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Abstract Hybrids between European and Japanese larch-
es combine the properties of both parental species
(drought resistance, canker resistance, stem straightness)
and exhibit a fast growth rate. They are produced in seed
orchards, generally by natural pollination. Seeds are
collected and used for afforestation as interspecific
hybrids. However, there are no convenient tests to assess
the interspecific hybrid proportion. In the present study,
we developed diagnostic molecular markers suitable for
the individual identification of hybrids, whatever their
developmental stage. Our strategy involved testing a
combination of maternally inherited markers from the
mitochondrial genome (mtDNA) and paternally inherited
markers from the chloroplast genome (cpDNA). Hybrids
were then identified by the presence of a mitochondrial
sequence inherited from one parental species and a
chloroplast sequence inherited from the other parental
species. To achieve this aim, markers discriminating both

parental species were first sought. Amplifications of
mitochondrial and chloroplast sequences were performed
using specific PCR primers. After testing 33 primer pairs
in combination with nine restriction enzymes, we detected
one mitochondrial marker, f13 which was amplified in
Japanese larch and absent in European larch, and one
chloroplast marker, ll-TaqI which showed different re-
striction patterns depending on the species. A restriction
fragment of 601 bp was obtained in Japanese larch while
two fragments of 120 bp and 481 bp were observed in
European larch. These patterns were found in all 197
individuals tested from the two pure species. These
markers were then used for the evaluation of the hybrid
proportion in a seed lot produced from seed orchards; this
was assessed as between 43% and 53% depending on the
parental species. The male and female parental species
could be determined for each progeny.

Introduction

Various crosses between species of the Larix genus have
been reported throughout the world, but the most eco-
nomically important ones concern hybrids between Eu-
ropean larch (Larix decidua Mill.) and Japanese larch [L.
kaempferi (Lamb.) Carr.]. The interspecific hybrid L.�eu-
rolepis Henry, combines interesting traits of both parental
species, i.e., relative canker resistance and fast juvenile
growth from L. kaempferi together with stem straightness
and wood quality from L. decidua (Bastien and Keller
1980; P�ques 1989). Selected varieties are commercially
produced in hybridisation seed orchards, composed of an
intimate mixture of L. decidua and L. kaempferi clones
(Mitchell 1958). While two-clone orchards would opti-
mise hybrid vigour, orchards are most commonly estab-
lished with a couple or several clones of each parental
species in order to enhance genetic diversity. Seeds are
generally produced by open pollination. Therefore, the
seed orchard crop consists of a variable proportion of
hybrid seeds, with seeds from one or both target parental
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species as well from pollen contamination. While mor-
phological traits allow identification of species at the
mature stage, so far no such traits exist to distinguish
either hybrid seeds or juvenile plants. The hybrid fraction
is not known, except for seed lots from a few orchards
where isozymes can provide a reliable assessment.
However, isozymes are generally not efficient for hybrid
identification since several alleles are shared by both
species at most loci (H�cker and Bergmann 1991; Ennos
and Qian 1994). Consequently, they can be used in few
seed orchards only. There is a need for the development
of molecular markers to distinguish L. decidua and L.
kaempferi and their hybrids. Such studies have already
been developed for other tree species for which hybrids
are difficult to detect on the basis of morphology, such as
in Paulownia (Wang et al. 1994) or Fraxinus (Jeandroz et
al. 1996). Scheepers et al. (2000) have developed RAPD
markers to identify larch hybrids from their parental
species. They obtained several markers suitable for the
identification of parental species and of their hybrids. In
spite of their success for hybrid larch identification, the
application of these makers has not yet been extended.
Recognition of F1 interspecific hybrids can be achieved
most readily using uniparentally inherited genetic mark-
ers possessing important and unique characteristics. In
Pinaceae, the mitochondrial genome is maternally inher-
ited whereas the chloroplast genome is paternally inher-
ited (Neale and Sederoff 1989; Sutton et al. 1991; Hipkins
et al. 1994; Chen et al. 2002). These features were
confirmed for Larix (Szmidt et al. 1987; De Verno et al.
1993). Thus, specific chloroplast and mitochondrial DNA
markers would be ideal for the identification of interspe-
cific hybrids since these will provide information from the
two parents. Introgression in natural stands of Pinaceae
species have been shown by polymorphism analysis of
cytoplasmic genomes (Govindaraju et al. 1988; Sutton et
al. 1991; Wang and Szmidt 1994). Polymorphisms of
cytoplasmic genomes are thus well adapted for hybrid
identification in Larix.

