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Abstract

Bacteriological findings of 102 examined cases from adult pigeons and squabs revealed that 4 out of 102 (3.9%) cloacal swab
samples were positive for Salmonella species, while 16 drag swabs collected from pigeon houses and dovecotes were negative.
Culture characters as well as the identical biochemical and serological tests identified Salmonella species. By using slide
agglutination test, four Salmonella isolates from pigeons were serotyped using O and H poly, monovalent antisera, three
jsolates were serotyped as Salmonella Typhimurium, and one isolate was un-typed. By using agar gel diffusion method, the
antimicrobial sensitivity test for Salmonella Typhimurium isolated from pigeons were sensitive to Amoxicillin, Cipmﬂox;cin.
Doxycycline, Enrofloxacin, Gentamicin, Norfloxacin and Streptomycin, while they were resistant to Erythromycin. PCR
technique was used to detect different virulent genes as invasion (invA) and flagellin (fliC) genes and the three isolates gave

itive to all previous genes. Two fliC sequences were submitted to GenBank database and obtained accession numbers
{HSE-1-2013 (KJ700871) and HSE-2-2013 (KJ671550)}and showed 99.8 % identity with each other and different identity
percent with 22 randomly selected strains from GenBank. strain HSE-1-2013 consists of 158 amino acid showed 100% identity
with the second strain HSE-2-2013 and the twenty two randomly sclected strains from GenBank, while strain HSE-2-2013
consists of 159 amino acid showed 100% identity with Egyptian strains (Azharl,2,3, and 4) and 99.5% identity. Other fifteen
strains on the GenBank (there is protein changed at position159, the standard amino acid V Valine mutated to the amino acid E
Glutamic acid). The restriction enzyme map was constructed for the two sequenced PCR products of Salmonella Typhimurium
and the enzyme Bbvl was found to cut five times at the positions 134,361,418,441 and 457.

Key words: Phenotypic, Genotypic, S. Typhimurium, PCR, Phylogenetic analysis, Antibiotic sensitivity.
Introduction

Salmonellosis is a disease caused by bacteria of
thegenusSalmonellaofthefamily
Enterobacteriaceae.  Pigeons may  acquire
Salmonella through consumption of contaminated
feed or water and by direct contact with
contaminated feathers, dust or feces. Concerning
the public health, pigeons play an important role
in the transmission of diseases that affect humans
and domestic animals, such as toxoplasmosis,
Newcastle disease, aspergillosis and salmonellosis
Sousa et al., (2010). The PCR test combined with
Rappaport-Vassiliadis selective enrichment is
more sensitive in detecting Salmonella at genus
level than bacteriological methods. At serovar
level, PCR-RV and (SMT) Standard
microbiological techniques showed similar
sensitivity. However, the PCR test combined with
non-selective enrichment was not as effective as
Material and Methods

Samples:-

One hundred and two cloacal swabs from pigeons
(adult & squabs) and sixteen samples from pigeon
houses and dovecotes were collected from
Menoufia governorate, Egypt in order to examine
the causative agents of paratyphoid in pigeons.
All samples were collected under aseptic
condition and laboratory safety precautions.
Cloacal swabs were collected by using sterile

PCR-RV or SMT for detection and identification
of Salmonella, indicating the need for selective
enrichment prior to the PCR test. The PCR-RV
protocol described also decreases the time needed
to detect Salmonella and can easily be
implemented in diagnostic and food analysis
laboratories Oliveira et al., (2003). The ideal

microbial typing technique should enable
differentiation of epidemiological unrelated
strains and group epidemiological related

(outbreak) strains, and give information that will
help to understand the evolutionary history of
multiple strains within a clonal lineage, Foxman
et al., (2005) and Parkhill and Wren (2011).
Therefore, we applied PCR and sequencing to be
able to make genotypic
analysistotheisolatedstrains.

cotton swabs, while the drag swabs were collected
by using sterile gauze pads, which were dragged
more than one time across the surface of the floor
and dropping pit in the pigeon houses. Finally, the
swabs were placed in sterile plastic bags and
transported in icebox to the bacteriology
laboratory as soon as possible.

Procedure for Isolation and Identification of
Salmonella:-
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Xylose lysine deoxycholate (XLD) agar medium
and Hektoen Enteric (HE) agar medium. The
plates were incubated at 37°C for 24h, Suspicious
colonies morphologically similar to Salmonella
were sub cultured in semisolid agar media tubes
for further examination. ldentification of the
biochemical characteristics was performed
according to Quinn et al. (2002), using triple
sugar iron (TSI) medium, urease test, lysine-iron
agar (LIA) medium, indole test, methyl red test,
Voges- Proskauer test and Simmon’s citrate
medium.

