F 46 K% 11 4 Bod K FF R CARRFR 2024411 A
Vol. 46 No. 11 Journal of Southwest University (Natural Science Edition) Nov. 2024

DOI: 10. 13718/j. cnki. xdzk. 2024. 11. 005
WA, SE, B, AF. FR SRR IR HR/R 2R B A4 23 8 4 58 Ko SO ME RN 2 SRR YE 0 B [, PR RS2 iR (A AR D
2024, 46(11); 54-66.

FRXBFRERPRAFTHNISBEER
B AN G B 1 S AT

', &HE, KR FH. F3
i, RRE.  BRMR, AR

1. PHR R K2 e /RoK K RHES LM A BHE W ESLRE, TIK HKE 4024605
2. WERT K= AR By, FEEK 401120

WE. AT ETRGKRERAY X7 (A 4 Acipenser. baerii $><§LL‘Q@ Acipenser. schrenckii )X &
T mRA, AREN T RRGHIET S ERAF L RRYHHPSHS. @ o B WA BESHIE, 224
%%&&MSRNA@memB#wMO%Eﬁﬂﬁﬁ%i,HR&W&ﬁ%@%%%%,AL@E@%%%
R F BRI, K-BA&K B Wkt 7ot 5, F@d AR A RRE T, SREAN. R4 HH PSHS %
& KRR ARHE Yersinia ruckeri) , A SH yhlA, yrpl, yrpA, OmpF, ampC 5 # & KB, sF 4 X760 F 25
£ #(LDs) % 1.8X10° CFU/mL, A& MmEKRS A R &R, HHERZ . AR PSHSHARR Y Z. AX
£%%6ﬁ%%%m&%&ﬁ@;HW%&%\H%%%YIﬁﬁi%%%M%.ﬁ%%&%%%ﬁ%:mx%ﬁ\
LB, BARARRBREGHYG, AT @ TR EL Ry K, BRI LK @m0 iZA,
%ﬁ%%%&%&mmﬁﬁm%%ﬁ%%i

X 8 O ARG CRTARAWE; B EE; BAK; SR

FEDES: S941.42 XEEFRERD: A
X ZE &/ S 1673 -9868(2024)11 - 0054 — 13 FAAE CRIRIR £ #4508 1D) -

Isolation, Identification and Pathogenicity Observation of
Yersinia ruckeri from Hybrid Sturgeon
(Acipenser. baerii ¥ X Acipenser. schrenckii {)

REN Chaoying's GAO Xuan', HE Die',
LI Yang', LI Fang', XUE Yang®, ZHAI Xuliang”,
LYU Guangjun', ZHU Chengke'

Wk H . 2023 - 08 - 02

HEEWH . BT AR B E S BOCHH (4322200160 5 8 P B BIH 5 0 K ITH (este2020jsex-lyjsAX0011) 5 H KA AE S
Al R FR % BT H (4322190028).

TEZ A ARWE, WL mrgs A, 325 N K ™= 3 P filt e 3% s i

WGES . KRR, BlHE.



% 11 4 ERH, F. 2XFRERIRAENG S B L TR Ao 25 U M7 55

1. College of Fisheries ., Southwest University / Key Laboratory of Freshwater Fish Reproduction and
Development (Ministry of Education), Rongchang Chongqging 402460 , China ;
2. Chongqing Fisheries Technical Extension Center, Chongqging 401120, China