In this study, we looked for variations in the cpDNA
and the mtDNA in order to detect taxon-specific poly-
morphisms between L. decidua and L. kaempferi. A
representative sample of both Larix species was analysed.
Sequences of cpDNA and mtDNA were amplified by
polymerase chain reaction using specific primers. In the
absence of size polymorphisms in the amplified frag-
ments, restriction enzymes were tested to obtain fragment
length polymorphisms. Diagnostic markers from both
cpDNA and mtDNA could then be identified. The use-
fulness of these markers for hybrid identification was
tested on a seed sample from a seed orchard. Association
of cpDNA and mtDNA markers enabled effective hybrid
identification irrespective of the plant developmental
stage.

Materials and methods

Plant material

For the identification of diagnostic polymorphisms for hybrid
recognition, 26 native provenances of L. decidua and 12 of L.
kaempferi were used. The INRA Tree Breeding Research Station in
Orl�ans (France) supplied the plant material, a total of 197
individuals. These individuals represent almost the whole natural
range of the species. The geographic origins of L. decidua
individuals were: the Alps (4 isolates), the Carpathian mountains
(2 isolates), central Poland (3 isolates), Sudeten region (15 isolates)
and the Tatra mountains (2 isolates). Some non-autochthonous
individuals were also added, leading to a total of 109 individuals.
For L. kaempferi, 53 individuals originating directly from Japanese
sources (Hondo Island: Akanagi, Asamayana, Ina, Kamikochi,
Mizunoto, Mt Fuji, Nagakurayama, Nishidake, Okunikko, Takase-
gawa, Yashubara, Yatsugatake) and 35 non-autochthonous indi-
viduals were available, leading to a total of 88 individuals.

Hybrid larch seed lots were collected from a Belgian seed
orchard in Halle. This orchard is of a multiclonal type: i.e., 19 L.
decidua clones (281 trees) and 16 L. kaempferi clones (294 trees)
are intermixed on a tree-by-tree basis. The seed crop used in this
study (1998) was collected from 12 L. decidua clones and three L.
kaempferi clones separately. Seeds were germinated on filter paper
in Petri dishes, at 25�C in the dark. At radicle emergence, seeds
were transferred into the greenhouse and grown in fine vermiculite
blocks under a 16 h day photoperiod. Germination rates were 53%
and 51% for seeds collected from L. decidua and L. kaempferi
respectively. These germination rates were similar to those ob-
tained on the other larch seed lots. One month later, needles were
sampled on the plantlets and were frozen at 	80�C until DNA
extraction. In total, 97 plants from female parent L. decidua and
108 plants from female parent L. kaempferi were analysed to
determine the hybrid fraction in the seed crop from this orchard.
We also sampled the needles of different parental clones in the
Halle seed orchard.

DNA extraction

Total DNA was isolated from 100 mg of needle tissue per sample
using a Qiagen DNeasy Kit and then used for PCR reactions.

