\ GREEN
" PrusLication

International Journal For Research In Health Sciences And Nursing ISSN: 2208-2670

Phylogenetic Placement of Foot and Mouth Disease Virus during
2014 in Buffaloes, Egypt

Hanan A. Fahmy', Nashwa O. Khalifa’ and Mervat E.I.Radwan®

!Biotechnology Department, Animal Health Research Institute (AHRI), Giza, 11331, Egypt.
?Zoonoses Department, Faculty of Veterinary Medicine, Benha University, Toukh, 13736, Egypt
3Department of infectious Diseases, Faculty of Veterinary Medicine, Benha University, Toukh, 13736, Egypt

Abstract:

Foot-and-mouth disease virus (FMDV) SAT2 serotype is endemic
in Egypt since 2012. The objectives of the present study were to
investigate strain identification of FMDV infecting water buffaloes
(Bubalus bubalis) in April, 2014, Qalyubia, Egypt. Therefore partial
sequences were generated after detection by real time RT-PCR and
subsequent gel purification of RT-PCR amplified products of VP1 gene
of FMDV- SAT2. Partial sequencing of purified virus revealed that SAT2
serotype of FMD was circulating in this region. Sequences were further
examined by sequence analysis and subsequent phylogeny to compare
these sequences from known strains of FMDV-SAT?2 circulating globally
and retrieved from GenBank. Nucleotide substitution generates
polymorphism at position 13 nucleotide, where a Cytosine replaced a
Thymine and at the levels of 22 nucleotide where Guanine substituted
Adenosine. A partial sequence of SAT2 showed the highest level of
homology 99.4% similarity with sequences from Egypt 2012 with
diversion 0.6 but it is variable from its neighbor countries isolates.
Phylogenetic analysis showed a robust tree clustering all samples with
sequences belonging to the FMDV-SAT?2 variant with strong bootstrap
values at relevant nodes and the evolutionary distance between groups is
very short. There is a substitution in the sequences of amino acids at the
position of 8, where an Alanine is changed to a Threonine. These findings
demonstrate the recent picture of FMDV-SAT2 which incriminated for
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buffalo infectivity and responsible for its persistence in the endemic
areas. Such epidemiological data could guide the application of efficient
control strategies of FMDV in Egypt.
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Introduction:

Foot-and-mouth disease (FMD) results from infection with FMD
virus (FMDV), the prototypic Aphthovirus within the Picornaviridae
family (Jamal and Belsham, 2013)[1]. Seven serotypes of FMDV are
known; serotypes O and A are widely distributed, while the Southern
African Territories (SAT) serotypes (1, 2, and 3) usually are restricted to
Africa. Serotype Asia 1 has never circulated within Africa; serotype C
has not been identified anywhere since 2005 (Sangula et al., 2011)[2].
Recently FMDV serotype SAT3 detected in long-horned ankole calf,
Uganda (Dhikusooka et al., 2015)[3].

SAT 2 is the serotype most often associated with outbreaks of foot-
and-mouth disease (FMD) in livestock in southern and western Africa
and is the only SAT type to have been recorded outside the African
continent in the last decade. Its epidemiology is complicated by the
presence of African buffalo (Syncerus caffer), which play an important
role in virus maintenance and transmission (Bastos et al., 2003)[4]. This
region is also threatened by sporadic incursions of different topotypes and
other FMD serotypes that are normally restricted to Sub-Saharan Africa
(Knowles et al., 2007)[5]. During 2012, severe FMD outbreaks due to
introduction of SAT2 serotype for the first time in Egypt causing
mortality rates of up to 50% due to multifocal myocarditis, especially in
young animals (Ahmed et al.[6], 2012 and Valdazo Gonzalez et al.,[7]
2012), with evidence for clinical infection with FMD-SAT2 in Egyptian
buffalo by Fahmy et al., (2014)[8]. The applications of the molecular
biological techniques of PCR amplification and nucleotide sequencing
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have been significant advances in the understanding of FMDV
epidemiology (Knowles and Samuel, 2003[9] and Aggour et al.,
2014)[10].

Phylogenetic analyses will help to understand the molecular nature
of virus circulating for the selection of vaccination and strategies for the
control of FMD in the country. The emergence of SAT2 has required a
regular development FMD control programme to select appropriate
vaccines to prevent future outbreaks.

The aim of the present study is to throw light on genotyping to
characterize the FMDV recovered from Egyptian buffalo and
phylogenetic analyses to define antigenic determinants of the virus, and
to compare our findings to those related to known strains of FMDV
circulating globally.

Materials and Methods:

For continuation of our previous work, under publication, blood
samples, tongue epithelium and vesicular fluid recovered from water
buffalo (Bubalus bubalis) suffering from characteristic clinical signs of
FMD virus in April, 2014 in Qalyubia, Egypt were used as follows;
samples were used for genetic characterization and stored at -20°C until
used. The viral RNA from clinical samples was extracted and subjected to
genotype the topotypes of FMDV by one step real time RT-gPCR using
oligoprimers and probes for universal (Callahan 3D) gene for common
FMDV (Callahan et al., 2002)[11] and (VP1) gene for serotypes A, Iran
O, Asia and SAT2 (Ferris et al., 2009)[12]. Positive sample was
subsequently amplified by conventional RT- PCR using two pairs of
oligonucleotide primers of VP1 gene SAT2 primers and the expected
fragments 716bp were identified.

