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ABSTRACT

The present study was conducted to evaluate the diseriminating power of RAPD-PCR and PCR-
RFLF to characterize Salmonella gallinarum (5. gallinarum) isclates. Fifteen S. gallinarum
isolates of poultry origin recovered from various sources in different regions of India including three
reference strains were characterized using RAPD-PCE and FCR-RFLFP. RAPD-PCR, using 5
primers (NSC I, NSC II, NSC III, URP-6 and primer 1290), grouped S. gallinarum isolates into 4-6
RAPD types. The discrimination power (D) of NSC II, URP-6 and primer 1290 was 0.848, 0.81 and
0.695, respectively and 0.62 for NSC I and NSC I11. The phylogenetic dendrogram classified the
isolates based on their geographic location. However, most S. gallinarum isolates were clustered
closely together. In comparative analysis NSC Il primer was placed in a separate cluster. The PCR
amplification of the 16s rRNA and fimf genes produced approximately 572 bp and 1008 bp
product, respectively, for all S, gallinarum isclates. Restriction Endonuclease (RE) enzymes viz.,
EcoRI, Smal, Alul, Bgill, Mspl and Haelll and Sall, Alul, Mspl and Haelll were used to digest
PCR products of 16s rRNA and fimH genes, respectively. These restriction enzymes generated 2-4
bands of varying molecular size ranging from 40 to 410 bp and 50 to 620 bp for 16s rRNA and
fimH genes, respectively. Alul targeted against the fimH gene was the only enzyme which
classified 5. gallinarum isolates into three groups. In conclusion, the RAPD-PCR profile proved to
be used as an epidemiclogical typing tool since it classified the 5. gallinarum isolates according to
their geographic origin.

Key words: India, PCR-RFLFP, poultry, RAPD-PCRE, restriction endonucleases, S. gallinarum

INTRODUCTION

Indian poultry industry is emerging as the world’s 2nd largest market with a compounded
annual growth rate of 12 and 15% (http:/ipema.co.in/Company20/Default.aspx, Indian poultry
equipment manufacturer’s association). Although, the poultry sector contributes its great share to
the country’s economy, the production 1s hampered by several disease conditions. Among diseases
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of poultry Salmonellosis 15 of great, concern and has been responsible for sericus economic losses to
the poultry producers (Gast and Shivprasad, 2003; Kabir, 2010). In recent years problems related
to Salmonella have increased significantly due to emergence of multi-drug resistant Salmonella
(Kabir, 2010). More than 2500 serologically distinet Salmonella variants are widely distributed
worldwide (Popoff ef al., 2004).

Fowl typhoid caused by Salmonella enterica subspecies enterica serovar Gallinarum biovar
Gallinarum prevails to be one of the major Salmonella serotype isolated from poultry in India
{Agrawal et al., 2005; Prakash ef al., 2005). Fowl typhoid 1s responsible for immense economic losses
due to high morbidity and mortality in all age groups of birds. Although, fowl typhoid has been
eradicated from most of the developed countries through improved surveillance and slaughter
practices (Baumler et al., 2000; Jin et al., 2006), the disease is still of major economic importance
to the developing world (Kabir, 2010).

Various molecular typing techniques have been used in epidemiclogical studies to differentiate
isolates of Salmonella serovars. However, some of these molecular techniques are of little value for
epidemiological typing due to linmtations such as cost, effectiveness, ease of use and availability of
facilities. The introduction of PCR, the most widely used molecular tool for detection of several
pathogens, has strongly increased the number of various PCR-based typing methods for
characterization of important pathogens.

Random Amplified Polymorphic DNA (RAPD) or Arbitrarily Primed PCR (AP-PCR) has been
widely used for studying genetic diversity and phylogenetic relationships of bacteria (Jin ef al,,
2006; Lin et al., 1996). The method generates distinetive DNA fingerprints by using a single, short
{10-25 mer) synthetic primer in PCE. RAPD is faster, simpler and more econcmical than other
genetic typing assays (Gomes et al., 2005; Hassanien, 2008). A further advantage of RAPD is that
knowledge of the DINA sequence of the target organism is not required (Maripandi et al., 2007,
Mollah et al., 2005). However, reproducibility can be a problem under certain RAPD conditions due
to low annealing temperature required for PCRs that use arbitrary primers of very short length.
For this reason both short and long oligonucleotide primers were used in this study.

