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ABSTRACT. The Ezo red fox (Vulpes vulpes schrencki), a subspecies 
endemic to Hokkaido island, Japan, is a known host species for the 
tapeworm Echinococcus multilocularis. To develop tools for molecular 
ecological studies, we isolated 28 microsatellite regions from the 
genome of Ezo red fox, and developed 18 polymorphic microsatellite 
markers. These markers were characterized using 7 individuals and 
22 fecal samples of the Ezo red fox. The number of alleles for these 
markers ranged from 1 to 7, and the observed heterozygosity, estimated 
on the basis of the genotypes of 7 individuals, ranged from 0.29 to 1.00. 
All markers, except DvNok5, were in Hardy-Weinberg equilibrium 
(P > 0.05), and no linkage disequilibrium was detected among these 
loci, except between DvNok14 and DvNok28 (P = 0.01). Moreover, six 
microsatellite loci were successfully genotyped using feces-derived 
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DNA from the Ezo red fox. The markers developed in our study might 
serve as a useful tool for molecular ecological studies of the Ezo red fox.

Key words: Vulpes vulpes schrencki; Polymorphic microsatellite marker; 
Feces-derived DNA

INTRODUCTION

The red fox (Vulpes vulpes) is one of the most widely distributed terrestrial carnivores 
in the world, and occurs throughout most of North America, Europe, Asia, and North Africa 
(Larivière and Pasitschniak-Arts, 1996). The Japanese red foxes can be subdivided into two 
subspecies - the Japanese red fox (V. v. japonica) and the Ezo red fox (V. v. schrencki) - based on 
their habitat differences. The Ezo red fox is an endemic subspecies on the island of Hokkaido, 
located at the north end of Japan, and is a known final host of the tapeworm Echinococcus 
multilocularis, which causes the serious zoonosis alveolar echinococcosis (Oku and Kamiya, 
2003). To manage the population size of the Ezo red fox and prevent the spread of tapeworm 
infection, it is important to characterize the ecological features of this subspecies. However, 
detailed ecological features of the Ezo red fox, such as its social structure and home range at 
the population level, have not yet been clarified.

Polymorphic genetic markers are useful tools for the ecological studies of wild 
animals. Specifically, a microsatellite marker is composed of one to six nucleotide repeats, 
and is advantageous for molecular ecology research owing to its high polymorphism and 
easy allele detection compared with other DNA markers (Mowat and Strobeck, 2000; Creel 
et al., 2003; Eggert et al., 2003; Prugh et al., 2005; Piggott et al., 2006). Several microsatellite 
markers have been developed for foxes belonging to the genus Vulpes (Wandeler and Funk, 
2006; Yan et al., 2015; Yu et al., 2015). These markers enable the analyses of genetic diversity 
and population structure of the local species of Vulpes. However, polymerase chain reaction 
(PCR) failure is occasionally observed when markers developed for different species are 
used in the analyses of local populations (Oishi et al., 2011), indicating the existence of 
sequence differences in the flanking DNA of repeat regions among local populations of 
Vulpes. Therefore, we suggest that polymorphic microsatellite markers specific to the Ezo 
red fox genome are necessary for the accurate identification of animals and characterization 
of their population structure and ecological features.

In this study, we isolated 28 microsatellite regions from the genome of Ezo red fox, 
and developed 18 novel polymorphic microsatellite markers. Moreover, we confirmed that 
several of these markers can even be amplified from the feces-derived DNA.

MATERIAL AND METHODS

The livers of the Ezo red foxes were collected from Abashiri, Shari, and Utoro, which 
are located at the east end of Hokkaido, Japan, from June to October 2012. All livers were 
collected from road-killed animals. Feces were collected from Abashiri from August 2008 
to October 2009 and from February to October 2010. To inactivate Echinococcus eggs, all 
samples were stored at -70°C for more than 24 h. Genomic DNA from liver samples was 
extracted using the Gentra Puregene Tissue Kit (Qiagen, Valencia, CA, USA). Feces-derived 
DNA was extracted from 200 mg feces using the QIAamp DNA Stool Mini Kit (Qiagen). All 
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experimental procedures were approved by the Animal Care and Use Committee of the Tokyo 
University of Agriculture (Approval No.: 270047).

First, we estimated the quality of extracted DNA by PCR-amplifying the partial 
Cytochrome b (Cytb) gene using a pair of universal primers, L14841 and H15149 (Kocher et 
al., 1989). We extracted DNA from 214 fecal samples, and confirmed the PCR amplification 
of the Cytb gene in 192 feces-derived DNA samples. Microsatellite regions were isolated 
using a standard procedure (Glenn and Schable, 2005; Seki et al., 2012). Approximately 
5 µg genomic DNA was digested with XmnI and RsaI restriction enzymes (New England 
Biolabs Japan Inc., Sumida-ku, Tokyo, Japan). Subsequently, the excised DNA fragments 
were ligated to SuperSNX24 Forward (5'-GTT TAA GGC CTA GCT AGC AGA ATC-3') 
and SuperSNX24 + 4P Reverse (5'-p-GAT TCT GCT AGC TAG GCC TTA AAC AAA A-3') 
linkers. The fragments with linkers were enriched for microsatellite repeats by hybridization 
to a 3'-biotinylated microsatellite (GT12) probe, followed by capture on Dynabeads (Thermo 
Fisher Scientific, Rockford, IL, USA). The captured fragments were then amplified by PCR 
using the SuperSNX24 Forward primer. The purified PCR-products were ligated to the 
pT7Blue T-vector (Novagen, Madison, WI, USA), and transformed into ECOS-competent 
Escherichia coli JM109 (Nippon Gene, Chiyoda-ku, Tokyo, Japan). The cloned inserts were 
amplified and sequenced using the universal M13 primers, P7 and P8 (Seki et al., 2012).

