
Comparative study on DNA sequences of
ribosomal DNA and cytochrome c oxidase
subunit 1 of mitochondrial DNA among five

species of gnathostomes

K. Ando1*, M. Tsunemori1, H. Akahane2, S. Tesana3, H. Hasegawa4

and Y. Chinzei1

1Department of Medical Zoology, School of Medicine, Mie University, Tsu
514-8507, Japan: 2Division of Parasitology, Department of Microbiology
and Immunology, School of Medicine, Fukuoka University, Fukuoka

814-0180, Japan: 3Department of Parasitology, Faculty of Medicine, Khon
Kaen University, Khon Kaen 40002, Thailand: 4Department of Infectious
Diseases, Faculty of Medicine, Oita University, Hasama, Oita 879-5593,

Japan

Abstract

The nucleotide sequences of partial 18S, complete internal transcribed spacer
region 1 (ITS1), complete 5.8S, complete ITS2 and partial 28S of ribosomal DNA
(rDNA) and cytochrome c oxidase subunit 1 of mitochondrial DNA (MCOI)
from five species of gnathostomes (G. spinigerum, G. doloresi, G. nipponicum, G.
hispidum and G. binucleatum with the former four species being distributed in
Japan and Asia) that cause human gnathostomiasis were compared by direct
polymerase chain reaction cycle-sequencing. The nucleotide sequences of each
region of the18S (613 bp), 5.8S (158 bp) and 28S (598 bp) rDNA from the five
species were almost identical. The ITS1 region was different in length for the five
species. The nucleotide sequences of each region of ITS2 and partial MCO1
regions were different among the five species. Therefore, these two regions can
be used as genetic markers for identification of worms.

Introduction

Gnathostomes are nematodes belonging to the genus
Gnathostoma that require two intermediate hosts, a first
intermediate host (Cyclops) and a second intermediate
host (mainly freshwater fishes, frogs, snakes and birds), to
complete their life cycles. Identification of gnathostome
species is conducted by the shape and extent of cuticular
spines on the body surface of adult worms (Miyazaki,
1960). At present, 13 species have been identified with
some uncertainty, G. spinigerum, G. hispidum, G. turgidum,
G. americanum, G. doloresi, G didelphis, G. nipponicum,
G. procyonis, G. brasiliense, G. miyazakii, G. malaysiae,

G. vietnamicum and G. binucleatum. Daengsvang (1980)
considered G. didelphis and G. brasilliens as independent
species, whereas Miyazaki (1991) considered them as
synonyms of G. turgidum. This point of difference is not
clarified yet.
Only one of the 13 identified species, G. spinigerum, is

considered a causative agent of human gnathostomiasis
and patients have been reported mainly from Thailand
and Japan since the 1910s (Miyazaki, 1960; Daengsvang,
1981; Ando, 2003). However, three species, G. hispidum,
G. nipponicum and G. doloresi, were added as causative
agents of human gnathostomiasis in Japan in the 1980s.
Gnathostomiasis occurring in urban areas since 1979 has
been due to ingestion of loaches infected with larvae of
G. hispidum imported from China (Akahane et al., 1982).
Gnathostoma nipponicum infection by ingestion of domestic
loaches (Ando et al., 1988) and G. doloresi infection by
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ingestion of brook trout (Nawa et al., 1989) have also been
reported.
On the other hand, in Latin America, the causative

agent of the first human case of gnathostomiasis from
Mexico (Pelaez & Perez-Reyes, 1970) and an outbreak in
Ecuador (Ollague-Loaiza et al., 1984) was a new species,
G. binucleatum. (Koga et al., 1999). Now five species are
confirmed to cause gnathostomiasis and four of the five
species are distributed in Japan and Asia.
Patients are diagnosed by the detection of worms,

serum reactions, clinical manifestations and patient
eating history. At present, five species of gnathostomes
can be discriminated from each other by morphological
features of the worms in histopathological sections
(Akahane et al., 1986, 1994; Ando et al., 1990, 1991).
Recently, nucleotide sequence analysis of genes of

