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Abstract

The study was conducted to estimate the prevalence of Sarcocystis spp. in slaughtered cattle, at Baghdad city by using of
200 slaughtered cattle esophagus samples collected during the period from beginning of December 2018 to the end of
September 2019. All samples were examined by molecular methods and positive samples collected were molecular detection
as first study in Iraq by using sequencing and phylogenic to identity the species of Sarcocystis spp. infection and to
compared it with other Sarcocystis spp in Gene Bank which gives an idea about the new strain of Iraqi Sarcocystis spp.
Results of DNA sequencing were checked by using references of /8S rRNA gene (615bp and 574bp) of Sarcocystis parasite.
Phylogenetic topology of 14 samples bootstraps of our samples revealed high sequence similarity to identified species, and
BLAST searches revealed that the 78S rRNA sequences shared 99.5- 100% identity to S. cruzi. The results of the phylogenetic
tree was showed similarities between Iraqi strain and the distant world. In conclusion PCR methods followed by phylogenic
tree analysis a good methods for diagnosis and identification of genetic variants studies.
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Introduction

Sarcocystis is a genus of intracellular, coccidian
parasites belonging to the protozoa (Sporozoa:
Apicomplexa) with an obligate two host life cycle between
predators (carnivores) as final hosts and prey animals
(herbivores) as intermediate hosts, species of Sarcocystis
are generally more specific for their prey hosts than for
their predator hosts (Badree, 2009; Hornok et al., 2015).
Sarcocystis spp. are highly prevalent in livestock such
as cattle and are considered to be host specific (Fayer,
2004).

Cattle are mainly infected with Sarcocystis cruzi,
Sarcocystis hominis, Sarcocystis hirsuta S. heydorni,
S. rommeli and S. sinensis has been reported from cattle
(Mor¢ et al., 2014). Sarcocystis cruzi is the most
common and important species affecting cattle (Dubey
etal., 2015).

Sarcocystiosis in bovine intermediate hosts is
characterized by encephalitis, inflammation of the brain
and spinal cord, fever, anorexia, anemia, diarrhea,
cachexia, weight loss, accelerated heart rate, abortion,
myositis and occasionally may lead to death (Jehle ef al.,
2009; Januskevicius et al., 2019). Diagnosis of blood

parasites depend on microscopic examination and
molecular assay are a range of DNA based methods for
the detection of blood parasites (Gjerde et al., 2016
Mohamed et al., 2016). Due to the few studies that
related to the molecular diagnosis of Sarcocystis spp.
infected cattle in Iraq. The present study was designed
to detection of Sarcocystis cruzi in slaughtered cattle at
Baghdad city, using molecular diagnosis and phylogenic
analysis.

Materials and Methods

Collection of samples:

Two hundred specimens were collected from
esophagus of slaughtered cattle in different area of
Baghdad city, during the period from beginning of
December 2018 to the end of September 2019. Their
ages were ranged between less than 1 year to up 4 year.
60mg of each sample were considered for DNA
extraction.

DNA Extraction
Genomic DNA of bradyzoites Sarcocystis isolate

was extracted by using tissue DNA extraction kit Geneaid/
USA and (Bioneer)/Korea according manufacturer
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Fig. 1: Gel electrophoresis of agarose gel stained wit ethidium
bromide for DNA extraction of Sarcocystis.
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(100bp), C: control negative showed the PCR product
analysis of 18S rRNA gene in Sarcocystis spp.

Agarose gel electrophoresis M: molecular marker
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analysis of 18S rRNA gene in Sarcocystis spp.
positive samples line 21,22,23 24, (Sarl), 611 bp in

Agarose gel electrophoresis M: molecular marker
1.5% agrose gel, 60 voltand 1.5 hr.
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Fig. 2

protocol from tissue cells extraction of digestion test.

PCR primers for detection Sarcocystis spp. based
on 18S rRNA, two primers were used in this study. The

PCR Amplification

lyophilized primers

show the primer used in the study according there reference:

Tablel
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Fig. 4: The exact position of the retrieved 581 bp amplicon that entirely covered a portion of the /8S rRNA locus within the

Sarcocystis cruzi DNA genomic sequences (acc no. MG787078.1). The green arrow refers to the starting point of this

amplicon while the cyan arrow refers to its end point.
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10 20 30 40 50 60 70 80 90 100
Ref.
AACCGTGGTAATTCTATGGCTAATACATGCGCAAATATCCTTTTTCGCAA
GAAAGAGGATAGTGTTTATTAGATACAGAACCAATACACCATCTGTTAAC
S4
S5
S6 T.

