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Abstract
Myracrodruon urundeuva is a tree species of high economic importance due the strength and durability of its wood. Threat-
ened of extinction in Brazil, it is present only in a few forest remnants, mostly in conservation units. Currently, there is little 
information on the genetic diversity of natural populations in Brazil and even less information about the genome of this spe-
cies. Here, new species-specific microsatellite loci were developed based on next-generation sequencing (Illumina). More 
than 100,000 loci were identified in the run, with di- to hexanucleotides motifs. Of these, 20 loci were selected for valida-
tion in 30 individuals, with 15 successfully polymorphic loci detected. The number of alleles ranged among loci from 3 to 
16, with an average of 7.73, expected (He) and observed (Ho) heterozygosity ranged from 0.246 to 0.902 and from 0.103 to 
0.867, respectively. These results point out that these new set of markers has a great potential for use in population genetic 
studies for genetic conservation of the species.
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Introduction

Within the process of human disordered occupation, tropical 
forests are one of the most devastated with the exploita-
tion of native tree species for economic interests, promoting 
reduction of their populations and also spatial and genetic 

isolation between forest remnants. In a further perspective, 
if natural tree populations remain fragmented for many gen-
erations, possible losses in genetic diversity increase with 
inbreeding and the extinction of species may occur. Thus, it 
is necessary to understand the effects of forest fragmentation 
on the genetic diversity and population structure, mating 
system and gene flow of tropical tree species for its conser-
vation and sustainable use [1].

Myracrodruon urundeuva (F.F. & M.F. Allemão), or 
“aroeira” (Anarcadiaceae), is a dioecious species [2, 3] with 
high wood quality and medicinal properties [4], but threat-
ened of extinction [5] due to strong forest fragmentation 
of their biomes of occurrence. Native of South America, it 
occurs in Brazil, Bolivia, Paraguay and Argentina [6]. Cur-
rently, in Brazil, populations are mostly observed only in 
conservation units.

The use of molecular markers in population genetic 
studies of tree species has been shown to be effective. In 
M. urundeuva, previous studies were performed using iso-
enzyme markers [7, 8], RAPD and cpDNA [9, 10], AFLP 
[11, 12] and more recently by microsatellite markers [1, 
3, 13–15]. In these last studies, nine microsatellite loci 
developed by Caetano et al. [13] were used in the analysis 
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of populations of M. urundeuva only from Paraguay and 
Argentina. Given the low number of available microsatellite 
loci and that Brazil is the center of origin of the species [2], 
it is of great importance that a new variable set of micros-
atellite loci be developed from the Brazilian populations of 
M. urundeuva, since the reduction of natural populations 
has led to a loss of genetic diversity that could be associated 
of adaptation to specific environments of occurrence of tree 
species [12].

With the development of new sequencing techniques, the 
characterization of microsatellite loci has become faster and 
more efficient, allowing the identification of thousands of 
loci only in one sequencing run. In this way, the aim of this 
work was to develop microsatellite loci for M. urundeuva 
from a population of Brazil, for the purpose of the imple-
mentation of genetic conservation research for this species.

Materials and methods

Sampling and DNA extraction

Thirty samples of M. urundeuva obtained from progenies 
of a natural population from Itarumã, Goiás State, Brazil 
(18º44′S, 51º13′W; Brazilian savanna biome) were used. The 
genomic DNA was isolated from fresh leaves, using CTAB 
protocol [16]. The genomic DNA was quantified in Nan-
oDrop ND-1000 Spectrophotometer (NanoDrop Products, 
DE, USA) and its integrity was verified in 1% agarose gels 
in running with TBE (1X), at constant voltage of 5V/cm.

