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Abstract.

Genetic relationships of the raccoon dog, Nyctereutes procyonoides, were researched in eastern Japan,

focusing particularly on the populations of the Imperial Palace and the Akasaka Detached Palace, Tokyo Metropo-

lis, Japan. We analyzed partial sequences of the mitochondrial D-loop region and obtained 17 haplotypes from all

the samples of N. procyonoides. Most of the samples carried alternatively two haplotypes, A and B, and all the

individuals from the two palaces had these haplotypes. Geographically, the two palaces are separated by approxi-

mately one km of high-traffic roads and busy commercial streets, yet young individuals of N. procyonoides may

move among areas such as these palace grounds as they disperse. In other localities, there were haplotypes other

than A and B that are relatively rare in the present samples. The gene distribution patterns have been influenced by

the founder effect at the early period of foundations of the raccoon dog populations and dispersion, and home

range patterns of N. procyonoides.
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Introduction

Tokyo is one of the most urbanized cities in the
world, and the center is constructed in a urban street
and a residential area. Therefore, most of the envi-
ronments are not appropriate for habitats of wild ani-
mals. On the other hand, there are the wild animals
that have adapted to the urban environment, including
indigenous and introduced species (Numata and Obara,
1982; Ecological Society of Japan, 2002; Ohdachi et
al., 2009). One of them, the raccoon dog, Nyctereutes
procyonoides, is a popular, medium-sized mammal
that has been observed in urban areas of Tokyo Me-
tropolis and other prefectures (Numata and Obara,
1982; Ikeda, 1991a, b; Ohdachi et al., 2009).

At the center of the urban areas of Tokyo Metrop-
olis (23 wards), there are several larger forests con-
sisting of native woods, for example, at the Imperial
Palace and the Akasaka Detached Palace (Fig. 1).
These palaces have been founded as natural forests

since the Edo period, with artificial maintenance, and

have been surrounded by artificial structures during
the era of Japanese economic progress after World
War II. In such a situation, Endo et al. (2000) and
Takeda et al. (2000) reported that the occurrence of
the raccoon dog was confirmed. In addition, ecologi-
cal research concerning the raccoon dog, such as
feeding preference, has been performed in the palaces
(Teduka and Endo, 2005; Sako et al., 2008). However,
it is unclear whether the raccoon dog populations in
the palaces have been maintained as indigenous ones
since the foundation of the palaces.

In this study, we collected samples of the raccoon
dog mainly from eastern Japan and analyzed their
mitochondrial DNA sequences. On the basis of current
molecular data, we evaluated the originality of the
raccoon dog population in Tokyo Metropolis, focusing
particularly on the individuals from the Imperial Pal-
ace and the Akasaka Detached Palace.
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Fig. 1. Sampling localities of the raccoon dog examined in this study. Numbers are
identical to those in Table 1. A land satellite photograph is used from Google
Earth.
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Table 1. Samples of Nyctereutes procyonotdes examined in this study.

Locality Individual No.* Haplotype  Locality Individual No.* Haplotype
Tokye Metropolis Hokkaido
Taito-ku Ward Kamikawa (6) NP53 F
Ueno (1) NP03 N Fukushima Pref.
NP09 G Futaba (7) NP38 (@}
Chiyoda-ku Ward Ohkuma (8) NP37 &
Hitotsubashi (2) NP30 A Tomicka (9) NP36 C
Imperial Palace (3) NP0O4 A NP41 P
NP10 B Naraha (10 NP47 C
NP11 B Twaki (11) NP39 (@)
NP13 B Tochigi Pref.
NP14 B Yaita (12) NPO1 A
NP15 B NPQO2 B
NP16 B Ibaraki Pref.
NP17 B Tsukuba (13) NP54 N
NP18 B Chiba Pref.
NP19 B Katsuura (14) NPo4 Q
NP20 B Saitama Pref.
NP21 B Higashi-Matsuyama (15) NP65 A
NP22 B NP66 A
NPZ3 B NP67 A
NP26 B NP68 A
NP27 B NP69 A
NDP28 B NP70 A
NP58 B Niigata Pref.
NP59 B Niigata (16) NP43 A
NP60 B Sanjo (17) NP40 A
NP6l B Kamo (18) NP48 A
NP75 B NP49 A
NP76 B NP81 ]
Minato-ku Ward Kosudo (19) NP80 A
Akasaka Detached Palace (4) NP05 A Nagaoka (20) NP55 €
NP06 A NP56 A
NP12 A Uonuma (21) NP42 A
NP25 A NP44 A
NP29 A NP45 A
NP71 D NP46 A
NP74 A NP50 A
Nerima-ku Ward (5) NP51 A
Toyotama NP79 A Sado Is. (22) NP52 E
Sakuradai NP82 A Kanagawa Pref.
NP83 A Fujisawa (23) MAI-1081 K
MAI-1082 I
Aichi Pref.
Toyota (24) NP72 T
NP73 L
Shitara (25) NP62 L
NP63 L
Wakayama Pref.
Susami (26) NP57 M

Numbers in parentheses are locality codes that are indicated in Fig. 1.
*NP series are deposited in National Museum of Nature and Science. MAI series are preserved as Iwasa's private collection.
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Materials and methods

A total of 84 individuals of N. procyonoides
were examined in this study (Table 1 and Fig. 1).
Total genomic DNA was extracted from the muscle
tissues using a Wizard® Genomic DNA Purification
Kit (Promega). Partial D-loop segments were am-
plified by PCR with the primer set L15411
(5’-TCCCTAAGACTCAAGGAAGAAGC-3’)/H1584
1 (5-GATGTCCCATTTGAGAGGATTAG-3") ac-
cording to the complete mitochondrial DNA sequence
of N. procyonoides with accession number GU256221
of the DNA databases (GenBank/EMBL/DDBJ). The
PCR was carried out with the reaction mixtures (20 pl)
according to Iwasa and Nakata (2011). The PCR
products were sequenced by an automated sequencer
(model 310 or 3100, ABI) using a BigDye Terminator
Cycle Sequencing Kit ver. 3.1 (ABI).

