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ABSTRACT. Primers for eight microsatellites were developed; they 
successfully amplified DNA from 20 domesticated Formosan Sambar 
deer (Cervus unicolor swinhoei). All loci were polymorphic, with 
10-19 alleles per locus. The average observed heterozygosity across 
loci and samples was 0.310, ranging from 0 to 0.750 at each locus. 
All loci but one, CU18, deviated from Hardy-Weinberg equilibrium 
due to excessive homozygosity in these domesticated broodstocks, 
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reflecting inbreeding. These microsatellite loci will be useful, not only 
for assessment of population structure and genetic variability, but also 
for conservation of wild deer populations in Taiwan.
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INTRODUCTION

The sambar deer (Cervus unicolor swinhoei), the largest Oriental deer, is widespread 
in South and East Asia. Human introductions on other continents, including countries such as 
New Zealand, Australia, United States, and South Africa, make the distribution range wider. 
In total, seven subspecies have been recognized. They grow in various habitats ranging from 
tropical rainforests to subtropical mixed forests (David, 2011). Ever since the 1980s, overex-
ploitation of natural forests and hunting as well as abiotic effects causing habitat fragmentation 
and niche deterioration has inevitably led to consequent shrinkage of sambar deer populations. 
Considering the small population census size of various ethnic groups, despite its worldwide 
distribution, the sambar deer has been recognized as vulnerable to high risks of being extinct 
at the local or regional scale (Timmins et al., 2008).

The Formosan Sambar, C. unicolor swinhoei, is one of the sambar deer subspecies ex-
clusively found in Taiwan. It is also the largest native herbivore on the island (Chan et al., 2009), 
and inhabits mature forests at altitudes above 1500 m of the Huatung Mountains and the Central 
Mountain Range in small sizes (Wang et al., 2003; Wu et al., 2004; Lee et al., 2006; Wang et al., 
2008). The Formosan Sambar has been raised as a farm animal for more than one hundred years. 
With the increasing demands for the marketing of meat and traditional Chinese medicine, the 
Formosan Sambar is mostly found on deer farms. For this purpose, the Formosan Sambar has 
been established as domestic livestock derived from wild populations, thus representing genetic 
resources that provide insights into the evolutionary changes over the course of domestication.

Microsatellite loci are short sequences of nucleotides (typically 1 to 5 bp) which are 
tandemly repeated and exist along the eukaryotic genome. The advantages of high genomic 
abundance, high levels of polymorphism, high reproducibility, and co-dominance inheritance 
make microsatellites ideal molecular markers for genotyping and population genetics. In ad-
dition, areas such as conservation biology, linkage analysis of QTL mapping and forensics 
also benefit from the development of microsatellites. However, the de novo development of 
microsatellite markers is time-consuming and economically costly (Zane et al., 2002). Previ-
ously, most of the microsatellite markers for deer have been available as either bovine- or 
ovine-specific primer pairs (Okada and Tamate, 2000; Vial et al., 2003; Zachosb et al., 2003; 
Zsolnai et al., 2009; Pérez-González et al., 2010). Therefore, in this study we isolated eight 
novel polymorphic microsatellite markers from C. unicolor swinhoei using PCR-based isola-
tion of microsatellite arrays (PIMA; Lunt et al., 1999).

MATERIAL AND METHODS

Samples were collected from 20 Formosan Sambar deer at the Kaohsiung captive breed-
ing farm in Kaohsiung city, Taiwan. Total genomic DNA was extracted from blood samples 
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with PUREGENE DNA isolation kits (Gentra System, MN, USA). A PCR library was obtained 
by the PCR-based isolation of microsatellite arrays (PIMA) method, which is based on random 
amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) enrichment, via cloning 
of amplified DNA fragments into a pGEM T-Easy vector system (Promega, Madison, WI, USA) 
and screening of the library for microsatellites by PCR with both vector primers and a target 
microsatellite-specific primer (GT and GA repeats) (Lunt et al., 1999). It takes advantage of the 
fact that the RAPD fragments contain microsatellite repeats more frequently than do random 
genomic clones (Cifarelli et al., 1995). PCR was performed in a 15-μL final volume containing 
0.2 mM each dNTP, 2 mM MgCl2, 0.5 U Taq polymerase (Promega), and 5 pmol RAPD primer. 
Several RAPD primers were adopted to amplify fragments coming from the target species ge-
nome in separate reactions. PCR amplifications were conducted in a thermal cycler (Bio-Rad). 
The PCR program was as follows: initial denaturation at 94°C for 3 min; 40 cycles of 94°C dena-
turation for 50 s, 37°C annealing for 1 min and 72°C extension for 1 min; and 72°C for 10 min. 

