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ETENEANTEE LA SRR
=E PCRIEMAEMEIRNA

x| B 4B WA HEpES TIE ORARYN
(1. REERFBEK %0 RE 300384; 2. tPEK=RIE0FIE B i K P2 0F 5 B
b AT T R HE O PRI A A B S SR M 5103005 3. JUMIRSEA MR EEE M 510006)

WE B4k # (Sreptococcus agalactiae)fE v FF & £ HR IR, N E ., BEE, Hos
MNEREIR TR RRIE, RUREZEEREECETZRER, BIEATAEF &N TAERE R
M A B LAT, HAE GenBank F+ L2k 7% 9 B e AL H (hylB) . & & % 4 & % & & [H(ponA)
A1 CAMP [ F 3 H (cfo) Wy thF 7 7, &7t 3 &R ET 4, % E PCR 8 R B4 Aok RBEATIR
ft, ZExEFEHEANTZ & LAHRE =F PCR Bl 7k, FEHAZFERMNKE A4 1
FH X ey ZEHALEFEG, HWENZE PCR O FENELASRE TS MY 3 L5 7 ELH,

MEZEEFE LK RERARFHRT HHEMELET, R RIFNFERE; URIA#ERE
LB 4 DNA K JE 7.24x107°~5.65 ng/pl KRR AATY H, % = F PCR 84 2| b9 S AR E A
1.81x107° ng/ul, XIWE G ZBE; EAZ T ERN 188 MFEAMLAERL, HEEANHERE
FAAErEEEMMER B, UWENBE L &EEENRE, % =& PCR Rl H#ATIEN,

H 9 W U (Dse) fr 5 B 4 7 M (Dsp) A 0 100%., 4R %K, WHEK =% PCR &Nl 7 AR E#F
REH TR EREMIGE, TAAER -RETRERN 3 LI ERTE A ELE, hEAEK
FadRAERE R ER T KRR E R TERMET — M., BEfmm8al & A,
XA A, LlukE; #AHERE; =& PCR
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BR i (Rosinski-Chupin et al, 2013; Soto et al, 2015), % EER AR A, RECA B AR A ZU(FAO)
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TAE: B B R 0 B Al 0 JCFLAEBR A = 8 PCR A I J5 12 ) 8 7 B vy FH 131

] ERHE T FRAE AL B A, v 2 R R A AR e
YR 178 Ji t, HHAP R = 02—k,
SR i O K B R 22— (2016 H L SE T
RN, UTAESR, PARMAERRENG H 25 H, JCALAE
BRIEVE R e, R0, BOEEE, hit™
A B 2 W AR SR B LA R T E R I B R
(Evans et al, 2008; Kayansamruaj et al, 2015),

A 0 JCFLEEER B A R A, 43 D R 3]
FET-TCH SGAE ,  ROUER A A AR R A IO A
AT 52 W %o 975 3 1 RO B (R 122 55, 2016) . 1558
(978 SR A 40 B AL B A Ak S e S ik, i THRE
BRI EINA . R AE A B PLEASIN B Y (7K BT 5,
2008; fHIAHTAE, 2010); il PCR Jrik, — kALK
W 1A, AT RE 2 IR B R A (W et al, 2008);
A FERY B OLAMP) ik, BARHEER .
B PR | I R PS5 B IR A AR . BRAE fAT PRS0
S AT iR g e, A SR N T REANIE
WG R TE G, 1 B B CH S %,
2010); #ta s PCR BARE AR R TE, Bk
AR By 5, X SO0 E AR K P 2R 4 5 (Su et al,
2016), HHBL, gL PGE . RS HE . SREE T A
— 2R B JCFLBEER PR R I B AR AR AT

