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Abstract

Cystic echinococcosis (CE) is considered a re-emerging disease in various regions, like the
Middle East, Central Asia, and northern and eastern Africa. In sub-Saharan Africa, CE is highly
endemic. In Sudan, high prevalence estimates of CE in both livestock and definitive hosts
were reported. Strain variation and genetic diversity still need to be elucidated in this area.
The aim of this study is to genotype and to study the phylogenetic relations and taxonomic
status of the Echinococcus species. A total of 418 hydatid cysts were collected from the
abattoirs survey from camel and cattle isolates,12 isolates from camels in the Tamboul area,
and 18 isolates from cattle collected from (10,6, and 2 from, Nyala, Addein, and Kass,
respectively), isolates (of Echinococcus (Camelus dromedaries) were collected from
(Tamboul, Nyala and Addein areas, Sudan. Molecular identification of Echinococcus species
was determined by specific G5/6/7 genotype PCR and G6/7 genotype-specific PCR using
1073-1078 bp and 254 bp of mtDNA respectively. Nadl, 12srRNA gene 10 isolates (2,8
respectively) for DNA sequencing were conducted. Sequences alignments reported novel
mutations of Nadl, cattle isolates of 12srRNA gene showed 98% Identity within database
blasting between Gene bank E. ortleppi isolates, which have both and suggest that the Nad1
gene is continuing to evolve in the face of the current taxonomy profile. Very few bp exchanges
differentiate G6 and G7, and ‘intermediate’ haplotypes have been observed, which merge
them into a single genotype G6/7. A further molecular survey is needed to explore the situation
of Echinococcus genotypes from human patients in Sudan.
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Introduction

Cystic echinococcosis (CE) is known as most neglected food-borne infection for human
throughout the endemic areas in the tropics. Mammals of the family canidae play a major
role in the transmission of the parasite. The life cycle of the parasite involves mainly dogs
and wild carnivores as definitive hosts and a wide range of domestic and wild mammals as
intermediate hosts, but also humans as aberrant intermediate hosts [1]; [2], 2006 [3] 2011
[4]; [5]. The genotype G6 was found to be responsible for 7.34% of infections worldwide.
This strain is known from Africa and Asia, where it is transmitted mainly by camels (and
goats), and South America, where it appears to be mainly transmitted by goats [6]. In the
past, the G6 genotype had been identified as the etiological agent only in sporadic cases of
CE and it was believed that this strain was less infective for humans or not infective at all
[7]. Recently, many authors reported an increasing prevalence of G6 genotype in different
countries [8]; [9]; [10]; [11]; [12]; [13]; Omer et al., 2007[14]; [15]; but also from areas where
E. granulosus.

Echinococcus granulosus previously comprised up to 9 sub-specific genotypes (G1-G9) or
strains, which develop in the larval (hydatid) stage as cystic echinococcosis (CE) in
ungulates or other herbivores. The current view informed by biology, epidemiology and
particularly molecular genotyping recommends the inclusion of at least 9 species in the
genus. All those species of Echinococcus known to cause CE in the intermediate host may
be referred to as E. granulosus sensu lato (s.l.), whereas strains G1-G3 (which are closely
related) are now referred to as E.granulosus sensu strictu (s.s.). Among these,
Echinococcus canadensis is genetically the most variable species, containing various
‘strains’ that are geographically and epidemiologically separated. Initially described as G6
(camel strain), G7 (pig strain), G8 (‘American’ cervid strain), and G10 (‘Fennoscandian’
cervid strain), they form a monophyletic cluster based on mitochondrial genomes and
nuclear marker genes [16] [17]. Recently, the ‘cattle strain’ (G5) and the ‘horse strain’ (G4)
have each been elevated to species level, as E. ortleppi and E. equinus, respectively [18].
However, CE is also reported in livestock, human and wildlife settings throughout Sudan
than previously thought [19]. Up to now, the identification of the various Echinococcus taxa
was done by PCR based methods such as RFLP-PCR, [20][21] species specific or multiplex
PCRs [22] or DNA amplification with subsequent sequencing which requires even more
sophisticated equipment. Recently, loop-mediated isothermal amplification (LAMP) assay
has been shown to be highly accurate for the detection of echinococcosis in canine definitive
hosts [23][24], where the DNA strand displacement and DNA synthesis occur under

isothermal conditions. Therefore, instead of a thermal cycler a simple laboratory water bath
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or heating block is sufficient to enable the amplification [25] [23]. particularly interest is the
status in sub-Saharan Africa, where E. canadensis (G6) is known from a dog—camel
lifecycle in vast regions in the northern and north-eastern parts of the continent, but also
from further south, where camels are not present and other livestock species (particularly
goats) act as intermediate hosts [26]. Despite high diversity, the regional populations of E.
Canadensis G6/7 showed a lack of geographical genetic differentiation within Africa as well
as between Africa and the Middle East (based on the Iranian isolates) as shown in the low
values found here. Isolates from those regions originated mainly from camels with some
specimens from human patients. Similarly, In a pairwise fixation measure of all E.
canadensis G6/7 sub-populations and meta-populations included in the study, we observed
a lack of genetic differentiation in Africa (Mauritania, Kenya and Sudan), the Middle East
(Iran) and between the two regions when the African and Middle Eastern E. canadensis
G6/7 coxl sequences were compared with 26 available sequences from human isolates
from Mongolia [27][28]. Additionally, collected data of haplotypes included, are reported and
analyzed via different approaches such as haplotype networks phylogenetic trees.

The observation of lower nucleotide diversities of in E. ortleppi might be in support of the
hypothesis that the younger clades of Echinococcus which also are the most widely
distributed and ‘domesticated’ species in the genus have retained lower polymorphism due
to small founder population introductions and disruption of ancestral wildlife transmission
routes. In Sudan, high prevalence estimates of CE in both livestock and definitive hosts
were reported, but train variation and genetic diversity is still in need to be elucidated. The
aim of this study was to genotype and to study the phylogenetic relations and taxonomic
status of the Echinococcus species using samples from dromedarius and Cattle species

from various geographical areas of The Republic of Sudan.

Materials and Methods
Study area

Surveys were done in Tamboul town (Central Eastern, Sudan), and Addein, Rehed al Birdi
and Kass areas (Western Sudan) (Fig 1). These two sites were reported to be endemic

areas for CE.
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Figure 1.