Serotyping of Salmonella Species Isolated from
Pigeons:~

All  isolates presumptively identified as
Salmonella, were serotyped according to
Kauffmann and Das-kauffmann (2001) using
Salmonella "0" and "H" poly and monovalent
antisera based on slide agglutination tests to
determine O and H antigens, respectively. S.
Typhimurium isolates were identified according
to their serotyping formula. To confirm the results
of serotyping, all isolates tested by conventional
PCR (cPCR).

Antibiotic Sensitivity Test:-

The antibiotic sensitivity test of Salmonella
Typhimurium isolates to eight antibiotics was
determined using the disc diffusion technique
according to Finegold and Martin (1982). Five
well isolated colonies were selected with sterile
loop and transferred to a tube containing Muller-
Hinton broth and mixed well. The broth culture is
incubated at 37°C until it achieves the turbidity of
the 0.5 McFarland standard. This results in a
suspension containing approximately 1 to 2 x108
CFU / ml for E.coli ATCC 25922. A sterile
cotton swab was dipped into the adjusted
suspension. The swab should be rotated several
times and pressed firmly on the inside wall of the

Table (1): Oligonucleotide primers sequences.

—

tube abave the fluid level. The dried surface of a
Mileller-Hinton agar plate was inoculated by
streaking the swab over the entire sierile agar
surface. Antimicrobial disks were disposed on the
surface of inoculated agar media aseptically and
incubated at 37°C for 18-20 h. The zone of on
inhibition around each disk were measured and
the results were interpreted based on comparison
to standards, as described by the Clinical and
Laboratory Standards Institute (CLSI 2013).
Genomic DNA Extraction:-

DNA extraction of all Salmonella Typhimurium
isolates were performed from overnight culture in
buffered peptone according to ABIO pure
Genomic DNA extraction kit, (USA) instructions, |
PCR (Polymerase Chain Reaction) for |
Detection of Salmonella Typhimurium:- ’

The purified DNA was used as a template for the

PCR assay. For the cPCR, two primer pairs were
used. The sequence of primers used in this study
is shown in Table (1). The 139 and 141 primers
are specific for the invA gene of Salmonella spp,
Oliveira ct al., (2003) and Flil5 and Tym primers
are specific for the fliC gene of Salmonella
Typhimurium, Soumet et al.,, (1999). Reactions
with these primers were carried out in a 25p|
amplification mixture (Table 2), and the cycling
condition is shown in Tables (3) and (4).
Amplified products were electrophoresed in 1.5%
agarose gel, Sambrook et al., (1989) and a Gel
Pilot 100 bp ladder, (Cat. N0.239035) was used as
a size reference. After staining with ethidium
bromide the gel was photographed by a gel
documentation system and the data were analyzed
through computer software. Deionized distillj

water was used as a template for negative contro
and 8. Typhymurium (ATCC: 25923) was used
a positive control.

Primer | Target Primer sequence(5'-3") Length of Reference
gene amplified
product
Flil5 flic | CGGTGTTGCCCAGGTIGGTAAT 559 bp Soumet et al.
Tym ACTCTTGCTGGCGGTGCGACTT (1999)
139 invA |GTGAAATTATCGCCACGTTCGGG Olliveira et al.
CAA 284 bp (2003)
ICATCGCACCGTCAAAGGAACC
82
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Table (2): Component of Emerald Amp®GT PCR master mix (Takara) Code No. RR310A

Component Volume/reaction
Emerald Amp GT PCR mastermix 125 pl
(2x premix)
PCR grade water 45 pl
Forward primer (20 pmol) I pl
Reverse primer (20 pmol) I ul
Template DNA 6 ul
Total 25l
Table (3): Cycling conditions of the invA primers during cPCR (Oliveira et al., 2003).
Step Temperature | Time | No. of cycles
1. Primary denaturation 9C 6min. | 1cycle
and activation of Taq DNA
polymerase.
2. Cycling
A. Secondary denaturation [95°C 30sec. | 33 cycles
B. Primer annealing 55°C 30 sec.
C. Extension 72'C 30 sec.
3. Final extension e Tmin. |1cycle
Table (4): Cycling conditions of the fliC primers during cPCR (Soumet et al., 1999).
Step Temperatare | Time | No.of
cycles
1. Primary denaturation and activation of 9%'C 6min. | Icycle
Taq DNA polymerase.
2. Cycling
A. Secondary denaturation. 95'C 30sec. |35 eycles
B. Primer annealing 56C 30 sec.
C. Extension 72°C 30 sec.
3, Final extension 72'C Tmin. [ Icycle

