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FEESBE R FHF0R H A< &3 07 fh
PCR #ill 7 iEREE T

g Fxm' FRzY om o®! Xaea4kY F OV
(L KRB A =BT 17 851 R S H R S 15650 5 M R 5 00 i
EIRE KRR TR ED AT SRE R T 266071 2. LHEBHEA
KPRERRBIRECE AL L 201306; 3. KUAREBOKEB R 300384)

HWE  FHES 2R EAeromonassalmonicida) 2 — M E E W & X FURE, TR E L AR K&k
FEREME AT S AN, BArE A oA A& VRAEA 16S IDNA T 51 o4 77 3R AR X S 30 T2 A Y Bk
FERFHR . NEARGER A RE T A RE LSRN, 4 REE NN RER L RE R T
(A. salmonicida subsp. salmonicida)fr 5% H A I ##(A. salmonicida subsp. masoucida), A#F % & 7 H
HE M PCR Al 77 %, MR4E Gene Bank BN RS g A FA1E B, #ELE T phoB
AR B A T A LOC111476736 FEEE N AR E, RAEHLF 7% - RET 4, ¥ — %3 PCR
RRL BB OK B . BIAURE . ANTPs W . Mg™ ik g Bk B 5 N FEHAT T4, IR T %
HHEERM . SRR R, SRER, 2 X5 0 B U R AR R R T A 522 bp
ty phoB #F 51 2L B Fr B 2% B AiE T AP 515 bp B9 LOC111476736 #5572 H A o, 26 T Ab A i
5l 4k & 3R K JHE A 64 °C, 10 pmol/L 5| 47, 2 mmol/L dNTPs, 25 mmol/L MgSO, ## 1 U/uL KOD H&
W RERMEDA A 15,2, 1.5F1 0.5 plo 5 B ARk T AR 25| & ER KEZ A 64 C, 10 pmol/L
5|47 .2 mmol/L dNTPs. 25 mmol/L MgSO,4 7 1 U/uL KOD B iy 5 7& 7 ln & 2~ 5] 4 0.75.1.1.5 #2 0.5 pL,,
L #2 91 & (Mbrio anguillarum) . % A # & of /T & (Photobacterium damselae) . # # % /2 4 K &
(Edwardsiella piscicida). =& &k 5 5 o W H b L FF 25 14 Fh 2 oK 7= 0 JR o 30w IR o O AR AT
PCR &M, H TR Z 7 xR % AP BRI RBUE A 12.8 CFU/R BL (1 14) 2k
17.6 fg/ S (DNA), X 7% #5280 1 % B A& T2 AF 69400 R GUE % 23.8 CFU/ KR () 27.2 fg/ 7R
(DNA), FI| il 7 8 R 50 H % e S0 A o H A& S A 5 X K % 87 (Scophthal mus maxi mus) ¥ 47 A T g
Pkt B JEEUR A A BAT PCR lll, £RET, K7 ETUNEL I K ZEF 25 10 2
AR R . &5 L PR, R RELTY RER LR R E TR B AE T A 53 PCR AN &%,
TR T N RER R E R E T AR B AR T A IRATR A E R S BT R A T
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Z4: 5, B TR (Aeromonas salmonicida) & < B iy
W FH(Aeromonadaceae) . < I J& (Aeromonas), A
FeME i S Bl RR A 22 IR P PR R (Najimi et al, 2008), £
BN S AR SRR A (A salmonicida subsp.
salmonicida) . 5 [V Ff(A. salmonicida subsp. smithia) .,
Jo {5, F (A, salmonicida subsp. achromogenes), 7% H
At A (A, salmonicida subsp. masoucida) FIvA i 7
(A, salmonicida subsp. pectinolytica) (Pavan et al,
2000), A SEA I TR 7 [ P 4R IE R DL G 2 Fh R
B 0 28 TT 51 B T e (R R A, 20065 254111 AE,
2015; JAAAZ4E, 2015; EREAE, 2017), f£50 09 % b
PPN A T 1 AR AR B A AR R L R ARIE AR
FEE TR A RRAE , X 285 1 BEBFERT H 5 5 HAbe
JEE Kk A58 R v (Lee et al, 2002; Keeling et al,
2013), 16S rRNA F K414 & T AR BRI 1Y 4808
(del Cerro €t al, 2002; Hiney et al, 1998; Miyata et al,
1996), HAth# L PCR (Byers et al, 2002), £ PCR
(Altinok et al, 2008) % Y 2 i PCR (Ferndndez-Alvarez
et al, 2016). - F5ERY HEH AR (LAMP) (Kulkarni
et al, 2009)FI 24 H R (Adams et al, 1990) A7) 2
1A, H 3k 25 0 KRB S e Jm Bl Rl , JCik 4 2P,
BRI, A 2 5 56 T 2% b B 77 A% i S o P A DU
Jrik R HRIE , (AR SR i AL B, X ey
I A —E )RR YE . Miyata 25(1996)F 1 PCR J57k
ST T AR R A AR i, (RN RSy
I R e S A b A 7 v 0 HAR S 5 Fernandez-
Alvarez %(2016)#57. T SYBR Green [ 7¢)¢E R/ PCR )5
DRI A SR M RO B R, R BT IAR] 21 fg, (H
TERR A H AT AL PR A -t AEAE A DN Y H AR A

