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In silico PCR via algorithm and computer simulation aim tovjzle an easy way to
analyse and obtain the theoretical PCR results ag empect from DNA, by using up
to date bacterial genomes sequences. In this styper setinvA-F and invA-R
targetingSalmonella invasion genenvA, was evaluated biyn-silico PCR amplification
against prokaryotic genome of major foodborne pgghes. A total of 127 strains of
bacterial genome sequences fr@amonella sp. (27), Escherichia sp. (59), Ligteria
sp.(26) andCampylobacter sp.(15) were used as DNA templates in the PCR sinonati
Keywords: analysis. The primer set simulatively amplifiediagie band of 285 bp PCR product
insilico ) . with all 25 strains oSalmonella enterica subsp.enterica, whereas no amplification is
polymerase chain reaction produced withSalmonella bongori andSalmonella enterica subsparizonae. There was
invA Salmonella no cross-reaction obtained with other bacteriabgees indicated that the primer set is
amplification specific toSalmonella enterica subsp.enterica only. PCR experiments usinigwvA-F
andinvA-R that was carried out in the laboratory had sseftdly amplified the 285 bp
amplicons using DNA fromS. Typhimurium, S Enteritidis, S Polarum andS
Gallinarum.
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INTRODUCTION PCR has been used for identification of
Salmonella species and detection of its virulence and
In slico Polymerase Chain Reaction (PCR) unique genes (Ziemer & Steadham, 2003; Thong,
amplification via computer simulation aims to Hoe, Puthucheary, & Yasin, 2005 and Kaur & Jain,
provide an easy way to analyse and obtain the2012). Here, we report the use iof silico PCR
theoretical PCR results we may expect from DNA, program available at http://insilico.ehu.es to ssal
by using up-to-date bacterial genomes sequencegrimer set forinvA which had previously published
based on deposited genome database (Bilatradi, by Rahnet al., (1992) to demonstrate the usefulness
2004). PCR allows amplification of specific DNA of the program in obtaining theoretical PCR product
sequences by the use of primers, DNA template,and later tested in actual PCR. In this study, gerim
PCR reagents in an optimized cycling conditiom.  setinvA-F andinvA-R targetingSalmonella invasion
silico PCR technique predicts the theoretical PCR gene,invA was evaluated byn-silico PCR against
products based on the input primers sequence againgrokaryotic genome of major foodborne pathogens.
the chosen bacterial genome that we would like toA total of 127 strains of bacterial genome sequsnce
test (Canene-Adams, 2013galmonella spp. has from Salmonella sp. (27), Escherichia sp. (59),
been documented as a key and vital foodbornelListeria sp. (26) andCampylobacter sp. (15) were
pathogen for humans and animals over more than aised as bacterial genome templates inithalico
century, causing human foodborne illness as well asPCR amplification analysisnvA primers targeting
incurring burden cost to human and animal healththis gene fragment was used in this study anddeste
(Lee et al., 2015).Salmonella bacteria is implicated in PCR with selected importaigalmonella serovar
as the most common cause of food poisoning into determine its amplifiability and specificity.
many countries all over the worldd for more than
over 100 years (Alakomi & Saarela, 2009).
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MATERIALS AND METHODS culture was centrifuged at 15,000 g for 4 min. The

pellet was resuspended in 500 pL sterile distilled

i)in silico PCR & BLAST Analysis: water and vortexed vigorously. The cell suspension
Primers, invA-F (5-  was boiled for 10 min, immediately chilled on iae f

GTGAAATTATCGCCACGTTCGGGCAA-3) and 10 min and centrifuged again at 15,000 g for 4 min.
invA-R (5-TCATCGCACCGTCAAAGGAACC-3) The supernatant containing crude DNA was
for PCR was chosen to be used in this study. Theytransferred into a new tube and 5 uL was used as
were evaluated usingn silico PCR, web-based DNA template in PCR. The remaining crude DNA
program (http://insilico.ehu.es) against genome were stored in -ZC.

database o%almonella sp., Escherichia sp.,Listeria

sp. and Campylobacter sp. by BLAST program iv) PCR amplification & analysis of PCR products:

(www.ncbi.nlm.nih.gov) to predict their specificity A reaction volume of 25uL of PCR mixture

and product’s sequence and size. using 1X PCR master mix (containing 2 mM MgCl
0.025U/uL Tag DNA polymerase and 0.2 mM of

ii) Bacterial strains and culture conditions: each dNTP), 0.5uM of eacimvA primer, 5ul of

Bacterial cultures used in this study were crude DNA extract, and nuclease-free water adjusted
obtained from ATCC.S Typhimurium ATTC™ to a total volume of 25 pl. PCR reaction was
53648,S Pullorum ATTC™ 10398S. Gallinarum performed in a thermocycler (DNA Dyad, BioRad).
ATTC™ 9184 and local isolat& Enteritidis. They  The thermocyler was programmed as stated by Rahn
were used as reference serovars for primerset al.,, (1992) by preheated at @5 for 2 min,
specificity evaluation. AllSalmonella serovars were  followed by 30 cycles of & for 30s, 57C for 30s,
cultured overnight in tryptone soy broth (TSB, 72°C for 30s and final extension at®@for 4 min. A

Oxoid) at 37C, 150 rpm. 5uL of PCR product was analysed by electrophoresis
on 2% agarose gel and stained with ethidium
iii) Crude DNA extraction: bromide to visualize the amplicons under UV light.

Crude DNA extraction was performed on each
strain of pure culture. A 1 mL portion of each trot
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Fig. 1: In silico PCR result ofnvA primers against alalmonella serovar (Primer mismatch = 0)
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Fig. 2: In silico PCR result ofnvA primers against allalmonella serovar (Primer mismatch = 1)
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Fig. 3: In silico PCR result ofnvA primers againsgk. coli (Primer mismatch = 0)
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Fig. 4: In silico PCR result ofnvA primers againdtisteria sp.(Primer mismatch = 0)
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Fig. 5: In silico PCR result ofnvA primers againg€ampylobacter sp.(Primer mismatch = 0)

285bp

Fig. 6: PCR withinvA primers using crude DNA from select8amonella serovars
Lane 1: Negative control (dgB), 2:S. Typhimurium, 3:S. Enteritidis, 4:S. Pollarum, 5:S. Gallinarum, 6 & 8:
S. Typhimurium (pure DNA),7 : Dilute&. Typhimurium (pure DNA), Lane M: 100 bp DNA ladder

RESULTS AND DISCUSSION is the recognition errors between primers and DNA
template (Ishii & Fukui, 2001 and Sipetsal., 2007).
The invA primers amplifiedin silico a single  Zero mismatch make theoretical experiment very
band of 285 bp PCR product with all strains of stringent and primers were very specific to the
Salmonella sp. exceptS bongori and Salmonella intended template (Wu, Hong, & Liu, 2009).
enterica subsp.arizonae when the mismatch of the However, when less stringent theoretical experiment
primers was set to zero (Figure 1) whereby mismatchwas used by setting the mismatch to 1, an additiona
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band of identical size (Figure 2, Lane 2) was Bikandi, J., R. San Millan, A. Rementeria and J.
amplified in silico from Salmonella enterica subsp. Garaizar, 2004. In silicoanalysis of complete
arizonae which demonstrated that iheA primers bacterial genomes: PCR, AFLP-PCR and
were capable to amplify DNA form afalmonella endonuclease restriction. Bioinformatics (Oxford,

enterica strains including the subspecies arizonae. In England), 20(5): 798-9.
addition, BLAST result showed that both invA-F and doi:10.1093/bioinformatics/btg491
invA-R primers have 100% sequence similarity to Canene-Adams, K., 2013. General PCR.