PCR-Restriction Fragment Length Polymorphism (EFLF) is one of the amplification-based
techniques that have been developed to determine genetic variability which is based on
amplification of specific targets and subsequent digestion with restriction enzymes (Yan et al.,
2003). Ewon et al. (2000) reported that PCR-RFLP was applied to differentiate the fliC (iroB)
amplicons with the restriction enzyme, Hinp1l that recognizes the region of biotype Gallinarum
but not in bictype Pullorum. Using PCR-RFLP they could accurately and rapidly differentiate
biotype Pullorum and biotype Gallinarum, Similarly, Kisiela et al. (2005) digested PCR amplicons
of fimH gene with Sacl enzyme to successfully differentiate between these two biovars, More
recently, Cheah et al. (2008) reported for excellent type ability of PCR-RFLF but with low
diserimination power in characterizing S. weltevreden 1solates. Therefore, the aim of the present
study was to evaluate the disecriminating power of two of PCRE based typing methods, RAPD-FPCR
and PCR-RFLP analysis on S. gallinarum isolates from different geographic regions of India.

MATERIALS AND METHODS

Bacterial strains: A total of 12 S, gallinarum isolated from various sources in different regions
of India and 3 reference 5. gallinarum strains were procured from the National Salmonella
Centre, Indian Veterinary Research Institute, Izatnagar (Table 1).
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Table 1: Host and epidemiological sources of Selmorella gallingrum isolates

Isolate No. Place of isolation Source Location on host
E-4627 Bangalare Crocodile 1

E-4661 Dharwar Human Blood
E-4668 Hissar Poultry -

E-4678 Srinagar Poultry Faeces
E-4680 Srinagar Poultry Faeces
E-4684 Srinagar Poultry Faeces
E-4685 Srinagar Poultry Faeces
E-4686 Srinagar Poultry Faeces
E-4687 Srinagar Poultry Faeces
E-2424 Pune Poultry Liver
E-2638 Gorakhpur Poultry Heart. blood
E-2639 Gorakhpur Poultry Spleen
E-75 Reference strain - -

E-76 Reference strain - -

E-402 Reference strain - -

Location on the host not known, *Source not known

Table 2: Sequences of different primers used in the study

Primer Sequence Type Tm value
URP-6 (5-GGC AAG CTG QTG GGA GGT AC-3) RAPD® 63.5°C
Primer 1290 (5'-GTG GAT GCG A-3) RAPD 32.0°C
NSCI (5-AGG ACC AGG-3) RAPD 30.0°C
NBCII (5'-AGG GCC CGG G-3) RAPD 38.0°C
NSC III (5'-ATC GAG GAG-3) RAPD 28.0°C
168F I Frd (5'-TGT TGT GGT TAA TAA CCG CA-3) PCR?® 53.2°C
168 IIT Rey (5'-CAC AAA TCC ATC TCT GGA-3") 52.0°C
fimH Frd (5'-GOA TCC ATG AAA ATA TAC TC-3" PCR 52.3°C
fimH Rev (5'-AAG CTT TTA ATC ATA ATC GAC TC -3") 57.2°C

URP: Universal Rice Primer, RAPD: Randomly amplified polymorphic DNA, 165F Frd: 16s ribosomal RNA forward primer,
PCR: Polymerase chain reaction, 165 III Rov: 16s ribosomal RNA reverse primer, FinH Frd: Fimbrial gene forward primer, FinH Rev:

Fimbrial gene reverse primer

Primers: Five RAPD-PCRE primers and primers for PCR amplification of 16s TRNA and fimH genes
of Salmonella used in the present study are shown in Table 2. Oligonucleotide primers for FCR
amplification of a 572 bp product of Salmonella 16s rRNA gene and 1008 bp product of Salmonella
fimH gene were used in the present study.