FET BRI, Sk g A% e AR I A
T, ARG LA S 50 28 i 00 0 2 1) ) A B AR I P R
e N7 oo R A% H A B S Rp O B 50 42, SE st AT AR
YA BES P A7 (5 B, 2 H phoB A il
LOC111476736 H K i iH45 55 19, sy AR e
PR SEE AR FN H A EE A 1Y) PCR AT, A i
A R i R A U AT Ao X3 B R R SRR

1 #wRERE
1.1 EHMREFEEH

ARSI AR W 1, H, REES R 68
185 M it 14 (Aeromonas encheleia)fE TSA K5354E 20 °C
B3, KIBFFH (Escherichia coli)7E LB 4L 37 C
B3R, Ao {84 [ (Edwardsiella piscicida) . &7k

S A it 1 (Aeromonas  hydrophila) . 35 A i & JGHF
(Photobacterium damselae) . &3 1% (Vibrio anguillarum) ,
M ECHINEE (Mibrio harveyi) . Bl 5555 Bk % (Sreptococcus
parauberis) . i JiK#E R 7 (Streptococeus iniae) . 5 FL
4% BR 4 (Streptococcus  dysgalactiae) Fil A B 2 76 4T 3
(Bacillus subtilis)&5 HoAth R AR 7E TSA K F Kkt 28 'CHs
I o A S B TR o TR R I 1) S [ TR A DR e P
(ATCC), HoA TR P Fh A< 52 50 25 I PR 70 B85 0 488

1.2 REHEEREZA DNA

ARSI TP B 41 DNA $2BUAR] & (R AR,
Hh ) i R ] 5 20 R4 A FR [ 2 DN

1.3 45251 ¥& i iGIE R M & E

%} GenBank 7 B A BY 48 BRf E WP A X
L TR L 2L R R AT E AR S R A 2R A T, O R e
A PP T AT AR SR LI, R S 3 R ) R 4
5 H AR AT LB AT o ARPE AT AE R, Ik
M S PR T R B 7 AP phoB 3 PR AR H A i W b
LOC111476736 H:PHAE R HAnH K . FH Primer-
BLAST W itHEsPE5 4, Jfidid BLAST ik, HEBR
2145 HoAth (802 ) Kk 22 6% (Scophthalmus maximus) .
K VG4 (Salmo salar) . IT % (Oncorhynchus mykiss)
1% 8 (Salmo truttay) =5 A% fif /<, B I SUER T S S R 4
PAERE SR ZE G, PEBURE 5 1 A T 5 TR (3% 2).
i i KOD filf(TOYOBO, )i 45 it il 25 uL PCR
A% : 2.5 uL 10xPCR buffer. 0.75 pL 10 pmol/L 1F/
K514, 1 pL 2 mmol/L dNTPs, 1.5 pL 25 mmol/L
MgS0,.0.5 uL 1 U/uL KOD fif§ . 1 uL DNA f&# 17 uL
ddH,0, Z5 [ LL ddH,0 YE MM . 518 A
salmonicida F1/R1 Fll A. masoucida F2/R2 f{ PCR %&
. 94 ‘CHIAEE 5 min; 98 CAEHE 10s, AR 52.
54,56, 58,60, 62 F164 ‘CiE -k 30s, 68 CHEfH 155,
35 MIEFR; 68 CFATHEM 7 min, §HE=HIH 1.5%
BN AR S5 Jg FL kG T i 00 P B
1.4 PCREEHITL