worms has been reported for identification of parasites
(Okamoto et al., 1995; Hashimoto et al., 1997; Ando et al.,
2001). Almeyda-Artigas et al. (2000) reported the
nucleotide sequences of the ITS2 rDNA of G. binucleatum
and G. turgidum distributed in the Americas and G.
spinigerum distributed in Asia. In addition, the nucleotide
sequences of the 18S and ITS2 regions of G. procyonis, and
18S, 5.8S and MCO1 regions of G. binucleatum, and 18S
and 5.8S regions of G. turgidum were registered with
GenBank. However this information is insufficient for
identification of worms detected from humans and
intermediate hosts because there is no information on
three other important species, G. hispidum, G. doloresi and
G. nipponicum. Therefore, in the present study, the genes
of the 18S, ITS1, 5.8S, ITS2 and 28S regions of rDNA and
MCO1 were analysed from four species, G. spinigerum, G.
hispidum,G. doloresi andG. nipponicum, distributed in Asia
and the ITS1, 5.8S, ITS2, 28S and MCO1 regions of G.
binucleatum distributed in the Americas.

Materials and methods

Specimens of gnathostomes

Specimens of the following species were investigated:
advanced third-stage larvae of G. spinigerum from swamp
eels, Fluta alba, from Nakhon Nayok, Thailand; adults of
G. doloresi from the stomach of wild boars, Sus scrofa, from
Mie, Japan; adults of G. nipponicum from the oesophagus
of weasels,Mustela sibirica itasi, fromMie, Japan; adults of
G. hispidum reared in pig stomach from larvae in loaches
imported from China (Akahane et al., 1982); advanced
third-stage larvae of G. binucleatum from fish, Rhamdia
cinerascens, from Guayaquil, Ecuador.

Molecular techniques

Adults and larvae were homogenized on dry ice in a
microcentrifuge tube using a hand made glass pestle.
Genomic DNA from specimens was extracted by the
phenol extraction technique.Mitochondrial DNAwas also
extracted by phenol extraction without separating the
mitochondria. Partial 18S (613 bp), complete ITS1,
complete 5.8S, complete ITS2 and partial 28S (598 bp)
regions of rDNA and partial MCO1 (381 bp) region were
amplified by polymerase chain reaction (PCR). PCR

amplification was employed using 2ml of gnathostome
total DNA for each 50ml reaction.
The PCR conditions for rDNA analysis were as

follows: 948C for 1min, 528C for 1min and 728C for
3min for 30 cycles. The primers used were as follows:
P6 (forward), 50-AAAGCTGAAACTTAAAGGAAT-30

(Katayama et al., 1993); 18SR2 (reverse), 50-ATAATGA-
TCCTTCCGCAGGTTCA-30 (newly designed); Lim1657
(f), 50-CTGCCCTTTGTACACACCG-30 (Almeyda-Arti-
gas et al., 2000); 58S2 (r), 50-TCTTTATGCTCAATGTC-
TTCGC-30 (newly designed); LC1 (f), 50-CGAGTATCG-
ATGAAGAACGCAGC-30 (Navajas et al., 1994); HC2 (r),
50-ATATGCTTAAGTTCAGCGGG-30 (Navajas et al.,
1994); 28SW (r), 50-GCAACCCGACTCCAAGGAAC-30

(newly designed); 28SY (f), 50-CTAACCAGGATTCCC-
TCAGTAACGGCGAGT-30 (Hillis et al., 1996); 28SZ (r),
50-AGACTCCTTGGTCCGTGTTTCAAGAC-30 (Hillis
et al., 1996).
First, the ITS2 region was sequenced by using primers

LC1 and HC2. These primers covered the partial 5.8S,
complete ITS2 and partial 28S regions. Next, the 28S
region was sequenced by using primers 28SY and 28SZ
but the 50 side of the sequence was not connected to the 30

end of ITS2. A new primer 28SW was designed in the 28S
region from the sequence results with primers 28SY and
28SZ. The sequence resulting from primers LC1 and
28SW overlapped the sequence obtained from primers
28SY and 28SZ. Therefore partial 5.8S, complete ITS2 and
partial 28S regions were connected by these steps. Next, a
new reverse primer 58S2 was designed for the ITS1 region
in the 5.8S region from the sequence results with primers
LC1 and HC2. Primers Lim1657 and 58S2 covered partial
18S, complete ITS1 and partial 5.8S. By these steps, partial
18S, complete ITS1, complete 5.8S, complete ITS2 and
partial 28S were sequenced. However, partial 18S was
very short so a new reverse primer 18SR2 was designed in
the 18S region from sequence results with primers
Lim1657 and 58S2 in order to obtain a longer 18S region.
The primers P6 and 18SR2 covered a longer 18S region.
The PCR conditions for the MCO1 analysis were as