Maintenance of strains: 5. gallinarum strains cbtained from the National Salmoenella Centre,
IVRI, Izatnagar were checked for their biochemical profiles and inoculated on nutrient agar slants
and kept at 4°C. Sub-culturing was done periodically to test the purity, morphological and
biochemical characteristics of the strains.

Isolation of genomic DNA: Total DNA isclation was carried out using Forensic DINA isolation
kit according to the manufacturers’ instruction (Omega, USA)). Isolated DNA was stored at -20°C
tall use.

Randomly Amplified Polymorphic DNA (RAPD) PCR assay: Randomly amplified
polymorphic DNA PCR (RAPD-PCR) was performed using genomic DINA of the test S. gallinarum
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strains as template with the random primers mentioned in Table 2. Kach polymerase chain reaction
(PCR) mixture consisted of 20 ng of template DNA, 2.5 ul, 10xPCR buffer with (NH,),S0,, 1 pL of
10 mM dNTPs, 2.5 pL of 25 mM MgCl,, 1 unit of Tag DINA polymerase (MBI Fermentas, USA) and
15 picomolar of each primer (SBS Genetech, India) in 25 pl. PCR reaction mix. The PCR
programme for URP-6 included initial denaturation at 94°C for 5 min followed by 42 cycles of
denaturation (94°C for 1 mmn), annealing (50°C for 45 sec) and extension (72°C for 1.5 min). Final
extension was carried out at 72°C for 5 min. For primers 1290, NSC I, NSC IT and NSC III the PCR
reaction mix and cyeling conditions were the same with the exception of their annealing
temperature which was adjusted at 25, 25, 27 and 21°C, respectively. The PCE products were
characterized by submarine gel electrophoresis on 1.2% agarose gel. Gene Ruler™ 100 bp
(MBI Fermentas, USA) and low range DNA ruler (Bangalore Genei) were used as molecular weight
marker in first and last lanes.

Analysis of RAPD data: Each isolate was scored for the presence or absence (1 or 0) of each band
on agarose gel. The index of similarity (F) between samples was calculated using the formula of
Nei and Li (1979) F,, = 2n, /mx+ny. Where n,, is the number of RAPD bands shared by the two
samples and nx and ny are the numbers of KAPD bands scored in each sample. The distance
matrices, mean and standard deviation were calculated using the STATISTICA software and this
result was directly used to construct the phylogenetic relationships among the isolates by the
neighbour-joining method using STATISTICA software. The numerical index of discrimination (D)
was calculated using the Simpscn's index of diversity (Hunter and Gaston, 1988) using the
following formula:

B
D=1-1/N(N-D¥ n, (@, -1)
j=1

where, N is the total number of strains in the sample population, s is the total number of types

described and nj is the number of strains belonging to the jth type.

PCR-restriction Fragment Length Polymorphism (PCR-RFLP) analysis

PCR amplification: PCR reaction mix was prepared in 25 ul. which contains 50 ng of template
DNA, 1x PCR assay buffer with (NH,,50, and 2.5 mM MgCl, The dNTFs at a coneentration of
200 pM, 1 U of Tag DNA polymerase (MBI Fermentas, USA) and 15 picomol solution of each primer
(SBS Genetech, India) were also added to the mixture. In this study, PCR assay was performed in
Gene Amp PCR System 9700 (Applied Biosystems, India). The cycling conditions for amplification
of 16s rRNA include 94°C for 5 min (predenaturation), 35 cycles of 94°C for 1 min (denaturation),
BR°C for 45 sec (annealing) and 72°C for 1 min (pelymerization) followed by 72°C for 10 min
{final extension). The cycling conditions for the amplification of fimH gene were as above except,
annealing temperature (57°C for 45 sec). The above PCR cycling conditions were chosen on the
basis of preliminary experiments performed to optimise amplification of Salmonella target
sequences. All amplifications included a blank which contained all reagents but not the target DINA.
DNA markers of 100 bp (MBI Fermentas, USA) were used as a molecular weight marker. The

amplification products were checked for the presence of the desired bands on 1.2% agarose gel.
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Table 3: RE enzymes and their respective sites for 16s rRNA and fimH genes

