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Abstract The Sequence-Speciﬁc Ampliﬁcation Polymorphism (S-SAP) method, recently derived from the
Ampliﬁed Fragment Length Polymorphism (AFLP)
technique, produces ampliﬁed fragments containing a
retrotransposon LTR sequence at one end and a host
restriction site at the other. We report the application
of this procedure to the LTR of the Tms1 element from
Medicago sativa L. Genomic dot-blot analysis indicated
that Tms1 LTRs represent about 0.056% of the
M. sativa genome, corresponding to 16·103 copies per
haploid genome. An average of 66 markers were
ampliﬁed for each primer combination. Overall 49
polymorphic fragments were reliably scored and mapped in a F1 population obtained by crossing diploid
M. falcata with M. coerulea. The utility of the LTR
S-SAP markers was higher than that of AFLP or
SAMPL (Selective Ampliﬁcation of Microsatellite
Polymorphic Loci) markers. The eﬃciency index of the
LTR S-SAP assay was 28.3, whereas the corresponding
values for AFLP and SAMPL markers were 21.1 and
16.7, respectively. The marker index for S-SAP was
13.1, compared to 8.8 for AFLP and 9.5 for SAMPL.
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Application of the Tms1 LTR-based S-SAP to doublestranded cDNA resulted in a complex banding pattern,
demonstrating the presence of Tms1 LTRs within
exons. As the technique was successfully applied to
other species of the genus Medicago, it should prove
suitable for studying genetic diversity within, and
relatedness between, alfalfa species.
Keywords Medicago Æ Long Terminal Repeat (LTR) Æ
Retrotransposons Æ Sequence-Speciﬁc Ampliﬁcation
Polymorphism (S-SAP)

Introduction
The retro-element family of transposons is composed of
transposable elements that move via an RNA intermediate. LTR-retrotransposons, which are present in high
copy numbers in plant genomes, are ﬂanked by long
terminal repeat (LTR) sequences (Hull and Will 1989).
On the basis of the location of the integrase domain,
two major groups of LTR-retrotransposons can be
distinguished. In the Ty1-copia group, named after the
well-studied Ty element of Saccharomyces cerevisiae
and the copia element of Drosophila melanogaster, the
coding sequence for the integrase domain lies 3¢ to that
for the reverse transcriptase domain, whereas in the
gypsy group the converse is true (Boeke and Corces
1989).
Elements of both groups have been found in almost
every plant species investigated, although copy numbers
and degrees of heterogeneity diﬀer widely (Flavell et al.
1992a; Suoniemi et al. 1998). For instance, 30 retrotransposon families, each with an average copy number
of two elements, have been found in Arabidopsis thaliana, the haploid genome of which corresponds to
0.15 pg of DNA (Kumar and Bennetzen 1999). The total
number of retrotransposons in rice, whose genome size
is three times that of Arabidopsis, is estimated to be
about 1,000 (Hirochika et al. 1992), while barley, with a
genome size 36 times that of Arabidopsis, has 14,000
