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ABSTRACT

Sequencing of partial cytochrome ¢ oxidase subunit 1 gene (Cox-1) of mitochondrial DNA and 285 ribosomal
RNA gene (rDNA) of nuclear DNA was attempted for pinworms of the genus Svphacia from murines of Indonesia
in order to compare with those from other regions. Cox-1 scquence of Svphacia rifaii from Bunomys penitus
of Sulawesi was characteristic by having deletions of three consecutive nucleotides at two loci in addition to
numerous substitutions, resulting in very long branch in phylogenetic trees. Nevertheless, both in Cox-T and 285
rDNA trees. S. rifaii formed a clade with Syphacia muris. Three Svphacia species parasitic in Apodemus, Svphacia
emileromani, Syphacia stroma and Syphacia agraria, formed one clade in 285 rDNA phylograms, suggesting co-
evolutionary relationship with their hosts. Indonesian examples of S. muris were rather diverged from those in the

laboratory rats, Rattus norvegicus, both in Cox-1 and 285 rDNA, presumably reflecting the process of geographical

dispersal of host Reattus spp. with this pinworm over the world,
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1. INTRODUCTION

The pinworm of genus Syphacia Seurat, 1916 (Nematoda:
Oxyuridae: Syphaciinae) has cosmopolitan distribution
occuring in rodents ol the families Cricetidae and
Muridae [18]. In Indonesia, where murine fauna shows
high diversity and endemicity, 10 species of the genus
Syphacia belonging to three subgenera were hitherto
recorded [1-6, 12, 13, 26]. Eight of them belong to the
subgenus Syphacia, while the remaining two have
specialized characteristics, having been assigned to two
new subgenera [5]. Because they seem to have rather
strict host specificity, it is ol special interest to know
their evolutionary relationship with their hosts.

Pinworms of mammals have direct life cycle with
anal-oral route of transmission. The simplicity of the
life cycle is likely to provide less opportunity to acquire

a new host than for other parasites that require a long

period in external environment or in intermediate host
Lo become infective. Based on the morphological evidence,
Syphacia species have been considered to have co-
evolutionary relationship with their hosts generally
[18, 19]. Meanwhile, analyzed partial sequences of
cytochrome ¢ oxidase subunit 1 gene of mitochondrial
DNA (Cox-1) and 28S ribosomal RNA gene (rDNA)
of Syphacia species of Japanese murines could not
demonstrate such a co-evolutionary relationship [22,
23], It was suggested that co-evolutionary relationship
might not be so strict in Syphacia and host switching
probably occurred during the course of evolution. In
this study, we determined partial sequences of Cox-
I and 285 rDNA of Syphacia species collected from
Indonesia and some other countries to know phylogenetic
relationship of Syphacia species among Indonesia and

other areas,
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2. MATERIALS AND METHODS

2-1. Species examined

Two species of Syphacia [rom murines of Indonesia,
Le. S. muris from Ratlus tanezumi collected on Java and
Sumatra Islands and S. rifail from Bunomys penitus
captured on Sulawesi Island, were subjected for DNA
extraction and amplification (Table 1). In addition, two
species of Syphacia, ie. S. obvelata from a laboratory
mouse in Japan and S. stroma [rom a laboratory
golden hamster in Czech Republic, were also analyzed.
Besides the Syphacia representatives, Syphatineria sp.
from an Indonesian sciurid and Aspiculuris tetraptera
[rom a laboratory mouse in Japan were also tested for
sequencing (Table 1). All samples were fixed in pure

cthanol.

2-2. DNA exiraction and amplification

Individual worm was rinsed in phosphate buffer (pH
6.5), and homogenized in a 1.5 mlL Eppendorf tube
containing 100 uL distilled water using a plastic pestle.
Five ul. of the homogenized solution was mixed with
50 uL liquid phase of Dexpat™ (Takara Bio. Inc., Otsu,
Shiga, Japan) in 200 gL tube, heated at 96 °C for 30
min, and then cooled on ice. Subsequently, 5 ul. of the
solution was added to the 50 ul. PCR mixture, which
contained 0.5 uL of KOD-Neo™ polymerase, 5 uL of
10x PCR buffer, 5 uL of 2 mM dNTP, 5 ul. of 2 mM
MgSO, (Toyebo Co., Tokyo, Japan) and 025 ul. each
of forward and reverse primers. PCR was performed
using a thermal cycler, PC-801 (ASTEC Co., Ltd.,

Fukuoka, Japan). The primers used for amplification

Table 1. Pinworms examined in this study with the host,

and sequencing were those used previously [9, 16, 17,
23] or newly designed (Table 2).

