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respectively. Comparison of the obtained sequences of the local tested samples of S.
fusiformis and S.moulei with those previously reported for different Sarcocystis spp. those
were recorded in Genbank, revealed that all the tested specimens represented S. fusiformis
and only one specimen was positive for S.moulei. Moreover, sequence alignments of the
partial 18S rRNA gene ascertained the presence of genetic difference revealing the
heterogenic nature of the gene among different strains of the same Sarcocystis species in
relation to the geographic distribution. This is the first study for the evaluation of the PCR
technique for apply genetic identification of the macroscopic Sarcocystis fusiformis infecting
Iragi water buffalos and the current study reported for the first time infection of water

buffalo with S.moulei in the world.
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INTRODUCTION

Sarcocystis was reported in 1843 by Miescher in striated muscles of a house mouse, without a
scientific name. similar structures were found in pig muscle in 1865, name Sarcocystis
meischeriana was proposed to identify them. Sarcocystis is one of the most prevalent
parasites of livestock (Dubey et al., 1989). Sarcocystis species are intracellular protozoan
parasites, life cycle based on intermediate and definitive hosts . Sarcocystis spp. Specificity
for Intermediate and definitive hosts For example, sporocysts of S.hominis infect cattle but
not pigs in another side S. suihominis infect pigs but not cattle. Sporocysts of S.ovicanis from
dogs and S . ovifelis from cats infect sheep but not water buffalo or goats. Sporocysts of S.
hirsute from cats infect cattle but not goats, S. cruzi from dogs can infect cattle, water
buffalo, and bison (Chen et al., 1999). Some species of Sarcocystis can cause reduced weight
gain, poor feeding efficiency, fever, anorexia, muscle weakness, reduced milk yield, anemia,
abortion, and death in intermediate hosts as cattle, goats, sheep, and swine. Certain species
infect humans and can cause digestive trouble such as vomiting, nausea and diarrhea (Dubey
et al., 1989b). The conventional method of distinguishing the different Sarcocystis spp. is by
observing the structure of the cyst wall under light microscopy or transmission electron
microscopy and combining these data with information on the lifecycle (host species
involved). However, such methods are not suitable for the identify cation of those Sarcocystis
taxa which show very little morphological differences or for studies of host range. In other
cases natural differences within Sarcocystis spp. may have led to the unnecessary distinction
of new taxa, which closely resemble known species, and their consideration as possible new

species (Yang et al., 2001).

Molecular methods have been used for species identification were identified by sequencing
18S rRNA gene PCR products (Fayer et al., 1982). The variable regions of the 18S rRNA
gene have been shown to be good genetic markers for characteristic certain species of
Sarcocystis (Fischer and Odening, 1998; Yang and Zuo, 2000).

The current study aimed to screen prevalence of Sarcocyctis infection and apply genetic
identification of the macroscopic Sarcocystis spp. infecting Iragi water buffalos in southern

Iraq.
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MATERIALS AND METHODS

Source and collection of samples

Nine hundred and four water buffaloes, aged 0.5-7 years, slaughtered at the Misan province
abattoir in southern Irag, were used in the survey for the presence of Sarcocystis spp. during
the period from February 2015 to January 2016 According to age, buffaloes were categorized
into two groups, the first 4 years and less and the second included animals of more than 4
years. The esophagus muscles of the slaughtered animals were collected and placed in
properly labelled plastic bags, then transported to the Parasitology Laboratory of the
Education College for Pure Science, Basrah University. The muscle samples were kept in
the refrigerator prior to the examination for Sarcocystis spp. The presence of the Sarcocystis

spp. was evidenced through a naked eye examination of the muscles.

Morphologic identification
Esophageal muscles were examined by the naked eye to detect macroscopic Sarcocystis spp.
Macroscopic visible Sarcocystis spp. were carefully isolated from muscle samples and their

shape and size was determined.

Molecular identification

The molecular analysis was used for confirmation of species identification, specificity to
intermediate host and the relation of cysts shape with species identification. The Sarcocystis
spp. were isolated from muscle tissues of slaughtered water buffalo with sterile knife, each
cyst washed 3-4 times with 0.9% NaCl as previously described by Yang et al. (2001). Many
macroscopic Sarcocystis spp. were obtained from each slaughtered animal and incubated in
to phosphate buffer saline (pH 7.2) and transferred to the Parasitology laboratory of the

Education College for Pure Science Basrah University for further processing.