PCR amplification and polymorphism analyses

Non-coding regions were amplified in order to reveal polymor-
phisms. Intergenic regions in the chloroplast genome, introns in the
mitochondrial genome and some coding sequences (e.g. rbcL,
cox2) were investigated (Table 1). As there are few sequences of
chloroplast and mitochondrial genomes available in Larix, consen-
sus primer pairs were designed from conserved regions. Moreover,
we also defined some primer pairs to amplify a cpDNA region that
has been reported to display polymorphisms in Larix. In a
phylogenetic analysis of Larix Qian et al. (1995) found one
polymorphic site differentiating L. decidua and L. kaempferi in the
chloroplast genome using Pinus contorta probe K140 (Ennos,
personal communication). This single probe corresponds to the
region located between the psbA and rps2 genes according to
Lidholm and Gustafsson (1991). We designed two cpDNA primer
pairs to amplify the regions trnR-atpF and atpF-rps2 in order to
complete the region corresponding to the probe K140. Primer
sequences were based on the complete nucleotide sequence of the
chloroplast genome of Pinus thunbergii (Wakasugi et al. 1994). D.
Scheepers (personal communication) provided a primer pair to
amplify a fragment, called f-13, with maternal inheritance (50-
CTGTTGGTAACTTGGGG-30 and 50-GCGCCTCTTTCGGAA-
TAG-30). This is considered to be of mitochondrial origin.

Twenty-two chloroplast and 11 mitochondrial fragments were
investigated to characterise L. decidua and L. kaempferi (Table 1).
Amplifications were performed in 25 ml volumes using an MJ
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Research PTC-100 thermal cycler. The reaction mixture contained
20–40 ng genomic DNA, 1 ng BSA, 2 mM MgCl2, 20 mM Tris
HCl, pH 8.0, 1 mM EDTA, 1 mM dithiothreitol, 0.3 mM of each
dNTP, 0.3 mM of each primer and 1.5 U Taq DNA polymerase
(Appligene-Oncor, France). The amplification consisted of the
following program: 6 min at 94�C followed by 35 cycles, each of
45 s at 94�C, 45 s at 55�C and 3 min 30 s at 70�C. A final
elongation step (72�C) of 10 min was then performed. Amplifica-
tion products were separated by electrophoresis in 1% or 1.5%
(w/v) agarose gels run in 1�TAE buffer at 15 V/cm for 1 h. Gels
were stained with ethidium bromide (0.5 mg/ml staining solution)
and visualised under UV light.

The expected patterns exhibited by the polymorphisms were
either absence/presence of a fragment, variation in fragment size or
monomorphic bands. We looked for restriction fragment length
polymorphisms in monomorphic bands using 9 four-base recogni-
tion restriction endonucleases: AluI, HaeIII, HhaI, HpaII, MboI,
MspI, NdeII, RsaI, and TaqI. In addition, BclI restriction endo-
nuclease was also tested for the chloroplast region between psbA
and rps2 since Qian et al. (1995) found differences between L.
decidua and L. kaempferi using this enzyme with the probe K140
(Ennos, personal communication). PCR products (5 ml) were
digested with each restriction endonuclease (2 U), following the
recommendations of the manufacturer (Appligene-Oncor, France).
Digested DNA fragments were then separated by electrophoresis on
8% polyacrylamide gesl. Gels were stained with ethidium bromide
and scanned using FM-BIO II (Hitachi, Multi-View).

An initial screen for the extent of polymorphism was tested on
20 individuals of each species. When a polymorphism that could
discriminate the species was observed with a marker, it was then
analysed in the complete set of 197 plants of parental species. Only
markers discriminating species with few or no exceptions were
selected. The polymorphic amplified fragments were directly
sequenced in both directions to clarify the precise differences
between species.

Considering that sampling within species is representative of
their natural variation, mis-identification of species with presumed
monomorphic molecular markers can occur as a consequence of
polymorphisms not detected in the sample tested. The maximal
frequency of mis-identification correspond to the assessed frequen-
cy f of an eventual other allele according to the sample size N at a
given statistical threshold: (1-f)N<0.05.

Results

Chloroplast genome polymorphisms

Ten out of the 22 cpDNA primer pairs used gave clear
amplification products in the two species L. decidua and
L. kaempferi. These primer pairs amplified three different
regions of the chloroplast genome: trnK to rps2 (kk, kq,
qr, rf, f2), psbC to trnfM (cs, sm), from trnS to trnF (st, tf)
and the rbcL gene (ll). The fragment sizes corresponded
to those expected according to the cpDNA sequence of
Pinus thunbergii (Wakasugi et al. 1994). No length
polymorphisms could be detected by electrophoresis on
agarose gels.