Sk B A 3% i AR R R e S R R R A o ST A
[) PCR ¥ 38 2544, 0 B B AR 22 R 9 ANTPs ¥R |
Sl . MgSO, Mk B Ak BE AT AL 1k, Dafb 4t
W3 3. PCR F=¥)4: 1.5%B R e i v 7K 5 b=
YN se 25 .
1.5 PCR K RBEH N

DL AR T B0k I e K ek SR i B R AR
ATCC33658 FlIz H AL Fl ATCC27013 By B Ik
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Tab.1 Bacterial strains used in this study

Ff Strain 4’5 No. TG FECRIR) Host (Source)

A SRR S A fee S Ao ATCC27013 JKJFRPS £ Oncorhynchus keta

A. salmonicida subsp. masoucida ASM20200505RZ2L K 26T S, maximus
ASM20160705RZ6S KEEHTE S, maximus
ASM20181222LN1G KZZHE S maximus

TS BRI T R e Y o ASS20180101GZ fi% 4 Sniperca chuatsi

A. salmonicida subsp. salmonicida ASS20200608XZ11L WV AR fif: Salmo trutta fario
ATCC33658 KP4 Salmo salar

%@%%‘$E@_%%@ﬂﬂ: ATCC33659 ¥ Salmo trutta

A. salmonicida subsp. achromogenes

AR UL CTAR ATCC49393 162 Rutilus rutilus

A. salmonicida subsp. smithia

KA Escherichia coli DH50, A 58628 This laboratory

R 7K S HA LT Aeromonas hydrophila AH20200705GX6L fif £t Acipenser sinensis

25N & Vibrio anguillarum VH20200505RZ4L KEEHTE S, maximus

M ECHRE Vibrio harveyi VH20171120ZGHYDX S8 BEAT ¥ Chiloscyllium plagiosum
VH20210117QD2S &3+ T, i fili Thamnaconus modestus

8% £ HLJfL 4 Aeromonas encheleia AE20181222IN1K KEEHE S maximus

26 A8 % CFF T Photobacterium damselae PD20190927JS2L B F-filh Sebastes schlegelii
PD20191102HN WK FE i Sea water sample

Vibrio salmonicida VS20180305RZ4S fifi 3k 5% Oncorhynchus mykiss

K BEER H Sreptococcus iniae S120200705GX7L fidf6, Acipenser sinensis

BIFL G4 BR B Sreptococcus parauberis SP20191120LZ3Z KZEHT S, maximus

=3 5% FR B Sreptococcus dysgalactiae SD20191105HN2K FhLr i fk s Plectropomus leopardus

A Z A G T Edwardsiella piscicida ET20180101HLDIS KZEHF S, maximus

i B AT A Bacillus subtilis BS20180724QD5Y WEIK KR Sea water sample

£2 AWRPHFAY
Tab.2 Primers used in this study
J¥%1 Sequence (5'~3") £ Length /bp
ATCCACAGCAGCCATCAATAGAGG
ACACAGAACAGAAGACGAACACAGT
CGGTCATCGCGTTAAACGAT 52 ZR A Fif
AGGCAACCGATCAAATCACTG A. salmonicida subsp. salmonicida

5|4 Primer

A. masoucida F2

W F Subspecies

A% HAS e S0 Fof
A. salmonicida subsp. masoucida

. 515
A. masoucida R2

A. salmonicida F1
A. salmonicida R1

* 3 PCREZMMALQ2S uL)
Tab.3  Optimization of PCR reaction system (25 pL)

%43 Component {RFL Volume /uL
2 mmol/L dNTPs 1.0, 2.0, 3.0, 4.0
25 mmol/L MgSO, 1.0, 1.5,2.0,2.5,3.0
10 pmol/L 5|%) Primer 1.25, 1.00, 0.75, 0.50
1 U/uL KOD i} 0.25. 0.50. 0.75. 1.00

JHT PCR ¥ ¥4 IF- 047 FL UK A

ffiF] NanoDrop 2000 il % 7% i < B Ji B 114 3 [H
4 DNA W, M ddH,O #f 5K 48 B2
1.76x10°~1.76x10" fg/uL (ATCC33658) il 2.72x10°~
2.72x10° fg/uL (ATCC27013). H:ANFiBHS 1) DNA
VWA M 1 pL VRN T PCR 47 B A6

