The use of SSR markers in family Rosaceae
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Summary: The identification of plant species and study of their genetic relatedness is an important object of plant genetics. The Rosaceae
family contains a lot of economically important fruit, ornamental, and wild plant species. The microsatellite markers have been proven to
be an efficient tool for description of the genetic relatedness among varieties and species. Their evolutionary conserved regions enable them
to differentiate among various accessions. This article intends to show proceeded identification and characterization projects on Rosaceae
species by using SSR markers. The article presents sources of already published primer sequences. The use of already published primers

can highly reduce the cost and duration of this kind of researches.
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Introduction

The identification of plant species and the study of their
genetic relatedness has always been an important aspect for
breeders. The detection of certain features in the plant’s
early stage of development is crucial for both the breeders
and the growers. The concept of molecular markers has
revolutionised the ability to differentiate among various
taxons. Species with little genetic information available in
the past now have hundreds of genetic markers. Until the
early 60’s morphological markers were the only tool for the
scientist to identify plants. However these markers have a lot
of unfavourable characteristics such as late expression, rare
polymorphism, dominant recessive inheritance, dependence
on the environment. The appearance of molecular markers
has provided a more useful application for plant breeders.
These markers don’t depend on the environment, don’t
influence the plant’s growth and its propagation, they are
mostly codominant and their examinations are fast and cheap
(Hajésné, 1999).

The first generation of molecular markers was isoenzymes
markers which were useful for identifying cultivars,
constructing molecular maps and studying gene expression. In
spite of their widespread applicability they have some
significant deficiencies: there are only a few mapped
isoenzyme loci and not all of the variations at the DNA level
can be traced with isoenzyme markers (Hajosné, 1999).

The polymorphism at the DNA level is much more
frequent than that of in proteins. The DNA markers can be
divided in two major groups: RFLP and PCR-based markers.
The RFLP markers biggest advantage over isoenzymes is
that they give us information from the whole genom and they
can detect variation in the non-coding region as well.
However this technique is costly, time consuming and the

work with the radioactive 2P isotope needs a special
laboratory background (Phillips, 1994).

Fragments of genomic DNA suitable as genetic markers
can be produced by PCR amplification. This can be done by
synthesizing PCR primers to uniquely amplify portions of the
sequence of known genes (D'Oviedo et al., 1990). No
Southern blots, DNA hybridization are necessary. One the
first PCR based DNA marker was the RAPD (Randomly
Amplified Polymorphic DNA) The used primers usually
consist of ten randomly arranged nucleotides. RAPDs are easy
to develop, but they must be applied cautiously due to some
repeatability problems, especially among different
laboratories. The reliability of the PCR markers can be
enhanced by using specific primers. There are some region of
the genome such as microsatellites, that are significantly more
polymorphic than other genomic regions. Assay these regions
is a way of increasing the level of detectable polymorphism
between individuals. The microsatellites or SSRs (Simple
sequence repeat) generally contain 10-40 bp long tandem
repeats. Unique sequences that flank the tandem repeats are
evolutionary conserved. These conservative regions enable
the same microsatellite markers to differentiate among
accessions, cultivars or even related species by making special
primers from them (Huang et al., 1998).

SSR markers used in investigation of the
different species belonged to the family
Rosaceae

This article review intends show proceeded identification
and characterisation projects on Rosaceae species by using

SSR markers. By taking advantages of these markers
conservative features the use of already published primers
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can help researchers to reduce the high cost of marker
isolation and duration of their research.

The Rosaceae family contains a lot of economically
important fruits (apple, peach, cherries, apricot) ornamentals
(roses, hawthorn, sorb tree) and wild species. Considering
SSRs as a new technique only a few Rosaceae species were
studied previously. The most widespread investigation with
SSR markers were undertaken on peach, apple and cherries.

Peach

Peach is a self-fertile and naturally self-pollinating
species with very low genetic variability (Hesse et al., 1975).
Its genetic base was dramatically narrowed by a cultivar
selection. In spite of the great expectation of isoenzyme
RFLP, and RAPD analysis revealed low polymorphism
(Dirlewanger and Bodo, 1994) .

Thanks to these failures peach was the first stonefruit
from which microsatellite markers had been isolated. The
first step was to evaluate the potential of microsatellites for
use in genetic studies of peach. The genomic and cDNA
library screening indicated that CT repeats occurs every 100
kb, CA repeats in every 420 kb in peach genom.
Microsatellite-containing clones were sequenced and
specific primers were designed to amplify the microsatellite-
containing region from genomic DNA. The level of
polymorphism was high among the 28 peach cultivars and
these markers tested well for their utility in cross species
amplification within the Rosaceae (Sosinski et al., 2000).