DNA extraction
DNA was extracted from Sarcocystis spp. obtained from each infected animal using Bioneer
Blood and Tissue kit® according to manufacturer protocol.

PCR amplification

PCR reactions were applied for each DNA extract using the primer sets those were designed
according to 18S rRNA sequence of S. fusiformis, S. moulei and S. gigantea (table 1). These
primer target the 18S rRNA gene in a final reaction volume of 25 pLL The PCR amplification

mixture (25ul) includes tubes containing Accu Power® PCR Master mix (which contains
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bacterially derived Tag DNA polymerase, dNTPs, MgCI2 and reaction buffer at optimal
condensation for efficient amplification of DNA templates by PCR )2 ul of template DNA ,1
ul of each forward and reverse primers and 16 ul of nuclease free water to complete the
amplification mixture to 25 pl. The PCR tubes containing amplification mixture were
transferred to preheated thermocycler (Cleavere Scientific-USA) under thermocycling
parameters listed in table (1). Amplified products were resolved by using 1.5% agarose gel
electrophoresis containing 0.5 pl /25 ml ethidium and DNA size marker, examined using a
UV trans illuminator and photographed.

Table (1): Oligonucleotide primers sequence target the 18S rRNA gene and PCR

amplification condition.

Sarcocystis Primers(bp) PCR reaction condition
spp. References
Step Tempo)éature Time cycles
5 min
. 94

Forward — 5CGCCCTTTTAGTGAGGGTGT3" | Denaturation 94 30 sec
S fusiformis Revers -5 TACGAATGCCCCCAACTGTC3 " | Annealing 60 45 sec 35

' (490 pb) Extension 79 30 sec

El-Seify et al. 2014 Terminal 77 10
min.

F d- 5'GCACTTGATGAATTCTGGCA 3’ Denaturation o4 5 min

S. moulei ORtwar - 55’CACCACCCATAGAATCAAG 3’ Denaturation % 2 min
' everse- (637-bp) Annealing 60 30sec 35

L Extension 72 5 min

Motamedi et al ., 2010 Terminal 79 > min

Forward - 5 TTCTATGGCTAATACATGCG 3° | Denaturation 94 5 min.

Reverse - 'CCCTAATCCTTCGAAACAGGA 3’ | Denaturation 94 60 sec
S. gigantea 5 Annealing 57 40 sec 35

(964 bp) Extension 72 60 sec

Farhang —pajuh et al ., 2014 Terminal 72 5 min

DNA sequencing, sequence alignment and phylogenic analysis

PCR amplicons were sent to Macrogen company labrotary in Korea. The sequence of the
clones was determined from forward direction (5°-3"). The 18S rRNA gene fragments were
sequenced using the same primers used in PCR. The sequence alignments were extensively
checked by eye to determine the percentages of similarities and discrepancies. Initially,
comparison was done between the sequences of the local tested Sarcocystis isolates, then
between the sequence alignments of the local species with those of previously published
species of S. fusiformis and S. moulei to determine the percentages of variability and

similarities among them. To reconstruct the phylogenetic relationship 18S rRNA PCR

WWW.Wjpr.net Vol 6, Issue 3, 2017. 218




Dakhil et al. World Journal of Pharmaceutical Research

products representing each isolate were included in a comparative analysis with those
formerly published in the NCBI using BLAST (http://blast.ncbi.nIm.nih.gov/), on the basis of
highly similar sequences available on Genbank data base. The evolutionary history was
investigated by using the UPGMA method (Saitou & Nei 1987) the optimum tree with the
total of branch length = 2.91769427 was shown in Fig 10. The tree is drawn to scale, with
branch lengths with in the same units as those of the evolutionary distances confirmed the
phylogenetic tree. It’s distances were computed utilization the Maximum Composite
Likelihood method (Tamura Nei & Kumar 2004)and are in the units of the number of base

substitutions per site.

Statisticallanalysis
To demonstrate any associationl between results, the Pearson'schi-squared test withlYates
correction were used with the limit of significance being setlat 5%. Statistical analysis is done

by using SPSS software lversion 11.