1.6 PCR %544+

ARSI T ARG ULEE 1, F PBS ¥ s 5 32 1 4
B ZEZ 1x10° CFU/mL, 95 CHI# 5 min, B 1 pL
PR, DL IRRE e B2 9 A% i /<50 i TR 2 i I ol

B, PBS #f ATCC33658 TR R R FE 2 1.28%10°~
1.28%x10° CFU/uL, ¥ ATCC27013 [ b6 B i 1 &2
1.19x10°~1.19x10° CFU/uL, 40 5IHC 1 L F B 1) B 7
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544 %

ATCC33658 FlIA% H A3V il ATCC27013 14 Ky BH:
XTHE, L ddH,O MR, FIFHG19 A salmonicida
FI/R1.A. masoucida F2/R2 %} 23 ¥R #E4F PCR ¥4,
FEFEATHLPKAGIN , B PCR K0y ik 5 Sk

1.7 s&fEhEfEER©E N

KEZGPI TR PH R Rt S, IRE R 50~60 g, 5K
ISHTFRAA T 100 L JEPE/K SR R G, KiEH 18 C,
YL ST REALEL 5 A, HUHE . REIERN B ES)
WURATT TSA iFedk, i Sem ARG It o Bk
I BENL NN 2 41, 44 10 . FIH PBS 2ok
FEU I A S PR B AR B Fl ASS20200608XZ11L Fll
2 HAEET Fl ASM20160705RZ6S T Wk vk FF 49k &
1x10° CFU/mL, KRN TS ik, AR AESf
0.1 mL, XHHRZAHST 0.1 mL AY PBS ZZ ik, flss
THAFZEIE T B S50 mg &ffadiZUmA PBS WS, 95 C
S 10 min, B 1 puL E AR, ASS20200608XZ11L I
ASM20160705RZ6S 1A DNA SN FHMEXT R, #4708 |
R AR R AR P 4T PCR,

2 H#R

2.1 PCR %K & iE&E &M &5

FIH 5% A. salmonicida F1/R1. A. masoucida
F2/R2 X 7% fik S BA i P R B P B ATCC33658 A ik
SN A HASEEE A ATCC27013 #£4T PCR, )
ZE IR, A. salmonicida F1/R1 549 841 i Beh
522 bp, A. masoucida F2/R2 5| ¥4 34 FB: R 515 bp,
H5WmasR—2, HZL )55 GenBank H' phoB,
LOC111476736 K I (% J¥ 5] 5¢ & — E . L5l Y
A. salmonicida F1/R1 #1 A. masoucida F2/R2 17

750 bp
500 bp
250 bp

K1

Screening annealing temperature of primers A. salmonicida F1/R1 (a) and A. masoucida F2/R2 (b)

Fig.1

750 bp
500 bp

250 bp

PCR, iB K& JEH 52~64 CIHREY 14 4 Sk 45
(KD, =ETHEESH LA . MRIEE S,
2 XE L 64 CHE MR KR EE .

2.2 PCR #NRERMEKR

TR RAFUE, X 25 uL PCR K REATHAL, 45
HEB, LI A. salmonicida F1/R1 J5| ¥4 5 ik B0
JHL TR A BE VA PCR A UK R 1, 2 mmol/L dNTPs £
ERINER 2.0.3.0.4.0 uL (&l 2a),25 mmol/L MgSO,
BOE &N 1.5, 2.0, 2.5 uL (& 2b), 10 pmol/L
Sl EERINE N 1.5 ul (- 2¢), 1 U/uL s 3
ek 0.50. 0.75 pL(& 2d). WL, JEM5IY
A. salmonicida F1/R1 SRR MK FR A 2.5 uL 10x
PCR buffer. 2 pL 2 mmol/L dNTPs. 1.5 pL 25 mmol/L
MgSO,, 1.5 uL 10 umol/L 1E/Z [/ 5[4, 0.5 uL 1 U/uL
fiti . 15.5 pL ddH,O . 1 pL BifR, KW FEF N 94 CHi
A5 5 min; 98 ‘CAEME 10s, 64 ‘CiEk 30s, 68 CHE
i 15 s, 35 MEFF; 68 CFATHEM 7 min.