Restriction enzyme Sequence Restriction site(s) for 165 rRNA! Restriction site(s) for fimH

EcoR I GIAATTC 674 -3

Smal CCCI GGG 614 -

Sall GITCGAC -2 385

Alul AGICT 82, 247, 289, 864, 1070, 1209 42, 297, 435, 542, 563

Bgi II AIGATCT 704 -

Msp CI10GG 503, 613, 719, 859, 1138, 1142 148, 169, 208, 259, 527, 547, 608, 808,955
Hae 11 GG Co 46, 213, 417, 736, 898, 932, 1141, 462, 747, 778, 930, 966

10 Checked with full 16s rRNA gene sequence (1234 bp) available at GenBank (NCBI), ?1 Has no restriction site on fimH gene, 2 Has

no restriction site on 165 rRNA

RE digestion of PCR product and RFLP profile by gel electrophoresis: Both genes, 16s
rRNA and fimH, were checked for their restriction sites using Gene Tool software and accordingly
the following restriction enzymes were selected. The restriction enzymes KeoRI, Smal, Alul, Bgill,
Mspl and Haelll (Bangalore Genei, India and Fermentas, USA) were used for digesting the 16s
rRNA gene PCR product and Sall, Alul, Mspl and HaellIl for fimH gene (Table 3).

RESULTS
RAPD PCR profile: The profiles generated by RAPD PCR with the five primers were composed
of two to nine major bands. Kach fingerprint contained varying size bands ranging from 0.2 kb to
approximately 3 kb. The RAPD PCR was performed in triplicate to ensure for reproducibility and
banding patterns for identical samples were indistinguishable.

UUEP-6 has revealed approximately a consistent 0.8 and 1.25 kb bands in all the 5. gallinarum
isolates including reference strains. Three major bands of molecular weight around 2.5, 1.8 and
0.2 kb were produced in 12, 11 and 10 isclates including reference strains, respectively (Fig. 1a).

5 6 7 8 9 10 11 12 13 14 15 M2

3000
b ~2500 bp

~1800 bp
~1250 bp
~800 bp

2000 bp

1000 bp

~200 bp

100 bp

Fig. la: RAPD-PCR profiles of 5. gallinarum isolates with URP-6 primer. Lane M1 and M2:
Molecular weight marker; Lane 1: K4827; Lane 2: 4661; Lane 3: K4668; Lane 4: K4678;
Lane 5: E4680; Lane 6: K4684; Lane 7: K4685; Lane 8: K4686; Lane 9: K4687; Lane 10:
E75; Lane 11: K76; Lane 12: K2424; Lane 13: K2638; Lane 14: K2639; Lane 15: K402
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Fig. 1b: RAPD-PCR profiles of 5. gallinarum 1solates with primer 1290, Lane M1 and M2:
Molecular weight marker; Lane 1: E4627; Lane 2: K4661; Lane 3: E4668; Lane 4: E4678;
Lane 5: E4680; Lane 6: K4684; Lane 7: K4685; Lane 8: K4686; Lane 9: K4687; Lane 10:
E75; Lane 11: E76; Lane 12: E2424; Lane 13: E2638; Lane 14: E2639; Lane 15: E402

Approximately 1.0 and 1.2 kb bands were produced uniformly in all isolates and reference strains
with the primer 1290 (Fig. 1b). Additional bands of approximate molecular weight 1.8 and 1.5 kb
were noticed in 9 isolates including two reference strains.