Sequencing of Egyptian FMDV- SAT?2 in buffalo:
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The PCR products were gel purified by using QIAquick gel
extraction kit (Qiagen, Valencia, Calif.) following the manufacture’s
instruction The purified PCR product was sequenced by using BigDye
Terminator v3.1 Cycle Sequencing Kit on an automatic sequencer ( ABI
3100 Genetic Analyzer; Applied Biosystems, Foster City, CA). The
nucleotide sequences were then aligned with existing sequences of known
genotypes from other countries in the GenBank databases using BLAST
programs and databases of the NCBI (National Center for Biotechnology
Information,Bethesda,MD,USA) (www.blast.ncbi.nlm.nih.gov/Blast.cgi).
Phylogenetic Analysis:

Partial VP1 nucleotide sequences were aligned using BioEdit 7
software (Hall, 1999)[13] and Clustal W 1.83 program (Thompson et al.,
1994)[14]. These alignments were used to construct distance matrices
using the Kimura 2-parameter nucleotide substitution model (Kimura,
1980)[15] as implemented in the program MEGA software v5.0 (Tamura
et al., 2011)[16]. Phylogenetic tree were constructed using the neighbour-
joining of MegAlign program from LaserGene Biocomputing Software
Package (DNASTAR, Madison, WI).

Result:

Partial sequencing of the VP1 gene produces a sequence for
approximately 362bp for each sample and submitted to the GeneBank
database with the accession number (KP686058). Sequence alignment
was compared with previously reported references of genotypes of the
most similar sequences retrieved from GenBank to identify the genotype
of the isolate (Figure 1). Nucleotide sequencing revealed the occurrence
of nucleotide substitution generating a single nucleotide polymorphism at
position of 13 nucleotide, where C instead of T and also substitution of G

instead of A at position 22 (Figurel).
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The analysis of genetic diversity based on partial sequencing
represented the percent of diversion and identity between the new
Egyptian isolate and nineteen selected sequences circulating globally and
retrieved from GeneBank displayed in (Table 1), it revealed that our
sequence showed typical identity (99.4%) with Egyptian SAT2, Buffalo,
2012 with accession number KF112931.1, JX570619.1, JX5013960.1 and
JX013978.1 with diversion 0.6% but it is variable from its neighbor
countries isolates and identity reached to its lowest similarity 85.3 % with
AY343934.1 Eritrea.

Phylogenetic analysis showed a robust tree clustering all isolates
with sequences belonging to the FMDV- SAT2 type with strong bootstrap
values at relevant nodes. Phylogenetic tree shows the evolutionary
relationship of the sequences in which the length of the horizontal line
was proportional to the estimated genetic distance between the sequences.
Such tree indicated that the evolutionary distance between groups is very
short (Figure 2). Protein sequence analysis indicated the presence of one
substitution in the sequences of amino acids at the position of 8, where an
Alanine is substitutes by a Threonine (Figure 3).

Discussion:

Egypt is endemic for FMDV-SAT2 since 2012. Foot-and-mouth
disease remains a globally important livestock disease affecting cloven-
hoofed animals. It remains enzootic in many regions, especially in
developing countries where it imposes a trade barrier upon livestock and
their products. We selected the specific primers of FMDV-SAT?2 based
on the highly conserved VP1 gene - coding region (Knowles and
Samuel, 2003)[9].

Our data indicated that the purified and partially sequenced PCR
products generated 362bp of FMDV-SAT2 genotype. The sequences
were aligned by cluster grouping where the clusters aligned the most
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similar sequences firstly then progressively more distant groups of
sequences until the global alignment was obtained. The NCBI-BLAST
search found that our isolates are (100%) homologues to the genotype
FMDV SAT? topotype and its accession number is KP 686058.

In February 2012, a new extensive FMDV SAT2 outbreak struck
Upper Egypt (Salem et al., 2012)[17], Delta Governorates (Ahmed et
al., 2012[6] and Valdazo Gonzales et al., 2012)[7], Gharbia (Elhaig
and Elsheery, 2014)[18] and Alexandria (EI-Shehawy et al., 2014)[19]
and in African countries serotype SAT2 was mainly responsible for
outbreaks (Depa et al., 2012)[20].

A sub clinical or unapparent infection can occur in African buffalo

(Jamal and Belsham, 2013)[1]. There are several potential risk factors
associated with both introduction and spread of the FMDYV infection. The
most important of these are biosecurity, movement of live animals and
animal products, swill feeding and access to landfill waste (EFSA,
2012)[21].
Sequencing of our samples revealed substitution in two nucleotides
generating a change at the level of 13 nucleotide, where a C replaced a T.
(Figure, 1). In addition, our isolate revealed other substitution at the
levels of 22 nucleotides, where G substituted A. These substitution did
not express in the previously mentioned Egyptians, 2012 isolates. The
causative agent, FMD virus has a rapid mutation rate (Upadhyaya et al.,
2014)[22].