RESULTS

Morphologic Identification

Sarcocystis spp. cysts were macroscopic, opaque white in color, measured 2mm - 2.5 cm X
1mm - 0.5 cm and located sometimes under the serosal sheet or deeply situated within the
esophageal musculature. Two shapes of cyst were observed in the present study, the

cylindrical and the oval cysts (Fig.1,2,3,4).

Prevalence of Sarcocystis spp. infection

The results of current study revealed that an over all rates of S. fusiformis and S. moulei
infiction in Iraqi water buffaloes were 2.8% and 0.1% respectively. According to age, higher
ratio of Sarcocystis spp. infection was observed in older animals (>4 years) compare to that
observed in younger animals ( <4 years). In case of old-aged animals, 5.5% (24 /436) and
0.1% (1/904) were found to be infected with S. fusiformis and S. moulei, respectively. S.
fusiformis infection ratio in younger animals was 0.2% (1/468) while S. moulei was not
detected in those animals. S. gigantea was not detected in all morphological and molecular
tested cyst samples of buffaloes at both age groups. The Statistical analysis results revealed
that there was significant difference between the two age groups of animals concerning the
number of S. fusiformis infected buffaloes (X% 21.572 df :1 P: 0.00000341) but this
difference was not considered to be Statistically significant in case of S. moulei (X?%1.075
df :1 P: 0.29981879). In general the difference in the distribution of studied Sarcocystis spp.
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among buffaloes at both age groups was considered to be extremely statistically (X*113.35
df :5 P: 0) significant. Mixed infections with both species of Sarcocystis was found in 0.2%
(1/436) of older animals (>4 years) (Table 2).

Fig 1: Macroscopic Sarcocystis Fig 2: Macroscopic Sarcocystis spp.

spp. Cysts. cylindrical Cysts

Fig .3 Macroscopic Sarcocystis

Fig .4. Macroscopic Sarcocystis spp.in

spp. oval Cysts esophageal muscle of water buffalo.

Table 2: Prevalence of Sarcocystis spp. in Iraq water buffaloes (Bubalus bubalis)

relative to age during the period extending from February 2015 to January 2016.

. Animals infected with
Age Exa.mlned . . . . Mixed
groups animals S. fusiformis * | S.moulei ** | S. gigantea *** infection
0]
n.(%o) Nn.(%) n.(%) n.(%o) n.(%)
4 years 1 0 0 0
andlest | 208 (0L8) 0.2) 0) ) )
More of 24 1 0 1
4 years 436 (48.2) (5.5) (0.2) (0) (0.2)
Total 904 25 1 0 1
n.(%0) (100) (2.8) (0.2) (0) (0.1)
*  X%21572  df:l
P:.00000341
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** X2:1,075
df:1 P:0.29981879

*xx X2:113.35 df:5
P:0

Molecular Identification

PCR based species identification

Despite the different shapes of macrocystes but current study proved that there was no
relation between cyst shape and species identification. The genetic analysis of DNA extract
which was obtained from cylindrical and oval Sarcocystis revealed same Sarcocystis spp. ( S.
fusiformis or S.moulei). The result of PCR amplification was confirmed by electrophoresis as
the strands of the DNA which are resulted from successful binding between specific primer
of S. fusiformis and S.moulei and the extracted DNA, appeared as single band on 2.5%
agarose and under UV. Illuminator using Ethidium bromide as specific DNA stain. Only
bands with expected size (390 and 600bp respectively) were observed while no band was

observed in cases of S. gigantean. (fig. 5 and 6).

Sequencing analysis and phylogenetic tree

The results of BLAST comparative analysis, revealed that the partial 18S rRNA gene
sequences of two local tested isolates of S. fusiformis and S. moulei revealed that there were
two strains of S.fusiformis is including S. fusiformis strain 3f5 and S.fusiformis (fig.7 and 8).
The sequence identity between the current isolate of S. fusiformisis strain 3f5 18S and S.
fusiformis is with published data of S. fusiformisis (accession number AF176927 and
JQ713824 respectively) were (93%, 91% respectively). Same sequence identity sequence
identity (99%) was observed between S. moulei isolate from Misan water buffalo and Iran
goats and sheep (accession number KF489430). The sequence identity between the current
isolate of S. fusiformis is and published data of S. fusiformis is showed variables rates of
simillarity to that reported in china, india, Egypt, Iran and Sweden (Table 3).

