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Abstract

This study demonstrates the feasibility of generating sequence-based markers inPinusspecies, from data available
in electronic databases. Nucleotide sequences from 23 partially or fully characterized cDNAs or genomic sequences
of pines were used to design PCR primers for amplifying targeted fragments of genomic DNA from Maritime and
Scots pine. Various template DNA and MgCl2 concentrations, annealing temperatures, and buffer compositions
were used to optimize the PCR amplifications. The polymorphism of 16 sequences was then investigated in a tree-
generation inbred pedigree of Maritime pine and in a two-generation pedigree of Scots pine, using single-stranded
DNA conformation polymorphism (SSCP) on polymerase chain reaction (PCR) products. The level of polymor-
phism was shown to be independent of (1) fragment size, (2) the presence or absence of introns in the amplified
product and (3) temperature during electrophoresis. Mendelian segregation was tested for 5 SSCP markers in each
species. Chromosomal locations of five genes were identified by linkage analysis with previously mapped markers
in a genetic map of Maritime pine. The use of SSCP is recommended for constructing a transcriptional map for
comparative mapping studies among pines and to provide useful ‘candidate genes’ for characterizing quantitative
trait loci.

Introduction

Over the past six years, genetic linkage maps have
been constructed for a growing number ofPinus
species. These maps have been mainly constructed
with random-amplified polymorphic DNA (RAPD,
[52]) markers [13, 21, 25, 37, 38, 41, 53]. One large
impact of the RAPD technique has been to increase the
number of coniferous species amenable to mapping
activities.

An important characteristic of the conifer genome
is its large size compared to other plants species. For
example, in the genusPinus, genome sizes range

from 21pg/C to 31pg/C [49]. In a range of conif-
erous species, DNA-DNA reassociation kinetics ex-
periments have indicated that the ratio of the repeti-
tive DNA fraction to the single- and low-copy frac-
tion was 3:1 [10, 24]. In such a complex genome,
Plomionet al. [41] showed, using a dot blot experi-
ment, that most RAPD markers amplified in repetitive
(i.e. mostly non-coding) DNA regions. These fea-
tures make this marker technique of little value for
characterizing quantitative trait loci (QTL) through
colocalization analysis with candidate genes. In addi-
tion, RAPDs suffer from their lack of comparability
across closely related species, a major disadvantage
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for comparative mapping study. Alternatively, the
sequence data obtained inPinusspecies by characteri-
zation of full-length cDNAs, or else obtained in newly
developed cDNA sequencing projects (R. Sederoff,
personal communication), constitute a virtually unlim-
ited source of PCR-based genetic markers correspond-
ing to the transcribed genome. This resource should
promote the development of sequence-based markers
for known genes and further their use for establish-
ing transcriptional maps for comparative mapping and
characterizing QTLs.

From partially or completely sequenced genes
available in databases, primer pairs can be designed
to establish expressed sequence tags (ESTs). Genetic
marker information can be easily disseminated by pub-
lishing primer sequences and amplification conditions.
For mapping such ESTs, different techniques can be
used. The simplest PCR-RFLP or cleaved amplified
polymorphic sequence (CAPS) procedure consists of
digesting the amplified product with a specific re-
striction enzyme and visualizing the products directly
on agarose gel by ethidium bromide staining [48].
Other techniques like TGGE (thermal gradient gel
electrophoresis, [43]), or DGGE (denaturing gradient
gel electrophoresis, [32]) provide sensitive detection
assays for sequence variation. These techniques are
based on differences in the stability of the DNA un-
der specific gel conditions. They are technically quite
demanding and require highly controlled conditions.
A more recent method for mutation detection is based
on cleavage patterns generated by a structure-specific
thermostable endonuclease [6]. This cleavase frag-
ment length polymorphic (CFLP) method is, however,
expensive when genotyping hundreds of individuals.
An alternative, inexpensive technique for finding poly-
morphisms within a DNA sequence is to use single-
strand conformation polymorphism (SSCP) analysis
[39, 40]. SSCP is based on the conformational differ-
ences of single-stranded DNA fragments that can be
detected as mobility shifts in non-denaturing polyacry-
lamide gel electrophoresis. SSCP has been shown to
be useful for detecting polymorphism in PCR products
of large size in plants [4].