Nucleotide Sequencing and Sequence Analysis:  were done using the BioEdit sequence alignment editor,
The amplified (559bp fliC gene) fragment (from pigeon) CLUSTALX software for multiple sequence alignment.
was purified using Gene Jet PCR purification kit; ~ Results

Fermentzs (cat n0.K0701). Sequencing was performed at 1-Incidence of Bacteria:-

Sigma Company (Germany). [dentification of homologies Bacteriological findings of examined cases from diseased
between nucleotide and amino acid sequences of the pigeons and squabs revealed that 4 out of 102 (3.9%)
Salmonella Typhimurium strains were compared with cloacal swab samples were positive for isolation of

 gther streins published on GenBank using BLAST 2.0 Salmonella species, while bacteriological findings of

and PSI- BLAST search programs, respectively. The examined cases from pigeon houses and dovecotes
obtained nucleotide sequences comparisons and their revealed that all 16 drag swab samples were negative for
mulfiple alignments with reference S, Typhimurium isolation of Salmonella species as shown in Table (5).
strains as well s the detection of amino acid sequences

~ Table (5): Incidence of Salmonella species isolated from pigeons and dovecotes % was calculated according to total

number of examined samples.
Type of samples | of Examined Positive Positive
Samples Salmonella Spp. Balmonella Typhimurium
Number Percent Number Percent
Cloacal swabs 102 4 3.9% 3 2.94%
Drag swabs 16 - ¥ - -
| Total 118 4 3.4% 3 2.54%
83
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2- Identification of Salmonella Species Isolated from
Pigecons:

Culture characters as well as the classical biochemical
tests identified Salmonella species. Salmonella species
colonies on XLD medium appeared pink with black
center, while Salmonella species colonies on HE
medium appeared green to blue - green color with black
center.

Biochemical Tesls
Salmonella Species:
1. TSI test Slant-alkaline: red color, Butt-acidic:
yellow color, H2S production: black color, Gas
accumulation of gas beneath the butt.

2. Lysine iron test- Purple color in the slant and butt
with blacking (H2S production) at the middle of the tube
(+ve).

3. Urease test - Yellow color (-ve).

3-Result of Antibiogram Sensitivity Test for
Salmonella Typhimurium Isolated from Pigeons:

used for Identification of

Salmonella Typhimurium isolated from pigeons were
sensitive to Amoxicillin, Ciprofloxacin, Doxycycline,

Enrofloxacin, ~ Gentamicin,  Norfloxacin ~ and
Streptomycin,  while they were resistant o
Erythromycin.

4-Results of PCR for Detection of Salmonella
Typhimurium in Pigeons:

4-1 PCR for Amplification of Inva Gene from the
DNA of Salmonella Typhimurium In Pigeons

Photo (1) illustrates the agarose gel electrophoresis with
positive PCR amplification of 284 bp fragment of invA
gene.

4-2 PCR for Amplification of Flic Gene (Flagellin
Gene) from the DNA of Salmonella Typhimurium in
Pigeons.

Photos (2) illustrated the agarose gel electrophoresis
with positive PCR amplification of 559 bp fragment of
filC gene from the DNA of Salmonella Typhimurium
isolated from pigeons.
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Photo (1) Agarose gel electrophoresis with positive PCR amplification of 284 bp fragment of invA gene
from the DNA of Salmonella Typhimurium isolated from pigeons. (Lane, 3) Marker (100- 600 bp ladder) -

(Lane, 1, 2, and 5) Positive sample from the pigeons (isolate one, isolate 2, and isolate 3). -

Positive control (Lane, 6) Negative control

(Lane, 4)
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Photo (2) Agarose gel electrophoresis with positive PCR amplliﬁcatiun of 559 bp fragment of fliC gene
from the DNA of Salmonella Typhimurium isolated from pigeons. (Lane, 3) Marker (600 bp) -

(Lanel, 2 & 5) Positive samples from the pigeons (isolate 1, isolate 2 and isolate 3) -

Positive control  (Lane, 6) Negative control.