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copies of the Bare1 element (Vicient et al. 1999). It
would seem to follow from these data that there is a
correlation between copy number and genome size.
However, the Wis2 family in wheat is composed of only
200 elements, despite the fact that the genome size in this
species is three times that of barley, while potato, whose
genome size exceeds that of Arabidopsis by more than
10-fold, has about 400 retrotransposons (Flavell et al.
1992b). An accurate investigation of the copy numbers
of Ty1-copia retrotransposons in Vicia species indicates
that the degree of sequence heterogeneity of elements of
the Ty1-copia group correlates with their copy number
within each genome, but that neither heterogeneity nor
copy number is related to the genome size of the host
(Pearce et al. 1996).
Another relevant feature of plant retrotransposons is
their distribution within the genome. In situ hybridization to metaphase chromosomes has shown that both
Ty1-copia-like and gypsy-like elements are spread
throughout the genome. Pearce et al. (1996) have demonstrated that the Ty1-copia retrotransposons of Vicia
are mostly located in euchromatic regions and are far
less common in heterochromatic regions. Moreover,
computer-assisted database searches, using Ty1-copia
retrotransposons as query sequence, have revealed that
ancient or degenerate retrotransposon sequences are
often located close to plant genes (White et al. 1994;
Pesole et al. 1997), a ﬁnding which suggests that retrotransposons may be involved in the evolution of plant
gene structure and expression, supplying genes with
regulatory sequences and facilitating gene duplication
and/or exon shuﬄing.
Although all the features of plant retrotransposons
mentioned above are of pivotal interest for the development of retrotransposon-based molecular markers,
the high copy number of some retrotransposons has
hindered their use as multilocus RFLP markers.
With the advent of AFLP technology (Vos et al.
1995), a new and simple approach to the development of
high-multiplex-ratio retrotransposon-based molecular
markers (Sequence-Speciﬁc Ampliﬁcation Polymorphisms, S-SAP) has become available (Waugh et al.
1997). It is based on the production of PCR-derived
fragments containing a retrotransposon sequence at one
end and a ﬂanking host restriction site at the other. The
retrotransposon-speciﬁc primer in the original S-SAP
technique developed by Waugh et al. (1997) in barley
was derived from the highly conserved terminus of the
Bare1 LTR. In a subsequent modiﬁcation of the method, which was applied to various Pisum spp., the retrotransposon-speciﬁc primer was designed to
correspond to the polypurine tract of the retro-element
PDR (Ellis et al. 1998). Both approaches mainly
exploited the variation in the sequences ﬂanking the
insertion site.
We report here the adaptation of the S-SAP method
to alfalfa (Medicago sativa L.), based on the LTR of the
retrotransposon Tms1 (Vegh et al. 1990), and describe
its application to both genetic linkage analysis and the

