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Abstract

Background: The aim of this study was to detect the genotype of Fasciola spp. in Meshkin-Shahr, Ardabil Province,
northwestern Iran in different hosts using PCR-RFLP.

Methods: The parasite hosts included cattle, and sheep. Overall, 70 adult flukes from livers of slaughtered animals
were collected from the abattoirs of aforementioned area. The included 35 samples from infected sheep and 35 sam-
ples from 35 infected cattle. PCR—RFLP and sequence analysis of the first nuclear ribosomal internal transcribed spac-
er (ITS 1) region from Fasciola species were used to conduct the study.

Results: The fragment of approximately 700bp in all of the Fasciola samples was amplified. PCR products of ITS 1
were subjected for digestion by restriction enzyme. Rsal restriction enzyme was selected for RFLP method that caused
the separation specifically of Fasciola species. Amplicons with the sequences of F. hepatica had a pattern of about 360,
100, and 60 bp band size, whereas F. gigantica worms had a profile of 360, 170, and 60 bp in size, respectively. Results
based on PCR-RFLP analysis were confirmed by sequence analysis of representative I'TS 1 amplicons. No hybrid
forms were detected in the present study. All sheep were infected with F. hepatica but cattle were infected with both
species.

Conclusion: Both species of Fasciola are present in Ardabil. The method described here can be valuable for identifica-
tion of Fasciola species in endemic parts for fasciolosis, regions with intermediate species and in that overlapping dis-
tribution area.
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Introduction

Fascioliasis, caused by Fascola spp., is one of the
most zoonotic diseases with a global extension
and of a significant concern in areas with suitable
situations (1).” About 2.4-17 million cases of hu-
man fascioliasis are estimated in the world and
180 million exposed at risk of fascioliasis that
demonstrates the importance of the disease (2)”.
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Two great epidemics of human fascioliasis with
about 10,000 people infected in each case oc-
curred in the north of Iran (3-5). According to
WHO, fascioliasis is one of the most important
diseases and parasitic infections transmitted by
food (6). Considering the importance of fascio-
liasis in Iran, various studies especially in order to
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identify and genotyping of Fasciola seems indis-
pensable.

Morphological features of adult worms and eggs
are influenced by the different factors such as host
type, age of parasite, fixation of the samples and
intensity of the infection (7).Distribution ovetlap
of F. hepatica and F. gigantica in Asia and simultane-
ous infection with these two parasites in cattle in
northern Iran and bug reporting interface is also
introduced in other provinces of Iran (8). It is
usually difficult to accurate differentiation be-
tween Fasciola species based on phenotype criteria
(9-11). Today, molecular methods based on DNA
analysis is a great impact in many fields, including
identifying systematic parasitology, parasite infec-
tion, parasite epidemic, analysis of the genetic
structure of parasite populations, such as genetic
differences between the sexes, gene expression
and drug resistance of and the vaccine.Therefore,
it seems that the use of the accurate and reliable
method for identification and differentiation of
Fasciola species is necessary. For this purpose,
PCR-RFLP based on 28s rRNA, 18s tRNA, ITS 1
or I'TS 2 has been used (12-13).

In the present study, region between 18S and 28S
(ITS 1, 5.8s,) of ribosomal DNA was used by
PCR-RFLP method. Since, ITS 1 sequence was
suitable genetic markers for genotyping, interaspe-
cific variations, and phylogenetic studies of para-
sites (14); we used only I'TS 1 for molecular identi-
fication of Fasciola species.The adjacent of Ardabil
Province to endemic areas of fasciolosis persuad-
ed us to conduct the present study (15).

Materials and Methods

Parasite

Overall, 70 Fasciola isolates were studied from two
hosts in Ardabil Province, northwestern Iran (Fig.
1). These parasites were isolated from 35 infected
sheep and 35 infected cattle. Individual worms
were washed extensively in PBS buffer (37°C) and
subsequently fixed in 20% ethanol and maintained
at room temperature for several weeks until extrac-
tion of genomic DNA (Table 1).
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Fig. 1: Map of Iran (a) Ardabil Province, northwestern

Iran (b)

DNA extraction

Approximately 10 mg tissue was removed from a
portion of the lateral zone of adult flukes and
crushed. The ethanol in each of these samples
was allowed to evaporate for a few minutes and
washed in distilled water for 3 times and squash-
ing before the genomic DNA was extracted with
(DNGTM—PLUS) kit was used for genomic DNA
extraction of Fuasciola Parasites. The extracted
DNA, split into aliquots, and stored at -20°C until
used in the PCR.

Primer designing

We designed forward (5-ACCGGTGCTGAGAA-
GACG-3) and Reverse (5-CGACGTACGTGCAGTCCA-
3) primers using Gene Runner and BLAST
(http:/ /www.ncbi.nlm.nih.gov/blast) software.
The primers were synthesized by Bioneer Com-
pany (Korea).

PCR

To amplify a 700 bp region of the ITS 1 sequence,
PCR was performed using a pair primer.