follows: 958C for 1min, 408C for 1min and 728C for 2min
for 30 cycles. Primers used were 50-TTTTTTGGGCATC-
CTGAGGTTTA-30 (FH5: forward) (Hashimoto et al., 1997)
and 50-TAAAGAAAGAACATAATGAAAATGAGC-
30(MCO1B: reverse). The reverse primer was modified
from FH3 by Hashimoto et al. (1997).
The PCR products were purified with QIA quick gel

extraction kit (Qiagen, Germany) and used as templates
for cycle sequencing. The sequences were analysed using
an ABI sequencer (ABI 310). Some sequence data are
quoted from GenBank.

Results

18S region

Primers P6 and 18SR2 amplified approximately 550 bp
in the 18S region but this segment did not reach the 30 end
of the 18S region so a portion (63 bp) amplified by primers
Lim1657 and 58S2 was connected with the 550 bp.
Analysis of the up-stream region 613 bp from the 30 end
of the 18S region was conducted for seven species of
gnathostomes after adding data for G. binucleatum,
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G. turgidum and G. procyonis registered with GenBank.
This region was highly conserved and all nucleotides
were identical except for only 13 sites in the alignment of
seven species. Furthermore, when the four species
distributed in Asia were compared, only three sites
were not identical and two sites from the three species
distributed in the Americas. Interestingly, there is a
deletion of three continuous nucleotides near the 30 end of
18S in the three species from the Americas.

ITS1 region

Primers Lim1657 and 58S2 covered the partial 18S,
complete ITS1 and partial 5.8S regions. ITS1 regions of the
five species analysed were different sizes; G. spinigrum –
633 bp, G. doloresi – 620 bp, G. nipponicum – 843 bp,
G. hispidum – 581 bp and G. binucleatum – 667 bp. There is
no information on this region for G. procyonis and
G. turgidum in GenBank so analysis was conducted with
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the five species mentioned above. The anterior half was
less conserved and the posterior half was relatively
conserved.

5.8S region

The nucleotide sequence of the 5.8S region was
obtained by connection of the partial 30 segment amplified
by primers used for the ITS1 region and partial 50 segment
amplified by primers used for the ITS2 region. The
nucleotide sequence of this region of G. spinigerum,
G. binucleatum and G. turgidum registered with GenBank
racked 29 bp so the analysis was conducted with only our
sequence results of five species shown in the ITS1 region.
This region consisted of 158 bp andwas highly conserved.
Only two nucleotides were different in the alignment of
the five species.

ITS2 region

Primers LC1 and HC2 covered the partial 5.8S,
complete ITS2 and partial 28S regions. ITS2 regions of

the five species were different sizes;G. spinigrum – 472 bp,
G. doloresi – 418 bp, G. nipponicum – 469 bp, G. hispidum–
417 bp and G. binucleatum – 421 bp. Analysis was
conducted on the seven species after adding data for
G. turgidum (359 bp) and G. procyonis (512 bp) registered
with GenBank. As shown in fig. 1, this region was less
conserved. The highest and lowest G þ C content were
52.15 for G. doloresi and 49.64 for G. binucleatum.
Intraspecific variation was not observed in the 18S, ITS1,
5.8S, ITS2 and 28S regions of each species from the same
geographical location in our samples but our results
(472 bp) were different from that (476 bp) registered with
GenBank at five sites including deletions at four sites in
the ITS2 region of G. spinigerum.

28S region

Primers 28SYand 28SZ covered a partial 28S region but
this segment did not contain the 50 end so a portion
amplified with primers LC1 and 28SW was used to
connect the 50 end. As there is no information of this
region from G. procyonis and G. turgidum in GenBank,

Fig. 1. Nucleotide sequences of a region of the internal transcribed spacer region 2 of ribosomal DNA. Gnathostoma turgidum and
G. procyonis sequences were quoted from GenBank. A dot (·) indicates that the sequence at that point is the same as in G. spinigerum.

Hyphens (-) indicate alignment spaces.
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analysis was conducted with the 598 bp from the 50 end of
the 28S region for the five species. This region was highly
conserved and sites with the nucleotides not identical
were only 31 sites in the alignment of the five species.