Amplification products were cut with restriction en-
zymes. Among the 95 cpDNA fragment/enzyme combi-
nations tested, only six revealed polymorphisms. Four
polymorphic combinations consisted of intraspecific vari-
ations in L. decidua (combinations sm/TaqI, kk/TaqI,
f2/HpaII and ll/HhaI) and one in L. kaempferi (combina-
tion ll/HaeIII). The BclI restriction endonuclease did not
reveal any polymorphisms in the psbA to rps2 region.
Only one combination (ll digested by TaqI, marker
ll-TaqI) revealed an interspecific polymorphism (Fig. 1).
This marker discriminated all L. decidua and L. kaempferi
individuals tested (Table 2). All the L. decidua individuals
displayed the specific fragments of 481 and 120 bp and all
the L. kaempferi individuals the specific fragment of
601 bp (sizes determined from the complete sequence of
the amplified fragment). This polymorphism is due to a
single nucleotide substitution in the restriction site:
TCGA, recognised by Taq I in L. decidua and TCAA in
L. kaempferi. All individuals shared other fragments (309,
261, 147 and 63 bp). No intraspecific polymorphism of

Table 1 Chloroplast and mitochondrial DNA sequences investigated

Chloroplast genome Mitochondrial genome

Amplified region Source of primer pairs used Amplified region Source of primer pairs used

f2 atpF-rps2 This study cx 1 cox 1 Wu et al. (1998)
as psaA-trnS Demesure et al. (1995) cx 2 cox 2 exon1- cox 2 exon2 Dumolin-Lap�gue et al. (1997b)
cs psbC-trnS Demesure et al. (1995) f 13 f -13 Scheepers (pers. comm.)
lf rbcL- orf 512 Petit et al. (1998) nd 1 nad 1 exon2- nad 1 exon3 Demesure et al. (1995)
li rbcL-psaI Petit et al. (1998) nd - rp nad 3- rps 12 Wu et al. (1998)
ll rbcL Petit et al. (1998) nd 4/1 nad 4 exon1- nad 4 exon2 Demesure et al. 1995)
c2c1 rpoC2-rpoC1 Petit et al. (1998) nd 4/2 nad 4 exon2- nad 4 exon3 Dumolin-Lap�gue et al. (1997b)
cd trnC-trnD Demesure et al. (1995) nd 5 nad 5 exon1- nad 5 exon2 Wu et al. (1998)
dt trnD-trnT Demesure et al. (1995) nd 7 nad 7 exon3- nad 7 exon4 Dumolin-Lap�gue et al. (1997b)
fv trnF-trnV Dumolin-Lap�gue et al. (1997b) rp - cob rps 14- cob Demesure et al. (1995)
hk trnH-trnK Demesure et al. (1995) 18–5S 18S rrna-5S rrna Petit et al. (1998)
kk trnK Demesure et al. (1995) – – –
kq trnK-trnQ Dumolin-Lap�gue et al. (1997b) – – –
ml trnM-rbcL Demesure et al. (1995) – – –
qr trnQ-trnR Dumolin-Lap�gue et al. (1997b) – – –
rf trnR-atpF This study – – –
sm trnS-trnfM Demesure et al. (1995) – – –
st trnS—trnT Demesure et al. (1995) – – –
tc trnT-psbC Dumolin-Lap�gue et al. (1997b) – – –
tf trnT-trnF Taberlet et al. (1991) – – –
va trnV-16S rrna Petit et al. (1998) – – –
vl trnV-rbcL Dumolin-Lap�gue et al. (1997b) – – –
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the fragment ll restricted with TaqI has been detected for
the different isolates of both Larix species (197 repre-
sentative individuals). Fragment ll (1,381 bp) represents a
part of the rbcL gene (1,428 bp), which encodes the large
subunit of ribulose 1,5 bisphosphate carboxylase. The
sequence of fragment ll was identical with the rbcL
sequences in L. kaempferi (EMBL accession AB045038;
Kobayashi et al. 2000), while in L. decidua there was a
one nucleotide difference from the EMBL accession
AB019826 (Wang et al. 1999) in an AluI restriction site
(an intraspecific polymorphism not detected in the initial
screening). We recorded four different nucleotides in the
ll sequences of the two species, but only three, including

that of the TaqI restriction site, in the rbcL sequences of
EMBL accessions.

