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Abstract

The Japanese raccoon dog short tandem repeats (STRs, or microsatellites) were investigated using the primer set for the
ZUBECAA4 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 15%, 15, 15", 18" and 18" 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
15'=0.22, allele 15"=0.06, allele 15"°=0.06, allele 16=0.06, allele 18"*=0.06 and allele 18"=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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Introduction

Short tandem repeats (STRs), which are known as
microsatellites, are potentially the most useful forensic
DNA marker”. The fundamental information about STR
loci, such as mutant alleles, internal alleles and three
perk alleles, has been well documented?. The necessity
of comparative studies of repeating units between animal
species for judging the stability of tandem repeats has
been pointed out®™. 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
effectively amplify Japanese macaque DNA®?, 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 differences 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 STRs'*™. 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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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

16)

organic methods™”. The sample of dog DNA as control

(CD1) was extracted from cheek swabs of an adult female
dog (Labrador retriever, 7 years) by organic methods'®.
Primers for dog ZUBECA4 locus were prepared using
information reported by Eichmann et al.”. The reaction
solution (total volume 50 plL) for PCR amplification
was prepared to have a final concentration of 1.5 mM
MgCl,, 200 uM for each dNTP, 1.25 uM 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 staining'”. The PCR products
were directly sequenced using ABI Prism® BigDye™
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 Roychoudhury™.

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
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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 repeats'® .
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

ZUBECAA4 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),,(GCAA),, (GAAA),,(GCAA),,
and (GAAA); and allele 18 was subdivided into
(GAAA),;(GCAA), and (GAAA),,(GCAA), based on the
structure of their repeating units. Their alleles were
tentatively designated as 15", 15, 15", 18" and 18", 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, 15"=0.22,
15"=0.06, 15'°=0.06, 16=0.06, 18"*=0.06 and 18"=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 ZUBECAA4 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

RD: GAGGGCAGGAGTCATAAAATCATTTTAAAGCCTAGCTATACTATATTGTTCTGTGTGTTG

CD: GAGGGCAGGAGTCATAAAATCATTTTAAAGCGTAGCTATACTATATTGTTCTGTGTGTTG

RD: ATTTTATGTTCTGCACAAATAAAACTTTATTGAATT

CD: ATTTTATGTTCTGCACAAATAARRACTTTATT

RD:  (GARA),, (GCAA), : Allele 12
(GARA) 1, (GCRA), : Allele 13
(GRAR) |, (GCAA), : Allele 14
(GRAR) |, (GCAR) : Allele 152
(GAAA) , (GCARA), : Allele 1514
(GAAR) ¢ : Allele 1515
(GRAR) ,; (GCAR) ; : Allele 16
(GAAR) 15 (GCAR) 4 : Allele 1813
(GRAR) |, (GCAR), : Allele 184
CD: (GARA) ,GAGARA (GAAA) ,GAA (GAAR) ,GAAGAARAA (GAAA) ;ARAAA (GAARA

AGAAARAA (GAAR) ,AA (GAAA) , AAGAAGAARRAGAAA (GCTA) ,

RD: GCTTAGCTGTTTGGGAAAGAGGCCAGTGATGTCAAAGTTAGARATGCACTTATCARGTAGA

CD: GCTTAGCTGTTTGGGAAAGAGGCCAGTGATGTCAAARGTTAGRATGCACTTATCARGTAGA

RD: CAGTATTTAATGTATTGGGAGTAAAATAAGATCAGAGAARAATCCTTCACARGATTGTTT

CD: CAGTATTTAATGTATTGGGAGTAAAATAAGATCAGAGAAAAATCCTTCACAAGATTGTTT

RD: GTCCCTGGGC

CD: GTCCCTGGGC

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 ZUBECAA4 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
DNA" it is suggested that the new ZUBECAA4 primers for
Japanese raccoon dogs are more suitable for the practical
ZUBECAA4 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 i" E Sw H B 53{ -5 :E
individual identification of Japanese raccoon dogs. In R T B R i
addition, since data on allele configuration in various
animals contribute to assessing the stability of STR loci®?,
Table. 1. ZUBECA4 types and subtypes of nine Japanese
raccoon dogs and their heterozygosities
Japanese raccoon dog ZUBECA4
Types Subtypes
RD1 14/15 14/15"
RD2 14/16 14/16
RD3 14/15 14/15%
RD4 12/15 12/15"
RD5 15/18 15%/18"
RD6 15/18 15%/18"
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RD9 15/18 15"/18"
Heterozygosity 0.79 0.86
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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.
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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 limited®.

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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