The PCR conditions were as follows: initial denaturation
at 91 *C for 2 min, followed by 30 cycles of 98°C for 10
sec, 50 "C for 1 min, 68 "C for 1 min, 30 cycles of 98 “C
for 10 sec, 55 “C for 1 min, 68 "C for 1 min, and a post-
amplification extension at 68 “C for 7 min for Cox-1.

PCR products were mixed with Ez-Vision™ Threc
DNA Dye (Amresco, Solon, Ohio, USA), electrophoresed
in a 1.5% agarose gel plate and visualized using a UV
illuminator. Positive bands were dissected and processed

" column (Machery-Nagel, Diren,

using Nucleospin™
Germany), and then ethanol precipitated for further
purification. Proper amount of the DNA was subjected
to direct sequencing using the BigDye™ Terminator
Cycle Sequencing Kit Version 3.1 (Applied Biosystems,
Foster City, California, USA), and purified using
CentriSep™ spin column (Princeton Separations Inc.,
Adelphia, New Jersey, USA). Then sequencing was
made in an automated genctic analyzer ABI-PRISM

3130 (Applied Biosystems).

Table 2. Primers used in the present study

Name of primer  Direction Nucleotide sequence

Partial Cox-1 gene:

SyphCoxF1 Forward 5 GGTCAGTTGTATAATGTTRT-3

StrCoxAfrFF Forward 5:GTCGTTTTCCTAATTGAATGGTT-3

B3 Forward 5-I'T'TTTTGCGCATCCTGAGGTTTAT-¥

MITZ8R Reverse 5-CTAACTACATAAT AAGTATCATG-3

IB45 Reverse 5-TAAAGAAAGAACATAATGAAAATGY
Partial 285 rDINA:

cr Forward 5-ACCCGCTGAATTTAAGCAT -3

D2 Reverse 5-TCCGTGTTTCAAGACGG-3

locality and accession numbers of DNA sequences in DDBJ

) Iost ) Year of DDB]J accession Nos.
Species = - Locality . -

Family: Subfamily Species collection Cox-1 285 rDNA
Svphacia muris Muridae: Murinae Rattus tanezumi Java, Indonesia 2012 LCO38089  LCO38096
Syphacia muris Muridae: Murinac Rattus tanezumi Sumatra, Indonesia 2012 LCO38090  LCO38097
Svphacia rifaii Muridae: Murinae Bunomys penitus Sulawesi, Indonesia 2012 L.CO38087  LC038094
Syphacia rifaii Muridae: Murinae Bunomys penilus Sulawesi, Indonesia 2012 LCO38088  L.C038095
Svphacia obvelata Muridae: Murinae Mus musculus*® Honshu, Japan 2012 LCO38086 nt*"
Syphacia stroma Muridae: Cricetinae ~ Mesocricetus auratus®  Brno, Czech Republic 2013 LC038091  LCO38098
Syphatineria sp, Sciuridae: Sciurinae Lariscus hosei Kalimantan, Indonesia 2m2 L.CO38092  LC038099
Aspiculuris tetraptera  Muridae: Murinae Mus musculus” Honshu, Japan 2012 LCO38093 = nt.

* Experimental animal reared in laboratory,
L
nt.: Not tested.
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2-3. Phylogenetic analysis

Sequences determined in the present study and
those registered in DNA databases were used for
phylogenetic analysis. They were aligned using Clustal
W, then analyses were made by neighbor-joining (NJ)
and maximum likelihood (ML) methods using MEGAS
(v. 52.2) software 125, 27]. Both nucleotide and
amino acid sequences franslated using invertebrate
mitochondrion code were analyzed for Cox-1. In NJ
analysis of nucleotide sequences, the evolutionary
distances were computed using the Kimura's two-
parameter method [20]. The bootstrap values were
calculated by 1,000 replicates [81. Aspiculuris tetrapiera
was used as an outgroup species to root tree of Cox-
1. The nucleotide sequences determined in this study
were registered in the DNA Databank of Japan (DDB],
http://www.ddbj.nig.ac.jp/) with accession numbers

LCO38086 1o LCO38099.

