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Introduction

　Short tandem repeats (STRs), which are known as 
microsatellites, are potentially the most useful forensic 
DNA marker1). The fundamental information about STR 
loci, such as mutant alleles, internal alleles and three 
perk alleles, has been well documented2). The necessity 
of comparative studies of repeating units between animal 
species for judging the stability of tandem repeats has 
been pointed out3-5). In addition, in forensic practice, it is 
sometimes necessary to determine a sample’s origin, i.e., 
human and animal. The specimens of Japanese raccoon 
dogs (Nyctereutes procyonoides viverrinus) are also 
subjects of the discrimination. Information on Japanese 
raccoon dog STRs is very limited. Therefore, we intended 
to investigate STRs of Japanese raccoon dogs as tools for 
species identification and the identification of individuals. 

As we have previously reported that human STR primers 
ef fectively amplify Japanese macaque DNA6‒9), we 
undertook a preliminary examination of 15 human core 
STR loci for the PCR amplification of DNA from Japanese 
raccoon dogs. All primers failed to amplify the Japanese 
raccoon dog DNA. We considered that the cause of failure 
is the dif ferences between the nucleotide sequences 
of humans and Japanese raccoon dogs. The Japanese 
raccoon dog belongs to the family Canidae and there are 
many accumulated data for dog STRs10‒14). Preliminary 
study showed that dog primers successfully amplify 
Japanese raccoon dog DNA and ZUBECA4 locus was the 
most polymorphic in raccoon dog loci amplified with dog 
primers. We describe herein not only the properties of 
Japanese raccoon dog PCR products amplified with dog 
ZUBECA4 primers but also the first primers prepared for 
the Japanese raccoon dog ZUBECA4 locus.
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Abstract

　The Japanese raccoon dog short tandem repeats (STRs, or microsatellites) were investigated using the primer set for the 
ZUBECA4 locus, one of the dog STR primers. The properties of Japanese raccoon dog PCR products were examined by 
electrophoresis and sequence analyses. Six alleles were detected by the electrophoresis analyses in nine Japanese raccoon 
dogs. The sequence analyses on the six alleles revealed that variants are based on the difference in the total number of 
repeats of GAAA and GCAA. The repeating units of Japanese raccoon dogs were simpler than those of dog alleles. The 
six alleles were designated as 12-16 and 18. Allele 15 and 18 were divided into 1512, 1514, 1515, 1813 and 1814 sub-alleles by 
the times GAAA was repeated. Their frequencies were estimated to be: allele 12=0.10, allele 13=0.17, allele 14=0.17, allele 
1512=0.22, allele 1514=0.06, allele 1515=0.06, allele 16=0.06, allele 1813=0.06 and allele 1814=0.10. Heterozygosity was calculated 
to be 0.79 in STR alleles and 0.86 in sub-alleles. Further, new primers for Japanese raccoon dogs were developed based on 
the sequences of the Japanese raccoon dog alleles. This primer set was successfully amplified as a small-sized amplicon, 
which is more suitable for practical uses than dog primers. These findings indicated that the ZUBECA4 locus is a quite 
useful STR for species identification, individual identification, pedigree study and population study on Japanese raccoon 
dogs.
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Materials and methods

　Nine Japanese raccoon dogs (RD1-RD9) were used in 
the present study. RD1, RD7 and RD9 were female and the 
rest were male. The roadkill raccoon dogs were collected 
in Kagoshima city by the prefectural road caretakers 
and municipal garbage men. The causes of death were 
due to traffic accident judging from the degree of their 
injuries and the situation of discovery. This study was 
carried out along the guideline of Kagoshima University 
commission for experiments using laboratory animals. 
Genomic DNA was extracted from the muscle tissues by 
organic methods16). The sample of dog DNA as control 
(CD1) was extracted from cheek swabs of an adult female 
dog (Labrador retriever, 7 years) by organic methods16). 
Primers for dog ZUBECA4 locus were prepared using 
information reported by Eichmann et al.12). The reaction 
solution (total volume 50 μL) for PCR amplification 
was prepared to have a final concentration of 1.5 mM 
MgCl2, 200 μM for each dNTP, 1.25 μM for each primer, 
1.25 U AmpliTaq Gold® DNA polymerase and 200 ng 
genomic DNA. Amplifications were carried out using 
a PE-320 thermal cycling block (ASTEC, Fukuoka, 
Japan) as follows: 96°C for 11 min; 10 cycles at 98°C 
for 10 sec, 60°C for 90 sec, 72°C for 30 sec; 25 cycles at 
90°C for 10 sec, 60°C for 90 sec, 72°C for 30 sec; and 
60°C for 30 min. Electrophoresis analyses of the PCR 
products were performed using polyacrylamide gels with 
a BRL® model SA32 (Life Technologies, Rockville, MD, 
USA), followed by silver staining17). The PCR products 
were directly sequenced using ABI Prism® BigDyeTM 
Terminator v3.1 Cycle Sequencing Ready Reaction Kits 
and an ABI Prism®  310 genetic analyzer according to the 
manufacturer’s protocol (Applied Biosystems, Foster City, 
CA, USA). Allele frequencies and heterozygosity for STR 
locus were calculated using the formula reported by Nei 
and Roychoudhury18).