Identification, design of primers and validation 
of microsatellite loci

Species-specific microsatellite primers were developed 
based on next-generation sequencing (MiSeq Sequencing 
System, Illumina). For the library construction it was used 
Nextera DNA Library Preparation kit which uses transpo-
some to tagment genomic DNA and ligation of adapters for 
sequencing. For this library, a pool of ten individuals was 
used to ensure variability of the genome of the species. The 
MiSeq Reagent v2 500 cycles, 2 × 250 pb, with an estimated 
7.5 Gb of data, was used 50% of flow cell capacity in a 
paired-end run. After sequencing, it was used the software 
SSR_pipeline [17], an automated package capable of qual-
ity filtering, alignment of paired-end reads (contigs) and 
searching of microsatellite loci. The default parameters for 
searching of microsatellite loci were used, with motifs from 
two to six nucleotides and 40 bp flanking regions for the 
design of the primers. The design of primers were conducted 
with BatchPrimer3 v1.0 [18]. For the amplification test, each 
sample was prepared in a final volume of 10 μL, containing: 
5 μL GoTaq® Colorless Master Mix (Promega), 0.3 μL of 

forward primer (2 pmol), 0.3 μL of reverse primer (8 pmol) 
and 0.3 μL of fluorescent primer with M13 (8 pmol, 6-FAM, 
VIC, PET, or NED, Applied Biosystems, as the protocol 
described by Schuelke [19]), 1 μL genomic DNA (approxi-
mately 50 ng). The following amplification program was 
used: 96 °C for 2 min, 35 cycles of 96 °C for 30 s, specific 
melting temperature of each primer pair (Tm) for 1 min and 
30 s, 72 °C for 1 min and 30 s, followed by 12 cycles of 
96 °C for 30 s, 53 °C for 1 min and 30 s, 72 °C for 1 min and 
30 s, with final extension at 72 °C for 20 min (Table 1). The 
final PCR product was subjected to capillary electrophore-
sis on the ABI3130xl Genetic Analyzer (Applied Biosys-
tems) with GeneScan 500 LIZ (Applied Biosystems). The 
genotypes were read using the GeneMapper v.5.0 software 
(Applied Biosystems).

Data analysis

The number of alleles per locus (A), observed heterozygosity 
(Ho) and expected heterozygosity (He) were estimated for 
each locus using the software CERVUS v.3.0.7 [20]. Devia-
tions from Hardy–Weinberg (HWE) and also linkage dis-
equilibrium were estimated using Genepop software v.4.5.1 
[21]. Micro-Checker v.2.2.3 [22] was used to detect the pos-
sibility of occurrence of null alleles.

Results and discussion

The new DNA sequencing methods provide rapid screen-
ing and development of microsatellite loci. Several studies 
point to a high number of loci identified from next-genera-
tion sequencing [23–25], thus facilitating the development 
of new markers and their use in population genetic studies. 
In this work, more than 8.5 million pairs of reads were gen-
erated in a single run, from which it was possible to iden-
tify more than 50,000 dinucleotide loci, 24 trinucleotides, 9 
tetranucleotides, 10 pentanucleotides and 5 hexanucleotides. 
From these, on average, 65% of the sequences had enough 
flanking sequence for designing of the primers, except for 
the dinucleotide loci where this was only 36% (Table 2).

Twenty microsatellite loci were selected for validation, 
but only 15 of them amplified in the expected size, all of 
which were polymorphic (Supplemental Figure S1). Eight-
een–thirty individuals were genotyped for each locus. The 
number of alleles ranged from 3 to 16, with an average of 
7.73. The expected (He) and observed (Ho) heterozygo-
sity ranged from 0.246 to 0.902 and from 0.103 to 0.867, 
respectively. Several loci, such as Aro03, Aro04, Aro05, 
Aro06, Aro11, Aro15 and Aro19 loci deviated significantly 
from the HWE, after Bonferroni sequential correction 
(Table 3), possible related to the population itself, which is 
composed of progenies derived from a natural population, 
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and also by the occurrence of null alleles, except for the 
locus Aro05. No significant linkage disequilibrium was 
detected between any pair of loci. Thus, the set of loci 
developed herein may be useful in analyses on diversity 

and genetic structure, kinship estimation, mating system 
and gene flow, information that are crucial for conserva-
tion and genetic improvement of the species.