3. RESULTS

In all of the Indonesian Syphacia materials tested,
partial Cox-1 DNA was successfully amplified and
sequenced (Table 1). Using primer sets SyphCox[F1-

JB34.5, unambiguous sequence of 749bp of Cox 1 was

obtained for each one sample of S. rifarr (LCO38087)
and Svphatineria sp. (LC038092). A shorter sequence
(LCO38088) corresponding to 106" to 748" positions of
1.C0O3087 was obtained using primer set StrCoxAfrl-
JB4.5 from another sample of S. rifaii. This shorter
sequence had one synonymous substitution from C to
T at 147" position. The sequence of S. rifaii was also
confirmed by sequencing using primer sets StrCoxAfrl™-
MHZ8R and JB33-JB4.5, which gave 610bp and 366bp,
respectively. Meanwhile, S. muris samples responded
only to the primer set JB3-JB45, giving shorter sequences
with 395bp. Because of these differences in length of
the sequences obtained and limitation of the sequences
in the DNA database, phylogenetic analyses were
carried out separately on the two datasets covering
618bp (Fig. 1) and 249bp (Fig, 2). respectively.

The striking feature is the peculiarity of Cox-I of
S. rifaii in nucleotide and amino acid sequences. By
Clustal W alignment, it was found that S. »ifaii had
deletions of three consecutive nucleotides at two sites
causing two amino acid deletions. The genetic distance
from other congeners was large, making extraordinarily
long branch especially in the NJ tree based on the
longer sequences (Fig.1). If outgroup setting was not

done, S. rifaii diverged at the most basal node in the
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Fig. 1. NJ reconstruction of phylogeny of Syphacia spp. based on long nucleotide sequences of Cox-1. The
optimal tree with the sum of branch length = 0.81201463 is shown. There were a total of 618 positions
in the final dataset. Nematode taxon is followed by host and locality in parenthesis and accession number
in bracket. Material from laboratory murine is marked with an asterisk.
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Fig. 2. NJ reconstruction of phylogeny of Syphacia spp. based on short nucleotide sequences of Cox-1. The
optimal tree with the sum of branch length = 0.85148172 is shown. There were a total of 249 positions in
the final dataset. Nematode taxon is followed by host and locality in parenthesis and accession number in
bracket. Material from laboratory murine is marked with an asterisk.

tree, putting Aspiculuris within Svphacia spp. (not
shown here). When Aspiculuris was used as an outgroup,
S. rifaii and Syphatineria sp. formed a clade clearly
separated from other species of Svphacia. This peculiarity
hecame less prominent but persisted when the analysis
was performed based on the short sequences including
those of S. mueris (Fig. 2). Svphacia rifali shared common
ancestor with Svphatineria sp. In the tree based on the
short sequences of Cox [, S. rifuii and S. muris were
close to cach other, and they shared a common ancestor
with Svphatineria sp. though the bootstrap value was
not high.

Phylogenetic reconstruction using ML method
was attempted for amino acid sequences translated
from the long nucleotide sequences of Cox-1 (IFig. 3).
Again, S. rifaii showed very curious position by having
extraordinary long branch.

Amplification of 285 rDNA was successful for S. 7ifaii,
S. muris and Svphatineria sp. (Table 1), In the NJ tree

based on 285 rDNA, bootstrap values were generally

high (Fig. 4). Even when outgroup setting was not
made, A. tetraptera was located most basal, According
to this tree, Svphacia (Seuratoxvuris) petrusewiczi from
Japanese Myodes (syn. Clethrionomys) diverged at the
most basal node, and then Svphatineria sp. was separated.
Among the species of the subgenus Svphacia. S. rifaii
and S. muris formed a clade, sharing a long branch,
diverging from the common ancestor to the other
Svphacia species. Svphacia agraria, S. stroma and
S. emileromani, all parasitic in Apodemus spp., are
monophyletic. Syphacia vandenbrucli, S. frederici, S.
obvelata and S. montana formed another monophyletic
group. Svphacia muris of R. tanezumi of Sumatra and
Java differed from that of Japan and USA. hoth were
collected from laboratory rats, Rattus norvegicus. The
same groupings were also found in ML tree based
on 285 rDNA (Fig. 5), but Svphatineria sp. diverged

earlier than S. (Sei.) petrusewiczi.