L A. masoucida F2/R2 >4 5| 9 1) A% i S i B A%
H A fif: 7. A PCR KA & H, 2 mmol/L NTPs fii&
WnER 1.0, 2.0, 3.0 uL (& 2e); 25 mmol/L MgSO,
BOERINEN 1.5.2.0.2.5.3.0 uL (K 26); 10 pmol/L
SIYIBEINEN 0.75, 1.00, 1.50 uL (& 2g); 1 U/uL
fifi i s R 0.50, 0.75. 1.00 pL (& 2h), I,
JE 1514 A. masoucida F2/R2 K F B RAR 2 M 2.5 L
10xPCR buffer. 1 uL 2 mmol/L dNTPs, 1.5 pL 25 mmol/L
MgSO4. 0.75 pL 10 pmol/L E/JZ A HI#). 0.5 pL
1 U/uL . 17 pLddH,O. 1 pL ik, ONFEFh 94 C
PSP 5 min; 98 CZAEME 105, 64 ‘CiEk 30 s, 68 ‘CHE
i 15s, 35 MG ; 68 CIA LM 7 min,

b M 1 2 3 4 5 6 17

5% A. salmonicida F1/R1 (a)#1 A. masoucida F2/R2 (b)iE J i J&F i 1k

M: DL 2000 marker; 1~6: B KiEEE N 52, 54, 56, 58, 60, 62, 64 'C; 7. ZXHXH,
M: DL 2000 marker; 1~6: Annealing temperature of 52, 54, 56, 58, 60, 62, and 64 “C; 7: Negative control.
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750 bp
500 bp

250 bp

750 bp
500 bp

250 bp

750 bp
500 bp

250 bp

K2 5# A salmonicidaF1/R1 (a. b,

c. d)Fll A. masoucida F2/R2 (e.

750 bp
500 bp

250 bp

750 bp
500 bp

250 bp

750 bp
500 bp

250 bp

750 bp
500 bp

250 bp

f. g. h) PCR &R fk

Fig.2 PCR system optimization of primers A. salmonicida F1/R1 (a, b, ¢, d) and A. masoucida F2/R2 (e, f, g, h)

a, ¢: 2 mmol/L dNTPs, 1~4: 1, 2, 3, 4 uL; b, f: 25 mmol/L MgSQO,, 1~5: 1.0, 1.5, 2.0, 2.5, 3.0 uL; c, g: 10 umol /L primer,
1~4:1.50, 1.00, 0.75, 0.50 uL; d, h: 1 U/pL KOD, 1~4: 0.25, 0.50, 0.75, 1.00 pL. M: DL 2000 marker.

2.3 PCR#&ill R & &

DA e S P B R BE Rl ATCC33658 6 B 7 A
(Y BRBCAASEAR , BRIV 1.28%10°~1.28%10" CFU/UL
P4 AT G H A 25T, (YRR BESh 1.28 CFU/UL
BERY 1) H 55407, B, AR5 BT % A ek S

RIS S 7 R A D 2R AR R 12,8 CFU/ S (] 3a),

Ll DNA A, 24N 1.76 fg B AP 1 5] H A 5%
iy, AR S TR B 454 . R, A salmonicida
FI/R1 5141y PCR & 75 46t R BN 17.6 fg/f i
(K 3b),

DI S B P R H AREEE R ATCC27013 #65
i R 1 BTV A B, B ROMR M 1.19x10°~2.38%
10" CFU/uL BRIy 38 B i 40, H Y BBk B
fIKZ 1.19 x 10" CFU/uL AR 3 H B 44, i,
ARy B R % SR R R A o ST 1 A R A
FE R 23.8 CFU/J (I 3¢). LA DNA ik, 4k
2,72 fg BEARY G E)H 0 57, HAL R EE ] R
F A, i, A masoucida F2/R2 51 ¥ #) PCR A&
Kt R BR Ny 27.2 £/ i (B 3d).