Study area, Tamboul town (Central Eastern, Sudan) and Addein, Rehed al Birdi and Kass areas
(Western Sudan).
Source: (GIS software 10.2)

Ethical approval

The field work of the study for animal investigation has been conducted at South Darfur
State, Faculty of Veterinary Science, Nyala University and Gezira State, Faculty of Health
and Environmental Sciences, University of Gezira. The authors received an ethical
clearance from the Veterinary Ethics Committee (VEC). An approval for conducting this
research has been obtained from Ministry of Animal Resource, Fisheries and Ranching,
South Darfur and Gezira States.

Abattoir Survey

A total of 418 camel carcasses were examined in abattoirs (387, 228,16, 7, 5 and 20 from
Tamboul, Wad Elnimer, Elgadarif, Addein, Rehed al Birdi and Kass, respectively), during
routine meat inspection at May 2018 to September 2021, for presence of cystic
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echinococcosis according to WHO (1981), where 63 isolates from camel (42 from Tamboul

and 21 from Addein, Rehed al Birdi and Kass) were collected from abattoirs survey.
Phenotypic Detection

After removal of cysts from tissues of slaughtered animals protoscolices in cysts fluid were

detect using stereo microscope.

PCR Technique

DNA extraction
Single protoscolices were separated using protocol described by (Nakao et al., 2003)[29].

DNA was also obtained, and the solution was used directly as a template DNA in the PCR.

PCR of the NAD1 gene

DNA extracted from protoscolices were used as template in PCR to amplify fragment with
NADH dehydrogenase subunit 1 (NAD1) (mitochondrial gene). PCR was performed using
PCR- buffer (conc. 10 mM Tris-Hcl, pH 8.3; 50 mM Kcl) (applied Biosystem, Germany), 2
mM of Mgcl2 (applied Biosystem, Germany ), 200 uM of each deoxy nucleoside triphosphate
(Genaxxon biosciences, Germany), 12.5 pmol of Taq DNA polymerase (applied Biosystem,
Germany), two conserved primers, forward primer “nad B”
TATTAAAAATATTGAGTTTGGGTC reverse primer nad D”
TCTTGAAGTTAACAGCATCACGAT and 2 pl from extract DNA in a 50 pl final volume of
reaction mixture.

Positive and negative controls were included. The amplification reactions were carried out
in primus 25 thermocycler (PeQlab, Germany) under the following condition; a hot start 94°C
for 5 min followed by 35cycles of 30s denaturation at 94°C, 30s annealing at 55°C, 1min
extension at 72°C followed by final extension of 5 min at 72°C [30][31]. Amplification product
were separated by electrophoresis on 1.5% TBE agarose gel, stained with 2% ethidium

bromide and visualized using U.V illumination (Kisker Biotechnology,Germany).

PCR of 12SrRNA gene by specific for E. ortleppi (G5) and E. granulosus G6/7

For the first PCR (G5/6/7) which amplifies 254 bp fragment of E. ortleppi (G5) and E.
granulosus G6/7, the primer pair E.g.cs1for. (SATT TTT AAA ATG TTC GTC CTG 3) and
E.g.cs1rev. (5'CTA AAT AAT ATC ATATTA CAA C 3’) was used. The100pl reaction mixture
consisted of 10 mM Tris—HCI (pH 8.3), 50 mM KCI, 2 mM MgCI2, 200 uM of each dNTP, 25
pmol of each primer and 1.25 units Ampli-Tag Polymerase (Perkin Elmer Biosystems) for

40 cycles (denaturation for 30 sec at 94°C, annealing for 1min at 53°C and elongation for
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40 sec at 72°C) (Dinkel et al., 2004) (Gene bank: AY462126—-AY462129). The system for
diagnosis of E. granulosus G6/7 and E. ortleppi is shown in Fig. 2. To discriminate between
E. ortleppi and E. granulosus G6/7, semi-nested PCRs specific for G6/7(g6/7PCR; primer
pair E.g. camel. for. 5 ATG GTC CAC CTA TTA TTT CA 3’ and E.g.cs1rev.) and for E.
ortleppi (g5 PCR; primer pair e.g. cattle. for. 5 ATG GTC CAC CTATTATTT TG 3’ and
E.g.cslrev.) were used in a second step, each amplifying a different fragment of 171 bp.
The reaction mixtures of 50 ul contained 1.5 pl of amplification product, 10 mM Tris— HCI
(pH 8.3), 50 mM KCI, 2 mM MgCl2, 200 pM of each dNTP, 25 pmol of each primer and 1.25
units Ampli-Tag Polymerase (Perkin EImer Biosystems) for 30 cycles (denaturation for 30
sec at 94°C, annealing for 1min at 60°C and elongation for 30 sec at 72°C). Amplification
products were resolved on a 1.5% ethidium bromide-stained agarose gel.

Sequencing Analysis

DNA purification and standard sequencing was performed for both strands of NAD
dehydrogenase subunitl,12SrRNA genes by Macrogen Company (Seoul, Korea,
Netherlands).

Bioinformatics Analysis

The sequences chromatogram was viewed by Finch TV program,
(http://www.geospiza.com/Products/finchtv.shtml).

The nucleotides sequences of the NAD1 dehydrogenase sub unit 1 gene were searched
for sequences similarity using nucleotide BLAST (https://blast.ncbi.nim.nih.gov/Blast.cgi)
Hailey similarity ratio for all two isolates sequences were retrieved from NCBI and subjected
to multiple sequence alignment using Bio Edit software were applied ClustalWW Multiple
Alignment also to improve the sensitivity of progressive multiple sequencing alignment
through sequence weighting, position specific gap penalties and weight matrix choice
(Thompson et al 1994) [32].

Results

Phenotypic Detection

Out of 418 carcasses of camel examined in Tamboul, Kass, Addein and Rehed al Birdi
abattoirs, 140 (33.5%) camel was found infected with C.E contains fertile protoscolices and
fertility rate of 45.6% (Fig. 3,4). About 71% of camels slaughtered at Western Sudan
abattoirs were females which 71.4% of infected animals up to 9 years (P < 0.01). In addition

to that, only one animal 6 year age was found to be infected with CE and the three cysts
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encountered were found to be fertile, whereas 25.4% of cysts up to 10 cm with mean volume
of cysts (ml) (44.6x£18.4) and mean number of protoscolices/ml 67772.0£41095.0 were

observed. The lungs were found to be the main predilection site of camel cysts (Fig. 2).

