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ABSTRACT. The silver fox (Vulpes vulpes), a coat color variant of 
the red fox, is one of the most important fur-bearing animals. To date, 
development of microsatellite loci for the silver fox has been limited 
and mainly based on cross-amplification by using canine SSR primers. 
In this study, 28 polymorphic microsatellite markers were isolated and 
identified for silver fox through the construction and screening of an 
(AC)n-enriched library. The number of alleles per locus ranged from 2 
to 8 based on 48 individuals tested. The expected and observed hetero-
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zygosity and polymorphism information content per locus ranged from 
0.2544 to 0.859, 0.2083 to 0.7917, and 0.2181 to 0.821, respectively. 
The polymorphic markers presented in this study may be useful for fu-
ture analysis of the genetic diversity and population structure of farmed 
silver fox and wild red fox.

Key words: Silver fox; Microsatellite marker; Genetic polymorphism

INTRODUCTION

The red fox (Vulpes vulpes) belongs to the Canidae family and is the most widely dis-
tributed terrestrial carnivore in the world (Larivière and Pasitschniak-Arts, 1996). The silver 
fox, a farmed coat color variant of the red fox, has been domesticated for animal behavioral 
studies (Statham et al., 2011; Kukekova et al., 2012) and raised to provide fur for the clothing 
industry (Nowacka-Woszuk et al., 2013).

Microsatellites, also known as simple sequence repeats (SSRs), are short tandem re-
peats 1-6 bp in length (Zhao and Kochert, 1993). Microsatellite markers have been widely 
used in population genetic analysis due to their high degree of polymorphism, co-dominance, 
and their abundance in the eukaryotic genome (Sha et al., 2009; Ma and Chen, 2011). To date, 
development of microsatellite loci for the silver fox has been very limited and mainly based on 
cross-species amplification with canine SSR primers (Kukekova et al., 2004; Sacks and Louie, 
2008). In the present study, we developed 28 polymorphic microsatellite markers for silver fox 
from a microsatellite enriched library.

MATERIAL AND METHODS

Genomic DNA from the muscle tissue of 48 farmed silver foxes was isolated us-
ing the standard proteinase K/phenol extraction protocol (Sambrook and Russel, 2001). A 
partial DNA library enriched for (AC)n motifs was constructed as described by Novelli et 
al. (2006) with modifications. Briefly, the genomic DNA from a male individual was di-
gested with the Sau3A I restriction enzyme. Fragments ranging from 300 to 1000 bp were 
recovered and ligated with adapters (Linker1: 5'-PO4-GATCGCAGAATTCGCACGAGTA
CTAC-3'; Linker2: 5'-GTAGTACTCGTGCGAATTCTGC-3'). The fragments were en-
riched by hybridizing to an (AC)13 biotin-labeled probe and separated with streptavidin 
magnetic beads (Promega, Madison, USA). The amplified products from the Linker2 
primer were cloned into a pMD18-T vector (Takara, Dalian, China) and transformed into 
E. coli DH5α competent cells. Clones containing inserts were sequenced by Sangon Bio-
tech (Shanghai, China).

Primer pairs were designed according to the flanking DNA sequences of the re-
petitive region using Primer Premier 5.0 (Premier Biosoft International, Palo Alto, CA, 
USA). A M13 (-21) tail (5'-TGTAAAACGACGGCCAGT-3') was added to all the for-
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ward primers (Schuelke, 2000). The universal M13 (-21) primer was fluorescently labeled 
(FAM, HEX, or TAMARD). To evaluate the PCR primers and amplification conditions, 
preliminary analyses were first conducted with a sample of 4 individuals. The polymor-
phic information for those loci that showed specific amplification patterns was assessed in 
48 farmed silver foxes following the protocol provided by Schuelke (2000) with modifica-
tions. PCR was conducted in a total reaction volume of 25 mL containing approximately 
10 ng genomic DNA, 1X Taq polymerase buffer with Mg2+, 0.1 mM of each dNTP, 0.5 U 
Taq polymerase (Takara), 0.25 mM M13 (-21) tailed forward primer, 1 mM M13 (-21) fluo-
rescently labeled tag primer, and 1 mM reverse primer. PCR amplification was conducted 
on a GeneAmp PCR System 9700 (Applied Biosystems, Foster City, CA, USA) with the 
following condition: 95°C for 3 min, followed by 30 cycles of 94°C for 30 s, 58°C for 30 
s, and 72°C for 30 s, and a final extension at 72°C for 20 min.

The fluorescently labeled products were separated on an ABI 3730 DNA sequencer in 
conjunction with the GeneScan-500 internal size standard (Applied Biosystems). Allele 
size was estimated using the GeneMapper® software version 4.0 (Applied Biosystems). 
The polymorphic parameters for each locus, including number of alleles, observed hetero-
zygosity (HO), expected heterozygosity (HE) and the polymorphism information content 
(PIC), were assessed using the CERVUS 2.0 software (Marshall et al., 1998). Deviations 
from Hardy-Weinberg equilibrium were evaluated using the GENEPOP software (Ray-
mond and Rousset, 1995).

RESULTS AND DISCUSSION

Sequencing analysis revealed that out of 142 recombinant clones, 113 clones con-
tained more than five CA or TG tandem repeats. Each colony was given a name consisting 
of the prefix VVM (V. vulpes microsatellite) followed by a number. The number of CA or TG 
repeats in these clones ranged from 4 to 20. Of the 113 clones, 78 had perfect motifs, 20 had 
imperfect motifs, and 15 had compound repeat motifs.

Fifty-eight primer sets were designed for microsatellite sequences, which con-
tained at least 8 repeats and possessed sufficient flanking sequences suitable for primer 
design. Thirty-three loci produced specific products while other primers showed multi-
banded patterns or non-specific amplification. Of these 33 loci, 28 exhibited polymor-
phisms in the 48 individuals tested. The primer sequences, motif information, number 
of alleles, PCR product size, and the GenBank accession No. of the 28 loci are shown 
in Table 1. The number of alleles per locus ranged from 2 to 8. The HE and HO per locus 
ranged from 0.2544 to 0.859 with a mean of 0.6371 and from 0.2083 to 0.7917 with 
a mean of 0.5856, respectively. The PIC ranged from 0.2181 to 0.821 with a mean of 
0.5683. None of the loci showed significant deviations from Hardy-Weinberg equilibrium 
in the population tested.

In summary, the 28 polymorphic microsatellite loci described in the present study will 
provide useful tools to estimate the population genetic structure and diversity of the farmed 
silver fox and wild red fox in the future.
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