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Abstract — Random amplified polymorphic DNA (RAPD) analysis is based on the amplification of random DNA
segment using a single arbitrary primer. For typing Salmonella spp., polymorphic DNA patterns identified by this
method can be used. To select the primers for RAPD typing Salmonella spp., the performances of 20 primers were
compared by analyzing 16 Salmonella spp. reference strains. Reproducible electrophoresis patterns were obtained.
Among the 20 primers tested, 4 primers (A, OPG04, OPG10, OPLO03) showed better differentiation than the others.
At the time discrimination index, band clarity, band number and difficulty of band scoring were considered. These
primers will be useful for typing Salmonella spp. in the future. Currently, we are under investigation for the RAPD
typing of contaminated Salmonella spp. for the risk analysis of pork processing plant using these primers.
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Table 1. Primers used in this study

Tm value

Primers Sequences (5'-3") °C) Reference
DG89 (OPB-17) AGGGAACGAG 28.9 15
DGY0 (OPB-6) TGCTCTGCCC 33.0 15
DG9I1 (S) TCACGATGCA 24.8 16
DG92 (OPS-19) GAGTCAGCAG 28.9 9
DGI3 (A) AGCAGCGCCTCA 425 17
DG94 (OPGO04) AGCGTGTCTG 28.9 6
DG95 (OPGOR) TCACGTCCAC 28.9 6
DGY6 (OPG10) AGGGCCGTCT 33.0 6
DG97 (OPHO04) GGAAGTCGCC 33.0 6
DG98 (OPH13) GACGCCACAC 33.0 6
DG99 (OPL-02) TGGGCGTCAA 28.9 S
DGI100 (OPL-03) CCAGCAGCTT 28.9 5
DG101 (OPL-12)  GGGCGGTACT 33.0 5
DG102 (primer 1) GGTGCGGGAA 33.0 18
DGI103 (primer2) GTTTCGCTCC 28.9 18
DG104 (primer 3) GTAGACCCGT 289 18
DG105 (primer4) AAGAGCCCGT 28.9 18
DG106 (primer 5)  AACGCGCAAC 289 18
DG107 (primer 6) CCCGTCAGCA 33.0 18
DG108 GGCTGCAGAA 28.9 10

Table 2. Salmonella spp. strains used in this study

Serial . Strain Antigenic
number Species number Serotypes propeglties*
1 Salmonella ATCC19430 typhi 9,12,[Vi]:d: -
2 Salmonella ATCC11511 paratyphi 2,12:a: -
3 Salmonella ATCC4931 enteritidis phage type 6a
4 Salmonella ATCC10719 schottmuelleri 1,4,5,12:b:1,2
S Salmonella ATCC13312  choleraeuis 6,7:¢c:1,5
6  Salmonella ATCC14028  yphimwium  4,512:1:1.2
7 Salmonella ATCCO184  gallinarum 1,9,12: -: -
8  Salmonella ATCC&389 london 3,10:Lv: 1,6
9 Salmonella ATCC13076 enteritidis 19,12: gm: -
10 Salmonella IVK BO1177 schwarzengrund
1l Salmonella TVK B01183 eingedi
12 Salmonella uppsala
13 Salmonella ohio
14 Salmonella budapest
15 Salmonella wien
16  Salmonella virginia

*source : http://www.atcc.org.
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Fig. 1. RAPD patterns generated using primer DG100 (OPL-
03) for 16 Salmonella spp. strains. Each strain was
noted as number in Table 2.
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Fig. 2. UPGMA cluster analysis of RAPD profiles obtained with primer DG100 (OPL-03) for 16 Salmonella spp. strains. Each