With Primer NSC I, except one strain which lacked 1.75 and 0.4 kb bands, all other isolates and
reference strains showed bands of approximate molecular size 1.75, 1.2, 0.7 and 0.4 kb,
consistently. With the same primer weak band of approximately 1.4 kb size was detected in all the
isolates except one (E-4668). Three isclates, E-4678, E4680 and E-4684, were containing additional
1.0 and 0.9 kb bands (Fig. 1c). NSC II primer produced different RAPD profile for most of the
strains compared to other four primers used in the study showing great variation (Fig. 1d) and
having better discrimination power, 0.848. However, approximately 1.7 kb band was consistent in
occurrence in all the isclates. The RAPD profile produced by NSC III primer contained
approximately 1.25 and 0.8 kb fragments uniformly in all the isolates (Fig. 1e). Kxcept two isolates,
E-4627 and E-4661, the remaining 13 isolates possessed a band of molecular size around 2.5 kb.

Analysis of RAPD profile and dendrogram construction: Primers 1290 and URP-6 classified
5. gallinarum isclates in to B RAPD types (Fig. 2a, b); whereas NSC I and NSC 111, classified the
isolates in to 4 RAPD types (Fig. 2¢, d) and NSC II grouped the isclates into 6 RAFD types (Fig. 2e).
The highest Discrimination power (D) was found with NSC II (0.848), followed by URP-6 (0.810)
and primer 1290 (0.695). The discrimination power of NSC I and NSC III was 0.62,

The comparative statistical analysis classified the five RAPD primers used in this study into two
major groups where the maximum dissimilarity distance was around 4.0 units (Fig. 2f). Four
primers (IJRP-8, Primer 1290, NGC I and NSC III) were grouped in one cluster and NSC [T 1in a
separate cluster. According to the comparative statistical analysis URP-6 and NSC III are closely
related in classifying the S. gallinarum isolates.
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Fig. 1e: RAPD-PCR profiles of S. gallinarum isolates with NSC | primer. Lane M1 and M2:
Molecular weight marker; Lane 1: E4627; Lane 2: K4661; Lane 3: E4668; Lane 4: E4678;
Lane 5: E4680; Lane 6: K4684; Lane 7: K4685; Lane 8: K4686; Lane 9: K4687; Lane 10:
E75; Lane 11: E76; Lane 12: E2424; Lane 13: E2638; Lane 14: E2639; Lane 15: E402

M1 1 2 3 45 6 7 8 9 10 11 12 13 14 15 M3

Fig. 1d: RAFPD-PCR profiles of S. gallinarum i1solates with NSC II primer. Lane M1, M2 and M3:
Molecular weight marker; Lane 1: E4627; Lane 2: K4661; Lane 3: E4668; Lane 4: E4678;
Lane 5: E4680; Lane 6: K4684; Lane 7: K4685; Lane 8: K4686; Lane 9: K4687; Lane 10:
E75; Lane 11: E76; Lane 12: E2424; Lane 13: E2638; Lane 14: E2639; Lane 15: E402

PCR-RFLP analysis of S. gallinarum isolates: PCR amplification of the 16s rRNA gene loci
{rrn) and fimH gene of S. gallinarum 1sclates generated a product of B72 and 1008 bp,
respectively. The band size detected in all the 5. gallinarum isclates was consistent for both genes
as analysed by agarose gel electrophoresis (Fig. 3).
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Fig. le: RAPD-PCR profiles of S. gallinarum isolates with NSC III primer. Lane M1 and M2:
Molecular weight marker; Lane 1: E4627; Lane 2: K4661; Lane 3: E4668; Lane 4: E4678;
Lane 5: E4680; Lane 6: K4684; Lane 7: K4685; Lane 8: K4686; Lane 9: K4687; Lane 10:
E75; Lane 11: E76; Lane 12: E2424; Lane 13: E2638; Lane 14: E2639; Lane 15: E402

Cluster analysis (URP 6) Tree diagram for variables single likage euclidean distances

E4627 A
1 [ Eag61 5
11 E4668 L
- E4678
1 | E4680 B, B
L E4684
- E4685
v | E4686 B,

E2639 ]
L E402
- E4687 B..