Figure 2.

Hydatid cyst on camel lung tissue.

Figure 3.

Protoscolices under stereo microscope 40x.

Genotypic Detection of NAD | dehydrogenase

Amplified protoscolices isolates revealed similar band pattern of 1073-1078 bp long
fragments (Figures 4,5 ,6 ,7).

195



ELHag A. M, et al/ Muthanna Medical Journal 2023; 10(2):189-211

s 1073bp

Figure 4.

PCR product of nadl gene. Lane M, Marker; Lane 1, G6; Lane 2, positive control.

Figure 5.
PCR digest of restriction enzyme hphl for nadl gene. Lane M, Marker; Lane 1, G6,
Lane 2, 3 Mutant isolates; Lane 4, 5 G6, Lane6 positive control, Lane 7 Negative

control.

Genotypic Detection of 12S rRNA gene

Figure 6.

Cestode specific PCR. M; marker, 1-3 cattle protoscolice, 4; positive control.
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Figure 7.
G6/7 specific PCR. M; marker, 1-2 G6/7, 3; G6/7 positive control, 4; G5 isolate.

Bioinformatics Analysis

Multiple Sequence Alignment

The multiple sequence alignment of the mutant isolate with similar nucleotide sequences
that obtained from BLASTn was carried out to find the homology and evolutionary relation

between these sequences.

ClustalW Alighment

As shown by BioEdit software there was deleted A base in mutant Tamboul isolate (Figure
8). Insertion mutation on Abase in Tamboul NAD1 gene camel isolate was shown in
(Figure 9). Insertion mutation on Abase in Mutant on addein cattle isolate was shown in
(Figure 10). Two deletions in addein cattle isolate were shown in (Figure 11). Some
information related on data base isolates showed highly heterogeneity with some strains
isolated from the same camel species from Sudan and many counters (Tablel). Multiple
alignments sequencing between mutant isolate and other countries strains was shown in
(Figure 12). Multiple Sequencing Alignment of Addein 12S rRNA gene cattle isolate was
shown in (Figure 13). Further result on multiple sequencing alignment of the mutant isolate
found highly similarity with Iranian strain (Iran2 (ID HM749615)) isolated in camel larval
stage and shown novel haplotype with it (Figure 14).
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e T T T T T
PILLELELEL] PILLELELEL] | 111
Sbjct 120 AAAAACCCCAGAGATTAATCCCAAAACAACCATTAAAGCAACCTGATCGGCAGAATCACC 61

Figure 8.
Deletion mutation on A base on Tamboul camel isolate within site 864 in query

o i A
sbjct 183 [fTTAATTACTAACT ol XN

jnsertiop

1073bp

Figure 9.

Insertion mutation on Abase in Tamboul camel isolate.
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Query 1
Shjct 12100 GATTTGATATT)

COTTTGATATTATCGTTT-ATGGTTTGAGTTTGTGTAGTTTTAGTTAMGCCARGTCTATG 53
‘IIIHI[‘!HHI!II HHHIIH\H HIHIHIH IIIHIHH HU

Figure 10.

Deletion mutation on addein cattle isolate.

Score Expect Identities Gaps Strand
215 bits(116) 2-5 1 2/126(1%) Plus/Plus
AMGCCAAGTCTATG 58
1] |HI|1|||||||||||||H|||||||l||||||||!||
AAGCCAAGTCTATG 196

Addein 125 rRNA
India KY766908

e mmi””lgjr ﬁ
\

Japan G5 AB979275

GGTTTGATATTATCG!

TTTAATGGTTTGAGTT

India 1 KY766907 GITTGATATTATCGT

India 2 KY766906

T.hydatigena iran KX094338 GITTGATATTATCGTTTAATGGTTTGAGTTTGTETAGT TTTAGT TAAGCCAAGTCTATGTGCTGCTTATAGE

G5 AB235646

Figure 11.