The nucleotide sequence data indicates that the similarity in
nucleotide sequence (99.4%) between SAT2 FMDV, buffalo, Egypt,
Qalyubia, 2014 and a virus of buffalo origin obtained during 2012, Egypt
KF112931.1, JX570619.1, JX5013960.1 and JX013978.1 with diversity
of 0.6. It is worth mention that identity percent 99.2% with the virus in
the same locality Banha, Qalyubia, Egypt JX 570625 with 0.8
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divergences. The virus diversity is high among SAT serotypes, especially
for the SAT 2 serotype that is composed of at least 14 geographically
restricted topotypes (Bastos et al., 2003)[4]. Phylogenetic tree indicated
that the evolutionary distance between groups is very short, suggesting
that the genetic divergence is recent (Figure, 2). In addition to SAT2
serotype, phylogenetic analysis of VP1 nucleotide sequences
demonstrated that viruses from Egyptian field cases fell into other two
different serotypes that were belonging to A and O serotypes (Salem et
al., 2012)[17]

Phylogenetic analysis showed that our isolates clustered with
SAT2 FMD virus, revealed that KP686058, Qalyubia , Egypt put in the
same category with KJ210079, JX570616, JX570615, JX570617 Egypt,
2012 and closely related to KF112968 Sudan and JX570633 Libya
(Table, 1). Egypt is a large country with a dense animal population and is
bordered by Libya, Sudan and Palestine and FMD is endemic in those
three countries (FAO, 2012[23], Ahmed et al.[6], 2012 and Valdazo-
Gonzalez et al., 2012) [7]respectively. Animals may move between these
countries without restriction, leading to the uncontrolled spread of
FMDV.

Nucleotide substitution is translated in the protein sequence as our
data refer to the presence of an A instead of a T, at the level of 8 (Figure,
3). These substitutions of FMDV SAT2 topotype variation is associated
with change in the geographical distribution, infectivity and antigenicity,
and can circulate within the buffalo populations at different localities of
the Egypt through unrestricted animal movements.

Conclusions:

Our study provides persistence of the circulation of SAT2-type
FMD viruses among buffalo population. Therefore monitoring the
emergence of SAT2 strains of FMDV in Egypt is important to enable
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appropriate vaccines selection and control measurement as rapidly as

possible.

References:

Ahmed, H. A.; Salem, S .A .H.; Habashi, A. R.; Arafa, A. A., Aggour,
M. G.; Salem, G. H.; Gaber, A. S., Selem, O.; Abdelkader, S. H.
and Knowles, N. J. (2012). Emergence of Foot and Mouth Disease
Virus SAT 2 in Egypt During 2012. Transboundary and Emerging
Diseases, 59: 476-481.

Aggour, M. G., Ahmed, H. A., Fahmy, H. A., Habashi, A. R. and
Aboeliayzeed, E. A. (2014). Molecular typing of Foot and Mouth
Disease Virus in Egypt 2013 by Real Time-RT PCR. 2™ Conf. Scien.
Assoc. Animal Health Res. Inst. 2(1): 350-357.

Bastos, A. D. S.; Haydon, D. T.; Sangare, O.; Boshoff, C. I.; Edrich,
J. L. and Thomson, G. R. (2003). The implications of virus diversity
within the SAT 2 serotype for control of foot-and-mouth disease in
sub-Saharan Africa. Journal of General Virology, 84: 1595 —1606.

Callahan, J. D.; Brown, F.; Csorio, F. A.; Sur J. H.; Kramer, E.;
Long, G. W.; Lubroth, J.; Ellis, S. J.; Shoulars, K. S.; Gaffney K.
L.; Rock, D. L. and Nelson, W. M. (2002). Use of a portable real-
time reverse transcriptase-polymerase chain reaction assay for rapid
detection of foot-and-mouth disease virus. J. Am. Vet. Med. Assoc.,
220, 11:1636-1642.

Depa, P. M., Dimri; U., Sharma, M. C. and Tiwari, R. (2012): Update
on epidemiology and control of Foot and Mouth Disease - A menace
to international trade and global animal enterprise. Vet. World, 5 (11):
694-704.

Dhikusooka, M. T.; Tjarnehgj, K.; Ayebazibwe, C.; Namatovu, A.;
Ruhweza, S.; Siegismund, H. R.; Wekesa, S. N.; Normann, P. and
Belsham, G. J. (2015): Foot-and-Mouth Disease Virus Serotype
SAT 3 in Long-Horned Ankole Calf, Uganda. Emerging Infectious
Diseases. www.cdc.gov/eid .Vol. 21, No. 1, January 2015.

Elhaig, M. M. and Elsheery, M. N. (2014): Molecular investigation of
foot-and-mouth disease virus in domestic bovids from Gharbia, Egypt.
Trop. Anim. Health Prod. 46 (8):1455-1462.htt// doi 10.1007/s11250-
014-0665-7.

Volume-2 | Issue-1 | January,2016 | Paper-1 8



NP r0n
International Journal For Research In Health Sciences And Nursing ISSN: 2208-2670

El-Shehawy, L. I.; Abu-Elnaga, H.l.; Rizk, S.A.; EI-Kreem, A. S. A;
Mohamed, A. A. and Fawzy, H. G. (2014). Molecular differentiation
and phylogenetic analysis of the Egyptian foot-and-mouth disease
virus SAT2. Archives of virology, 159: 437-443.

EFSA (European Food Safety Authority) Panel on Animal Health
and Welfare (2012). Scientific Opinion on foot-and-mouth disease in
Thrace. EFSA Journal, 10 (4):2635.

Fahmy, H.A., Abd El Ghany, S.S., Hosiny,W.A and Shehata, F. E.
(2014): Molecular detection of foot and mouth disease virus in buffalo
by RT-PCR with reference to pathological, biochemical and
serological changes. Animal Health Res. J. 2 (2): 88-101.

FAO (Food and Agriculture Organization) (2012): Foot-and-mouth
disease caused by serotype SAT2 in Egypt and Libya: A Regional
concern for animal health in North Africa and the Middle East.
EMPRES WATCH 25.