— 70—
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Fig. 3. ML reconstruction of phylogeny of Syphacia spp. based on amino acids translated from long nucleotide
sequences of mMiDNA Cox-1 using the General Reverse Transcriptional model. The tree with the highest
log likelihood (-1382.5027) is shown. There were a total of 206 positions in the final dataset. Nematode
taxon is followed by host and locality in parenthesis and accession number in bracket. Material from
laboratory murine is marked with an asterisk.

93

0.05
substitutions / site

28

S. montana (Myodes rufocanus; Hokkaido, Japan) [AB500161]
S. montana (Myodes rufocanus; Hokkaido, Japan) [AB500163]
S. montana (Myodes rufocanus; Hokkaido, Japan) [AB500159]

tana (Microtus montebelli; Honshu, Japan) [AB500158]

97

100

99

| I S. obvelata (Mus musculus; Honshu, Japan*) [AB500175]
100! 5. obvelata (Mus musculus; Honshu, Japan*) [AB500176])

S. frederici (Apodemus speciosus; Hokkaido, Japan) [AB500173]
100 S, frederici (Apodemus speciosus; Kyushu, Japan) [AB500170]
& S. frederici (Apodemus speciosus; Honshu, Japan) [ABS00171]

S. frederici (Apodemus speciosus; Honshu, Japan) [AB500172]
S. vandenbrueli (Micromys minutus; Honshu, Japan) [AB500178]
S. ohtaorum (Mus caroli; Okinawa, Japan) [AB500177]
S. agraria (Apodemus speciosus; Hokkaido, Japan) [AB500167]
r S. stroma (Mesocricetus auratus; Czech*) [LC038098]

100 S. omani (Apc arg + Shikoku, Japan) [AB500168]

99! S. emileromani (Apodemus argenteus; Hokkaido, Japan) [AB500169]

100 l- S. rifaii (Bunomys penitus; Sulawesi, Indonesia) [LC038094}
S. rifail (Bunomys penitus; Sulawesi, Indonesia) [LC038095]

100

100 S. muris (Rattus norvegicus; Honshu, Japan*) [AB500174]
S. muris (Rattus norvegicus; USA*) [EF464553)

100 S. muris (Rattus tanezumi; Sumatra, Indonesia) [LC038097)
100! 5. muris (Rattus tanezumi; Java, indonesia) [LC038096]

Syphatineria sp. (Lariscus hosei; Kalimantan, indonesia) [LC038099]

S. petrsewiczi (Myodes rutilus; Hokkaido, Japan) [AB500166]

Aspiculuris tetraptera (Mus musculus; Honshu, Japan*) [AB500179]

Fig. 4. NJ reconstruction of phylogeny of Syphacia spp. based on sequences of partial 28S rDNA. The optimal
tree with the sum of branch length = 1.35815348 is shown. There were a total of 689 positions in the
final dataset. Nematode taxon is followed by host and locality in parenthesis and accession number in
bracket. Material from laboratory murine is marked with an asterisk.
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Fig. 5. ML reconstruction of phylogeny of Syphacia spp. based on sequences of partial 28S rDNA. The tree with
the highest log likelihood (-4716.7483) is shown. There were a total of 689 positions in the final dataset.
Nematode taxon is followed by host and locality in parenthesis and accession number in bracket. Material
from laboratory murine is marked with an asterisk.

4. DISCUSSION

Syphaciinae arose with glires as hosts in Paleocene,
and evolved as Syphaciini in Muroidea in carly Eocene
[18]. Subsequently, syphaciins were divided into those
in murids and sciurids during Eocene, and establishment
of the subgencra of Syphacia (i.c., Syphacia, Seuratoxyuris
and Cricetoxyuris) and genera of syphaciins (including
Svphatineria and Syphabulea) of sciurids occurred
in Oligocene. However, the phylogenetic trees based
on 285 rDNA may suggest that diversification ol
murid- and scuirid-parasitic lineages of Syphaciini and
diversification of subgenera Seuratoxyuris and Syphacia
occurred in a relatively short geological period.