Total volume of reaction was 15ul containing
1.5ul DNA template, 5ul distilled water, 10pmol
of each primers (Forward and Reverse), and 7.5ul
master mix (amplicon). PCR amplification was
performed in Eppendorf Mastercycler Gradient
thermocycler . The temperature profile was as fol-
lows: an initiation of 95°C for 5 min, followed by
30 cycles of 94°C for 30s (denaturation), 60°C for
30s (annealing), 72°C for 30s (extension) and a
final extension of 72°C for 5min followed by
cooling at 4°C.
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Table 1: Position of variable bases and differences in sequences of I'TS 1 region of Fasciola spp

Position ITS1
Sample
Haplotype Accession 59 68 186 276 370 448 468
Number
F. hepatica (H1) KF982049 T C C A C T C
F. gigantica (G2 KF982046 C T T T T A T
F. gisantica (G1) KF982047 C C T T T A T

PCR products were electrophoresed on 1.5% (for
ITS 1 PCR) agarose gel in TAE buffer at 60 V for
40 min and visualized by UV illumination
(UVITEC) after ethidium bromide staining. To
estimate the size of the amplicons, a 100bp DNA
ladder (Fermentas) was used in gels.

Sequencing and analysis

To select a suitable restriction enzyme we se-
quenced PCR products of one Fasciola samples
from sheep and one Fasciola samples from cattle.
The sequences were analyzed and aligned using
Blast (http://blast.ncbi.nlm.nih.gov/Blast) and
multalin  (http://multalin.toulose.inra.fr/ mul-
talin ) software in comparison with sequences of
Fasciola TTS 1, previously published from other
countries in GenBank. Nucleotides of 700bp from
fasciolid species were subjected to comparison of
restriction sites and selection the appropriate en-
zyme by Webcutter 2 using the following website:
(http:/ /bio.lundberg.gu.se/cutter2) software.

Restriction Fragment Length Polymorphism
(RFLP)

Rsa I enzyme (Fermentas) was selected for RFLP
method that caused the separation specifically of
Fasciola species. To performance RFLP, 5 ul of
Fasciola TS 1 PCR product, 2.5 ul of supplied re-
striction enzyme buffer, 5 pl of restriction enzyme
diluted, and D.W up to 25 ul were provided. Ac-
cording to the manufacturer instruction, the tubes
were incubated at 37 °C for 7 h, to ensure full cut-
ting of fragments. For analyzing the digestion
products, 15 ul of each product in addition to 2 pl
of loading buffer were electrophoresed on either
3% agarose gel in TAE buffer at 60 V for 40 min
and visualized by UV illumination (UVITEC) af-
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ter ethidium bromide staining, To estimate the size
of the separation specifically of Fasciola species, a
100bp DNA ladder (Fermentas) was used in gels.

DNA Sequencing and Phylogenic Analysis
PCR products of ITS 1, of 20 isolates from two
hosts (cattle and sheep) were sequenced .DNA
Analyzers Sequencing, using the same primers
which were used in the PCR.The sequences were
aligned and compared with those of existing se-
quences from the region, related to Fasciola spp.
available in the GenBank, using the BLASTpro-
gram of NCBI GenBank. Multiple alighments
were performed with data related to Fasciola spp.
from Iran and other countries deposited in Gen-
Bank. A maximum likelihood tree was constructed
using Blast (http://blast.ncbi.nlm.nih.gov/Blast).

Results

Genomic DNA was extracted from 70 isolates,
which could amplify a fragment approximately
700bp in all of the samples (Fig. 2). Negative con-
trol did not produce any band on the gels.All am-
plified products of Fasciola were digested with the
Rsa I restriction enzyme. The band patterns of the
fragments digested with Rsa I were accurately dis-
tinguished among the two forms of Fasciola.

PCR-RFLP Analysis

Based on RFLP pattern, from 70 Fasciola isolates,
4 isolates (11.4%) from cattle had a RFLP pattern
corresponding to F. hepatica, 31 isolates (88.6%)
from cattle had a RFLP pattern corresponding to
F. gigantica.35 isolates (100%) from sheep had a
RFLP pattern corresponding to F. hepatica.
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Fig. 2: PCR pattern of Fasciola. Lane M: 100bp DNA
ladder, Lanes 6and 17: Fasciola from cattle, L.ane 13 and
Lane 16: Fasciola from sheep, Lanes N: Control negative

