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Abstract Hetaerina damselflies are distributed through-

out the neotropics. We developed eleven microsatellite loci

for the damselfly Hetaerina americana. Microsatellites

were tested for polymorphism on a panel of 24 individuals.

The number of alleles ranged from 2 to 6, observed het-

erozygosity from 0.080 to 0.701, and the fixation index

from -0.266 to 1.000. Cross-amplification was tested in 7

different species in the genus Hetaerina from the United

States and Mexico. These microsatellite loci will be useful

for studies of population structure and gene flow in

H. americana.
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Hetaerina is a neotropical damselfly genus with 37 species

(Garrison 1990). H. americana is among the most broadly

distributed representative of the genus, ranging from

Canada to northern Central Americana and is among the

most highly studied with regards to its behavioral ecology

and immunocompetence (e.g. Grether 1996; Contreras-

Garduño et al. 2006). Although Hetaerina americana is

widespread in North America, several populations are

vulnerable (NatureServe 2012). Furthermore, we aim to use

these microsatellite loci to characterize the population

genetics of several species in the genus, including those

that have imperiled national or regional statuses (e.g. H.

titia, NatureServe 2012).

Here we describe the isolation and characterization of 11

novel microsatellite loci from H. americana as a population

genetics characterization resource. Individuals were obtained

from riparian sites near Castroville, Texas, United States

(29.343�N 98.882�W); Arroyo de Piedra, Veracruz, Mexico

(19.456�N 96.482�W); and Armeria, Colima, Mexico

(18.961�N 103.965�W). Insects were captured with aerial

nets, stored in 95 % ethanol, and then refrigerated at -80 �C

until analysis. DNA was extracted from wing muscle using the

Qiagen QIAamp DNA Mini Kit using the manufacturer’s

protocol. 500 ng of DNA was prepared for whole genome

shotgun sequencing on the Roche Genome Sequencer FLX

instrument using the GS FLX Titanium Rapid Library Prep-

aration Kit (Roche Applied Sciences, Indianapolis, USA)

following the manufacturer’s protocol. The library was

quantified for DNA fragment size distribution and concen-

tration (Agilent 2100 Bioanalyzer) and then processed with

the GS FLX emulsion polymerase chain reaction (PCR) and

sequencing kits. Sequencing was performed using 1/16th of a

picotiterplate and yielded 24,421 sequences.

The sequences were screened for potential microsatellite

loci by MSATCOMMANDER (Faircloth 2008) under the

default settings. Of the 24,421 sequences, 1,063 contained

putative microsatellite loci. Primers for trinucleotide

(minimum repeat number = 5) and tetranucleotide (mini-

mum repeat number = 4) were designed by PRIMER3

software (Rozen and Skaletsky 2000) embedded in

MSATCOMMANDER using default settings. In total, 22

tetranucleotide primer pairs and 2 trinucleotide primer

pairs were used for amplification trials. The 11 loci that

amplified cleanly and were polymorphic in a panel of 8
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individuals were used for characterization across a sample

set of 24 individuals from 3 different sampling sites.

Fragments were amplified by means of the M13-hybrid

primer process. In this process, a 16-bp fragment is added

to the 50 end of the forward primer for binding of the dye-

labeled M13-hybrid primer (Boutin-Ganach et al. 2001;

Schuelke 2000). Primer mixes were prepared as follows:

2 ll reverse primer (100 lM); 4 ll forward primer

(2.5 lM); 4 ll 6FAM dye-labeled M13-hybrid primer

(2.5 lM); 90 ll RNAse/DNAse-free water. Amplification

was carried out in 10 ll reactions containing 5 ll Qiagen

Multiplex Mastermix, 0.5 ll BSA (10 mg/ml), 1 ll primer

mix, 2 ll RNAse/DNAse-free water, and 1.5 ll template

DNA (30–100 ng in total). The following cycling condi-

tions were used: an initial step of 95 �C for 15 min; 25

cycles of: 30 s at 94 �C, 90 s at 59 �C, 60 s at 72 �C; 20

cycles of: 30 s at 94 �C, 90 s at 53 �C, 60 s at 72 �C; and

30 min at 60 �C. PCR products were run on an ABI

3730XL capillary sequencer, and allele sizes were scored

manually using GS 500-LIZ size standard in GeneMapper

v3.7 genotyping software (ABI).

Tests for deviations from Hardy–Weinberg equilibrium

(HWE) were carried out in GENALEX v6.4 (Peakall and

Smouse 2006) and tests for linkage disequilibrium (LD)

were performed in GENEPOP 4.0 (Rousset 2008) for each

of the 11 loci and 3 populations (24 individuals), with

Bonferroni correction applied for multiple comparisons.

Tests for linkage disequilibrium (LD) were performed in

Genepop 4.0 (Rousset 2008). After Bonferroni correction

for multiple comparisons, one locus (H11) showed signif-

icant departure from Hardy–Weinberg equilibrium in the

Arroyo de Piedra population (p \ 0.004). LD was sug-

gested for loci H18 and H22 in Arroyo de Piedra popula-

tion (p = 0.012), loci H18 and H8 in the Arroyo de Piedra

population (p = 0.013), and loci H1 and H15 in the Ar-

meria population (p = 0.021). The number of alleles for

the sample set of all 24 samples ranged from 2 to 6

(Table 1). Calculations of observed (HO) and expected

heterozygosity (HE) and fixation indices (FIS) were carried

out in GENALEX v6.4 and results are shown in Table 1.

Observed and expected heterozygosities ranged from 0.000

to 0.458 and from 0.080 to 0.701, respectively. Finally, FIS

ranged between -0.266 and 1.000.

Cross-amplification of primers in other species was

evaluated in 7 different Hetaerina species. DNA was

extracted wing muscle using the Qiagen QIAampDNA

Mini Kit according to the manufacturer’s protocol for tis-

sue. Most loci amplified well (Table 2), however, because

only a single individual per species was available, poly-

morphism could not be tested. The microsatellites devel-

oped here should prove a useful resource in support of

studies of population structure and gene flow in H. amer-

icana and other Hetaerina species. T
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