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Abstract A set of 11 sequence-tagged microsatellite
markers for carnation (Dianthus caryophyllus) was de-
veloped using a DNA library enriched for microsatel-
lites. Supplemented with three markers derived from se-
quence database entries, these were used to genotype
carnation varieties using a semi-automated fluorescence-
based approach. In a set of 82 cultivars, the markers am-
plified 4–16 alleles each. The effective number of alleles
varied from 1.9 to 6.0. For the eight best scorable mark-
ers, heterozygosity was between 0.51 and 0.99. The
markers were able to distinguish all cultivars with a
unique combination of alleles, except for sport mutants,
which were readily grouped together with the original
cultivar. In addition, one group of three and one group of
six cultivars each had the same combination of ‘allelic
peaks’. The cluster of three varieties concerned original
cultivars and their mutants. The cluster of six consisted
of four mutants from the same cultivar and two other 
varieties.

Keywords Variety · Identification · Distinction · 
Sequence-tagged microsatellite site · Simple sequence
repeat

Introduction

Variety distinction and identification in agricultural and
horticultural crops is generally carried out using morpho-
logical and physiological markers. However, many of the
morphological descriptors used are multi-genic, quantita-
tive or continuous characters, the expression of which
may be altered by environmental factors, thereby making
it necessary to use greenhouses or extensive field trials.

Furthermore, the number of registered varieties increases
over time, and because of this it is impossible to check
efficiently each newly submitted variety against all old
varieties. DNA markers have many advantages for plant
variety identification over the more traditionally used
morphological markers because of their independence
from environmental influences, high level of polymor-
phism and greater potential for automation. The se-
quence tagged microsatellite site (STMS) approach has
proven to be particularly useful for variety identification
and testing in several crops (Plaschke et al. 1995; 
Corbett et al. 2001; Luce et al. 2001; Bredemeijer et al.
2002; Röder et al. 2002).

In carnation, only a few STMS markers could be de-
veloped from EMBL database sequences. They produced
banding patterns in 26 Dianthus species, including Dian-
thus caryophyllus (Smulders et al. 2000). The STMS
markers developed in that study were analysed on dena-
turing polyacrylamide gel electrophoresis (PAGE) gels
in combination with silver staining for visualisation of
the bands. The markers seemed promising for the mea-
surement of genetic diversity in natural populations of
Dianthus species and the identification of carnation vari-
eties. However, the number of markers was too limited
for routine use.

To increase the number of STMS loci for carnation,
we isolated microsatellite loci using an enrichment pro-
cedure; we subsequently designed primers and tested the
markers on a set of varieties that were granted Plant
Breeders’ Rights in The Netherlands during the period
1995–2000 and represent a cross section of modern car-
nation varieties. In addition, we evaluated the utility of
the semi-automated fluorescence-based approach for siz-
ing carnation microsatellite polymerase chain reaction
(PCR) products using an ALF-express DNA sequencer.

Materials and methods

A set of 82 carnation (Dianthus caryophyllus L.) varieties was
used, of which 70 were granted Plant Breeders’ Rights in The
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Netherlands during the period 1995–2000 and represent a cross
section of modern carnation varieties. Young leaves were frozen
immediately and stored at –80 °C until DNA extraction according
to Bernatzky and Tanksley (1986) with some modifications as de-
scribed by Vosman et al. (1992). Microsatellite-enriched libraries
were produced by a selective hybridisation procedure (Kara-
gyozov et al. 1993; modified by Van de Wiel et al. 1999) on soni-
cated genomic DNA of D. caryophyllus cv. Danseur. The proce-
dure involved the hybridisation towards immobilised synthetic oli-
gonucleotides complementary to the microsatellite motif. Several
di-, tri- and tetranucleotide repeats were tested. The enrichment
procedure resulted in 12% of the fragments containing a microsat-
ellite, which is an enrichment of 25–625-fold. Of these sequences,
an average of 35% could be used to develop a STMS marker.

Primers for amplification of microsatellites in genomic DNA
were designed with the program PRIMER 0.5 (Whitehead Institute
for Biomedical Research Cambridge, Mass.). STMS analysis was
carried out using the primer pairs listed in Table 1. The genomic
sequences of these markers have been deposited in the EMBL
genebank (for accession numbers see Table 1).

PCR was carried out in a total reaction volume of 25 ml con-
taining 10 ng of genomic DNA, 0.2 mM of fluorescently labelled
forward primer (Pharmacia, Woerden, The Netherlands) and unla-
belled reverse primer (Isogen, Maarssen, The Netherlands),
100 mM of deoxyribonucleotides, 50 mM KCl, 20 mM Tris-HCl
(pH 8.4), 1.5 mM MgCl2, 0.05% (v/v) polyoxyethylene ether (W1)
and 0.5 U of Taq DNA polymerase (Life Technologies, 
Breda, The Netherlands). Amplifications were performed in micro-
titer plates using a Hybaid Omni Gene thermal cycler. Basically,
the amplification conditions were: one cycle of 94 °C for 3 min; 30
cycles of 55 °C for 45 s, 72 °C for 1 min 45 s and 94 °C for 45 s.
After the final cycle, one cycle of 55 °C for 45 s and 72 °C for
3 min was added (Bredemeijer et al. 1998). PCR products were de-
natured by the addition of 8 ml of loading buffer containing Cy5
sizers (Pharmacia) to 4 ml PCR reaction and heating to 90 °C for
4 min followed by quenching on ice. Samples (4 ml) were loaded
onto short sequencing gels (Gibco, Gaithersburg, Md.; 6% poly-
acrylamide, 7 M urea, 1.0 ¥ TBE) and separated at 15 W constant
power on an ALFexpress DNA sequencer (Pharmacia).