(Lane, 4)
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Two fliC sequences were submitted to GenBank
database and obtained accession numbers
(KJ700871 and KJ671550).

In the present study the nucleotide identity percent
of the sequenced fliC gene of S. Typhimurium
pigeon strains and twenty two randomly sclected
aligned strains from GenBank, revealed that the
first Salmonella
strain (HSE-2-2013) showed 99.8% identity with
the first strain HSE-1-2013 and the Salmonella
Typhimurium Egyptian strains (Azhl, 2,3&4). In
addition, it showed 99.6% identity with strain (?.
Typhimurium DT2 HG326213.1), which is
isolated from pigeons as shown in Table (6).

5-ucleotideSequencingandSequence Analysi:
In the present work, the nutleotide sequence of
559 bp PCR product representing the fliC gene of
Salmonella Typhimurium from two strains
isolated from pigeons had been sequenced by
Sigma Company, Germany.

Typhimurium pigeon strain(HSE-1-2013) showed
100% identity with the Salmonella Typhimurium
Egyptian strains (Azh1, 2,3&4) that were isolated
from wild birds. In addition, it showed 99.8%
identity with strain (S. Typhimurium DT2
HG326213.1), which is isolated from pigeons.
The second Salmonella Typhimurium pigeon
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The phylogenetic tree was constructed, the
tree having two groups A and B originated
from the same base, group B contains
Salmonella strains HSE-1-2013, HSE-2-2013,
Salmonella Typhimurium Egyptian strains
(Azhl, 2,3&4) and S. Typhimurium DT2
(1HG326213.1), which isolated from pigeons.
In addition, group B contains fourteen
Salmonella strains isolated from worldwide as
shown in Fig (1).
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Fig. (I) The phylogenic tree between sequenced fliC gene of S.
Tﬁhimuﬁmn isolated from pigeons and twenty two randomly selected
aligned strains from GenBank

The amino acids identity percent between
sequenced {liC gene of S. Typhimurium isolated

from pigeons and twenty two randomly selected
aligned strains from GenBank was constructed, the
first strain (HSE-1-2013) is similar to the
worldwide, The second strain (HSE-2-2013) was
slightly different from them, with 99.5% to 100%
similarity, because of changing in protein position
159 (The standard amino acid V Valine mutated to
the amino acid E Glutamic acid), and this due to

Salmonella Typhimurium Egyptian strains
(Azh1,2,3&4) and to the other Salmonella isolated

the substitution of the nucleotide at positions 560
and 563. The amino acid V Valine is present in all
the Salmonella species in our comparison except
the Egyptian strains, as shown in Table (7) and

Fig.(2)
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and a leaflet that giving cluster 5, which contains
S. Typhimurium Azhl, and a leaflet that giving
cluster 6, which contains S. Kentucky Giza-
VRLCU-144-10-2011 and a leaflet that giving
cluster 7, which contains S. Kentucky Giza-
VRLCU-144-1-2011 and another sixteen S.
Typhimurium strains distributed world wide as
shown in Fig. (3)
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The phylogenetic tree of the amino acids was
constructed. It consists of seven cluster consist of
two main groups A and B. Group A contains the
second S. Typhimurium (HSE-2-2013), group B
contains (HSE-1-2013), and a leaflet that giving
cluster 2, which contains S .Typhimurium Azh4,
and a leaflet that gives cluster 3, which contains S.
Typhimurium Azh3, and a leaflet that giving
cluster 4, which contains S. Typhimurium Azh2,
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pi.geons and twenty two randomly selected
aligned strains from GenBank.

Fig. (3) The amino acids tree between sequenced
fliC gene of S. Typhimurium isolated from
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phimurium strain HSE-1-2013 and strain HSE-
2.2013 Using BioEdit version 7.2.5 Hall (1999).

