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ABSTRACT. Nucleotide sequences of ribosomal internal transcribed spacer (ITS1) and mitochondrial NADH dehydrogenase I (NDI) gene
were analyzed to genetically characterize aspermic Fasciola forms in Korea.  From the difference in ITS1 sequences, Korean flukes were
divided into 3 haplotypes represented by Kor1, Kor2 and Kor1/2, which had nucleotides identical to F. hepatica, F. gigantica and those
overlapped between the two species, respectively.  NDI sequences also showed that Korean flukes could be classified into 3 distinct hap-
lotypes (Kor1: F. hepatica-type, Kor2a and Kor2b: F. gigantica-type).  The sequences of Kor1 and Kor2a were 100% identical to those
of the haplotypes Fsp1and Fsp2, respectively, which are major Fasciola forms in Japan.  These findings strongly suggest that aspermic
Fasciola forms in Korea and Japan originated from same ancestors and have recently spread throughout both countries.
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Fasciola hepatica and F. gigantica are recognized as the
causative agents of fascioliasis in domestic animals and
humans.  Although the two species are classified by mor-
phological characters, especially body length and width, it is
difficult to accurately discriminate between the two species
because of many variations in size depending on such fac-
tors as age of the fluke, species of host and technical diffi-
culty in fixation of the flukes [8].  Furthermore, aspermic
Fasciola forms have been found in Asian countries, includ-
ing Japan and Korea [17].  These aspermic forms have not
been identified yet because they include worms showing a
wide range of morphological variations [3, 6, 12] and par-
thenogenetic diploid, triploid and mixoploid [10, 13, 14].

Molecular approaches based on DNA analysis have been
employed to solve the problems of identification and genetic
characterization of morphologically similar parasites [1, 4,
9].  Recently, at least five haplotypes that differ in the
sequences of ribosomal ITS1 and ITS2 and mitochondrial
NDI and COI genes have been found in Japanese Fasciola
forms [7].  The purpose of the present study was to geneti-
cally characterize Korean Fasciola forms closely resem-
bling Japanese Fasciola in morphological and chromosomal
features.

MATERIALS AND METHODS

Fasciola individuals and chromosome observation:
Twelve adults of Fasciola sp. were obtained from the bile
ducts of 5 infected cattle slaughtered in Seoul, Korea (Table
1) and kept at –80°C or in 70% ethanol until DNA extrac-
tion.  In two of the flukes, a small piece of the testis was cut
off and fixed in freshly prepared ethanol-acetic acid (3:1)
before freezing or fixation with 70% ethanol, and chromo-
somes were observed by using a squashing method [15].

DNA extraction and amplification: Total DNA was

extracted from individual flukes by using an E.Z.N.A. mol-
lusk DNA kit (Omega Bio-tek, Doraville, U.S.A.).  DNA
fragments of the ITS1 region and NDI gene were amplified
by PCR using 1.25 units of Taq polymerase (Promega, Mad-
ison, U.S.A.), 0.4 mM each of dATP, dTTP, dCTP and
dGTP, 2 mM MgCl2, each primer set (50 pmol/25 µl reac-
tion mixture), and PCR buffer.  The primer sets used were
Ita 10 (5’-AAGGATGTTGCTTTGTCGTGG-3’) and Ita 2
(5’f-GGAGTACGGTTACATTCACA-3’) for NDI, and
ITS1-F (5’-TTGCGCTGATTACGTCCCTG-3’) and ITS1-
R (5’-TTGGCTGCGCTCTTCATCGAC-3’) for ITS1.
Reaction cycles consisted of an initial denaturing step at
94°C for 90 sec, followed by 30 cycles at 94°C for 90 sec,
53°C for 90 sec and 72°C for 120 sec with a final extension
at 72°C for 10 min using a GeneAmp PCR System 2400
(Applied Biosystems, Tokyo, Japan).  PCR products were
precipitated with ethanol/sodium acetate and dissolved in
MQ.