In this paper we demonstrate the efficiency of
SSCP to obtain molecular markers in two pine species,
Maritime pine (Pinus pinasterAit.) and Scots pine
(Pinus sylvestrisL.), the most widely used conifer
species for reforestation in southwestern (France,
Spain, Portugal) and northern (Finland, Sweden) Eu-
ropean countries, respectively. The specific objectives
of our study were: (1) to define optimal PCR con-

ditions to amplify a set of coding sequences, (2)
to develop single-stranded DNA conformation poly-
morphism for these sequences, (3) to check their
Mendelian inheritance in two pedigrees, and (4) to
map those genes that displayed clear SSCP patterns
in Maritime pine. The SSCP markers developed in
this study will be further used in comparative mapping
studies to establish the extent of synteny among pine
genetic maps, and will provide a set of useful can-
didate genes to understand the biological meaning of
QTLs.

Material and methods

Genetic material and DNA extraction

Maritime pine genomic DNA was extracted from nee-
dles and megagametophytes (haploid nutritive tissue
surrounding the embryo) as described [12] with few
modifications [41]. Scots pine DNA was extracted
from fresh needles using the Qiagen DNeasy Plant
Mini Kit. Individual trees used in this study origi-
nated from the breeding programmes of Maritime pine
and Scots pine carried out in France and Finland,
respectively. For Maritime pine, a three-generation
inbred pedigree [41] was used for testing Mendelian
segregation ratios and genetic mapping. This F2 fam-
ily consisted of two grandparents (accessions L146
and C10), one hybrid parent (accession H12) and 62
megagametophytescollected from 62 F2 seeds of H12.
For Scots pine, a two-generation outbred pedigree was
used for testing Mendelian segregation ratios. This
full-sib family consisted of two parents (accession
E635C used as female and E1101 used as male parent)
and 48 full-sibs.

Choice of genes

We concentrated our analysis on 23 conifer nuclear
sequences: cDNA or genomic clones (Table 1) corre-
sponding to genes of known function, or EST identi-
fied on the basis of sequence similarity to other genes.
These were:
- genes of the phenylpropanoid pathway with em-

phasis on lignification genes (see [50], for
a review): PAL (phenylalanine ammonia-lyase,
[51]), COMT (cafeateO-methyltransferase, [27]),
4CL (4-coumarate:CoA ligase, [54]), and CAD
(cinnamyl-alcohol dehydrogenase, [30]).
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- ICL (isocitrate lyase), an enzyme that plays a role
in the conversion of membrane lipids into carbo-
hydrate.The primer pair was designed to specifi-
cally amplify one of the two ICL cDNAs (ICL8)
recently described [33].

- CuZn-SOD (superoxide dismutase) is involved in
the detoxification of active oxygen species. Two
primer pairs were designed to specifically amplify
both choloroplastic and cytosolic forms of this
gene [20].

- GS (glutamine synthetase) catalyzes the ATP-
dependant incorporation of ammonium to gluta-
mate for glutamine biosynthesis. The primer pair
was designed to specifically amplify an intron con-
taining region in GS genomic DNA (unpublished).

- STS (stilbene synthase) and CHS (chalcone syn-
thase), two closely related genes that correspond
to key enzymes in the biosynthesis of flavonoids
and stilbenes [15]. Although these genes showed
high degree of identity (77.4%), the alignment of
the sequences allowed us to design ‘gene-specific’
primer pairs.

- NIR (nitrite reductase) is one of the two enzymes
along with nitrate reductase, involved in nitrate
assimilation through reduction of nitrate to ammo-
nium [36].

