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Abstract

This paper describes 40 novel, data-mined, polymor-
phic microsatellite loci for use in a QTL association
study in Sitka spruce. Publicly available EST sequences
of Picea in Genbank were searched in silico for simple
sequence repeat (SSR) motifs, principally dinucleotide
microsatellites, and PCR primers were designed to flank
these regions. PCR amplification was carried out in the
progeny of a full-sib family to test simple Mendelian
inheritance. For further characterization, the amplifica-
tion products of Sitka spruce material from unrelated
trees were assessed to determine the potential of these
loci for population genetic studies. These polymorphic
markers therefore represent a valuable tool-kit both for
establishing a molecular map of this species and for
Picea genetic population studies. 
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Introduction

Sitka spruce [Picea sitchensis (Bong.) Carr] is the pri-
mary commercial forestry species in the UK. Traditional
tree breeding programmes have been successful in
improving economically important traits but these are
slow and expensive. A quantative trait loci (QTL) associ-
ation study has been initiated by Forest Research, UK,
to accelerate genetic improvement in Sitka spruce. QTL
studies aim to associate performance in the field with
DNA markers assessed in the laboratory and offer the
possibility, in the future, of selecting trees with particu-
lar desirable traits without the need for expensive and
protracted progeny trials.

Comprehensive field trials comprising 4,500 Sitka
spruce clones have been set up, involving complete repli-
cation over three climatically contrasting sites. The
4,500 clones are sub-divided into 1,500 clones from each
of three families about which prior knowledge of
parental genetic quality is known. Each family consists
of parents with contrasting phenotypes for the following
economically important traits; wood density, straight-
ness and branching. The trials were planted in spring
2005 in North Scotland (57.1302N, 3.5684W; Accumulat-
ed Temperature (AT) over 5°C (monthly mean over 
30 years) = 1100), South Wales (51.6938N, 4.8157W; 
AT = 1450) and South England (50.7706N, 4.7807W; 
AT = 1800). This will enable the robustness of marker/

trait association to be tested in three families both with-
in, and between, three sites. 

The recent advances in the process of genetic mapping
and QTL association in spruce has been greatly assisted
by the public release of expressed sequence tagged
(EST) information, which has enabled DNA markers to
be discovered with relative ease and reduced cost (see
UJINO-IHARA et al., 2005 for details of spruce and pine
EST databases). Highly polymorphic, co-dominant
microsatellite markers are the markers of choice for
genetic mapping studies as they not only allow the
fusion of male and female maps in a pseudo-test cross
mapping strategy, but also are likely to show a degree of
transferability across species within a genus. (LIEWLAK-
SANEEYANAWIN et al., 2004; RUNGIS et al., 2004). Ulti-
mately, this will enable the map position of putative
QTLs or candidate genes for a particular trait to be com-
pared across species. 

SSR discovery from genomic libraries has proved prob-
lematic in conifers, with a low return for effort. (RAJORA

et al., 2001; HODGETTS et al., 2001). This is deemed to be
because of the large size and repetitive nature of the
conifer genome.

It was generally considered that EST derived
microsatellite markers are less variable than genomic
microsatellites (gSSRs) due to their position in coding
regions and the assumption that they are therefore
under a degree of selection pressure. Recent results in
Picea, however, demonstrated only slightly lower levels
of polymorphism in EST derived microsatellites (RUNGIS

et al., 2004). Furthermore, EST derived microsatellites
exhibit a lower number of null alleles than gSSRs
(RUNGIS et al., 2004) making them more useful for popu-
lation genetic studies. These considerations, in addition
to their relative ease of discovery, make them high utili-
ty markers. In addition, by focussing efforts on dinu-
cleotide repeats, which were shown to be a more poly-
morphic motif than tri- or tetra-nucleotides in Sitka
spruce (RUNGIS et al., 2004), the possibility of finding
useful polymorphic loci for the three mapping popula-
tions was maximised.

Materials and Methods

Picea EST sequences from P. glauca, P. sitchensis and
P. sitchensis x P. engelmannii publicly available in Gen-
bank in November 2005 were downloaded and processed
with the CAP3 software program (HUANG and MADAN

(1999); http://deepc2.psi.iastate.edu/aat/cap/cap.html)
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which aligns over-lapping sequences into “contigs”. This
“contiging” process allows any SSR length poly-
morphisms from different accessions to be readily
highlighted in silico. Such polymorphic sequences were
chosen preferentially for primer design, although some
unique sequences containing a microsatellite motif were
also used. The microsatellite repeat regions were
identified by searching the CAP3 output files using 
the MREPS program (KOLPAKOV et al., 2003);
http://bioinfo.lifl.fr/mreps/) which identifies repeat
motifs. Primer sequences were then designed around

the repeats using the PRIMER 3 program (ROZEN and
SKALETSKY, 2000); http://frodo.wi.mit.edu/cgi-bin/
primer3/primer3_www.cgi) (Table 1). Primers were
ordered from MWG Biotech, Germany. Forward primers
were tailed with a M13 sequence which meant a consid-
erable reduction in costs when screening primers.

