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Abstract
Polymorphic and transferable microsatellite loci among five Eucalyptus species (Eucalytpus grandis, Eucalytpus 
urophylla, Eucalytpus tereticornis, Eucalytpus saligna and Eucalytpus brassiana) were developed in order to 
use them in further studies of population structure, conservation, forest management and breeding programs 
of the genus. Four new microsatellite loci were isolated from the database Eucalyptus Sequencing Project 
Consortium (FORESTs). Allele numbers ranged from two to ten, the observed heterozygosity (Ho) ranged 
from 0 to 1 and the expected heterozygosity (He) ranged from 0.255 to 0.792. Microsatellite loci described 
demonstrated a great variation and reliable findings that could support other future studies focusing breeding 
programs and related areas.

Keywords: breeding programs; forest management; genotyping.

Resumo
Marcadores microssatélites polimórficos e transferíveis para cinco espécies de Eucalyptus (Eucalytpus 
grandis, Eucalytpus urophylla, Eucalytpus tereticornis, Eucalytpus saligna e Eucalytpus brassiana) foram 
desenvolvidos para uso em estudos no gênero de estruturação populacional, conservação, programas de 
manejo e cruzamentos. Quatro novos marcadores foram isolados do banco de dados Eucalyptus Sequencing 
Project Consortium (FORESTs). O número de alelos variou de dois a dez, heterozigosidade observada 
(Ho) de 0 a 1 e a heterozigosidade esperada (He) de 0.255 a 0.792. Os marcadores microssatélites aqui 
descritos demonstram uma grande variação e consistência que suportam futuros estudos baseados em 
programas de melhoramento e áreas correlacionadas.

Palavras-chave: genotipagem; manejo florestal; programas de melhoramento.

INTRODUCTION

The genus Eucalyptus comprises a wide diversity of varieties and hybrids, with more than 900 species 
described (BOLAND et al., 2006). Within the subgenera Symphyomyrtus are the major and important 
commercially species, such as E. grandis, E. urophylla, E. tereticornis, E. saligna, E. brassiana, E. globulus 
and E. camaldulensis because of rapid growth, high productivity, adaptability and use for different 
purposes, from construction to cellulose and papers. These characteristics are the main reason for 
using this genus in forest plantations in Brazil and others countries (MORA; GARCIA 2000).

Microsatellite markers (or SSR-Simple Sequence Repeats) have provided a powerful tool for 
population genetics studies and individual identification in Eucalyptus and other plants in the 
neotropics (JONES et al., 2008; XAVIER et al., 2014). Also, SSRs can be found in coding regions 
and have been characterized for Eucalyptus species based on public database of expressed sequences 
tags (ESTs) (FARIA et al., 2011; HE et al., 2012). The availability of polymorphic and transferable 
microsatellite loci in the most studied and cultivated species of Eucalytpus are important for the 
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comparative population studies and genetic breeding, especially with the great concern in exploring 
hybrid combinations. In contrast to SSRs derived from random genomic sequences, those developed 
from ESTs are generally more robust and obtain a better resolution of alleles and higher interspecific 
transferability (VARSHNE et al., 2005).

In this study, we report on the development and characterization of four microsatellite markers 
derived of expressed sequence tags from the non-public database Eucalyptus Sequencing Project 
Consortium (FORESTs). This database has over than 100,000 ESTs generated from different types of 
tissues of five eucalyptus species (E. grandis, E. urophylla, E. globulus, E. saligna and E. camaldulensis) 
(VICENTINI et al., 2005). We also tested these loci in five species widely cultivated in the world 
(E. grandis, E. urophylla, E. tereticornis, E. saligna and E. brassiana) and the hybrid E. grandis x E. urophylla, 
in order to select the markers with full transferability between species, germplasm characterization 
and genetic map construction.

MATERIALS AND METHODS

Sampling and DNA extraction

Genomic DNA of 89 individuals (E. grandis n= 7, E. urophylla n=7, E. tereticornis n=7, E. saligna 
n=7, E. brassiana n=7 and the hybrid E. grandis x E. urophylla n=54) from breeding programs of 
forest companies in Brazil were extracted from leaves using modified CTAB method (incubation 
time in extraction buffer for 60 minutes; inclusion of a precipitation step with CTAB 10% and NaCl 
1,4M - 60 µl - and increased centrifugation time for all steps - 20 minutes; Ferreira and Grattapaglia 
(1998)).

