
INTRODUCTION

Plant genetic resources (PGR) are the basis of food security,
and are an important component of agrobiodiversity and na-
tional heritage. They include a diverse range of plant mate-
rial including landraces, modern cultivars, crop wild rela-
tives and other wild species. Genetic diversity existing in
the PGR collections can provide farmers, plant breeders and
researchers with possibilities to develop new and more pro-
ductive crops, preferably resistant to various pests and dis-
eases and adapted to changing environments. PGR activities
include collection, conservation, evaluation and characteri-
sation of germplasm and use in breeding and research,
which are interdependent components and should be per-
formed jointly in order to ensure efficient and sustainable
PGR conservation. An important and critical phase for all
PGR activities is evaluation and characterisation, since this
will determine the success of germplasm acquisition, main-
tenance and utilisation efforts. Knowledge about the
amount, extent and distribution of genetic variation is the
key for developing effective maintenance and management
strategies of PGR. It is particularly important for fruit crop

genetic resources, which are usually preserved in field col-
lections with safety duplications for each accession. Main-
taining duplicated germplasm increases the costs related to
the preservation and decrease of collection value (Frankel
and Soulé, 1981; Trajkovski and Hjalmarsson, 2007). The
level of germplasm characterisation can influence the effec-
tive use of PGR in breeding, since breeders are usually
looking for well-evaluated plant material containing desir-
able agricultural traits (e.g. disease resistance, winter-
hardiness, specific tree or fruit traits etc.).

FRUIT CROP GENETIC RESOURCES IN LATVIA

The first PGR activities in Latvia started in 1993, when a
network of genetic resources collections was established
(Rashal and Rashal, 1996). This network included the Do-
bele Horticultural Plant Breeding Experimental Station
(now Latvia State Institute of Fruit-Growing, LSIFG) and
Pûre Horticultural Research Station (now Pûre Horticultural
Research Centre, Pûre HRC), where a high diversity of fruit
crops has been collected and maintained (Rashal and
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Rashal, 1996; Rashal and Lâcis, 1999; Ikase et al., 2001).
Within this framework, an inventory of collections was per-
formed, and a database of all fruit crop germplasm available
in Latvia was established. Work on documentation was
started by entering accession passport data. Since the begin-
ning of state support for PGR maintenance, the collection at
the LSIFG was defined as the main collection of fruit crop
genetic resources (FCGR), and the collection at the Pûre
HRC as the safety duplication. Later, a privately owned col-
lection of V. Vçsmiòð was added, which included sweet
cherry and grape genetic resources. FCGR activities in Lat-
via include: collection, preservation, research and utilisation
of FCGR.

According to the current PGR policy, advanced foreign
germplasm was not included in the national FCGR, and re-
mained in the working collections of institutes and was used
in breeding and research. FCGR accessions are divided into
two groups:

Group 1 includes cultivars bred in Latvia, as well as clones
and elite hybrids originated and selected in Latvia with
valuable quantitative or qualitative traits; landraces, and for-
eign cultivars with a long growing history in Latvia (over
100 years);

Group 2 includes clones and elite hybrids originated in Lat-
via with valuable quantitative or qualitative traits, which are
still in the process of evaluation.

Presently, the collection at the LSIFG comprises of 2509
accessions of 17 crops, including 676 National FCGR ac-
cessions (Table 1).

Conservation of germplasm itself has a limited value with-
out evaluation and characterisation as well as further utilisa-
tion of the stored plant material. Accurate identification of
plant material FCGR collections has high importance in
maintenance activities. During the process of collection de-
velopment there is often a considerable accumulation of
documentation errors, false identification of collected
germplasm, duplication or loss of accessions during collec-
tion renewal. Such errors could have a significant impact on
conservation efforts and are impossible to detect without
detailed characterisation data (Engels and Visser, 2003).
Breeding and research are the main areas of FCGR utilisa-
tion and require high levels of evaluation and characterisa-
tion to be efficiently utilised in these and further activities.
Therefore, evaluation and characterisation of germplasm is
an essential task and ideally should be carried out both by
phenotypical and molecular marker based genetic charac-
terisation.