Ferris, N. P., Nordengrahn, A., Hutchings, G., Reid, S., King, D.,
Ebert, K., Paton, D., Kristersson, T., Brocchi, E., Grazioli, S.,
Merza, M. (2009): Development and laboratory validation of a lateral
flow device for the detection of foot-and-mouth disease virus in
clinical samples. Journal of Virol. Methods, 155: 10-17.

Hall, T. A. (1999). BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows 95/98/ NT.
Nucleic Acids Symp. Ser. 41: 95-98.

Jamal, S. M. and Belsham, G. J. (2013): Foot-and-mouth disease: past,
present and future. Veterinary Research, 44: 116.

Kimura, M. (1980): A simple method for estimating evolutionary rate of
base substitutions through comparative studies of nucleotide
sequences. J. Mol. Evol. 16: 111-120.

Knowles, N. J and Samuel, A. R. (2003). Molecular epidemiology of
foot and mouth disease virus. Virus Research, 91: 65-80.

Knowles, N. J.; Wadsworth, J.; Reid, S. M.; Swabey, K. G.; EI-
Kholy, A. A.; EI-Rahman, A. O. A.; Soliman, H. M.; Ebert, K;
Ferris, N. P.; Hutchings, G. H.; Statham, R. J.; King, D.P. and
Paton D. J. (2007). Foot-and-mouth disease virus serotype A in
Egypt. Emerging Infectious Diseases, 13, 1593-1596.

Salem, S. H.; Arafa, A.; Abohatab, E.; Saad, A. and Ahmed, H. A.
(2012). Genotyping of Foot and Mouth Disease Virus (FMD) in Egypt
during 2011-2012. 1% Conf. Scien. Assoc. Animal Health Res. Inst.
December 2012. pp. 411 — 4109.

Volume-2 | Issue-1 | January,2016 | Paper-1 9



NG 0
International Journal For Research In Health Sciences And Nursing ISSN: 2208-2670

Sangula, A. K.; Siegismund, H. R.; Belsham, G. J.; Balinda, S. N.;
Masembe, C. and Muwanika, V. B. (2011): Low diversity of foot-
and-mouth disease serotype C virus in Kenya: evidence for probable
vaccine strain re-introductions in the field. Epid. Infect. 139:189-96.

Tamura, K., Peterson; D., Peterson, N.; Stecher, G.; Nei, M. and
Kumar, S. (2011): MEGAS: molecular evolutionary genetics analysis
using maximum likelihood, evolutionary distance, and maximum
parsimony methods. Mol. Biol. Evol. 28, 2731-2739.

Thompson, J. D.; Higgins, D. G. and Higgins, T. J. (1994): CLUSTAL
W: improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position specific gap penalties
and weight matrix choice. Nucleic Acids Res. 22, 4673-4680.

Upadhyaya, S.; Ayelet, G.; Paul, G.; King, D. P.; David, J.; Paton, D.
J. and Mahapatra, M. (2014). Genetic basis of antigenic variation in
foot-and-mouth disease serotype A viruses from the Middle East.
Vaccine, 32: 631- 638.

Valdazo-Gonzalez B.; Knowles, N. J.; Hammond, J. and King, D. P.
(2012): Genome sequences of SAT 2 foot-and-mouth disease viruses
from Egypt and Palestinian Autonomous Territories (Gaza Strip). J.
Virol. 86: 8901-8902.

Volume-2 | Issue-1 | January,2016 | Paper-1 10



GREEN
PUBLICATION

International Journal For Research In Health Sciences And Nursing ISSN: 2208-2670

Table (1): The percent of identity and diversion for amino acid sequence of
VP1 gene FMD virus topotype SAT 2 from buffalo, Egypt with accession
number KP686058 in comparison with nineteen selected sequences globally
circulating from GenBank using DNA star software.
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2 CADCOOCCCA CACACOCTOC

EATI.ECY/MiPay/ 2012, KXY -1

SBATI.ECY/28/2012,KF112628 .1
SATI.VP1Ban,ECY/ /13712, IX870628
EATI.ECY/11/2012VP1, IXST70634.2
BATI.ECY/3/30123VPL, IXsT0e1e
EATI.buffal ,ECY/26/12,IX013676
SATI.ECY/2/72013VPL, IXST0€17 .2
SATI,LIB/1/73003VPL,IXS870€31.2
BATI,LIB/T/72003VEL, IXS70€32 .2
BATI.NCRA/18/2008,XKF11235€0. 2

BATI,SUD/4/10capeid, KF1120668 1
SATI.CAR/B8/2008VPL, IXST0€
BATI.CAR/1/23008VPL, IXST0€1S

SBATIL.ERI/1/798VPL(1D)AYS
SATI.Murchisonlalls, FJ4e13
SATI.ERI/4/98VPL(1D)AYIA3034. 2
EATILLIB/AS/2012VRL,IXST70633 .2
SATZ, SUD/1/72007VPL,CUSEE071 .2
BATI,SEN/I7/2008,.KF1120€7 .2
SATI,Camac/T74/4VPL (1D) AYIS4451
BEATI,Camex, £d1l/74/10VP1, AY2544
BEATI,Cames,.bbo/38/0€6VPL, AY2S
SATI,Cames/3/30VP1 (1D) AYZIS4432

