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Abstracts : In this stdy, eight primers were used to detect genetic variability and phylogenetic
relationships among the eighteen Salmonella strains by the arbitrary-primed PCR(AP-PCR) techniques. Five
strains of Salmonella typhimurium, four strains of S entertidis, three strains of § choleraeuis, three strains
of S gallinarum and three strains of S pullorum were typed by AP-PCR. The number of AP-PCR bands
detected per each primer varied from 39 to 52, with an average of 43.6, A total of 349 AP-PCR bands
were generated and among them, 185 bands(53.0%) were polymorphic. Among the primers, GEN 703 and
GEN 708 primer showed a high level of polymorphism with 0.682 and 0.676, respectively. But GEN 603,
GEN 604 and GEN 607 primer showed a low level of polymorphism with 0.404, 0.460 and 0.472,
tespectlvely Therefore, the these primers will be the most effective for AP-PCR analysis of Salmonella

The level of polymorphism of § typhimurium CU 2001(0.77) was similar to that of S typhimurium CU
2002(0.77) and lower than those of other strains such as S syphimurium CU 2003(0.63), S typhimurium
ATCC 14028(0.50) and S typhimurium CU 2004(0.43), The level of polymorphism of § enteritidis ATCC
13076(0.83) was similar to that of § enteritidis CU 2005(0.83) and lower than those of other strains such
as S enteritidis CU 2006(0.63) and § enteritidis CU 2007(0.58). The level of polymorphism of §
choleraeuis CU 2009(0.67) was similar to that of S choleraeuis CU 2010(0.67) and higher than those of
other strains such as § choleraeuis CU 2008(0.53). The level of polymorphism of § gallinarum CU
2011(0.70) was similar to that of S gallinarum CU 2012(0.70) and higher than those of other strains such
as § gallinarum ATCC 9184(0.60). The level of polymorphism of S pullorum CU 2013(0.80) was similar
to that of S pullorum CU 2014(0.80) and higher than those of other strains such as S pullorum No
11(0.53). Therefore, the AP-PCR analysis will be used a powerful tool for estimating genetic variation and
phylogenetic relationships among Salmonella strains.
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Table 1. Salmonella strains used in this experiment

Strains Serogroups Sources

S typhimurium ATCC 14028 B Reference strain

S typhimurium CU 2001 B Isolated strain

S typhimurium CU 2002 B Isolated strain

S typhimurium CU 2003 B Isolated strain

S typhimurium CU 2004 B Isolated strain

S enteritidis ATCC 13076 Dl Reference strain

S enteritidis CU 2005 D1 Isolated strain

S enteritidis CU 2006 D1 Isolated strain

S enteritidis CU 2007 Dl Isolated strain

S choleraesuis CU 2010 C1 Isolated strain

S choleraesuis CU 2011 Cl1 Isolated strain

S choleraesuis CU 2012 Cl1 Isolated strain

S gallinarum ATCC 9184 Dt Reference strain

S gallinarum CU 2008 D1 Isolated  strain

S gallinarum CU 2009 D1 Isolated strain

S pullorum ATCC No 11 D1 Reference strain

S pullorum CU 2013 D1 Isolated strain

S pullorum CU 2014 D1 Isolated strain

Table 2. Sequences of arbitrary primers used for AP-PCR analysis
Primer Sequences(5” to 3°)

GEN 603 GTGACGTAGG
GEN 604 CAATCGCCGT
GEN 607 GTTTCGCTCC
GEN 702 TGCGCCCTTC
GEN 703 TTCCCCOGCT
GEN 704 ACCCCCGAAG
GEN 705 GGTGACGCAG
GEN 708 GTCCACACGG
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Fig 1a. Arbitrary-primed PCR patterns of Salmonella strains by using primer GEN 603(A), GEN 604(B), GEN 607(C) and
GEN 702(D). Lanes 1 to 5, S typhimurium strains; 6 to 9, S enteritidis strains; 10 to 12, § choleraesuis strains; 13 to 15,
S gallinarum strains; 16 to 18, § pullorum strains; M, 100bp DNA ladder
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Fig 1b. Arbitrary-primed PCR patterns of Salmonella strains by using primer GEN 703(E), GEN 704(F), GEN 705(G) and
GEN 708(H). Lanes 1 to 5, S typhimirium strains; 6 to 9, § enteritidis strains; 10 to 12, § choleraeuis strains; 13 to 15,
S gallinarum strains; 16 to 18, S pullorum strains; M, 100bp DNA ladder