As shown above, S. rifaii and S. muris are localed
close together both in the phylogenetic trees on Cox-1
and 28S rDNA. This is not unexpected because ancestors

of the host genera, Rattus and Bunomys, are considered
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to have diverged in early Pliocene while ancestors ol
Micromys, Mus, Apodemus and Microtines established
much earlier, in Miocene [7]. It is also noticeable that
individuals of S. muris of Java and Sumatra were rather
diverged from those in the laboratory rats both in Cox-I
and 28S rDNA. Ancestor of S. muris might be adapted
to ancestral Rattus probably in Southeast Asia, and then
made dispersal to the surrounding areas. Some Rattus,
ie, R. norvegicus and R. ratlus, widened distribution
over the world. The laboratory rat was domesticated
from feral R. norvegicus in Europe or North America in
middle of 19th century, and then distributed to various
laboratories all over the world. Syphacia muris of them
also has been maintained in the laboratory conditions.
Thus, genetic divergence of S. muris in 285 rDNA of
US. and Japan materials was negligible. Also, Cox-1 of S.
muris in rats in Chinese laboratories lacked variations

(Fig. 2). However, il is apparent that feral Raltus
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spp. harbored S. mruris with genetic diversification as
suggested by the present study.

The numerous nucleotide and amino acid substitutions
found in Cox-1 of S. 7ifuii are very curious. At first, the
sequence obtained was suspected to be a pseudogene.
However, repeated amplification and sequencing resulted
in the same scquence except for one synonymous
substitution, while no other sequence referable to Cox-1
was obtained. Moreover, the sequence was translatable
to amino acid sequence using invertebrate mitochondrial
code. Hence, this sequence is regarded as partial Cox-
] gene. Presumably, the nucleotide substitutions in
Cox 1 of this pinworm have been accumulated during
isolation on Sulawesi with host genus Bunomys, which
is also Sulawesi endemic with seven extant species [21].
Although S. rifaii has been known from B. prolatus and
B. chrycosomus besides B. penitus [1], only two worms
from one host species were subjected to analysis.
[Further analyses of DNA sequences ol this and other
endemic species of Svphacia are indispensable to have
comprehensive understanding of pinworm evolution in
Indonesia.

Previous studies suggested that co-evolutionary
relationship in Syphacia might not be so strict [22,
23]. Their conclusion was based on the [act that
hoth Mus parasitic species and Apodemus-parasitic
species did not form their own clades but scattered in
different clades. It was also known {rom morphological
viewpoint that plural Svphacia species parasitic in a
murine genus often composed of different lineages.
For example, among the Syphacia species parasitic
in Mus, S. obvelala was considered to be close to S.
monlana, but clearly dilfered from S. ohtaorwm in the
cephalic morphology, lateral alae shape and egg surface
markings [10, 24]. Among those parasitic in Apodens,
S. frederici has well-developed and pointed alae in the
cervical portion of female and a short tail in male [14,
241, while S. emileromani, S. agraria and S. stroma
lack such alae in female and have a long tail in male [10,
24], The phylogenetic trees presented by Okamoto et
al. 122, 23] seemed to congruent with the morphology-
based groupings ol Svphacia.

Svphacia emileromani and S. stroma, both were

described originally from Apodemus, were considered

to be related close together [24]. In the phylogenetic
trees based on 285 rDNA, S. agraria, S. stroma and S.
enmileromani Tormed one clade, suggesting that these
species have co-evolved with Apodemus. However, host-
specilicity of Syphacia may not be so strict and host-
switching may occur especially when hosts become
sympatric. Actually, S. frederici, S. emileromani and
S. agraria ave shared by three Apodemus species
distributed in Hokkaido, Japan [11]. Morcover, under
an artificial condition such as breeding facilities of
experimental or pet rodents, Svphacia species could be
easily transmitted to unfamiliar hosts. It was reported
that three species of Syphacia infected concomitantly
the golden hamsters reared [15]. The present material
of S. stroma was such worm collected from the golden

hamster.

ACKNOWLEDGMENT

We would like to express our sincere thanks to
the 1ICBG Project Mekongga team [or collecting
the host of Svphacia rifaii, Prol. Gono Semiadii, Y.
S. Fitriana and N. Supriyatna (MZB) for collecting
the host of Syphatineria sp. We are also indebted to
Dr. Barbora Kalousova, University of Veterinary and
Pharmaceutical Sciences Brno, Czech Republic, and Dr.
Hideto Kino, Hamamatsu Medical Unversity, for their
kindness in providing nematode material for analysis.
This study was supported by the RONPAKU Project
(1D No. LIPI-11317, vear 2013 to 2015), by the Strategic
Research Foundation at Private Universities (2013-
2017) and by a Grant-in-Aid for Scientific Research
(C-23570120, C-26460513) from the Ministry of the

Education. Science and Culture of Japan.