Two deletion sites on T, A base on Addein 12SrRNA grne cattle isolate
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Table 1.
Multiple Alignment Information
ID Country Host Type Genotype
KX 010873 Kenya dromedary CE Echinococcus canadensis
KT363811 Mauritania dromedary CE Echinococcus canadensis
KX010887 Sudan dromedary CE Echinococcus canadensis
KX010884 Sudan dromedary CE Echinococcus canadensis
KX893481 Iran H.sapiens CE Echinococcus canadensis
KX010881 Sudan dromedary CE Echinococcus canadensis
KX010878 Kenya goat CE Echinococcus canadensis
KX010887 Sudan dromedary CE Echinococcus canadensis
KX010877 Sudan dromedary CE Echinococcus canadensis
HM749615 Iran dromedary CE Echinococcus granulosus
KX510135 Serbia Pig CE Echinococcus canadensis
KX010875 Kenya dromedary CE Echinococcus canadensis
KX010892 Slovakia Pig CE Echinococcus canadensis
KX010897 Hungary Pig CE Echinococcus canadensis
KX231668 Armenia Pig CE Echinococcus canadensis
KX010889 Namibia oryx CE Echinococcus canadensis
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tamboul 11 CATGAAA-ATATATATATGACAATATACTCACAAGCAAACAAGCACGTAAAATATATACCACTATACTCAACATTAAATCCTCTAACCAATTCACTTTCA
kenya KX010873 GGTTTGCTGCAGAGGTTTGCCGATTTGTTGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT - CAGAGTCGTAGGTATGT TGGTTTATTTGGTGITT
Mauritania KT363811 GGTTIGCTGCAGAGGTTTGCCGATTTGTTGA -AGTTAGTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGTTGGTTTATTIGGIGTIT
sudan KX010887 GGTTTGCTGCAGAGGTTTGCCGATTTGTTGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGTTGGTTTATTTGGTGITT
sudan2 KX010884 GGTTTGCTGCAGAGGTTTGCCGATTTGTTGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT - CAGAGTCGTAGGTATGTTGGTTTATTTGGIGTTT
Iran KX893481 GGTTTGCTGCAGAGGTTTGCCGATTTGTTGA - -AGTTACTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGTTGGTTTATTTGGTGTTT
sudan3 KX010881 GGTTTGCTGCAGAGGTTTGCCGATTTGITGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGTTGGTTTATTTGGTGITT
sudand KX010878 GGTTTGCTGCAGAGGTTTGCCGATTTGITGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGTTGGTTTATTIGGTGITT
sudan KX010877 GGTTTGCTGCAGAGGTTTGCCGATTTGTTGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGTTGGTTTATTIGGTGITT
Serbia KX510135 GGTTTGCTGCAGAGGTTTGCTGATTTGTTGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGITGGTTTATTTGGTGITT
kenya2 KX010875 GGTTTGCTGCAGAGGTTTGCCGATTTGTTGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT - CAGAGTCGTAGGTATGTTGGTTTATTIGGTGTTT
Slovakia KX010892  GGTTTGITGCAGAGGTTTGCCGATTTGTTGA -AGTTAGTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGTTGGTTTATTIGETGITT
Hungary KX010897 GGTTTGCTGCAGAGGTTTGCCGATTTGITGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGTTGGTTTATTTGGTGITT
Armenia KX231668 GGTTTGCTGCAGAGGTTTGCTGATTTGTTGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGTTGGTTTATTTGGIGTTT
Namibia KX010889 GGTTTGCTGCAGAGGTTTGCCGATTTGITGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGTTGGTTTATTTGGTGITT
Kenya3 KX010879 GGTTTGCTGCAGAGGTTTGCCGATTTGITGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGTTGGTTTATTTGGTGITT
Iran3 KX893481 GGTTTGCTGCAGAGGTTTGCCGATTTGTTGA - AGTTACTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGTTGGTTTATTIGETGITT
Slovakia2 KX010895  GGTTTGCTGCAGAGGTTTGCCGATTTGITGA -AGTTAGTAATTAAGTTTAAGAATTTTTACTTT CAGAGTCGTAGGTATGITGGTTTATTTGETGITT
sudan7 KX010885 GGTTTGCTGCAGAGGTTTGCCGATTTGTTGA - AGTTAGTAATTAAGTTTAAGAATTTTTACTTT - CAGAGTCGTAGGTATGTTGGTTTATTIGGIGTTT
310 320 330 380 350 380 370 380 330 400
A N A N A R P A A R R s S e S S s ) s A | NP RN sy
tamboul 11 'CCCCAT. AAATGGAGTACGATTAGTCTCACACAACACACACACCAAGAATAACCCAT. "AATGGGAATAATAATCAACTTCACCAGT:
kenya KX010873 TGITGTTGATAGTTTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA - GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT
Mauritania KT363811 TGITGITGATAGITITGGITGTGGTGTATTCGTTTATTTATGGTAGATATTATA GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT
sudan KX010887 TGTTGTTGATAGTTTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA GAGTTAGTTATAGTATGCTTTCTGTGTTA - TGAGTTTTAGCTGCT
sudan2 KX010884 TGTTGITGATAGTTTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA - GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT
Iran KX893481 TGTTGTTGATAGT TTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT
sudan3 KX010881 TGITGTTGATAGTTTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT
sudand KX010878 TGITGTTGATAGT TTTGGTTGTGETGTATTCGTTTATTTATGGTAGATATTATA GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT
sudan5 KX010877 TGTTGTTGATAGTTTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA -GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT
Serbia KX510135 TGITGTTGATAGTTTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA - GAGTTAGTTATAGTATGCTTTCTGTGTTA  TGATTTTTAGCTGCT
kenya2 KX010875 TGITGTTGATAGITTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT
Slovakia KX010892 = TGITGITGATAGITITGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA GAGTTAGTTATAGTATGCTTTCTGTGITA TGATTTTTAGCTGCT
Hungary KX010897 TGTTGITGATAGTTTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA - GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT
Armenia KX231668 TGTTGITGATAGTTTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT
Namibia KX010889 TGTTGTTGATAGTTTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT
Kenya3 KX010879 TGITGITGATAGTTTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT
Iran3 KX893481 TGTTGTTGATAGTTTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA -GAGTTAGTTATAGTATGCTTTCTGTGTTA  TGATTTTTAGCTGCT
Slovakia2 KX010895 TGITGTTGATAGITTTGGITGTGGTGTATTCGTTTATTTATGGTAGATATTATA GAGTTAGTTATAGCATGCTTTCTGTGTTA TGATTTTTAGCTGCT
sudan7 KX010885 TGTTGITGATAGTTTTGGTTGTGGTGTATTCGTTTATTTATGGTAGATATTATA - GAGTTAGTTATAGTATGCTTTCTGTGTTA TGATTTTTAGCTGCT

410 420 430 440 450

450 470 4s0

450 s00

tamboul 11
kenya KX010873

Mauritania KT363811

sudan KX010887
sudan2 KX010884
Iran KX893481
sudan3 KX010881
sudand KX010878
sudan5 KX010877
Serbia KX510135
kenya2 KX010875

Slovakia KX010892

Hungary KX010897
Armenia KX231668
Namibia KX010889

tamboul 11

PO OIS f JENNT ARG (- IO SN 05
ACTATAATAAAAATY

TCTAGAATTTCTAGGTATTCCTTGTTGTGTACTGGTTGGGGTAGTTACAATAGTTATT
TCTAGAATTTCTAGGTATTCCTTGTTGTGTACTGGTTGGGGTAGTTACAATAGTTATT
TCTAGAATTTCTAGGTATTCCTTGITGTGTACTGGTTGGGGTAGTTACAATAGTTATT
TCTAGAATTTCTAGGTATTCCTTGTTGTGTACTGGTTGGGGTAGTTACAATAGTTATT
TCTAGAATTTCTAGGTATTCCTTGTTGTGTACTGGTTGGGGTAGTTACAATAGTTATT
TCTAGAATTTCTAGGTATTCCTIGTTGTGTACTGGTTGGGGTAGTTACAATAGTITATT
TCTAGAATTTCTAGGTATTCCTTGTTGTGTACTGGTTGGGGTAGTTACAATAGTTATT
TCTAGAATTTCTAGGTATTCCTTGTTGTGTACTGGTTGGGGTAGTTACAATAGTTATT
TCTAGAATTTCTAGGTATTCCTTGTTGTGTACTGGTTGGGGTAGTTACAATAGTTATT
TCTAGAATTTCTAGATATTCCTTGTTGTGTACTGGTTGGGGTAGTTACAATAGTITATT
TCTAGAATTTCTAGGTATTCCTTGITGTGTACTGGTTGGGGTAGTTACAATAGTTATT
TCTAGAATTTCTAGGTATTCCTTGTTGTGTACTGGTTGGGGTAGTTACAATAGTTATT
TCTAGAATTTCTAGGTATTCCTTGTTGTGTACTGGTTGGGGTAGTTACAATAGTTATT
TCTAGAATTTCTAGGTATTCCTIGTTGTGTACTGGTTGGGGTAGTTACAATAGTITATT