Markers development and PCR amplification

Microsatellite markers in ESTs were searched with di, tri, tetra and pentanucleotide repeats in 
the database FORESTs in regions related to abiotic stress and primers designed by Primer 3 software 
(UNTERGASSER, 2012).

Polymerase chain reactions were carried out in 10 µl at the following concentrations: 1.5 mM MgCl2, 
0.2 mM of each dNTP, 0.5 mM of each primer, 1 U Taq DNA polymerase (Promega) and 30 ng of 
genomic DNA. Thermocycling followed: 3 min at 95 °C, 32 cycles of 1 min at 95 °C, 55 °C for 
1 min, 72 °C for 1 min and final extension at 72 °C for 10 min. Also, two PCR multiplex systems 
consisting of three pairs of primers each could be used as follows: (1) VCP3, VCP8 and VCP10 and 
(2) VCP12, VCP16 and VCP17. Both multiplex had better results when using 54ºC of annealing 
temperature. Successful amplification was determined by 1,5% agarose gel electrophoresis stained 
with 1:20 ethidium bromide (Life Technologies).

Data analysis

Genotyping was performed on an automated sequencer ABI 3100 (Applied Biosystems), consisting 
of 1μl of the PCR product, 0.4μl of GeneScan 500 ROX and 8.6μl of Hi-Di formamide (Applied 
Biosystems). Primer sequences, annealing temperature and repeat motifs are shown in Table  1. 
Number of alleles (A), observed heterozygosity (Ho), expected heterozygosity (He), and fixation index 
(F) were calculated using the software POPGENE v1.32 (YEH et al., 1997). Blastx tool was used for 
annotation of the sequences, as also the BLAST tool in Phytozome v12.1.5 (GOODSTEIN et al., 2012).

RESULTS AND DISCUSSION

A total of 520 probable SSR-ESTs were identified by software Genemarker (Softgenetics; data 
not shown). SSR-ESTs with trinucleotide motifs were the most abundant 362 (69.6%), followed by 
di‑ 117 (22.5%) and tetra- 29 (5.57%), while 12 pentanucleotide (2.33%) had a lower representative 
rate. From these, 19 pairs of primer were selected and tested, but only six primers pairs had successful 
amplification and polymorphism.​ Forward sequences were then marked at the 5′ end with fluorophores 
(NED, 6-FAM or HEX). In a search in the NCBI EST database to avoid duplication of markers, two of 
them had some significant similarity against previous described microsatellite markers (VCP10 similar 
to EUCeSSR479 from He et al., 2012 and VCP16 similar to EMBRA1732 from Grattapaglia et al., 
(2015)) and were excluded from description, but not from transferability analysis, being also 
possible to multiplex them with the novel markers (Table 2). Among all these polymorphic loci 
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tested, the number of alleles found ranged from two to ten, the observed heterozygosity (Ho) ranged 
from 0 to 1, the expected heterozygosity (He) ranged from 0.255 to 0.792 for all species tested. 
For E. grandis x E. urophylla the number of alleles ranged from six to ten, with observed heterozigosity 
ranging from 0.745 to 0.922 and expected heterozigosity from 0.636 to 0.792.

The six microsatellite loci were highly transferable among Eucalyptus species tested and also can be 
used as multiplex system. These markers were classified as transferable because there was amplification 
and polymorphism in all species and the hybrid tested. Loci with high transferability between 
various species are useful genetic markers for interspecific research on topics such as speciation and 
hybridization (THOMSON et al., 2015). Aside from two markers that were already described by other 
studies, the loci EUCeSSR479 were only tested for E. urophylla and E. tereticornis and EMBRA1732 
only for E. grandis and E. globulus, demonstrating herein that they can be used at least in other two 
species (E. saligna and E. brassiana) and a hybrid (E. grandis x E. urophylla) (Table 2).

CONCLUSIONS

These polymorphic microsatellite loci may become useful tools for future studies on mating 
system and population structure of Eucalyptus species cited. The characterization of microsatellite loci 
transferable also applies to the conservation, management, forest breeding and research on topics 
such as hybridization and speciation.
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