REFERENCES

. Dewi, K. and lasegawa, 1. 2010. Svphacta (Syphacia)
rifaii n. sp. (Nematoda: Oxyuridae) collected from
Bunomyvs spp. (Rodentia: Muridac). J. Parasitol.
96 : 125-28.

2. Dewi, K. and Hasegawa, H. 2014. T'wo new species
of Syphacia (Nematoda: Oxyuridae) in endelmic murid

rodents from Sulawesi, Indonesia. J. flelminthol.

— 73—

Jpn. J. Vet. Parasitol. Vol. 14. No. 2 2015



Phylogenetic relationship of the pinworins of the genus Syphacia from murines of Indonesia and some other regions inferred by molecular analysis

10.

11.

88 1 41-49.

Dewi, K. and Purwaningsih, E. 2013. A checklist
of nematode parasites from Indonesian murids.
Zootaxa 3608 @ 531-546.

Dewi, K., Asakawa, M. and Fitriana, Y. S. 2014.
Syphacia (Syphacia) semiadii n. sp. (Nematoda:
Oxyuridac) from Halmaheramys bokimekot Fabre
et al, 2013 (Rodentia: Muridae) on Halmahera
Island, Indonesia and a key to the species present
in Sulawesi and the Australian bioregion. Trans.
Royal Soc. South Aust. 138 : 98-104.

Dewi, K., Hasegawa, H. and Asakawa, M. 2014,
Description of two new species of Syphacia
(Nematoda: Oxyuridae) collected from Eropeplus
canus (Rodentia: Muridae), an endemic rat
of Sulawesi, Indonesia, with proposal of new
subgenera. Raffles Bull. Zool. 62 : 617-654.

Dewi, K., Hasegawa, Il., Fitriana, Y. S. and
Asakawa, M. 2015. Syphacia (Syphacia) maxonyos
sp. n. (Nematoda: Oxyuridae) from Maxomys spp.
(Rodentia: Muridae) from Sulawesi and Sumatra,
Indonesia. /. Vet. Med. Sci. 77 © 1217-1222.

Fabre, P-H., Pagés, M., Musser, G. G., Fitriana, Y. 5.,
Fjeldsa, J.. Jennings, A., Jensson, K. A., Kennedy, J.
Michaux, J. Semiadi, G., Supriatna, N. and Helgen,
K. M. 2013. A new genus of rodent from Wallacea
(Rodentia: Muridae: Murinae: Rattini) and its
implication for biogeography and Indo-Pacific
Rattini systematics. Biol. J. Linnean Soc. 169 : 108
447.

Felsenstein, J. 1985. Confidence limits on phylogenies:
An approach using the bootstrap. Evolution 39 :
783-791.

Gouy de Bellocq, J.. Ferté, H., Depaquit, J.. Justine,
J. L., Tillier, A. and Durette-Desset, M. C. 2001.
Phylogeny of the Trichostrongylina (Nematoda)
inferred from 285 rDNA sequences. Mol. Phylogenet.
Evol. 19 : 430-442.

Hasegawa, 11. 1991. Syphacia (Syphacia) ohtaorum
n. sp. (Nematoda: Oxyuridae) from Mus caroli on
Okinawa Island, Japan. Syst. Parasitol. 18 : 221-226.
Hasegawa, H. and Asakawa, M. 2003. Parasitic
helminth fauna of terrestrial vertebrates in Japan.

pp.129-145. In: Progress of Medical Parasitology in

13.

14.

15.

16.

17.

18.

19.

20.

Jpn. J. Vet. Parasitol. Vol. 14. No. 2 2015

Japan, Vol. 7 (Kamegai, S, Hayashi, S. and Otsuru,
M. eds.), Meguro Parasitological Museum, Tokyo.
Hasegawa, J1. and Syafrudin. 1995. Nematode
fauna of the two sympatric rats, Raltus rattus
and R. exulans, in Kao district, Halmahera Island,
Indonesia. J. Helminthol. Soc. Wash. 62 : 27-31.
Hasegawa, !l. and Tarore, D. 1996. Syphacia
(Syphacia) sulawesiensis n. sp. and S. (S.) muris
(Yamaguti, 1933) (Nematoda: Oxyuridac) collected
from Rattus xanthurus (Gray 1867) (Rodentia:
Muridae) in North Sulawesi, Indonesia. Trop. Zool.
9 1 165-175.