£ PCR 7E— KN REFI Y 2 A H i A
By s, AT SR, P SRR BURE
P BRI MTE LI T B H RIS B vk (B e A,
2014), HHl, £ PCR J7ikC TR0 b R i)
Kl 6 R EE (X K&, 2014), ABFFY LA TCFLAEBR H
)5 77 3 DR B 35 B o PR S TR hyIl B, i 5 32 v AH G 7
HREGHEAN ponA ZEF AT CAMP AT 1 cfb 3L A
SRR, Wit 3 XSS, s Ak
A —FPPGE . mA. R, frRtElr . REUES
M JCFLBEER B = PCR Al vk, B A L AEEK
T 118 R G ) R 0 A — o o L v 33 P A
A,

1 MRERE
1.1 SEIREFR

15 TG FL A 2K T B 1 bR (ATCC51487) Al I TG
FLBEBR W A5 HEBR (ATCC BAA-1138) I T [l {2k 9y
PRI ORI 0> o RIS T A [R] 45453 R0 11X 1 T L4 BR 1A
SrEHR TZQO0901(2009 4R 435S F AR A HEPKT) .
TGZ1001(2010 4438 A A& m M) . TYC1101
(2011 4F4r B H) R HAT) . THZ1301(2013 4E43
BHTAEEMTTEARKX), GZNI501(2015 £ 5 H
JTARA M) . TLC1601(2016 44385 AT A4 )1
SN TE EX AR B, B IKEEIKT (S iniae)
3 N\ Ak G FT B A I (Photobacterium damselae
subsp. piscicida). F£%#k i (Enterococcus faecalis) .
4 ¥ 063 %5 BR 1 (Staphylococcus aureus) . iR 25 % fEi4g
[CH# (Edwardsiella tarda) . 11591k (Vibrio vulnificus)

12 SRR S5 &M

¥ GenBank HICFLEEER I 3 M54 hylB.
ponA Fl cfb £ 351, i id Primer Premier 6.0 4%/4:
VOB S AR 1), Bl TAEY) TR R
i 55 R w6

1.3 DNA #&=1REH &

HOLE R DNA $EBUZ BANF FE KN 4] DNA
PO G ERAE UL, JERFE T 20C R H . B
LU AR DNA #EBCEER, S/ Su % (2016)1
B B2 50 mg, A LHZ AT B h B
FILA 1000 pl TE 22 i, il (LU M . B iR 5]
I 180 ul, SIMA 20 pl ¥ £k 50 mg/ml ()% bR il
30°CHFA 10 min, J52:20BRIS RANTH DNA $#250K
FNEHAT o RIFS I i 4l i 1) o (f A 5 K P4 41 1) 2k 1A
4 DNA, RAFET-20CHEH.

*1 3MSMHER

Tab.1 The information of the three pairs of primers

12 FK Primer J¥%1] Sequence (5'~3")

P 4% A Bt Amplified fragment (bp) PHEHEEN Gene

hylB-F CGCGACTTTGGCTTTCTGAG
hylB-R TAATTGAGCGAGGGACACCG
ponA-F AGCTATCCCTGGTGTTGCAC
ponA-R ACCGTTAGGTACTGTATTGTTGT
cfb-F TGGGATTTGGGATAACTAAGC

cfb-R TTTGAAGTGCTGCTTGTAATG

790 hylB
598 ponA
348 cfb
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-5 Yy R 25 pl RNK R 2xPCR
DsMix 12.5 pl, 51% F(10 pmol/L) 1.0 pl, 5|4
R(10 pmol/L) 1.0 ul, DNA itz 1.0 pl, ddH,0 9.5 pl.
FIH 3 XF 51495347 PCR 34, W AR R4 : 2xPCR
DsMix 12.5 ul, &5 L. F#(10 pmol/L)55lh
0.2~1.0 ul, DNA #itl 1.0 ul, #h7¢ ddH,O & 25 ul, Jx
NS 94 CTAEYE 4 ming 94°CAEME 30 s, 55~60°C
Bk 30s, 72°CLE{H 1 min, $"1 30 MEH; 72°CLE
i1 10 min, SRJGHL S pl 93578, 7EHH R 120 V 444
T, 1%MBEAEHEHEE R HL UK 25 min RUE5 R . Horr,
JCTE RS A DNA R 14 15 45 5 R BT HR
MRYEY WILE R, SR AER 519 H )RR XGRS [
F, % —=H PCR Jrikirdy 5 e et i Brkdbmios
HAREREERBHE A B GO M )#E 7007 55 10E .