The first FCGR characterisation and evaluation activities
based on phenotypical traits for fruit crops in Latvia were
performed thanks to international co-operation projects.
During long-term collaboration with the Department of
Horticultural Plant Breeding, Swedish University of Agri-
culture (SLU-Balsgård) (now Horticultural Plant Breeding
Research — Balsgård, Department of Plant Breeding and

Biotechnology, Swedish University of Agricultural Sci-
ences), locally adapted descriptor lists were elaborated and
evaluation and characterisation of Latvian and Swedish ge-
netic resources were performed for sweet cherries (Lacis et
al., 2009), sour cherries (Lacis et al., 2010), plums (Kauf-
mane et al., 2002; Kaufmane et al., 2003; Kaufmane et al.,
2006), apples (Ikase et al., 2001) and black currants. Collec-
tion-wide evaluation and characterisation of FCGR was car-
ried out mainly for the Group 1 PGR plant material. In addi-
tion, phenotypic evaluation and characterisation within the
framework of several other research projects was carried
out for Japanese quince (Chaenomeles japonica (Thunb.)
Lindl.) (Ruisa and Lacis, 2001), sweet cherries (Lacis,
2001; Lacis and Rashal, 2000; 2001) and Ribes GR
(Strautiòa and Kampuss, 2002; Kampuss et al., 2007; Karhu
et al., 2007). Since 2006, the Latvian Ministry of Agricul-
ture has initiated targeted support for elaboration of
descriptor lists as well as evaluation and characterisation of
germplasm. In 2007–2009, the Programme on Conservation
and Sustainable use of Plants for Food and Agriculture, and
Animal, Forest and Fish Genetic Resources was imple-
mented and an additional ten descriptor lists have been de-
veloped. Presently, 14 descriptor lists for 16 fruit crops have
been developed (Anonymous, 2012) and 179 accessions
have been characterised.

APPLICATION OF MOLECULAR MARKERS FOR PGR
CHARACTERISATION

The evaluation and characterisation of PGR collections re-
quires fast, reliable, cost effective and objective methods to
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Table 1

FRUIT CROP GENETIC RESOURCES AT THE LATVIA STATE IN-
STITUTE OF FRUIT-GROWING

Crop Number of
accessions

Number of
national GR
accessions

Number of
genotyped
accessions

Apple 1061 283 157

Pears 405 101 40

Plums: domestic 151 45 108

diploid 152 25 11

Cherries: sweet 170 40 170

sour 62 33 50

Black currants 144 38 118

Red and white currants 30 16 8

Gooseberries 109 23 26

Raspberries 71 11 43

Sea buckthorn 36 - 36

Strawberries 13 2 23*

Apricots 35 35 -

Peaches 2 2 -

Grapes 26 14

Japanese quince 40 6 -

Honeysuckle 2 2

Total: 2509 676 790

* Strawberry accessions from Pûre HRC collection have been included in
the characterization



identify and describe germplasm. Unfortunately, even using
a high number of detailed phenotypical descriptors, it is dif-
ficult to describe accessions due to environmental influence,
growing conditions, plant developmental stage, etc. There-
fore, different molecular marker technologies have been im-
plemented in the characterisation of germplasm to obtain
accession-specific fingerprints (Weising et al., 2005). Im-
plementation of DNA based genotyping can be used in all
steps of PGR activities (e.g. Haussmann et al., 2004;
Spooner et al., 2005; Mondini et al., 2009; van Treuren et
al., 2010; Börner et al., 2012):

- plant material acquisition (gap analysis and improving
composition and coverage of collections, improving sam-
pling strategies);

- maintenance (measuring and reducing genetic drift, mon-
itoring of contamination, detection of duplication, control
of regeneration quality, definition of regeneration priori-
ties);

- characterisation (fingerprinting and further diversity stud-
ies);

- utilisation (creation of core collections, allele mining —
basis for Marker Assisted Selection, MAS).

MOLECULAR MARKERS USED IN FCGR CHARAC-
TERISATION

Application of DNA based fingerprinting methods is very
important for fruit crops, because they allow to overcome
the necessity for long and expensive field evaluations nec-
essary to obtain satisfactory phenotypical data for accession
identification. This reduces the investment required for the
assessment of a PGR (Laurentin, 2009). Molecular markers
have the following advantages: (1) no environmental influ-
ence, (2) potentially unlimited and (3) objective measure of
variation. In general, two main groups of molecular markers
are used for FCGR characterisation:

- non-specific molecular markers, which are not linked to a
particular trait and usually are applied for identification
of genetic diversity, evaluation of relatedness of available
plant material, detection of the structure of genetic re-
source collections;

- trait specific (functional) markers, subsequently applica-
ble in MAS which are linked to agronomically important
traits as well as resistance to various pathogens.