strain was noted as number in Table 2.
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Table 3. RAPD typing results of Salmonella spp.
Serial RAPmeﬁles
number of cumulative
S;’m"' DG89 DGY DGS1 DGY2 DGY3 DG4 DG5S DGY6 DGY7 DGY8 DG DG100 DG101 DG102 DG103 DG104 DGL05 DG106 DG107 DG108  RAPD
nella spp. profiles
1 Al Bl CI DI EI Fl GI HI Il J1 KI LI MI NI ol P Q Rl St TI 1
2 A2 B2 2 D2 E2 P2 G H R R K L2 M N 0 P @@ R 2 T2 2
3 A3 B3 C3 D3 E} F3 GI HI} II 3 K3 L3 M3 N3 03 PP Q@B R $ T3 3
4 A4 B4 C3 D4 E4 F4 Gl H4 1B 2 K4 14 M4 N4 O4 P2 Q4 R3 S4 T4 4
5 A5 BS 3 D5 ES F5 G4 HS 14 J4 K5 L5 M5 N5 O5 P4 Q5 R4 S5 TS 5
6 A6 B6 C4 D6 E6 F6 G5 H6 I5 J5 K6 L6 M6 N6 06 P5 Q6 S6 T3 6
7 A7 B3 C4 D7 EI FI G6 H7 16 6 K7 L7 M7 N3 03 PS5 Q7 R ST T6 7
8 A8 B7 C5 D8 E8 F8 G7 H8 I7 J7 K8 L8 M8 N7 O7 P2 Q8 R6 S8 T3 8
9 A9 B8 C3 D9 E9 F9 G8 H9 I8 J8 K9 L9 MY N3 O8 P6 Q R7 S9 T7 9
10 Al0 B9 C6 DI0 EWO FIO G9 HI0O K J9 KI0O LIO MI0O N8 09 P6 Q0 R SI0 T8 10
11 All B0 C6 DIl EIl FIl G0 HIL 19 JI0 KII LIl MIL N9 Q16 P7 Qi R8 S T9 1
12 Al2 Bl C3 DI2 EI2 F12 GlII HI2 10 Ji1 KI2 LI2 MI2 Nlo Ooli P8 Q6 R2 SII T8 12
13 AI3 B2 C7 DI3 EI3 FI3 GI2 HI3 Hl1 J12 KI3 LI3 MI3 NI 012 P9 Q12 R9 S12 TI0 13
14 Al4 BI3 C6 D14 EI4 Fl4 GI3 HI4 112 Ji3 KI4 L4 Ml4 NI2 O3 PS QI3 Ré SI3 Til 14
15 A3 Bl4 C7 D6 EI5 FIS G4 HIS 13 Ji2 KI3 LI5 MI3 NI3 Of2 PI0 Q8 RS SI2 TIO 15
16 Al5 BIS C3 D2 EI6 Fi6 GI5 HI6 114 J2 KI5 Ll6 M6 N4 Ol4 PI0 Q4 Ré6 Sl4 T3 16
Dvalue 0.9916 0.9916 0.8333 09833 1 1 09916 1 09833 0.9666 09916 1 09833 0975 09833 0.9333 0.9833 0.8833 0.9833 0.9333
5L ogkETh 7 Foll Bol 82 7 UL A= HTL
A 2 7R FAR] T S(invd, b, agA) ol o]& Ao 2 $ge & 20014 primerE o3l Arda}
8l PCRE JoPd Amdz} &7 G55 g & 9 BEAF 1652 RAPD typing2 #3 ¥ discrimination
th geA k) mgepd AAR oYFE AMRsle) o8} index, band®] <%}, band scoring®] WolE F& I3}

ZARAE ol FA2E FE3 Hob ArdeRir] 4% s EejHo] £& primer 41§ AU A= olE
S 4 Wy o)F ARdHR BFE AP ool 4 primerE o835k & FAIM 2dd 7HE AR A
Wl primerS ©]8-3] RAPDE 3P 'd7ﬂ typinge] 7} T7F 218 Fol gl
T ZoE Bt

RAPD typing® £z AM &VH dE B FAE #Ale] S
7 49 5 7P £9de] £ ZoE €27l PFGES} H]
% AeE BaHy 2 l‘Eﬂ A= SRR & v AFs 2002”45 TEY - THISMNEAY
< DNA 28]3 37te] M8 27F38K= PFGE Hla] &4 (202138031SB010)2] X|YOZ o]Fojx Zo g old 74}
H7E RS FiEes A o8 4 e el =gy
Ap A= ALY A8 Al AF T 2HY AL F

290

RAPD #42 & /B9] primerE o]8-3ld ¢Jojo] DNAZRZME FF3he Aolct oW

DNA bandf3S o83ty dmdais &
< GHs| At %

primer OPB-17, OPB-6, OPG08, OPL-02+
AL, band scoring®] dol= 5 s &
AAp Ardele] RAPD typingel ©]-8-€
£ 98 A5 3 Folth

A

1o
T

o]o.
M=

Folx) o] el

FE 4 o) Andas 90 F RAPD typing® 4 U= primers
T EFEFF 165S dAeZ F 20014 primer=2] RAPD EalE S vjwsle] woteh
A= Aol %™ o|F primer A, OPG04, OPG10, OPL-03S 167K & E52
157k fFdoz Esiart. ols
o} YA primer £
ZoZ HolH,

= fgoz 2sld
& discrimination index, band®] &
Hlg) 33 E2j3e B9t ol primers2
HAlle olES o83t =% T8 294 3

Journal of Food Hygiene and Safety, Vol. 18, No. 4



b2

. Mare, L., Dicks,

Hyungkun Lim et al.

EDEH

. Olsen. J.E., Aabo, S., Hill, W., Notermans, S., Wernars, K.,

Granum, PE., Popovic, T., Rasmussen, H.N. and Olsvik, O:
Probes and polymerase chain reaction for the detection of
food-borne bacterial pathogens.
Microbiol., 28, 1-78 (1995).

International J. Food

. Carrington, M. and Hoelzel, A.R.: Molecular Epidemiology.