elucidation of phylogenetic relationships in the genus
Medicago. The eﬃciency with which polymorphisms can
be detected by the Tms1 LTR-derived S-SAP technique
was compared with that of SAMPL and AFLP markers.
The distribution of Tms1 LTRs within plant exons was
investigated by applying Tms1 LTR S-SAP to an alfalfa
cDNA template.

Materials and methods
Plant materials
An F1 segregating population, derived from a cross between
a Medicago falcata (L.) Arcang. (2n=2x=16) mutant named
PG-F9 and M. coerulea (Less.) Schm. (2n=2x=16), was used for
construction of the linkage map (Barcaccia et al. 1999, 2000).
Annual and perennial Medicago species (M. coerulea, M. costricta,
M. falcata 2x, M. falcata 4x, M. glomerata, M. intertexta,
M. lesinsii, M. murex, M. muricoleptis, M. polymorpha, M. praecox, M. rigidula, M. rugosa, M. sativa) were used to assess LTR
sequence distribution within the genus Medicago. Genomic DNAs
were extracted from single F1 plants and from pools of 10 plants
of annual and perennial Medicago species, using the cetyltrimethylammonium bromide (CTAB) procedure (Doyle and Doyle
1990).
S-SAP marker analysis
Total DNA was digested with restriction enzymes, and ligated to
adaptors according to the method of Vos et al. (1995), modiﬁed
as in Barcaccia et al. (1999). Brieﬂy, genomic DNA (500 ng) was
digested and ligated for 4 h at 37C using the enzymes EcoRI and
MseI (5 U each), 1 U of T4 ligase (Pharmacia Biotech), 50 pmol
of MseI adaptor, and 5 pmol of EcoRI adaptor in RL buﬀer
(20 mM TRIS-acetate, 20 mM magnesium acetate, 100 mM
potassium acetate, 5 mM DTT, 2.5 lg BSA) supplemented with
ATP to a ﬁnal concentration of 10 mM. The template DNA was
then pre-ampliﬁed in a 20-ll reaction mixture containing 5 ll of
ten-fold diluted (digested and ligated) DNA, 75 ng of the primers
EcoRI+C and MseI+A, PCR buﬀer (50 mM MgCl, 1.5 mM
MgCl2, 10 mM TRIS-HCl), 10 mM dNTPs (Pharmacia Biotech)
and 1 U of Taq DNA polymerase (Pharmacia Biotech). The
cycling conditions were: one cycle of 45 s at 94C, 30 s at 65C,
1 min at 72C, followed by a touch-down proﬁle for the annealing
step (13 cycles in which the annealing temperature was decreased
at a rate of 0.7C/cycle), followed by 18 cycles at a constant
annealing temperature of 55.9C, and a ﬁnal extension step at
72C for 5 min. Selective restriction fragment ampliﬁcation was
performed with a ﬂuorescence-labelled Tms1 LTR-derived primer
(Vegh et al. 1990) and an unlabelled MseI+3 primer. Ret1
(5¢-CGGTTTTGTGGGGTTGTGTTAGGCCCA-3¢, labelled at
the 5¢ end) was used for mapping experiments and Ret1 or Ret2
(5¢-GTTGGCCTGACAATTTGTTTATAA-3¢, labelled at the
5¢ end) was used for the shift assay (see below). The labelled
oligonucleotides were obtained from Genset Oligos. Each 20-ll
PCR contained 1% of the pre-ampliﬁed DNA, 50 ng of ﬂuorescence-labelled Ret1, 30 ng of unlabelled MseI+3 primer (the
selective bases used were AGA, AAC, AGT, and AGC), 2 ll of
PCR buﬀer (Pharmacia Biotech), 4 mM dNTPs, and 0.4 U of
Taq DNA polymerase. Ampliﬁcations were carried out using the
ampliﬁcation proﬁle described above. After PCR, 8 ll of loading
buﬀer (98% formamide, 2% dextran blue, 0.25 mM EDTA) was
added to each sample. Samples were denatured at 90C for 5 min
and then immediately placed on ice. An aliquot (6 ll) of each
sample was loaded onto a 6% polyacrylamide gel
(60 cm·30 cm·0.4 mm), which had been run for 2 h and 45 min
at 80 W. Gels were scanned using the Genomyx LR scanner
(Beckman Coulter).
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SAMPL markers
SAMPL marker analysis was performed according to Morgante
and Vogel (1994). The SAMPL protocol is similar to the S-SAP
procedure except for the primer used in the second ampliﬁcation
(primer S1: f-CACACACACACACACTATAT-3¢; Genset Oligos).
The second ampliﬁcation uses the ﬂuorescent S1 primer and a
standard AFLP MseI primer with three selective nucleotides (AGT,
AGC, and AAG). Gel electrophoresis and scanning were carried
out as described for the S-SAP analysis.

sequences was calculated by multiplying the value so obtained by
the size of the 1C genome (0.90 pg for M. coerulea and 1.75 pg for
M. sativa). The percentage of the genome represented by the LTRs
was ﬁnally converted to genomic copy number by multiplying it by
the percentage of genome length occupied by one LTR. The data
for genome size were obtained from the Kew Gardens website
(http://www.rbgkew.org.uk/cval). For each sample the mean of
four hybridizations on two separate ﬁlters was used for copy
number calculations.
Estimation of marker system utility