- Protochlorophyllide oxidoreductase (PCHILDE)
catalyses the light-dependent reduction of pro-
tochlorophyllide to chlorophyllide in higher
plants. The primer pair was designed to amplify
the third intron of this gene [47].

- two cDNAs preferentially expressed in differen-
tiating xylem of loblolly pine [29], ARA554 and
ARA556, showing strong similarity with arabino-
galactane proteins.

- six drought-inducible cDNAs [7]: lp2 (homologue
to a root specificS-adenosyl methionine synthetase
of Pinus banksiana), lp3-1 (similar to a water
deficit-inducible tomato protein), lp4 (similar to
a copper-binding protein in the Japanese lacquer
tree), lp5 (cell wall putative protein), lp6 (chiti-
nase homologue described inPinus strobus), lp8
(putative calcium-binding protein).

- a Pinus caribaea cDNA corresponding to a
germin-like protein (GLP) [11]. Germins and
GLPs are a multigenic family of proteins showing
differential expression during development [31]
and in response to pathogen infection, osmotic
shock or heavy metals. Germins and GLPs are part
of a superfamily of proteins, the implication of

which being suggested in the maintenance of water
homeostasis in extreme conditions.

- two cDNAs (unpublished), ptxmyb413 and
ptxmyb126, belonging to the Myb family of tran-
scription factors. These two members are most
abundantly expressed in differentiating xylem and
therefore are likely to be involved in regulating
some aspect of wood formation.

PCR amplification and optimization

The position and length of the primers were cho-
sen according to their thermodynamic parameters us-
ing the Oligo Primer Analysis Software version 4.1
[44]. When intron positions were available, forward
and reverse primers were designed in exons flank-
ing one or several introns. This was the case for
4CL, CAD, GS and PCHILDE. For proteins that
are post-translationally imported into the plastid (e.g.
PCHILDE), we made sure that the transit peptide
signal was avoided in the priming sites. The speci-
ficity of the primers was further checked by comparing
the primer sequences to the sequences of the Non-
redundant Nucleotide Sequence Database using the
BLASTn programme [2], with the default parameters
proposed by the NCBI. The primer pairs were first
tested by PCR on bulk diploid and haploid Maritime
pine and Scots pine DNA samples. The annealing
temperatures (ranging from 44◦C to 72◦C) were op-
timized with a Robocycler Gradient 96 (Stratagene).
The tested MgCl2 concentrations ranged from 1 mM
to 3 mM. Template DNA (20 ng or 40 ng) was am-
plified by PCR in a total volume of 15µl, containing
0.2µM of each primer, home made 10× buffer (ref-
ered to as buffer 1: 67 mM Tris-HCl pH 7.5, 1 ng
BSA, 0.2% 2-mercaptoethanol, 16 mM ammonium
acetate) or Gibco-BRL 10× buffer (refered to as buffer
2), 200 µM of each dNTP and 1 U ofTaq DNA
polymerase (Gibco-BRL). The conditions of amplifi-
cation were as follows: preliminary denaturing (4 min,
94◦C), followed by 35 cycles consisting of denatur-
ing (45 s, 94◦C), annealing (60 s, see Table 1 for
the temperature), and extension (90 s, 72◦C), and a
final extension (10 min, 72◦C). The fragments were
separated on 2% agarose gels and stained with ethid-
ium bromide. For some genes, touchdown PCR was
used to increase the specificity of PCR. The annealing
temperature in the initial cycle was set to 2.0◦C above
the optimal annealing temperature obtained without
touchdown. In subsequent cycles the annealing tem-
perature was decreased in steps of 0.1◦C per cycle for
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20 cycles and then kept at a constant temperature for
15 cycles.

