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Abstract:

Echinococcosis is a zoonotic disease caused by the larval stage of the tapeworm Echinococcus
granulosus. This disease is an important public health and a significant economic issue in Iraq, where the
lungs and livers are the popular places of infection. The aim of the current study focused on using the
molecular techniques in the detection of an E. granulosus strain that causes cystic echinococcosis to human,
sheep and cattle in Thi-Qar province, Irag. In the current study, thirty isolates of E. granulosus were
collected from 10 human hydatid cysts through surgery done at Al-Hussein Imam Teaching Hospital in Thi-
Qar province and 10 sheep with 10 cattle hydatid cysts were obtained from the slaughterhouse in Thi-Qar
province, Southern of Iraqg to identify strains of E. granulosus which infect human and other intermediate
hosts (sheep and cattle). The molecular study was carried out on the isolates and a specific primer set for the
mitochondrial dehydrogenase NADH subunit 1 (NAD1) gene was used. This primer set was amplified 400
bp of the NAD1 gene in all selected isolates. The PCR products for the twelve selected isolates of E.
granulosus (4 isolates per intermediate host) were sequenced and the results for these twelve isolates showed
that all sequenced isolates, except one isolate Eg_5, belonged to the sheep strain G1 and a slight genetic
diversity was observed with the reference sequences of the strain G1. The exception was in the isolate Eg_5
isolated from a cattle liver, which was similar to the buffalo strain G3. This study concludes that the common
E. granulosus strain in Thi-Qar province is G1.
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Introduction:

Echinococcus stays considerable public between E. granulosus populations in addition to
health problem cosmopolitan and, in some areas, the genetic variation within these populations (1, 6,
the causing agents of hydatidosis or echinococcosis 7). The description of E. granulosus strains recently
are extending their range (1-3). Through the  depends on some morphological, molecular and
previous 40 years, laboratory and field studies have biochemical techniques. To date, 9 separate strains
shown there is a considerable variation in (G1 - G9) of E. granulosus which were
phenotypic and genetic patterns between samples of ~ characterized (8). These strains include G1 (sheep
E. granulosus isolated from different intermediate strain), G3 and G5 (bovine strain), G4 (horse
hosts (4, 5). strain), G6 (camel strain), G7 (pig strain) and G8

In E. granuslosus, many different  (cervid strain). In addition to this, in Poland, G9 has
phenotypic  features like host  specificity, been identified in human and pigs (9). However,
antigenicity, development rate and geographical partial sequences of NADH dehydrogenase subunit
distribution may be affected by genetic variabilities. 1 (NAD1) and mitochondrial cytochrome c oxidase
Monitoring schemes such as vaccines and the  subunit 1 (CO1) genes show 10 E. granulosus
discovery and development of diagnostic reagents  strains (1, 5, 10). Thus, the 4 species of E.
were confirmed through the genetic variation granulosus including E. granulosus sensu stricto
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(G1 G3), Echinococcus equinus (G4),
Echinococcus  ortleppi  (G5), Echinococcus
canadensis (G6 — G10) are considered as the valid
species, nowadays (11). The aim of the current
study focused on the detection of an E. granulosus
strain that causes cystic echinococcosis to humans,
sheep and cattle in Thi-Qar province, Irag.

Materials and Methods:
Ethics Approval

Ethic statements for collection hydatid cysts
from animal and human samples were accepted by
the Ethics Committee at the University of Basrah.
Collection of Hydatid Cysts

The present study was continued from the
beginning of January 2019 to the end of April 2019.
Hydatid cyst samples were collected from the
slaughterhouse of Nassiriyah municipality in Thi-
Qar province. These samples included 10 hydatid
cysts for sheep (5 livers and 5 lungs), 10 hydatid
cysts for cattle (6 livers and 4 lungs). In addition to
this, 10 hydatid cysts from human (5 livers and 5
lungs) were collected from Al-Hussein Imam
Teaching Hospital in Thi-Qar province. According
to Hanifian et al. (12), the hydatid cyst contents
(fluid and protoscolices) were aspirated aseptically
then the sediment of protoscolices was stored at -
20°C until it was needed.

DNA Extraction

Total E. granulosus DNA was extracted
from protoscolices stored as described above using
DNA Extraction Kit from tissues (Geneaid,
catalogue number GS100) according to the
manufacturer’s instructions. The concentration of
the eluted DNA was determined using a Thermo
Scientific NanoDrop® 1000 spectrophotometer.
The genomic DNA was stored at -20°C until it was
needed.