Identiﬁcation of S-SAP markers in a population of cDNAs
Total RNA was isolated from about 2 g of leaves using TRIZOL
(Gibco-BRL); the RNA concentration was determined spectrophotometrically and then adjusted to a ﬁnal concentration of
1 lg/ll. The poly(A)+ RNA fraction was isolated from 1 mg of
total RNA using the mRNA Puriﬁcation Kit (Amersham Pharmacia Biotech) according to the manufacturer’s suggestions. First
and second cDNA strands were synthesized following standard
protocols (Sambrook et al. 1996). The resulting double-stranded
cDNA was puriﬁed by extraction with phenol, precipitated
with ethanol, and subjected to the LTR S-SAP ampliﬁcation
procedure.
Linkage analysis
Segregation data for LTR S-SAP and SAMPL markers were
analyzed together with those of AFLP and RAPD markers
previously scored in the same mapping population (Barcaccia et al.
1999) by using Joinmap Version 3.0 (Van Ooijen and Voorrips
2001). For mapping, the ‘‘cross pollination’’ (CP) option was
employed, i.e. an F1 population resulting from a cross between two
heterogeneous parents that were, respectively, heterozygous and
homozygous at the loci being tested. For the identiﬁcation of
linkage groups with selected markers, the ‘‘grouping’’ module was
employed, setting a minimum LOD score of 3.5 and a maximum
recombination frequency r=0.30. The map distances, expressed in
centimorgans (cM), were calculated using the Kosambi function
(Kosambi 1944).
Dot blots
Dot blots were prepared by applying 100-, 200-, 500-, 1000-, and
1500-ng aliquots of genomic DNA samples to membrane ﬁlters.
The DNA was cross-linked to ﬁlters by irradiation with UV light.
Herring sperm DNA at 100 ng per dot served as a negative control.
PCR products were obtained from diploid M. coerulaea and tetraploid M. sativa by using a pair of primers based on sequences at
the
ends of
the Tms1
LTR
–
Ret3 (5¢-GAGTCCCACATCGGTTAGGAGTTGGCCTGACA-3¢) and Retant
(5¢-GAAATTGTGCTTGGGCCTAACACA-3¢). The primers
were obtained from Invitrogen. Puriﬁed PCR products were used
as positive controls on each ﬁlter. The 32P-labelled probes were
synthesized by PCR from puriﬁed PCR fragments. Filters were
hybridized as in Vicient et al. (1999). All blots were hybridized
together, so the probe concentration was identical for all ﬁlters.
Hybridized ﬁlters were washed successively with 2·SSC, 0.1% SDS
and 0.1·SSC, 0.1% SDS at 55C. Bound radioactivity was
analyzed using a Packard Instant Imager.
Copy number estimation
Genomic copy number was calculated from the hybridization response of the genomic DNA of M. coerulea and M. sativa by
comparison with the control DNA on the blots as follows. First,
the amount of LTR sequence in 1 ng of genomic DNA was calculated using the formula: genomic counts per ng/probe counts per
ng. The percentage of the 1C genome represented by LTR

To compare the eﬃciency of the LTR S-SAP method with that of
other molecular marker systems such as AFLP and SAMPL, an
assay eﬃciency index (Ai) was calculated. This index combines the
eﬀective number of alleles identiﬁed per locus, calculated as
ne ¼ 1=rpi 2 , where pi is the frequency of the ith marker allele
(Kimura and Crow 1964), and the number of the polymorphic
bands detected in each assay, computed as Ai ¼rne =P , where Sne is
the total number of eﬀective marker alleles detected over all loci
and P is the total number of assays performed (i.e. primers used)
for their detection (Pejic et al. 1998).
An additional parameter, the marker index (MI), which is the
product of expected heterozygosity and multiplex ratio, was used to
evaluate the overall utility of each marker system (Powell et al.
1996). It was calculated as MI ¼ H pl bn, where Hpl is the total genetic diversity computed over all polymorphic loci (Nei 1973), b is
the percentage of polymorphic loci and n is the number of loci
detected per primer. For dominant marker systems, Hpl was determined as 1rðp1 2 þp0 2 Þ over all loci, where p1 and p0 represent
present and absent marker alleles, respectively.

Results
Application of S-SAP to Medicago, based on the LTR
of Tms1
An S-SAP protocol for a retrotransposon sequence
found in Medicago spp. was set up in this study. The
procedure named Tms1 LTR S-SAP is depicted in
Fig. 1. The retrotransposon-speciﬁc primer was
designed on the basis of the terminal region of the LTR
sequence of the Tms1 retrotransposon from M. sativa
(Vegh et al. 1990). The selective ampliﬁcation employed
only one adaptor-homologous primer, together with a
ﬂuorescence-labelled Tms1 LTR-derived primer.
As LTRs are direct repeats, every LTR-derived
primer can prime ampliﬁcation both into and out from
the retrotransposon, generating two types of fragments:
those composed of sequences internal to the retrotransposon, and those made up of host sequences
ﬂanking the LTR. Samples were ampliﬁed adding 0, 1, 2,
or 3 selective nucleotides to the MseI primer. When no
selective nucleotide was added, internal retrotransposon
sequences were mainly seen as intense ampliﬁcation
products on a background smear (data not shown).
When selective nucleotides were added, the number of
the retrotransposon-derived products was reduced to a
level that allowed them to be easily scored in terms of
presence/absence (data not shown). As expected, EcoRI
selective primers produced fewer products than
MseI primers, reﬂecting the lower frequency of EcoRI
cleavage sites.
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Fig. 1 Schematic representation of the Tms1 LTR
Sequence-Speciﬁc Ampliﬁcation
Polymorphism (S-SAP)
protocol