RFLP pattern from F. hepatica, which had 5 cut-
ting sites, were predicted to be separated into frag-
ments of 367, 104, 68,59, 54, and 28 bp in the
amplicons. while 5 fragments were produced by 4
cutting sites from F. gigantica including 367, 172,
59, 54, and 28 bp in the amplicons (Fig. 3, 4). The
band of 60 bp was thought to include the three
fragments of 68 bp (only F. hepatica), 59 and 54 bp,
and the small fragment of 28 bp was not detected
on agarose gels. These findings showed that the
band patterns between the amplicons with the se-
quences of F. hepatica and F. gigantica were evi-
dently different.
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Fig. 3: PCR-RFLP pattern of Fasciola after digestion with
Rsa I restriction enzyme. Lane M: 100bp DNA ladder,
Lanes 6: F. gigantica from cattle, Lane 17 F. hepatica from
cattle, Lane 3: F. bepatica from sheep, Lanes16: F. hepatica
from sheep after and before digestion with Rsa I re-
striction enzyme
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Fig. 4: PCR-RFLP pattern of Fasciola after digestion with
Rsa I restriction enzyme. Lane M: 100bp DNA ladder,
Lanes 7 F. gigantic, from cattle, Lane 9: PCR amplicons
(upper) of F. gigantic and their restriction fragments (low-
er) produced by the PCR-RFLP method.from cattle,
Lane 11 and 12: F. hepatica from sheep, Lane 14: F. giganti-
¢a from cattle before digestion with Rsa I restriction en-
zyme

The sequences of 700 bp ITS 1 of the flukes were
analyzed and aligned with those of available se-
quences in  GenBank  using  multalin
(http://multalin.toulose.inra.fr/ multalin)  soft-
ware in comparison (Fig. 5, 6). Alignment of the
sequences of ITS 1 showed DNA variable sites in
which nucleotides at the position of 59, 68, 186,
276, 370,448, and 468 were single-base substituted
resulting in segregation of the specimens (Table 1).
Some sequences of F. hepatica and F. gigantica were
analyzed and deposited in GenBank (Table 2).
Ninety-hundred percent similarities were obtained
in comparison of these sequences with all availa-
ble data of Fasciola spp. in GenBank.

Restriction sites of the nucleotides in the Fasciola
species were studied by computer software for
selection a suitable enzyme. Accordingly, Rsa 1
was selected as one of the best restriction enzyme
for differentiation between F. hepatica and F. gigan-
tica which showed effect on GTAC nucleotides.

Phylogenic tree

Phylogenic Tree of ITS 1 showed that flukes were
scattered as pure F. hepatica and F. gigantica clades,
suggesting that two genotypes of Fasciola are able
to infect animals and probably human in North-
western of Iran (Fig. 7).
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KF82043,11 GGTGCCATTETAGTGGCT TCGGECGE TCGACCGGTGE TGAGARGACGACCARACT TGATCATTTAGAGGARGTARARGTCGT
KF982046,11 GGTGCCATTGCAGTGRCTTTGGLCGLTCGACCGATGL TGAGARGACGACCAAACTTGATCATTTAGAGGANGTARARGTCGT
KFa82047,11 GETGCCATTECAGTRGECT TEGGLCELTCRACCARTGE TGAGARGACGACCARACT TGATCATTTAGAGGARGTAARRGTCGT
Consensus GGTGECATTHEAGTGECT TeGGECGE TCGACCGGTGE TGAGARGACGACCARACT TGATCATTTAGAGGARGTAARRGTCGT
131 14 150 160 120 180 190 200 210 220 230 240 260 260

| |

KF902049,11 ANCARGGTTTCCGTAGGTGARCCTGCGGANGGATCATTACCTGARANTCTACTCTCACACARGCGATACACGTGTGACCGTCATGTCATGCGATARANATTTGCGGACGGCTATGCCTGGCTCATTGAGE
KF982046,11 AACAAGGTTTCCGTAGGTGARCCTECGGARGGATCATTACCTGARARTCTACTCTTACACARGEGATACACGTGTGACCGTCATGTCATGLGATARRRATTTECGGACGGCTATGLCTEECTCATTGAGG
KF982047,11 HACHAGGTTTCCGTHGGTGHACE TECGGARGGHTCAT TACC TGHARRTCTACTET TRERCARGCGHTACHCGTGTGACCGTCATETCHTGLGHTHARRRT T TECGGACGGE THTGLC TEECTCAT TGHGG
Consensus  ARCARGGTTTCCGTAGGTGARCCTGCGGARGGATCATTACCTGARAATCTACTCTEACACANGCGATACACGTGTGACCGTCATGTCATGCGATARAAATTTGLGGACGGCTATGCCTGGCTCATTGAGG
?51 270 280 290 300 310 320 330 340 3no 360 370 380 33?

KFa82049.11 TCACAGCATATCCGARCACTGATERGGETGCCTACCTGTATGATACTCCGATGRTATGLTTGCGTCTCTCAGGGLGETTRTCCARGCCAGGAGAACGGGTTGTACTGCCACGATTGGTAGTGCTAGGCTTA
KF982046.11  TCHCAGCATATCCHATCACTGATGEGETECCTACCTGTATGATACTCCHATEGTATGCT TRCETCTCTCREGGCGET TR TCCHAGCCARGAGARCHGET TATACTGCCATGHT THETAGTGCTAGGCTTA
KF982047,11 TCACAGCATATCCGATCACTGATGGGGTGCCTACCTGTATGATACTCCGATGGTATGETTGCGTCTCTCGGGGEGETTGTCCARGCCAGGAGARCGGGTTGTACTGCCATGATTGGTAGTGCTAGGCTTA
Conzensus  TCACAGCATATCCGALCACTGATGGEGTGCCTACCTGTATGATACTCCGATGGTATGCTTGLGTCTCTCGGGGCGCTTGTCCARGCCAGGAGAACGGGTTGTACTGCCALGATTGGTAGTGLTAGGCTTA