Table 1   Characteristics of the 
15 microsatellite loci developed 
for Myracrodruon urundeuva 

Tm Melting temperature
a M13-tailed primer fluorescent labeled, following Schuelke [19]

Locus GenBank ID Primer sequence 5′–3′ Repeat motif Tm (° C) Allele size 
range (pb)

Aro02 KY511278 Fa: TAA​AAT​TGC​CCT​CGA​GTT​GA AT(13) 54 193–215
R: TCA​TCC​GTT​CGA​TTC​CTC​TA

Aro03 KY511281 Fa: TTC​CAC​ATA​AGC​GTT​CCT​TC TG(12) 55 177–215
R: CAA​TCA​TCA​AGC​AAT​GAA​ACA​

Aro04 KY511279 Fa: TTG​TTA​GAG​AGC​GCG​AGA​AT TC(17) 59 200–224
R: ACA​AGA​ACA​GCC​AAC​GAG​AG

Aro05 KY511280 Fa: CAA​ATT​ATT​GGG​CTG​CAA​CT AT(12) 54 214–262
R: GTA​GCT​CCC​ACT​TGC​CAT​TA

Aro06 KY511277 Fa: GTC​ACT​GAA​AGA​GCC​CCA​AC TC(12) 59 201–219
R: GCG​CCA​AAG​AAT​TTT​TGT​AA

Aro10 KY511282 Fa: AAA​AAG​TGC​AAT​GTT​TTG​AGG​ TTC(12) 59 184–212
R: TGC​AAC​TTC​CAT​CCA​CTG​TA

Aro11 KY511283 F: CGG​GGT​TTG​CAT​TTT​TAC​TT TCT(12) 54 203–215
Ra: CTG​AAC​GAA​TTG​AAT​TTC​TGG​

Aro12 KY511284 Fa: TGT​CCA​TGT​AGG​GCA​CAT​TA TAT(10) 54 196–220
R: TGC​CCC​TAC​TTA​CAA​CCA​AA

Aro14 KY511285 Fa: CAT​GCC​AAA​CCT​TAG​CAA​CT TAT(10) 55 230–239
R: CCC​ATT​TTG​GTC​CTT​ATC​CT

Aro15 KY511286 Fa: GAC​CAT​GGA​TTG​ACC​TCT​TG TTA(13) 59 169–223
R: AGG​TGA​TTG​GAA​GGT​TTT​TG

Aro16 KY511287 Fa: GGA​GCC​CCA​GAG​AGT​AAA​AG AGAA(7) 54 208–222
R: CTT​CAC​GAT​CAG​GAT​CGA​AT

Aro17 KY511288 Fa: CTT​TCA​TGG​ACA​CCC​CTC​TT TTTC(7) 59 196–208
R: GGA​GCC​CCA​GAG​AGT​AAA​AG

Aro18 KY511289 Fa: TGA​CAC​TGC​ATC​CGT​AAG​TG TATC(7) 59 253–285
R: CTG​CCT​GAA​ATT​TGG​AAA​GA

Aro19 KY511290 F: GCG​TTA​ATC​TCA​CTG​CAC​AA AACA(7) 59 222–242
Ra: AAT​TTT​TCG​CCT​GTT​TGC​TT

Aro20 KY511291 Fa: TTG​TCT​TGG​TTC​GAA​TCC​TT TATC(8) 54 166–208
R: TTG​TTA​GGG​ATT​TCA​AAG​ACT​

Table 2   Summary of Illumina paired-end sequence data; it includes non- and perfect motifs di-, tri-, tetra-, penta- and hexanucleotides for 
Myracrodruon urundeuva 

Total number of reads 17,330.264

Read average length bp 251
All contigs 74,712.86

Motif Di- Tri- Tetra- Penta- Hexa-

Number of contigs with microsatellite 50.426 24.009 9.763 10.466 5.467
Number of contigs with flanking 

sequence
18.267 15.766 6.282 7.253 3.387
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In a previous study conducted by Caetano [14], nine 
microsatellite loci developed for M. urundeuva, analyzing 
three natural populations only of Argentina and Paraguay, 
excluding any Brazilian population, revealed an average 
of 8.1 alleles per locus with genotyping performed for up 
to 47 individuals per locus. In this study, despite the use 
of only one population and reduced number of individu-
als genotyped per locus compared to Caetano [14], greater 
genetic diversity was detected. Thus, these results support 
the usefulness of these loci in studies of population genet-
ics, contributing to the genetic characterization of the forest 
fragments of M. urundeuva and helping in decision making 
for the genetic conservation of this species of important eco-
logical and economical role.
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