Salmonella enterica subsp.enterica which imply the Methods in  Enzymology, 529, 291-298.
primers ability to amplify allSalmonella enterica doi:10.1016/B978-0-12-418687-3.00024-0
strainswhich was in agreement with tha silico Fach, P., F. Dilasser, J. Grout and J. Tache,
PCR results (results not showio cross-reaction 1999. Evaluation of a polymerase chain reaction-
was obtained with other bacterial genomes indicatedbased test for detecting Salmonella spp. in food
that the primer set was specific t8almonella samples: Probelia Salmonella spp. Journal of Food
enterica only (Figure 3 to 5). PCR usirigvA-F and Protection, 62: 1387-1393.

invA-R that were carried out in the laboratory had Ishii, K., and M. Fukui, 2001. Optimization of
successfully amplified the expected 285 bp PCR Annealing Temperature to Reduce Bias Caused by a
products with crude DNA fron®. Typhimurium,S Primer Mismatch in Multitemplate PCR. Applied and
Enteritidis,S. Polarum ands. Gallinarum (Figure 6).  Environmental Microbiology, 67: 3753-3755.
Based on thén silico PCR and BLAST results, it is  doi:10.1128/AEM.67.8.3753-3755.2001

presumed that these primers are able to amplify PCR  Kaur, J., and S.K. Jain, 2012. Role of antigens
products from the tested serovar strain as well asand virulence factors of Salmonella enterica sarova
otherSalmonella enterica subspenterica serovars as  Typhi in its pathogenesis. Microbiological Research
shown in than silico PCR result but excluded in our doi:10.1016/j.micres.2011.08.001

study, which in agreement to findings by Fatlal., Lee, K.M., M. Runyon, T.J. Herrman, R.

(1999). Phillips and J. Hsieh, 2015. Review of Salmonella
detection and identification methods: Aspects of

Conclusions: rapid emergency response and food safety. Food
Control, 47: 264-276.

In silico PCR is very useful to test primers d0i:10.1016/j.foodcont.2014.07.011
specificity against targeted bacterial genome and  Rahn, K., S.A. De Grandis, R.C. Clarke, S.A.
have the ability to predict the theoretical PCR McEwen, J.E. Galan, C. Ginocchio, C.L. Gyles,
products size and its sequence prior to actual PCRL992. Amplification of an invA gene sequence of
works. Our study had showed that fhesilico PCR ~ Salmonella typhimurium by polymerase chain
have agreement with BLAST results as demonstrated€action as a specific method of detection of
by our evaluation ofnvA primers byin-s”ico PCR Salmonella. Molecular and Cellular PrObeS, 6(4)
carried out against prokaryotic genome of major 271-279.
foodborne pathogens. ThenvA primers had Sipos, R., AJ. Székely, M. Palatinszky, S.
Successfu”y amp||f|ed the expected 258i|h¥Agene RéVéSZ, K. Mérlallgetl and M. Nikolausz, 2007.
fragment with the selected importasalmonella Effect of primer mismatch, annealing temperature
serovar verifying the usefulness of this molecular @nd PCR cycle number on 16S rRNA gene-targetting
technique in detection of microorganisms. At bacterial community analysis. FEMS Microbiology
present, PCR is a potent technology that servemas Ecology, ~ 60:  341-350.  doi:10.1111/1.1574-
essential tool in a detection of wide range of 6941.2007.00283.x
organisms due to its specificity and sensitivitheT Thong, K.L., S.L.L. Hoe, S.D. Puthucheary and
application ofin silico PCR is seen to work in R.-M. Yasin, 2005. Detection of virulence genes in
tandem with actual PCR that could facilitate Malaysian Shigella species by multiplex PCR assay.
researchers to fully utilize the deposited bacteria BMC Infectious Diseases, 5, 8. doi:10.1186/1471-
genome sequences in evaluating the specificity 0f2334-5-8
primersequences_ Wu, J.H., P.Y. Hong and W.T. LiU, 2009.
Quantitative effects of position and type of single
REEERENCES mismatch on single base primer extension. Joural o
Microbiological Methods, 77: 267-275.

Alakomi, H.L. and M. Saarela, 2009. Salmonella d0i:10.1016/j.mimet.2009.03.001
importance and current status of detection and  Ziemer, C. J., & Steadham, S. R. (2003).
surveillance methods. Quality Assurance and SafetyEvaluation of the specificity of Salmonella PCR
of Crops & Foods, 1: 142-152. primers using various intestinal bacterial species.
Letters in Applied Microbiology, 37: 463-469.
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