15 HRMELE

o LA PR JCFLBE BR AR MERR(ATCC51487) . A
WL HEER F AR ERR(ATCC BAA-1138). 6 BR& I
FUEEERTE(TZQ0901 . TGZ1001, TYC1101, THZ1301,
GZN1501 Fl TLC1601). MEIREEBKET . 96 A AOGHF
WAMRN FEHERIE . & O A ERE . I
PR B Z AL Y FE N4 DNA it , WIELE
({227 PCR S 4% P AR R AT PCR 978

1.6 BRMLLE

N R B0 00 5 TG A% BR T A AR (ATCC51487)
LA DNA MRBE, K RE i IR 5% 571 572057,
5457 SO ST TR BERR S 40 M AR DNA,
KA LR ZE PCR VKR & (FE4T PCR ¥
W, B~ PCR A I J7 vk Jir 5 A5 AR 19 o Ik 2

1.7 NB

FIFMEEAF i =5 PCR ik, KR A) RA
FRILTT . m N o RO I BRI A )1 &
6 MANIF D IR X 188 A% IR fa L SRR i o [Wl B,
M FH b A0 R 0 5 M 5 YR XA ZH U i R A T A
Lk 2 A O i Y &4

1.8 ZLIHEBKE == PCR #&ill 77 %M EH

RG34 T A ZU(OIE) (K AESYEs 12
Wi ) (2016) BT B 1 JE I, 7E 95% LA L 1 & A5 X
[B] . FEVFIRZE 5% X 188 A |k 4] SRR ik
FEASIN D R B 4 3 45 e VR N AR T S =
PCR R 7 v W12 Wi U (D se) FIH2 W5 514 (Dsp)

21 =% PCR RMERMMEL

A3 BT 51 B AR Z AR BURIR JOR B HEAT
thfk, AL EAER KRR 57°C, RWAKRL
2R3 2 FIHPLARIE B SR A4 28 s B 2k 1tk
FrCFLEEBR A, B 3 SRR (s —
51413 W41 hylB . ponA 1 cfb JEK, #4H 1 44%
S, R E S WA R —2(E 1), 1,
X326 I PP B e Sk 2k P F1 AT BLAST HeX), 576
FLEEBR T hylB. ponA i1 cfb 5P (14 ] P4 153k 3] 558
it 99%, FHAMIEAY =& PCR Frd 1 A0 H: Sk &1
UERAIY

F 2 =& PCRRRNFERXFIARK

Tab.2 The content of the reagent in the reaction
system of a triple PCR

45y Ingredients AT Volume (pl)

2xPCR DsMix 12.5
hylB-F(10 umol/L) 0.5
hylB-R(10 umol/L) 0.5
ponA-F(10 pmol/L) 0.6
POnA-R(10 pmol/L) 0.6
cfb-F(10 umol/L) 0.5
cfb-R(10 umol/L) 0.5
DNA A 1.0
ddH,0 8.3
F:31 Total 25.0

1 3% 5|9 Re—5]4) PCR ¥ 445

Fig.1 The amplification of the single
primer and three pairs of primers

M: DL2000 bp marker; 1: = PCR [455; 2~4 435
F% hylB, ponA Fil cfb JER A 38 H By 5. Bk
M: DL2000 bp marker; Lane 1: the result of three pairs of

primers; Lanes 2~4: Amplified fragments of hylB, ponA,
and cfb; Lane 5: Negative control

2.2 MR

PSR R B, fUEJC 7L EE R
(ATCC51487), ANJETCFLEEEK P (ATCC BAA-1138)LA
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LA [ A A5y 131X 1) T L6 B T 20 B R ) 0 45 2R —
B, By 3 A H A . LB AR SEAK
JCAT BRI FEWERTE . & M4 BKE | 8%

TR ICH . W IKBERR T . QI AYSEA 4] DNA
BRI AR 3G AT A7, 5 B IR A R A — B
(Kl 2).