2.4 PCR #2440

PEHCER 1y 23 BRI, HE 4 PR EERCRIE
A HASEEE A . 3 Bk AR fik A5 P R i S Fb RN
14 Fh HAB T & 40, 400 514 A salmonicida F1/R1
A. masoucida F2/R2 mJ%¢5 1k, LI A. salmonicida

F1/R1 N5 #1347 PCR B, AN FE A% fi < B i T 4% e

Rl g3 R S v H RS &5 (] 4a). UL A masou0|da
F2/R2 J5|#i#t4T PCR B, XA i 3 R H AR
7 Fh P38 A SR OB SRA (B 4b), 2 XERIEIM
HABANF ) DNA HoRP 38 H U0 DNA 4. I,

AWFFERTTHY 2 X5 | YIRS R 5 1 b A I 2% e A< A
JH A S B I b TR A fie ST

25 JfRBHEAKR

DA A B BRI R Rl ASS20200608XZ11L
IR Bk B TR R HAS 7 A ASM20160705RZ6S
LD VE B L RS20, 7 d N REEBEATAET-, A
K4k B 7%, A. salmonicida F1/R1 Fl A. masoucida
F2/R2 ¥ REAS I 2155 £ 2 21 E’J%%’%ﬁﬂ@%aﬁﬁim
FRE A H A A, T 7EAE R (20 2L b R Y3 H T
i ([ 5), =514 A. salmonicida F1/R1 1 A. masoucida
F2/R2 ] LA s 114 £ e 100 58] 3% ik <P oo it o

3 i

A B SR R R K 7 SR R AR T e O DL
SR Z—, e B AR A SRS A B, - E R T
E S P SR BE AR o AITAFR, AR M B 0 R 1]
HOkBZ , g2 RoKFRmm3E. By, Rk
AR T ) S R Ao DX 3 AR IR 5 |
Az AR ARSI AN R EE I 208, 4 Long 4§(2020)i2
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A. salmonicida F1/R1

750 bp
500 bp

a Zh 4P Boiled bacteria

M 1 2 3 4 5 6
A. masoucidaF2/R2

750 bp
500 bp

¢ #Zh 4P Boiled bacteria

K3 LI (a. c)f DNA(b. d)RHHETT PCR 2 M A6 )
Fig.3 PCR sensitivity detection using bacteria (a, c) and DNA (b, d) as templates

A. salmonicida F1/R1

750 bp
500 bp

b Pure DNA

8 M 1 2 3 4 5

A. salmonicidaF1/R1

750 bp
500 bp

d Pure DNA

a: 1~7: i H31% A. salmonicida F1/R1, 452 i DL 1.28%10°, 1.28x10%, 1.28x10%, 1.28x10%. 0.256x10%, 1.28x10" F1 1.28x10°

CFU fi ATCC33658 A N #E4T PCR; 8:

F2/R2, # Lk 1.19x10°, 1.19x10*. 1.19x10°,

AT PCR; 8. 25 XTI, d:

ZSHENE, b
1.76x10%, 1.76x10" . 1.76x10° fg ] ATCC33658 K:H 40 DNA Kk i#EfT PCR; 5; 2%
0.238x10%,
1~4: {5149 A masoucida F2/R2, 4R LL 2.72x10°, 2.72x10%, 2.72x 10",
2.72x10° fg ) ATCC27013 FEH 41 DNA MAEAHIEFT PCR; S:

1~4: {54 A. salmonicida F1/R1, %

1.19x10°,

BB L 1.76x10°,
FIXIR . 1~7. i FH5149) A. masoucida
1.19x10" F1 1.19x10° CFU & #h 4 ATCC27013

S HXTR, M: DL2000 marker,

a: 1~7: Using primers A. salmonicida F1/R1 and 1.28x10°, 1.28x10% 1.28x10°%, 1.28x10%, 0.256x10%, 1.28x10" and
1.28x10° CFU boiled bacteria ATCC33658 as template for each PCR; 8: Negative control. b: 1~4: Using primer A. salmonicida
FI/R1 and 1.76x10%, 1.76x10%, 17.6, and 1.76x10° fg of ATCC33658 genomic DNA as the template for each PCR; 5: Negative

control. ¢: Using primers A. masoucida F2/R2 and 1.19x10°, 1.19x10%, 1.19x10%, 1.19x10%, 0.238x10%, 1.19x10" and
1.19x10° CFU boiled bacteria ATCC27013 as template for each PCR; 8: Negative control. d: 1~4: Using primers
A. masoucida F2/R2 and 2.72x10°, 2.72x10%, 2.72x10" and 2.72x10° fg of ATCC27013 genomic DNA as
templates for each PCR ; 5: Negative control. M: DL2000 marker.