Non-specific molecular markers for FCGR characterisa-

tion. Non-specific molecular markers were among the first
utilised for the characterisation of PGR — mostly for evalu-
ation of genetic diversity in collections, accession identifi-
cation, search for duplicates, and parentage clarification. In
the areas of PGR maintenance as well as evaluation and
characterisation they have already become routine applica-
tions and an integral part of these activities. Currently there
is a huge diversity of non-specific molecular markers meth-

ods that can be used to characterise PGR (Kumar et al.,
2009), therefore, criteria for the selection of the best meth-
ods are required. The properties of an ideal molecular
marker are: (1) highly polymorphic; (2) co-dominant; (3)
frequent occurrence in genome; (4) selective neutral behav-
iour; (5) easy, fast and cheap detection; (6) easy and fast as-
say; (7) high reproducibility, and (8) easy exchange of re-
sults among laboratories. Unfortunately, it is impossible to
find a molecular marker technique that combines all the
above properties. Therefore, the advantages and disadvan-
tages of different markers are subject to wide discussions
(e.g. Martínez-Gómez et al., 2005; Kumar et al., 2009).
Usually the most appropriate marker technique is selected
on the basis of the research object and aim of the study, as
well as available resources (Kumar et al., 2009). The most
commonly used molecular markers for characterisation of
PGR include: Restriction Fragment Length Polymorphism
(RFLP) (e.g. Panda et al., 2003), Amplified Fragment
Length Polymorphism (AFLP) (e.g. Bao et al., 2008), Sim-
ple Sequence Repeats (SSR or microsatellites) (e.g. Anto-
nius et al., 2012; Fernandez i Marti et al., 2012; Gross et
al., 2012; Potts et al., 2012; Storti et al., 2012), Inter-Sim-
ple Sequence Repeats (ISSR) (e.g. He et al., 2011), Random
Amplified Polymorphic DNA (RAPD) (e.g. Lisek et al.,
2006; Mitre et al., 2009); and Single-Nucleotide Polymor-
phism (SNP) (e.g. Myles et al., 2010; Fernandez i Marti et
al., 2012). For more specific applications, molecular marker
techniques, such as Methylation-Sensitive Amplified Poly-
morphism (MSAP), can be used to detect changes in the
level of methylation to evaluate somaclonal variation in
plants during propagation (Liet et al., 2008), in order to
minimise the possibility of changes occurring through mu-
tation, selection, random drift or contamination.

FCGR screening at the LSIFG has been performed using
several types of non-specific molecular markers: SSR,
RAPD and MSAP (Table 2). The choice of particular
marker type was dependent on the level of particular crop
characterisation as well as the aim of the investigation. For
well characterised fruit crops (FC) like apple, cherries,
strawberries, mainly SSR markers have been used for geno-
typing, since they have significant advantages (Sefc et al.,
2001). RAPD markers, which do not require prior sequence
information, were used to genotype crops with limited se-
quence information (e.g. sea buckthorn) or genotyping of
functionally phenotyped germplasm, e.g. mapping of dis-
ease resistance in strawberries. In particular studies (apples
and pears) MSAP markers have been applied to evaluate
stability of plant material during vegetative and in vitro
propagation.

Trait specific molecular markers. Although non-specific
markers have been widely applied by many users, they are
not associated with genes and do not provide functional in-
formation about the germplasm. For the efficient use of ge-
netic resources in breeding and research it is important to
know what genes are available, and it is important to iden-
tify appropriate genes to increase the value of the available
germplasm. Application of molecular markers linked to par-

86 Proc. Latvian Acad. Sci., Section B, Vol. 67 (2013), No. 2.



ticular traits could also facilitate the use of particular
germplasm in breeding, especially utilising MAS (Spooner
et al., 2005; Ferreira, 2006). Different types of functional
markers can be used depending on the purpose of the study,
the traits under consideration and the current level of ge-
netic research in a particular fruit crop species. The most
common types of markers are:

- molecular markers specific to the particular gene or al-
lele, e.g. traits with monogenic inheritance like self-in-
compatibility (Sf) (Sonneveld et al., 2003) or disease re-
sistance genes conferring gene-for-gene resistance (Bus
et al., 2011);

- consensus molecular markers, which are specific to a
consensus sequence of nucleotides that is always present
in a large set of independently determined sequences, e.g.
consensus markers spanning introns of S-RNase and
F-Box genes responsible for the self-incompatibility re-
sponse (Tao and Iezzoni, 2010) or resistance gene ana-
logues (RGA).