Polymerase Chain Reaction (PCR)

The PCR was performed for amplifying the
mitochondrial NAD1 gene for all samples of
genomic DNA extracted from protoscolices. The
primers used were forward: 5'-
CGTAGGTATGTTGGTTTGTTTGGT-3' and
reverse: 5'-CCATAATCAAAT GGCGTACGA T-3'
that were previously designed by Sharbatkhori et al.
(13). Each PCR reaction was carried out in a final
volume of 25 ul by adding 0.5 pl of each primer, 5
ul of the genomic DNA and 14 ul of nuclease free
water from Bioneer Accupower® PCR PreMix. The
reaction was carried out in thermocycler under the
following conditions: a pre-denaturation step at
94°C for 5 min followed by 30 cycles of
denaturation at 94°C for 30 sec, annealing at 50°C
for 45 sec and extension at 72°C for 30 sec plus a
final extension step at 72°C for 5 min. DNA
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samples were loaded into the appropriate wells of
the TAE agarose gel (1.5% (w/v)) stained with 1 — 3
ul ethidium bromide dye. The agarose gel was run
at 70V for 90 minutes. The DNA within agarose gel
was visualized using UV transilluminator.
DNA Sequencing and Phylogenetic Analysis

The PCR products obtained as described
above were purified utilizing the Geneaid DNA
Cleanup kit (catalogue number DP100). Nucleotide
sequencing of the purified PCR products was done
in both directions using the forward or reverse
primer for NAD1 gene. The sequencing was done
by a South Korea public biotechnology company
(Macrogen). The sequences of samples of the
hydatid cysts were obtained from 2 hydatid cysts of
liver sheep, 2 hydatid cysts of lung sheep, 2 hydatid
cysts of liver cattle, 2 hydatid cysts of lung cattle, 2
hydatid cysts of liver human and 2 hydatid cysts of
lung human and were dispatched to The National
Centre for Biotechnology Information Service
(NCBI, https://www.ncbi.nlm.nih.gov/) and the
accession numbers were assigned for these
sequences. The sequences of the current study were
aligned and compared with each other and with
those of E. granulosus sequences obtained from the
GenBank  database accessed through the
“Nucleotide database” on the NCBI website. The
phylogenetic tree was generated using the
Neighbor-joining  method  accessed  through
Molecular Evolutionary Genetic Analysis (MEGA)
version 7.0. The compute pairwise distances were
also performed using MEGA version 7.0.

Results:
Mitochondrial NAD1 Gene

DNA extracted from protoscolices of 30
samples of E. granulosus derived from sheep (10
samples), cattle (10 samples) and human (10
samples) were examined for the molecular analysis
using mitochondrial NAD1 primers. For all these
samples, a fragment of ~ 400 bp was successfully
PCR-amplified using the gene-specific primers (Fig.
1).

The partial sequencing of NAD1 produced
a sequence of < 400 bp for each of the chosen 12
isolates obtained from selected hosts (Table 1). The
sequences obtained in the current study were
deposited in the GenBank database under the
accession numbers MK894989.1, MK894990.1,

MK894991.1, MK904486.1, MK904489.1,
MK904490.1, MK894994.1, MK894995.1,
MK894992.1, MK904487.1, MK904488.1 and

MK894993.1 (Table 1).
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Figure 1. PCR products of NAD1 gene of E. granulosus. Lane 1 con
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tains a IZSNA Iédder and lanes 2 and

3 contain PCR products of Hydatid cysts derived from liver of sheep (A), cattle (B) or human (C).
Lane 4 and 5 contain PCR products of Hydatid cysts derived from lung of sheep (A), cattle (B) or
human (C). Panels D and E represent hydatid cysts and the panel F represents protoscolices of E.

granulosus.