SSCP conditions

For SSCP analysis, we used the protocol described
[4]. Polymorphism was screened using DNA from
the parents (2 parents for Scots pine, 2 grandpar-
ents and 1 hybrid parent for Maritime pine) and 6
progeny (6 F1 for Scots pine and 6 haploid megaga-
metophytes for Maritime pine). Briefly, 4µl of PCR
products were added to 8µl of a solution contain-
ing 95% formamide, 10 mM NaOH, 0.05% of xylene
cyanol, and 0.05% of bromophenol blue. The samples
were heat-denatured for 6 min in 94◦C and quickly
cooled on ice for 2 min. Then 10µl of the sam-
ple was loaded onto a 0.75 mm× 16 cm× 18 cm
non-denaturing acrylamide gel (0.5×MDE (mutation
detection enhancement gel; Bioprobe Systems), 0.6×
TBE). Electrophoresis was run in 0.6× TBE buffer at
different electrophoretic conditions, for example vari-
able temperatures and V/cm conditions (Table 2). The
gel was pre-heated or pre-cooled for 30 min in the
same temperature conditions used for SSCP analysis.
After the gel was removed from the apparatus, it was
silver-stained as described [3], scanned and dried for
2 h at 80◦C between plastic sheets.

Data analysis

Chi-square tests were performed to examine if the ob-
served genotypic frequencies of SSCP loci deviated
from expected Mendelian ratios. Segregation patterns
in both Maritime pine and Scots pine pedigrees were
analysed based on at least 48 progeny. For Maritime
pine, cosegregation analysis between already mapped
RAPD markers [41] allowed to define the map po-
sition of SSCP markers. Significant linkages were
determined using a minimal linkage LOD of 5.0 and
a maximum recombination fraction2 of 0.40. The
analysis was performed with the MAPMAKER ver-
sion 2.0 for the Macintosh provided by S. Tingey
(DuPont, Wilmington, DE) under the haploid model.

Results and Discussion

Choice of nucleotide sequences

A significant number of protein coding genes in
conifers occur in complex gene families [22, 23]. The

extent of multi-copy gene families was one of the se-
lection criterion we considered in the choice of the
sequences. Multicopy genes were avoided when the
information was available in the literature. Although
we thought this characteristic could affect the ability to
amplify a single genomic DNA fragment and further
to detect polymorphism, [46] have recently reported
SSCPs for 22 fatty acid synthesis genes belonging to
seven gene families. Other criteria used to base our
choice consisted of our own interest to provide useful
candidate genes in quantitative trait dissection analy-
sis: (1) PAL, CAD, 4CL, COMT, ARA554, ARA556,
ptxmyb413 and pxtmyb126, (2) GS and NIR, (3) Cu-
Zn SOD, lp2, lp3-1, lp4, lp5, lp6, lp8 and GLP. These
could provide good candidate for wood properties,
yield components and drought stress response QTLs,
respectively. For instance, in an ongoing experiment,
we will test the hypothesis that at least some of the
variation observed in lignin content can be accounted
for by known structural and regulatory genes of the
lignification pathway.

Optimization of PCR amplification

We designed 23 primer pairs from nucleotide se-
quences of reference species belonging to two sub-
sections of pines [14]. A total of 16, 6 and 1 se-
quences originated fromPinus taeda(subsection Aus-
trales), Pinus sylvestris(subsection Sylvestres) and
Pinus caribaea(subsection Australes), respectively
(Table 1). For most genes, the primer pairs tested
were able to amplify sequences from total genomic
DNA of related pines, i.e.Pinus pinaster(subsec-
tion Australes) andP. sylvestris. In both species, the
amplification failed in only one case (STS). While
for most sequences only one fragment was amplified,
several fragments were observed for lp3-1 and lp5 in
P. pinasterand for lp6 in both species. No information
on copy number was available for these sequences.
In four cases (CAD, SODcyt, lp4, lp6) a genomic
fragment was only amplified inP. pinaster, while for
P. sylvestristhe corresponding primer pairs did not
yield any product. When only one fragment was ob-
tained in both species, the lengths of the PCR products
were similar, except for COMT and ptxmyb413. The
nucleotide sequences of the cloned PCR products for
these two genes were obtained in bothPinusspecies.
These were similar to each other and to COMT and
sequences of members of the Myb family found in
public databases (data not shown).
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Table 1. Description of the optimal PCR conditions used for specific amplification of different genes inPinus pinasterand Pinus
sylvestris. U, upper primer; L, lower primer.
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Table 2. Polymorphism obtained under different electrophoretic conditions. C, complicated pattern; M, monomorphic fragment; P,
polymorphic fragment.

