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Abstract

Six simple sequence repeats (SSR) markers were
developed from expressed sequence tags (ESTs) in the
genus Larix. Based on evaluation with 49 L. kaempferi
genotypes, the number of alleles per locus ranged 
from two to four, and the expected (He) and observed
(Ho) heterozygosity values were 0.225−0.694 and
0.201−0.656, respectively. The inbreeding coffcient (FIS)
for all loci were less than zero except that LAReSSR85
was 0.4383. All the six EST-SSR markers were transfer-
able to L. gmelini, L. olgensis var Koreana, L. principis-
rupprechtii and L. olgensis. BlastX analysis showed that
five of the EST-SSRs were homologous to known genes.
The six EST-SSR markers developed here can be valu-
able for biological applications in Larix.
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The coniferous tree genus of larch (Larix Mill.) com-
prises 18 species and varieties, including ten species
and one variety native to China (AGENDAE ACADEMIAE

 SINICAE, 1978). Most larch species are of considerable
economic and ecological importance and have been
largely planted in cold temperate and boreal regions in
the northern hemisphere (KHASA et al., 2000). In China,
for example, L. gmelini (Rupr.) Rupr., L. olgensis Henry
and L. principis-rupprechtii Mayr. are commonly used in
the north-eastern provinces in establishing fast-growing
and high-yielding plantations, and the total of cultiva-
tion areas across the country have reached up to 1.5
(JI et al., 2004), 0.7 (LENG et al., 2004) and 0.15 (ZHANG

et al., 2007) million hectares, respectively. Also, Japan-
ese larch (L. kaempferi (Lamb.) Carr.), an exotic species
introduced into China for more than 100 years, has been
extended to the wide range around 25–40°N in the
country, with a total area more than 0.33 million
hectares (MA and SUN, 2008). 

Simple-sequence repeats (SSRs), also known as
microsatellites, are one of the most useful molecular
marker types for genetic analysis. SSRs could be devel-
oped from two major sources, namely, enriched genomic
libraries and expressed sequence tags (ESTs). In terms
of cross-species transferability and utility, EST-SSRs are
usually recognized to be advantageous over genomic
SSRs (VARSHNEY et al., 2005). So far, though a number of
genomic SSR markers have been reported in Larix (e.g.
KHASA et al., 2000; ISODA and WATANABE, 2006; CHEN et

al., 2009), few EST-SSR markers are available for the
genus. Here we present the first report on the develop-
ment and cross-species transferability investigation of
larch EST-SSR markers. 

SSRIT software (http://www.gramene.org/gramene/
searches/ssrtool) was used to search for SSRs against
a total of 1620 unique larch ESTs, including 62 ESTs
from GenBank (http://www.ncbi.nlm.nih.gov/dbEST/)
and 1558 developed by our group [868 from a suppres-
sion subtractive hybridization (SSH) library of
L.kaempferi � L.principis-rupprechtii somatic embryos,
411 from a cDNA library of L. kaempferi stem and 279
from a SSH library of L. kaempferi � L. olgensis cut-
tings]. The minimum requirement for detection of di-,
tri-, tetra-, penta- and hexa-nucleotide motifs was four
repeats and 12 bp length, and 67 SSR-containing ESTs
were then identified. Finally 45 primer pairs were
designed using Primer Premier 5 program (Whitehead
Institute for Biomedical Research, Cambridge, Mass)
based on the following criteria: primer length 18–22 bp
with 20 bp as the optimum, melting temperature (Tm)
50–65°C, GC content 40–65% and polymerase chain
reaction (PCR) product size 100–300 bp.

