Korean Journal

HRKSREEGEE B314 F4% of Veterinary Service
Korean J Vet Serv (2008) 31(4) @ 485—492.

Salmonella enterica serovars Gallinarum¥ S Pullorum$
AEE 9 274 A G allele-specific real-time PCR¥}
3’'-tailed PCR9Y B]i

ol Alml, Mt el A, FeNF

BK21 ol @ A Rele 4y, Ao ein 4] s} oh 3}
("4 2008. 10. 17, AlA&< 2008. 12, 23)

Comparison of two diagnostic methods, allele-specific
real-time PCR and 3’-tailed PCR to discriminate between
Salmonella enterica serovars Gallinarum and S Pullorum

Se-Mi Lee, Ja-Young Seo', Jae-Tl Leel, Tae-Jung Kim"

BKZ21 Biotherapy Human Resources Center, 'College of Veterinary Medicine, Chonnam

National University, Guangju 500~757, Korea
(Received 17 October 2008, accepted in revised from 12 23, 2008)

Abstract

Salmonella enterica serovars Gallinarum (SG, causative agent of fowl typhoid) and S
Pullorum (SP, causative agent of pullorum disease) are very important bacterial pathogens in
poultry industry. They share some common antigenic properties though the characteristics
of outbreaks are quite different. To discriminate between SG and SP, we developed two
rapid diagnostic methods, allele-specific real-time PCR and 3'-tailed PCR over 2 single
nucleotide polymorphisms (237" and 598™). In both methods, 237" allele was found to be a
good target for differential diagnosis, while 598" allele produced some non-specific reactions.
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Salmonella 475 ¢ #F2+ SP &%
T2 ATCC 19945, SG E5TF<¢ ATCC
91207} 9184, Z18lx Frolgpstd ol H
g 2 BR#ZF2 SP 4, 11, 296 strain 3F %
Adoista FolF st A E& & 6719 SG
ofel - FEE o] 4319}, Salmonella spp2l Hl
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infusion (BHI) brotholl A 1z} F#A|7| L o] &
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selectiondt ittt A A colonyS2 5mée] BHI
brotholl A1 #]% 3= AccuPrep® genomic DNA
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S REUXE Z=E

2 AF2 SGE S # A A (GenBank
#AF442573)9F SP9]l rfbS {4 &} (GenBank
#DQO74436)N A1 242y 237 d7)ek 598 o
717 SG Yl A= "AY, SPAAME "Gl A9

Aorabe] 7B ARHE designdldrh. o1& 9
3l WA Salmonella genomic DNAE ©] &3}
o n‘bS%%X} sEIAT. SEE 98

Mol S A EolA  primers (forward:
5" -TCACGACTTACATCCTAC-3", 183

reverse: 5 -CTGCTATATCAGCACAAC-3")
F o]&38ld, 94T /5% pre-denaturation, 94°C

/1% denature, 45°C/1% annealing, 72°C/2%:
extension® 2 30 cycle?] PCRS 835ty 7
2T/10%- post*annealing:% A Ea 2%7)
o mbS FHA GriAde] 48 98 PCR
AHES sequenungo}"% A7 G s B4

fhS-237 in 8. Gallinarum

5'~-CTA TCA GAG TAT TAG A A-3'
3'-GAT AGT CTC ATA ATC T T-§'

polymerization
5S-598 in S. Gallinarum

§-AGT TGG TAG TGG AAA G A-3' -
3-TCA ACC ATC ACC TTT G T-g Polymerization
bS-237 in S. Pullorum

5'-CTA TCA GAG TAT TAG A
3'-GAT AGT CTC ATA ATC T C-5'

A-8 o
no polymerization

HS-598 in 8. Pullorum

5'~AGT TGG TAG TGG AAA G
3'-TCA ACC ATC ACC TTT C C-5

A-3 L
no polymerization

Fig 1. Representative diagram of the mechanism
of 3'~tailed primer(s) during DNA polymerization.

bS |XAE] oy
primer PCR

allele—specific  3'-tailed

ZZ% PCR #E-& template® 8] allele-
specific 3'-tailled PCRS # 574 ZFa %
RIS = 3* 230 allele-gpeciﬁc 3'~tailed
primer set® W& &, SG2 genomic
DNASH= 100% s1m11ar1tv Ho] binding &
XLo}xinl— SPJ,].L_ ) u].xl 3 —end”} )\‘yg_x%

o] ¢o} primer bindinge] & HA EIEH
primerZ designdtAti(Fig 1). AF&E allele-

specific 3'—tailed primer: Table 13 -t}
271 ¢] primer(rfbS-237 ¥ rfbS-598)% allele-
specific 3'-tailed forward primers® AF-8 %
i fbS-R& ¢ 2709 primerd] FESE A}
25+ reverse primer® AH&E%Ith Allele-
specific 3'-tailed PCRell Wlsh 272 & 94T/5
¥ pre-denaturation, 94°C/1%: denature, &
9] EolAE Eol7] ¢3 60T/1¥: annealing,
72°C/1%; extensiong 30 cycle AAlsta v
Zluko g 72C/28: post-extensiond A A] 8}
sith. 3% unmatching 3'-taile] PCR &£ 5%
2 AAE 9 4HTHE 65T7HA 10719
gradient annealing %7944 0 Z gradient
PCR (Tprofessional; Biometra®)-& A A1 8}9] t},