s10 s20 530 540 550 580

Y SOOIy oo SO [RRTENILY RN ORI o NP RN

AAATTATACCCACAACAACATAAAGCGCAAAAAATAACCACACACATAAAACAAGCCTCAAAC- CTAACAGATCCAAAAGC

CTTTTTTAAGGTCGGTTCGATGTGCTTTTGGATCTGTTAG
CTTTTTTAAGGTCGGTTCGATGTGCTTTTGGATCTGTTAG
CITITTTAAGGTCGGTTCGATGTGCTTTTGGATCTGTTAG
CGTTTTTAAGGTCGGTTCGATGTGCTTTTGGATCTGITAG
CTTTTTTAAGGTCGGTTCGATGTGCTTTTGGATCTGTTAG
CITTITTAAGGTCGGTTCGATGTGCTTTTGGATCTGTTAG

CITITTTAAGGTCGGTTCGATGTGCTTTTGGATCTGTTAG -

CTTTTTTAAGGTCGGTTCGATGTGCTTTTGGATCTGTTAG
CTTTTTTAAGGTCGGTTCGATGTGCTTTTGGATCTGTTAG
CITTTTTAAGGTCGGTTCGATGTGCTTTTGGATCTGTTAG

570 580 550 s00
R B o] R TR Ty NN Ul Ve 0T e

ACATCGAACCGACCTTAAAAAAG- AATAACTATTGTAACTACCCCAACCAGTACACAACAAGGAATACCTAGAAATTCTAGAAGCAGCTAAAAATCATAA

kenya KX010873
Mauritania KT363811
sudan KX010887
sudan2 KX010884
Iran KX893481
sudan3 KX010881
sudand KX010878
sudan5 KX010877
Serbia KX510135
kenya2 KX010875
Slovakia KX010892
Hungary KX010897
Armenia KX231668
Namibia KX010889
Kenya3 KX010879
Iran3 KX893481
Slovakia2 KX010895
sudan7 KX010885

GTTTGAGGCTTGT TTTATGTGTGTGGT TATTTTTTGCGCTTTATGTTGT TGTGGGTATAATTTAATTGATTTTTATTATAGTTACTGGTGAAGTTGATTA
GITTGAGGCTTGTTTTATGTGTGTGET TAT T T TTTGCGCT TTATGT TGTTGTGGGTATAATTTAATTGATTTTTATTATAGTTACTGGTGAAGTTGATTA
GITTGAGGCTTGTTTTATGTGTGTGGT TAT T T T TTGCGCT T TATGTTGT TGTGGGTATAATTTAATTGATTTTTATTATAGTTACTGGTGAAGTTGATTA

GITTGAGGCTTGT T TTATGTGTGTGGT TAT T TTTTGCGCT TTATGT TGTTGTGGGTATAATTTAATTGATTTTTATTATAGTTACTGGTGAAGTTGATTA

201



tamboul 11
kenya KX010873

Mauritania KT363811

sudan KX010887
sudan2 KX010884
Iran KX893481
sudan3 KX010881
sudan4 KX010878
sudan5 KX010877
Serbia KX510135
kenya2 KX010875
Slovakia KX010892
Hungary KX010897
Armenia KX231668
Namibia KX010889
Kenya3 KX010879
Iran3 KX893481

Slovakia2 KX010895

sudan7 KX010885

tamboul 11

kenya KX010873
Mauritania KT363811
sudan KX010887
sudan2 KX010884
Iran KX893481
sudan3 KX010881
sudand KX010878
sudanb KX010877
Serbia KX510135
kenya2 KX010875
Slovakia KX010892
Hungary KX010897
Armenia KX231668
Namibia KX010889
Kenya3 KX010879
Iran3 KX893481
Slovakia2 KX010895
sudan7 KX010885

tamboul 11

kenya KX010873
Mauritania KT363811
sudan KX010887
sudan2 KX010884
Iran KX893481
sudan3 KX010881
sudand KX010878
sudan5 KX010877
Serbia KX510135
kenya2 KX010875
Slovakia KX010892
Hungary KX010897
Armenia KX231668
Namibia KX010889
Kenya3 KX010879
Iran3 KX893481
Slovakia2 KX010895
sudan7 KX010885

Figure 12.