IMPLEMENTATION OF MOLECULAR MARKERS IN
THE CHARACTERISATION OF LATVIAN FCGR

Implementation of molecular markers in evaluation and
characterisation of FCGR at the LSIFG was started in 1996
in cooperation with the Laboratory of Plant Genetics, Insti-
tute of Biology, University of Latvia (LUBI). Collaboration

with Prof. A. F. Iezzoni at the Department of Horticulture,
Michigan State University (USA) was initiated in 1998,
which resulted in the implementation of molecular markers
in the characterisation of cherry genetic resources (GR)
(e.g. Lacis et al., 2008; Lacis et al., 2009; Lacis, 2010;
Lacis et al., 2010; Lacis et al., 2011). In 2000, collaboration
with SLU-Balsgård was started in the framework of the pro-
ject “Characterisation of the Latvian and Swedish Sweet
and Sour Cherry Genetic Resources” (2000–2004), which
included characterisation of Latvian and Swedish sweet and
sour cherry genetic resources using molecular markers
(Lacis, 2010). These activities were performed in the mo-
lecular biology laboratories of LUBI, SLU-Balsgård and
MSU. An important milestone in the implementation of mo-
lecular genetics in characterisation of Latvian FCGR was in
2005, when the Laboratory of Molecular Biology was estab-
lished at the LSIFG, which developed into the Unit of
Genetics and Molecular Biology in 2008. In 2006, the Lat-
vian genetic resources system was reorganised, which re-
sulted in the creation of the Genetic Resource Centre at the
Latvian State Forest Research Institute “Silava”, which also
included a genetic analysis laboratory. This laboratory is
equipped with a high throughput genetic analyser, which
enabled to increase the number of samples analysed and to
implement new marker technologies. Starting in 2006, the
Ministry of Agriculture has supported targeted FCGR geno-
typing. SSR marker methods for apple, cherry, currant,
gooseberry, pear, raspberry, plum, sea buckthorn and straw-
berry have been implemented and 305 accessions have been
genotyped. In parallel to the FCGR programme, the LSIFG
has implemented a series of research projects, which in-
cluded genotyping of fruit crops, and application of gene
specific markers. This has significantly increased the num-
ber of genotyped accessions and in some cases (e.g. cher-
ries, black currants, sea buckthorn, strawberries), the num-
ber of genotyped samples is larger than number of particular
crop accessions in the national PGR list (Table 1).

Collection-wide genotyping using non-specific markers at
the LSIFG has been performed for apples, black, red and
white currants, gooseberries, raspberries, sweet and sour
cherries, sea buckthorn. The obtained genotypes were used
mainly for the identification of genotypes — detection of
duplication in the collections and evaluation of genetic di-
versity and structure within collections.

Genotyping of cherry GR. Sweet cherry was the first fruit
crop in Latvia, for which molecular markers have been im-
plemented. Research was started by selection of a limited
number of SSR markers to characterise Latvian and Swed-
ish sweet cherry genetic resource collections with the aim of
creating a common core collection (Lacis et al., 2009). The
applied approach was found to be useful for the preliminary
characterisation of sweet cherry germplasm; a set of three
highly polymorphic SSR markers was able to discriminate
closely related accessions and could therefore be used in the
identification of duplicated accessions. Moreover, the num-
ber of alleles identified in the Swedish and Latvian collec-
tions indicated that these collections represent a potentially
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T a b l e 2

APPLICATION OF MOLECULAR MARKERS IN THE CHARACTERI-
SATION OF FRUIT CROP GENETIC RESOURCES AT THE LATVIA
STATE INSTITUTE OF FRUIT-GROWING