Results and discussion

　Electrophoretograms of the PCR products obtained 
from the Japanese raccoon dogs (RD1-RD9) and a dog 
sample as control (CD1) using the ZUBECA4 primers are 
shown in Fig. 1. All Japanese raccoon dog DNA samples 
were successfully amplified with ZUBECA4 primers. 
Single or double bands were clearly detected from all PCR 
products. All of these bands migrated faster than the dog 

Fig. 1. Electrophoretograms of PCR products amplified with 
dog ZUBECA4 primers by electric focusing using unmodified 
polyacrylamide gels. A: overview of the focused gel, B: an 
enlargement of the region enclosed by a dashed line in 
Fig.1A. RD1-RD9: Japanese raccoon dogs. CD1: a dog. MK: 
DNA marker. Cathode at top.  
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bands, that is the Japanese raccoon dog PCR products 
were focused around 300 bp, and the dog PCR product 
to around 450 bp. Therefore, discrimination between 
the DNA of dogs and that of Japanese raccoon dogs is 
possible by electrophoresis analyses. Six different bands 
were observed. Each band from the nine individuals was 
separated and its nucleotide sequences analyzed. 

　The sequence data for the Japanese raccoon dog PCR 
products and the reference dog are shown in Fig. 2. The 
sequence studies revealed that the variants of nucleotide 
sequences in Japanese raccoon dogs arise from 
differences in the numbers of GAAA and GCAA tandem 
repeats: the numbers of the GAAA repeating unit ranged 
from 11 to 15 and those of the GCAA repeating unit 
from 0 to 5. The sequences in upper and lower flanking 
regions were similar to those of the dog DNA except for 
a C-G transversion in the upper flanking region and the 
insertion of GAATT into the front of repeat region. In the 
tandem repeat regions, GAAA repeats were observed in 
both Japanese raccoon dogs and dogs. These findings 
suggested that the dog ZUBECA4 primers amplify the 
same locus in Japanese raccoon dogs. The dog DNA has 
several nucleotides inserted around GAAA repeats10, 12). 
The repeating units of the Japanese raccoon dog alleles 
were very simple in contrast with those of the dog alleles. 
Therefore, we consider that the Japanese raccoon dog 

ZUBECA4 locus is more favorable than the dog locus for 
practical uses. The six alleles of the Japanese raccoon 
dog ZUBECA4 locus were designated as 12-16 and 
18 according to the total number of GAAA and GCAA 
repeats. Allele 17 was absent in this study. Allele 15 was 
subdivided into (GAAA)12(GCAA)3, (GAAA)14(GCAA)1, 
and (GAAA)15 and al lele 18 was subdivided into 
(GAAA)13(GCAA)5 and (GAAA)14(GCAA)4 based on the 
structure of their repeating units. Their alleles were 
tentatively designated as 1512, 1514, 1515, 1813 and 1814, with 
the superscripts indicating the number of times GAAA 
is repeated. The ZUBECA4 types and subtypes in nine 
Japanese raccoon dogs are summarized in Table 1. The 
frequencies of STR alleles and their subdivided alleles 
were estimated to be 12=0.10, 13=0.17, 14=0.17, 1512=0.22, 
1514=0.06, 1515=0.06, 16=0.06, 1813=0.06 and 1814=0.10. 
Heterozygosities on the Japanese raccoon dog ZUBECA4 
locus were calculated 0.79 in STR alleles and 0.86 in their 
subtype alleles. These findings show that the Japanese 
raccoon dog ZUBECA4 locus has enough polymorphism 
to enable the identification of individuals. 
   Further, the first primer set for the Japanese raccoon 
dog ZUBECA4 locus was prepared. The amplicon of new 
primers was 150 bases smaller than that of a dog primer. 
The binding sites of these primers are shown in Fig. 2. 
Electrophoretograms of the PCR products obtained from 