Another study showed identical results. 17 primer pairs
were designed from microsatellite loci cloned in two
genomic libraries. Ten of these microsatellite loci were able
to  demonstrate  Mendelien  inheritance.  Fifteen
microsatellites were polymorphic in the ten examined peach
genotypes. The study found ten primers that gave apparently
correct amplification in all Prunus species (peach, nectarine,
almond, apricot, plum, sweet and sour cherry) surveyed and
3 of them did the same on apple (Cipriani et al., 1999).

Microsatellite DNA was also used for testing the genetic
origin of peach cultivars. The set of microsatellites
discriminated all cultivars investigated, except several sport
mutations. It was possible to analyze the paternity of several
cultivars and in most cases, the parenthood was confirmed
(Testolin et al., 2000).

These researches showed that SSR markers could reveal
higher polymorphism than the preceding identifications
(RAPD, RFLP) and the isolated microsatellite primers are
capable of successful amplification in related species.

A research was undertaken weather isolated DNA from
Peach fruit is equally suitable for SSR analysis as that of leaf
tissue. The procedure described for DNA extraction yielded
a sufficiently clean DNA (Aranzana et al., 2001).

Apple

Apple considering its economical importance has the
most comprehensive SSR analysis. The examinations started
in 1995 when microsatellites were used for disease diagnosis
for apple propagation and nursery industry (Sansavini, 1995).

The abundance of microsatellites regions in apple genom
and their ability to identify cultivars was tested in 1997.
Screening of an apple genomic libraries with (GA)IS and
(GT)15 probes demonstrated that these repeats are abundant,
occurring about every 120 and 190 kb, respectively.
Microsatellites isolated from the libraries contained numbers
of repeats ranging from 7 to 39. Primers to these
microsatellite loci were able to direct amplification in 21
different cultivars. As few as three microsatellite markers
were sufficient to differentiate between all 21 cultivars
(Guilford et al., 1997).

A similar examination carried out by using 66 apple
accessions and eight SSR primers. The aim of this research
was to determine genetic identities estimale genetic
diversity, and to identify genetic relationships among these
accessions. All eight primer pairs generated multiple
fragments when used in amplification reactions with DNA
from these accessions. High levels of variation were
detected with a mean of 12.1 alleles per locus and a mean
heterozygosity across all eight loci of 0.693. The eight
primer pairs utilized in this study unambiguously
differentiated all except seven accessions in this collection
of 66 genotypes (Hokanson et al, 1998).

SSR markers were used to identify descedans from
different apple cultivars and to check their supposed parents.
Fifteen different microsatellite primer combination were
used to established unique fingerprints of 28 apple cultivars
and 42 promising genotypes of crosses between them.
Fingerprints revealed that the supposed parent cultivars of
certain genotypes were not always correct which indicates
that uncontrolled crosspollination can occur or that even
mixing up seed is possible. The progeny of other apple
parents was analyzed with the same SSR primer
combination to investigate if these fifteen microsatellites
were sufficient to established unique fingerprints. The fact
that all of the 80 genotypes of this progeny could be casily
distinguished in combination and they are distributed over
the whole apple genome gives strong evidence that with
these mictosatellites, all the cultivars and their descendants
can unambiguously be distinguished (Kenis et al., 2001.).

The utilization of SSR markers played an important role
of constructing the European apple map in 1999. A total
number of 202 Isoenzyme, RFLP, RAPD and 6 microsatellite
marker were used in linkage analysis. The plant material was
‘Prima’ x ‘fiesta’ cross from 1998. Markers heterozygous in
‘Prima’ were arranged into 17 linkage groups covering 753
¢M, markers heterozygous in ‘Fiesta’ into 19 linkage group
covering 820 ¢M (Maliepaard et al., 1999).

Cherry

The sweet cherry cultivar identification with SSR
markers were proceeded in 2000. Some 188 sweet cherry
accessions were also analyzed using 13 microsatellite
primers. In order to develop an identification key for each
investigated sweet cherry accession, the data were analyzed
separately for each microsatellite marker. The marker




INTERNATIONAL JOURNAL OF HORTICULTURAL SCIENCE 2002, 8, (2): 29-32 31

showing the highest variation among accessions was chosen
as 'first marker'. The remaining markers were used to
separate the accessions in the groups created by the first
marker until all accessions were clearly identified. Using this
microsatellite based key was possible to create a powerful
tool for sweet cherry cultivar identification, which could be
the starting point for the development of a marker assisted
cultivar identification database (Boritzki et al., 2000).