Crop Implemented marker type

non-specific* specific

Apple SSR, MSAP Scab resistance gene markers:
Vd(Rvi13), Vh2(Rvi2), Vh4(Rvi4),
Vr2(Rvi15), Vbj(Rvi11), Vf/Vjh(Rvi6),
Vb(Rvi12), Vm(Rvi5),
Disease Resistance Gene Analogs mark-
ers

Pears SSR, MSAP Disease Resistance Gene Analogs mark-
ers

Plums: domestic SSR Self-incomatibility gene (Sf) markers

diploid SSR Self-incomatibility gene (Sf) markers

Cherries: sweet SSR Self-incomatibility gene (Sf) markers

sour SSR -

Black currants SSR -

Red and white
currants

SSR -

Gooseberries SSR -

Raspberries SSR -

Sea buckthorn SSR, RAPD -

Strawberries SSR, RAPD Disease Resistance Gene Analogs mark-
ers

* SSR, Simple Sequence Repeats; MSAP, Methylation-sensitive amplifica-
tion polymorphism; RAPD, random amplification of polymorphic DNA



higher level of diversity than found in germplasm main-
tained in other countries (Lacis et al., 2009). Later, genotyp-
ing of sweet cherry genetic resources was continued and at
present 25 SSR markers have been applied, combining the
ECPGR Prunus WG recommended marker set (Clarke and
Tobutt, 2009) and highly polymorphic markers selected at
the LSIFG (PceGA25, PceGA59, PMS 2, PMS 3, PMS 40,
PMS 49, PMS 67, PS08E08, PS12A02, UDP96–005, and
UDP97–402). Currently 170 sweet cherry accessions have
been genotyped and obtained data used in the creation of
molecular identity profiles (Table 1). The obtained marker
information has been included in the genetic resources data
base and can be provided for the international data ex-
change systems as well as used in breeding programmes for
the planning of crosses. Genotyping of local sweet cherries
has been performed also by Stanys et al. (2012) using a
similar set of SSR markers – ten of 14 applied markers were
the same as in our study. High discrimination power of SSR
markers and applicability in accession identification was
observed in that study, which corresponded with our find-
ings. This study confirmed also the applicability of a low
number of highly polymorphic markers (two) in sweet
cherry accession discrimination, as observed previously by
us (Lacis et al., 2009). Good applicability of this SSR
marker set in sweet cherry plant material characterisation
has been observed also in wild populations, genotyped by a
set of nine markers (Jarni et al., 2012) with a high average
number of identified alleles and heterozygocity (7.3 and
0.704, respectively).

The genotyping of sour cherries has been performed using
the same limited marker set as for sweet cherries (PceGA25,
PMS3 and PMS49) and fingerprints of Latvian and Swedish
sour cherry accessions have been obtained. Further data
analysis showed that Baltic (Latvian and Lithuanian) land-
races included in the investigation showed close genetic re-
latedness with Scandinavian landraces (Lâcis et al., 2011).
This work was continued and in total 26 SSR markers were
implemented for sour cherry GR characterisation (Lacis and
Kota, 2013). Currently, 50 sour cherry accessions have been
genotyped (Table 1). Research on sour cherries showed that
the ECPGR Prunus WG marker set (Clarke and Tobutt,
2009) was readily transferable to other Prunus species —
e.g. tetraploid Prunus cerasus, where correspondence be-
tween accession grouping based on SSR data and known
pedigree was found, confirming the reliability of the se-
lected markers. The applied marker set ensured the discrim-
ination of closely related clones of local landraces, as well
as identification of duplicates in the collection (Lacis and
Kota, 2013). The importance of local sour cherry germ-
plasm characterisation, accession identification has been
emphasized also by K. Antonius and colleagues (2012a).
Application of nine SSR markers allowed discrimination of
52 sour cherry accessions and revealed a high number of al-
leles (8.0 in average), similar to our findings.