FHA BAARAGI . 6 DE KL AT 16S rRNA REEK
B & i, % T I8 C 4 1 (Coreius guichenoti)
HhRR e 1 3% SRR R A B R 5 X T4 (2015) ) H
AL % 7E FI 16S tRNA JF 8 T 45 )5 1 5 08 T A fn
(Brachymystax |enok) A1 /8 4 i) A% i <5 i 127 TG €8I
Fib s F& [ 4 B Z bR 7E(GB/T 15805.6-2008) 2% FH T4
PRAEAGAEAE R B, A by 68 5 A% ik B 7T T IX
SRR o (A BRA: fh S 50 75 B e i W i Ak
R R, FBHS, ELR A8 R 3004 I DR T ok A 2
AR FE AR TE A PF A WA S E bR, S 5Bk T
—EMIRAME, 16S rRNA WP R E S EMARERE
9T I F ik (ZEENIAE, 2001), XFIX K28
S T Y 43 2 LA S % ) {H (Martinez-Murcia

et al, 1992), (HIN 72338 finsis L e ) 46 e 1) JE 401
H TG X 4 5 S B P W
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El 4 PCR 54 A salmonicida F1/R1 (a)#1 A. masoucida F2/R2 (b) )45 54k
Fig.4 Specificity of PCR detection with primers A. salmonicida F1/R1 (a) or A. masoucida F2/R2 (b)

M: DL 2000 marker; 1~4: AEES MG A H A VA, 5~7. SREESMIERET RN 8. kS H N I Jo 6O
9: AREES M WA 10: KIAFFIE; 11 B/AKSERME; 12: 8BINE; 13~14: MGICIRE; 15: S80S,
16: ENMENCHFR; 17: RAMEINCHE; 18: REEYIE; 19: WEIKEERRT; 20: MIZLEEERRIA; 21 (FRLaEki;

22 RMEFEACIRH; 23: ZEAMUAFRE; 24 SAXTR.
M: DL 2000 marker; 1~4: A. salmonicida subsp. masoucida; 5~7: A. salmonicida subsp. salmonicida;
8: A. salmonicida subsp. achromogenes; 9: A. salmonicida subsp. smithia; 10: E. coli; 11: A. hydrophila;
12: V. anguillarum; 13~14: V. harveyi; 15: A. encheleia; 16: P. damselae; 17: P. damselae; 18: V. salmonicida;
19: S iniae; 20: S. parauberis; 21: S. dysgalactiae; 22: E. piscicida; 23: Bacillus sp.; 24: Blank control.

1 2 3 4 M M 1 2 3 4

750 bp 750 bp

500bp 500 bp

250bp 250 bp

E5 LUK KZEEEH SO BRI T PCR
Fig.5 PCR with infected turbot tissue as template
a: 5|¥K A. salmonicida F1/R1 #4719 PCR; b: B4~ A. masoucida F2/R2 #4719 PCR;
1: fERRMAZUR; 2. WIEMAALIR; 3: X, 4. S HXF 8, M: DL 2000 marker.