ELHag A. M, et al/ Muthanna Medical Journal 2023; 10(2):189-211

610 620 630 640 650 660 670 680 6350 700
B B I IR L e B I e R I I I I I | [ 1 1 |

C-ACAGAAAGCATACTATAACTAACTCTATA ATATCTACCATAAATAAACGAATACACCACAACCAAAACTATCAACAACAAAACACCAAATAAACCAA
TTATTCCCATTAATTTATGGGT TATTCTTGGTGTGTGTGTTGTGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGTTATTCTTGGTGTGTGTGTTGTGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGT TATTCTTGGTGTGTGTGTTGTGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGT TATTCTTGGTGTGTGTGTTGTGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGTTATTCTTGGTGTGTGTGTTGTGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGT TATTCTTGGTGTGTGTGTTGTGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGT TATTCTTGGTGTGTGTGTTGTGTGAGACTAATCGTACCCCATTTGA
TTATTCCCATTAATTTATGGGT TATTCTTGGTGTGTGTGTTGTGTGAGACTAATCGTACTCCATTTGA -
TTATTCCCATTAATTTATGGGT TATTCTTGGTGTGTGTGTTATGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGTTATTCTTGGTGTGTGTGTTGTGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGT TATTCTTGGTGTGTGTGTTATGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGT TATTCTTGGTGTGTGTGTTATGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGTTATTCTTGGTGTGTGTGTTATGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGTTATTCTTGGTGTGTGTGTTATGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGT TATTCTTGGTGTGTGTGTTGTGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGTTATTCTTGGTGTGTGTGTTGTGTGAGACTAATCGTACTCCATTTGA
TTATTCCCACTAATTTATGGGTTATTCTTGGTGTGTGTGTTATGTGAGACTAATCGTACTCCATTTGA
TTATTCCCATTAATTTATGGGT TATTCTTGGTGTGTGTGTTGTGTGAGACTAATCGTACTCCATTTGA
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AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGTTTGCTTGTGAGTATATTGTCATATATATATTTTCA TGGTTGGTGGTGGTATTGTIT
AGGATTTAATGITGAGTATAGTGGTATATATTTTACGTGCTTGI TIGCTTGTGAGTATATTGTCATATATATATTTTCA - TGGTTGGTGGTGGTATTGTT
AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGTTTGCTTGTGAGTATATTGTCATATATATATTTTCA TGGTTGGTGGTGGTATTGTT
AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGT TTGCTTGTGAGTATATTGTCATATATATATTTTCA TGGTTGGTGGTGGTATTGTT
AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGTTTGCTTGTGAGTATATTGTCATATATATATTTTCA TGGTTGGTGGTGGTATTGTT
AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGTTTGCTTGTGAGTATATTGTCATATATATATTTTCA TGGTTGGTGGTGGTATTGTT
AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGTTTGCTTGTGAGTATATTGTCATATATATATTTTCA - TGGTTGGTGGTGGTATTGTT
AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGTTIGCTTGTGAGTATATTGTCATATATATATTTTCA TGGTTGGTGGTGGTATTGTT
AGGATTTAATGTTGAGTACAGTGGTATATATTTTACGTGCTTGTTTGCTTGTGAGTATATTGTCGTATATATATTTTCA TGGTTGGTGGTGGTATTGTT
AGGATTTAATGITGAGTATAGTGGTATATATTTTACGTGCTTGT TTGCTTGTGAGTATATTGTCATATATATATTTTCA - TGGTTGGTGGTGGTATTGTT
AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGT TTGCTTGTGAGTATATTGTCGTATATATATTTTCA TGGTTGGTGGTGGTATTGTT
AGGATTTAATGTTGAGTACAGTGGTATATATTTTACGTGCT TG TTGCTTGTGAGTATATTGTCGTATATATATTTTCA TGGTTGGTGGTGGTATTGTT
AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGTTTGCTTGTGAGTATATTGTCGTATATATATTTTCA TGGTTGGTGGTGGTATTGIT
AGGATTTAATGTAGAGTATAGTGGTATATATTTTACGTGCTTGTTTGCTTGTGAGTATATTGTCGTATATATATTTTCA TGGTTGGTGGTGGTATTGTT
AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGTTTGCTTGTGAGTATATTGTCATATATATATITTCA TGGTTGGTGGTGGTATTGIT
AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGTTTGCTTGTGAGTATATTGTCATATATATATTTTCA TGGTTGGTGGTGGTATTGIT
AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGTTTGCTTGTGAGTATATTGTCGTATATATATITTCA TGATTGGTGGTGGTATTGIT
AGGATTTAATGTTGAGTATAGTGGTATATATTTTACGTGCTTGTTTGCTTGTGAGTATATTGTCATATATATATTTTCA - TGGTTGGTGGTGGTATTGIT
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GGTTGGTGGTGGTATTGITGGTATGITCATGT TGGTGTTTAATTTA CIGITTTTTATGTGGGCTCGAGCGACTTTA CCACGT
GGTTGGTGGTGGTATTGTTGGTATGTTCATGT TGGTGTTTAATITA CTGTTITTTATGTGGGCTCGAGCGACTTTA CCACGT
GGTTGGTGGTGGTATTGTTGGTATGTTCATGT TGGTGTTTAATTTA CTGTTTTTTATGTGGGCTCGAGCGACTTTA --CCACGT
GGITGGTGGTGGTATTGTTGGTATGTTCATGT TGGTGTTTAATITA CTGTTTTTTATGTGGGCTCGAGCGACTTTA CCACGT
GGITGGTGGTGGTATTGTTGGTATGTTCATGT TGGTGITTAATTTA CTGTTTTTTATGTGGGCTCGAGCGACTTTA CCACGT
GGTTGGTGGTGGTATTGTTGGTATGTTCATGT - TGGTGTTTAATTTA CTGTTTTTTATGTGGGCTCGAGCGACTTTA CCACGT
GGTTGGTGGTGGTATTGTTGGTATGTTCATGT TGGTGTTTAATTTA CTGTTTTTTATGTGGGCTCGAGCGACTTTA CCACGT
GGTTGGTGGTGGTATTGTTGGTATGTTCATGT TGGTGTTTAATTTA CTGTTTTTTATGTGGGCTCGAGCGACTTTA --CCACGT
GGTTGGTGGTGGTATTGITGGTATGITCATGT TGGTGTTTAATTTA CIGITTTTTATGTGGGCTCGAGCGACTTTA CCACGT
GGTTGGTGGTGGTATTGTTGGTATGITCATGT TGGTGITTAATITA TTGTTTTTTATGTGGGCTCGAGCGACTTTA CCACGT
GGTTGGTGGTGGTATTGTTGGTATGTTCATGT TGGTGTTTAATTTA CTGTTTTTTATGTGGGCTCGAGCGACTTTA --CCACGT
GGITGGTGGTGGTATTGTTGGTATGTTCATGT - TGGTGTTTAATTTA CTGTTTTTTATGTGGGCTCGAGCGACTTTA CCACGT
GGTTGGTGGTGGTATTGTTGGTATGTTCATGT TGGTGITTAATTITA CTGTTTTTTATGTGGGCTCGAGCGACTTTA CCACGT
GGTTGGTGGTGGTATTGTTGGTATGTTCATGT TGGTGTTTAATTTA CIGITTTTTATGTGGGCTCGAGCGACTTTA CCACGT
GGTTGGTGGTGGTATTGTTGGTATGTTCATGT TGGTGTTTAATTTA CTGTTTTTTATGTGGGCTCGAGCGACTTTA CCACGT
GGTTGGTGGTGGTATTGTTGGTATGTTCATGT TGGTGTTTAATTTA CTGTTTTTTATGTGGGCTCGAGCGACTTTA --CCACGT
GGTTGGTGGTGGTATTGITGGTATGITCATGT TGGTGTTTAATTTA CIGITTTTTATGTGGGCTCGAGCGACTTTA CCACGT
GGITGGTGGTGGTATTGTTGGTATGTTCATGT TGGTGTTTAATITA CTGTTITTTATGTGGGCTCGAGCGACTTTA CCACGT