110 120 130 140 150 160 170 180
SO O O O S U O O S I O U O O
Ref.
AGCAGGTGGTGTAAAAAAGGTGATTCATAGTAACCGAACGGATCGCATT
ATGGTCATTTTATATGGCTGGCGATAGATCATTCAAGTTTCTGACCTATCA\
S4
S5
S6
210 220 230 240 250 260 270 280
SO O O O O U S S Y O IO O IO WO
Ref.
GCTTTCGACGGTAGTGTATTGGACTACCGTGGCAGTGACGGGTAACGGGG
AATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCT
S4
S5
S6
310 320 330 340 350 360 370 380
SO O O O O U S S Y IO O IO WO
Ref.
AAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACTCAGGGAGGTA
GTGACAAGAAATAACAACACTGGAAATTTTATTTCTAGTGATTGGAATGAT
S4
S5
S6
410 420 430 440 450 460 470 480
SO O O O O U S S Y O IO O IO WO
Ref.
GGGAATTTAAACCCCTTTCAGAGTAACAATTGGAGGGCAAGTCTGGTGCC
AGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTGCAG
S4
S5
S6
510 520 530 540 550 560
SO O O Y U O O IO O I
Ref.
TTAAAAAGCTCGTAGTTGGATGTCTGCTGGAAGCAATCAG
TCCGCCCTATTTGTAGGGTGTGCACTTGATGAATTCTGGCA
S4
S5
S6

190 200

290 300

390 400
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570 580

Fig. 5: DNA sequences alignment of 3 local protozan samples with their corresponding
reference sequences of the 581 bp amplicons of the /8S rRNA locus within
the genomic DNA sequences of Sarcocystis cruzi. The symbol “ref” refers to
the NCBI reference sequences, while S4, S5 and S6 refer to the sample No. 4,
5 and 6 respectively.

615 bp segment (Sarl) (Ufuk et al., 2018). Another
primer (Sar2) amplify at 574 bp using the primer BLAST

tool on the NCBI of the
Genbank.These primers were
prepared according to the information
of the company Table 1.

Components of 20 PCR Master
Mix Reaction for 18s rRNA gene
were 10 il of Master Mix, 2 ul of
Primer, 3 ul of dionized water, 5 pl of
DNA template. Initial denaturation of
Sarl at 94°C for 5 min, 30 cycles of
denaturation at 94°C for 30 sec.,
annealing at 52°C for 30 sec and
extension at 72°C for 30 sec and then
final extension at 72°C for 5 min. The
Sar2 was the same program of Sarl
with exception of the Annealing
temperature was 56°C. The
amplification reactions were carried
out in PCR Thermocycler (Bioneer /
Korea), electrophoresed on 1.5%
agarose gel,stained with ethidium
bromide, examined using a UV
transilluminator and photographed.

Sequence and genotyping of
Sarcocystis Isolate from Iraq

The resolved PCR amplicons
were commercially sequenced from
termini, forward and reverse,
according to instruction manuals of
the sequencing company (Macrogen
Inc. Geumchen, Seoul, South Korea).
Only clear chromatographs obtained
from Applied Biosystem extension
(ABI) sequence files were further
analyzed, ensuring that the annotation
and variations are not because of PCR
or sequencing artifacts. By
comparing the observed DNA
sequences of local samples with the
retrieved DNA sequences of
Sarcocystis spp., the virtual positions
and other details of the retrieved PCR
fragments were identified. The
sequencing results of the PCR
products of different samples were
edited, aligned, and analyzed as long
as with the respective sequences in
the reference database using Bio Edit

Sequence Alignment Editor Software Version 7.1
(DNASTAR, Madison, WI, USA).
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Fig. 6: The exact position of the retrieved 611 bp amplicon that entirely covered a portion of the /8S rRNA locus within the
Sarcocystis cruzi DN A genomic sequences (access no. KR186121.1). The green arrow refers to the starting point of this
amplicon while the cyan arrow refers to its endpoint.
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10 20 30 40 50 60 70 80 90 100
U U O O U O S O U S O IO O U OO O O O IO IO
ef.