Table 3. Polymorphisms of Salmonella strains using AP-PCR analysis

No of total bands No of polymorphic markers Rate of polymorphisms
ST SE SC SG SP ST SE SC SG SP ST SE SC SG SP

Primer

GEN 603 8 6 5 11 13 3 2 2 5 6 038 033 040 045 046
GEN 604 7 8 9 10 3 3 4 5 3 043 038 044 050 043
GEN 607 10 7 7 8 9 3 4 3 4 5 030 057 043 050 056
GEN 702 8 8 2 4 4 5 6 033 050 050 056 075
GENT703 o9 11 14 8 10 4 6 6 4 6 044 055 043 050 060
GEN 704 13 10 8 12 9 9 8 5 6 6 069 080 063 050 067
GEN 705 10 9 7 8 6 7 6 5 5 4 070 067 071 063 0.67
GEN 708 11 7 9 7 7 6 4 5 3 4 055 057 056 043 057

Total 74 66 67 73 69 37 37 34 37 40 382 437 410 407 470

Mean 9.25 825 838 913 863 463 463 425 463 513 048 055 051 051 059

* The rate of plymorphism was derived from polymorphic bands divided by total bands.
*x ST : § typhimurium, SE : § enteritidis, SC : S choleraesuis, SG : S gallinarum, SP : S pullorum
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Figure 3. A dendrogram of eighteen Salmonella strains based on average linkage cluster analysis by AP-PCR. Genetic
distances among the strains are indicated on the left of the dendrogram.

N%9 74 & 3d&& B9 ¥ GEN 603 primer
7t 5 202 0% M B 2HEES BEYTh S
gallinarum g5 % NES] 71 GEN 704 primer
oM 12702 7PE @& Wi GEN 708 primer?} T7HE
74 AYS ¥4 M=) £ GEN 704 primer7} 67}
2 7b4 B9tk3 GEN 708 primer7t 702 7+ Ao,
3-&L GEN 705 primer7} 871 & 5702 63%2] 713
& FHSS B9 vk GEN 708 primer7} 7705 37
B 43%°] 7t 22 £88E Ak S pullorum @5
A= & whz el =7} GEN 603 primerol A 1370 & 7t
A @-e W GEN 705 primer’} 6712 714 A7 ©h
34 WMo 4= GEN 603, GEN 702, GEN 703 %
GEN 704 primer’} 25 6702 7% ®tZ GEN 604
primer7t 372 7HE AALW, tHE&E GEN 702
primer’} 87} & 670E 75% <) 714 B 2EEE K
¥ GEN 604 primer7} 770 & 370 &2 43%2) 7 22
23 8L 290

2. ZFZ fEE WHolA U DA B
8559 primerE o] &3] +3€ AP-PCR 4 & ¥

slod A2H DNA WEZoA 232719 o34 Mg

ol g-3le] 18% 9] Salmonella #7F7+2] GS M & E&

genetic distance(GD) #-4-& 5383 2¥E dvnd
60% ~70% Afole] el X 570 €] subgroup® E VHH =
AE BT 5 ALk § typhimirium CU 20012) 13
A FFE 0772 S typhimirium CU 20028} 713 23
A7t 2 ALR Jehgew thgo| § nphimirium
CU 20032. 24 0.63, S typhimirium ATCC 14028} 0.50,
23§ typhimirium CU 20047} 04322 SQRA 7}
71 A A2 Uelwth S enteritidis ATCC 13076¢) Tt
A £33 08308 § enteritidis CU 2005¢} 713 717t
+ FEAE YA e theo) § enreritidis CU
200622 0.63, “1813L S enteritidis CU 2007°] 0,588 7}
2 ZABAZ} W Aoz velch S choleraeuis CU
20098] THEA FFE 0672 S choleraeuis CU 20103}
7V 7 SAFAE JeEpN Ao § choleraeuis CU
20082 05322 71 Z2ARAZ W Ao g vehy
S gallinarum CU 20118 o}8A &£ 07022 §
gallinarum CU 20128} Z4HA 7} 718 718A Jeb
o1 § gallinarum ATCC 91847} 0.602. 8 714 2 84|
7t i Ao veldoh e 2o 2 S pullorum CU 2013
# 8 pullorum CU 20142} T34 &L 08028 71
SARA 7t 7Y S pullorum No 110] 05302 7}
A 2ABAT W Aeg Jehgrk