The most detailed sour cherry microsatellite fingerprint
analysis with 50 accessions was completed in 1999. The
used 10 primer pairs were designed on the basis of peach,
sweel and sour cherry microsatellite loci. All ten primer pairs
amplified fragments in sour cherry accessions tested. This
research demonstrated that SSR primers can be used to
differentiate among all but two of the 59 cherry accessions.
The two accessions not differentiated are difficult to
distinguish phenotipically, suggesting that they may be the
same variety (Cantani et al., 2001).

Apricote

SSR markers were also proven to be useful in apricots.
RAPD and microsatellite markers have been used to identify
and characterize 50 apricot cultivars originating from
different geographic areas. Thirteen of the 18 microsatellite
primer pairs produced repeatable polymorphic patterns. All
cultivars exept two, could be distinguished using
microsatellite primers (Hormaza, 2001).

The most recently executed identification studies also
used SSR markers as a tool for characterization in apricots.

An identification research completed on apricot with
SSR markers. The aim of the study was to determine the
genetic relatedness of Hungarian apricots to the southern
European group. The twelve microsatellite primer originated
from peach genom resulted polymorphic in the set of
cultivars studied and allowed to distinguish all cultivars,
except two sets of Hungarian cultivars. These two sets of
presented the same combination of markers, according their
pomological characters suggesting they are clones they
could be the same cultivar (Romero et al., 2001).

Beside RFLP markers SSR markers are also used for
constructing linkage map in apricot. The mapping studies
have started on an almond x peach F2 population. However
result suggest that the genetic information gathered on DNA
sequence, gene position or gene cloning in one Prunus
species is very likely to be useful in the others or even in
other members of the Rosaceae (Arus, 2001).

Beyond these major projects there are some generally
single efforts in other species ( rose, almond, strawberry). It
is very important economic interest to differentiate between
rose varieties. Mini- and microsatellites fingerprints were
used to identify genotypes and establish genetic distances
between them. While genetic relationships within and
between rose categories, based on known genetic history, it
is possible to compare the DNA fingerprints. A perfect
match was obtained after the comparative analysis (Ben Meir
etal, 1997).

Microsatellite markers were successfully applied in
almond (Prunus dulcis). Twelve SSR markers previously
isolated from peach were tested on 28 accessions. All
almond genotypes except one were identified and
distinguished by combining SSR amplification (Pancaldi,
1999). Besides the RAPD, RFLP, and isoenzyme markers,
six SSR markers were used for constructing genetic linkage
map in almond. The estimated total size of the almond map
was of 457 ¢M (Joobeur et al., 2000).

Random amplified SSR markers were used to examine
Phytophtora cactorum infection on strawberry and apple.
The analysis showed that leather rot of strawberry fruits and
crown rot are not caused by genetically different strains of
this species. Another results was that no clear genetic
separation between isolates from different plants. This study
revealed the fact that SSR markers are useful for patho-
genetic purposes in Rosaceae species (Hantula et al., 2000).

The other species belong to this family haven’t been
studied yet. This doesn’t mean that this kind of examination
would be useless on them. Since this method is fairly new
and costly this species haven't come on yet. This assumption
is supported by the fact that other techniques
(morphological, isoenzyme, RAPD -markers) were used
among these species (Table 1).

Table I The utilization of genetic markers in those Rosaceae species
where SRR analysis haven't been done yet
(searched in database 1995-04.2001.)

Morphological markers Isoenzyme markers RAPD markers

Hawthorn Pear Pear

(Crataegus spp.) (Pyrus communis) {Pyrus communis)

Strawberry
(fragaria X ananassa)

Quince
{Cydonia oblonga)

Strawberry
(fragaria X ananassa)

Table 2 The list of those publications where primer sequences
are available.

Number of primer

Name of the Authors pairs published

Date of publication

Cantini et al. 2001 10
(peach, sweet and sour cherry)

Cipriani et al. ( peach) 1999 17
Downey and lezzoni 2000 5
(peach, sweet and sour cherry)

Dirlewanger et al. (apple) 1998 8
Guilford et al. (apple) 1997 14
Sosinski et al. (peach) 2000 10
Hokanson et al. (apple) 1998 8
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