391 400 410 420 430 440 450 460 470 480 430 500 510 520

1 + + + + + + + + + + + + 1

KF982049,11  ARGAGEAGATTTEEGCTACGECCE TGCTCCCGCCCTATGARCTETTTCATTACTACATTTACACTGT TARRGTGGTACTGARTGGLTTGCCATTCTTTGCCATTRECCTCGCATGCACCCGRTCCTTRTG
KF982046,11  ARGAGGAGAT T THGGC TACGGECCTGETCCCGECCTATGARCTGTTTCATTACTACART TACACTGT TARAGTGGTAT TGAARTGGCTTGCCATTCTTTGECAT TGCCCTCGCATGUACCCGGTCCTTGTG
KF982047,11  ARGAGGAGAT TTGGGCTACGGLCCTGLTCCCGLCCTATGARCTGTTTCATTACTACART TACACTGT TAANGTGGTATTGARTGGCTTGCCATTCTTTGLCATTGECCTCGCATGCACCCGGTCCTTGTG
Conzenaus  ARGAGGAGAT TTGRECTACGECCCTRCTCCCRCCCTATGARCTGTTTCATTACTACAAT TACACTGT TAARGTGGTAL TGARTGGETTRCCATTCTTTRCCATTRCCCTCRCATRCACCCAGTCCTTRTG

?21 530 540 650 560 570 500 590 GOO 610 620 630 Edlil
KF382049,11 GLTGGACTGCACGTHCGTCGECCEECGETGLCTHTCLLGEGT TEGACTGHTARCCTGGTETTTGACCATACGTHCARC TCTEAACGET GGHTCACTCGEL TCGTRTGTCE
KF902046,11 GCTGGACTGCACGTACGTCGLCCGGLGGTGCCTATCCCGGGTTGGACTGATARCCTGGTCTTTGACCATACGTACANCTCTGANCGGTGGATCACTCGGETCGTGTGTCG
KF982047 .11 GCTGGACTGCACGTACGTCGLCCERCGETGLCTATCLLGEETTRGACTGATARCCTGGTCTTTGACCATACGTACARCTCTEARCGGTGGATCACTCGGLTCGTETRTCG
Congenzug  GLTHGACTGEACGTACGTCGLCCHECEETGCCTHTCCCGEG T THGACTGHTARCCTGGTETTTGRCCATACETHCARCTCTERRCGGETGGHTCACTCGEETCGTHTHTCG

Fig. 5: Sequence alignment of the ITSI, region from Fasciola hepatica (IKEF982049) and Fasciola gigantic (KF982046 &
KF982047) of Ardabil Province, Iran

% 10 20 30 40 50 60 70 80 30 100 110 120 13?

KF382049,11 ; TGGTGCCATTGTAGTGGCT TCGGCCGL TCGACCES TGCTGRGARGACGAC
KF982046.11 TEGTGECCATTGCAGTGEET TTGGECCECTCGACCGG TR TGAGRAGACGAC
KF982047.11 TEGTECCATTECAGTGGET FCEGCCELTCGRLCEGTGC TERGRAGRCGAC
JF295001,11 TGGTGECATTGCAGTGGLT TCGHCCEC TCEACCEEYRE TGRGARGACGAC
AB514861,11 TGETGLCATTGTRGTGGLT TCGGCCGLTCGRCCGGTGC TGRAGARGACGAL
60925431.11 TGETGECATTGTAGTGGET TCEOCCGETCOACCGHTEL TGRGARGACGAT
Consensus TGGTGEECATTGERGTOGET TeGORCCGLTCGRCCGGTECTGAGRAGACGAC
E?l 140 150 160 170 180 190 200 210 220 230 240 250 260

1
I |

KF982049.11 CAARCTTGRTCAT T TAGRGGAAGTAAARGTCGTARCAAGGT TTCCE TAGG TGAACE TGCGGARGGATCAT TRCCTGRAARTCTRCTCTCACACARGCGATACACGTGTGACCGTCATGTCATGCGATARA
KF982046.11 CAARCTTGATCATTTRGAGGRAGTAAARGTCGTRACARGGT TTCCGTAGGTGRACCTGCGEARGGATCAT TACCTGRARATCTACTCTTACACAAGCGATACARCGTGTGACCGTCATGTCATGLGATARAR
KF382047,11 CAARCTTGRTCATTTAGAGGARGTARRAGTCGTARCARGGT TTCCGTAGETGARCCTGCGGARGGATCAT TACCTGAARRTCTRCTCTTACACARGCGATACACGTGTEACCGTCATGTCATGLGATARR
JF295001.11  CAARCTTGATCATTTAGAGGRAGTAAARRGTCGTARCARGGT TTCCGTAGGTGAACC TGCGGAAGGATCAT TACCTGRAARRTCTACTCT TACACARGCGRTACRCGTGTGACCGTCATGTCATGCGATAAR
ABS14861.11 CAAARCTTGRTCATT TAGAGGARG TRAARGTCGTAARCAAGGT T TCCGTAGETGAACC TECGERRGGATCAT TRCCTGARARTC TRCTCTCACACARGCGRATACACGTGTGACCGTCATGYCATGLGATAAR
60925431.11 CAAACTTGRATCATTTRGAGGARGTARARGYCGTARCARGGT TTCCGTAGGETGRACCTGCGGARGGATCATTACCTGARRRTCTRCTCTCACACAAGCGATACACGTGTGACCGTCATGTCATGCGATARR
Consensus CAAACTTGATCATTTAGRGGARGTARARGTCGTAACARGGTTTCCGTAGGTGARCCTGCGGARGGATCATTRCCTGRARATCTRCTCTcACRCARGCGATACACGTGTGACCGTCATGTCATGCGATARA