The level of polymorphism detected in the F1 segregating population by the Tms1 LTR S-SAP procedure
was compared with the levels detected using SAMPL
and AFLP markers (Table 1). When used in combination with MseI primers (with 3 selective nucleotides),
each Tms1 LTR-derived primer yielded, on average,
more products than SAMPL, but less than AFLP, while
the percentage of polymorphisms detected was higher
than that obtained with either SAMPL or AFLP (Table 1). Figure 2 shows an example of AFLP, S-SAP and
SAMPL patterns generated with an F1 population obtained from the cross M. coerulea · M. falcata. Determination of the marker index (MI) and assay eﬃciency
index (Ai) revealed that the utility of the S-SAP marker
system was much higher than that of either AFLPs or
SAMPLs. MI was 13.1 for S-SAPs, 8.8 and 9.5 for
SAMPLs and AFLPs, respectively, whereas Ai was 28.3
for S-SAPs and 21.1 and 16.7 for SAMPLs and AFLPs,
respectively. Although the mean expected heterozygosity
measured with dominant PCR-derived markers is actually much lower than that scorable with co-dominant
single-locus markers, the relative information content of
S-SAP, AFLP and SAMPL marker systems was
strongly inﬂuenced by the higher multiplex-ratio
component of these assays.
Localization of Tms1 LTRs on the genetic map
and determination of element copy number
A genetic approach was used to study the distribution
of Tms1 LTRs in the genome. Segregation data for 50

maternal S-SAP markers and 29 SAMPLs, which were
polymorphic in the F1 population, were analyzed
alongside an existing framework of other molecular
markers (Barcaccia et al. 1999). The ﬁnal map covered
568.5 cM and consisted of 180 markers (56 AFLPs, 49
S-SAPs, 23 SAMPLs, 49 RAPDs and 3 RFLPs)
arranged in 14 linkage groups (with an average length
of 40.6 cM and containing 12.9 markers per group). It
is worth mentioning that all marker linkages previously
reported by Barcaccia et al. (1999) were conﬁrmed in
the current map. Linkage groups with more than 6
markers are shown in Fig. 3. S-SAP markers were
distributed throughout the linkage groups identiﬁed.
The RFLP probes Vg2B9 (group 1), Vg2F8 (group 2),
and Vg2C2 (group 8) mapped in the current map were
also mapped by Tavoletti et al. (1996) in the same
maternal genotype PG-F9 and assigned to their groups
1, 2, and 6, respectively, and by Brouwer and Osborn
(1999) in tetraploid alfalfa; they refer to the
linkage groups that bear these markers as 1, 2 and 3,
respectively.
To verify that the fragments detected indeed result
primarily from the ampliﬁcation of transposon-ﬂanking
sequences, S-SAP analysis was performed on an F1 individual using either the Ret2 or the Ret1 primer. The
mobility shift that occurs when the Ret1 primer is used
instead of the Ret2 primer can be predicted precisely
from the LTR sequence (Vegh et al. 1990). When Ret2 is
used as primer, the PCR products are expected to be
50 bp longer than those obtained using Ret1 as primer,
but the patterns should be similar (data not shown).
About 80% (65 out of 82) of the fragments ampliﬁed by
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Table 1 Descriptive statistics of
LTR S-SAP, SAMPL and
AFLP markers as estimated
using data for a diploid F1
segregating population

Marker type

Number of primer
combinations

Average number of
bands per assay
(±SE)

Percentage poly
morphic bands
(±SE)