ATTOCTOGAG ATOCTOOGOC ACTTGOGOCA
ATTOCTOGAG ATOCTGOGGE ACTTGOGOCA
ATTOGCTOGTG ATOCTGOGOE ACTTGOGOCA
AT ATOCT ACTT
ATANOG ACCGT ocT
ATOCCTOGAG ATOCTGOGOT ACTOGOGOCA
ATCOOGCTOGAG ATOCTGOGOT ACTOGOGGCA
S AT aCT
AT AN MNOOG ocT
AT ATOCT ocT
AT ATOCT ocT
AT
ACCOCSCMET OCTOOOGAAT
ATOCGTOGMNG M ACT
ATOOGTOGOG M ACT
S AT ACT
ATOOGCTOGAS AMOOCTGOGOT ACTOCOCOCT
ATOCCTOGAG M ACT
ATOOGTOGOG M ACT
AT ACT
ATOCGCTOGAG M ACT
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SATI.EGY/A/30132,.,WCe408084 .2 ACTTOOOGTA COTGANOOGTT

|
|
E
|
|

SATZ.Egy/Shaxkia/li,.KJ210078. 1 ACTTOOGOGTA 7O T GACA OO TTA CT. G A TG AOCTOTACTG
SATZ Buffal . EGY/1E6/12 ., Mr112631 ACTTOOOGTA OOTAGMNOOGTT GACAMNNOCAG T TTA CT. G A TG AGCTGTACTO
SATI. EGY/4/3012,.VPL, . IXBT0EL6 . L ACTTOOOATA COTGAOOTTT GACAIAOCANG TYA CT G A TO AOCTOTACTO
SATI . EGY/22/3012,IX0136080. 2 ACTTCOOOATA CATANCCOATYT GACAIAOCAD TOG TTYA COY > TG AOCTATACYG
SATZ . Bl fale . BEGY/ /32, IX0L3878 ACTTOOOATA COATAANOCOTT GACAIINOCAG Y T™YA ©F S A T3 AOCTATACTO
SATZ . EOY/MACay /3012 . ¥ronsnes . L A CATAACCATT QACAIINOCHIOS 7 TYA CT. S M T AOSCTATASTO
SATI . EQGY /2N /2012 . HEL12938 .8 ACTTOOOATA COATANCOATY GACIIINOCIO TYA ©Y S A T AACTATASYTO
BATI . VPLBan . EOY /13712, I%X8T0620 ACTTOOOATA COTAACCATT QACIIINCCHAE TOANOSTTTA CTACCOOATS INANOOOCTS IOCTATACTO
SATI.EQY /31 /73013VEL . INBT0624 .2 ACTTOOOOTA COTANCOTTT GACAIACCAS T TYA ©F S A TS AOCTATACTS
FATI.EQY/I/I0LIVEL,. INATO6LN . 3 ACTTOOOSTA COTAACCOOTT CGASIIINCCTAS T T™rA ©F =3 TS AOCTOTACTOS
FAT2. 0wl leal . COY/30/33, IX0L3070 ACTTOOOSTTA OOY T GACH T TTA CT. =g TS AOCTOTACTO
FATI.ESY/I/730A3VEL. IXRT06LT . 3 ACTTOOOSTC OO < T ™A TG A TS ASTTOTACTO
BATI.LIB/A/I0C0IVEL,. IXDTO0E3E . % ACTTOOOCTT OCT LA TOGATOTTTA CTACOOGATS ANGAOOOCTO ACTOTACTGC
BATI.LIB/T7/73003VPL. JXDT0€33 .3 ACTTOOOOCTT OOTGAOOOTC GACAMNOCAG TOGATOTTTA CTACCOGATS ANGANOOOCTO MCTOTACTG
FATI.FGR/18/3000,. X113 960. 3 ACTTTOOCTT OOTGADOCTC GACAANOCANG TOGATGTTTA CTACCOGATG AGAOOOCTGC AMNCTOTACTG
BATZ. BUD/ 4/ 10capeid, KI'L12060 . 1 ATTTOCOOTT COGTGANIOGTC GACAGMNOCAG TOGATGTTTA CTACCOOGATG ANGANGAOCTG AMITTGTACTG
BATI.CAR/8/2008VP1L.JXK870€616. 3 ACTTOOOCTT TOTGAOOGTC GACAANNOCAG TOG TTA CT. TG A TG AMOCTGTACTG
SATI.CAR/L/72005VPL,. JXB70€1S .3 ACTTOOOOTT TOTGADOGOC GACAINNOCAG T TTA CT. G A TG AMOCTOGTACTG
SATZ.ERI/L/SEVPL(IDIAYI4ESE2 .2 ACTTOOOCTT OGTGANOOGTC GACANIOCAG TOGAOGTTTA CTACCOGATG ANGANOOOCTG MCTOTACTGC
SATI . Muschisonlalle, T 1 ACTTOOOGTT COTGAMOGTC GACAAMNDOCAG TAGAOOTTTA CTADCOGATG ANGMNOOGOCTG ANCTOTACTG
SATZ. ERI/A/98VPL (LD N ACTTCOOOTT OOTAGAOOOTC GACAANOOCAG T TTA CT. » TG ACCTOTACTG
SATI . LIB/29/30123VeL, ces23 .1 ACTTOOGATT COOTGACCOOTC GACAIAMNOCAGC TOOAOOTTTA CTACCOGAATG ANSAOCOCTO AMICTATACTO