E.granulosus MK894989.1 (This study) ——

H H 72| E.granulosus MK894991.1 (This study)
Table 1. E. garnulosus genotypes_ ind !ffe rent oo R Tt
hosts (sheep, cattle and human) identified by 1 granuosus MKG94592.1 (Tis sucy)
NADL. Hosts were from Thi-Qar province. — e et 1
indicates a hydated cyst isolated either from liver o0 E granuosus MKG949851 (Thisstcy)
E.granulosus AY386215.1 China G1
0 r I u ng - E.granulosus AY386217.1 China G1
. . E.granulosus KC579441.1 Argentina G1
Haplotype Accession No. Host Liver L Ez,anuicsumm;..a:m
E.granulosus EF367313.1 Morocco G1
1 M K894989 1 Sheep - E.granulosus MK904489.1 (This study) GlandG3
2 MK894990 1 Sheep _ 3 E.granulosus MH050630.1 China G3
: E.granulosus MK904488.1 (This study)
3 MK894991.1 Sheep EZranulosus KT363808.1 Tunisia 63¥
4 M K904486 1 Sheep E.granulosus EF367317.1-Morocco G1
) E granulosus DQB56469.1 Greece G3
5 MK904489.1 Cattle - E granulosus MK904487.1 (This study)
6 M K9044901 Catﬂe - 47| E-granulosus KT780300.1 Poland G1
E granulosus DQ856470.1 Greece G1
7 M K8949941 Cattle E:ranumsusJFSdﬁsu 1PeruG1
8 MK®894995.1 Cattle E granulosus MK904490.1 (This study)
E.granulosus KT284350.1 Iran G3
9 MK894992.1 Human - 2 E:ranulosus KT284351.1 Iran G1 —
10 MK904487.1 Human - ’V E granulosus HO585934.11ran G6 ]
11 MK904488.1 Human 0 ﬁ‘sgranumsmoawsse1cmnac7 G6 and G7
66! E.granulosus JF828353.1 Brasil G7_J
12 MK894993.1 ___Human i \ .
E.granulosus MK904486.1 (This study)
. . Alumbricoides GU326961.1
Phylogenetic Analysis
Figure 2 shows the phylogenetic relationships . . . .
g phytod P Figure 2. A Phylogenetic tree showing the

between NAD1 sequences obtained in the present
study and those of reference sequences of E.
granulosus strains (G1, G3, G6 and G7). All our
isolates, except the isolate with an accession
number MK904486.1, clustered together with E.
granulosus NAD1 sequences from strains G1 and
G3. In addition to this, all these isolates, including
the isolate with an accession number MK904486.1,
were clearly separated from the other E. granulosus
NADL1 sequences that belong to strains G6 and G7.
Thus, the majority of the isolates obtained in the
current study were more similar to the common
strains G1 and G3 that are responsible for the
human hydatid disease in the Southern part of Iraqg.
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relationships between reference sequences of the
NAD1 genes from E. granulosus strains G1, G3,
G6 and G7 with NAD1 sequences of the present
study. An Ascaris lumbricoides NAD1 gene was
used as the out-group to root the tree.
The Evolutionary Divergence between E.
granulosus NAD1 Sequences

NAD1 nucleotide sequences of the present
isolates had an identity value of 97.3 — 100% with
reference sequences of E. granulosus strains G1 and
G3 displayed in Table 2. Thus, estimates of
evolutionary divergence between NADL nucleotide
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sequences of the current study and with reference
sequences of E. granulosus strains G1 and G3 were
performed (Table 2). The sequences of isolates
Eg_1 (MK894989.1) and Eg_3 (MK894991.1) had
a genetic distance value of 0. 5 — 0. 8% with
sequences of E. granulosus strain G1 whereas they
possessed a genetic distance value of 0.8 -1.4%
with sequences of E. granulosus strain G3. In
addition to this, the sequences of isolates Eg_4
(MK904486.1) and Eg_8 (MK894995.1) owned
genetic distance values of 0.8 — 1.1% and 1.4 —
1.6% with sequences of E. granulosus strain G1
while they owned genetic distance values of 1.1 —
16% and 1.6 — 2.2% with sequences of E.
granulosus strain G3, respectively. Like isolates
Eg 1, Eg 3, Eg_4 and Eg_8, the sequences of
isolates Eg 2 (MK894990.1), Eg 11
(MK904488.1) and Eg 12  (MKB894993.1)
possessed a genetic distance value of 1.1 — 1.4%
with sequences of E. granulosus strain G1 while

they possessed a genetic distance value of 1.4 —
1.9% with sequences of E. granulosus strain G3.

Similarly, sequences  of isolates Eg 6
(MK904490.1), Eg_7 (MK894994.1), Eg 9
(MK894992.1) and Eg_10 (MK904487.1)

possessed a genetic distance value of 0.0 — 0.3%
with sequences of E. granulosus strain G1 while
they possessed a genetic distance value of 0.3 —
0.8% with sequences of E. granulosus strain G3.
Unlike other isolates, the isolate Eg_ 5
(MK904489.1) had a genetic distance value of 0.8%
with E. granulosus strain G3 from Iran, China and
Greece whereas it had a genetic distance value of
1.1 — 1.4% with sequences of E. granulosus strain
G1. These results clearly indicate that all isolates,
except the isolate Eg_5, were closely related to the
strain G1. However, the isolate Eg_5 was closely
related to the strain G3.