In order to characterize the microsatellite markers, a fragment analysis was carried 
out using organ-derived DNA from 7 individuals and 192 feces-derived DNA samples. To 
amplify microsatellite regions of the fox genome, PCR was performed in a total volume of 
10 µL with genomic DNA (less than 50 ng), 2.6 µM fluorescent-labeled primers (Beckman 
Dye 2, 3, and 4; Sigma-Aldrich, St. Louis, MO, USA), 0.2 mM dNTPs, 1.5 mM MgCl2, 1X 
PCR Gold Buffer, 1 M betaine, and 0.5 U AmpliTaq Gold DNA Polymerase (Thermo Fisher 
Scientific). The following PCR cycling program was used: initial denaturation at 95°C for 10 
min; 55 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 30 s, and extension at 
72°C for 1 min; and final extension at 72°C for 5 min. PCR-product sizes were determined 
using a CEQ8000 Genetic Analyzer (Sciex, Ontario, Canada), and the genotype data were 
analyzed using GENEPOP 4.2 (Rousset, 2008).

RESULTS AND DISCUSSION

First, we used a basic local alignment search tool (BLAST) to identify unreported 
DNA fragments within the cloned genomic DNA sequences, obtaining 18 novel microsatellite 
regions within the genome of Ezo red fox (Table 1). Based on a comparative genetic map 
between Canis familiaris and V. vulpes (Kukekova et al., 2007), 17 of 18 sequences could be 
broadly mapped onto the autosomal and sex chromosomes, except for the chromosomes 4, 5, 
10, 12, 15, and 16 of the Ezo red fox (Table 1).

Using genomic DNA extracted from the livers of 7 Ezo red fox individuals, the 18 
microsatellite regions were amplified. With the exception of DvNok5, polymorphisms were 
identified for the remaining 17 markers. The number of alleles per locus ranged from 3 to 
7, with an average of 4.41 (Table 1). HE ranged from 0.27 to 0.85, with an average of 0.73, 
and HO ranged from 0.29 to 1.00, with an average of 0.72. Except for DvNok5, all of the 
analyzed markers showed no deviation from Hardy-Weinberg equilibrium (HWE; P > 0.1). 
The deviation of DvNok5 from HWE was attributed to its low polymorphism and the small 
sample size used in this analysis. 
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Oishi et al. (2011) reported that the average number of alleles per locus in the 
populations of Ezo red fox in the southern, central, northern, eastern, and south-eastern 
regions of Hokkaido were 4.78, 7.11, 8.22, 6.33, and 5.22, respectively. Although we 
genotyped only a few individuals, a moderate number of alleles (3-7) was detected for all 
17 markers. Thus, we successfully developed highly polymorphic microsatellite markers 
for the Ezo red fox.

To verify the utility of the microsatellite markers developed in this study for 
molecular ecology analyses in the Ezo red fox, we performed PCR using feces-derived 
DNA obtained from the fecal samples collected from natural fields. It should be noted that 
the non-invasive sampling methods, such as the collection of feces from natural fields, 
usually involves contamination. The DNA extracted from such samples often exhibits 
low quality and quantity, which can lead to reduced PCR success rates (Gagneux et al., 
1997; Morin et al., 2001; Piggott and Taylor, 2003; Piggott et al., 2006; Mucci and Randi, 
2007). We attempted to amplify 18 microsatellite markers using 192 fecal DNA samples, 
and we successfully genotyped 6 markers in 22 fecal DNA samples. The number of alleles 
per locus ranged from 2 to 9, with an average of 6.33. HO ranged from 0.05 to 0.82, with 
an average of 0.48, and HE ranged from 0.21 to 0.87, with an average of 0.68 (Table 1). 
Although a relatively low genotyping success rate was observed in our study, these novel 
markers enabled genotype determination using fecal DNA samples. Therefore, we suggest 
that 6 of our 18 newly developed microsatellite markers are useful for ecological research 
on the Ezo red fox. To the best of our knowledge, our study is the first report on the 
development of microsatellite markers for the Ezo red fox, and includes a microsatellite 
marker-based analysis of its genome using feces-derived DNA.

Recently, next-generation sequencing (NGS) methods have enabled us to obtain 
sequence information for numerous DNA fragments in non-model organisms (Rico et al., 
2013). For example, in the Korean red fox, NGS was used to sequence 65,562,274 bp of high-
quality DNA, followed by the identification of 200 repeat sequences with high copy numbers; 
this in turn, led to the successful development of 25 novel microsatellite markers (Yu et al., 
2015). Our study indicated a relatively low success rate of genotyping based on an analysis 
of feces-derived DNA from the Ezo red fox. Therefore, numerous microsatellite markers 
should be developed in future, and an optimal marker set should be selected for feces-derived 
DNA analyses. We recommend the use of NGS for identification of numerous microsatellite 
markers in the genome of Ezo red fox for conducting molecular ecological studies such as the 
elucidation of its genetic diversity and population structure.
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