a: PCR with primer A. salmonicida F1/R1; b: PCR with primer A. masoucida F2/R2;
1: Healthy fish tissue fluid; 2: Infected fish tissue fluid; 3: Positive control; 4: Blank control; M: DL 2000 marker.
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Development of a PCR Method to Detect the Aeromonas salmonicida subsp.
salmonicida and Aeromonas salmonicida subsp. masoucida
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Abstract Aeromonas salmonicida is an important pathogen that can infect a variety of marine and
freshwater fish. There are five subspecies of Aeromonas salmonicida: A. salmonicida subsp. salmonicida,
A. salmonicida subsp. smithia, A. salmonicida subsp. achromogenes, A. salmonicida subsp. masoucida,
and A. salmonicida subsp. pectinolytica. Traditionally, the detection of A. salmonicida has been based on
16S rRNA sequencing and physiological and biochemical characterization, but it is difficult to identify the
subspecies using these methods. Outer membrane protein (A-layer protein, VapA), which is encoded by
the vapA gene and regulated by the |uUXS gene, is an important secretion protein of A. salmonicida. It is
involved in bacterial self-agglutination induction, macrophage phagocytosis resistance, and provides
protection against chemicals such as antibiotics and disinfectants. In addition, the vapA gene is also an
effective molecular marker for the identification of A. salmonicida subspecies, however, gene sequencing
and phylogenetic analysis are required for subspecies determination. To establish an accurate and sensitive
rapid detection of A. salmonicida subspecies, in this study we tried to establish a specific PCR method for
A. salmonicida subsp. salmonicida and A. salmonicida subsp. masoucida identification. Based on genome
analysis, the phoB and LOC111476736 genes were used as molecular markers for PCR amplification with
specific primers designed according to the sequences in the GenBank database. The target gene was
amplified using the genomic DNA of A. salmonicida subsp. salmonicida or A. salmonicida subsp.
masoucida, and the method was optimized to improve the efficiency and accuracy of distinguishing these
two subspecies from other pathogens in aquaculture. First, the annealing temperature, primer
concentration, dNTPs concentration, Mg®" concentration, and enzyme dosage of the PCR system were
optimized to improve the sensitivity of the detection method. The results showed that the primers could
amplify the phoB gene fragment of 522 bp and the LOC111476736 gene fragment of 515 bp. The optimal
annealing temperature of specific primers for A. salmonicida subsp. salmonicida was 64 ‘C, and the
optimal volume of 10 umol/L primers, 2 mmol/L dNTPs, 25 mmol/L MgSQO,, and 1 U/uL enzyme were
1.5 pL, 2.0 pL, 1.5 pL, and 0.5 pL (25 pL reaction system), respectively. The optimum annealing
temperature of specific primers for A. salmonicida subsp. masoucida was 64 “C, and the optimum volume
of 10 pmol/L primers, 2 mmol/L dNTPs, 25 mmol/L MgSQO,, and 1 U/uL enzyme were 0.75 pL, 1.00 pL,
1.50 uL, and 0.50 pL (25 pL reaction system), respectively. The sensitivity of the detection method was
determined using a gradient diluted A. salmonicida subsp. salmonicida ATCC33658 bacterin as the
template, and the target band could not be amplified when the bacterin concentration was lower than 12.8
CFU reaction. The detection limit of A. salmonicida subsp. salmonicida based on the phoB gene sequence
established in this study was 12.8 CFU/reaction. With DNA as the template, when the concentration of the
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DNA template was lower than 17.6 fg/reaction, the target band could not be amplified. Thus, the detection
limit of specific primers based on the phoB gene sequence for A. salmonicida subsp. salmonicida was
17.6 fg/reaction. When the gradient dilution of A. salmonicida subsp. masoucida ATCC27013 bacterin
was used as the template, the target band could not be amplified when the bacterin concentration was
lower than 23.8 CFU/reaction. Thus, the detection limit of the method for A.salmonicida subsp.
masoucida, based on the LOCI111476736 gene sequence was 23.8 CFU/reaction. With DNA of
ATCC27013 as the template, when the concentration of the DNA template was lower than 27.2 fg/reaction,
the target band could not be amplified. Thus, in this study, the detection limit of DNA for A. salmonicida
subsp. masoucida using specific primers designed according to the LOC111476736 gene sequence was
27.2 fg/reaction. The specificity of the detection method using specific primers based on the phoB and
LOC111476736 genes was also determined in this study. Aquaculture pathogens or environmental bacteria,
such as Vibrio anguillarum, Photobacterium damselae, Edwardsiella piscicida, Escherichia cali,
Aeromonas hydrophila, Vibrio harveyi, Aeromonas encheleia, Sreptococcus parauberis, Sreptococcus
iniae, Sreptococcus dysgalactiae, and Bacillus subtilis, were used as templates for specificity testing. No
specific products were found for any of the other pathogens tested. The specific PCR products could only
be amplified from the bacterins of A. salmonicida subsp. salmonicida or A. salmonicida subsp. masoucida.
We also tested the application of detection methods using an experimentally infected turbot as a model.
Turbot was infected with A. salmonicida subsp. salmonicida strain ASS20200608XZ11L or A. salmonicida
subsp. masoucida strain ASM20160705RZ6S by intramuscular injection. All turbot died within 7 days
post-infection, and the liver, spleen, and kidney of moribund fish were used as templates. The results
showed that the established method could accurately detect A.salmonicida subsp. salmonicida or
A. salmonicida subsp. masoucida in the turbot, without nonspecific amplification in the tissues of the
healthy turbot. In conclusion, we established a specific PCR method to detect two subspecies of
A. salmonicida, and these methods could be used as effective tools for investigating the epidemiology of
A. salmonicida.

Key words Aeromonas salmonicida subsp. salmonicida; Aeromonas salmonicida subsp. masoucida;
PCR; Detection