Hasegawa, H., Asakawa, M., Yagi, K. and Takao,
Y. 1994, Descriptions of three species of the genus
Syphacia (Nematoda: Oxyuridae) from the murids
of Japan. Biol. Mag. Okinawa 32 7-15.

[asegawa, H. Sato, H., Iwakiri, E., lkeda, Y. and
Une, Y. 2008. Ilelminths collected from imported
pet murids, with special reference to concomitant
infection of the golden hamster with three
pinworm species of the genus Syphacia (Nematoda:
Oxyuridae). J. Parasitol. 91 : 752-754.

Hasegawa, H., Sato, H., Fujita, S., Nguema, P. P. M.,
Nobusue, K., Miyagi, K., Kooriyama, T., Takenoshita,
Y., Noda, S, Sato, A., Morimoto, A., Ikeda, Y. and
Nishida, T. 2010. Molecular identification of the
causalive agent of human strongyloidiasis acquired
in Tanzania: dispersal and diversily of Strongyloides
spp. and their hosts. Parasitol. Int. 59 : 407-413.
Hu, M., Chilton, N. B., Zhu, X. and Gasser, R. B.
2002, Single-strand conformation polymorphism-
based analysis of mitochondrial cytochrome ¢
oxidase subunit 1 reveals significant substructuring
in hookworm populations. Electrophoresis 23 : 27-
34.

Iugot, J. P. 1988. Les nématodes Syphaciinae,
parasites de rongeurs et de lagomorphes. Mém.
Mus. Nat. Hist. Nat., Sér. A 141 © 1-148,

Hugot, J. P. 1990. The Syphaciinae (Oxyuridae,
Nematoda) parasitic in rodents and lagomorpha.
Numerical taxonomy. Cladistic analysis of evolution.
Ann. Parasitol. Hum. Comp. 65(Suppl. 1) : 27-29.
Kimura, M. 1980. A simple method to estimating

evolutionary rate of base substitutions through



21.

22.

23.

24.

Kartika DEWT, Hideo HASEGAWA, Akiko SATO, Mitsuhiko ASAKAWA

comparative studies of nucleotide sequences. /.
Mol. Evol. 16 : 111-120.

Musser, G. G. and Carleton, M. D. 2005. Genus
Bunomys. pp. 1298-1301. In: Mammal Species of the
World. 3rd ed. (Wilson, D. E. and Reeder, D. M.
eds.), Johns Hopkins University Press, Baltimore,
Maryland, USA.

Okamoto, M., Urushima, 1., Iwasa, M. and
Hasegawa, H. 2007. Phylogenetic relationships
of rodent pinworms (genus Svphacia) in Japan
inferred from mitochondrial CO1 gene sequences. /.
Vet. Med. Sci. 69 : 545-547.

Okamoto, M., Urushima, H. and Hasegawa, I1. 2009.
Phylogenetic relationships of rodent pinworms
(genus Syphacia) in Japan inferred from 28S
rDNA sequences. Parasitol. Int. 58 : 330-333.
Quentin, J. C. 1971. Morphologie comparc¢e des
structures céphaliques et génitales des Oxyures du

genre Syphacia. Ann. Parasitol. Hum. Comp. 46 :

15-60.

25. Saitou, N. and Nei, M. 1987. The neighbor-joining
method: A new method for reconstructing
phylogenctic trees. Mol. Biol. Evol. 1 © 406-425.

26. Smales, L. R. 2001, Syphacia longaecanda n. sp.
(Nematoda: Oxyuridae) Syphacinea from Melomys
spp. (Muridae: Hydromyinae) from Papua New
Guinea and Irian Jaya, Indonesia. Parasite 8 © 39-43.

27. Tamura, K., Peterson, D., Peterson, N., Stecher, G.,
Nei, M. and Kumar, S. 2011. MEGAS: Molecular
evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum
parsimony methods. Mol. Biol. Evol. 28 : 2731-
2739.

Correspondence : Mitsuhiko ASAKAWA, Department of
Pathobiology. School of Veterinary Medicine, Rakuno Gakuen
University, IEbetsu, Hokkaido 069-8501, Japan.

E mail : askam@rakuno.acjp

Jpn. J. Vet. Parasitol. Vol. 14. No. 2 2015



	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf
	8.pdf
	9.pdf