MIa

Aib

S-SAP
SAMPL
AFLP

4
4
7

66.5±6.9
50.0±3.4
70.0±5.6

42.0±6.9
36.6±3.3
28.9±5.1

13.1
8.8
9.5

28.3
21.1
16.7

a

MI, marker index; Ai, assay eﬃciency index (see Materials and methods for deﬁnitions)

the Ret1 primer were also observed in the ampliﬁcation
pattern obtained using the Ret2 primer, 13% (11 out of
82) of the bands was found only in the Ret1 proﬁle and
7% (6 out of 82) only in the Ret2 reaction. Thus about
80% of the ampliﬁed fragments were derived from
genomic regions ﬂanking the conserved Tms1 LTR
sequence. The remaining 20% of the products can be
explained as arising from modiﬁed LTR sequences or as
non-speciﬁc ampliﬁcations.
Tms1 LTR copy numbers per haploid genome
equivalent in M. sativa and M. coerulea were also determined. Genomic dot blots were hybridized with radiolabelled LTR probes obtained by PCR ampliﬁcation
using Ret3 and Retant primers on total genomic DNA
of each species. M. coerulea was estimated to contain
about 8.028 (±0.23) · 103 LTR copies per haploid genome equivalent. LTR copy number in M. sativa was
about double that, being equivalent to 16.110 (±1.02) ·
103 per 1C. Note that M. sativa is 2n=4x, while
M. coerulea is 2n=2x.
Fig. 2a–c AFLP (a), S-SAP
(b) and SAMPL (c) ﬁngerprints.
The arrows indicate examples of
markers that are polymorphic
between the parents and segregate in the F1 progeny

Some Tms LTRs are associated with exons
A computer-assisted database search using the Ty1-copia retrotransposon as query sequence revealed that
ancient or degenerate retrotransposon sequences are
often located in close proximity to plant genes. As little
is known about the frequency of retrotransposons
within plant exons, S-SAP was carried out on cDNA
from Medicago leaves. Figure 4a shows a typical LTR
derived S-SAP gel obtained from a cDNA preparation.
On average 20 bands were visualized for each primer
combination.
Potential use of Tms1 LTR S-SAP for the study
of diversity in Medicago
We also tested the potential of the Tms1 LTR S-SAP
technique to other species in the genus Medicago.
Pools of genomic DNAs, isolated from 10 plants of
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Fig. 3 Integrated AFLP, S-SAP, SAMPL, RAPD and RFLP map
of the M. falcata mutant PG-F9. Map distances in centimorgans
(cM) are given on the left of each group, while marker names are
given on the right

annual and perennial Medicago species, were subjected
to S-SAP ampliﬁcation. Every species generated a
complex ampliﬁcation pattern with fragments ranging
in length from 50 to 500 bp. Fig. 4b shows the pattern
generated using the Ret1 and MseI+AGT primer
combination, together with a list of the species
analyzed, and also gives additional information on
chromosome numbers and average numbers of Tms1
LTR-derived bands. Means and standard errors were
calculated for data sets obtained from reactions carried
out with Ret1 and MseI speciﬁc primers with three
selective nucleotides.

Discussion
Retrotransposons are short mobile DNA elements that
are thought to have played an important role in the
shaping of eukaryotic genomes. Thus, it has been proposed that nuclear spliceosomal introns, retroviruses,