The primer pairs were initially tested for PCR against
12 L. kaempferi genotypes (trees) sampled from a field
trial. Genomic DNA was extracted from young needles
as described by DOYLE and DOYLE (1990). PCR reaction
of 20 µL consisted of 10� buffer (100 mM Tris-HCl
pH8.3, 15 mM MgCl2 and 500 mM KCl), 0.25 mM each
dNTP, 0.2 µM each of the forward and reverse primers,
1 U Taq polymerase (Takara, Dalian, China) and 40 ng
genomic DNA. PCR program was as following: 3 min at
94°C; 40 cycles of 30 s at 94°C, 45 s at Tm and 1 min at
72°C; and 7 min at 72°C. PCR products were checked
through 6% polyacrylamide gel electrophoresis and sil-
ver staining. Finally six out of the 45 primer pairs were
PCR successful across all the 12 genotypes and showed
allelic polymorphisms (Table 1). Except for one case in
LAReSSR14 whose EST sequence was downloaded from
GenBank, the rest five EST-SSR markers were devel-
oped from our group’s database and the EST sequences
were deposited in dbEST of GenBank (accession num-
bers shown in Table 1). Moreover, in terms of SSR posi-
tion in exons, LAReSSR12, LAReSSR14, LAReSSR19
And LAReSSR27,were found in coding sequence (CDS),
whereas LAReSSR72 and LAReSSR85 were found in
3’UTR. (Table 2).

To further characterize the polymorphisms of the six
EST-SSRs, 49 additional genotypes of L. kaempferi were
tested as mentioned above. POPGENE version 1.32
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(YEH et al., 1999) was employed to calculate the expect-
ed (He) and observed (Ho) heterozygosity as well as the
inbreeding coefficient (FIS) for linkage disequilibrium
(LD) test. Two to four alleles were observed per EST-
SSR marker, He and Ho values were 0.225–0.694 and
0.201–0.656, respectively (Table 2). FIS values for six loci
were from –0.1308 to 0.4383 (Table 2). Significant devia-
tion from Hardy-Weinberg equilibrium was detected
only in marker LAReSSR85 (FIS =0.4383), suggesting
inbreeding or presence of null allele(s) at this locus. In
addition, BlastX with NCBI database of non-redundant
protein sequences showed that five of the EST-SSRs
were homologous to known genes (Table 2).

Moreover, the six markers were investigated for cross-
species transferability using 12 genotypes of each of the
four species/varieties occurring naturally in China,
L. gmelini, L. olgensis var Koreana, L. principis-rup-
prechtii and L. olgensis. PCR was performed as above
and PCR products were electrophoresized through 6%
polyacrylamide gel. All of the markers could be ampli-
fied successfully over the four taxa, except that
LAReSSR14 produced slightly ambiguous band within
10 of the L. gmelinii genotypes. Thus, the six EST-SSR

markers developed here may be highly transferable
cross larch species and can be valuable for biological
applications in Larix.

Acknowledgements

This work was supported by a grant from National
‘‘11.5’’ Key Project of China (2006BAD01A1401). The
authors thank two anonymous reviewers for critical
reading and valuable comments on an earlier version of
the manuscript.

References

AGENDAE ACADEMIAE SINICAE (1978): Flora Reipublicae
Popularis Sinicae: Tomus 7. Science Press, Beijing,
China.

CHEN, C., C. LIEWLAKSANEEYANAWIN, T. FUNDA, A. KENAWY,
C. H. NEWTON and Y. A. EL-KASSABY (2009): Develop-
ment and characterization of microsatellite loci in west-
ern larch (Larix occidentalis Nutt.). Mol. Ecol. Resour.
9: 843–845.

DOYLE, J. J. and J. L. DOYLE (1990): Isolation of plant
DNA from fresh tissue. Focus 12: 13–15.

Table 1. – GenBank accession, repeat motif, primer sequence, melting temperature (Tm)
and target EST size of the six EST-SSR markers developed in Larix. The plus sign “+” indi-
cates two or more discontinuous repeat motifs.