Table (8) Enzymes that cut five or fewer times:

6-Restriction Enzyme Mapping
Restriction Enzyme map was constructed for
Salmonella enterica subsp. enterica serovar

‘ Enzyme —_‘ Recognition frequency Positions
Tami | CACCTGChnminnnn_ i i
Al ACnyG_T | 489
AlwNI CAG_nmn'CTG . 56, 146
Asel ATTA_AT | 264
Bbvl GCAGCnnnnnnnn'nann_ 5 361,418,441 457
BeeAl ACGGChnnnannnnann'nn_ | 349
Brrl ACTGGGnnnn_n' | 329
Bsall C'ConG_G 2 505, 547
BseMIl CTCAGnnnnninn_pn' | 48
Bsgl GTGCAGnnannnnnnaAnAn_nm' 2 291, 531
Bsll CCnn_nnn'nnGG | n
BspCNI CTCAGnnnnann_nn' 1 49
BspMI ACCTGCnnnn'nnnn_ 2 52,116
Bstl ACTG_Gn' 1 Ky}
BstFl rCCGG_y | 134
BsrGl T'GTAC_A 1 73
BstFS1 GGATG_nn' 2 67,29
Bts] GCAGTG_nn' 1 2719
Cacll GCa'nGC 1 10
Dral TTT'AAA 1 403
Ecil GGCGGAnnnanann_nn' 1 437
Faul CCCGConnn'nn_ 2 33,459
FokI GGATGnnnnnnnn'nnan_ 2 74,283
Hindl GAynnannyTCnnnnnnnn_nnaan' 2 281313
Hincll GTyrAC 1 487
Hpysl GTo'nAC 2 38,487
Mnll CCTCnnannn_n' 2 5294
MspAll CmG'CkG 1 454
NlalV GGn'nCC 1 253
Pstl 2 286,459
SfaNI 2 152,457
Sfel 2
Taqll C_TGCAG 2 282,455
Tall GCATChnnnn'nann_ 2 311,497
TspRI CTryA_G 1 73,514
Xmnl CACCCAnnannnnn_nn' 1 286
WGTAC_w 524
_anCAsTGnn'
GAAm'nnTTC
EcolCRI, Eco57MI, EcoNI EcoO109], EcoRI, Enzymes that do not cut

EcoRYV, Fall, Fsel, Fspl, FspAl, Haell, Hgal,
Hindlll, Hpal, Hphl Hpy188I1l, Kasl, Kpnl,
Mboll, Mfel, Mlul, Mlyl, Mmel, Mscl, Msl],
Nael, Narl, Ncol Ndel, NgoMIV, Nhel, Notl,
Nrul, Nsil, Nspl, Pacl, Pcil, PAIMI, Plel, Pmel,
Pmll ,Ppil, Ppil, PpuMI, PshAl, Psil, PspOMI,
Psrl, Pstl, Pvul, Pvull, Rsrll, Sacl Sacll, Sall,
SanD], Sapl, Sbfl, Scal, SexAl, Sfil, Sfol,
SgrAl, Smal, Smll, SnaBI ,Spel, Sphl, Srfl,
Sspl, Stul, Styl, Swal, Tagll, TspDTI,
ZsapIGWl, Tth1111, Xbal ,Xcml, Xhol, Xmal,

89

Aatll, Accl, Acc651, Acll, Afel, Aflll, Agel,
Ahdl, Alel, Alol, Alol, Alwl, Apal LApall,
Apol, Ascl, AsiSI, Aval, Avrll, Bael, Bael,
BamH], Banl, BanII, Bbel, BbsI ,BbvCI, Begl,
Begl, BeiVl, Bell, BfBI, Bgll, Belll, Bipl,
Bmel580, BmgBI, Bmtl ,Bpll, Bpml,
Bpul0l, BpuEl, Bsal, BsaAl, BsaBl, BsaH]I,
BsaWI, BsaXI, BsaXI, BseRl BseY], BsiEl,
BsiHKAI, BsiWI, Bsml, BsmAl, BsmBl,
BsmFI, Bsp1286l, BspEl BspHI .BstBI,
BstDI, BssHII, BssSI, BstAPI, BstBI, BstEIl,
BstXI, BstYl, BstZ17], Bsu36l ,Btgl, Clal,
Dralll, Drdl, Eael, Eagl, Earl, Eco57l,
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Discussion

The present study tries to throw the light on
the problem of Salmonella Typhimurium in
pigeons in Menoufia govemorate, Egypt.
Pigeons are potential reservoirs for several
pathogenic microorganisms, including
Chlamydia spp., Salmonella spp. and
Cryptococcus spp. In Japan, S. Typhimurium,
C. psittaci and Mycobacterium spp. have been
isolated from feral pigeons and the frequency
of Salmonella spp. and Chlamydia spp. is
particularly high. The presence of pigeon feces
in public parks and railroad stations has
contributed to the spread of infectious agents
in the environment Tanaka et al,, (2005).