OFn O8I0 s DTS B ]SS e 6 IM

K12 = PCR ¢ PEAG I 45 R
Fig.2 The specificity result of triple PCR assay

M: DL2000 bp marker; 1: falfJCFLEEERE(ATCCS51487); 2: ARTCFLBEERE(ATCC BAA-1138); 3: PRt ;
4: FNMRICHFFRAMWA; 5. ZWIKE; 6 SEEHEIRE; 7. REEMEERE; 8. WIKEEKE; 9. QI0INHE;
10~15: 3 AR TZQ0901, TGZ1001, TYC1101, THZ1301, GZN1501 F1 TLC1601; 16: FAPEXHHIR
M: DL2000 bp marker; Lane 1: S. agalactiae ATCC51487; Lane 2: S. agalactiae ATCC BAA-1138;

Lane 3: Tilapia genomic DNA; Lane 4: P. damselae subsp. piscicida; Lane 5: E. faecalis; Lane 6: S. aureus;

Lane 7: E. tarda; Lane 8: S. iniae; Lane 9: V. vulnificus; Lanes 10~15: TZQ0901, TGZ1001, TYC1101, THZ1301,
GZN1501, and TLC1601 of S. agalactiae; Lane 16: Negative control

23 Rt

DITCHLEEBRE BE N 40 DNA WE 51 5.65,
1.13. 2.26x107", 4.52x1072, 9.04x10°, 1.81x107,
3.62x107* 1 7.24x107° ng/ul N AT PCR §71
gE i N, —H PCR ABKEI F ) JC FLAE BR A 3 H 4
DNA /RN 1.81x107° ng/pl( 3).

K3 = PCR USRI 45 5
Fig.3 The sensitivity result of the triple PCR assay

M: DL2000 bp marker; 1~8: JCFLAEBREFMR IR /351
J95.65, 1.13, 2.26x107", 4.52x1072, 9.04x107,
1.81x107%, 3.62x107* Fll 7.24x107° ng/ul; 9: BAHEXS IR
M: DL2000 bp marker; Lanes 1~8: Template concentration
of S. agalactiae as 5.65, 1.13,2.26x107",
4.52x1072,9.04x107, 1.81x107, 3.62x107%,
and 7.24x107° ng/pl; Lane 9: Negative control

24 =E PCR#&MFER A

SKEBR. B m L R TR
A A i BH A H R 5300 100%(4/4) . 100%(8/8)
57.14%(4/7). 50%(2/4). 1.23%(2/159)F1 0(0/6); Ek
KF, 188 Y AR U L FIVEARS %R 10.6%
(20/188), 55 HLAN P 43 125 50 45 A —B(F% 3).

25 Z=E PCR #&ll77ERITEM LR

DLHS RN PR 43 B8 S8 28 T ik i brifE, ARYE Dse H1
Dsp HHAA HARNIF Fr it 7 ) = PCR il 7
1Y Dse 1 Dsp #1280 100%(55 4).

3 itig

% AR £ 2 TR ) 32 B K SRR R
—, EJUAE, TP AR R A (R 2R R
A AR . AT . BEEINREIRE),
OS2 B GR I 4245, 2015), Hrb, WLk EE
R 109 3 25 IR 0 35 5 A R 0 A R Bl ™
o KPR W AN vk S AR AR R
G B S T AR RS D3k A (N W I 4, 2017), Famifu
Z£(2008)F F = PCR X lfi R BE UREAS 4G SR
81.8%, XF AN TIXEAEAMK H R A 87.5%, P
P 247 w8 T FH AN TR 0 B A 1S 2R.(40.9% 1 67.5%), il
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Tab.3 The detection result of the tissue samples