Abstract: In order to identify the pathogenic bacteria causing massive death of hybrid sturgeon in a breed-
ing farm in Pengshui, Chongging, a dominant strain named PSHS was obtained from the liver of diseased
hybrid sturgeon. The isolated strains were identified by morphological observation, physiological and bio-
chemical characteristics, 16S *RNA, gyrB, rpoB and cpn60 gene sequence analysis. The virulence gene
was detected by PCR, pathogenicity was determined by recursive infection test, drug resistance was deter-
mined by K-B disk method, and pathological changes were observed by biopsy. The identification results
showed that the dominant strain PSHS was Yersinia ruckeri based on morphological characteristics, physi-
ological and biochemical characteristics and molecular biological identification results. Virulence gene de-
tection results show that the bacteria containing yhlA, yrpl, yrpA, OmpF and ampC 5 kinds of viru-
lence genes by PCR assay. The recursive infection test showed that the LD, of strain PSHS to hybrid
sturgeon was 1. 8 X10° CFU/mL, and the symptoms were similar to those of natural disease. The results
of antibiotic resistance test showed that strain PSHS was highly sensitive to levofloxacin, florfenicol and
other six drugs. It was resistant to 21 kinds of antibiotics such as penicillin and erythromycin. Histopatho-
logical analysis showed that liver, spleen, kidney, intestine and gill of hybrid sturgeon had varying degrees
of lesions, among which the most obvious lesions were hepatocyte degeneration and vacuolation, hepatic
sinus congestion and dilatation, glomerular atrophy and inflammatory cell infiltration, intestinal villus nec-
rosis and loss, and intestinal muscle layer congestion. This study reported that the strain of Y. ruckeri
PSHS has strong pathogenicity to hybrid sturgeon, which provides a new reference for effective treatment
of the disease caused by this strain and safe drug use in breeding and production.

Key words: hybrid sturgeon (Acipenser. baerii ¥ X Acipenser. schrenckii §); Yersinia ruckeri; isola-

tion and identification; pathogenicity; antibiotic susceptibility

i3 58 J&/ T 5 1440 (Osteichthyes) . 3§ H (Acipenseriformes) . #8%} (Acipenseridae) . #3J& (Acipenser), I
ASBH 2ALAERDI S, AR PR RR S sk EE e, AT O, B R, B 2R AR
W I R . IRl EA R S A, TR T A R i TR TR R 2 MM TR L AR
BEM, RPOS RO SHREAES,, tEIR S KBE 2 BRe M Es, SR g2
AL B M 0 2z X 0 58 TR 3R 10 i oK, il ok TR AR T 2, TR )T RN 9 I Bk
2021 4FFR B IR A 7 R 121 875 ¢, B8 B —4FHE G 16. 87 %01, FRA P G I B R R 85 % LA |, FE i
REHmERp, RESMIE ", AR R3gEF LAY, RESKBMEEREHE 10 KFh.
KRB @ 5250 . AT B 3 K77 32 5 R BT DL e sl A= 7= He R 42 7 51 SR B 4k 2 b 3R 2%, 2 3
— L SR B R A, SEIE L AT RS . T ARSK W T R R L Bt Ak . B AL R AR 2
PR FE B AN W 48 1wy o B0 69 % G 2ok R oo S A, U L D A BRI R 1 R R R O A AN AE IR R
ZEVF R L I RS Tl A Sk (0 il B T RS & Y. B AT ORI A6 3 O A A ORI R R
HORE" . LR IR R W BORE . EEURE R, LHAA RSN 16S rRNA, gyrB 3
R 90 AR 1) 43 5 A= ) 22 S 0 O s BT ROk R MER R R SRR R Tz s L 45 R rpoB
cpn60 X Rl HAT TSR 3 B 0048 SRR IR E AT M0 . WA RGRE S B 0 S B M, SR [ R AT % A ) 43
PEA 1 B
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2022 4F 7 H, HIKTT K BB R SR 50 & 097 5 24 28 8 R R I 5, L R AT O B AR SRR AIE 2 3 Dy Ui
SN, AR TR, W, . Mg . I 6 R FL R A BA S A S s B, A T UL IR 41 €5 1 K
FUUENE . R BEWLIN TR . BB AT UL B D, R BT K 20.5 °C, R EEIR 4500, LTI R AN
15%. RERTE I 7 FH B9 5 AE T B0 TR A A 5 DA R 05 4% 22 B 1 JHFJOE v 40 B 45 B0 B R O A 44
PSHS, HEOW Mk A T[] )5 8% Y 5256 JE A7 50 0F . [7] B AR P8 T 8 24 e 1E . B B A fR % B 16S rRNA
gyrB.s rpoB, cpn60 FK 75 [RIEM: 7301 45 R AT LR G 8 . ZIR T AT HORE  1 ) BRI Ay B M A 2
PEEREST . B AR R IZBOW B 5 R 1 24 52 5530 B E B2 BT B 0 2 A 4l .t R A R I 1% 5 s 2 (L Bl 2 4
SR S