Table 2. The percentage of genetic distances among NAD1 sequences of 12 present isolates of E.
granulosus and 12 selected sequences (strains G1 and G3) from GenBank

No. Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1 Eg_1_This study 05 00 14 05 05 05 14 05 05 14 11 08 05 05 05 05 05 05 05 14 08 08 08
2 Eg_2_This study 05 19 11 11 11 19 11 11 19 16 14 11 11 11 11 11 11 11 19 14 14 14
3 Eg_3_This study 14 05 05 05 14 05 05 14 11 08 05 05 05 05 05 05 05 14 08 08 08
4 Eg_4_This study 19 08 08 22 08 08 19 19 11 08 08 08 08 08 08 08 16 11 11 11
5 Eg_5_This study 1 11 19 11 11 19 16 14 11 11 11 11 11 11 11 14 08 08 08
6 Eg_6_This study 00 14 00 00 11 11 03 00 00 00 00O OO OO OO 08 03 03 03
7 Eg_7_This study 14 00 00 11 11 03 00 00 OO 0O OO 00O OO 08 03 03 03
8 Eg_8_This study 14 14 11 08 16 14 14 14 14 14 14 14 22 16 16 16
9 Eg_9_This study 00 11 11 03 00 O00 00O 00O 00O 00O 00O 08 03 03 03
10 Eg_10_This study 11 11 03 00 00O 0O 00O OO OO 0O 08 03 03 03
11 Eg_11_This study 03 14 11 11 11 11 11 11 11 19 14 14 14
12 Eg_12_This study 14 11 11 11 11 11 11 11 19 14 14 14
13 Eg_Algeria_G1 03 03 03 03 03 03 03 11 05 05 05
14 Eg_Morocco_G1 00 00 00 00 00 0O 08 03 03 03
15 Eg_lran_G1 00 00 00 00 00 08 03 03 03
16 Eg_China_G1 00 00 00 00 08 03 03 03
17 Eg_Greece G1 00 00 00 08 03 03 03
18 Eg_Poland_G1 00 00 08 03 03 03
19 Eg_Peru_G1 00 08 03 03 03
20 Eg_Argentina_G1 08 03 03 03
21 Eg_Tunisia_G3 05 05 05
22 Eg_lIran_G3 00 0.0
23 Eg_China_G3 0.0
24 Eg_Greece_G3
Nucleotide Sequence Comparison of E. from Iran and China. The present E. granulosus

granulosus NAD1 Genes

Figure 3 shows an alignment of NAD1
nucleotide sequences from E. granulosus strains G1
and G3 and E. granulosus isolates obtained in the
current study. The reference sequences of E.
granulosus strain G1 from Iran and China shared
the same nucleotide sequences, except nucleotide
adenine at the position 357 was replaced by a
nucleotide guanine, with E. granulosus strain G3
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NAD1 sequences were highly similar to those
reference sequences of strain G1 and G3 from Iran
and China. However, there were 14 polymorphism
sites among these NAD1 sequences obtained in the
current study (Figure 3). At the position 8, the
nucleotide Adenine found in strains G1 and G3 is
conserved in most present isolates, except for 3
isolates (Eg_8, Eg_11 and Eg_12) it was replaced
by nucleotide thymine. At the site 9, the nucleotide
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thymine was replaced by nucleotide adenine in 2
isolates (Eg_11 and Eg_12) but it was conserved in
the isolates Eg_1 to Eg_10. At the position 10, the
nucleotide guanine was only replaced by nucleotide
thymine in 5 isolates (Eg_1, Eg_2, Eg_5, Eg_8 and
Eg_12) and was replaced by nucleotide cytosine in
the isolate Eg_11. At the position 11, the nucleotide
thymine found in strain G1 and G3 was only
substituted with nucleotide guanine in 4 isolates
(Eg_1, Eg 2, Eg 3 and Eg_5) whereas at the
position 12, the nucleotide thymine was only
substituted with nucleotide guanine in 3 isolates
(Eg_8, Eg_11 and Eg_12). The nucleotide guanine
was conserved in the position 28 in all isolates,
except that for the isolate Eg_4 it was replaced by
nucleotide cytosine. At positions 33 and 41, the
nucleotides adenine and cytosine were substituted
with nucleotide thymine in the isolate Eg_4,
respectively. At positions 79, and 210, the
nucleotides thymine was only substituted with