Multiple Sequencing Alignment of Tamboul NAD1 gene camel isolate.
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Sudan CCAGAAAAATTTAACAAAAAAA "AACGAACACGT AAAGTCGCTCGAGCCCACATAAAAAACAGTAAATTAAACACCAACATGAACATACCAACA

Iran2 HM749615 CCAGAAAAATTTAACAAAAAAATCATAACGAACACGTGGTAAAGTCGCTCGAGCCCACATAAAAAACAGTAAATTAAACACCAACATGAACATACCAACA
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Sudan ATACCACCACCAACCAACAATACCACCACCAACCATGAAAATATATATATGACAATATACTCACAAGCAAACAAGCACGTAAAATATATACCACTATACT
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Sudan CAACATTAAATCCTCTAACCAATTCACTTTCAGCCTCCCCATAATCAAATGGAGTACGATTAGTCTCACACAACA CCAAGAATAACCCATAAAT
Iran2 HM749615 CAACATTAAATCCTCTAACCAATTCACTTTCAGCCTCCCCATAATCAAATGGAGTACGATTAGTCTCACACAACACACACACCAAGAATAACCCATAAAT
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Sudan TAATGGGAATAATAATCAA "CACCAGTAACTATAAT. ‘CAATTAAATTATACCCACAACAACATAAAGCGCAAAAAATAACCACACACAT:
Iran2 HM749615  TAATGGGAATAATAATCAACTTCACCAGTAACTATAATAAAAATCAATTAAATTATACCCACAACAACATAAAGCGCAAAAAATAACCACACACATAAAA
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Sudan CAAGCCTCAAACCTAACAGATCCAAAAGCACATCGAACCGAS AAAAAAGAATAACTATTGTAACTACCCCAACCAGTACACAACAAGGAATACCTAG
Iran2 HM749615 CAAGCCTCAAACCTAACAGATCCAAAAGCACATCGAACCGACCTTAAAAAAGAATAACTATTGTAACTACCCCAACCAGTACACAACAAGGAATACCTAG
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Sudan AAATTCTAGAAGCAGCTAAAAATCATAACACAGAAAGCATACTATAACTAACTCTATAATATCTACCATAAATAAACGAATACACCACAACCAAAACTAT
Iran2 HM749615 AAATTCTAGAAGCAGCTAAAAATCATAACACAGAAAGCATACTATAACTAACTCTATAATATCTACCATAAATAAACGAATACACCACAACCAAAACTAT
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Sudan caa (CAAAACACCAAATAAACCAACATACCTACGACTCTGAAAGTAAAAA AAACTTAATTACTAACTTCAACAAATCGGCAAACCTCTGCAGC
Iran2 HM749615 CAACAACAAAACACCAAATAAACCAACATACCTACGACTCTGAAAGTAAAAATTCTTAAACTTAATTACTAACTTCAACAAATCGGCAAACCTCTGCAGC

Figure 13.
Multiple Sequencing Alignment of Addein 12S rRNA gene cattle isolate
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Addein 12S rRNA GTTTGA ATTATCGTTTA TGGTTTGAGITTTGTGTAGTTTTAGTTAAGICCAAGCIZ'CTATETGCTGCTTATA
India KY766908 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATA
India 1 KY766907 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATA
India 2 KY766906 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATA
T.hydatigena iran KX094338 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATA
G5 AB235846 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATA
Japan G5 AB979275 GGTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATA
Mongolia AB792711 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATG
Mongolia 2 AB792709 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATG
Finland AB745463 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATG
Mongolia 3 AB794685 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATG
Egypt GQ476732 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATG
iran 3 E.canadensis EU541210 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATG
Nigeria DQ4 08424 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATG
G1l0 rinedeerDQ408423 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATG
G7 AB235847 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATG
Kazakhstan AB208063 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATG
Slovakia AY462128 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATG
Spain L4 9456 GTTTGATATTATCGTTTAATGGTTTGAGTTTGTGTAGTTTTAGTTAAGCCAAGTCTATGTGCTGCTTATG
110 120
Addein 12S rRNA TGTTlGTTGTAATATGATATTATTTAG
India KY766908 TGTTATTGTAATATGATATTATTTAG
India 1 KY766907 TGTTATTGTAATATGATATTATTTAG
India 2 KY766906 TGTTATTGTAATATGATATTATTTAG
T.hydatigena iran KX094338 TGTTATTGTAATATGATATTATTTAG
G5 AB235846 TGTTATTGTAATATGATATTATTTAG
Japan G5 AB979275 TGTTATTGTAATATGATATTATTTAG
Mongolia AB792711 TGTTGTTGTAATATGATATTATTTAG
Mongolia 2 AB792709 TGTTGTTGTAATATGATATTATTTAG
Finland AB745463 TGTTGTTGTAATATGATATTATTTAG
Mongolia 3 AB794685 TGTTGTTGTAATATGATATTATTTAG
Egypt GQ476732 TGTTGTTGTAATATGATATTATTTAG
iran 3 E.canadensis EU541210 TGTTGTTGTAATATGATATTATTTAG
Nigeria %408424 TGTTGTTGTAATATGATATTATTTAG
G1l0 rinedeerDQ408423 TGTTGTTGTAATATGATATTATTTAG
G7 AB235847 TGTTGTTGTAATATGATATTATTTAG
Kazakhstan AB208063 TGTTGTTGTAATATGATATTATTTAG
Slovakia AY462128 TGTTGTTGTAATATGATATTATTTAG
Spain L49456 TGTTGTTGTAATATGATATTATTTAG

Figure 14.
Multiple Sequencing Alignment of Addein cattle isolate
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Phylogenetic Tree

The drawn phylogenetic tree of Tamboul camel isolate revealed that our mutant Nad 1
gene was so closed to Iranian Nadl gene (Figure 15). The drawn phylogenetic tree of
addein cattle isolate 12SrRNA gene with some cattle’s isolate was presented in (Figure
16).
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Figure 15.