1 #MBERE
1.1 ##

ELA MUY R IR A e S B IR 1 B R 2K B0 FR B i, FRFE KR 20.0~21.0 °C, pH AR 7.6~8. 2,
WE N 6. 1~8.2 mg/L, FRMAARTE N 187. 2245, 78 g AT [81 1 J e 52 56 i 75 £t B 2% A2 5 DA 1 )1l 408
FEAG WK i A, KBTI 116, 562, 16 g, T P4 g K27 S5 I KR b 19 28 P4 AT 4508 F5 G W A7 | 95, 1 8
HEAT 28, B FRWRIKIE A 21.021.0 °C, pHE ] 6.8~8.7, AN 7.3~9.1 mg/L, fRKHK 1/3, &
I 01 10) 1E 1.

1.2 FERFIRNE

A 40P DNA $2 B &, db ot KA 40 8 i AR fb R 4 . 2580t s BN BRUAE il s 2 X
FineTaq™ PCR SuperMix, EasyPure® Quick Gel Extraction Kit i{H] £, Jb5T 4[4 401 5 22 [C YL ik
MG, b EsEsE: HE a0 &, HiEHE 2K pMD19-T, DHb5a, dUuiE HEAY 5.

ICEF : KA, JEmtR—ER s PCRAX, BERCMUIE R4 . £ Bio-Rad; B.0HL(5810R) . G . 1&
[ Eppendorf; R & &1 NanoDrop One, 3£ E Thermo scientific; H I HL, HRY HHL. Y65 B ik
BE. fEE Leica 4%,

1.3 REEMSBES4K

LA RURER 1) W AE A £, X 0 A 3R ORI 7 i U0 8%, X oL R R IR L R IE B I R 7 A
AR BEAT AR AE AL 0 005 3 2% FAF A A= A BT, RO L R UK R K s R R O 2 S SR A T A A L UM
B AL LU 5 5 PBS R AI3% . FH 0. 22 pm JEME I NE . TR G, EBEG TES P HTF
ARG IT A, WA R A SE AR E . I BE v A S A AR BRMCRT R . I L U A A R £ v 4 R T
BHI 85575 I, WA IR 28 °C, 24 h, MRAGHEEFRIER AR, PREE ARk ES 3 L%,
N B 2 S B IE v o3 B sl Ak AR AT 1 BROE SR . S5 PSHS. WLER 446 5 B 0 V5 8 S R AR, e JECH I
BRI BT — 80 °C MR vk A R AE 5 .

1.4 REENEE

SBR[ SN SRS T, WA N Y6, e G T TS MR,

SN ES TR A PR A AL A . S IR A A A Bl 6 s A U T 5 RO 3R A 2 0 DA T O A S T 4
BRI A TN ke TR AT A B A AR
1.5 J%IEH 16S rRNA, gyrB, rpoB # cpn60 EE ¥ &M F

PCR W Y DNA AR K 5 T30 13 3 500 £ 42 BT 36 3K A5 19 8 DNA,L SR 50 pL MR R, AR
M 1 pL, 2XFineTaq™ PCR SuperMix 25 pL, 5% 1 pL(F 1), ddH,O #hE 4. PCR RVFEF: 94 °C
5 min, 94 °C 30 s, B KR (E 130 s, 72 °C 1 min. 32 NMEFR, 72 °C 10 min, 4 CHRAEF. P =YL
FL KR I o R A S TR R & 16 A A e L gk B Y R B, 4 C &5 pMD19-T 4 70 3% 8 )5 %



% 11 4 ERH, F. 2XFRERIRAENG S B L TR Ao 25 U M7 57

fbit DHS5a o, 7E AR B VR A KT 3R 05 . JOBR 25 1 F Pk PH o v B R IR B g 3697 R R )5, 6 BRI
PLHEAT I 3. 07 45 R 7E NCBI I #E 47 Blast o201, DA L X 25 5 b ik BROHE 77 56 110 /9 0 Bk 7 910, 3 2t
ClustalW 2. 1 1 MEGA10. 0 f§i FH4B 4% , Boostrapping #6115 4 1 000 K, ARG R E W .