E75 4

v | E75-
E2424
L E2638

T T
0.0 0.2 0.4 0.6 0.8 1.0
Linkage distance

Fig. 2a: Dendrogram computed based on RAFPD analysis of S, gallinarum isolates using URP 6

Restriction Endonuclease (RE) profile of PCR products: The PCR products subjected to
selected RE produced two to four bands of varying molecular size. Bands ranging approximately
from 40 to 410 bp and 50 to 620 bp for 16s rRINA and fimH genes were produced, respectively. Four
of the restriction enzymes (EcoRI, Smal, Bgill and Alul) produced two fragments in 18s rRNA
gene. Whereas, the other two enzymes (Haelll and Mspl) preduced three and four major bands,
respectively with similar banding pattern for all the S. gallinarum strains.

The enzymes used for digesting the PCR product of fimH gene revealed two bands with Sall
enzyme and four bands with Alul, Mspl and Haelll enzymes. Out of the four restriction enzymes
used for fimH gene the enzyme Alul showed different patterns of fragments which classified the
5. gallinarum isolates into three major groups (Fig. 4). With all the isclates, bands of approximate
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Fig. 2d: Dendrogram computed based on RAPD analysis of 5. gallinarum isolates with NSC I11
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Cluster analysis (NSC II) Tree diagram for 15 variables single linkage euclidean distances
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Fig. 2e: Dendrogram computed based on RAFD analysis of S. gallinarum isclates using NSC I1

Cluster analysis ~ Tree diagram for 5 variables single linkage euclidean distance

URP 64—
All
A
NSC_III L A,
NSC_I A A
9
PRI_1290 e
B
NSC_II
T T T T T 1
15 2.0 25 3.0 35 40 45

Linkage distance

Fig. 2f: Dendrogram computed based on comparative analysis of the 5 primers

1 234567 8M 910 11 12 13 14 15 M 1 234567 8 9101112131415

o gy g Y T

Fig. 3 (a-b): PCR amplification of 165 rRNA gene (A) and fimH gene (B) of 15 §. gallinarum
isolates. Lane M: Molecular weight marker; Lane 1: E4627; Lane 2: E4661; Lane 3
K4668; Lane 4: K4678; Lane b: K4680; Lane 6: K4684; Lane 7: K4685; Lane 8: [K4686;
Lane 9: E4687; Lane 10: E75; Lane 11: E76; Lane 12: E2424; Lane 13: E2638; Lane
14: £2639; Lane 15: K402
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M 1234567 89 1011 1213 14 15 M112 3456 789 1011 12 13 1415 M2

~440 bp
~320bp

~250 bp
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~120 bp

Fig. 4 (a-b): RE digestion of fimH gene of 5. gallinarum isolates with Alul (A) and Mspl (B). Lane
M: Molecular weight marker; Lane 1: E4627; Lane 2: K4661; Lane 3: E4668; Lane 4:
E4678; Lane b: E4680; Lane 6: E4684; Lane 7: BE4685; Lane 8: E4686; Lane 9: 4687,
Lane 10: K75; Lane 11: K76; Lane 12: K2424; Liane 13: K2638; Lane 14: K2639; Lane
15: E402

molecular size 440 and 250 bp were consistent. The discriminating power of this enzyme was
around 0.533. RE enzymes Sall, Mspl and Haelll produced same banding pattern with all the
isolates indicating highly conserved nature of the fimH gene.

DISCUSSION

Molecular typing methods have been found essential and useful in epidemiological
investigations of closely related bacterial strains (Gillespie and Oliver, 2004). Subtyping of
Salmonella serovars are considered to be of practical and clinical importance in tracing the
epidemiclogical status and investigations of outbreaks. In contrast to phenotypic characterization,
nucleiec acid based typing could provide a more precise strain differentiation of Salmonella
(Esteban et al., 1993; Gillespie and Oliver, 2004). However, some of these molecul ar techniques are
of little value for epidemiological typing due to hmitations such as cost effectiveness, ease of use and
availability of facilities. The intreduction of PCR has increased the number of various PCR-based
typing methods which are helpful in differentiation and characterization of pathogens of veterinary
importance. Hence, in the present study the two PCRE based typing techniques, RAPD-PCR and
PCR-RFLF were used for characterizing the S. gallinarum isclates of different geographic origin.