DNA was extracted by freezing four finely chopped
needles per sample in liquid nitrogen and grinding with
two stainless steel balls (4 mm) in a 2 ml Eppendorf
tube using a Retsch MM300 mixer-mill. Once the nee-
dles were reduced to a fine powder, DNA was extracted

Table 1. – Primer pairs developed from Picea ESTs for amplification of SSR markers. Locus name, Genbank accession number,
allele size range, SSR motif and best protein match are presented.

* M13 tail: 5’-AGGGTTTTCCCAGTCACGACGTT-3’
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using a Qiagen DNeasy kit (http://Qiagen.com) following
the manufacturer’s instructions.

PCR was carried out in a 10 µl total volume contain-
ing 25–50 ng genomic DNA. The reaction mix consisted
of 10 mM KCl, 10 mM (NH4)2SO4, 20 mM Tris-HCl,
2mM MgSO4, 0.1% Triton X-100 at pH 8.8 (New Eng-
land Biolabs, UK) and 0.2 mM of each dNTP, 0.3 mM of
M13-tailed forward primer, 0.3 mM of reverse primer, 
0.05 mM of M13 oligo, labelled with either 700 or 800
fluorescent dye (MWG Biotech, Germany) and 1.0U Taq
polymerase (New England Biolabs, UK). The PCR proto-
col consisted of an initial denaturation step of 3 mins at
94°C, followed by 10 cycles of: 94°C for 30 secs, 57°C for
1 min and 72°C for 30 secs. This was followed by 28

cycles of: 94°C for 30 secs, 55°C for 1 min then 72°C for
30 secs. A final elongation step of 6 mins at 72°C was
then carried out.

The amplification products were electrophoresed
through a 6% denaturing polyacrylamide gel on a Licor
IR sequencer. 

The number of alleles, effective number of alleles,
observed and expected heterozygosities and inbreeding
coefficient (F) were calculated using the POPGENE pro-
gram (YEH and BOYLE, 1997; http://www.ualberta.ca/
~fyeh). The g-square test and the chi-square test were
also applied to these data to test for Hardy-Weinberg
Equilibrium.

Table 2. – Characterization and statistics of SSR markers in P. sitchensis in  the  progeny of a full-sib cross and in a set of unrelat-
ed samples.

* A hyphen (-) indicates that the controlled cross was not polymorphic for that particular locus. Nomenclature for parental geno-
types is adopted from JoinMap software package (http://www.kyazma.nl).
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The Mendelian segregation of the loci was examined
by applying the chi-square test to data from the full-sib
progeny. 

The best fit protein was investigated by carrying out a
blastx search in the NCBI website using default para-
meters. 

All the markers presented in this paper have been
checked against previously published microsatellite
based EST markers in Picea to ensure there was no
duplication.

Results and Discussion

Table 1 reports the PCR primer pairs used to amplify
each locus, and the allele size range, as recorded from a
panel of trees selected from the FR Sitka spruce breed-
ing population situated at the Glencorse clone bank,
near Edinburgh, UK (see LEE, 2001 for details). Varia-
tion in both perfect and imperfect repeat motifs was
investigated. The most common class of data-mined di-
nucleotide repeat was AT, and this is in agreement with
the findings of RUNGIS et al. (2004). The best protein
match for each sequence was explored via the blastx
function in Genbank, and the accessions showed match-
es from several kingdoms. The segregation ratios of all
the loci were in accordance with a simple co-dominant
mode of inheritance (Table 2). None of the loci deviated
significantly from expected Mendelian segregations. The
average number of alleles per locus in the panel of unre-
lated trees was 7.6, with a range of 2–16 alleles. This
highlights that EST derived microsatellites are a good
source of polymorphic markers. Indeed, RUNGIS et al.
(2004) reported only a slightly higher average number of
alleles in Sitka spruce gSSRs when compared to EST
derived microsatellites (5.76/5.00). Observed heterozy-
gosity varied considerably between loci, ranging from
0.17 to 1.00 (Table 2) with some evidence of null alleles
based on F values and from the segregation data in the
full-sib family. Within one of the full-sib family, six loci
were monomorphic and 17 loci displayed four alleles and
were therefore fully informative in this cross (Table 2).
Forest Research aim to carry out a similar study in
Sitka spruce to that of DEVEY et al. (2004), who explored
the association between 92 co-dominant markers and
economically important traits in Pinus radiata. A num-
ber of microsatellite markers are available in the litera-
ture for Picea, derived both from genomic and EST
libraries. Sixteen markers specifically developed for
Sitka spruce are published (VAN DE VEN and MCNICOL,
1996; A’HARA and COTTRELL, 2004). In addition, a num-
ber of other studies within Picea report successful
amplification in Sitka spruce, demonstrating the trans-
ferability of microsatellite markers (HODGETTS et al.,
2001; RAJORA et al., 2001; RUNGIS et al., 2004). However,
to ensure a good framework map of Sitka spruce with a
high degree of transferability across species this suite of
40 further co-dominant microsatellite markers is a sig-
nificant addition to the Picea genetic mapping effort.
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