?51 270 280 250 300 310 320 330 340 350 360 370 380 39?

I
KF982043,11 AATTTGCGEACGGCTATGCCTGECTCAT TGAGGTCACAGCATATCCGARCAC TGATGEGGTGCCTRCCTGTATGATACTCLGATAETATECTTGCGTCTCICGGGGCGLTTGTCCARGCCAGGAGARCGE
KF982046.11  ARTTIGCGGACGGCTATGECTGGCTCATTGAGGTCACAGCATATCCGATCACTGATGEGGTGCCTACCTGTATGATACTCCGATGGTATGETTGLGTCTCTCOGGGCGCT TGTCCARGCCAGGAGRACGG
KF382047.11 ARTTTGCGGACGGCTATGECTGGLTCAT TGAGGTCACAGCATATCCGATCACTGATGEGGYGCCTACCTGTATGATRCTCCGATGGTATGCT TGCGTCTCTEGGGECGET TGICCARGCCAGGRGARCEE
JF295001,11 ARTTTGCGGRCGGCTRTGECTGELYCATTGAGGTCACAGCATATCCGATCACTGATGEEGTGCCTACCTGTATGATACTCCGATGETATGETTGCETCTCTCGGGECGCT TGTCCARGCCAGGAGRACEE
AB514861.11 ARTTTGCGGACGGCTRTGECTGGLTCAT TGRGGTCACAGCATATCCGARCACTGATGEGGTGCCTACCTGTATGATACTCCGATGGTATGCTTGCGTCTCTCGGGG6C6CT TGTCCARGCCAGGRAGARCEG
6Q925431.11 ARTTTGCGGACGGCTRTGECTGHCTCAT TGAGGTCACAGCATATCCGARCAC TGATGEGGTGCCTACCTGTATGATACTCLGATGETATECTTGEGTCTCTCGGGGCGCT TGTCCARGECAGGAGARCGG
Consensus  ARTTTGCGGACGGCTRTGCCTGRCTCATTGAGGTCACAGCATATCCGRACACTGATGEGGYGECTACCYGTATGATACTCCOATEETATGETTGEGTCTCTCOGGGCGLT TGTCCARGLCAGGAGARCEG

391 400 410 420 430 440 450 460 a70 480 430 500 510 520

1 1

KF982049.11 GITGTACTGCCACGAT TGETAGTGCTAGGCTTARAGAGGAGAT TTGGGLTACGGCCCTGLYCCCGLCCTATGRACTGTTTCAT TRCTACATTTACACTGT TARRGTGGTACTGARTGECTTGCCATTCTT
KF982046,11 GITGTACTGCCATGRTTGGTAGTGCTAGGCTTARAGAGEAGAT TTGGGCTACGGLCCTGCYCCCGCCCTATGRARCTGYTTCATTACTACART TACACTGT TARAGTGGTATTGARTGGCTTGCCATTCTT
KF382047,11 GITGTACTGCCATGAT TGGTAGTGCTAGEC TTARAGAGEAGAT T THEGCTACGGECCTGCTCCCGCCCTATGARCTGTTTCATTACTACART TACACTGT TARAGTGGTAT TGAATGECTTGCCATTCTT
JF295001.11 GTTGTACTGCCATGAT TGGTAGTHC TAGGCT TARAGAGGAGAT TTGEGCTACGGCCLTGCICCCGECCTATGARCTRTTTCAT TRCTACAAT TACACTGT TARAGTGGTAT TGARTGGC TTGCCATTCTT
AB514861.11 GITGTACTGCCRCGAT TEGTAGTGCTAGECT TARAGAGEAGAT T TEHECTACGELCCTGCTCCCGCCCTATGARCTGY TTCATTRCTRCAT T TACRCTGT TARRGTGGTACTGARTGECTTGCCATTCTT
60925431.11 GITGTACTGCCACGATTGGTAGTGCTAGGCT TARAGRGGAGAT TTGEGECTACGGECCTGCTCCCGLCCTATGRRCTGTTICATTRCTRCATTTRCACTGT TARAGTGGTACTGARTGGLTTGCCATICTT
Consensus GTTGTACTGCCACGATTEETAGTGCTAGGLT TARAGAGEAGAT TTGEECTACGGCCCTGCTCCCGLCCTATGARCTGTTTCATTACTACAATTRCACTGT TARAGTGLTACTGARTGECTTGCCATTCTT

.':21 530 540 550 560 570 580 590 600 610 620 630 640 85?