and even telomerases may all have evolved from retrotransposons (Eickbush 1999).
Members of the Ty-copia and gypsy-like families of
retrotransposons have been found in almost every species investigated (Flavell et al. 1992a; Suoniemi et al.
1998). However, only a few species have been shown to
contain active retrotransposon elements. In fact, in most
cases retrotransposon sequences are present as remnants
of full-length elements scattered throughout the genome.
In barley, for example, the most abundant retrotransposon sequences are LTRs (Vicient et al. 1999), followed
by reverse trascriptase and integrase domains. The
technique we developed for revealing polymorphisms in
the regions ﬂanking retrotransposon Tms1 LTR sequences in Medicago spp. produced complex ampliﬁcation patterns, indicating that the copy number of Tms1
LTR sequences in the Medicago genome is high. Our
estimates of the copy numbers of Tms1 LTRs in
M. coerulea (2x) and M. sativa (4x), a diploid and a
tetraploid species of Medicago, correspond to 8·103 and
16·103, respectively.
The potential application of Tms1 LTR-derived
markers to the study of diversity patterns among
diﬀerent Medicago species was also investigated.
Each species, when tested with the Tms1 LTR S-SAP
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Fig. 4 LTR S-SAP gel generated by two diﬀerent primer
combinations on cDNAs
obtained from two M. sativa
genotypes. Lanes 1 and 2, Ret1/
MseI+AGA; lanes 3 and 4,
Ret1/Mse-I+AGT (a). LTR
S-SAP technique applied to a
set of Medicago species. The
sources of the DNAs used for
each lane are listed on the right,
together with data for relative
chromosome number and
average number of bands. The
ampliﬁcation products were
obtained using the primer
combination Ret1/Mse+
AGT (b)

protocol, produced large numbers of ampliﬁed products. The Medicago genus is particularly amenable to
investigation of the mechanism that controls retrotranposon copy numbers, owing to the range of ploidy
levels represented. In Hordeum spp. homologous
recombination between LTRs is thought to reduce the
complement of functional retrotransposons within the
genome, providing a sort of ‘‘return ticket from
genomic obesity’’. A similar mechanism seems to operate in yeast, since out of about 330 LTRs found, only 50
were part of full-length retrotransposons, the rest being
solo or individual LTRs (Vicient et al. 1999). Our
in\vestigations on M. coerulea and M. sativa suggest
that in these two species there is a good correlation
between copy number and ploidy level. Further investigations are needed before we can conclude that this
ﬁnding holds for the genus as a whole.
By using a PCR-based approach we demonstrated
that not every band produced can be considered as being
derived from a conserved LTR sequence. There is more
than one possible explanation for this phenomenon.
Firstly, some of the ampliﬁcation products may result
from intervening MseI sites in the region between the
two LTR primers. However, scanning of the sequence
between the LTR primers for potential MseI sites reveals
that there are only two potential sites which could form
an MseI site as a result of point mutations. Unless we
accept the hypothesis that the nucleotide substitution
rate is particularly high within LTR regions, it is
unlikely that this explanation could account for most of
the sequence heterogeneity found. Another possibility is
that LTRs represent hot spots for recombination. The
recent ﬁnding of an excess of solo LTR structures in
barley, probably the result of intrachromosomal
homologous recombinations between LTRs (Vicient
et al. 1999), is consistent with this hypothesis.

The ability to map markers with conﬁdence is a
function of the reproducibility of the protocol and the
ability to score segregating bands unambiguously. In
this regard the Tms1 LTR S-SAP markers were highly
robust, as 80.3% of them could be mapped with high
LOD scores.
We compared the genetic distribution and the polymorphism level of LTR, AFLP and SAMPL markers.
The number of bands for LTR-derived S-SAP was
higher than for SAMPL but lower than for AFLP, while
the percentage polymorphism was greater. As there were
no signiﬁcant clusters of LTR markers, even with respect
to SAMPL and AFLP markers, this type of marker
provides good genome coverage. The distribution of the
marker relative to gene sequences has important implications for the general applicability and utility of any
particular marker class (Kumar and Bennetzen 1999).
By performing the S-SAP protocol on a cDNA synthesized from total RNA extracted from young Medicago
leaves, we demonstrated the presence of the Tms1 LTR
sequence within plant exons. This ﬁnding may be useful
for generating markers linked to agronomically important traits (Kumar and Bennetzen 1999).
Our ongoing experiments are aimed at identifying
bands originating from LTRs of intact retrotransposons.
The issue is of particular interest since retrotransposons
carry relatively strong promoter-enhancer elements
(Pouteau et al. 1991; Hirochika et al. 1996) and the
presence of a large number of retrotransposons in
a genome could have a marked inﬂuence on the
transcription of their ﬂanking regions.
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