Arbitrary-Primed PCR 71} ©|8-3 Salmonells 72) TH84 ¥4 197

I @

PCRY| #A7 #47]¢g o] &3 DNA T84 &
A}7}-26) AP-PCR 72 &2 8~10bpe) primerE AR
3l genome] DNA 714 2918 gJelg Z2EA7
F AQERe D B FEsE /WORA ugo
AY3T SAZE W &4A ARE § Jon, NFg
HHYo) old AR T HEY & ol M BF
o} getzAlel] YA &350 oS PeRE o]
g w2 Mgl 7H T Y ¥HEEE DNA §71MY
g e R 3 primerE ARSI HI WA W2 annealing
L X0 A primere] B]Eo| Rihg o] g3hE WL R &
Zg DNA 2B BAat: wyosx x¥Y o3
w3 Bl EEhE o FHe AFES e HE
g 4 17, dYo) Dkate] WME A7hle) BHE o
£ & QE AHE AT Utk 28y fRETet 4
o7 B AAFFE M8 WEE AT
uhE AHA APl R FHE AT AP

10mer AT 9] H]Eo| primers} 2 annealing L&
o] &3 AP-PCR 7|2 AME3lE primere] F71X€Q
3 2o wekx A7)t ol 2k 4 UE wel
o A7k Z4E Al 2Y F oY MaEe 98z
Aol )25 T 9lE AP-PCR B4 WPHE 2ol PRGE
st EAsAY 1 o)ate] WEe] oty HIHT 9
ony, B3] Salmonelle 758 L2 & AR5
Ao oJ3lw Al2EHE AJeks} DNAS & 9y ¥
PCR 2%27 $¢ 2Z89 Az AP 2 o)
7t Qo] B AERE ZEvT Bu=EAG . oy A
oA MY Zzhe] #FeA HAEEHE SolH W=
E2 AHLE primere] H71X D3} template DNAS] A§
2ol A7ME Aol AEAol AH AU EE
primers} 2+ #32) AHEA Hlgo| ztz A Jeht
7] W&ol primere] A o] HolHA ZEZ2Eo| HE
g4 g FT QG0 wEd g5 FF So)FHQ
DNA marker®] 542 DNA ©rde] 29 9 g7 1449
274 18]3 DNA probeE o] &% Southem blot ¥4
oa TMAHeE wed Aoz siggch I,
AP-PCR marker: ZZZA0) u)$ wizsiA whgskd
Mol 28 4t ¥ So]3Q DNA MEel A Ao
W) o] o2 Hrh v B FFES ugeE
AP AEZS 918 vhE AYo] o|Rolxol § RHoE
A z+g

Maslow ef al'*S E-FAAE H7Hgtel oM oAz}
A NEg AL on g3 oA, AN, 2EstE
A, dMe] gl AHAS #Y4E AAE v

