNA A 72}
ST FAAE o] &S W AAVE LA
393, o] Soler 5 (2004)2] RietE UX|3}A|
B ATNAE 0F 15T Belsar) o
ol A543 Telo] WRET wekal ol o]
Foll A== deromonas 42 &3 £ TAHL
rpoD} gyrB AL M EE 7|HESE 3 Lero-
monas &3F T2 16S tDNA A EHt} 83t A
° 2 eyt

ZZ9 poD-gyrB FAA A7 <E

S g o R AFT S AAS AH, 4 salo-
monicida, A. sobria, A. media 1¥)3L A. popoffi=
ZtE ol WEg zolE YE L 8 #HS
stk (Fig. 3). = AT AA= 4
salmonicida®} A. popoffii 32| 3 FAd o] 71
=3O, U5 A media 3 A. popoffi =2 = E}
W}, o]k A3= Beaz-Hidalgo 5 (2009)2] ©]
A Ao g B AFANA gyrB}t rpoD
ARE A3t &2 H deromonas 7= AS
HAEA o7 FelHA e dFe ok =3
Aeromonas 3t TE& #1381 dnal, recd, dnaX,
grd 9] 392718 FHdA7 18 E 7 doH,
o1 fAAe B ABWANA Folt 212t
=293 ¢8A Ao (Martinez-Murcia et al.,
2011).

2 o

AA| G2 Aol A= AeromonadE HIE G TheFgh
Heldtel od HEP o=z Q3| B 75‘74]7‘—1 =4
< 73 Ut} Aol o] FEETE ofY e} T H 3
FolRAAE APAHQ HES oF7|8k= deromonas
T2 Ho]x 26% o] o] Hiuxojgtom Wy
& FEst= FulAH = AlFolth deromonas &
S 82137]) Y3l 16S tDNA 2 3¢~ 715 F3
Zke]l Ak DS 7o 7 3 BAYESH 7]
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A.salmonicida subsp.achromogenes LMG 14900 (JN215539.1 )
A.salmonicida subsp.smithia CIP 104757 (JN712433.1)
A.salmonicida subsp.masoucida CECT 896 (AY169330.1)
A.salmonicida subsp.pectinolytica 34MEL (AY169324.1)
A.salmonicida subsp.salmonicida CECT 894T (AY987688.1)
170508-11 A.salmonicida

170508-8 A.salmonicida

170508-5 A.salmonicida

170508-2 A.salmonicida

170419-6 A.salmonicida

170419-8 A.salmonicida

170508-3 A.salmonicida

170508-6 A.salmonicida

170508-9 A.salmonicida

170508-12 A.salmonicida

170508-14 A.salmonicida

170821-2 A.salmonicida

170508-1 A.salmonicida

170508-4 A.salmonicida

170508-7 A.salmonicida

170508-10 A.salmonicida

170508-13 A.salmonicida

170508-15 A.salmonicida

170508-16 A.salmonicida

170712-3 A.salmonicida

170821-8 A.salmonicida

170821-9 A.salmonicida
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Fig. 3. Phylogenetic analysis of 7poD nucleotide sequences (547 bp) performed by the unrooted neighbor joining
method using CLUSTAL X software (Verse 1.6). 4. media was analyzed with the gyrB nucleotide sequence (549
bp).
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