Only one strains of S.moulei was confirmed by gene sequence analysis (fig.9) which showed
99% simirality with S. moulei strain Ecyl recorded in goats of Iran, Australia and Sweden
(Table 3). The analysis involved fifteen nucleotide sequences. All positions containing gaps
and missing information were eliminated. There have been a complet 168 positions with in

the final dataset. Evolutionary analyses were conducted in MEGAG6 (Tamura et al., 2013).
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The phylogenetic analysis of the 18S rRNA sequences showed that the two Iraqi strains of
S. fusiformis placed in a group with the previously reported S.fusiformis in India (JQ713824),
China (AF176926), AF176927) and Egypt (KR186131, KR186121 and KR186127).
Furthermore, this group was associated with other group of S. fusiformis previously reported
in Iran (HQ703791) and Sweden (U03071). S. moulei local isolates was more associated
with group of Sarcocystis moulei isolated from Iran goats (accession number KF489430,
KF489423) (Motamedi et al.,2010), together with S. moulei isolated from Australia sheep
with accession number L76473 (Fig. 10).

Rl W R W WM OO W e

Fig. 5: Electrophoresis of the 18S rRNA Fig. 6: Electrophoresis of the 18S

gene used for PCR assay for the local rRNA gene used for PCR assay for the
tested isolates of S. fusiformis. Lane local tested isolates of S . moulei Lane
M100-bp ladder = DNA marker. Lanes M100-bp ladder = DNA marker.
1-5 represent the positive diagnostic Lanes 1-5 represent the positive
bands of the tested specimens. diagnostic bands of the tested
specimens.

Score Expect Identities Gaps Strand

294 bits (159) 4e-76 184/196 (94%)  2/196 (1%)  Plus/Plus

Query 1 TATTATTATATTAGGTTGATTCCTAATATGGTAATAATTATTTTTGGGAAGACACAGTAG 60

Frrrrrrrrerrerrrrrrrrrrrrrrrrrr e e e e e e e e
Sbjct 698  TATTATTATATTAGGTTGATTCCTAATATGGTAATAATTATTTITTGGGAAGACACAGTAG 757

Query 6l TTACTTTAAGAAAATTGTATTGTTTGAACCAGGCTTGTTGCCTTGAGTACTGCAGCATGG 120

FEErrrr rrrrerrr r rrrr e rrrrr et e e et rrr e
Sbjct 758 TTACTTTGAGAAAATTAGAGIGTTTIGAAGCAGGCTTGTTGCCTTGAATACTGCAGCATGG 817

Query 121 AATAACAATATATGATTTCIGTTCTATTTTGTTGTTTTCTAGGACTGAAATAATGATTAG 180

FEEEErrrrrrr rrrert et et et e e e e
Sbjct 818 AATAACAATATAGGATITCGGTTCTATTTITGTTGGTTTCTAGGACTGAAATAATGATTA- 876

Query 181 ACA-GGACAGTTGGGG 195

Ll P
Sbjct 877 ATAGGGACAGTTGGGG 892

Fig 7: Sequence alignment of 18S rRNA gene for local tested isolates S. fusiformis strain
3f5 partial sequence .Sequence ID: gb|AF176927.
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Score Expect Identities Gaps Strand
283 bits (153) 8e-73 171/179 (96%) 3/179 (1%) Plus/Plus
Query 1 TATTATTATATTAGGTTGATTCCTAATATGGTAATAATTATTTTTGGGAAGACACAGTTA 60

LErrrrrerrrrrrererrrrerr e et e et et r e
Sbjct 599 TATTATTATATTAGGTTGATTCCTAATATGGTAATAATTATTTTTGGGAAGACACAGTTA 658

Query 61 CTTTGAGAAAATTATTGAGTTGTTTGAAGGCGGCTTGTTGCCTTGAATACTGCAGGATGG 120

Frrrrrrrerrrer o rerr rrrerrer rrrrrrrrrrr e e e e
Sbjct 659 CTTTGAGAAAATTA--GAGT-GTTTGAAGCAGGCTTGTTGCCTTGAATACTGCAGCATGG 715