KF3982043,11 TGCCATTGECCTCGERTGCACCCGETCCTTGTGECTGEACTGCACGTRCETCACCCGECGETGLCTATCCCGGET TGGACTGATARCCTGGTCTTTGRCCATACGTACARCTCTGARCGGTGGATCRCTE
KF982046.11  TGLCATTGCCCTCGEATGCACCCGGETCCT TETGEETGGACTECACGTACGTCRCCCGROGG TGCCTATCCCGRGT TGEACTGATAACCTGGTCTTTGACCATRCGTACARCTCTGRRCGETGEATCRCTC
KF982047.11 TGCCATTGCCCTCGEATECACCCGRTECTTGTGEE TRGACTGCACGTACGTCOCCCGECGETGLCTRTCCCGORT TGGACTGATARCCTGGTCT T TGACCATRCGTACAACTCTGARCGGTGGATCACTC
JF295001,11 TGCCATTGCCCTCGCATGCRCCCGRTCCTTGTGECTOGACTGCACGTACGTCACCCGELGETGCCTATCCCOGGT TGGACTGATARCCTGETCTTTGRCCATRCGTRCAACTCTGARCGETGGATCACTC
AB514861,11 TGLCATTGCCCTCGERTECACCCGGTCCTTGTGECTGGAC TECACGTACGTCGCLCGECGGTGLCTRTCCCGGET TGGACTGATARCCTGGTCTTTGACCATACGTACARCTCTGARCGGTGGATCACTE
6Q925431.11  TECCATTGCCCTCGERTGCRCCCGETCCTTGTGECTRGAC TECACGTACGTCHCCCGELGGTGCCTATCCCGGET TRERCTGRTAACCTEGTCTTTGACCATACGTACAACTCTGAACGGTGGATCACTT

Consensus  THECATTGCCCTCGCATECACCCGRTCCTTRTGEE TRGAC TGCACGTACGTCACCCGECGETGLCTATCCCGEET TEERCTGATARCCTGGTCTTTGACCATACGTRCAACTCTGRACGGTGEATCACTC

Fig. 6: Alignment of ITSI sequence of I. hepatica (GQ925431.1& AB514861.1) and F. gigantica JF295001.1) depos-
ited in GenBank with F. hepatica (KF982049) and F. gigantica (IKF982046& KI'982047) of Ardabil Province, Iran
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Table 2: Profile of Fasciola Spp. used in this study

Specimen code species Haplotyp Host ITS 1 types
Sequence Accession PCR-RFLP

analysis no. Analysis

ADS1 F.hepatica H1 Sheep F.hepatica KF982049 F.hepatica
ADS8 F.hepatica H1 Sheep F.hepatica KF982045 F.hepatica
ADS11 F.hepatica H1 Sheep F.hepatica KJ728732 F.hepatica
ADS16 F.hepatica H1 Sheep F.hepatica KJ728734 F.hepatica
ADS25 F.hepatica H1 Sheep F.hepatica KJ728735 F.hepatica
ADS18 F.hepatica H1 Sheep F.hepatica KJ728736 F.hepatica
ADCA45 F.gigantica G1 Cattle F.gigantica KT982047 F.gigantica
ADC47 F.hepatica H1 Cattle F.hepatica KF982048 F.hepatica
ADC51 F.gigantica G2 Cattle F.gigantica KI982046 F.gigantica
ADC53 F.gigantica G1 Cattle F.gigantica KJ728737 F.gigantica
ADC57 F.gigantica G1 Cattle F.gigantica KJ728738 F.gigantica

WEFO51080.1| F. magna USA

zKF‘)RZ(H‘). 1| F.hepatica . ADS LIran. Ardabil

8 AB207140.1] F.hepatica. Australia

BAB207139.1] Fhepatica. Urnguay

@ KF866249.1| F.hepatica .Iran.Yasuj

9 AB553689.1 F.hepatica Egypt

#GQY25431. 1] F.hepaticaIran.Gilan

“@AB514851.1| Fhepatica .chin

@|AB514850.1| F.hepatica .Irland
@ AB514854.1| F. gigantica . Thailand
gABSHSS(xH F. gigantica .Vietnam
9 AB514862.1| Fasciola sp. Japan
SKF982047.1| F. gigantica . ADC45 . Tran. Ardabil
P#KF723000.1| F. gigantica . Tran. Y asuj
:} @ KF982046.1| F. gigantica ADCSI . Iran.Ardabil
(P FI756398.1| F.gigantica Iran. Ahvaz
b @ AB553653.1| F. gigantic. Egypt
‘?iABSS.zﬁsz.l[ F. gigantic. Egypt
;‘01159*2374. 1| F.gigantica .Saudi Arabia
9 AB207142.1| F. gigantica .Zambia
3AB2()7'I--83. 1| F. gigantica .Indonesia