Genotyping of apple GR. The most important fruit crop in
Latvia is apple, represented by 283 accessions in the list of
National genetic resources (Table 1). Collection-wide

screening of apple germplasm was started using eight of the
ECPGR Malus/Pyrus WG SSR markers (CH02d08,
CH04c07, CH01e12, CH01h01, CH02c09, CH02c06,
CH01f02, NZ05g8) recommended to characterise 109 ac-
cessions (Lacis et al., 2011). These SSR markers showed
suitability for evaluation of genetic diversity and relatedness
of Latvian apple genetic resources and ensured discrimina-
tion of all accessions, including varieties sharing the same
pedigree. The obtained results also enabled confirmation or
prediction of possible parentage of apple cultivars. Seven of
these SSR markers were further utilised to genotype an ad-
ditional 129 apple accessions. Although cluster analysis
based on the SSR genotyping data did not reveal a clear pat-
tern with well-defined cultivar groups, it confirmed some
relationships based on known or putative pedigrees, as well
as suggested the possible parentage of some cultivars (Ikase
and Lacis, 2013). A larger number of SSR markers has been
used in some other collection-wide apple genotyping at-
tempts (e.g. Potts et al., 2012; Sikorskaite et al., 2012;
Storti et al., 2012), confirming applicability of these mark-
ers for apple germplasm of different origin as well as suit-
ability for data comparison and harmonisation among labo-
ratories.

In some cases, for apple and pear GR characterization, only
molecular marked method adaptation and implementation
has been done without further large-scale genotyping. The
selected apple and pear accessions (8 samples for each crop)
were genotyped by MSAP markers to adapt and implement
the method and obtain initial fingerprints. Eight pear acces-
sions (AMD 42-5-28, BP 8965, ‘Belorusska Pozdnaja’,
‘Conference’, ‘Mramornaja’, Pyrus ussuriensis, ‘Talgar-
skaja Krasavitsa’ and ‘Tihij Don’) have been selected and
used for adaptation and implementation of SSR markers.
Experimental results allowed to select ten SSR markers,
which were the most suitable for pear germplasm finger-
printing – CH01f02, CH01h10, CH02a08, CH02b12,
CH02d11, CH02f06, Py02b1, Py05g8, PyBGT23, PyKA16
(Gianfranceschi et al., 1998; Yamamoto et al., 2002). Simi-
lar pear genetic resources fingerprinting has been done
in Sweden using a set of ten SSR markers (CH01d08,
CH01d09, CH01f07a, CH03d12, CH03g07, CH04e03,
CH05c06, EMPc11, EMPc117 and GD147) (Sehic et al.,
2012). Considering the good applicability of these markers
for Swedish pear genetic resource genotyping, the set of
SSR markers previously selected for Latvian pear charac-
terisation should be harmonised.

Genotyping of berry crop GR. International application of
molecular markers and comparison of genotypes was sup-
ported in the EU project „Core collection of Northern Euro-
pean gene pool of Ribes — RIBESCO” (Karhu et al., 2007),
in which 846 Ribes accessions from eight Northern Euro-
pean countries: 400 black currants (Ribes nigrum), 202 red
and white currants (Ribes rubrum group), 242 gooseberries
(Ribes uva-crispa), and 2 jostaberries (R. nigrum x R.
uva-crispa) were analysed, among them 257 Ribes acces-
sions from Latvia. The North European Ribes germplasm
was characterised by six SSR markers (Antonius et al.,

88 Proc. Latvian Acad. Sci., Section B, Vol. 67 (2013), No. 2.



2012b), with the aim of evaluating genetic diversity and to
select accessions for the common core collection. Applica-
tion of selected SSR markers allowed selection of a core
collection of Ribes accessions, which represented 64% of
black currant, 80% of red and white currant and 61% of
gooseberry alleles identified in the region (Antonius et al.,
2012b). A similar SSR marker set was used for characteri-
sation of different Ribes species and interspecific hybrids
from North Italy and Switzerland (Cavanna et al., 2009). In
contrast to our results, the markers RJL-2, RJL-5, RJL-6
and RJL-7 did not show amplification in Ribes germplasm.
In the State Research Programme „Innovative Technologies
for fhe Development of High- Value, Safe and Healthy
Food Products from Genetically, Physiologically and Bio-
chemically Various Plant and Animal Material” project
„High-Value Latvian Berries: from Cultivar to High-Qual-
ity, Healthy and Safe Product”, an additional 105 black cur-
rant accessions were genotyped using 14 SSR markers, in-
cluding QTLs linked to important traits such as hundred
berry weight, dates of bud break, full leaf, first flower and
full flower, specific gravity as well as titratable juice acid-
ity, pH and ascorbic acid concentration. The tested SSR
markers showed good applicability in the analysis of com-
plex, interspecific hybrids obtained from several different
Ribes species and were able to identify all Ribes accessions
maintained in the LSIFG collection (Lâcis et al., unpub-
lished data).

