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Abstract

We developed 32 microsatellite markers from an
enriched genomic DNA library of hinoki (Chamaecyparis
obtusa), one of the most important Japanese forestry
conifer species. From a total of 1,056 cloned plasmids,
96 sequence-specific primer pairs were designed from
110 candidate clones. We selected 32 primers that
showed successful amplification and marked polymor-
phism and evaluated their characteristics using DNA
from 38 C. obtusa elite trees planted in the Forest Tree
Breeding Center. The markers were highly polymorphic,
with the number of alleles ranging from 8 to 32 (mean:
20.09), and expected heterozygosity ranging from 0.811
to 0.958 (mean: 0.901). Progress in breeding projects
and studies of the ecological genetics of this species can
be expected through the use of this enlarged marker
pool.
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Introduction

Together with the increase in timber production with
high-quality wood, clone-by-clone management of elite
trees and investigation of the mating patterns and
pollen flow in seed orchards have become increasingly
important in systemized forest tree breeding in Japan.
It has also been important to conserve the natural
genetic resources and the within-population genetic
diversity against potential depletion or contamination
through overcutting or plantation practices. Highly
polymorphic microsatellite (simple sequence repeat;
SSR) markers have enhanced molecular studies of
Japanese conifer species, in particular, genotypic dis-
crimination of clones (e.g., HIRAO et al., 2006), gene flow
in seed orchards and natural populations (e.g.,
MORIGUCHI et al., 2005; GOTO et al., 2005; IWAIZUMI et al.,
2007; LIAN et al., 2008), and inter-population genetic
structure (e.g., TAKAHASHI et al., 2005).

Hinoki (Chamaecyparis obtusa (Sieb et. Zucc.) Endl.;
2n=22) belongs to the Cupressaceae family and is one of
the most important Japanese forestry conifer species.
Inter-population genetic differentiation patterns in
C. obtusa have been evaluated using allozymes (SHI-
RAISHI et al., 1987; UCHIDA et al., 1997) and cleaved
amplified polymorphic sequence markers (TSUMARA et

al., 2007). Nuclear SSR markers have been developed in
this species (NAKAO et al., 2001; MATSUMOTO et al., 2006);
however, some of these markers possess insufficient
polymorphisms for discrimination of individuals, or sig-
nificantly positive expected null allele frequencies
(MIURA et al., 2006; MIURA and WATANABE, 2007). Addi-
tional SSR markers are needed for breeding projects and
studies of ecological genetics. In this study, we devel-
oped 32 new SSR markers in C. obtusa, and evaluated
their characteristics.

Materials and Methods

A SSR library was developed using the procedure of
FUKATSU et al. (2005) using DNA fragments of a
C. obtusa clone, extracted using a modified cetyl
trimethylammonium bromide (CTAB) method (SHIRAISHI
and WATANABE 1995) and enriched by selective
hybridization with (AG)n insert repeats. The DNA frag-
ments were amplified by polymerase chain reaction
(PCR) and the products were cloned using a TOPO TA
Cloning kit (Invitrogen Inc.) following the manufactur-
er’s instructions. Recombinant clones were then
sequenced using an ABI PRISM 3100 genetic analyzer
with a BigDye terminator sequencing kit (Applied
Biosystems Inc.). Of a total of 1,056 cloned plasmids,
345 contained SSR regions. The 110 suitable SSR
regions, out of which clear sequences containing perfect
and non-compounded SSR repeats could be read, were
selected, 96 of which were not redundant. Primers were
designed for these 96 sequences using the free software
Primer 3 available on the WWW (http://frodo.wi.mit.
edu/primer3/; ROZEN and SKALETSKY, 2000). We applied
the M13 (-21)-tailed primer method (SCHUELKE, 2000;
BOUTIN-GANACHE et al., 2001), adding the sequence 
(5’-TGTAAAACGACGGCCAGT-3’) to the 5’ end of each
forward primer.

We tested the amplification and level of polymorphism
in these 96 primers using DNA samples from four
C. obtusa elite trees planted in the Forest Tree Breeding
Center, Japan. DNA extractions of these samples were
performed with procedures similar to those used for the
development of the microsatellite library. PCR amplifi-
cation was conducted in a total volume of 10 µL contain-
ing 20 mM Tris-HCl (pH 8.4), 0.2 mM dNTP mix, 2 mM
MgCl2, 0.15 µM fluorescently labeled M13 forward
primer, 0.25 units Taq DNA polymerase (Invitrogen),
0.01 µM M13 (-21)-tailed forward primer, 0.15 µM
reverse primer, and c. 10 ng of template genomic DNA.
The PCR was conducted on a GeneAmp® PCR System
9700 version 3.05 (Applied Biosystems Inc.) with touch-
down PCR as follows: an initial denaturation at 94°C for
1 min, then 10 cycles of 94°C for 30 sec, varying the
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Table 1. – Characteristics of 32 microsatellite markers evaluated using 38 Chamaecyparis obtusa elite trees, and the
segregation ratios of alleles for 16 offspring derived from seeds produced by an open-pollinated mother clone.

na: number of alleles; ne: effective number of alleles; HO and HE: observed and expected heterozygosities. 
*, **, ***: Significant deviation from Hardy-Weinberg equilibrium or from the expected segregation ratio (P < 0.05,
P < 0.01, P < 0.001, respectively). †: Number of offspring samples whose maternal allele was not identified because
they had identical genotypes to the mother clone.
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annealing temperature from 62°C to 57°C by decreasing
by 0.5°C per cycle for 30 sec, then 72°C for 90 sec, then
20 additional cycles of 94°C for 30 sec, 57°C for 30 sec,
and 72°C for 90 sec, and a final extension at 72°C for
10 min. To determine the amplified fragment lengths,
amplified PCR products of 96 loci were analyzed sepa-
rately (not multiplexed) with an ABI PRISM 3100 genet-
ic analyzer. The size of amplified fragments was stan-
dardized with a GENESCAN 500-Liz Size Standard
(Applied Biosystems Inc.), and genotyped with a Geno-
typer® 3.7 (Applied Biosystems Inc.). The 32 primers
that showed successful amplifications and marked poly-
morphism were selected as the developed markers.

