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Abstract

Seven genomic SSR markers of Eucalyptus were
developed from DNA sequences of E. grandis deposited
in GenBank. Their repeat motifs were revealed by re-
sequencing with an individual tree of E. urophylla or
E. tereticornis, and five out of the seven markers turned
out to be heterozygous within the specific tree
sequenced. The sequence identity ranged from 75.06%
to 96.66%, with an average of 87.31%. These markers

could be valuable in genetics studies in Eucalyptus. This
report demonstrates the advantages of re-sequencing in
developing SSR markers from publicly accessible data-
bases.

Key words: Simple sequence repeats (SSRs), microsatellites,
molecular markers, Eucalyptus, re-sequencing.

Simple sequence repeats (SSRs), as known as
microsatellites, are useful markers for a wide spectrum
of biological applications (POWELL et al., 1996; GUPTA

and VARSHNEY, 2000). To date, a large number of SSR
markers have been produced for a number of plant
species, e.g. more than 5000 SSRs available for sorghum
(Sorghum bicolor) (YONEMARU et al., 2009). In the woody
genus Eucalyptus (family Myrtaceae), however, only 367
genomic SSRs (as reviewed in BRONDANI et al., 2006)
and 68 EST-SSRs (FARIA et al., 2010, 2011; ZHOU et al.,
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2010) have been reported, and the SSR marker
resources are still limited. Thus, it may be necessary to
develop more eucalypt SSR markers, especially from
publicly accessible genomic databases, such as Gen-
Bank.

In this study we explore the possibility of developing
SSR markers in Eucalyptus from publicly available
DNA sequences. A total of 167 E. grandis DNA
 fragments with three definitions (Table 1) were down-
loaded from GenBank (http://www.ncbi.nlm.nih.gov/
nucleotide/), 47 of which were identified to contain tan-
dem repeats using a Perl script Microsatellite Identifica-
tion Tool (MISA, http://pgrc.ipk-gatersleben.de/misa), in
which a minimum of 12, 12, 12, 15 and 18 bases were
set for di-, tri-, tetra-, penta- and hexa-nucleotide
repeats, respectively. After excluding the fragments with

too short or inappropriate flanking sequences, thirty-
three primer pairs were designed using Primer 3 (ROZEN

and SKALETSKY, 2000) and synthesized by Invitrogen Co.
(Shanghai, China).

PCR was conducted using the maternal E. urophylla
(P1, UX-30) and paternal E. tereticornis (P2, T4305) par-
ents of a mapping population (GAN et al., 2003). PCRs of
10 µL consisted of 1.0 µL 10x buffer (100 mM Tris-HCl
pH9.0, 100 mM KCl, 80 mM (NH4)2SO4 and 0.5% NP-
40), 200 µM each dNTP, 2.0 mM MgCl2, 0.5 µM forward
primer, 0.5 µM reverse primer, 1 U Taq DNA poly-
merase (Biocolors Technology Co., Shanghai, China) and
about 5 ng DNA template. The PCRs were done in 96-
well plates on a DNA Engine thermal cycler (Bio-Rad,
Hercules, CA, USA) using the following program: 94°C
for 4 min; 35 cycles of 94°C for 30 s, 56°C for 30 s, and

Table 1. – Seven genomic SSR markers developed in Eucalyptus. P1, E. urophylla; P2, E. tereticornis. 

a Definition: Materials and methods for the modification of isoprenoid content, compostition and metabolism.
b Definition: Composition and methods for the modification of gene expression.
c Definition: Compositions and methods for regulating polysaccharides of a plant cell.
d The symbols “n” and “>” denote no and partial repeats, respectively, visible in the re-sequencing profile as the SSR motifs were

included in (e.g. four bases for EUCgSSR21) or very close to (e.g. three bases for EUCgSSR20 and zero base for EUCgSSR26) the
end of the forward sequencing primer site.

Figure 1. – Partial re-sequencing profile of marker EUCgSSR25 with P1. The higher and lower bases corre-
spond to the larger (185 bp) and shorter (183 bp) alleles sequenced, respectively. The underlined letters show
the identical bases downstream of the SSR motifs.
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72°C for 1 min; and a final extension at 72°C for 10
min. The PCR products were checked through elec-
trophoresis in 1.5% agarose gels containing 1 : 20 Gold-
View (SBS Genetech Co., Beijing, China) and pho-
tographed with Photoprint 215SD (Vilber Lourmat Co.,
Marne la Vallée, France). 

PCR products of either P1 or P2 were sequenced using
BigDye Terminator Version 3.1 (BDT3.1) and an ABI
3130xl Genetic Analyzer (Applied Biosystems, Foster
City, CA) according to the manufacturer’s instructions
except that 0.5 µL of BDT3.1 was used in the sequenc-
ing reaction instead of the standard 8.0 µL (ZHANG et al.,
2009). Seven SSRs were verified in re-sequencing,
including five that were heterozygous within the specific
tree that was sequenced (Table 1). Figure 1 shows a
 partial re-sequencing profile of marker EUCgSSR25
with P1.

The nucleotide sequences generated in re-sequencing
were aligned with the target sequences using DNAMAN
version 5.2.2 (Lynnon Biosoft, Quebec, Canada). The
identity ranged from 75.06% in EUCgSSR05 to 96.66%
in EUCgSSR20 (Table 1), with an average of 87.31%.
BLASTN searches within the GenBank database
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) revealed that
EUCgSSR01 was highly similar to an EST-SSR
Embra1868 (FARIA et al., 2010) while there were no sim-
ilar markers for the rest six SSRs. The seven SSRs were
deposited in ProbeDB of GenBank with IDs 10703611-
10703617 (Table 1; http://www.ncbi.nlm.nih.gov/sites/
entrez?db=probe).

The set of seven SSR markers reported here will make
a valuable addition to the growing collection of SSR
markers for genetic studies in Eucalyptus. This report
demonstrates several advantages of re-sequencing in
developing SSR markers from publicly accessible data-
bases: (i) relatively low cost and high efficiency; (ii)
direct identification of heterozygous markers, which
may be highly variable; and (iii) potential to identify
other variations within the flanking sequences, e.g. sin-
gle nucleotide polymorphism (SNP) and insertion/dele-
tion (indel).
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