Optimization of SSCP conditions

Of the 16 fragments tested in SSCP, 8 were polymor-
phic in a single species, 7 showed polymorphism in
both, while one was monomorphic in the two tested
pedigrees. As shown in Table 2, the level of poly-
morphism was significantly higher for Scots pine than
for Maritime pine (25 vs. 17 polymorphisms). How-
ever, while a maximum of four alleles could segregate
in the F1 pedigree ofP. sylvestris, only two could
segregate in the megagametophytes of theP. pinaster
hybrid tree. In addition, it has been shown from al-
lozymes data, thatP. pinasterhad a lower level of
polymorphism (R. Petit, personnal communication).

As mentioned by several groups [19, 45], fragment
length can affect the separation of single-stranded
DNA. The sizes of the amplified fragments ranged
from 209 to 1600 bp. The 8 fragments smaller than

461 bp generated 22 polymorphisms, while the 8 frag-
ments larger than 461 bp produced 20 polymorphisms.
Thus, the ability to detect SSCP appeared not to be
affected by fragment length in our study. The temper-
ature in SSCP electrophoresis has been reported to be
another important factor of variation [18]. To optimize
the conditions for SSCP in our study, electrophoresis
was run at three different temperatures. As shown in
Table 2, this factor could affect particular SSCP pat-
terns; for example, a polymorphism observed under
the three temperatures for SODchl in Scots pine could
only be detected at 4◦C for Maritime pine. But, in
general, the level of polymorphism seemed to be inde-
pendent of temperature, since the polymorphism level
was almost similar at 4◦C, 15◦C and 37◦C, i.e. 14, 16
and 12 polymorphisms, respectively (Table 2). There-
fore, the electrophoresis conditions of each SSCP have
to be decided one by one. In rice, Fukuokaet al.
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[16] noticed that lowering the temperature increased
the resolution, especially for smaller fragments. This
was not confirmed by our results: for the eight smaller
fragments (<461 bp), 8, 7 and 7 polymorphisms were
detected at 4◦C, 15◦C and 37◦C, respectively. The
use of glycerol (weak denaturant) in MDE gel has
been shown to affect the relative mobilities between
fragments [19, 28] and could be further used to in-
crease the efficiency of the SSCP as demonstrated by
Fukuokaet al. [16].

Surprisingly, the presence of intronic region(s) in
the amplified fragments did not yield a higher rate
of polymorphism. Introns correspond to non-coding
regions of eukaryotic genes. As a result, the accu-
mulation of mutations in intron is selectively neutral
[17]. It is therefore expected that introns will exhibit
a higher mutation rate and degree of polymorphism
than associated exons of the gene. This difference in
mutation rate has the consequence that, for a given
gene, two individuals with highly conserved exon se-
quences may differ in the sequences of the introns.
Introns therefore represent good targets for detecting
DNA sequence polymorphisms. Applied to our SSCP
analysis, this expectation should be translated in a bet-
ter efficiency of detecting polymorphism when PCR
primers are amplified a region spanning one or more
polymorphic introns. Introns were clearly amplified
for eight sequences: 4CL, COMT, ICL, SODchl, GS,
lp2, lp4 and ptxmyb126; the mean number of poly-
morphisms was 21 for both species. For eight other
sequences (PAL, ARA554, ARA556, CHS, NIR, GLP,
LP3-1 and lp8), no intron was amplified, and the mean
number of polymorphism was 21 for both species.