Mitochondrial genome polymorphisms

Eight of the 11 mtDNA primer pairs tested gave ampli-
fication products (cx2, f13, nd1, nd4/1, nd4/2, nd5, nd-rp,
rp-cob). No polymorphisms could be detected following
PCR or PCR-RFLP for cx2, nd1, nd4/1, nd4/2, nd5, nd-rp
and rp-cob. The sequences of nd1 (1,100 bp) were
identical in both species. In contrast, the fragment f13, of
approximately 1,300 bp, was amplified only in L.

Fig. 1 Polymorphisms of the
chloroplast ll-TaqI marker in
both Larix species revealed on a
1.5% agarose gel. Lanes e1 to
e10 individuals of L. decidua; j1
to j10 individuals of L. kaemp-
feri, M molecular weight mark-
ers (1 kb and 100 bp)

Table 2 Interspecifc polymor-
phisms observed for the diag-
nostic markers in pure species

Marker ll - Taq 1 f -13

Species L. decidua L. kaempferi L. decidua L. kaempferi

Sample size tested 109 88 109 88
Individuals with typical L. decidua
pattern

109 0 109 0

Individuals with typical L. kaempferi
pattern

0 88 0 88

Maximal frequency of misidenti-
fication (P >0.95)

0.027 0.033 0.027 0.033

Fig. 2 Polymorphisms of the
mitochondrial f13 marker in
both Larix species revealed on a
1.5% agarose gel. Lanes e1 to
e10 individuals of L. decidua,
lanes j1 to j10 individuals of L.
kaempferi, M molecular weight
markers (1 kb and 100 bp)
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kaempferi, (Fig. 2), as detected by Scheepers (personal
communication). The 197 individuals tested were all
assigned to a taxon consistent with their documented taxa
(Table 2). The sequence of the fragment f13 had no
homology with recorded sequences in GenBank and its
function remains unknown.

Characterisation of hybrids

The ability of the two diagnostic markers (ll-TaqI and
f13) to discriminate hybrids and parental species was
tested in the Halle seed orchard. These markers allowed
us to identify all parental clones as L. decidua or L.
kaempferi clones. L. decidua clones presented the typical
ll-TaqI restriction fragments of 120 bp and 481 bp and did
not allow amplification with the f13 primer pair while the
L. kaempferi clones exhibited the ll-TaqI restriction
fragment of 601 bp and the f13 fragment. One clone
was in fact mislabelled in the orchard; a morphological
analysis confirmed the mistake deduced from molecular
marker patterns.

Germinated seeds, collected from female L. decidua,
showed the lack of fragment f13 and segregated for the ll-
TaqI marker (plantlets 1, 2, 5 and 6 in Fig. 3). Plantlets
exhibiting the ll-TaqI restriction fragments of 120 bp and
481 bp were produced from pollination by L. decidua
individuals while those with the ll-TaqI restriction frag-
ment of 601 bp were produced from pollination by L.
kaempferi (plantlets 1, 5 and 6 in Fig. 3) and thus were
interspecific hybrids.

In contrast, germinated seeds collected from female L.
kaempferi, showed the presence of the fragment f13, and
also segregated for the ll-TaqI marker (plantlets 3, 4, 7
and 8 in Fig. 3). Plantlets exhibiting the ll-TaqI restriction

fragment of 601 bp were produced from pollination by L.
kaempferi (plantlets 3, 4 and 8 in Fig. 3), while those
showing the ll-TaqI restriction fragments of 120 bp and
481 bp (plantlet 7 in Fig. 3) were produced from
pollination by L. decidua and were thus the result of
interspecific hybridisation.

Finally, the chloroplast (ll-TaqI) and mitochondrial
(f13) diagnostic markers were used to estimate the hybrid
proportion in the two seed lots obtained in 1998; 52.6%
and 42.6% of seeds collected from the L. decidua clones
and from L. kaempferi clones respectively. The other seeds
originated either from selfing or intraspecific crosses.

