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of 10 μM reverse primer, 1 μL of 10 μM fluorescently-labeled 
M13 primer, 0.2 μL dimethyl sulfoxide, and 1 unit of Taq 
polymerase. The fluorescently-labeled dyes were ABI DS-30 dye 
set (6-FAM, HEX, NED; Applied Biosystems, Life Technologies 
Corporation, Carlsbad, California, USA). PCRs were performed 
using a BioRad MyCycler thermalcycler (Bio-Rad Laboratories, 
Hercules, California, USA).  The initial denaturing step was 94°C 
for 4 minutes, followed by 35 cycles of 30 seconds at 94°C, 30–
35 seconds at the annealing temperature, and 45 seconds at 
72°C, then a final extension cycle at 72°C for 7 min, and a hold 
at 4°C. Annealing temperatures for all loci are listed in Table 
1. PCR products were visualised on a 2% agarose gel before 
genotyping.

PCR products were sized using an ABI PRISM® 3730 DNA 
Analyzer (Applied Biosystems, Life Technologies Corporation, 
Carlsbad, California, USA) in 5 μL multi-plexed reactions at the 
University of Arizona Genetics Core (Tucson, Arizona, USA). 
Alleles were sized with respect to size standard ROX (DS-30, 
Applied Biosystems, Life Technologies Corporation, Carlsbad, 
California, USA) using the Peak-Scanner Software (v1.0, 
Applied Biosystems, Life Technologies Corporation, Carlsbad, 
California, USA). Allele sizes were checked for accuracy by 
double-genotyping some individuals at each locus. 

Parentage and relatedness analysis
Using CERVUS, which uses a pair-wise likelihood comparison 

based approach to assign parentage, an allele frequency 
analysis was performed on the eight polymorphic loci discussed 
above, which were then used to calculate multilocus parental 
exclusion probabilities (Selvin 1980). Then, a parentage analysis 

Genetic data collection
To isolate species-specific microsatellite loci for genetic analyses, 
random DNA fragments (~200–2500 bp) were generated using 
degenerate oligonucleotide-primed polymerase chain reaction 
(DOP-PCR), using the K6-MW primer and protocol (Macas et 
al. 1996; Degner et al. 2009). Microsatellite enrichment of the 
PCR-amplified genomic fragments employed a 3’-biotinylated 
(GATA)8 repeat motif bound to streptavidin-coated particles 
(Promega Corporation, Madison, Wisconsin, USA) enriched 
via magnetic separation. Enriched DOP-PCR products were 
made double-stranded by a subsequent DOP-PCR and cloned 
using TOPO TA cloning kit (Invitrogen, Carlsbad, California, 
USA). Clones positive for (CA)n or (GATA)n microsatellites were 
identified using the screening procedure of Cabe and Marshall 
(2001). In brief, two PCRs were conducted per colony: one 
PCR included T3 and T7 primers while the second included 
the (GATA)8 primer in addition to the T3 and T7 primers. The 
product of the PCR reactions was visualised on a 2.0% agarose 
gel and positive clones (those containing microsatellites) 
were identified by a distinctive smear in the (GATA)8 reaction. 
Positive clones were then sequenced (Applied Biosystems 
3730 DNA Analyzer, Applied Biosystems, Life Technologies 
Corporation, Carlsbad, California, USA) and PCR primers were 
developed from flanking regions of DNA surrounding the 
microsatellite repeats. In total, microsatellite primer sets were 
developed for eight loci.

PCRs for all loci were performed in 20 µL reactions containing 
1 μL of template DNA diluted to 20 ng μL-1, 2 μL of 10X PCR 
buffer, 1.25 μL of 25 mM of MgCl2, 200 μM of each dNTP, 0.5 μL 
of 10 μM M13 labeled (Schuelke 2000) forward primer and 1 μL 
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simulation was run of the parent pair with known sexes, including 
the a priori probabilities of sampling of candidate parents shown 
in the main text. This simulation calculates the critical delta of each 
assignment, which is a derivative of the likelihood score used in 
parentage analysis and provides a threshold for assigning varying 
levels of confidence in the parentage analysis (Kalinowski et al. 
2007). Finally, a parentage analysis was conducted of the parent 
pair with known sexes, including a list of candidate sires and 
dams for each offspring. To be included in analysis, the minimum 
number of loci typed per individual was four. This analysis assigns 
the most likely candidate parent pair using the likelihood score, 
and the predetermined confidence levels of 95% and 80%.

COLONY (v2.0; Jones and Wang 2009) was also used, which 
implements a full-pedigree maximum likelihood method to 
assign parentage and sib-ship among individuals with multi-
locus genotypes, to run a parentage analysis and examine 
family relationships. For the COLONY analysis, a polygamous 
mating system was chosen which assumes no inbreeding and 
allows for maternal-only and paternal-only sib-ships (half-sibs). 
A full likelihood analysis was carried out with a long run length, 
which considers more configurations in the simulated annealing 
process (Jones and Wang 2009) and no sib-ship prior. The eight 
microsatellite marker types were input, including an error rate of 
0.02 (Wang 2004). The genotypes of the 50 offspring, 11 candidate 
sires and 10 candidate dams were input as separate files. In both 
programmes, parentage is assigned with confidence levels of 95% 
and 80% confidence. 

The program Coancestry (Wang 2011) implements seven 
different methods to estimate pair-wise relatedness between 
individuals and allows for comparison between estimators 
using simulated data with predefined relationships. First, an 
analysis was conducted using simulated genotypes with the 
observed allele frequencies at each locus, the proportion of 
genotypes missing at each locus, and the genotyping error rate 
of 0.02 (Wang 2004) to calculate correlation coefficients between 
estimated and true simulated relatedness values. One hundred 
dyads each of six known relationships (parent–offspring, full-
sibs, half-sibs, first cousins, second cousins, and unrelated) were 
simulated with genotyping errors accounted for in the likelihood 
calculations. Ninety-five percent confidence intervals (CIs) were 
calculated with 1000 bootstraps. To determine which method 
of calculating relatedness was most representative of the data, 
correlations between the relatedness values of simulated and 
known relationships in JMP Pro 9.0.0 (2010 SAS Institute, Cary, 
North Carolina, USA) were tested. To obtain relatedness estimates 
between individuals in the colony, an analysis of the empirical data 
was conducted with observed allele frequencies. One hundred 
reference individuals used in the triadic likelihood methods and 
1000 bootstrapping samples were included to calculate 95% CIs. 
Finally, potential error in genotyping was accounted for with the 
error rate of 0.02 at all loci (Wang 2004).

Based on the comparisons in Coancestry between simulated 
genotypes and relatedness values between known relationships, 
the TrioML method of calculating relatedness (Wang 2007) 
yielded the highest correlation between genetic (simulated) 
and true estimates (r = 0.76, p < 0.001) and also had the lowest 
variance (0.03) of the seven methods. When the dataset contains 
relatively unrelated individuals, the triadic likelihood method of 
calculating relatedness best accounts for genotype error in the 
data (Wang 2007) and gives the most prudent method of inferring 
relationships between pairs of individuals (Doutrelant et al. 2011).

Results
See table
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