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Characterization of microsatellite markers 
for the Restinga Antwren, 
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ABSTRACT. Molecular markers are important tools in determining 
parentage, gene flow, and the genetic structure of species. In the case of 
rare, endemic, and/or threatened species, these markers can be used to 
understand key ecological questions and support conservation actions. 
We developed seven microsatellite markers for the only bird endemic 
to the Restinga ecosystem. Microsatellite loci were isolated from a 
library that was based on 10 individuals (six males and four females). 
Primers were tested in 107 individuals of the same population. The 
number of alleles per locus ranged from 4 to 19, and the observed and 
expected heterozygosity varied from 0.15 to 0.84 and from 0.60 to 
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0.89, respectively. We expect that the polymorphic microsatellite loci 
we describe will be useful for other studies, particularly in the Tropics.
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INTRODUCTION

Molecular data can elucidate the breeding dynamics of species. For example, 
parentage studies have revealed unexpected variations in reproductive success among 
individuals of socially monogamous species due to extra-pair fertilizations (Dowling et 
al., 2003). The Restinga Antwren was first described in 1990, and is considered the only 
bird endemic to Restinga (Gonzaga and Pacheco, 1990), an ecosystem (sandy plain and 
coastal vegetation) that is associated with the Atlantic Forest. The distribution of this 
bird is restricted to fragments of Restinga, in only seven municipalities of Rio de Janeiro 
State, Brazil. Due to habitat loss, the species is categorized globally as “Endangered” 
(IUCN, 2014) and “Critically Endangered” according to the Brazilian National Red List 
(Machado et al., 2008). Males and females differ in their plumage, are territorial, and are 
considered to be socially monogamous, tending to promiscuity (Chaves, 2014). Our aim 
was to develop microsatellite markers in order to access paternity data, and consequently 
to confirm the breeding system of this species. 

MATERIAL AND METHODS

We extracted DNA from 10 blood samples (six males and four females) taken from a 
population in Praia do Vargas, Araruama, Rio de Janeiro State, Brazil (22º56ꞌ21.9ꞌꞌS, 42º17ꞌ58ꞌ
ꞌW). The extraction protocol was the same as that described by Nicholls et al. (2000), for 
which we used a Qiagen DNeasy® Blood kit. Library construction, enrichment, and sequenc-
ing were conducted at the Cornell Life Sciences Core Laboratory Center, Cornell University, 
Ithaca, NY, USA. From the library, 32 microsatellite loci that appeared to be the most suit-
able for development were designed by Life Technologies, and 107 samples from different 
individuals were screened for allelic polymorphisms. A polymerase chain reaction (PCR) was 
conducted in a 10-µL reaction volume, which consisted of 1 µL DNA, 0.1 µL JumpStartTM Taq 
DNA polymerase 2.5 U/µL (Sigma. St. Louis MO, USA), 1.5 mM MgCl2, 0.2 µL mM dNTPs 
(10 mM), and 10 µM of each primer (the forward primer was fluorescence-labelled). The PCR 
conditions were as follows: 94°C for 2 min, 94°C for 30 s, four cycles in which the temperature 
decreases (in each cycle) from 66°C to 50°C for 30 s, increasing the temperature to 72°C for 
1 min, decreasing it to 50°C for 20 cycles to the annealing temperature, increasing it to 72°C 
for 10 min, and finally decreasing it to 10°C. For the genotyping, 1 µL of the PCR product was 
mixed with 0.1 µL LIZ® Size Standard (Life Technologies Inc., Gaithersburg, MD, USA) and 
11.9 µL formamide. CERVUS (version 3.0.3) (Kalinowski et al., 2007) was used to determine 
the number of alleles (NA) per locus, and the observed (HO) and expected heterozygosity (HE). 
Tests of significant deviations from the Hardy-Weinberg equilibrium were performed using 
GENEPOP (version 1.2) (Raymount and Rousset, 1995), and the frequency of null alleles was 
ascertained using ML-Relate (Kalinowski et al., 2006).
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RESULTS AND DISCUSSION

Of the 32 pairs of primers that were designed, seven were polymorphic. The number of 
alleles, the PCR product size, and the heterozygosity of each of these seven loci are shown in 
Table 1. The NA ranged from 4 to 19, and the HO and HE ranged from 0.15 to 0.84 and 0.60 to 
0.89, respectively. Five loci (FoLi1, FoLi2, FoLi3, FoLi6, and FoLi7) exhibited significant de-
viations from the Hardy-Weinberg equilibrium (P < 0.01), suggesting that there was a relatively 
high frequency of null alleles. These seven microsatellite loci were developed for parentage 
analyses, but they could be used to investigate population genetic structure and other analyses 
for the Restinga Antwren and other Neotropical species, particularly of the Thamnophilidae.

Table 1. Characteristics of microsatellite loci from the Restinga Antwren. 

Locus Repeat motif Primer sequence (5'-3') Ta (°C) [MgCl2] NA bp HO HE F null

FoLi1 ACAT(10) F:TAGGTCTCATAGGTAGGTAGGTG
  R:AGTCTGAGTGTCATATTCCCAGG 60 1.5 11 281-326 0.58 0.75 0.22
FoLi2 AGAT(9) F:TGCAGAATACCTCCCTGTACTAC
  R:CAAATTGCATGACTCGATGTGTG 60 1.5 13 201-256 0.43 0.80 0.57
FoLi3 AGAT(15) F:TATGGCAAGTTCCTTCTTTGACC
  R:GCAGCCCAATAAACACCTCTATG 60 1.5 16 232-252 0.83 0.89 0.12
FoLi4 ACAT(10) F:TCCCATAACTCACTAGAATCAGTG
  R:CTCAAACCAAGACAGCTATGCAG 60 1.5 19 293-313 0.48 0.74 0.03
FoLi5 AGAT(15) F:ACCTTGTGTTAGCATAAATGAGTC
  R:CACTTAGTGTCACTCCAAGCTAC 60 1.5 4 200-240 0.15 0.60   0.001
FoLi6 ATCC(20) F:GAACTGAATCTCTGCCCATTTCC
  R:AGAGGGAGAGTCAGAGATTTCAC 60 1.5 14 196-219 0.80 0.83 0.30
FoLi7 AGAT(12) F:CACCTGGACGCTTCTAATAAAGG
  R:GGGTGAGTGGGTAGATGGATAG 60 1.5 14 160-169 0.84 0.87 0.057

Ta, optimized annealing temperature; MgCl2, optimized concentration; NA, number of alleles; bp, pair-base; Ho, 
observed heterozygosity; HE, expected heterozygosity; F null, quantity of null alleles.
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