Discussion

Species and hybrid identification

In this study, we found two markers that differentiated L.
decidua from L. kaempferi. The mitochondrial f13 marker
was strictly maternally inherited as confirmed by the
analysis of seeds produced in the Halle orchard. The
cpDNA ll-TaqI marker was transmitted by pollen, since
seeds have a genotype different to the maternal one.
These observations on a large progeny sample in Larix
confirmed the maternal inheritance of the mitochondrial
genome (De Verno et al. 1993) and the paternal inher-
itance of the chloroplast genome (Szmidt et al. 1987).
Such inheritance of cytoplasmic genomes is usual in the
family Pinaceae and can also be found in a few angio-
sperms like Actinidia (Testolin and Cipriani 1997).

According to their inheritance and to their interspecific
polymorphisms, the two markers ll-TaqI and f13 are suf-
ficient to identify first-generation hybrid individuals by the
association of the mitochondrial female parent genotype
and the chloroplast male parent genotype. Indeed, simul-
taneous analysis of the diagnostic cpDNA and mtDNA
markers will allow the individual identification of hybrids
but also the determination of the direction of the interspe-
cific cross (L. decidua � L. kaempferi or reciprocal).

These markers have been tested with a sample of about
100 independent individuals of each parental species and
indicate a complete concordance between the marker
phenotypes and taxonomic assignment based on morpho-
logical characteristics. This will give a maximum possible
error rate of approximately 3% if any undetected ran-
domly distributed polymorphism exists for the markers
tested within each species (Table 2). The hybrid fraction
in a seed lot can be thus assessed whatever the genetic
composition of the orchard under consideration. This
form analysis can be applied for to plantlets in the nursery
as well as adult trees, whatever their developmental stage
or the season.

The test based on the f13 and ll-TaqI markers is easy to
perform. These markers are obtained after a specific
amplification step and only one of them requires a further
restriction digest. Polymorphisms can then be observed
directly on agarose gels (Figs. 1 and 2). For the mito-
chondrial marker, we recommend the use of a positive

Fig. 3 Combined test of maternity (mitochondrial marker f13) and
paternity (chloroplast marker ll-TaqI) for hybrid larch identification
applied to plantlets from the Halle orchard. For each plantlet, the
left lane corresponded to the chloroplast marker and the right lane
to the mitochondrial marker. The presence of the mitochondrial
fragment of 1,300 bp indicates that the maternal parent is a tree of
L. kaempferi, the chloroplast fragment of 481 bp indicates that the
paternal parent is L. kaempferi while that of 601 bp indicates that it
is L. decidua. Plantlets 1, 5, 6 and 7 were interspecific hybrids
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control to avoid ambiguities due to the absence of
amplification in the female parent L. decidua. When the
test is performed on seeds, it can be further simplified; the
ll-TaqI marker alone, amplified from the complete seed
DNA, including embryo and megagametophyte DNA,
shows association with both the maternal and paternal pat-
terns. A hybrid can be recognised by the simultaneous
presence of the 120 bp, 481 bp and 601 bp restriction frag-
ments. We have successfully tested this possibility (data
not shown) and the three fragments were clearly observed.

The hybrid fractions in the seed lots we analysed (43%
and 53%) were high compared to those (4–29%) reported
by Scheepers et al. (2000) for Larix seed orchards which
were open pollinated. In contrast, when artificial pollina-
tion (Philippe and Baldet 1992) is applied, a higher level
of hybridisation has been revealed (Scheepers et al. 2000).
In the Halle seed orchard, the high number of clones
could favour interspecific hybridisation.

Polymorphisms of parental species

The level of polymorphism between the two Larix species
was remarkably low. Sequences of the intron between
exons 2 and 3 of nad1 and of the rbcL gene revealed only
three point mutations (all in the rbcL gene) from
2,500 bp. Only two out of the amplified fragments
revealed interspecific differences.