RAPD-PCR products were size-selected to preferentially obtain small fragments 
(500-1200 bp). Approximately 100 ng PCR product were ligated into a pGEM T-Easy vector 
(Promega) according to manufacturer instructions, and the ligation mixture was transformed 
into Escherichia coli DH5α competent cells. To determine clones containing microsatellite 
fragments from a constructed microsatellite library, both primer sets that are specific to the 
vector region and microsatellite repeat sequences (e.g., GT and GA repeats), respectively, 
were used in a PCR reaction. The appearance of PCR amplicon, flanked by vector and micro-
satellite repeats, represents an indicator to discriminate clones with or without microsatellites.

Plasmid DNAs from positive clone were purified with the High-Speed Plasmid Mini kit 
(Geneaid). Both strands of the DNA insert were sequenced. Sequencing of positive insert PCRs 
was conducted with an ABI PRISM 3730 sequencer using the BigDye Terminator kit (Applied 
Biosystems, Foster City, CA, USA) with vector primers. For the selected loci, PRIMERS3 soft-
ware (Rozen and Skaletsky, 2000) was used to design oligonucleotide primers for flanking regions.

Preliminary assessment of polymorphism was performed in 20 Formosan Sambar 
individuals collected from dear farms in Taiwan, and PCR conditions were optimized for 
each pair of primers. Reactions were performed in a total volume of 20 μL containing 10 ng 
genomic DNA, 0.2 mM dNTP, 2 mM MgCl2, and 0.12 μM each primer. PCR reactions were 
as follows: 94°C for 4 min followed by 40 cycles at 94°C for 30 s, 30-50 s at primer-specific 
annealing temperature (Table 1) and 72°C for 45 s, and a final extension step at 72°C for 10 
min. Individuals were genotyped on 6% denaturing polyacrylamide gels stained with ethidium 
bromide and sized by comparison to a 10-bp DNA ladder standard (Invitrogen).

Conversion of the genotype data files for different analyses of the microsatellites was 
carried out using CREATE (Coombs et al., 2008) to minimize errors. Analyses of polymor-
phism including determination of allele diversity (allele number, NA) and observed (HO) and 
expected (HE) heterozygosities were performed using GENEPOP (Raymond and Rousset, 
1995). The exact test fit to Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium 
for all pairs of loci within the population was performed using ARLEQUIN 3.5 (Excoffier and 
Lischer, 2010). Tests for significance for all multiple loci were corrected by sequential Bon-
ferroni procedures (Rice, 1989). The MICROCHECKER software was employed to infer the 
most probable technical cause of HWE departures, including null alleles, allelic dropout due 
to short allele dominance, and errors made during the scoring of alleles with ‘stutter’ in our 
data (Van Oosterhout et al., 2004).
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RESULTS AND DISCUSSION

The number of alleles per locus ranged from 10 to 19 (Table 1). HO varied from 0.000 to 
0.750 (average HO = 0.310), with the highest at CU05 and lowest at CU02. HE was 0.910 across 
all loci. The highest HE was observed at locus CU04 (HE = 0.949) and the lowest at CU17 (HE = 
0.873). After applying sequential Bonferroni corrections to compensate for multiple statistical tests, 
no evidence of genotypic linkage disequilibrium was detected among the loci (P > 0.00625). All 
loci but one (CU18) significantly deviated from Hardy-Weinberg equilibrium following sequential 
Bonferroni adjustment (P < 0.00625), suggesting a significant heterozygote deficit for these loci. 
These deviations may have resulted from the sampling strategy in which all individuals were col-
lected from closed broodstock lineages. Other reasons included intensive inbreeding as well as 
artificially selective mating in a small number of individuals, leading to dramatic losses of genetic 
polymorphisms (heterozygosity). Microsatellite makers obtained from reared individuals would 
help monitor population dynamics and determine dispersal patterns and genetic diversity within 
and between wild populations of the Formosan sambar deer, given the short history of domestica-
tion. These microsatellite loci will be used to explore population structuring and extent of gene flow 
between wild C. unicolor populations, providing better understanding of the ecological fluctuations 
and serving as a foundation for a conservation management framework in the future.
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