Sequencing analysis: PCR fragments were directly
sequenced using ABI Prism Big Dye terminator v. 1.0 ready
reaction cycle sequencing kits (Applied Biosystems) with
the use of the same primers as those used in PCR.  At least
two fragments amplified for individual flukes were
sequenced for each target region in both directions using
forward and reverse primers.  The sequencing reactions
were run on a PE Applied Biosystems 310 automated
sequencer.  Sequence data were analyzed by Factura soft-
ware (Applied Biosystems) to detect heterozygotes.  The
sequence data were aligned by Clustal X program v. 1.53b
[19].  Phylogenetic analyses were conducted by neighbor-
joining (NJ) and maximum parsimony (MP) using PAUP
4.0b10 [16] with F. hepatica (accession nos. AB207154,
AB207155), F. gigantica (AB207157 - AB207167) and
Japanese haplotypes, Fsp1 (AB207169) and Fsp2
(AB207168), and a lung fluke, Paragonimus westermani



T. ITAGAKI ET AL.1116
(AF219379), designed as an outgroup.  All characters were
run unordered and equally weighted.  Alignment gaps were
treated as missing data.  A heuristic search with tree-bisec-
tion-reconnection (TBR)-branch swapping was used in MP
analysis to infer the shortest trees.  The length, consistency
index excluding uninformative characters (C. I.) and reten-
tion index (R.I.) of the most parsimonious trees were
recorded.  A bootstrap analysis using 1,000 repricates was
conducted using heuristic searches and TBR branch swap-
ping with the Multrees option in order to determine the rela-
tive support for clades of the consensus tree.  The following
Genbank data were also used for comparison of ITS1
sequences: F. hepatica (accession nos. AB207139-
AB207141) and F. gigantica (AB207142-AB207144).

RESULTS

The number of chromosomes in 2 flukes was counted in
well-spread primary spermatocytes.  One fluke was found to
have 30 univalent chromosomes (3n=30, triploid), and the
other had 20 univalent chromosomes (2n=20, diploid)
(Table 1).

The sequences of the ITS1 region in Korean flukes con-

sisted of 600 bps including complete ITS1, partial 18S and
5.8S rDNA and had 6 variable nucleotide positions of which
1 was located in 18S and 5 were located in ITS1.  From the
differences in the 6 positions, Korean flukes were divided
into 3 haplotypes represented by Kor1 (accession no.
AB211236), Kor2 (AB211238) and Kor1/2(AB211237),
which had nucleotides identical to F. hepatica (accession
nos. AB207139–AB207141), and F. gigantica (AB207142–
AB207144) and those overlapped between the two species,
respectively (Table 2).

Partial NDI sequence (535 bps) was determined for
Korean Fasciola and was found to include 46 variable sites.
On the basis of the sequences, Korean flukes were classified
into 3 distinct haplotypes (Kor1, Kor2a, Kor2b; accession
nos. AB211239–AB211241).  Kor1 and Kor2a differed
from each other at 45 of the 46 sites, and Kor2a and Kor2b
differed from each other in 1 of the 46 sites.  Kor1 was very
similar to the sequence of F. hepatica, and Kor2a and Kor2b
were similar to the sequence of F. gigantica.  In addition, the
sequences of Kor1 and Kor2a coincided with those of the
haplotypes, Fsp1(accession no. AB207169) and Fsp2
(AB207168), respectively, found in Japanese Fasciola
forms.  Seven, 3 and 2 of 12 Korean flukes showed Kor1,
Kor2a and Kor2b, respectively.  MP analysis resolved most
parsimonious trees for NDI (length 518; CI=0.8958;
RI=0.9004).  Tree topologies from MP and NJ analyses
were similar to each other.  Kor1, F. hepatica and Fsp1
belonged to the same clade, which clearly differed from the
clade of Kor2a , Kor2b, F. gigantica and Fsp2 (Fig. 1A and
B).