Firstly, a mitochondrial sequence was amplified in L.
kaempferi and not in L. decidua. The absence of ampli-
fication was probably due to a deletion/insertion in the
amplified region since a new primer pair designed in the
amplified fragment, at more than 20 bases away from the
original f13 primer pair also provided an amplified
product in L. kaempferi only. Plant mtDNA has a very
low rate of gene sequence evolution (Wolfe et al. 1987),
suggesting a much lower rate of point mutation in plant
mtDNA than in cpDNA (Sederoff 1987; Palmer and
Herbon 1988). Such an observation has been particularly
demonstrated in Quercus (Dumolin-Lap�gue et al. 1998)
or Olea (Besnard et al. 2002). Moreover, Lu et al. (1998)
reported the lack of RNA editing for the coxI gene in few
gymnosperms including Larix sibirica. They considered
that this could reduce the divergence between species.

Secondly, the chloroplast ll sequence (1,381 bp) was
polymorphic and showed three point mutations between
the two Larix species, one of them being involved in a
TaqI restriction site. We identified a specific polymor-
phism in the rbcL gene enabling the distinction between
L. decidua and L. kaempferi. Moreover a high level of
polymorphism exists in this gene in conifers (Tsumura et
al. 1995). However, intra-specific variations for the rbcL
gene were detected in L. decidua and L. kaempferi. This
intraspecific diversity is characterised by a restriction
fragment length polymorphism as already shown for
various tree species including Quercus (Dumolin-Lap�-
gue et al. 1997a). The reliability of the intraspecific
variation in the rbcL gene for differentiation of trees from
different geographical origins has not been investigated.

In L. decidua, Maier (1992) has defined two geographical
groups of isolates according to their patterns at several
isoenzyme loci. Chloroplast DNA polymorphisms could
also reveal a geographic clone (Vendramin et al. 1998).
The chloroplast trnT-trnF sequence analysed by Wei and
Wang (2003) did not show any difference between L.
decidua and L. kaempferi in the 1,368 bp amplified
fragment. The chloroplast genomes of both Larix species
appeared very similar as already shown by Qian et al.
(1995). In pines, Wang and Szmidt (1994) revealed a low
level of chloroplast polymorphism by restriction fragment
polymorphism within pure species while they noticed
large variation within hybrid species.

Amplification and primer transferability

Among the 33 chloroplast and mitochondrial primers
tested, only 18 (55%) led to an amplification in the Larix
species. Most of the primers tested were successfully used
and validated in various other plant species, including
angiosperms and gymnosperms: Quercus (Demesure et al.
1995; Dumolin-Lap�gue et al. 1997b), Fagus (Demesure et
al. 1995) and Pinus (Wu et al. 1998; Chen et al. 2002).
Nevertheless, their application in a single taxonomic unit,
as in Larix species, was not completely successful. Jara-
millo-Correa et al. (2003) have also observed difficulties
for applying universal mitochondrial primers in gym-
nosperms.

Conclusions

This test for hybrid identification in Larix using PCR-
RFLP methodology is fast, effective and reproducible. It
can be advantageously applied to a wide variety of plant
material at any stage, including very early stages such as
seeds. At the practical level, besides seed purity qualifi-
cation and certification, the estimation of hybrid propor-
tion in seed lots allows the ability to control annual
efficiency of pollination (analysis of crop over years), to
compare different seed orchards management (e.g., struc-
ture of orchards, pollination techniques), and to analyse
each clone’s propensity to produce hybrid seeds within a
given seed orchard. All these applications will improve
the efficiency of hybridisation seed orchards for produc-
ing a higher hybrid seed set. They could be of benefit to
foresters to allow plantations with higher proportions of
hybrids and higher productivity. Nevertheless, the pro-
posed test can only be applied for first generation hybrids,
which are exclusively commercialised so far. Second
generation hybrids are currently produced in a few of seed
orchards only, but will probably be developed in the near
future because of the difficulties involved in producing
hybrid seeds in first generation hybridisation orchards.
For the identification of advanced generation hybrids (e.g.
F2, backcross), additional nuclear DNA markers are
required. Markers already available in Larix such as
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SCARs (Scheepers et al. 2000) and SSRs (Khasa et al.
2000) can be tested.
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