GCACTTGATGAATTCTGGCATCTATATCCCAATAATATGATGGTGTATAC
CCTGTGTACACCCATCTATATTGGGATAATACCGTTACTTTGAGAAAATT
S2T e

110 120 130 140 150 160 170 180 190
U U O O U O S O O S o IO U O OO O O O IO IO

ef.
AGAGTGTTTGAAGCAGGCTAATTGCCTTGAATACTGCAGCATGGAATAA
CAATATAGGATTTCGGTTCTATTTTGTTGGTTTCTAGGACTGAAATAATGA
S21

210 230 240 250
U O O U U S O U S o IO O U OO O O O IO IO

Ref.
TTAATAGGGACAGTTGGGGGCATTCGTATTTAACTGTCAGAGGTGAAATT
CTTAGATTTGTTAAAGACGAACTACTGCGAAAGCATTTGCCAAAGATGTT
S21 et ettt ettt nesarana

220

310 320 330
U O O U O S O U S o O S U OO OV O O IO IO
ef.
TTCATTAATCAAGAACGAAAGTTAGGGGCTCGAAGACGATCAGATACCG
TCGTAGTCTTAACCATAAACTATGCCGACTAGAGATAGGAAAATGTCATTT

410 420 430 440 450 460 470 480
U O O U Y S O O S ot I O U OO O O O IO IO
Ref.

TTCTGACTTCTCCTGCACCTTATGAGAAATCAAAGTCTTTGGGTTCTGGGG
GGAGTATGGTCGCAAGGCTGAAACTTAAAGGAATTGACGGAAGGGCACC

490 500

S22 et ettt ettt ettt
S23 e [ OO
S24 ettt ettt
510 520 530 540 550 560 570 580 590 600
U U O O U U S O OV S o O O U OO O O O IO IO

ef.

ACCAGGCGTGGAGCCTGCGGCTTAATTTGACTCAACACGGGGAAACTCAC
CAGGTCCAGACATGGGAAGGATTGACAGATTGATAGCTCTTTCTTGATTC
S2T et

S24 e

Fig. 7: DNA sequences alignment of4 local protozoan samples with their corresponding
reference sequences of the 611 bp amplicons of the /8S rRNA locus within
the genomic DNA sequences of Sarcocystis cruzi. The symbol “ref” refers to
the NCBI reference sequences, while S21 — S24, refer to the sample No. 21 - 24
respectively.

Result and Discussion

After DNA extracted from 200
organ sample (esophagus), which
were checked by using Nanodrop
spectrophotometer  (ActGene
USA). The concentration of DNA
was measured between (98-100) ng/
ul and the purity of DNA through
reading the absorbance at
wavelength (260 /280 nm) was 1.6 -
1.8 DNA extraction of Sarcocystis
which appeared as compact bands
(Fig. 1).

The PCR results revealed that
4 samples found positive for S.cruzi
with (611 bp) using first primer and
10 samples found positive for
S.cruzi with (5§71 bp) using second
primer as demonstrated in (Figure
2,3). Results indicated that
molecular method could detected
DNA of Sarcocystis spp. subspecies
present and it an accurate technique.
Another previous molecular
biological assay studies improved
many genetic parasites detection
(Hamidinejat et al., 2015; Akhlaghi
et al., 2016; El-kady et al., 2018,
Januskevicius et al., 2019).

Sequencing Analysis

Two PCR fragment was
selected for amplification, which
supposed to partially cover 574 bp
and 611 fragment that indented to
partially amplify /8S »RNA locus
within Sarcocystis spp. genomic
DNA sequences. The sequence
analysis revealed that the partial
sequences of the 18S rRNA gene
of Sarcocystis cysts isolated from
slaughtered cattle were identical with
the published data of MG787078.1,
MNO096333.1 and LC171829.1 t0 98
-100%.

The resolved PCR amplicons
were commercially sequenced from
termini, forward and reverse,
according to instruction manuals of
the sequencing company (Macrogen
Inc. Geumchen, Seoul, South
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Fig. 8: The exact position of the retrieved 581 bp amplicon that entirely covered a portion of the /8S rRNA locus within the

Sarcocystis cruzi DNA genomic sequences (access no. MN096332.1). The green arrow refers to the starting point of

this amplicon while the cyan arrow refers to its endpoint.
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10 20 30 40 50 60 70 80
0 O O O O OO OO O O O O 0 o IO
Ref. AACCGTGGTAATTCTATGGCTAATACATGCGCAAATATCTTTTTTCGCA
AGAAAGAGGATAGTGTTTATTAGATACAGAACCAATACACCATCTGTTAAC
26