*1 HEHKPSHSEXRERESHEERY

A 514 B (5'-3") FEWR/AN/bp B AKREE/C
16S rRNA 16S rRNA-F AGAGTTTGATCCTGGCTCAG 1413 56
16S rRNA-R TGCGGCTGGATCACCTCCTT
aryB gryB-F TCCGGCGGTCTGCACGGCGT 1084 56
arvB-R TTGTCCGGGTTGTACTCGTC
rpoB rpoB-F GCAGTGAAAGARTTCTTTGGTTC 540 56
rpoB-R GTTGCATGTTNGNACCCAT
cpn60 cpn60-F GAAATYGAACTGGAAGACAA 743 58
cpn60-R GTYGCTTTTTCCAGCTCC
YhiA YhIA-F CGGCTAATAACGCATTGGAT 623 56
YhIA-R GCTGTTCCGGTTGTCAGTATGT
yrpl yrpl-F TTCCTGGATCAGGTCAGC 1034 54
yrpl-R CCTTTATTGCCCGAGTTA
yrpA yrpA-F AAGCTGCAAGAAGCCGTTAA 805 60
yrpA-R AACCCAACTGTTCCATCCAC
OmpF OmpF-F GCGAAACCCAAATTACTG 717 58
OmpF-R CGCCGAACAGATCCTTAC
ampC ampC-F ACGCAGCAGACGTTATTCG 553 58
ampC-R TCATGTTAGCCCGCACCC

1.6 FEENSHEERKRD

¢ BB SR B A S [CHB R BR 8 vRIAT  yrpl S yrp AN OmpFP Y ampCH s #Es Jy 3L A
IR D RN R RN A TR 1.5,
1.7 NIREZTHRFHHIEE (LD, )BT

SHBUE 1.3 43 B B B 0 B A YR 2 S B R I DL T . /E JC I BHI WA 55 37 B rh 4 Fp PSHS, 28 °C
fHIR R P K97 24 h, S REEE TG L b vk IR TR B IR VR B3 43 00 1.0 X107, 1.0 X 10%, 1.0 107, 1.0X 10",
1.0X10", 1.0X 10" CFU/mL. BB FRLERWMEREAACHE 112 B, FH N 116.56 £2.16 g, 47K 6 5L
AR 1 X RRAL, B 16 R, RS A 3R T K SR M T GRAIMAR S 1.2 m X 1.0 m X 0.8 m, K
0.6 m), FLIMIHKERRIFTE 21. 01,0 °C, BIKA R RIK 1/3, R EHRIER St 2. Rk I E
SEHRAT N TR, SCO A4 R TE S 0.2 mL TR, X IR S AR R A AR BRER K. E SIS DL 8 h/ IR B R
L E T S A5 70 195 0 A BT B AR A BB IR 0k T AR VRO T [ U e e S 6 11 2 BB i (LD M. K
Pk EOA B R AT A LS AR Ak, [ e b A 5 RO D B R AT s L alidk K. Sy E— 4
Tl B2 5 B B 1.3 T 2H 25 R0 U R Ao s A S R g AT 2 A
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1.8 HYHFELR

2 WA SCHR[23-24 89 )5 38 F K-B 48 B 15k 46 00 40 18 0 it 25 1k, Pk B alifh B i v b AT b R R .
W% R 35 3% 451 28 °C, 180 r/min, HI43GEBE LR RV BE 29 1. 5 10° CFU/mL, B 100 pL # &
P51 T VAR b (d=9.0 cm) . HITCHEE T IS B BUAC R S8 BEHCE TP A b, BRI 2 Fry 1 AR

YA S XTI B R AR 1.3 R TR, KRR a5 R e B R UE bR R RGE — I, ] R B B AR,
TH AR i 52 [ I PR 52 56 % bR AR AT 52 BT (CLSD $t 1 24 49 f5008% 1 52 36 PR AT A i (CLSTI-M100-S19) J] W7 B 1 %F
25 1) W B B