Oxford University Press, pp 41-43 (2001).

. Kerouanton, A., Brisabois, A., Denoyer, E., Dilasser, F., Grout,

J., Salvat, G. and Picard, B.: Comparison of five typing
methods for the study of Listeria
monocytogenes. International J. Food Microbiol., 43, 61-71
(1998).

epidemiological

. Soto, S.M., Guerra, B., Gonzalez-Hevia, M.A. and Mendoza,

M.C.: Potential of three-way randomly amplified polymorphic
DNA analysis as a typing method for twelve Salmonella
serotypes. Appl. Environ. Microbiol., 65, 4830-4836 (1999).
LMT and van der Walt, ML.:
Characterization of south African isolates of Salmonella
enteritidis by phage typing, numerical analysis of RAPD-PCR
banding patterns and plasmid profiles. International, J. Food
Microbiol., 64, 237-245 (2001).

. Millemann, Y., Lesage-Descauses, M.-C., Lafont, J.-P. and

Chaslus-Dancla, E.: Comparison of randomly amplified
polymorphic DNA analysis and enterobacterial repetitive
intergenic consensus-PCR  for epidemiological studies of
Salmonella. FEMS Immunol. & Microbiol., 14, 129-134
(1996).

. Martin, M.C., Gonzalez-Hevia, M.A., Moro, 1. and Mendoza,

M.C.: Genetic typing methods applied to the differentiation of
clonal lines among Salmonella enterica serogroup G strains
causing human salmonellosis. FEMS Immunol. & Microbiol.,
19, 215-221 (1997).

. Landeras, E., Gonzalez-Hevia, M.A. and Mendoza, M.C.:

Molecular epidemiology of Salmonella serotype enteritidis.
Relationships between food, water and pathogenic strains,
International J. Food Microbiol., 43, 81-90 (1998).

. Laconcha, 1., Lopez-Molina, N., Rementeria, A., Audicana,

A, Perales, 1. and Garaizar, J.: Phage typing combined with
pulsed-field gel electrophoresis and random amplified
polymorphic DNA the
epidemiological analysis of Salmonella enteritidis strains.

increases  discrimination in

11

13.

14.

17.

18.

International J. Food Microbiol., 40, 27-34 (1998).

. Tsen, H., Hu, H.H., Lin, J.S., Huang, C.H. and Wang, T.K.:

Analysis of the Salmonella tvphimurium isolates from food-
poisoning cases by molecular subtyping methods. Food
Microbiol., 17, 143-152 (2000).

Choi, W.S. and Hong, C.-H.:Rapid enumeration of Listeria
monocytogenes in milk using competitive PCR. International
J. Food Microbiol., 84, 79-85 (2003).

. Hunter, PR. and Gaston, M.A.: Numerical index of the

discriminatory ability of typing systems: an application of
Simpson's index of diversity. J. Clin. Microbiol., 26, 2465-
2466 (1998).

Van de Peer, Y., and De Wachter, R.. TREECON for
Windows: a software package for the construction and
drawing of evolutionary trees for the Microsoft Windows
environment. Comput. Applic. Biosci., 10, 569-570 (1994).
Link, W., Dixens, C., Singh, M., Schwall, M. and Melchinger,
AE.: Genetic diversity in European and Mediterranean faba
bean germ plasm revealed by RAPD markers. Theor Appl.
Genet., 90, 27-32 (1995).

. Lin, AW, Usera, M.A,, Barret, T.J. and Goldsby, R.A.:

Application of random amplified polymorphic DNA analysis
to differentiate strains of Salmonella enteritidis. J. Clin.
Microbiol., 34, 870-876 (1996).

. Williams J.G K., Kubelin, A.R., Livak, K.J., Rafalski, J.A. and

Tingey, S.V.. DNA polymorphism amplified by arbitrary
primers are useful as genetic markers. Nucleic Acids Res., 18,
6531-6535 (1990).

Miyata, M., Aoki, T., Inglis, V., Yoshida, T. and Endo, M.
RAPD analysis of Aeromonas salmonicida and Aeromonas
hydrophita. J. Appl. Bacteriol., 79, 181-185 (1995).
Chansiripornchai, N., Ramasoota, P., Bangtrakulnonth, A.,
Sasipreeyajan, J. and Svenson, S.B.: Application of randomly
amplified polymorphic DNA (RAPD) analysis for typing
avian Salmonella enterica subsp. enterica. FEMS Immunol.
Med. Microbiol., 29, 221-225 (2000).

. Martinez, 1., Rorvik, L.-M., Brox, V., Lassen, J., Seppola, M.,

Gram, L. and Fonnesbech-Vogel, B.: Genetic variability
among isofates of Listeria monocytogenes from food products,
clinical samples and processing environments, estimated by
RAPD typing. International J. Food Microbiol., 84, 285-297
(2003).

Journal of Food Hygiene and Safety, Vol 18, No. 4