DISCUSSION

Aspermic Fasciola forms in Korea and Japan have com-
mon characteristics: they include worms morphologically
resembling F. hepatica, F. gigantica and their intermediate
type [3, 6, 12] and cytologically showing parthenogenic dip-
loid, triploid and mixoploid [10, 13, 14].  The present study
showed that both forms were also similar to each other in
molecular characters: Korean forms consisted of ITS1 and
NDI haplotypes of F. hepatica-type, F. gigantica-type and

Table 2. Comparison of the nucleotides at 6 variable sites in ITS1 region among 3 Korean
haplotypes, F. hepatica and F. gigantica

Species Locality, haplotype Nucleotide sites of ITS1 region
Accession no. 48 175 265 359 437 457

F. hepatica Uruguay (AB207139) T C A C T C
Australia (AB207140) T C A C T C
N. Ireland (AB207141) T C A C T C

F. gigantica Indonesia (AB207143) C T T T A T
Thailand (AB207144) C T T T A T
Zambia (AB207142) C T T T A T

Fasciola sp. Korea ; Kor 1 T C A C T C
Korea ; Kor 2 C T T T A T
Korea ; Kor 1/2 T/C C/T A/T C/T T/A C/T

Table 1. DNA haplotypes of 12 Korean Fasciola sp. used in the
study

Haplotype
Specimen code Host code Ploidy ITS1 NDI

SG 4 A ND Kor 1 Kor 1
HS 1 B 3n Kor 1 Kor 2
HS 3 B ND Kor 1/2 Kor 2
HS 4 C ND Kor 1/2 Kor 2
HS 5 C ND Kor 2 Kor 2
HS 8 D ND Kor 1/2 Kor 1
HS 9 D ND Kor 1/2 Kor 1
HS 11 D ND Kor 1/2 Kor 1
HS 14 E ND Kor 1/2 Kor 1
HS 17 E ND Kor 1 Kor 2
HS 20 E ND Kor 1 Kor 1
HS 21 E 2n Kor 1 Kor 1

“2n” and “3n” mean diploid and triploid, respectively.
“ND” means no data.
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their intermediate type as well as Japanese forms, although
Agatsuma et al. [2] reported that the mitochondrial NDI and
COI sequences of 5 Korean Fasciola specimens were all F.
gigantica-type.  Furthermore, the NDI sequences of Korean
haplotypes, Kor1 and Kor2a, were 100% identical to those
of Fsp1 and Fsp2, respectively, which are major haplotypes
of Japanese Fasciola forms.  These findings strongly sug-
gest that Fasciola forms in Korea and Japan originated from
same ancestors and have recently spread throughout both
countries with movement of infected animals (probably cat-
tle).  In fact, Japanese native cattle are thought to have been
introduced into Japan via the Korean Peninsula in about the
second century AD [11].  Recently, Terasaki et al. [18] have
suggested that aspermic (parthenogenic) diploid Fasciola
forms originated from spermic (sexual) F. hepatica and F.
gigantica that had acquired asynapsis of chromosomes in
the primary spermatocytes and mitotic division in the pri-
mary oocytes due to gene mutations and that parthenogenic
triploid forms were derived from hybrids between sexual
diploid and parthenogenic diploid forms.  According to this
hypothesis, the origin of parthenogenic Fasciola would not
be in Korea as well as in Japan, because sexual F. hepatica
and F. gigantica have not been found in Korea [17].  Molec-
ular phylogeny using Fasciola individuals from other Asian
counties is needed to elucidate the evolutionary origin(s)
and route of spread throughout Asia of parthenogenic Fasci-
ola forms.

In the present study, a heterozygous haplotype (Kor1/2)
that had nucleotides overlapped between the ITS1sequences
of F. hepatica and F. gigantica was found in 6 Korean
flukes.  This intermediate genotype has been also found in
Korean Fasciola flukes using D2 sequences of 28S rDNA
[2], in Chinese flukes using ITS2 [5] and in Japanese speci-
mens using ITS1 and ITS2 [7].  Furthermore, two Korean
flukes that were Kor1 in ITS1and Kor2 in NDI were also
detected in this study.  Although these aspermic Fasciola
forms may be progenies of hybrids between the two Fasci-
ola species, additional information on DNA sequences in
other genes is needed to clarify the interspecific hybridyza-
tion.
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