1.9 HLARENE

Z MCHR[25-26 1M 7 RAE AL 2UA 85 U) F FE B HE G2 @R U PE 2% 22 63 6 438 T IE . L
Bk, BENE. . SRAE RO AE A2, I ERBC R ik B IR BE FEAR L2 24 h 5, #FRIECPBRIEATIOK . B,
BT AP TR A, R 24 h 5 ARSI M R, JRE R S pm, R Bk, &2
KL IRANE et L OKYEL Bk R g g oK. EW)E, AR AR E R, AE 37 CHRMTF UL 48 h 5 HE
Leica {5 FHAM | W5

2 ER5H5%H
2.1 BREXHEER

B e AL R M UE IR % . B TR, KIS B A K, SR ) b, A LD P AR 5E BB
B 7E A Sk 3 AT W I o5 B, R AS AT DG R K TR, URBE K LI A L N IR B R AR R L i
AR, A S s BECE 1) WA R, B A,; BEHE . 200 (& 1b).

a. FRAERPK b. PAIELIR. BEREFRUK
B1 BREXSEIZRKER

2.2 REEAERSHIEREZRLEE

Ptk PSHS 76 BHI Ak L35 5R)5 . TR AT WA B A2 R 0. 8~1. 6 mm. Hita hFL ., RHOLHEE
M. R, DGR ET (B 2). S0 22 QYA 5 Ba ks & S0 A bR 55 22 IRBIPYERAT I, HAR 2N
0.75 pm, KELAHN 1. 7~2.5 pm, PismeliBl ., A B8 A 7E (K 2b).
2.3 4MHAENHEE

AR E SR R (R 2), KR PSHS B & B AL M . M. 22 2R 0N . T BN . 0, RRE R
FLBESE 7 FioWE s EAT I R I R Tl R R A IR B R W TR R, N B AR . R R R B L A 2 R DK
fif W0 1 s BES R FH MR IR EL . D-H BRI, ANEERIH KB AT . D-IL AL EE . WUEE s B e S 56 hy BH P, 0] g s
B 45 5 TR B, XS SR AT M. 45 SCHRC17-18 7 Y A o A0 URE 40 T b 25 L I 25 SR 5 2 2% T Rk G A AR
b 5250 25 B A — B, W10 € T bk PSHS & [IRIB R AR (Yersinia ruckeri).
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a. BEES b. WMERS
B2 FREEHESERSESE
F2 B PSHSHEAURNEIWER
R wUE| PSHS Y. ruckeri fRuEREDY ML H PSHS Y. ruckeri FRuERETY
AL — — Lo - -
81 R R T -+ + D- 7 %5 h — —
2 R WK % i — — D-H &% B + +
1, G T i B8 il + + D- 111 B4 it — -
TN R i R il — — D- K 4 — —
5] e S - — FA] 37477 4 — —
VP S — — ES + +
LA — — i + -
JR#E — — N + +
MR £ + + I b + +
M g + + & + —
R - - AT — —
Kt — — o Yk — Bk — —
UL — — L2 — _

T B, <= B
2.4 PCREEFTERERZZLZEM

X Ei Ak PSHS (9 4 MESFRFES . B 16S rRNA L gyrB, rpoB, cpn60 FEHFFH|#4T PCR R, 4R
HLUK AT DL R/NZ 2 1 500 bp, 1 000 bp, 500 bp, 750 bp B BL, PLZASR K AR A 25 10k BEOR 37 1 1R AR Rz
KNI A (B 3) , 5 U 25 SR AR AF. PR se B 7= W D 45 2R 3R W), BBk PSHS 1Y 16S rRNA, gyrB.,
rpoB ., cpn60 B BER/IMKIK M 1 413 bp, 1 084 bp, 540 bp, 743 bp, 5 GenBank % 3% 5 5 MK290740,
CP009539, NC011078, CP071802 K& K HE /% £ W 19 X hi J3 40 A0 L Pk 43 51 5 35 99.59% . 99.78%,
99.69%. 99.89%.