The RAPD/PCE used in this study can be an epidemiclogical tool for the typing of indistinet and
related isclates, excluding unrelated ones (Maripandi ef al., 2007). The RAPD method using both
short and long arbitrary oligonuclectide primers was chosen in this study to evaluate the genomic
diversity among S. gallinarum 1solates. RAPD-FPCR assays are simpler, faster, more convenient,
and easier to perform than most other molecular typing methods. However, only when used under
well defined and optimized conditions RAPD is capable of reproducing the amplification of random
fragments of DNA and generating high degrees of polymorphism (Lin et af., 1996; Maripandi et al.,
2007; Soto et al., 1999). RAPDs have also been reported to detect higher levels of polymorphism,
Hassanien (2008) compared, for example with RFLPs in cases where the two have been applied in
the same material. The success of this technique is due to the fact that knowledge of the target
genome is not required. Furthermore, only single random and short 10-mer oligonucleotide primers
are used in any genome (Maripandi et al., 2007).

Among all the 5 primers used, NSC Il produced immense genetic variability to the maximum
extent and this may be due to the difference in discriminating ability of the primer. The
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diseriminating power (1), 0.848, of this primer was found to be much better than other primers
used in the study. A report by Meenu (2002) showed maximum genetic variability among
5. paratyphi B 1solates using NSC Il primer when compared to NSC I and NSC III. If RAFD 1s to
be useful as a typing method, a sufficient discriminatory number of amplified fragments must be
produced which essentially depends on the primer-template interaction (Saxena, 2000). RAPD
primers bind at random sites of the genomic DNA and if it binds in variable regions, products with
great varability can be produced (Maripandi et al., 2007). However, if the primer binds in a highly
conserved region similar types of profiles may be produced with repeatability. The RAFD primers
NSC I and NSC III proved to be used as efficient RAPD primers regardless of their short
ohgonuclectide sequence. Even though the discrimination power of these primers was less compared
to others but they were able to discriminate the human origin S. gallinarum into separate RAPD
type and also other isolates according to their geographic location.

The result of URP-6 which grouped the isolates into 5 RAPD types 1s in close correlation with
the works of Jin ef al. (2006). However, similar result cbtained with primer 1290 did not agree with
their result in which they cbserved only 2 RAPD types. This variation may be because of the
difference in annealing temperature of the primers and alse reaction mixture. Additionally the
difference in geographic location of the isolates may be taken into consideration.

With all the primers S. gallinarum isolates from Bangalore and Dharwar of the Karnataka
state belong to the same RAPD type and this indicates the close relationship of these 1solates at,
genetic level, The two isolates from Gorakhpur were also placed in same RAFD type in all the
primers except. UREP-6 signifying the close relation of the isolates at their genetic level. The strain,
E-4668, from Hissar was placed in a separate RAPD type in four of the primers and in primer NSC
I1, it was grouped together with the three reference strains and with isclate from Pune. This strain
was isolated from human blood and this may be the main reason to be grouped separately.

Interestingly, the isolate from Pune was grouped together with the reference strains with four
of the primers (INSC [, NSC II, NSC III and primer 1290) and with URP-6 it was kept in one group
{(RAPD type V) with the two reference strains, K-75 and E-76 and near to reference strain E-402.
This clearly showed very close relatedness of this isolate to the reference strains at the genetic level.
With primers NSC I, NSC III, URP-6 and primer 1290, three isclates (E-4678, E-4680 and E-4684)
from Srinagar were positioned in one RAFD type indicating for close relation of these isolates. The
dendrogram computed for most of the primers classified the S. gallinarum 1solates based on their
geographic location. These results proved that RAPD can be used as a potent epidemiclogical tool
for typing Salmonella serotypes.