Mendelian inheritance of SSCP fragments

A total of 10 sequences (5 in each species) was used
to assess the mode of inheritance of SSCP markers.
Two, three or four bands were obtained on SSCP
gels and the segregation observed in the offspring was
consistent with the patterns observed in the parents
(Figure 1). No significant departures from Mendelian
segregation ratios were observed in aχ2 test of fit
(Table 3). The electrophoretic profile could be genet-
ically interpreted following Bodénèset al. [4]. As an
example, we first report the segregation observed in
P. pinasterfor SODchl. Three bands (B) were present
in both grand-parents and in the hybrid parent (B1,
B2 and B3) (see Figure 1). In the haploid progeny
34 samples presented the bands B1 and B2, while 29
samples presented the bands B1 and B3. Hence, on

the one hand, bands B1 and B2 and, on the other,
bands B1 and B3 were associated and were segregat-
ing in the offspring. We concluded that the female and
male grandparents were heterozygous, one allele cor-
responding to bands B1 and B2, and the other to bands
B1 and B3. Their diploid genotype was denoted (12;
13). Other segregation obtained inP. pinasterwere of
similar interpretation with 1, 2 or 3 bands observed
in both grandparents and the hybrid parent (Table 3).
For P. sylvestris, the segregation patterns were more
complex due to the use of diploid DNA samples and
therefore the possibility of 4 alleles segregating in
the F1 progeny. We report here the interpretation for
ARA556. Four bands (B1, B2, B3 and B4) and three
bands (B1, B2, and B5) were present in the female and
male parents, respectively (Figure 1). The offspring
also exhibited these bands but in different combina-
tions resulting in four genotypic groups (Figure 1),
where 8 individuals presented B1, B2, and B5, 17 indi-
viduals presented B1 and B2, 13 individuals presented
bands B1, B2, B3 and B4 and, finally, 10 individu-
als presented B1, B3, B4 and B5. The second group
showed that both B1 and B2 were associated. By tran-
sitivity, the third and fourth groups showed that B3 and
B4, and then B1 and B5 were also associated. Hence,
we conclude that (1) the female parent was heterozy-
gous, one allele corresponding to bands B1 and B2
and the other to bands B3 and B4; genotype noted (12;
34); (2) the male parent was also heterozygous, one
allele corresponding to bands B1 and B2 and the other
corresponding to bands B1 and B5; genotype noted
(12; 15). For the other SSCP patterns the allelic com-
positions in the parents were inferred using the same
kind of analysis. As noticed by Bodénèset al. [4],
we observed that the two strands corresponding to a
given allele were always distal on the gels. This pre-
vious observation greatly facilitated our own genetic
interpretation. In one case (i.e. 4CL forP. sylvestris),
the segregation pattern clearly showed that one allele
was not amplified (null allele in the male parent), indi-
cating that presumably a mutation had occurred in the
priming site(s).

Mapping genes in Pines

The three-generation inbreed pedigree of Maritime
pine was previously used to construct a saturated link-
age map [41] based on RAPDs and proteins assayed
on haploid megagametophytes. Significant linkage
(LOD>5) between already localized markers and SS-
CPs were established for five tested genes: ICL and
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Figure 1. Silver-stained SSCP gels showing polymorphism. Separation conditions are indicated in tables 2 and 3.A. Example of SSCP patterns
in Pinus pinaster. The first three lanes contain DNA amplified from both the female (L146) and male (C10) grand-parents and the hybrid
parent (H12), respectively. Other lanes contain DNA amplified from a set of megagametophytes collected in seeds of the hybrid parent.A1.
SODchl. L146, C10 and H12 genotypes are (12; 13). Megagametophytes present the haploid genotypes (12) or (13).A2. GS. C10, L146 and
H12 genotypes are (12; 12), (12; 13) and (12; 13), respectively. Megagametophytes present the haploid genotypes (12) or (13).B: Example
of SSCP patterns inPinus sylvestris. The first two lanes contain DNA amplified from both the female (E635C) and male (E1101) parents,
respectively. Other lanes contain DNA amplified from a set of F1. B1. ARA556. E635C and E1101 genotypes are (12; 34) and (12; 15),
respectively. F1 offspring present the diploid genotypes (12; 15), (12; 12), (34; 12) and (34; 15).B2. 4CL. E635C and E1101 genotypes are
(12; 13) and (45; – –), respectively. F1 offspring present the diploid genotypes (12;45), (12; – –), (13;45) and (13; – –).B3. ICL. E635C and
E1101 genotypes are (12; 13) and (12; 14), respectively. F1 offspring present the diploid genotypes (12; 12), (12; 14), (13; 12) and (13; 14).
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Table 3. Allelic interpretation of SSCP patterns for five sequences in each species.