MCO1 region

Primers MCO1A and MCO1B amplified 381 bp of the
CO1 gene of the mitochondorial DNA. This segment
corresponds to the central portion of the complete CO1
gene inferred from other data of parasites registered with
GenBank. The CO1 region of G. binucleatum is registered
withGenBankbut the amplified segment is not identical to
our segment so analysis was conducted with only our
sequence data for the five species. As shown in fig. 2, the
sites with nucleotides not identical were 86 sites in the
alignment. When two species were compared, the sites
withnucleotides not identicalwere 52 sites (max.) between
G. spinigerum and G. nipponicum and G. nipponicum and G.
hispidum, and 36 sites (min.) between G. spinigerum and G.
binucleatum. Intraspecific variationwas found at six sites in

G. doloresi from the same geographical location. Amino
acid sequence alignment of this regionwas different at 5 of
127 sites among the five species.

Discussion

At present, 13 species of gnathostomes have been
identified in the world but only seven have been shown to
be important, that is, G. spinigerum, G. doloresi, G. hispidum
and G. nipponicum distributed in Asia and G. turgidum,
G. procyonis and G. binucleatum distributed in the
Americas, on human diagnosis and epidemiological
survey. Almeyda-Artigas et al. (2000) attempted to
analyse the nucleotide sequences of ITS2 rDNA for G.
turgidum, G. procyonis, G. binucleatum and G. spinigrum
and reported that the ITS2 region is a good marker for
identification of worms. However, as there is insufficient
information for identification of worms we analysed the
nucleotide sequences of G. spinigerum, G. hispidum, G.
doloresi, G. nipponicum and G. binucleatum. Accumulation
of these data clarified nucleotide sequences of the rDNA

Fig. 2. Nucleotide sequences of a 381 bp fragment of the mitochondrial cytochrome c oxidase subunit 1 gene from five species of
gnathostomes.
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and MCOI regions of at least five species which cause
human infection.
The sequence data reported in this paper are available in

the GenBank database. rDNA sequences are found under
the following accessionnumbers:G. spinigerum, AB181155;
G. doloresi, AB181156; G. nipponicum, AB181157;
G. hispidum, AB181158; G. binucleatum, AB181159. Partial
MCO1 sequences are found under the following accession
numbers: G. spinigerum, AB180099; G. doloresi, AB180100;
G. nipponicum, AB180101; G. hispidum, AB180102;
G. binucleatum, AB180103.
Nucleotide sequences for each of the regions 18S, 5.8S

and 28S in the five species were almost identical. Therefore,
these regions are not available for identification of worms.
Nucleotide sequences of the ITS1 region differed in the five
species, but this region was a little difficult to sequence so
is also inadequate for identification. The nucleotide
sequences of the ITS2 region differed in the five species.
Furthermore this region was easy to sequence so it is a
good marker for identification of worms.
Nucleotide sequence of the partial MCO1 (381 bp) was

different in the five species and this region is also a good
marker for identification ofworms.Mitochondrial DNA is
known to have a faster evolutionary rate than nuclear
DNA and mitochondrial genes such as CO1 or CO2 have
been used for identification and to study the phylogenetic
relationships between numerous related organisms (Oka-
moto et al., 1995;Hashimoto et al., 1997).However, the ITS2
region showed marked differences in the present results
and those of Almeyda-Artigas et al. (2000). Thismay be the
consequence of a very fast evolutionary rate for this ITS2 in
gnathostomes.
At present, sequence data of the ITS1 region of five

species, ITS2 region of seven species including data in
GenBank and MCO1 region of five species are accumu-
lated. However, the difference of size in ITS2 regions
among seven species were so great that no phylogenetic
analysis was performed. For ITS1 and MCO1 regions, the
number of species on which sequence analysis had been
performedwas too small toperformphylogenetic analysis.
Gnathostoma nipponicum has been considered to be

distributed only in Japan but Sohn et al. (1993) detected
larvae of this species from the muscle of loach imported
from China to Korea. Further, Han et al. (2003) detected
larvae from the snake, Rhabdophis tigrina, in Korea. These
results indicate that G. nipponicum may be distributed in
countries other than Japan. We expect the discovery of
new species of gnathostomes and recognition of new
distributions of known species will occur in the future.
The sequence results reported in this paper will be very
useful for this future work.
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