In the present work, the incidence of
Salmonella isolated from pigeons in Menoufia
governorate, Egypt, was 2.94%. Isolation,
identification and serotyping of the causative
agents of paratyphoid infection in pigeon were
detected. The antimicrobial susceptibility
testing was done by the agar disk diffusion
method as described by CLSI (2013).
Different virulent genes were examined using
cPCR, the invA gene of Salmonella contains
sequences unique to this genus and has been
proved as a suitable PCR target, while the
flagellin gene (fliC) encodes the major
component of the flagellum in Salmonella
enterica serovar Typhimurium.

Nucleotide sequences of fliC gene were done,
and protein identification in comparison with
Salmonella Typhimurium DT2 was 100%.
Investigation of sensitivity of the isolated
Salmonella Typhimurium to antibiotics was
carried out and it was found that all strain were

sensitive to Amoxicillin, Ciprofloxacin,
Gentamicin, Enrofloxacin,
Doxycycline,Norfloxacinand  Streptomycin

while it was resistant to Erythromycin. There
was a great variation in the sensitivity of the
isolated Salmonella Typhimurium from
pigeons to different antibiotics as also reported
by Ravaei et
al.(2013).InthepresentstudySalmonellaTyphim
urium strain was sensitive to Gentamicin ,and
Streptomycin, which differ from Frech et al.
(2003) who reported that all isolated
Salmonella Typhimurium variant Copenhagen
were resistance to Ampicillin, Streptomycin,
Sulfamethoxazole and Tetracycline.
Additional resistances to Chloramphenicol,
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Florfenicol, Kanamycin, Gentamicin and

Trimethoprim were seen in the majority of the

isolates while Hosain et al, (2012) reported
that 80% of the Salmonella isolates from
pigeons were sensitive to
CiprofloxacinfollowedbySulphamethoxazole(7
0%),Chloramphenicol(60%), Kanamycin
(60%), Gentamicin (60%) and Nalidixic acid
(60%). On the other hand 90% of the
Salmonella isolates were found resistant to
Amoxicillin (90%), followed by Ampicillin
(80%), Erythromycin (80%)
andTetracycline(60%).Salmonellaisolationby
conventional culture methods, are based on
non-selective pre-enrichment followed by
selective enrichment and plating on selective
and differential agars. Suspected colonies were
then confirmed by biochemical and serological
methods, Van Kessel et al., (2003). Generally,
these techniques take longer time, since they
give only presumptive results after 3-4 days
and definitive results after 5-6 days, Malorny
et al,, (2003b). Rapid detection methods, such
as DNA or RNA probing, immuno-detection
methods and nucleic acid hybridization have
been developed, but they do not have enough
sensitivity and specificity, Zhu et al., (1996).
Amplification of DNA by the PCR method is a
powerful tool in microbiological diagnostics,
Malorny et al., (2003b). Several genes have
been used to detect Salmonella in natural
environmental samples as well as food and
feces samples.

The invA gene of Salmonella contains
sequences unique to this genus and has been
proved as a suitable PCR target, with potential
diagnostic applications, Rhan et al., (1992).
Amplification of this gene now has been
recognized as an international standard for
detection of Salmonella genus, Malorny et al.,
(2003a). This gene encodes a protein in the
inner membrane of bacteria which is
responsible for invasion to, the epithelial cells
of the host, Darwin and Miller (1999). On the
other hand, Salmonella Typhimurium
possessed two non-allelic structural genes, fliC
and fliB for flagglin, Kutsukake et al,
(2005). The flagellin gene fliC encodes the
major component of the flagellum in
Salmonella enterica serovar Typhimurium,
Aldridge et al., (2006). Due to high variability
of its central region the fliC gene has also been
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used for molecular typing studies on
Salmonella, Dauga et al, (1998). This
structural gene encodes the phase 1 flagellar
protein (H1 antigen), and is expressed
alternately with the fljB gene which encodes
the phase 2 flagellar protein (H2 antigen).
Flagellin gene was detected in only three
examined strains of Salmonella Typhimurium,
and it is considered as the very important
structural gene encoded the phase 1 flageller
protein, Macnab (1996).

In the present work the nucleotide sequence of
559 bp PCR product representing the fliC gene
of Salmonella Typhimurium from two strains
isolated from pigeon had been sequenced by
Sigma Company (Germany).