The phylogenetic analysis of 5. gallinarum isclates showed that even though they can be
grouped in different RAPD types according to their geographic origin, they are closely related to
each other since most 5. gallinarum isclates were clustered closely together in the phylogenetic
dendrogram. The descriptive statistics based on mean and standard deviation computed against
each primer indicated for the closely relatedness of the isclates. The largest difference observed
among the 15 S. gallinarum isolates tested involved & bands and this difference 1s produced with
NSC II primer. The maximum dissimilarity distance cbserved was in the range of 1.0 to 1.3 units
which magnified for the close relation of these gallinarum isclates.

The comparative phylogenetic dendrogram computed against the primers used clearly indicated
that primer NSC II is different from the others. URP-6 and NSC III were more closely related in
their outputs with maximum dissimilarity distance of 2.0 units. URP-6 was the next primer giving
high discrimination (0.810) between 1solates which classified the isclates into 5 groups. Primer 1290
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though classified the isolates into b groups like URP-6 its power of diserimination was less, 0.695,
The present study clearly indicated that both long and short oligonuclectide primers can be used
in combination or separately but the use of more than one primer is advantageous as it enhanced
the discriminatory power of the typing method. Similar primers have also been used by other
workers on different Salmonella serotypes and showed good diserimination power (Jin ef al., 2006;
Meenu, 2002; Quintaes et al., 2004).

All the b primers (NSC I, NSC II, NSC III, URP-6 and primer 1290) produced reproducible
result. Even though reproducibility was maintained but there were variations between some of the
primers used. These observations revealed that RAPD profile can be best used as a complimentary
epidemiclogical tool in combination with other molecular and phenotypic typing techniques. Similar
interpretations have been reported by several investigators on the same serotype as well as other
serotypes (Jin ef al., 2006 Maripandi et al., 2007, Meenu, 2002; Morshed and Peighambari, 2010;
Dos Santos et al., 2008; Yaqoob et al., 2007).

PCR amplification of the 16s rRNA (rrn) gene and fimH gene of S, gallinarum isolates gave
a uniform product size of approximately 572 bp and 1008 bp, respectively. This indicated the highly
conserved nature of these two genes within the genus. This was further proved by the restriction
enzyme profiles. The restriction enzymes utilized for this study were selected on the basis of their
restriction sites for the target genes and RE enzymes having 1-6 restriction sites were used. Among
all the enzymes used against fimH gene only Alul was able to produce different banding patterns
among the S, gallinarum isclates. The results of other restriction enzymes used in the study
provided uniform banding patterns for all the 5. gallinarum isclates. This indicated highly
conserved nature of the genes, 16s rRINA and fimH. The result of the restriction enzyme Alul
showed its potential to be used in epidemiclogical investigations of Salmonella.

In restriction digestion the number of fragments should be sufficient to enable good
discrimination but not so many that they overlap or are coincidental on the gel, thereby resulting
in a crowded fingerprint which is difficult to interpret (Towner and Cockayne, 1993). The result
obtained by digestion of the fimH gene with Alul supported this fact. Results obtained exhibited
that PCR-RFLF has good repeatability but low discriminatory power due to its inability to produce
different banding pattern within S. gallinarum isolates. The discriminatory power of PCR-RFLFP
is generally poor compared to other amplification-based techniques, like RAPD. This is primarily
due to the limited region of the genome that is exarmined and this finding 1s in accordance with the
interpretation of Cheah et al. (2008),

CONCLUSION

In this study the RAPD-PCR profile proved to be used as an epidemioclogical typing tool since
it classified the S. gallinarum 1solates according to their geographic origin. RAFPD-PCR fingerprint
strategy should be apphcable to bacterial typing for its rapidness, simpheity, low cost and potential
to generate polymorphisms. Primer NSC II showed better discriminatory power compared to other
primers. FCR-RFLP using the restriction enzyme Alul classified the S. gallinarum isolates into
three types indicating for the efficiency of this enzyme in epidemioclogical investigations. The
diseriminating power of FCR-RFLFP can be enhanced further by targeting genes showing great
variability between serotypes and within serotype.
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