t}. Aitken et al'’ & 1| RAPD markero] A 9= ¥4
9} 9F8 43174 random amplified blotted DNAE
probeE AHE-3te] B2 el FA3 ohHE B4E B
oA el Fn)ET ofujd HEE FAH FEAQ
A2 FAo] 7HsEE Y3 Power': UK Eol
2AolA] RAPD typing 71l &% J7AAE B3I
=l & thekgt #21 A3y 71 Eo) vtelgol =
g9 7ol Y7)H A7E fHE F US L Bs)
o} Hilton er al®S Salmonella F32) RAPD A& &
Mg 9% 33 AL BYst nAEY JeFR A
T8 TTEA 048 £ U2 FUHNL
Shangkuan et > Salmonella typhis} M2 The z}z}e)
Salmonella & 9] typingS 913l] RAPD 719 & 3§
& Az}t 709 primerE o183l 63719 ME &
Salmonella typhi #7578 ¥ 83e-S HIslyr) 3y,
Caetano-Anolles et al>& Thokgt AEEE oz =
FAES £ FFHYLT 4 @EW geEe}
DNAE 1~1970, ¥ 2~497] 181 QA7AME
0~60712] DNA W=7t #@= o] genome 7)o whe}
A3E zol7h ARE BRIEHUTE o|gte] ZEAE
o] & genomed AR EH o] = FAA Edold ut
2 #F7te) AR E ¢ AFH ARE AT F
& A7) WE T2 FEY ZEZNELS AUFHeE 1
E9] HolE Yl § oBE FHH #XQAAE o]
|75 0] F7HeA "ok oMY, Salmonella F5 B
o opel BE MFE9 genotypingell lelM A
primer& ¥ 3lo) AP-PCR E4& AM2-3l= 39 PFGE
FEET 453 95 &3 EXAAES typingo) 7}
Faen, 2 A N E AT £ de F£F
Yyt o} 22 HE A7) AvH AL PRGER
o} Rl ol glo] o] &7}t & Ao g wdrh
I ER, ol d7ARE F9H B o 44 25
71E€ ol&% AP-PCR 712 mIAE 9 AlF9 =2
F43 oA 2@ WHole HEY F o) Z4=E ny
B 7t f43 248 BYd AAHoE ol8d
F Qdon Rot HEF FAARE AT F ¢ W)
WEe e ® @A AR QAT HrPE zZE
MRS fAAY BMo) EEHOE ol&T £ UL
Ao R AgELh

H 2

o] A& AP-PCR 71¥-g ©l&3 Salmonella 7+
o] F3A o ZATJAE vineizzl £33
th. 18%-2) Salmonella 771 8] 8FF 2 primerE o)



198 BolA, A3+, A

a3led 7} F=o] )3 DNA MEE AE% 49 2
AP-PCR ©¥H 2] & 3944 527He] HHAen Bt
436717t AEFQnk E 09 ®ZAAA7LEY o
AL UeEhils BHEL 1857124 53.0%2] o8y &
& BRIk ArdadFES GEN 7033 GEN
708 primeroll A z}z} 0.6829} 06769 ¥ THEA £
£ HojFelor} GEN 603, GEN 6, % GEN 607
primerol A= 71z} 0404, 0460 % 04729 Wl A W&
F#29 th¥AS Jergogn ARAJRFT A4EA
Hgo] #2& AARE F3 Utk wEkA, olF primerE
& Salmonella ‘FFE2] AP-PCR ¥2jo] thts] &&3)
AL A 5 AArk S typhimirium CU 20018} TH3
Ay S TI%E S typhimirium CU 20029} 743 Q3
A7t 7WE ZAeR Jebdew thiel § yphimirium
CU 200322 63%, S typhimirium ATCC 14028°] 50%,
83 S typhimirium CU 20047} 43%2] ZABAE 1}
eERARiTE. S emteritidis ATCC 130768] ThdA +&52
83%2 § enteritidis CU 20059} 2RQ3A7F 74 71744
Vel Qom theol § enteritidis CU 20062.8 63%, S
enteritidis CU 2007°] 58%¢) 29 3AE Jehlidt §
choleraesuis CU 2009¢9) w3y £FL2 61%E §
choleraesuis CU 20103 7+ 7174 2ARAE el
01 § choleraesuis CU 2008 53%2] ZAAAE
M) S gallingrum CU 20113} S gallinarum CU 2012
o] A FF2E 0% TATA7 718 7HgA e

o § gallinarum ATCC 9184% 60%2] ZAAAE
Uepligich ehAweg S pullorwm CU 20133 S
pullorum CU 20149] T8 5L 80%E vl 52 &
ABAE Jebd ¥d S pullorum No 11& 53%2 24
A7 A Ao vehgr)

wEkA, AP-PCR #2418 Salmonella 752} f3A4 t}ok
A g IABAE P8 g FEHE TrEA ol&
&+ 30g Aelrh

&ADEH

1. Holt JG, Krieg NR, Snecath PHA, et al. Bergey's
mannual of determinative bacteriology, 9th ed,
Williams & Wilkins, Maryland : 186-187, 1994,

2. Cohen HJ, Mechanda SM, Lin W. PCR amplification
of the fimA gene sequence of Salmonella typhimurium,
a specific method for detection of Salmonella spp.
Appl environ microbiol, 62(12):4303-4308, 1996.