SATZ.3UD/L/2007VRL . QUSO8 ACTTOOOOTT CATAAOCOTC GACAIMOCAS TOAAOGTTTA CTAOCAMYG MMGAOGOCTS ACTATACYS
SATZ. ZEN/ IV /2009 . KELL2967 . L ATTTOOOATY CATAAOATT GACIAIAOCAS TOAATATTTA COY S A TA ASCTATASYTS
BAT2 . Camanw/TA47AVPL (LD) AYIS4an ACTITOOOTY TATAAOATC GACIACOCAS TOAATATTTA Y > TS JASTOATASTO
BATZ . Cammw, EAL/TA710UPL  AY2I049 ACTTOOOATYT TATAAOSTE GACAACCOCAS TOAATATTTA CF . TA AACTATACTO
FATZ . Camaw . Do/ 30/ 00081  AYI0A ACTTOOOTTT TATAACOSTE QACAIINOCAS TTTTA > S AACTATACTO
FATI. . Cammn/3/30VFL (D) AYINSANS ACTTOOOSTY TOTAAOOOTC GACIACOTAS TOGATOTTTA CTACCOOATS AMOAOOOCTO AACTOTACTO
w0 >0 L a0 axe e R
R R B e T T e L T T R o T e E g e e ey )
EATZ, Buffalo, ECY, 2014 KPESSOSS croc cc. < Too T TOGAA
BATZ. PAT/A/73013.J%X014380 .1 cTecTY CCTACAAAICTA TOG v CGAA
BATI.ESY /373013 ., -3 cTocT CCTACIIICA YOG T "CGAA
SATI.Egy/Shaxkia/li.KI310079. .3 COCACOCOCA CTOCTOCCAG CCTACAIACA TTOG AC T COOOGTOGAN
FATE Buffal .EGY/16/12 . Mr1136831 COCACOOOCA CTOCTOOCAG OCTACAMNCA CACAGACAGA GACMGATTOG AMOGOOOOCAY COGOGTOGAM
SATI.EGY/A/2012.VP1,.IX870610 .1 COCCAOOCOCA CTOCTOOCAG COCTACAINACA CACAOACAGA GACAGATTOG AOOCOOCCAT COOCGTOGAM
SAT2.EGY/28/3012,JX0158080. 1 COCACOCCCA CTOCTGOCAG CCTVACAAACA TOG CGAA
SATZ . putffalo . E0Y /T /12, IX01LA87 crocy CCTYACAIICA TOG CTarA
SATI . EGY/Mifay /30132 KrOsssel . 1 oroc COCTACIIINCA. oG CGAA
SATZ EGY /2872012, MF112035 .2 oroc CCYACAIINCA TOo CGAA
SATI VPLBan . EGY/13/32, .nu'reca' oTocyY CCYACARAICA oo CAAA
SATI . EGY/33/730123VFL . INAV0 - cTrocY AAA 1o CaAsN
BATZ,.EOY/3I/3013VEL, INATO6LS l croc CCTACAIACH oo cass
BATI. Bl el LAY /26/52, IXROLIWTE croc CCTTACAIATA a OO COTTTTOCIN
SATI.EQN/2/73023VEL . IXBT0617 . 3 TOCAOCEOC A AOCIAO CCTTYAOQANTA oo TGN
BATI.LID/A/3003IVEL, IXSTO063L .3 CTocCT A OCT ™S TOSTOTONS
BATZ.LID/T/3003IVEL. IXNST0EIT .3 cTrocT o0, L=c"g OGS T TOOTOTOGAS
SFATI. PSR/ AB/3008. XFL139€0. 3 croc ;N OCT TOS T TOOTOTOGAG
BATZ . BUD/ 4/ 3 0caprid. XKIL120060 . 3 T CTeTT, CTTACGAINTA OGS T CTQAN
BATZ.CAR/B8/3000VPL, JX87061€6. 3 COCO0O0OCA CTGTTOCTAA ©OCT rGa OGS T TOOOGTOGANG
BATI.CAR/L/3008VPL. JXBT061S . % cToTY A CCTMOGMNOTA PG TTOG T TOGOGTOGAG
3 TOCACCOOCA CTACTOOCTGC OCTAOGMNOCA COOCANOCAGA GACMGATTOGC AMOOOOOOCAT COOOGTOGAMN
CCOoCoCCCG COTAOGAOCA OCCAAACIGA ™G T TGAA
TOCACOOOCA CTACTOOCTG COCTADGAOCA COOCAMNGCAGA GACAGATTOC A T CGAN
COCACCOOOG CTOTTOGOCAA OCTADGAOCA TOG M 2y CGNG
COCADGOOCA CTAGTTOOCAA COCTADGAOCA rGA TOO AL o TOGAG
SATZ. JEN/Z7 /2009 . KFL1I06TY L roc CCTATGAOCK ras ™G T COOTaOTTGNG
SAT2 . Caman/TA4/AVPL (LD) AYIS44sL orar CCYAOGAAMCA oo
BATZ , Cameaw, P41/ 74710V AYIS4 orar COCY ACAIACA 1o
BATZ . Camaw , Bhe/30/ 06000 AYI844 orar CCTACTGAACA TOO ASOCO
BAT2 . Caman/3/30UPL (AD)AXIB4452 crary ocY ACA CACTY Too
200