FH PG H A/ BE AR LB Positive samples/total samples

L7 ; - o :
U5 Method geTi @ RIm JFEm O BURK il
Lianjiang Gaozhou Wuchuan Kaiping Huicheng  Longchuan
W HLAN B 43 2 Y5 5E Conventional method 4/4 4/7 2/4 2/159 0/6 8/8
— i PCR £l /7% Triple PCR assay 4/4 4/7 2/4 2/159 0/6 8/8

® 4 FIAREIR T AN E LR AN

Tab.4 Two different methods for detection of the tissue samples

% AE 1 2 ZURE h Tilapia tissue samples

i H Items
W RN R 43 2 5 %E  Conventional method FHM: P(20)
FLPH T TP(20)
= PCR il 7% Triple PCR assa
b P Y B BATE FN(O)

BN Calculation

Dse=TP/(TP+FN)*x100% =100%

A N(168)

BB FP(0)

E B TN(168)
Dsp=TN/(TN+FP)x100%=100%

WlZ @ PCR 1 ik o0 B0~ 7 J DRLHEA 7RG A Jfs A 17
ML &g, [FRBE /R ZE PCR LN 7 B H AR T
R

FT PCR HAR MY JCFLAE BR AR 77 4k K £ 1 B
HUFRFEIH R 16S~23S rRNA [H][X ¥4 | sip FIFEfR L
W2 g i 3 PR 455 (E 4445, 2011; Forsman et al, 1997),
TCFLBEBR A %l A7 AE 20 Z b 1 3L (Lin et al,
2011), 7 W5 1% il (Hy 1) A2 TG L 6 Bk 7 2 1 4 ) [
-, A Bl T8 BR G 7E 20 B P A7 36 52 e v 40 i
PR R MR F 1238, 78 T0FLAE Bk 5 B0 1o i ke e
YEF(Wang et al, 2014), 7% Z45 4 E 1 (PBPla)fE
GBS #1757 W 1 4 b e 85 22 /F i (Hamilton et al, 2006;
Jones et al, 2000), Z<#IPHA(2006) &I HR LA HE
Y AR 5 4 0 ) 2 BR TR N AR P AR SE B- I T e
FKHUER D LT R R GRS A Rt 25 % V)
KFR, 2GR AR AL, BT AE R AR B .
CAMP KT\ A& HA LR BT () 43 M 85 11, 7F GBS
o i i v & 4% B BRI (Udo et al, 2013) . 3 i 56
H B AEARRBAIN, A [FR IR Y (48 AN S H A 5 )
B TCFLAEBR E A Bk 3 FhaE UL, BEIHEAT]
TEIG SRR IR L B30 5 4 BRI B 4 ke G
HEAE ] (Casadevall et al, 2001), K, ¥4 hylB . ponA
A cfb 75 77 3 R T F5 | PRI 2 3 f8 T0 FLAE BR 1R 143

Z# PCR ik BRS04 . RAEE = 0,
B2 T K= SR AR o R A A (2013)E Xt
FAf I I7 % B (Grass carp reovirus, GCRV) 425 A 75
PREIRSFES , #5537 7 GCRV By = PCR #7775
15 2 7% %5 (2010) MR 48 T N 45 5] £k HUR B IR /N F 3
rDNAZE K P B B4 S RS 14, OF 5 /ViE 18 512 16S

