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Abstract

We report the development of 14 new microsatellite markers in the Queensland koala

(Phascolarctos cinereus adustus). Ten unrelated Queensland koala individuals from the San Diego

Zoo, USA, were genotyped. The number of alleles per locus ranged from 2 to 7, with an average

of 5.14 alleles per locus. Across all loci, the average observed and expected heterozygosity values

were both 0.69. These polymorphic microsatellite loci will be useful for genetic studies relevant to

the conservation of the koala, a species listed as vulnerable.
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The koala (Phascolarctos cinereus) is listed as vulnerable by the Australian government,

and as threatened under the U.S. Endangered Species Act. Persistent threats to the long-term

survival of koalas include habitat loss and fragmentation, and virus-related diseases, with

motor vehicle accidents and dog attacks greatly impacting some populations (Department of

the Environment 2013). Evaluating genetic variation and structure among koala populations

in Australia continues to be the focus of conservation genetic studies (Lee et al. 2010).

Koala microsatellite markers have been developed using DNA only from southern

Australian koalas, while mitochondrial DNA has been widely used in genetic studies on

Queensland koalas (Lee et al. 2010) (see supplementary material). In this study, we

developed novel microsatellite markers using next-generation sequences from a Queensland

koala, and tested them for effectiveness on ten unrelated Queensland koalas, all housed at

the San Diego Zoo, USA.

Genomic DNA from one koala (Pci–SN404) was sequenced using 454 GS-FLX Technology

(Roche Applied Science). We obtained 35,942 fragment reads from the 454 sequencing with
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an average read length of 549 base pairs. MSATCOMMANDER 1.0.8 (Faircloth 2008) was

used to identify microsatellites by screening the sequence data for di-, tri-, tetra- and penta-

nucleotide motifs with a minimum of 10 repeats each. MSATCOMMANDER interfaces

with PRIMER3 software allowing for design of primers while minimizing potential

structural or functional defects. The MSATCOMMANDER program was modified to ensure

that the flanking region between the microsatellite and primer sequence would generate an

amplicon size range of 100–250 base pairs, inclusive of the lengths of both primers (Brandt

et al. 2013).

After excluding primers that appeared to match non-target loci or species, 34 primer pairs

were subject to further testing, including loci that had di-, tri-, tetra- and penta-nucleotide

repeats. An M13 forward tail (5′-TGTAAAACGACGGCCAGT-3′) was added at the 5′ end

of all forward primers to facilitate fluorescent-dye labeling (Ishida et al. 2012). Primers were

then tested using DNA from ten unrelated Queensland koalas from San Diego Zoo.

Amplification of all loci was performed using the same thermocycling conditions previously

described by Ishida et al. (2012); see the supplementary materials included with this report

for precise details. PCR amplicons were diluted and run on an ABI-3730xl DNA Analyzer

using the GenScan-500LIZ (Applied Biosystems) as a size standard. Alleles were visualized

and scored using GeneMapper Version 3.7 (Applied Biosystems).

A total of 14 polymorphic loci were successfully genotyped in all ten individuals except for

the three loci Phci5, Phci12, and Phci16, which amplified in 9 individuals each (Table 1).

Sequences obtained from the Roche 454 sequencer for the 14 loci are listed in

supplementary Table S1. Allelic diversity ranged from 2 to 7 alleles per locus with an

average of 5.14 alleles. Observed and expected heterozygosity averaged across all loci were

both 0.69. Between pairs of loci, no significant linkage disequilibrium was detected after

Bonferroni correction (P < 0.0005). No evidence of deviation from Hardy-Weinberg

equilibrium was detected with the exception of marker Phci12. Locus Phci12 had 5 alleles

and showed high He (0.89), while Ho was low (0.11) (8 out of 9 individuals were

homozygous for this locus). Given these results, we would not recommend the use of

Phci12. Additionally, we would recommend that the other markers be used before Phci16

and Phci19, as these two had relatively lower allelic diversity.

In summary, we developed novel microsatellite markers in Queensland koalas after using

454 GS-FLX technology to obtain whole genome shotgun sequences. We searched for short

tandem repeats in the shotgun sequences and designed suitable microsatellite primers to test

for polymorphisms in ten unrelated koalas from the San Diego Zoo, USA. The new

microsatellite markers developed should be useful for examining population structure and

genetic diversity among Australian koalas, and may be used in studies to aid in the genetic

management of captive populations or to examine wild koala genetic diversity and structure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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