SODchl in linkage group 5, PAL and GS in linkage
group 2, GLP in linkage group 7. The GS gene was
mapped to the same location as a protein marker iden-
tified as a glutamine synthetase [42]. The map position
of these genes is available at the following web site:
http://www.pierroton.inra.fr/genetics/pinus/.

A transcriptional map will be a valuable tool for
comparative mapping study between conifers. It will
also provide ‘candidate genes’ in quantitative trait
dissection analysis. RFLP markers based on cDNA
probes could play this role. RFLP methods are well
suited for comparative mapping studies, because the
same hybridization probes can be used in comparison
among species. Mapped DNA probes from loblolly
pine cross-hybridized to other members of Pinaceae
and therefore could be used to construct RFLP maps
for other related species [1]. However, although
RFLPs are unlimited, they require elaborate laboratory
techniques (development of specific probe libraries,
use of radioisotopes, southern blot hybridization pro-
cedures and autoradiography), which make them labor
intensive, time consuming and costly. The RFLP tech-
nique also requires relatively large amounts of DNA
and, of course, the availability of genomic or cDNA
libraries with useful probes and, finally, the main-
tenance of clones. The task of screening RFLPs in
parents and progeny of one cross was estimated to
take about 3 years [35]. In addition, conifer DNA con-
tents are so high that Southern blots typically contain
many bands making the banding patterns too com-
plex to interpret [9]. These particular features have
made RFLP genetic mapping a special challenge in

conifers. Indeed, RFLP-based maps have not been de-
veloped except for twoPinusspecies:P. teada[9] and
P. radiata[8].

PCR-based markers resulting from targeted ampli-
fication of coding genomic DNA constitute an alter-
native technique to establish a transcriptional map. If
informative primer sequences can be derived from se-
quences of known function, then currentPinusmaps
that are mostly based on anonymous markers (e.g.
RAPD, AFLP), might be easily completed. Identify-
ing polymorphism in these sequences will remain the
limiting step for gene mapping. Direct genomic se-
quencing would certainly be the most powerful but is
a labour-intensive and costly method. Among the va-
riety of more rapid screening methods that have been
developed mostly in human genetics, SSCP has been
used quite often in animal molecular genetics [5, 26,
34] and only seldom in plants [4, 16, 46]. However,
due to its simplicity, low costs and the high percentage
of sequence variants detected, this technique should
be more widely used for mapping known genes. We
also investigated the possibility of generating CAPS
markers. Ten restriction endonucleases with 4, 5 and
6 bp restriction sites (AluI, BfaI, DnpI, HinfI, HpaII,
MspI, RsaI, TaqI, MboII, AvaI) were utilized on GLP,
PAL and ptxmyb126 products from Maritime pine. No
polymorphism was detected in this experiment.

The establishment of a transcriptional genetic map
will depend on nucleotide sequence data. While many
angiosperm genes have been cloned and sequenced,
few gymnosperm genes are available in public data-
bases. We therefore encourage researchers involved
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in cloning and characterizing conifer genes or ESTs
to publish their sequences, and we will attempt to
determine their map location inP. pinasterand P.
sylvestris.
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