Query 121 AATAACAATATAGGATTTCTGTTCTATTTTGTTGGTTTCTAGGACTGAAATAATGATTA 179
RN AR R R RN RN AR RN AR RN RER AR RN

Sbjct 716 AATAACAATATAGGATCTCGGTTCTATTTTGTTGGTTTCTAGGACTGAAATAATGATTA 774

Fig. 8: Sequence alignment of 18S rRNA gene for local tested isolates S. fusiformis.

partial sequence. Sequence ID: gb|JQ713824.1]

Score Expect Identities Gaps Strand
472 bits (255) 2e-129  264/268(99%) 2/268 (0%) Plus/Plus
Query 1 ATAGGGACAGTTGGGGGCATTCGTATTTAACTGTCAGAGGTGAAATTCTTATATTTGTTA 60

FEErrrrrrrrr et e et e e e e e e e e e e e e e et
Sbjct 150  ATAGGGACAGITGGGGGCATTCGTATTTAACTGTCAGAGGTGAAATTCTTAGATTTGITA 209

Query 61 AAGACGAACTACTGCGAAAGCATTTGCCAAAGATGTTTTCATTAATCAAGAACGAAAGTT 120
RN RRER R R AR RN R RN RN AR AR R R AR R RRRR RN
Sbjct210 AAGACGAACTACTGCGAAAGCATTTGCCAAAGATGTTTTCATTAATCAAGAACGAAAGTT 269
Query 121 AGGGGCTCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGAG 180
RN RRER R R AR RN R RN RN AR AR RN AR RERRRERR RN RN
Sbjct 270 AGGGGCTCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGAG 329
Query 18 ATAGGAAAATGTCGC--TGTTGACTTCTCCTGCACCTTATGAGAAATCAAAGTCTTTGGG 238
RN RN R N R RN RN R AR R RN R RN R RN RN
Sbjct 330 ATAGGAAAATGTCACATTGTTGACTTCTCCTGCACCTTATGAGAAATCAAAGTCTTTGGG 389
Query 23 TTCTGGGGGGAGTATGGTCGCAAGGCTG 266
RERRRERRRERRRARRRRRRERRRERY
Sbjct 390 TTCTGGGGGGAGTATGGTCGCAAGGCTG 417
Fig 9: Sequence alignment of 18S rRNA gene for local tested isolates S. moulei strain

Ecyl, partial sequence.Sequence ID: gb|KF489430.1|

DISCUSSION

Sarcocystosis is common within a wide hosts of vertebrates as well as humans (Abdel-
Ghaffar and Al-Johany, 2002). For the first time, the macroscopic S. fusiformis and s.moulei
infection was detected in Iragi water buffaloes with prevalence rate of 2.8 and 0.1%
respectively. One previous study in North of Irag, (Al-Nakshabandi, 2008), has been reported
total percentage (96%) of Sarcocystis spp. infection in Bovine muscles samples depending
on morphological characteristics of Sarcocystis spp. without detailed identification which

revealed Sarcocystis spp. In previous studies throughout the world, Khalifa et al. (2008)
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examined specimens from tongue, heart, esophagus and skeletal muscles of 100 water
slaughtered buffaloes in Egypt, revealing an infection rate of 28% with S. fusiformis only. EI-
Dakhly et al. (2011) examined 379 water buffaloes, in Egypt and found that 299 were
infected with overall prevalence of 8.9%. Beside that EI-Morsy (2010) and Salah et al. (2015)
reported S. fusiformis infection ratio (13.2 and 8.72% respectively) in Egyptian water
buffaloes. Oryan et al. (2011) in Iran reported that 3% of water buffaloes infected with S.

fusiformis.

Based on age, the examined animals were categorized into two groups in the current study.
Higher Infection rates with both S. fusiformis and S. moulei were 5.5 and 0.2% respectively in
animals at age group >4years, This may be due to that the Sarcocystis spp. need longer time
to appear macroscopically. Inagreement with the present resuls EI-Dakhly et al. (2011) found
Infection rates with both macroscopic of S. fusiformis and microscopic of S. levinei were
74.5%, 82.3% and 81.2% in animals aged 1.5-2 years, adult females aged 2-5 years and
females aged over 5 years, respectively. El-Seify et al. (2014) reported higher S. fusiformis
infection ratio (68.2%) in old -aged Egyptian water buffaloes compare to yonger water
buffalo infection ratio (17.2%).