B 1Atk PSHS 5£ T 16S rRNA JFHIM M ARG K W E O, LIRIET gyrB, rpoB . cpnb0 iX 3 Fi
K5 50 ke I R G0 & B (B 5) AT, ARSCE0 43 B A bk PSHS 58 [CHER AR 0 R — 25, BNH & 75 [+
—r L, ST AE R LR A FIE ST B AR O B [RHE R AR (Y. ruckeri).
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M 1 2 3 4 5 6 7 8

2000 bp

1 000 bp
750 bp
500 bp

250 bp

100 bp

M 24 DNA Marker2000, 15 16S rRNA JE[H, 3 5 gyrB H[H, 54 rpoB H[H, 7Ky cpn60 FEH; 2, 4, 6, 8 JyBIPExH R,
3 Tk 16S rRNA, gyrB, rpoB, cpn60 R 184 R E
o7 & IKBR/RZRTH Yersinia ruckeri (MK548507.1)
& IKAR/RAXME Yersinia ruckeri (MG581405.1)
& [KAR/RARH Yersinia ruckeri (KM220887.1)
& IRARRARME Yersinia ruckeri KF413425.1)
& IRARRZRMA Yersiniaruckeri KT781101.1)
& IRHR/RFRME Yersinia ruckeri (FI873802.1)
90 ~PSHS
L% ERHR/RZRE Yersinia ruckeri (MT968738.1)
100 | & EKAR/RZRH Yersinia ruckeri (KJ192333.1)
100 & [KAR/RZRIA Yersinia ruckeri (MK290740.1)
& [KAR/RARMA Yersinia ruckeri NR119063.1)
100 [  [R|BYBR /R 7% IK A Yersinia intermedia (EF179123.1)
99

82

97

T [R1 B4 AR /R 7% IR M Yersinia intermedia (KJ606908.1)
RIZEAR/RERE Yersinia pestis (AJ232238.1)
IZHR/RZRTH Yersinia pestis (AJ232231.1)
100 | T REEIZBR/RZR IR Yersinia pseudotuberculosis (AM182400.1)
99 ~REEAZAR/RZR KA Yersinia pseudotuberculosis (AM182403.1)
100 4 IR S U TH Aeromonas veronii (ON678160.1)
B H IS S deromonas veronii (ON422310.1)
100 FEES B MTE deromonas salmonicida (AB680514.1)
REES BT deromonas salmonicida (AB027544.2)
99 | FEK M deromonas hydrophila (NR119039.1)
99 —FE/K S H M deromonas hydrophila (AB626121.1)

4 B# PSHSE T 16S rRNA EEHMENES X E W

2.5 [EIEFBREILER LD, ENHE

I R g S gy 25 R SR WY, VRS SV KRR M 23S B TC WY W R R, TR R G B B AL (R
S B ARG . R ONR L TR | BEsh 28 AR AR, I IR R I EZ AR AL 5 AR
T 7 A IR DL S AR AR [R]. W BE R S By R A, T UL R AR, i 6 R R A B S i, ik AL AT
b5 F A A IR IS FE IR 21 i K, ARG AR TR L A L B TR U W OIS A i K, i A
2R, AEWLP R DL M s se . M T Il R R Wit iR N Rk S F R e B e PR )5, 18
IrES Rk PSHS 25 Az BAEALAEYE S 16S rRNA L gyrB ., rpoB. cpn60 K53 — 8 A . R & I
HR/R ARV PSHS B AR 2 38 A UL UK 37 78 65 F8 995 19 3800 TR AR ol R 2% Tk 3 519 B B bk PSHS X 44 58 673 (1)
LD, # 1.8%X10° CFU/mL( 3).
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ﬁ[—gﬁ K5 5 deromonas veronii strain B59
70 L WIS BB deromonas veronii strain B52

- {%ﬁ/‘:ﬁi M H deromonas enteropelogenes strain CECT 4255
83 Fate S BB deromonas enteropelogenes strain CECT 4487
97 - WK S B deromonas hydrophila subsp. ranaei strain CIP107985