.01
— 8 AB477354.1| F.gigantic.Chin

2 AB536906.1| Fasciola sp. Vietnam

Fig. 7: Phylogenetic relationship of ITS 1 sequences of isolates of Fasciola hepatica and F. gigantica from Iran using
Blast (http://blast.ncbi.nlm.nih.gov/Blast). Fasciolides magna (AN: EF051080) was used as the out group
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Discussion

In this study, we used 700bp region contained
ITS1, 18s tRNA for identification and differentia-
tion of Fascola isolates by PCR-RFLP method.
Moreover, both F. hepatica and F. gigantic samples
were digested with Rsa I restriction enzyme,
which showed different RFLP patterns. PCR-
RFLP has been used in different studies in Iran to
differentiate Fasciola spp. (8-16-18).

To detect the rate of similarity or difference of Fasc-
ola samples, altogether 11 samples of both F. hepatica
and F. gigantica were sequenced. Accordingly, it was
showed that there was about 1.5% difference among
some nucleotides. Karimi et al. showed that using
Bftl enzyme there was similar pattern for both
aforementioned parasites, while using Dral different
profiles are obvious (8). Rokni et al. using Tasl for
ITS1 region showed differentiation between both
species (19). Saki et al., using Avall and Drall for
differentiation between both species (16). In 2013,
Shafiei et al.in PCR-RFLP method was used to spe-
cifically distinguish F. hepatica from F. gigantica in
ITS1 with Rsa I enzyme and in IST2 with MSPI and
Kpnl (20). In their study no intermediate forms
were seen. In 2009, Ghavami et al. reported a digest-
ed pattern of 330, 340 and 241 bp in F. hepatica us-
ing BamHI and Pagl enzymes on ITS 2 gene (17).
As for studies in other countries, Shalabi et al. used
RAPD-PCR to differentiate F. hepatica and F. gigan-
tica among imported sheep to Saudi Arabia from
Sudan. They reported one intermediate case as well
(21). In China, Huang et al. using ITS 2 and
HSP9211 plus Real enzymes has differentiated both
species besides intermediate cases. They recom-
mended the first enzyme as better choice (14). In
2010, Madoka Ichikawa used PCR-RFLP method to
specifically distinguish F. hepatica from F. gigantica in
ITS1 with Rsa I enzyme (22).

Ashrafi et al. used ITS2 nucleotide sequencing and
showed two species of F. hepatica and F. gigantica
in Guilan, northern Iran (23). Accordingly F. hepatica
in that region was similar to Europe F. hepatica and F.
gigatinca was similar to Burkina Faso isolate in terms
of above mentioned method. The authors believed a
kind of intermediate isolate in Guilan (23).

1370

Using phylogenetic tree, we could detect a close rela-
tionship of our isolates with those of other countries.
As mentioned in tables and figures already, we de-
tected two haplotypes of F. gigantica as G1 and G2. It
is worth mentioning that recently a hypothesis has
been proposed that this F. gigantica might be consid-
ered as separate species (24). Our findings showed
that all isolates belonging to F. hepatica were of
common H1 haplotype. Figure 6 shows that this
haplotype has been reported already from Yasuj and
Guilan from Iran, as well as from Egypt, Ireland,
China and Australia as well. Besides, haplotype G1
of F. gigantica has been reported from Egypt, Vi-
etnam, Indonesia, China, and Yasuj plus Guilan
from Iran. Haplotype G2 is reported from Iran and
Egypt as well as Saudi Arabia (All references in Fig.
7). As mentioned already no intermediate isolates
were detected in our study.

The limitation of our study is that more samples
should have been collected to be sure of the de-
duction as much as possible. The strength might
be told that this is for the first time that this study
has been conducted in this area in its kind.

Conclusion

Comparing F. hepatica and F. gigantica sequences
showed 90-100% homology between our samples
with those originated from other regions available
in GenBank, but comparing F. hepatica and F. g-
gantica with each other showed a few nucleotide
differences.

Ethical considerations

Ethical issues (Including plagiarism, Informed
Consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc) have been completely observed
by the authors.

Acknowledgments

The study was supported financially by a grant
from Tehran University of Medical Sciences No.
23177. The authors declare that there is no con-
flict of interests.

Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/

Aryaeipour et al.: Genotyping and Phylogenetic Analysis of Fasciola Spp. ...

References

1.

10.

11.

12.

13.

Chang Ei, Choi Ho, Park Y (1991). Subcutaneuse
Fascioliasis: A case Repott. The Korean | Parasitol,
29(4):403-405.

Mas-Coma S, Bargues MD, Esteban ]G (1999). Hu-
man fascioliasis. In: Dalton JP. Editor. Fascioliasis.
Wallingford, CAB Interational, pp.: 411-434.

Rokni MB (2008). The present status of human hel-
minthic diseases in Iran. Ann Trop Med Parasitol,
102(4):283-295.