Despite  S.moulei infection specificity for goats and sheep as naturel intermediate hosts, the
current study reported for the first time infection of water buffalo with S.moulei in the world.
Furthermore S.moulei was not reported as a causative agent of goats or sheep sarcocystosis
in Iraq or world , only one recent Iraqi study indicated that S. tenella detected in 60(100%)

samples of sheep muscle and esophagus depending on PCR analysis (Ayoub et al.,2016).

The different regions of the 18S rRNA gene have been shown to be good genetic markers for
distinguishing certain species of Sarcocystis (Yang and Zuo, 2000; Li et al., 2002; Dahlgren
and Gjerde, 2007; Jehle et al., 2009). In addition Holmdahl et al. (1999) mentioned that 18S
rRNA genes have been extensively used as suitable targets for the accurate identification of
the closely related of Sarcocystis species as well as phylogenetic analyses. Accordingly the
present study targeting partial sequencing of 18S rRNA gene to identify S. fusiformis and S.
buffalonis in water buffaloes in Iraq with the first molecular characterization of them in the
country. But the current results of molecular analysis revealed positive result for S. fusiformis
and S. buffalonis negative result in water buffalo. In contrast, both species were reported from
water buffaloes worldwide including China (Li et al., 2002; Yang et al., 2001). Vietnam
(Jehle et al., 2009) and Iran (Oryan et al., 2011).
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According to achieved sequences of 18S rRNA gene and the phylogenic tree analysis The
two strains of identified S. fusiformis strain 3f5 and S. fusiformis were genetically and closely
related to S. fusiformis (accession number AF176927, isolated from water buffalo in China)
and S. fusiformis (accession number gh|JQ7138242, isolated from water buffalo in India)
.beside that high sequence identity was observed between S. moulei isolated from local
water buffalo and S. moulei isolate of sheep in Iran (accession number KF489430).The
sequence identity among the current isolates (S. fusiformis and S. moulei) and published data
of these two Sarcocystis showed variables rates of simillarity to that reported in china, india,
Egypt, Iran and Sweden. Furthermore the phylogenetic tree showed two distinct groups of
Sarcocystis spp. among the water buffalo in Irag. the two Iraqgi strains of S. fusiformis placed
in a group with these previously reported S.fusiformis and S. moulei local isolates was more
associated with group of S. moulei isolated from sheep and goats in Iran and Australia
However, all these Sarcocystis spp. are related to each other as they utilize water buffaloes
as intermediate host. Moreover, the genotypic similarity of these species was also reflected in
their close phenotypic resemblance (both species are macroscopic). The 185 rRNA gene
differentiate by the presences of various loci of polymorphism between the of Sarcocystis
spp. and within same species (Holmdahl et al., 1999; Oryan et al., 2011). Therefore,
examination of more Sarcocystis from other geographic locations and sequencing at more
genetic loci (for example, 28S rRNA and ITS-1) may elucidate whether there are more
differences within the same species. Another possibility of nucleotide variability within the
same Sarcocystis spp. is that water buffaloes in different geographic regions may harbor
various species of the parasite. Moreover, Oryan et al.(2011) revealed that the 18S rRNA
gene possesses different genetic variants which may arise as a result of dissimilarities among
the multiple reproduce of this gene that were amplified from various merozoites within the

Sarcocystis spp.

In conclusion Higher infection rates with both macroscopic S.fusiformis and S. moulei. within
older age water buffaloes were observed. and the present study included the first molecular
identification and first record for the infection of Iraqi water buffaloes with S. fusiformis and

S. moulei.
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20 (8) S fusiformis 185 rRNA (Egypt water buffalo) gb|KR186121 1|
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(7) S fusiformis 185 rRNA (Egypt water buffalo) gb|KR186127 1]

(4) S fusiformis 185 rRMNA (China water buffalo) gb|AF176926 1|

(5) S fusiformis 185 rRMNA (Indian water buffalo) gblJQT13824 1|

(1) S.fusiformis 18S rRMNA (Misan water buffalo sample. 1)

(2) S fusiformis 185 rRNA (Misan water buffalo sample 2)
,—(9} 5 fusiformis 185 rRMNA (Iran water buffalo) gb|HQ703791.1|