NOAAOAONOROQOMEO O A
NEED Y Y I Y Y BEN Y Y

[eRe RN e NeRe N ReNoReNoRe] - [oNoRe]

nucleotide cytosine in the isolate Eg_8 whereas at
positions 264 and 353, it was only substituted with
nucleotide cytosine in isolates Eg 5 and Eg 2,
respectively. In addition to this, the nucleotide
thymine was only substituted with nucleotide
adenine in the isolate Eg_2 at the position 358. At
the position 357, the nucleotide adenine found only
in strain G1 was conserved in most isolates of the
current study (Eg_1, Eg_2, Eg_3, Eg_4, Eg_6,
Eg 7,Eg_8,Eg 9, Eg 10, Eg_11 and Eg_12) while
the nucleotide guanine found only in strain G3 was
conserved in the isolate Eg_5. These results indicate
the occurrence of a single nucleotide polymorphism
in the isolates of the current study. The sequence of
isolates Eg-7, Eg_9 and Eg_10 was identical to the
sequence of the E. granulosus strain G1 but the
sequence of other isolates was slightly different.
The sequence of the isolates Eg_5 was similar to the
sequence of the E. granulosus strain G3.

|
| |
|
|
g
BT
T
L |
| |
)
B
B
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|

Figure 3. A nucleotide sequence alignment of NAD1 genes from E. granulosus strains G1 and G3 and

NADL1 sequences from the present study.
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Amino Acid Sequence Comparison of E.
granulosus NAD1 Proteins

Figure 4 shows an alignment of NAD1
amino acid sequences from E. granulosus strains
G1 and G3 and E. granulosus isolates obtained in
the current study. The reference sequences of E.
granulosus strain G1 from Iran and China shared
the same amino acid sequences, except the
isoleucine (I) residue at the position 119 was
replaced by a methionine (M) residue, with E.
granulosus strain G3 from Iran and China. The
majority of the E. granulosus NAD1 proteins
obtained in this study were highly similar to the E.
granulosus NAD1 proteins of strain G1, especially
in the isolates Eg_6, Eg_7, Eg_9 and Eg_10 in
which the amino acids remained the same. On the
other hand, the amino acid sequences of the isolate
Eg_5 was highly similar to the E. granulosus NAD1
proteins of strain G3. In total, there were 7 non-

.granulosus_1
.granulosus_2
.granulosus 3
.granulosus:4
.granulosus 5
.granulosus_6
.granulosus_7
.granulosus_8
.granulosus_9%
.granulosus_10
.granulosus_ 11
.granulosus:IQ
.granulosus_Iran Gl
.granulosus_China_ Gl
.granulosus China G3
.granulosus Iran G3

HEEEEEEEEEEmREERE

I

Y
T3
T3
T3
I3
T3
Ty
I3
T3
5
T3
Ty
T3
T3
T4

.granulosus 1
.granulosus_2
.granulosus_3
.granulosus_ 4
.granulosus 5
.granulosus_6
.granulosus_7
.granulosus 8
.granulosus 9
.granulosusilo
.granulosus_11
.granulosus_12
.granulosus_Iran Gl
.granulosus_China_G1
.granulosus_China_ G3
.granulosus Iran G3

mEHEEEDEDEEEDEEREEEER

synonymous substitutions, causing in the amino
acid change in the isolates Eg_1, Eg_2, Eg_3, Eg_4,
Eg 5, Eg 8, Eg 11 and Eg_12. The tyrosine (Y)
residue at the position 3 was replaced by a leucine
(L) residue in the isolates Eg 11 and Eg_12
whereas the valine (V) residue at the position 4 was
replaced by either a cysteine (C) residue in the
isolates Eg_1, Eg_2, Eg_3 and Eg_5 or a leucine
residue in the isolates Eg_8, Eg_11 and Eg_12. In
the isolate Eg_4, at the position 11, the leucine
residue was substituted with a phenylalanine (F)
residue while at the position 14, the A residue was
substituted with a valine residue. The tyrosine
residue was only replaced by a histidine (H) residue
in the isolate Eg_8 at the position 27. In the isolate
Eg 2, at the position 118, the leucine residue was
substituted with a serine (S) residue whereas at the
position 120, the cysteine residue was substituted
with a serine residue.