Asmar M, Milani A, Amirtkhani A et al.(1991).
Seroepidemiological investigation of fascioliasis in
northern Iran. Med | Islansic Repubb Iran, 5:23-27.

Wortld Health Organization (1995). Control of
Food-borne Trematode Infections.No.849 Tedh-
nical Report Series.

Mahami-Oskouei M, Dalimi A, Forouzandeh-
Moghadam M, Rokni MB (2011). Molecular
Identification and Differentiation of Fasdola Iso-
lates Using PCR- RFLP Method Based on In-
ternal Transcribed Spacer (ITS1, 58S tDNA,
ITS2). Iran | Parasitol, 6(3):35-42.

Mas-Coma S, Bargues MD, Valero MA (2005).
Fasciolosis and other plant-borne trematodezo-
onoses. Int | Parasitol, 35:1255-1278.

Karimi A (2008). Genetic diagnosis of Faswola spe-
cles based on 18S ribosomal DNA sequences. |
Biol 54, 8:1166-1173.

Mas-Coma S, Bargues MD (2008). Human liver
flukes: a review. Res Rev Parasitol, 57:145-218.

Ttagaki T, Tsutsumi KI (1998). Triploid form of
Fasdiola in Japan: genetic relationships between
Fasciola hepatica and Fasciola gigantica determined by
ITS-2 sequence of nuclear tDNA. Int | Parasitol,
28:777-781.

Hsteban JC, Bargues MD, Mas-Coma S (1998). Ge-
ographical distribution, diagnosis and treatment
of human fascioliasis: a review. Res Rev Parasitol,
58:13-42.

Marcilla A, Bargues MD, Mas-Coma S (2002). A
PCR-RFLP assay for the distinction between
Fasciola hepatica and Fasciola gigantica. Mol Cell Probes,
16:327-333.

Prasad PK, Biswal DK, Goswami LM, Chatterjee A
(2008). Molecular identification of the Indian liv-
er fluke, Faswiola (Trematoda: Fasciolidae) based

Available at: http://ijph.tums.ac.ir

14.

15.

16.

17.

18.

19.

20.

21.

22,

23,

24.

on the ribosomal internal transcribed spacer re-
gions. Parasitol Res, 103:1247-1255.

Huang WY, He B, Wang CR, Zhu XQ (2004).
Characterisation of Fasdola species from Main-
land China by ITS-2 ribosomal DNA sequence.
Vet Parasitol, 120:75-83.

Asadian S, Mohebali M, Mahmoudi M et al.(2013).
Seroprevalence of Human Fascioliasis in Mesh-
kin-Shahr District, Ardabil Province, Northwest-
etn Iran in 2012. Iran | Parasitol, 8(4):516-521.

Saki J, Khademvatan S, Yousefi E (2011). Molecular
identification of animal Fascola isolates in South-
west of Iran. .Aust | Basic Appl Ser, 5:1878-1883.

Ghavami MB, Rahimi P, Haniloo A, Mosavinasab
SN (2009). Genotypic and phenotypic analysis of
Fasciola Isolates. Iran | Parasitol, 4:61-670.

Hossein M, Mithendi SH, Brandéo J, Mirdashti R,
Rosado L (2011). Compatison of enzymatic
method rapid yeast plus system with RFLP-PCR
for identification of isolated yeast from wul-
vovaginal candidiasis. Iran | Basic Med S¢i, 14: 443-
50.

Rokni MB, Mithendi H, Behnia M (2010). Molecu-
lar Characterization of Fasciola hepatica Isolates
by RAPD-PCR and Ribosomal ITS1 Sequencing,
Iran Red Crese Med ], 12; (1): 27-32.

Shafiei R, Sarkari B, Moshfe A (2013). A Consistent
PCR-RFLP Assay Based on ITS-2 Ribosomal
DNA for Differentiation of Faswola Species. Iran
] Basic Med Sci, 16(12):1266-9.

Shalaby 1, Gherbawy Y, Banaja A (2013). Molecular
characterization of Fasdola species isolated
from imported sheep in Taif region (Saudi Ara-
bia). Trop Biomed, 30(1):15-26.

Ichikawa M, Itagaki T' (2010). Discrimination of the
ITS1 types of Fasiola spp. based on a PCR—
RFLP method. Parasitol Res, 106:757-761.

Ashrafi K. A survey on human and animal
fascioliasis and genotypic and phenotypic
characteristics of fasciolids and their relations-hip
with lymnaeid snails in Gilan province, northern
Iran (PhD Thesis). School of Public Health,
Tehran University of Medical Sciences, Iran;
2004.

Walker SM, Prodohl PA, Hoey EM et al. (2012).
Substantial genetic divergence between morpho-
logically indistinguishable populations of Fasciola
suggests the possibility of cryptic speciation. [z ]
Parasitol, 42; 13-14: 1193-1199.

1371


http://ijph.tums.ac.ir/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mahami-Oskouei%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dalimi%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Forouzandeh-Moghadam%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Forouzandeh-Moghadam%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rokni%20M%5Bauth%5D