Tamboul camel isolate phylogenetic tree
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Figure 16.

Addein cattle isolate phylogenetic tree
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Discussions

The reports of novel mutation of Nad 1 gene that have both suggest that the Nadl gene
are continuing to evolve in the face of current taxonomy profile. Highly similarity between
Tamboul isolate and Camel Iranian strain, those mutations are modified the phylogenetic
taxonomy. In addition, the extent and phylogenetic relevance of interbreeding among
species is unclear, because most recent studies focused on mitochondrial sequences,
which are not subject to recombination. Differences between the phylogenies of nuclear and
mitochondrial genomes could explain biological differences between isolates of the same or
closely related mitochondrial genotypes. In addition, the extent of intraspecific diversity is
insufficiently known, particularly within E. canadensis [17]. Although DNA-based methods
are useful for taxonomy at the level of genus, species and subspecies, use of such methods
often requires careful attention to design of primers and preparation of pure DNA in
adequate quantities (McManus & Thompson, 2003; Rahimi et al., 2007) [33] [34].
Mitochondrial and nuclear DNA analyses have previously been used successfully in a few
molecular studies on E. granulosus in Iran. In the initial study by (Zhang et al. 1998) [35],
the DNA sequence variation (assessed using PCR-RFLP) within regions of the
mitochondrial coxl and nadl genes of 16 isolates of E. granulosus indicated the
transmission of two strains, G1 and G6. In the study by (Fasihi Harandi et al. 2002)[36],
Very few bp exchanges differentiate G6 and G7, and ‘intermediate’ haplotypes have been
observed, which merge them into a single genotype G6/7(Addy et al., 2017) [28]. The
Mitochondrial and nuclear DNA analyses have previously been used successfully in a few
molecular studies on E. granulosus in Sudan, this close affinity between G6 and G7 was
later confirmed by analysis of longer sequences including the entire mitochondrial genomes
(Nakao et al., 2013) [16], G6 has been identified from goats and G7 from pigs (Soriano et
al., 2010) [37] that is opening the suggest more infectivity with in deferent intermediate hosts
, also the low level of nucleotide diversity within G6/7. This study showed a rather high
haplotype diversity, suggesting that there is a higher degree of isolate variance than would

be naturally observed under random mutational conditions (Addy et al., 2017) [38].

Conclusions

From the results obtained we summarize these findings on NAD1 Gene detected in Sudan
Echinococcus canadensis strain, this is new mutant isolate is completely different from
NAD1 gene in its genotypic characterization by using Clustalw Multiple Alignment, also the
some mutations are done it change phylogenetic tree of E. canadensis, also with the

present study, the described LAMP assay should facilitate rapid detection and genotyping
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of hydatid cyst strains in a poorly molecular diagnosis tools in the tropics. In the present
study, the potential of LAMP assay for rapid and accurate detection of CE was investigated,
on a practical scale for the first time in Sudan. The LAMP assay provides high levels of
diagnostic sensitivity and specificity when testing a variety of cysts sampled from human

and domestic livestock.
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Discussions

The reports of novel mutation of Nad 1 gene that have both suggest that the Nadl gene
are continuing to evolve in the face of current taxonomy profile. Highly similarity between
Tamboul isolate and Camel Iranian strain, those mutations are definitely modified the
phylogenetic taxonomy. In addition, the extent and phylogenetic relevance of interbreeding
among species is unclear, because most recent studies focused on mitochondrial

sequences, which are not subject to recombination. Differences between the phylogenies
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of nuclear and mitochondrial genomes could explain biological differences between isolates
of the same or closely related mitochondrial genotypes. In addition, the extent of intraspecific
diversity is insufficiently known, particularly within E.canadensis [17]. Although DNA-based
methods are useful for taxonomy at the level of genus, species and subspecies, use of such
methods often requires careful attention to design of primers and preparation of pure DNA
in adequate quantities (McManus & Thompson, 2003;Rahimi et al., 2007) [33] [34].
Mitochondrial and nuclear DNA analyses have previously been used successfully in a few
molecular studies on E. granulosus in Iran. In the initial study by (Zhang et al. 1998) [35],
the DNA sequence variation (assessed using PCR-RFLP) within regions of the
mitochondrial coxl and nadl genes of 16 isolates of E. granulosus indicated the
transmission of two strains, G1 and G6. In the study by (Fasihi Harandi et al. 2002) [36],
Very few bp exchanges differentiate G6 and G7, and ‘intermediate’ haplotypes have been
observed, which merge them into a single genotype G6/7(Addy et al., 2017) [28]. The
Mitochondrial and nuclear DNA analyses have previously been used successfully in a few
molecular studies on E. granulosus in Sudan, This close affinity between G6 and G7 was
later confirmed by analysis of longer sequences including the entire mitochondrial genomes
(Nakao et al., 2013) [16], G6 has been identified from goats and G7 from pigs (Soriano et
al., 2010)[37] that is opening the suggest more infectivity with in deferent intermediate hosts
, also the low level of nucleotide diversity within G6/7. This study showed a rather high
haplotype diversity, suggesting that there is a higher degree of isolate variance than would

be naturally observed under random mutational conditions (Addy et al., 2017) [38].

Conclusions

From the results obtained we summarize these findings on NAD1 Gene detected in Sudan
Echinococcus canadensis strain , this is new mutant isolate is completely different from
NAD1 gene in its genotypic characterization by using ClustalW Multiple Alignment., also the
some mutations are done it change phylogenetic tree of E.canadensis, also with the
present study, the described LAMP assay should facilitate rapid detection and genotyping
of hydatid cyst strains in a poorly molecular diagnosis tools in the tropics. In the present
study, the potential of LAMP assay for rapid and accurate detection of CE was investigated,
on a practical scale for the first time in Sudan. The LAMP assay provides high levels of
diagnostic sensitivity and specificity when testing a variety of cysts sampled from human

and domestic livestock.
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