Figure 4. An amino acid sequence alignment of NAD1 proteins from E. granulosus strains G1 and G3

and NAD1 proteins from the present study.

Discussion

Phylogenetic analysis of the NAD1
sequences (< 400 bp) obtained in the current study
showed the presence of the G1 strain (G1 - G3
complex) in E. granulosus samples collected from
Thi-Qar province. Eleven isolates out of twelve
confirmed the E. granulosus sheep strain G1
whereas 1 isolate confirmed the E. granulosus
buffalo strain G3. These results suggest that the
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predominate strain of E. granulosus in Thi-Qar
province is the sheep strain.

Globally, ten different strains of E.
granulosus (G1 — G10) have been pronounced
according to the sequence analyses of the
mitochondrial genes such as cytochrome c subunit 1
(CO1), NAD1 (5, 10, 13, 14). E. granulosus isolates
have been characterized in some Arabic countries
such as Sudan, Lebanon and Jordan using molecular
techniques (14, 15). In Irag, few studies have
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employed molecular techniques as a tool in the
characterization of E. granulosus strains (16). One
of these studies conducted in Thi-Qar province by
Hansh and Awad (17). Like the results of the
current study, Hansh and Awad (17) reported in
their study on 75 hydatid cysts collected from
human, sheep, cattle, buffaloes and camels that the
predominant strain of E. granulosus is the sheep
strain G1 depending on the rDNA-internal
transcribed spacer 1 (ITS1) gene followed by PCR-
restriction fragment length polymorphism (RFLP)
analysis. Similarly, it was observed that the E.
granulosus sheep strain is responsible for the
hydatid disease in Kurdistan, Iraq (18). In Iran, it
was reported that every sheep, cattle and goat is
infected by the sheep strain of E. granulosus (12).
Moreover, based on rDNA-ITS1 sequences, Vahedi,
Mahdavi (19) demonstrate in Iran that all samples
of hydatid cysts isolated from different organs of
human are similar to the sheep strain. In Turkey, it
was observed that the predominant strain of E.
granulosus is the sheep strain (20). Shahzad, Abbas
(21) confirmed the presence of the E. granulosus
sheep strain in sheep, cattle, goats and buffaloes in
Pakistan as well. Thus, our results are in accordance
with other results from Iraq and other countries that
the strain G1 is the dominate strain of E.
granulosus.

Unlike the results of the current study, in
Mosul province, two strains of E. granulosus which
are dog/sheep and dog/cattle were demonstrated
depending on morphological characters (22). Again,
in contrast to our results, a study in Baghdad
province  amplifying the  rDNA-ITS1gene
demonstrated that most of patients with hydatidosis
is related to the sheep strain G1, the horse G4, the
buffalo strain G3, the cattle strain G5, the camel
strain G6 and the pig strain G7 of E. granulosus
(23). Therefore, the variety in the results of the
previous studies, conducted in Mosul and Baghdad
provinces, from our results could be explained by
the difference in geographic areas, the type of
samples and the employed methods as well. A
definitive host for E. granulosus, the domestic dog,
plays a significant role in the spread of infection
with hydatid cysts in Middle East countries by
contamination of the environment, sheep, goats,
cattle, camels, buffaloes, pigs and donkeys (8, 16,
24).

Although the nucleotide NAD1 sequences
of the present isolates were highly similar to
reference sequences of E. granulosus, there were 14
polymorphism sites among these NAD1 sequences
observed in the present isolates. It seems to be the
most important variation that occurred in the isolate
Eg_5 at the position 357 via replacement of the
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nucleotide A found in the sheep strain G1 with the
nucleotide G found in the buffalo strain G3 (Fig. 3).
This was reflected on the amino acid sequence of
the isolate Eg_5 which shared the same M residue
found only in the strain G3 at the position 119.
Thus, the amino acid sequence of the isolate Eg_5
was highly similar to the E. granulosus NAD1
proteins of strain G3. This result indicates that the
isolate Eg_5 isolated from the liver of cattle could
belong to the buffalo strain G3.

Conclusion:

The results of the current study showed the
presence of the popular strains G1 and G3 of E.
granulosus in the samples collected from Thi-Qar
province. This study also reported, based on the
nucleotide sequences of NAD1 gene, that the
predominate strain of E. granulosus in Thi-Qar is
the strain G1. Further studies on E. granulosus in
different  geographic areas and different
intermediate hosts with a large sample size need to
be performed using molecular techniques in Iraqg.
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