3. Cohen ND, Wallis DE, Neibergs HL, er al. Com-
parison of the polymerase chain reaction using genus-

e
T

10.

1L

12,

13.

14.

15.

16.

A4, o gF

specific  oligonucleotide primers and microbiologic
culture for the detection of Salmonella in drag-swabs
from poultry houses. Poult Sci, 73(8):1276-1281, 1994.

. Cohen ND, McGruder ED, Neibergs HL, et al

Detection of Salmonella enteritidis in feces from
poultry using booster polymerase chain reaction and
oligonucleotide primers specific for all members of the
genus Salmonella. Poult Sci, 73(2):354-357, 1994.

. Molorny B, Schroeter A, Bunge C et al. Evaluation of

molecular typing methods for Salmonella ehterica
serovar Typhimurium DT104 isolated in Germany from
healthy pigs. Vet Res 32(2); 119-129, 2001.

. Tuchili LM, Kodama H, Sharma RN et al. Detection of

salmonella DNA in chicken embryos and environmental
samples by polymerase chain reaction. J Vet Med Sci
58(9):881-884, 1996.

. Kwang I, Littledike ET, Keen JE Use of the

polymerase chain reaction for salmonella detection.
Lett Appl Microbiol 22(1):46-51, 1996.

. Fabricant J, Calnek BW. Avian diseases. Comell Vet

75(1):124-129, 1985.

. Collins CH, Lyne PM. Microbiological method, Sth ed,

Butterworths : 142-145, 1984,

Welsh J, McCelland M Fingerprinting genomes wsing PCR
with arbitrary primers. Nucl Acids Res, 18:7213-7219, 1990.
Williams JGK, Kubelik AR, Licak VI, et al. DNA
polymorphisms amplified by arbitrary primers are
useful as genetic maskers. Nucl Acids Res, 18:6531-
6535, 1990.

Cactano-Anolles G, Bassam BJ, Gresshoff PM. DNA
amplification fingerprinting using very short arbitrary
oligonuciectide primers. Big/Technology, 9:553-557, 1991.

Way IS, Josephson KL, Pillai SD, et al. Specific
detection of Salmonella spp by multiplex polymerase
chain reaction. Appl Environ Microbiol, 59(5):1473-
1479, 1993.

Fadl AA, Khan ML Genotypic evaluation of Salmonella
enteritidis isolates of known phage types by arbitrarily
primed polymerase chain reaction. Avian Disease,
41(3):732-737, 1997.

Way JS, Josephson KI., Pillai SD, et al. Specific
detection of Salmonella spp. by multiplex polymerase
chain reaction. Appl Environ Microbiol, 59(5):1473-
1479, 1993.

Maslow JN, Mulligan ME, Arbelt RD. Molecular



Arbitrary-Primed PCR 7|%& |83 Salmonella 9] T84 ¥4 199

epidemiology: the application of contemporary techniques for fingerprinting Salmonella. lett Appl Microbiol,
to typing bacteria. Clin Infect Dis, 17:153-162, 1993 24(4):243-248, 1997.
17. Aitken SA, Tinker NA, Mather DE, er al. Genome,  20. Shangkuan YH, Lin HC. Application of random
37:506-508, 1994. amplified polymorphic DNA analysis to differentiate
18. Power EG. RAPD typing in microbiology-a technical strains of Salmonella typhi and other Salmonella
review. J Hosp Infect 34 (4):247-265, 1996. species. J Appl Microbiol, 85(4):693-702, 1998.

19. Hilton AC, Banks JG, Perm CW. Optimization of RAPD