The present D-loop sequences were aligned using
the Clustal X program (Thompson et al., 1994). We
constructed a neighbor-joining tree (Saitou and Nei,
1987) with the D-loop sequences on the basis of

Tamura—Nei distances, which consider transitions and

transversions, and gaps at all sites (Tamura and Nei,
1993). Bootstrap analysis was performed (1,000 repli-
cates) using the MEGA ver. 5.10 program (Tamura et
al., 2011). In addition, a network tree was also con-
structed by the Neighbor-Net method with D-loop
sequences using the Splits Tree (Huson and Bryant,
2006).

Results and discussion

We determined the D-loop sequences to be 418—
420 base pairs, which accorded with the nucleotide
site 15416-15832 in the mitochondrial sequence of
GU256221, and obtained 17 haplotypes of the D-loop
sequences in the present samples (Table 1 and Figs. 2
and 3). The bootstrap values were entirely too low, and
the topology of the tree may be unreliable in regard to
the actual phylogenetic relationship for the present
samples (Fig. 3). Thus, the tree indicates only the
haplotype discrimination in the individuals examined.
On the other hand, a network tree indicated a compli-
cated relationship within all the haplotypes except for
Pand Q (Fig. 4).
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Fig. 3. A phylogenetic tree constructed using mitochondrial D-loop sequences
of the present raccoon dog samples by the neighbor-joining method. Main
bootstrap values are indicated at nodes. All the letters of the alphabet are
indicated as the present haplotypes that are identical to those in Table 1.
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Fig. 4. A network tree constructed using mitochondrial D-loop sequences of the present

raccoon dog samples by the Neighbor-Net method. All the letters of the alphabet

are indicated as the present haplotypes that are identical to those in Table 1 and

Fig. 3.

In the samples from the Imperial Palace, there
were two haplotypes, A and B, and the former was
observed in those from the Akasaka Detached Palace
(Table 1 and Figs. 3 and 4). The Imperial Palace and
the Akasaka Detached Palace are separated by ap-
proximately one km of high-traffic roads and busy
commercial streets (Fig. 1). However, considering that
the lifestyle of the raccoon dog shows usage of artifi-
cial structures (Numata and Obara, 1982; Ikeda,
1991b; Sako et al., 2008; Ohdachi et al., 2009), the
present fact suggests that young individuals of N. pro-
cyonoides would possibly move areas including the
Imperial Palace and the Akasaka Detached Palace. On
the other hand, haplotypes G and N also were con-
firmed in Tokyo Metropolis. These haplotypes were
rare, and haplotype N was also observed in individuals
from Tsukuba, Ibaraki Pref., near Tokyo (Table 1 and
Fig. 1). In addition, according to the current network
tree, haplotype A would be considered a relatively
ancestral type in haplotypes obtained from Tokyo
Metropolis areas, including neighboring prefectures,
because haplotype A was positioned at an inner node
of the network showing complicated patterns (Table 1

and Figs. 1 and 4). Moreover, the network relationship

indicated that haplotype B seemed to be derived from
haplotype A (Fig. 4). Thus, we concluded that haplo-
types A and the derivative haplotype B have been
mainly fixed in the Tokyo Metropolis areas, and the
other haplotypes have been maintained to some extent
though being lower frequencies, by slight founder
effects and differentiations (Harrison, 1989).

Our current samples of N. procyonoides were col-
lected mainly from eastern Japan (Fig. 1). There were
some rare haplotypes, but haplotypes A and B occu-
pied the greater part of all the individuals examined in
this study (Table 1). Nevertheless, samples from Fu-
kushima Pref. and Aichi Pref. showed haplotypes spe-
cific to each locality: haplotypes C, O, and P, and
haplotype L, respectively (Table 1). On the other hand,
most individuals from Niigata Pref. carried haplotype
A, which is popular in Tokyo Metropolis (Table 1).
Thus, the local fixation of the genetic constitutions is
not always observed in N. procyonoides of Japan,
and based on current results, the haplotypes are not
characterized locally. Accordingly, we estimate that
such situation considered with current haplotype dis-
tribution patterns would be ecologically related to the

dispersion pattern of N. procyonoides. It is reported
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that the home range of the raccoon dog varies from 10
to 600 ha, and dispersion of males is considered as
greater than 1,000 ha (Yamamoto er al., 1994;
Ohdachi er al., 2009). Therefore, these ecological
tendencies of the raccoon dog would influence the
gene distribution patterns, particularly in planes and
lower altitudes (Saeki et al., 2007). On the other hand,
geographic barriers seem to influence the gene distri-
bution patterns considering the haplotype patterns in
Fukushima and Aichi prefectures. However, the sam-
pling localities are insufficient at present. Thus, further
research is needed to evaluate the geographic rela-
tionship of the haplotype patterns for the raccoon dog
of Japan.
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