(6) S fusiformis 185 rRNA (Egypt water buffalo) gb|KR186131.1]
2
(3) S fusiformis 185 rRMNA (China water buffalo) gb|AF176927 1]

1251L_(10) S fusiformis 185 rRNA Sweden gb|U03071.1|

121{(14) & moulei 185 rRNA (Iran goats)(Maotamedi et al 20100
(15) S.moulei 185 rRNA Australia gb|L76473.1|
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(11) S.moulei 185 rRNA (Misan water buffalo sample. 3)
(12) S.moulei 185 rRMNA (Iran sheep) gblKF4559430.1|
(13) S_moulei 185 rRMNA (Iran sheep ) gb|KF483423 1|

Fig 10: The phylogenetic tree of S. fusiformis and S. moulei 18S rRNA partial gene

sequence in compared with highly related identity to gene bank strains by using Mega 6.

Table 3: Sequencing analysis of S. fusiformis and S. moulei 185 rRNA gene as

compared with highly related identity to gene bank strains by using BLAST software in

NCBI.

ACCESSION

Description

Compati
bility

E_
Value

Score

Range

gb|AF176927.1
AF176927

Sarcocystis

fusiformis strain 3f5 18S
ribosomal RNA gene,
partial sequence/China
(Misan water buffaloes )

93%

9e-76

293

698-892

gb|KR186131.1

Sarcocystis

fusiformis isolate Bb4.5
clone aberrant 4.5.6 18S
ribosomal RNA gene,
partial sequence/Egypt

93%

le-74

289

737-931

gb|KR186127.1

Sarcocystis

fusiformis isolate Bb4.5
clone aberrant 4.5.1 18S
ribosomal RNA gene,
partial sequence/Egypt

93%

le-74

289

737-931

gb|KR186121.1|

Sarcocystis

fusiformis isolate Bb5.1
clone 3 18S ribosomal
RNA gene, complete
sequence/Egypt

93%

le-74

289

745- 939

gb|AF176926.1|AF176926

Sarcocystis

fusiformis strain 2f1 18S
ribosomal RNA gene,
partial sequence/China

93%

le-74

289

698-892
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http://www.ncbi.nlm.nih.gov/nucleotide/15428254?report=genbank&log$=nuclalign&blast_rank=1&RID=S4NBWZ9701R
http://www.ncbi.nlm.nih.gov/nucleotide/15428254?report=genbank&log$=nuclalign&blast_rank=1&RID=S4NBWZ9701R
http://www.ncbi.nlm.nih.gov/nucleotide/837363701?report=genbank&log$=nuclalign&blast_rank=2&RID=S4NBWZ9701R
http://www.ncbi.nlm.nih.gov/nucleotide/837363697?report=genbank&log$=nuclalign&blast_rank=3&RID=S4NBWZ9701R
http://www.ncbi.nlm.nih.gov/nucleotide/837363691?report=genbank&log$=nuclalign&blast_rank=4&RID=S4NBWZ9701R
http://www.ncbi.nlm.nih.gov/nucleotide/15428253?report=genbank&log$=nuclalign&blast_rank=7&RID=S4NBWZ9701R
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gblJQ713824.1| ribosomal RNA gene,

Sarcocystis fusiformis 18S

partial sequence/India
(Misan water buffaloes )

gh|HQ703791.1|

Sarcocystis

fusiformis strain Ahvazl
18S ribosomal RNA gene,
partial sequence/Iran

gb|U03071.1|SFU03071

Sarcocystis fusiformis 18S
rRNA /Sweden

Sarcocystis moulei strain
Ecyl 18S ribosomal RNA

gb|KF489430.1] gene, partial 99 % 2e-129 472 150- 417

sequence/lran
(Misan water buffaloes )

gb|KF489432.1| Ecy2 18S ribosomal RNA

Sarcocystis moulei strain

gene, partial
sequence/lran

Sarcocystis moulei 18S
ribosomal RNA gene,

gb|L76473.1] partial sequence 99% le-126 462 934-1201
/ Australia
Sarcocystis moulei strain
gb|KF489423.1] gHeerf‘: égrsﬁglbosoma' RNA L 9906 | 1e-126 | 462 1207
sequence/lran
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