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TECHNICAL NOTE

Characterization of 12 microsatellite loci in the waterfall
damselfly (Paraphlebia zoe) for use in population genetic
applications

Christopher N. Anderson • Gregory F. Grether •

Alex Cordoba-Aguilar

Received: 29 July 2011 / Accepted: 26 August 2011 / Published online: 11 September 2011

� Springer Science+Business Media B.V. 2011

Abstract The waterfall damselfly, Paraphlebia zoe, is

distributed in cloud forest areas in the Mexican states of

Veracruz, Hidalgo, and San Luis Potosi. We developed

twelve microsatellite loci for P. zoe from representative

samples from the state of Veracruz. Microsatellites were

tested for polymorphism on a panel of 24 individuals. The

number of alleles ranged from 3 to 11, observed hetero-

zygosity from 0.083 to 0.875, and the fixation index from

0.021 to 0.563. These loci are the first to be described and

characterized for P. zoe and should prove useful for pop-

ulation genetics in support of the conservation of this

vulnerable species.

Keywords Microsatellite � Waterfall damselfly �
Paraphlebia zoe

The territorial damselfly, Paraphlebia zoe has been used as

a model system to investigate alternative reproductive

tactics (Romo-Beltran et al. 2009; Munguia-Steyer et al.

2010). P. zoe has two male morphs that differ in sexual

behavior: wing pigmented males which defend territories

and hyaline winged males which, when pigmented males

are present, assume a nonterritorial tactic. Published

records document P. zoe in cloud forest areas in the

Mexican states of San Luis Potosi, Hidalgo, and Veracruz

(González-Soriano and Novelo-Gutiérrez 2007) Some

P. zoe populations have gone extinct locally or reduced in

size due mainly to habitat loss in the Mexican state of

Veracruz (Córdoba-Aguilar, unpub. data). One possible

reason for this situation is that the places P. zoe larvae

inhabit (muddy riparian zones under deep canopy and next

to large rivers) may affect larval survival when there is a

decrease in humidity due to deforestation. This species is

listed as ‘‘Vulnerable’’ in the International Union for

Conservation of Nature and Natural Resources (IUCN) Red

List of Threatened Species. In support of conservation and

management efforts for the waterfall damselfly, the Cor-

doba-Aguilar laboratory has initiated a study to evaluate

the degree of population subdivision, migration rates and

geneflow between populations, and capability/accuracy of

population assignment.

Here we describe the isolation and characterization of 12

novel tetranucleotide microsatellite loci from P. zoe as a

population genetics characterization resource. Individuals

were obtained from riparian sites near 3 towns in central

Veracruz: La Gloria (19.353 N 96.996 W), Coscomatepec

(19.100 N 97.033 W), and Tlapacoyan (19.925 N 97.218

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 instru-

ment using the GS FLX Titanium Rapid Library Prepara-

tion Kit (Roche Applied Sciences, Indianapolis, USA)

following the manufacturer’s protocol. The library was

quantified for DNA fragment size distribution and con-

centration (Agilent 2100 Bioanalyzer) and then processed

with the GS FLX emulsion polymerase chain reaction
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(PCR) and sequencing kits. Sequencing was performed

using 1/16th of a picotiterplate and yielded 41,217

sequences.

The sequences were screened for potential microsatellite

loci by MSATCOMMANDER (Faircloth 2008) under the

default settings. Of the 41,217 sequences, 1,891 contained

putative microsatellite loci. Primers for tetranucleotide

(minimum repeat number = 4) were designed by PRI-

MER3 software (Rozen and Skaletsky 2000) embedded in

MSATCOMMANDER using default settings. In total, 24

tetranucleotide primer pairs were used for amplification

trials. The 12 loci that amplified cleanly and were poly-

morphic in a panel of 8 individuals were used for charac-

terization across a sample set of 24 individuals from three

different sampling sites encompassing the distribution

of P. zoe in central Veracruz State, Mexico.

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 12 loci and three populations (24 individuals), with

Bonferroni correction applied for multiple comparisons.

After Bonferroni correction for multiple comparisons, no

consistent departures from HWE were detected across

populations (P [ 0.05). LD was suggested for loci 1 and

101 in Population 2071 (P = 0.033) and for loci 102 and

107 in population 2091 (P = 0.040). The number of alleles

for the sample set of all 24 samples ranged from 3 to 11

(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 0.241

to 0.933 and from 0.596 to 0.930, respectively. Finally, FIS

ranged between -0.097 and 0.730. The microsatellitesT
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developed here should prove a useful resource in support of

management and conservation of P. zoe.
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