BATZ, Buffalo, LOY, 2014 KPESSOSS
BATI. PAT/A/73033.3X01430%0 . l

AOICAQACCT
PQPLCIBACCT
BATI.ECSY/3/3023 . %
'Afﬂ.mlmllnlllaml“”.l ACACAGICCCT
BATI . Duffal . ECY/1€6/03,. KL13632 PBINCICINOOT
BATI.ECY/4/3013.VPil.JX870€15 .1 AOIACICGIAOCC
SATZ.EGY/33/3013.JK01a000 POACABICCCT
SATZ . buffaleo.BO0Y/T/13.IX ACGACAGACCC
SATZ.EGY/MiFay/20132,Kro l.l POICAGIOCOC
SAT2.EGY/20/2013.Mr112 2OICAGACCC
SATZ. VPLBan . EGY/18/32, ul’ﬂ.ll PAICAQIOCCT
SATZ.EGY/L1/2013VPL,. IAGTOEI4.1  MNOAACAAINOOC
SATI . EGY/3/2012VL . IXNST0ELE . L PAACAQAOCT
2AICIAQIOCC

P APLCIAICCC

AOACAQICOT

POAACIQICTT

R e

PODCEACACOT

AT ACI OO

POBCIGINTOT

COICANICIC

PBOTABICCT

ACINCAGACCC

SATI . Buffal EOGY/26/32, I%0130706
SATI . EQY/2/723033VEL , IXAT0C6LY 3
SATZ,LIB/L/IC0IVEL, INST0EIL .2
BATI,LID/ T/ I00IVEL, IXNDT0EI2 . 3
FATI,. WSR/ IV /2008, KEL1I960 . 3

FAT I, IVOD/ 4/ 30 apoid,. KTL12000 .
BATI.CAR/B/3000VPL, JXIT061 6.3
BATI.CAR/ A/ 2000VEL ., JXBTO

BATI.ERI/A/S0VRPL (AD) AYIS

SATI.LIB/AO/3013VRPL. “l’o.ll
SATZ. 5UD/ L/ 3007VRL, 73.3
SATZ.ER/ZT7/3009. 1120867 .2
SATZ.Camax/TA/4AVPL (1D) AYISS
SAT2 . Cameax, £AL/TA/LOVPL.AYZ
BATZ . Camarw Bva/ 20/ 060UPL , AX2
SATZ . Camaw/3/30UPL(AD)AYI84452

Figure (1): Nucleotide sequence alignment of FMDV-SAT2 in Buffalo, Egypt, 2014
(KP686058) and comparative analysis with the available sequences using
Basic local alignment sequence tool (BLAST) of the National Center for
Biotechnology Information (NCBI) database. Two nucleotides
substitution in KP686058 at positions13 and 22.

ddddvdysadadadadadadddadada:
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SATZ2 EGY MiFay/2012 KF055861.1

| SAT? EGYZR2012,KF112935.1

SAT2 bullalo, EGY/T 12 IX013978.1

SAT2 EGY 22012 JX013980. 1

SAT2 EGY M2012 VP15 T0619.1

SATZ Bullal EGYAR12 KF112931 1

SATZ PATI /2112, IX014256.1

SATZ EGY A 12MMZVP1, IX570624.1

SATZ bullal EGY/26/ 12, IX013979.1
SATZ EGY/AH2 KCA4H84. 1

mn‘?{ SAT2 EGY/ZRHMZVP 1, IXST0618.1

100 | |- SAT2 VP 1Ban EGYA 312, IX570625.1

L W SAT2 Bullale EGY,2014,Kp686058

L SAT? Eqy/Sharidal 3 KI2 14079 1
[— SAT2. CARRI2H5VP1, K57 0616.1

e | SATZ CARMIDSYP DET0615.1

SATZ.EGY R2RMZVP 1, G706 171
—5|; SATZ, SUDM/Dcapsid, KFF112968.1
ar SAT2LEE92012VP 1 IG70613 1

\— SATZ.SUDA 20TV CUSEE071.1
o5 | SATZ,LIBAZ003IVP1, IX570631.1

70 SATZ,LRF2003VP1, IX5T0632.1
hld SATZ NGRASHS KF 112960 1
SATZ SENZTRM09, KF112967.1
100 | SAT2 ERVI/SSVP 1{1DJAY343933.1
| SAT? M0V 1(1DIAY 343934 1
SATZ,CameoTAMVP 1(1DIAY 254451.1
SAT2,Camer JVTANTVP1 AY254471.1
SATZ, Camer, bbo/2906VP 1 AY254448 1
SAT?,CamerrA3VP1{ DAY 254452 1
SATZ,Murchisonralis, F MG61346.1

18

8]

Figure (2): Phylogenetic tree sequences of FMDV-SAT2, Buffalo, Egypt, 2014
(KP686058) and their relationship with reference sequences of other
FMDV genotype retrieved from GenBank. The tree analysis was
obtained from partial sequence VP1 gene. All isolates cluster with
sequences belonging to the FMDV-SAT2 genotype (Accession No.
KP686058). A sequence aligned by Clustal W method and the tree was
built by using MEGAGS software. Genetic distance is indicated below the