': RS BHE deromonas salmonicida subsp. smithia strain CIP 104757
69 REES BB deromonas salmonicida subsp. masoucida strain CIP 103210
B RIER/RARE Yersinia ruckeri strain NVI-11294

& KER/RERE Yersinia ruckeri strain SC09

92 ——— B KIR/REZRE Yersinia ruckeri strain NVI-492

97 { & KER/RERE Yersinia ruckeri strain QMA0440

70 & RER/RFRE Yersinia ruckeri strain 17Y0163
5 Btk PSHS ETF gyrB, rpoB, cpn60) BREERAMENRELZ BN
£3 AIEBERLZIE

K/ S5/ BRYRH/d TR/, TR/ FEES R/
(CFU » mL™ " % 1 2 3 4 5 6 7 % % (CFU + mL™ ")
1x10° 16 1 9 6 0 0 0 0 16 100. 00
1x10° 16 1 7 3 3 0 0 0 14 87.50
1Xx10° 16 1 4 4 2 1 1 0 13 81.25
1X10° 16 0 2 2 1 1 0 0 6 37.50 1.8x10°
1X10° 16 0 1 0 1 0 0 0 2 12. 50
1X10" 16 0 0 0 0 0 0 0 0 0
0. 65% NaCl 16 0 0 0 0 0 0 0 0 0

2.6 HEMBZHERE
ik PCR ™14 R0 1 %6 Byt g0l B e v P AG I ] UL /N2 24 600 bp, 1 000 bp, 800 bp, 700 bp, 500 bp
R B, B B i e gifh . 4 °C b 7% 3% 4 F e Ak i A DH5 o 40 i . 34T B B v B B A, 2 HUFH
PP KIE IR G 26 B AR, I 45 B AE NCBI H 4 Blast b Xt ol H1. 3% 0 bk #5417 45 yhIA (623 bp) .
yrpl (1 034 bp) s yrpA (805 bp), OmpF (717 bp) s ampC (553 bp)5 B S1 KK (K 6).
M 1 2 3 4 5 6 7 8 9 10

2000 bp

1 000 bp
750 bp

500 bp

250 bp

100 bp

M 5y DNA Marker 2000, 1 & yhlIA JEH, 3 K yrpl FEH, 58 yrpA L, 78 OmpF W, 9N ampC FH; 2, 4, 6, 8, 10 K
T %) AR
Boe HBEEHKSZIHAERGLN
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2.7 BEER

A K-B 40§ B0k A 0 B bk PSHS XF 32 M2k R 25 W40 09t 25 M52 50, 455 2. B kk PSHS
YRR % | ARV R RS 6 Mgy R m USRIV R ORIEIRER | i L e 4
5 FP 2y 3 B b B R X R SEPE AR PUIR R | AP KSR 21 A BRI 25 (GR ).

% 4 PSHS HHRZHHILLE

P, 254 i/ F WA v PSHS 15 &l —
ng R I S B4 /mm

WA H 30 <12 (12~18) =18 27. 28 S
LA B 30 <13 (13~17) =17 20. 00 S
8 E 15 <13 (13~23) =23 0 R
FilEE 15 <13 (13~23) =23 0 R
AR 15 <21 =31 0 R
3k 0l BE 30 <14 (14~18) =18 12. 26 R
K IR 75 <15 (15~21) =21 14.18 R
HHER 10 <19 (19~28) =28 10. 34 R
BRIRPEAR 100 <19 (19~23) =23 11. 20 R
NN 10 <13 (13~17) =17 12. 68 R
] 5 P b 10 <18 (18~26) =26 0 R
WEZN 30 <14 (13~21) =21 13.92 R
Bisv & 10 <12 (12~17) =17 14. 36 I
KB E 30 <14 (14~18) >18 15. 42 I
5207 i 23.75 <23 (22~33) >33 22. 74 R
ik e P 5 S 0 e 250 <14 (14~24) =24 15. 46 1
KKEER 10 <12 (12~15) =15 10. 26 R
ZAITE R 10 <12 (12~15) =15 0 R
R 30 <12 (12~17) =17 17. 30 S
IR R 30 <13 (13~18) =18 9.98 R
Kb & 10 <23 (23~26) =26 18.58 R
M IR iR 30 <21 (21~29) =29 12. 20 R
AHEUAE 5 <12 (14~16) =16 14. 32 I
MR 2 <23 (23~3D =31 0 R
ZHiREER 300 <8 (8~12) =12 11.50 1
FF A IR 10 <8 (8~13) =13 0 R
3K At e bR 30 <14 (14~18) =18 21. 60 S
TR 30 <14 (14~17) =17 10. 70 R
HH A 5 <15 (15~21) =21 12. 82 R
R R 10 <11 (11~15) =15 7.74 R
U EDAILEEN 100 <17 (17~21) =21 22.08 S
A 30 <15 (15~22) =22 30. 20 S