These 32 markers were further tested using DNA
samples from 34 C. obtusa elite trees planted in the For-
est Tree Breeding Center, thereby evaluating their char-
acteristics for a total of 38 individuals. These archived
clones were selected from provenances located through-
out southeastern Honshu, Japan, from Haramachi,
Fukushima Prefecture (37°39’N, 140°54’E) to Shinshiro,
Aichi Prefecture (35°06’N, 137°29’E). The number of
alleles (na), the effective number of alleles (ne), the
observed and expected heterozygosity (HO and HE,
respectively), and the deviation from Hardy-Weinberg
Equilibrium (HWE) were calculated for the 32 loci using
GenAlEx 6.2 (SMOUSE et al., 2008).

Results and Discussion

Characteristics of 32 microsatellite markers developed
are shown in Table 1. No individuals had more than two
alleles per locus at any of the 32 loci. Most of the mark-
ers were highly polymorphic and the mean number of
alleles of the 32 loci was more than 20. The mean ne val-
ues were also high relative to the mean na, although
with large variations among loci (3.61 (bcco0756) to
24.07 (bcco0406)). The markers were highly heterozy-
gous and the mean HE of the 32 loci was greater than
0.9. Eight loci deviated significantly from HWE
(P< 0.05) and the lower HO values compared with each
of their HE values. This is probably a result of regional
genetic sub-structuring of the sample origins or the
presence of null alleles. When the deviation from link-
age disequilibrium was examined using GENEPOP on
the Web (http://genepop.curtin.edu.au/; RAYMOND and
ROUSSET, 1995), 10 locus pairs (bcco0032/bcco0112,
bcco0037/bcco1150, bcco0060/bcco1083, bcco0112/bcco0835,
bcco0112/bcco1083, bcco0112/bcco1121, bcco0556/bcco1360,
bcco0756/bcco1012, bcco1083/bcco1121 and
bcco1121/bcco1318) showed significant deviations from
random association (P<0.05). Mendelian inheritance of
the 32 markers was confirmed using 16 offspring
derived from seeds produced by an open-pollinated
mother clone in which the genotypes for each locus are
heterozygous (Table 1). Based on the chi-square tests for
independence (�2), the segregation ratios of only two
markers (bcco0763 and bcco1261) out of the 32 deviated
significantly from the expected ratio (1:1; P<0.05).

In this study, we developed additional microsatellite
markers for C. obtusa that have various characteristics
suitable for clone-by-clone management, gene flow, and
evaluation of inter-population genetic structure. The

choice of suitable markers or marker combinations may
differ according to project or research objectives,
although lower null allele frequency would commonly be
an important option. For example, in the field of forest
tree breeding, uncomplicated allele peaks for easier
genotyping would be preferred in order to genotype and
then manage an enormous number of archived clones
and their saplings; for gene flow studies involving
parentage analysis, in contrast, higher polymorphisms
or heterozygosities might be regarded as more impor-
tant. Markers with little deviation from the expected
segregation ratio under Mendelian inheritance would be
reliable to examine inter-population genetic structure by
analyzing at neutral loci. Progress can be expected in
breeding projects and studies of the ecological genetics
of C. obtusa through the use of this enlarged marker
pool.
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Abstract

The study reports the transferability of chloroplast
microsatellite markers developed for Pinus species to
Cedrus deodara. A total of 49 primer pairs (both nuclear
and chloroplast) of Pinus species were tested in C. deo-
dara out of which 21 chloroplast primers showed posi-
tive amplification and 20 were found polymorphic. The
primers were screened on 100 adult trees of two natural
populations of C. deodara. Using twenty cpSSR primers,
a total of 64 variants were found which combined in 70
different haplotypes. The total haplotype diversity in
two populations was 0.860 and 0.876 with a mean of
0.868. These sets of markers can further be used for
population genetic studies and characterization in

C. deodara for which no cpSSR markers have been
reported till date.

Key words: Cross-amplification, cpSSRs, Cedrus deodara,
micro satellite, genetic diversity.

Cedrus deodara (deodar), also known as Indian cedar
is the most important among the Indian conifers. It is
an important timber species of Western Himalayas at
elevation ranging from 1200 m to 3050 m (TIWARI, 1994).
It covers an area of about 0.2 million hectares in India
mainly in the states of Jammu & Kashmir, Himachal
Pradesh and Uttarakhand. The species is in great
demand for its timber and had been subjected to
exploitation for centuries. Natural deodar forests are
under great pressure not only due to human impact but
also due to the changing weather conditions. In spite of
the importance of C. deodara forests, limited informa-
tion is available on their basic biology and genetic vari-
ability. 
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