tree.
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SATZ . Bufrfalo,EGY/ 2014 | KP 686038
SAT2 .Burfalo, EGY/16/12, KF112953
SAT2 ECY/4/2012 VP11, IXET70619 .2
SAT2,EGY/323/32012,JX013980.1
SAT2 ,buffa, ECY/7/2012,IX013978
SAT2 EGY/HiFay/3012 KFOS5861 .1
SAT2,ECY/28/2012 KF112936.1
SAT2,Banh,EGY/13/3123VPL, IXETO062
SAT2,ECY/11/2012VP1.JXE670624.1
SAT2,ECY/3/2012VPL ,IX8T060 .2
SAT2 , buffal, EGY/26/12,IX013979
SAT2,ECY/2/2012VP1,  IXNET0ELT .2
SAT2,LIB/A/2003VPL,JIXE70631 .13
SAT2 LYIB/7/2003VDP1,  IXE70632 .1
SATI NGR/16/2008 ,¥KF112960.1
SAT2,8UD/4/10capsid, KF112968.1
SAT2 , CAR/B/2008VPL, IXLT062EC .2
SAT2,CAR/L/2006VPL, IXE70616.1
SAT2 ,ZERI/1/98VPL (1D)AYIE3I933 .2
SAT2,ERI/A/98VPL(AD)IAY3I43934.12
SAT2,LIB/39/2012VP1, IXE70633.1
SAT2,SUD/L/3007VPL,GUSE607L .3
SAT2,SEN/27/2005 _KF112967.1
SAT2 ,Camera/74/04VP1 AY264451 .
SAT2, Camero/74/10VP1, AY264471 .
SAT2, Camezo/039/06VP1 AY254 L
SATI,Camero/003/30VP1,AY254452

SATZ .Burfalo, EGY/ 2014 | KP 886038
SAT2.Buffale, EGY/16/12,KF11293
SAT2,XGX/4/2013,VP1, IXET0619.1
SAT2,EGY/23/2012, JX013980.1
SAT2,buffa, ECY/7/2012, IX013578
SAT2,EGY/HiFay/2012,KFO55861.1
SAT2,ECY/28/2012,KF112935_1
SAT2,Banh, EGY/13/123VP1, JX67063
SAT2,ECY/11/2012VP1.JIX670624.1
SAT2,EGY/3/2013VP1, IXE70618.3
SAT2,buffal,EGY/26/12, JX013979
SAT2,ECY/2/2012VP1, IXET0617.2
SAT2,LIB/1/2003VP1, JX570631.1
SAT2,LIB/7/2003VP1, IXET0632.1
SATZ,NGR/16/20086, KF112960.1
SAT2,8UD/4/10capsid, KF112968.1
SATZ,CAR/8/2005VPL, IXET0616.3
SAT2,CAR/1/2005VP1, IX570615.1
SAT2,ERI/1/90VP1 (1D)AYI43IS3II .1
SAT2,ERI/4/98VP1 (1D)AY343934.1
SAT2,LIB/39/2012VP1, IXE70633.1
SATZ,SUD/1/2007VP1,GUS66071 .1
SAT2,SEN/27/2009, KF112967.1
SATZ, Camero/74/04VPl, AX2I54451 .
SAT2, Camero/74/10VP1l, A¥Y254471
SAT2,Camero/039/06VP1, AY254

L]
SBAT2, Camero/003/30VP1_ AY2654452

SATZ2 .Burrfalo, EGY/ 2014 | KP 686038
SAT2 .Buffalo, ECY/16/12, KF11293
SAT2,XGYX/4/2013,VP1, IXE70619.1
SAT2,ECY/23/2012,JX013980.1
SAT2 ,buffa, XGY/7/2012,I3%X013%70
SAT2,EGY/HlFay/2012,KFO56861.1
SAT2,ECY/28/2012,KF112535_1
SAT2,Banh, EGY/13/12VP1, JX567062
SAT2,ECY/11/2012VP1_JIXE70624.1
SATZ,EGX/3/2013VP1, IX6706168.13
SAT2,buffal,ECY/26/12,IX013979
SAT2 ., EGY/2/2013VPL,IXGT70617 .2
SAT2,LIB/1/2003VP1, IX570631.1
SAT2,LIB/7/2003VPL, IXS70632.1
SAT2,NGR/15/2005, KF112960.1
SAT2,SUD/4/10capaid, KF112968
SAT2,CAR/8/2006VPL, JX670616.13
SAT2,CAR/1/2006VP1, IX670615.1
SAT2,ERI/A/P0VPLI(AD)IAYI43933 .1
SAT2,ERI/4/98VP1 (1D)AY343934.1
SAT2,LIB/39/2012VP1, IXS870633.1
SAT2,SUD/1/2007VP1,GUS66071 .1
SAT2, SEN/27/2009,KF112967.1
SATZ,Camero/74/04VP1l, AY254451 .
SAT2, Camero/74/10VD1, A¥254471 .
SAT2, Camero/039/06VPi, AYIS4E
SAT2, Camero/003/30VP1,  AY254452
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THRPLPPSVET
THKPPPPSVET

1ee
ANANCCQPTH
AHAHCCOPTH
ANANCOOPTHN
ABRAHCCOPTH
ANANCCQPTH
AHAHCCOPTH
AHAHCTQPTN
ANAMCCOPTN
ARAHCCOPTN
ANANCCOPT
AHAHCCOPTHN
VHANC=QPTN
AHAHCCOPTT
AHAHCCOPTT
ANAHCCOPTT
VHAHCYQPTHN
ARANCC=PTT
ARAHCCOPTT
VHANYCLPTT
VHAHYCLPTT
AMARCCOPTT
ARANCCOPTT
AHAHCCOPMT
VIHARCCOPTH
VHARCCOPTN
VIARCCQPTHN
VHARCCOPTHN

ISSN: 2208-2670

Figure (3): Protein sequence alignment of deduced amino acids of VVP1 gene of FMDV
SAT?2 of buffalo, aligned by MEGAS5 with known strains references sequences

in GeneBank. One substitution in amino acid of FMDV-Sat2, Buffaloes,

Egypt, 2014, KP686058 at positions 8.
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