TE: “S” U, T AU, RN .
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oA T RN BB R 25 S DRI K ) P e B IRHR R AR T, BT, RABUHI gy Tl ot i R
P TP A IS A0 T 6 2 T I T 4 TR i v A A B AR R 0 A bl TR RN G L ROR AN SE AL 4
SR Wy 2 S A DR RO B SR M E AR R A R . AR L, Ay st R T B R R R R AR
FEA, IEXT 16S rRNA S5 & BEARSF R P AN B4 85I 5 . 25238 3547 Blast X e AT AT 5. A5
TAA7ZFRE 16S rRNA He P R H AR K A gt R vh B s BE RSP PR nT ] T XA R A& . T gyrB s
rpoB Fl ¢ pn60 4 5K H P4 AT SR 5] S 30T 2% Fh 0] 40 R JE A B B2 L S i — 2B B PSHS (20 JE 7, A B
GEHEI iR 4 R RN R AT 508 . @ N LIRS, M FE ALE0 I b5, Fl i A B0 N A AN [m] 2 B 19 43
B o [ AFIE L B 0E 2 B A5 5] 5 PSHS JE A FRE . BRI . 0 FAEW 25w —BUW R R . 458 A S50
BEEE, L4 HE PSHS A& FRHB/R #R .

B RHR R AR W (Yersinia ruckeri) & AT TR By — F etk DR 480 A8 22 DRI PR TR, fi 0 £ 28 DL 52 o iy 4% 21
I 95 4 i A B B L 20 2D 50 ARARTE 38 BN TSR B A B ep e R B LR, B AR A
Bl N K AL 4, W BE 5 SR (Tetalurus punctatus)™" | T8 (Oncorhynchusmykiss)"* | % (Hy pophthal-
michthysmolitriz) . 8§ (Aristhichthysnobilis)"™ % Gy &G Fh A T2 UK M. AN TR 828 B e & [T R R 2R
PR 23 BB AT A I L TS A A0S L PRE M o B A S T A R R B R, AR R
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s W A7 A ).
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U2 5 00 2 W SO B IRESR AR R S E A yrpl MTETEB AT yrpA
T RETE G I A Rk, B R AR W RS, OmpF 88 FRAREC. A AE . MIEAE R R
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T 00 548 %58 32 95 1 B 42
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3.2 #ig

ARSI DA FR G 4 A8 5 IOE T A 8 AR AT B0 S IR HR R AR BT 1 AR, LA 24 se B3 BBt ol 1.8 X
10° CFU/mL. B % B A sC AT M9, B . WL 8= A5 AS (R R B8 (s 28 o HL op D 40 i A 4 2 7t
AR R I 5 58 M Bk L B /NER 25 48 HLR YR IIRE L AR B SR BRI TE UL 2 T i B o W L X
W AR WA yhIA, yrpl o yrpAs OmpE UK ampC 5 FidE HIEH, MR ER L, LERVE. BiIGg %
56 Ph2l Py B0 R UK. AR ST RGE T 44 38 B3 TC R R AR B BRIk . W] O 3R 5 A A AR YT
F Uk B 5 LR Y 9 0 B e 4 FH 2 4R 3R B 1 2 25 R s
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