rDNA RS PEG IA G, N 7RI /NS i A SRR
TN R 28 U 2 85 PCR 5 5 5 28R 55 (2010) AR 4%
JK 77 bw LI U B8 9T (Vibrio anguillarumy) . FE 7K
X% Jid 14 (Aeromonas  hydrophila) . I3 2% % i 48 [T
(E. tarda) i) & JJAHOCHE AL, N7 1 [a] I AG I 3 esy 1Y)
HAEZHE PCR ik, AMRH, HS—5853 0y
# hylB. ponA Fll cfb FE[H, Al ARAF RSP 1 4507,
1 ik 3 x5l & Itttk 2 8 PCR &R AFRIA R,
A [R] B 8 Y 3 A% hE SRR AR o Su ZF (2016) 5T & B,
LG FLEE BR B 11— LE B 1 3L R (40 sip AT cpsE) A #EL AR
WIS iET PCR 971, A7AE BRI Al g Jt o 2 PR 41
DNA X W LG, WiARWE5E b oA i 7E H K ™
Sl S T S R AL g Rl REH T ST Y =
PCR Kl Jy k4 S P o RAE MR & B, AHE5E r
Fag 8 () 05 1 ARG 2] A 1,81 107 ng/pl Y 41 1 3
FZH DNA, HBEHR P 45E(2012)F 8 A =5 PCR &l
D5 RS T 3T 200 %o 38 AR SE i g ) —
PCR J7ikAill )™ 7R 48 45 b X 5 3 2 20RE I 1 P P
Kt 00 10.6%(20/188), 5 4l 1 7 25 48 % [ 45 R W)
A, VB = PCR 7E% et Sk i s rp oA T
WE O R RS, 1% =8 PCR RN 7 e emfite s . 4%
SerEnR . RS, NP AR IO FLEEER R 12 W
KHMEAGRE | FAT IR AT S, T —Ah Dok | Eaf
A R o

Bi YN, Song Y, Ma SQ, et al. Progress in the application of
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(M, KT, D, % £E PCR HARLEHKIEM A
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TheApplication and Detection of Streptococcus agalactiae | solated from
Tilapia with a Triple PCR Based on Virulence Genes

LIU Chan'?, FENG Juan’, XIE Yundan'?, HU Wantao’, WANG Jiangyong’, SU Youlu””

(1. College of Fisheries, Tianjin Agricultural University, Tianjin  300384;
2. Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture and Rural Affairs,
South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300;
3. School of Life Science, Guangzhou University, Guangzhou 510006)

Abstract Sreptococcus agalactiae has become one of the most important emerging pathogens with
strong infectivity and virulence, causing high mortalities and large economic losses in tilapia farming
industries in China. There are no obvious symptoms in some tilapia infected by S agalactiae, so it can be
difficult to determine if a fish carried the pathogen. Thus, it was necessary to establish an effective method
for detection of S. agalactiae in the breeding process of tilapia. Three pairs of specific primers were
designed based on the conserved sequence of hylB, ponA, and cfb genes encoding hyaluronidase,
penicillin binding protein, and CAMP factor of S. agalactiae published in GenBank, respectively. After
the optimization of the reaction conditions and reaction system of multiplex PCR, the triple PCR method
based on the three virulence genes was developed for detection of S agalactiae isolated from tilapia.
Furthermore, the established method was applied to detect tissue samples of tilapia collected from
different farming areas in Guangdong Province. The detection result of S agalactiae only amplified three
specific bands, however there were no bands in the host and the other common bacterial pathogen strains
in aquaculture, which indicated that the method had good specificity. The dynamic range of template
concentration of S. agalactiae was 7.24x 10°~5.65 ng/ul. Sensitivity tests showed that the detection limit
of the S. agalactiae in genomic DNA was 1.81x107 ng/ul, with a higher sensitivity. The positive rate for
detection of 188 tissue samples isolated from tilapia using the triple PCR method was consistent with the
positive rate by the conventional bacterial identification method. The triple PCR method was evaluated
with the conventional method as the standard; diagnostic sensitivity (Dse) and diagnostic specificity (Dsp)
were 100%. In summary, the results showed that the triple PCR method not only improved the accuracy
and sensitivity of the detection, but also detected three virulence genes of S. agalactiae in the same
reaction system. Therefore, this method provided a rapid, accurate, and efficient detection technology for
monitoring S. agalactiae infection in harmless aquatic products and early warning of aquaculture diseases.
Key words Tilapia; Sreptococcus agalactiae; Virulence gene; Triple PCR

D  Corresponding author: SU Youlu, E-mail: suyoulu@scsfri.ac.cn