S KM ALEOf i $F real-time PCR

ibS FAAF ] e SNP (237 2 598%)
2 YHNOE 2 setd primer ¥ probe setE
Table 29+ #o] 3A3}e] real-time PCRE

ok 5l e AR,

Table 1. Salmonella species allele-specific 3’-tailed primers used in this study

Oligo Name Sequence (5'->3')

rbS-237 5-CTA TCA GAG TAT TAG AA”
rbS5-598 5-AGT TGG TAG TGG AAA GA”
BS-R 5'-CTG CTA TAT CAG CAC AAC TA

" 3'—tailed unmatching base for S. Pullorum, which means these primers would bind easily to S

Gallinarum only
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4] ¥ primer ¥ fluorescence-labelled Taq-
Man™ MGB probes (SP: VIC-labelled, SG:
FAM-labelled)& ©ol-&3to] AlxApe] | A4
w2} PCR mixtureZ &t}

Z real-time PCR& 96-well platedl] 2}7+e
sample® TagMan™ Universal PCR Master
mix, No AmpErase UNG (2x)& 125ul, 40x

assay mix (primer % probe &%) 0.62540,
20ug/ul genomic DNA in 118750 F75E 411
% 25409 reaction volumes WEAUTH olEE
Applied BiosystemsAte] 7000 Sequence Detection
System®l loading % initial step2# 95T/10%,
283 denature® 92C/15% 2 anneal/extendE
60°C/187F 40 cycles A8 T

Table 2. Primer and probe sets used for the Salmonella species allele-specific real-time PCR

Name Sequence (5'—3")
rfbS-237 rfbS-237-F ACGAACCTGCAACAGCTTTAATAGA
primers rbS-237-R GGCAGTGATGTTCCACAATTTATGAA
rfbS-237 rfbS-237-G-VIC CTATCAGAGTATTAGAG+TCTATC-VIC-labelled
probes rfbS-237-A-FAM TCAGAGTATTAGAA+*TCTATC-FAM-labelled
rfbS-598 rfbS-598-F TCCCCAAATTTCATAGTATTGAAGTTGGT
primers rfbS-598-F AATTGCTTTTTGTGATATTTTTAACAGTCTCTACAT
rfbS-598 rbS-598-G-VIC ACGAATTGATATAGC*CTTT-VIC-labelled
probes 1bS-598-A-FAM ACGAATTGATATAGT*CTTT-FAM-labelled

* SNP locations
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Salmonella genomic DNAE ©]-83t4 rfbS
FARE ZZtYrt. 5 Salmonella sampled]
A1 720bp 2719 PCR AHEo] A= SItHFig 2).
AitE 2E PCR 422 gel elutiong 314
sequencing¥t A3 SG& 237H E 598H
"A"7F, 28]51 SPE 'GYY d71AMd e 7HA
I Ues Fsdrh

kb M 1 12
1.0
0.5 0.72

Fig 2. The result of rfbS gene amplification.
Lane 1-8: SG ATCC 9120, 9184, and 6 isolates;
lane 9-12: SP ATCC 19945, 4, 11, and 296. M:
1kb size marker.

60T ¢ annealing =718 AH8% 4%, 237H
97l 2 598¥ Grldd gk SGY PCR %
Ay Asolq ZdEHE A7 501 bp Z
140 bpe]l PCR ZFEo] EE sampled A &%
HAch €A Spe] PCR 5% AF ZAioA
= JldEgE =Z7]9 501 bpe PCR AHE9]
L sampledl A= FHHA &ZdtHFig 3).

M 1 8 9 12

500 Bl R R 501

140

Fig 3. The result of PCR amplification at 65C
annealing temp. using 237" (A) and 598% (B)
allele-specific primers, rfbS-237 and rfbS-598.
Lane 1-8 SG ATCC 9120, 9184, and 6 isolates;
lane 9-12: SP ATCC 19945, 4, 11, and 296. M:
100bp size marker. Note no PCR product was
produced in SP lanes.
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&A% gradient PCRS o] 43 A& A3 1bS-
5989 7= rfbS-2373= e, annealing &
% 56.3T o]t A& n|Eold oz PCRo] 9]

FoFEe & & AATHEFig 4.

M 1 10

fgg - — - - 140

A

200
100 140

Fig 4. The result of gradient PCR amplification
using 598" (A) and 237" (B) allele-specific
primers, rfbS-598 and rfbS-237. Template DNA
from SP ATCC 19945 was used. Lane 1-10:
annealing temp. 45, 46.9, 49, 514, 53.7, 56.3,
586, 61, 63.1, and 65C. M: 100bp size marker.
Note PCR products were amplified from 56.3°C
in 598" allele-specific PCR (A).

rbS FHXI=to| O §F allele-specific real-time
PCRZ2 0| &3t HHEHZIC

[

-

PCR b=l o8k & d
target sequence® 7FA I U+ templateo] o 3
A=E T8 HIA4E 4L 2 A3
2379 alleled] ™3 allele-specific  real-time
PCR2 species—specific3tA &3¢ =712 &
T AL (Fig 5), 5989 allele-specific real-
time PCR 23, SP9 A-$ FAM¥} VIC dye
594 double—positive?] ZAH}E riehufol
(Fig 6) &1 7ol A &&& 4 4+ AdAh

o K1

o 27} = e

FAM
@

[ 1500 2000 2800 300 2500 o

VIC
Fig 5. The result of 237" allele-specific real-
time PCR. X-axis: VIC dye intensity, Y-axis!
FAM dye intensity. Diamond: SG, round: SP,
square: no template control (blank).
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Fig 6. The result of 598" allele-specific real-
tfime PCR. X-axis: VIC dye intensity, Y-axis:
FAM dye intensity. Diamond: SG, round: SP,
square: no template control (blank). Note double-
positive result was shown in SP samples
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