90 100

S27 C
S28 T. C
110 120 130 140 150 160 170 180 190 200

0 O OO O OO OO O O OO O 0 IO
Ref. AGCAGGTGGTGTAAAAAAGGTGATTCATAGTAACCGAACGGATCGCAT

TATGGTCATTTTATATGGCTGGCGATAGATCATTCAAGTTTCTGACCTATCA
26
S27
S28
210 220 230 240 250 260 270 280
0 O OO 0 O OO OO O O O O 0 IO
Ref. GCTTTCGACGGTAGTGTATTGGACTACCGTGGCAGTGACGGGTAACGGG
GAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCT
S26
S27
S28
310 320 330 340 350 360 370 380
0 O OO 0 O OO OO O O O O 0 IO
Ref. AAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACTCAGGGAGGT
AGTGACAAGAAATAACAACACTGGAAATTTTATTTCTAGTGATTGGAATGAT
S26
S27
S28
410 420 430 440 450 460 470 480
0 O OO 0 O OO OO O O O O 0 IO
Ref. GGGAATTTAAACCCCTTTCAGAGTAACAATTGGAGGGCAAGTCTGGTGC
CAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGTIGTTGCAG

290 300

390 400

490 500

S26
S27

S28 G

510 520 530 540 550 560 570 580

00 O 0 O OO O O OO O 0 A O

Ref. TTAAAAAGCTCGTAGTTGGATGTCTGCTGGAAGCAATCAG

TCCGCCCTATTTGTAGGGTGTGCACTTGATGAATTCTGGCA
S26
S27
S28

Fig. 9: DNA sequences alignment of three local protozoan samples with their
corresponding reference sequences of the 581 bp amplicons of the /8S rRNA
locus within the genomic DNA sequences of Sarcocystis cruzi. The symbol
“ref” refers to the NCBI reference sequences, while S26 - S28 refers to the
sample No. 26 — 28 respectively.

Korea). Only clear chromatographs obtained from ABI.
This extension is concerned with the DNA peaks, green,
black, blue, and red for T, G, C and T respectively)
sequence files were further analyzed, ensuring that the
annotation and variations are not because of PCR or
sequencing artifacts. By comparing the observed DNA
sequences of local samples with the retrieved DNA
sequences of Sarcocystis spp., the virtual positions and

other details of the retrieved PCR
fragments were identified in (Table
2) for slaughtered cattle.

Sequencing of the 18S rRNA
gene for samples S4, SS, and S6

With regard to the investigated
samples S4, S5, and S6, the
sequencing reactions indicated the
exact positions after performing
NCBI blast n for these PCR
amplicons (Zhang et al., 2000).
NCBI BLAST n engine has shown
about 98% to 100% sequences of
similarities between the sequenced
samples and this target. NCBI
BLASTn engine has indicated the
presence of remarkable of
homology with the expected target
that covered a portion of the /8S
rRNA within Sarcocystis cruzi
genomic DNA sequences. By
comparing the observed DNA
sequences of these local samples
with the retrieved DNA sequences
(GenBank access. MG957194.1),
the exact positions and other details
of the retrieved PCR fragment
were identified in ( Fig. 4).

The alignment results of the 581
bp samples revealed the presence
of one mutation in only S6 out of
the other analyzed samples in
comparison with the referring /8S
rRNA genetic sequences, namely
C40T (Fig. 5).

Sequencing of the 18S rRNA
gene for samples S21 — S24

With regard to the investigated
samples S21 — S24 samples, the
sequencing reactions indicated the
exact positions after performing

NCBI blastn for these PCR amplicons (Zhang et al.,
2000). NCBI BLASTn engine has shown about 98% to
100% sequences of similarities between the sequenced
samples and this target. NCBI BLASTn engine has
indicated the presence of remarkable of homology with
the expected target that covered a portion of the /8S
rRNA within Sarcocystis cruzi genomic DNA sequences.
By comparing the observed DNA sequences of these
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Fig. 10: The exact position of the retrieved 581 bp amplicon that entirely covered a portion of the /8S ¥RNA locus within the

Sarcocystis cruzi DN A genomic sequences (MN096332.1). The green arrow refers to the starting point of this amplicon

while the cyan arrow refers to its endpoint.
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10 20 30 40 50 60 70 80

0 O OO U O OO OO O O O O 0 IO
Ref. AACCGTGGTAATTCTATGGCTAATACATGCGCAAATATCTTTTTTCGCAA
GAAAGAGGATAGTGTTTATTAGATACAGAACCAATACACCATCTGTTAAC
$29

90 100

$30
s31
S32
110 120 130 140 150 160 170 180 190 200
O 0 900 O O D0 O O O O OO0 O O O O O
Ref. AGCAGGTGGTGTAAAAAAGGTGATTCATAGTAACCGAACGGATCGCATT

ATGGTCATTTTATATGGCTGGCGATAGATCATTCAAGTTTCTGACCTATCA

$29
$30
s31
S32
210 220 230 240 250 260 270 280 290 300
O 0 900 O O DU O O O O OO0 O O O O O
Ref. GCTTTCGACGGTAGTGTATTGGACTACCGTGGCAGTGACGGGTAACGGGG

AATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCT
S29
S30
S31
S32

310 320 330 340 350 360 370 380
0 O OO U O OO OO O O O O 0 IO

Ref. AAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACTCAGGGAGGTAG
TGACAAGAAATAACAACACTGGAAATTTTATTTCTAGTGATTGGAATGAT

390 400

S29
S30
S31
S32

410 420 430 440 450 460 470 480

0 O O O O OO OO O O O O 0 o IO
Ref. GGGAATTTAAACCCCTTTCAGAGTAACAATTGGAGGGCAAGTCTGGTGC
CAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTGCAG
$29
$30
s31
S32

490 500

550
0 O 0 O OO O O OO O 0 O O

Ref. TTAAAAAGCTCGTAGTTGGATGTCTGCTGGAAGCAATCA

GTCCGCCCTATTTGTAGGGTGTGCACTTGATGAATTCTGGCA

$29

$30

s31

S32

Fig. 11: DNA sequences alignment of four local protozoan samples with their
corresponding reference sequences of the 581 bp amplicons of the /8S *RNA
locus within the genomic DNA sequences of Sarcocystis cruzi. The symbol
“ref” refers to the NCBI reference sequences, while S29 - S32 refers to the
sample No. 29 — 32 respectively.

local samples with the retrieved DNA sequences

(GenBank acc. LC171829.1), the exact positions and other (Fig. 9)

details of the retrieved PCR
fragment were identified (Fig. 6).

The alignment results of the
611 bp samples revealed the
presence of three mutations in
some of the analyzed samples in
comparison with the referring /85
rRNA genetic sequences. These 3
mutations were taken a different
distribution in the analyzed
samples. S23 was shown all of
these substitution mutations, while
other samples, S21, S22 and S24,
had not exhibited any mutation in
comparison with their
corresponding reference
sequences of S. cruzi (Fig. 7).

Sequencing the 78S rRNA
gene for samples S26-S28

With regard to the investigated
samples S26 — S28, the sequencing
reactions indicated the exact
positions after performing NCBI
blast for these PCR amplicons.
NCBIBLAST n engine has shown
about 98 — 100 % sequences of
similarities between the sequenced
samples and this target. NCBI
BLAST n engine has indicated the
presence of remarkable of
homology with the expected target
that covered a portion of the /85
rRNA within S. cruzi genomic
DNA sequences. By comparing
the observed DNA sequences of
these local samples with the
retrieved DNA sequences (Gen
Bank acc. MN096332.1), the
exact positions and other details of
the retrieved PCR fragment were
identified (Fig. 8).

The alignment results of the
581 bp samples revealed the
presence of three mutations in
S26-S28 sample in comparison
with the referring /8S rRNA
genetic sequences. These 3

mutations were distributed in two samples, including S27
and S28, while S26 had not shown any detectable mutation
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Fig. 12: The comprehensive phylogenetic tree of genetic variants of /8S rRNA gene fragment of Sarcocystis local isolate.
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Sequencing of the 18S rRNA gene for samples = NCBIBLASTn engine has shown about 100% sequences
S29-S32 of similarities between the sequenced samples and this
With regard to the investigated samples S29 — S32, target. NCBI BLAST n engine has indicated the presence
the sequencing reactions indicated the exact positions  Of remarkable homology with the expected target that
after performing NCBI blastn for these PCR amplicons. ~ covered a portion of the /8S rRNA within S. cruzi
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] ] the absence of any mutation in S29-S32 samples in
genomic DNA sequences. By comparing the observed . . . .
. . comparison with the referring /8S rRNA genetic
DNA sequences of these local samples with the retrieved Fie. 11
DNA sequences (GenBank access MN096332.1), the sequences (Fig. 11). _ .
exact positions and other details of the retrieved PCR DNA sequence and phylogenetic analysis are
considered the main important approach to identity the

fragment were identified (Fig. 10). : ¢ ) ‘
The alignment results of the 581 bp samples revealed species of Sarcocystis spp. infection and to compared it
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with other Sarcocystis spp in Gene Bank which gives
an idea about the new strain of Iraqi Sarcocystis spp. in
Baghdad city in the slaughtered cattle. The phylogenic
tree were clustered with the S. cruzi. With regard to
either close positioning was detected beside two Japanese
strains, Romanian ROBT11 strain, Malaysian S. cruzi
strain, Japanese S. cruzi strain, Chinese S. cruzi strains,
Indian strain and Australian S. cruzi (Fig. 12, 13, 14, 15).
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