Table 2. – Polymorphisms and function annotation of the six EST-SSR markers developed
in Larix. NA, number of alleles per locus. He, the expected heterozygosity. Ho, the
observed heterozygosity. Asterisks in FIS indicate deviation from Hardy-Weinberg equilib-
rium (HWE) at 0.01 significance level, whereas NS denotes non- significance at 0.05 level.

Yang et. al.·Silvae Genetica (2011) 60-3/4, 161-163

DOI:10.1515/sg-2011-0022 
edited by Thünen Institute of Forest Genetics



 163

ISODA, K. and A. WATANABE (2006): Isolation and charac-
terization of microsatellite loci from Larix kaempferi.
Mol. Ecol. Notes 6: 664–666.

JI, Y.-Z., L.-X. CHEN, B.-M. XUE and W.-Z. FENG (2004):
Influence of fertilization on plant nutrition and physio-
logical characteristics in larch plantations. Ecol. Envi-
ron. 13: 217–219.

KHASA, P. D., C. H. NEWTON, M. H. RAHMAN, B. JAQUISH

and B. P. DANCIK (2000): Isolation, characterization, and
inheritance of microsatellite loci in alpine larch and
western larch. Genome 43: 439–448.

LENG, W.-F., H.-S. HE, R.-C. BU and Y.-M. HU (2007): Sen-
sitivity analysis of the impacts of climate change on
potential distribution of three larch (Larix) species in
northeastern China. J. Plant Ecol. 31: 825–833.

MA, C. G. and X. M. SUN (2008): Larch genetic improve-
ment and its future development in China. World For.
Res. 21(3): 58–63.

VARSHNEY, R. K., A. GRANER and M. E. SORRELLS (2005):
Genic microsatellite markers in plants: features and
applications. Trends Biotechnol. 23: 48–55.

YEH, F. C., R. YANG and T. BOYLE (1999): POPGENE ver-
sion 1.32. Microsoft window-based freeware for popula-
tion genetic analysis. University of Alberta, Edmonton,
Canada.

ZHANG, S.-G., W.-H. YANG, M.-X. LI, S.-Y. HAN, J.-H. WANG,
X.-M. SUN, X.-S. WANG and L.-W. QI (2007): Studies on
the pollen mother cell meiosis and pollen development
of Larix principis-rupprechtii. Acta Phytotaxonomica
Sinica 45: 505–512.

Rotbuchen – Fagus. Arten, Formen, Sorten, Kulti-
vare mit Sammlungen aus dem Arboretum Altdorf.
By G. DÖNIG. 2010. Hansmann Verlag, Hemmingen,
ISBN 978-3-9804283-3-0. 224 pages with 300 figures.
59,00 € (D).

In his new book “European beech – Fagus. Species,
forms, varieties, cultivated plants of the arboretum Alt-
dorf” the author presents ten Fagus species with their
subspecies and varieties and the hybrid (Fagus × tauri-
ca). In addition more than 160 forms of European beech
are described. The author a Fagus collector published
his first book “The park and garden forms of European
beech – Fagus sylvatica L.” in 1994. In this book he
mentioned his arboretum which meanwhile is widened
for example by a collection of more than 50 F. sylvatica
‘Tortuosa’ – a crooked form of Fagus sylvatica, which is
concentrated in the Süntel mountains near Hannover –
from different sites. 

The author put the emphasis on the description and
illustration of the more than 160 forms. To get an order
into the high number of forms he grouped them by 12
appearance-characters. Some of them are divided by leaf
colour. With the help of this classification varieties can
determined easily. The varieties are described in alpha-
betic order. Some of the new varieties are illustrated for
the first time. There might be reasonable doubt that all
forms are real varieties in terms of International Code
of Nomenclature for Cultivated Plants (ICNCP). On five
pages follow 45 not very significant bark pictures –
there is more variation within a variety than within. 

The references are a bibliography of beech varieties
(35 pages). The book is a unique, well illustrated mono-
graph of beech forms. 

M. LIESEBACH (Großhansdorf)

Book-Review
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