Fragment sizes were determined automatically using Fragment
Manager (FM) software (Pharmacia). The criteria for allelic peak
selection were as described by Esselink et al. (2002) with one 
addition: in the case of dinucleotide repeats, intermediate peaks
between two allelic peaks that differed by 2 bp were scored as the
largest allele.

Results and discussion

In general, fluorescence-based analysis of the carnation
microsatellite markers revealed one to four (depending
on ploidy level and heterozygosity) clear, well-separated
peaks. The markers amplified 4–16 different alleles per
locus (Table 1). In diploid cultivars, no more than two 
alleles would be expected. Nevertheless, some primer
pairs (DCA221, DCD224, MS-DCAMCRBSY) generat-
ed more than two PCR products in some of the diploid
cultivars, suggesting that not all STMS markers are sin-
gle-locus markers (Fig. 1B, D; four fragments amplified
in diploid cv. Obelix). The multiple fragments generated
by the MS-DCAMCRBSY primers are possibly a conse-
quence of the fact that it is a member of a multigene
family (Smulders et al. 2000).

Although polymorphism, number of effective alleles
and distribution across the genome are important criteria
for choosing STMS markers, scorability of a marker may
be even more important. Some of the 11 markers investi-

gated could not be scored reliably when applying the
general peak selection criteria that are currently in use in
our laboratory for crops like tomato, wheat and rose
(Bredemeijer et al. 1998; Esselink et al. 2002). The prob-
lematical primer pairs generated strong stuttering and
poor resolution of large fragments containing TG repeats
(Fig. 1B) or a relatively high number of low peaks
(Fig. 1D) that were near or below the selection thresh-
olds used to distinguish peaks from background (border-
line cases). In several cases ‘allelic’ peaks were observed
that differed 1 bp or less in size (Fig. 1A). Such differ-
ences in size may be caused by microheterogeneity 
(i.e. alleles differing slightly in size among cultivars,
possibly due to point mutations which would change the
base pair composition among alleles of the same length)
and extra base addition [n/n+1 forms due to differential
addition of an extra A by the DNA polymerase (Brown-
stein et al. 1996)]. Because the intra-gel variation was
around 1 bp, these peaks were scored as one allele. It is
obvious that specific peak selection criteria have to be
applied, in addition to the existing ones, to allow semi-
automated genotyping. The lack of amplification with a
number of samples (Table 1), which occurred in replicate
experiments, may be due to the presence of null alleles
or a result of sensitivity of these loci for DNA quality
(Smulders et al. 2000). A marker-dependent decrease in
PCR quality of DNA was also observed in tomato (data
not published).

The degree of polymorphism for the best eight primer
pairs (quality 1 and 2 in Table 1) was tested using a set
of 82 varieties of which three cultivars occurred in du-
plo. These STMS markers amplified 4–16 alleles (on 
average, 7.8) per marker. Observed heterozygosity var-
ied between 0.51 and 0.99. As a measure of the informa-
tion content, the number of effective alleles (Ae) was 
calculated for each marker. The Ae values for the eight
best markers ranged from 1.9 to 6.5 (Table 1). The high-
er the Ae value, the higher the discriminatory power of a
locus.

Most cultivars could be discriminated from each other
based on the information obtained from the eight best
markers. Average genetic similarity among pairs of culti-
vars was 0.49. In addition to the three pairs of duplicate
samples only two other pairs, one group of three and one
group of six cultivars had the same combination of al-
leles. One pair and the cluster of three varieties con-
cerned original cultivars and their mutants. The latter
was not entirely unexpected since mutants may result
from a single point mutation only. It is extremely unlike-
ly that such a mutation would involve a microsatellite
marker used in this study. The cluster of six consisted of
four mutants from the same cultivar and two other culti-
vars. The presence of the two other cultivars in this clus-
ter cannot be explained straightforward, but it could sim-
ply be due to sample swapping.

In summary, we have developed a set of highly dis-
criminatory microsatellite markers that can be used for
genotyping carnation varieties and grouping mutants
with the original variety, in a semi-automated, medium-
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throughput procedure. These markers may be used for
breeding and population studies in several Dianthus
species as well as for tracing infringements on Plant
Breeders’ Rights and quality control purposes.
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fragments in base-pairs 
(X-axis). In the electrophero-
grams, A, B, C, D, E, etc. are
allele codes used for database
construction. Peaks with the 
allele code in parenthesis were
not designated as alleles using
the standard set of criteria
(Bredemeijer et al. 1998; 
Esselink et al. 2002). S Internal
sizer peak
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