The nucleotide identity percent revealed that
the first Salmonella Typhimurium pigeon
strain HSE-1-2013 (KJ700871) showed 100%
identity with the Salmonella Typhimurium
Egyptian strains (Azhl,2,3,&4) isolated from
wild birds and S. Kentucky Giza-VRLCU-
144-10-2011 and S. Kentucky Giza-VRLCU-
144-1-2011 isolated from Chickens). In
addition, it showed 99.8% identity with strain
(S. Typhimurim DT2 HG326213.1) which is
isolated from pigeon. The second Salmonella
Typhimurium pigeon strain HSE -2-2013
showed 99.8% identity with the first strain
HSE-1-2013 and the Salmonella Typhimurium
Egyptian strains(Azh1,2,3,&4). It also showed
99.6% identity with strain S. Typhimurium
DT2, which is isolated from pigeon and with
other three strains (S. Typhimurium DT104, S.
Typhimurium 08-1736, and S. Typhimurium-
var.5-CFSAN001921).

The phylogenetic tree was constructed to
calculate and examine the evolutionary
relationship of the sequences, in which the
length of the horizontal line connecting one
sequence to another was proportional to the
estimated genetic distance between the
sequences. The tree having two groups A and
B originated from the same base, group B

contains the two Salmonella strains HSE -1- -

2013 and HSE -2-2013 and also contains all
Salmonella Egyptain strains (Azhl,2,3,&4)
and 8, Typhimurium DT2 HG326213.1 which
is isolated from pigeon and also contains
thirteen Salmonella strains isolated from
worldwide

Sequencing and characterization of fliC was
performed in the development of a molecular
serotyping, Mortimer et al,, (2004),

The amino acids tree between sequenced fiC
gene of S. Typhimurium isolated from pigeons
and twenty two randomly selected aligned
strains from GenBank was constructed. The
first strain HSE-1-2013 is similar to the
Egyptian strains (Azh1, 2, 3, &4) and to the
other Salmonella isolated worldwide, while
the second strain HSE-2-2013 was slightly
different from them with 99.5% similarity,
there is protein changed at position 159 (The
standard amino acid V Valine mutated to the
amino acid E Glutamic acid) because of the
substitution of the nucleotide at positions 560 -
563. In the present study the nucleotide
phylogenetic tree and the amino acid
phylogenetic tree were nearly similar and the
identity between the strains were nearly
homologous, these results agree with
McQuiston et al., (2004) who mentioned that,
alleles encoding the same flagellar antigen
were homologous, while substantial sequence
heterogeneity existed between alleles encoding
different flagellar antigen and therefor
suggesting that, flagellin genes may be useful
targets for the molecular determination of
flagellar antigen type,

Smith and Selander (1990) and Li et al.
(1994) applied the Salmonella fliC sequences
and found that these Salmonellae were
conserved at their terminal and variable in the
central region between serotypes.

A restriction enzyme is an enzyme that cuts
DNA at specific recognition nucleotide
sequences known as restriction sites, Kessler
and Manta (1990). Restriction enzymes are
used widely in genetic engineering to cut a
molecule of DNA at specific points, in order to
insert or remove a piece of DNA. There are
many different restriction enzymes; each cuts
the DNA at a specific sequence of bases,
allowing great precision in  genetic
engincering, Roberts et al, (2007). In
addition, it will give idea about a map of the
restriction enzymes of choice for using it in
future for molecular analysis to this gene.

In the present study restriction Mapping was
constructed from which 39 restriction enzymes
cut sites and their frequency and positions on
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the partinl sequence of the fliC was
determined.

The in silico detection of the cut sites of
restriction enzymes of the fliC sequence of the
two Salmonella Typhimurium isolates help us
to know the restriction enzymes of choice and
their cut sites also will help to know the
enzymes that do not cut in our sequences to
avoid using it in further typing, El ~jakee et
al. (2010) used restriction enzyme Hind I1I to
genotype  S. Typhimurium isolates from
different poultry origin and geographical areas
in Egypt. In the present study Hind III enzyme
does not cut at any site, so the in silico
analysis could help us to avoid using the
misleading restriction enzyme by knowing the
restriction enzymes that does not cut in our
sequences. Cocolin ct al. (1998) used different
restriction enzyme for typing Salmonella
Typhimurium isolates as (Apal, Alul, Hinfl,
HindIll, Dpnl, Rsal, Notl, Sfil ,and Samal).
Some of these enzymes do not cut in our
sequences as: Apal, HindIII, Notl and Samal
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