Fig. 2.  The nucleotide sequences of Japanese raccoon dog and dog PCR products amplified with dog ZUBECA4 primers. RD: 
Japanese raccoon dogs. CD: a dog. A solid underline indicates the binding sites of ZUBECA4 primers. A broken underline 
indicates the binding site of the ZUBECA4 primers prepared, for the first time, for Japanese raccoon dogs.  
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Japanese raccoon dog and dog samples using the new 
ZUBECA4 primer sets for Japanese raccoon dogs are 
shown in Fig. 3. The ladder marker for Japanese raccoon 
dog ZUBECA4 alleles was prepared with a template mixed 
with RD 2, RD 6 and RD 7 DNA. The ZUBECA4 types of 
nine Japanese raccoon dogs were easily typed by the use 
of the ladder marker. Since short amplicons are useful 
for working with old specimens that contain degraded 
DNA19), it is suggested that the new ZUBECA4 primers for 
Japanese raccoon dogs are more suitable for the practical 
ZUBECA4 typing. 
   In conclusion, our findings indicated that the ZUBECA4 
locus is a quite useful STR for discrimination between 
samples from Japanese raccoon dogs and samples 
from other animals in the field of forensic sciences. 
The multiplex typing of STR loci including the highly 
polymorphic ZUBECA4 would be also useful for the 
individual identification of Japanese raccoon dogs. In 
addition, since data on allele configuration in various 
animals contribute to assessing the stability of STR loci3‒5), 

Fig. 3.   Electrophoretograms of PCR products amplified with the prepared ZUBECA4 primers for Japanese raccoon dogs by 
electric focusing with unmodified polyacrylamide gels. A: overview of a focused gel. B: an enlargement of the region enclosed by a 
dashed line in Fig.3A. RD1-RD9: Japanese raccoon dogs. LD: ladder markers. Cathode at top. 

Table. 1.  ZUBECA4 types and subtypes of nine Japanese 
raccoon dogs and their heterozygosities 

Japanese raccoon dog
ZUBECA4

Types Subtypes

   RD1

   RD2

   RD3

   RD4

   RD5

   RD6

   RD7

   RD8

   RD9

14/15

14/16

14/15

12/15

15/18

15/18

12/13

13

15/18

14/1515

14/16

14/1512

12/1512

1512/1814

1512/1813

12/13

13

1514/1814

Heterozygosity 0.79 0.86



〔45〕Microsatellites of Japanese Raccoon Dogs

the present findings would be useful in a comparative 
study of canine animals. The ZUBECA4 locus can also 
inform pedigree study and population study on Japanese 
raccoon dogs because the information of Japanese 
raccoon dog STRs is currently very limited20). 
   
   The content of this article was reported at The 58th 
Kyushu District Conference of the Japanese Society of 
Legal Medicine (Oita). 
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イヌZUBECA4プライマーによって増幅される
ニホンタヌキマイクロサテライト座について

林園　典子，吾郷　一利，林　敬人，吾郷　美保子，小片　守

鹿児島大学大学院医歯学総合研究科社会・行動医学講座法医学分野

和文要約
　イヌZUBECA4プライマーにより増幅されたニホンタヌキPCR産物について，その性状を，ポリアクリルアミドゲル
電気泳動分析ならびにダイレクトシークエンスによる塩基配列解析によって検討した．電気泳動分析により，９頭のニ
ホンタヌキから分子量の異なる６種類のフラグメントが観察された．塩基配列解析により，これらの変異はイヌと比
べると単純なGAAAとGCAAの反復数の違いによることが明らかとなった．それぞれのアリルは繰り返し数の違いに
より12－16，18と名付けた．また，アリル15と18は，GAAAとGCAAそれぞれの繰り返し数に違いがある構造多型が
みられ， GAAAの繰り返し数に基づいて1512，1514，1515，1813，1814とサブアリルに細分類できた．各アリルの頻度は，
12:0.10，13:0.17，14:0.17，1513:0.22，1514:0.06，1515:0.06，16:0.06，1813:0.06，1814:0.10と推定された．ヘ
テロ接合度は，STRアリルの場合で0.79，構造多型を含むサブアリルの場合では0.86と算出された．また，今回明らか
にしたニホンタヌキの塩基配列に基づき，アリルサイズが小さくなる実用的なニホンタヌキプライマーを作製すること
ができた．これらの結果から，ニホンタヌキZUBECA4が，種同定，個体識別，系統研究，集団研究に利用可能である
ことが示された.
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