A raspberry breeding programme has been implemented at
the LSIFG, and thus the evaluation of breeding material and
identification of potential donors of necessary traits is a
high priority. Fifteen previously described polymorphic
SSR primer pairs developed in Rubus ideaeus L. (Graham
et al., 2002; Badjakov et al., 2005) were tested on 43 rasp-
berry accessions to adapt a fast and reliable method for
screening of raspberry germplasm. Three to 13 alleles were
identified for each locus with 6.6 alleles per marker on aver-
age (Lâcis et al., unpublished data). Latvian raspberry
cultivars showed high diversity, which indicated a suffi-
ciently broad genetic base of plant material used in the
breeding programme. The use of these markers in conjunc-
tion with pedigree information can allow monitoring of the
genetic diversity within the Latvian raspberry breeding
programme, and can be used in the planning of crosses
aimed to broaden their genetic base (Lâcis et al., unpub-
lished data). These results showed a lower number of alleles
than was previously observed in other investigations on
raspberries with a similar number of accessions (Graham et
al., 2002). The investigation results were very similar to
data published by Badjakov et al. (2005) on 16 Bulgarian
raspberry varieties.

Genotyping of sea buckthorn germplasm. Sea buckthorn
(Hippophaë rhamnoides L.) is becoming a promising crop
in Latvia and plant material used both for breeding and
growing has a geographically diverse origin and is poten-
tially genetically variable. The evaluation of 36 sea
buckthorn accessions grown in Latvia was undertaken using
eight SSR (Wang et al., 2008) and 16 RAPD (OPA-02,

OPA-03, OPA-08, OPA-11, OPA-18, OPB-07, OPB-09,
OPB-17, OPD-02, OPD-03, OPD-05, OPD-08, OPD-11,
OPD-13, OPD-18, OPD-20) markers. The selected sets of
SSR and RAPD markers revealed a high level of polymor-
phism and were applicable to different H. rhamnoides sub-
species, as well as in crosses among H. rhamnoides ssp.
mongolica, ssp. rhamnoides and ssp. fluviatilis. The utilised
DNA markers will provide an additional tool to sea
buckthorn breeders for cultivar identification and assess-
ment of breeding material (Lâcis et al., unpublished data).

Application of gene specific molecular markers. An im-
portant challenge of PGR activities is utilisation of collected
and maintained plant material in research and breeding.
Since this depends on the level of germplasm characterisa-
tion and identification of valuable features, both groups of
specific molecular markers (molecular markers specific to
the particular gene or allele and consensus molecular mark-
ers, which are specific to a consensus sequence of nucleo-
tides that is always present in a large set of independently
determined sequences) have been used at the LSIFG in the
characterisation and other research of the FCGR collection.

Sweet cherry (P. avium L.) is a typical out-crossing species
with a mono-factorial and multi-allelic gametophytic in-
compatibility system governed by a single S-locus with
multiple alleles (de Nettancourt, 1977). Therefore, in sweet
cherry orchards as well as for breeding purposes, suitable
pollinator cultivars must be used to ensure successful fertili-
sation and subsequent fruit development. Molecular mark-
ers for six of the most common sweet cherry S-alleles were
used to genotype 44 accessions in the LSIFG germplasm
collection (Lacis et al., 2008). Data of S-genotyping was in-
cluded in a review on sweet cherry self-incompatibility al-
lele identification work in Europe (Schuster, 2012). The
S-allele information gained from this study is useful in
breeding programmes for the planning of crosses, for con-
servation of alleles and population genetics studies. Geno-
typing of the self-incompatibility gene (Sf) ensured informa-
tion on Sf gene allele distribution and inheritance, which is
important in the development of a GR maintenance strategy.
The obtained fingerprints are used also as an additional
cultivar identification tool and in the detection of self-com-
patible sweet cherry seedlings in the early stages of the
breeding process (Lacis and Kota, 2008).

Scab disease on apple caused by ascomycetous fungi
Venturia inaequalis is an economically important disease
worldwide (Bus et al., 2011). In this regard, 109 apple ac-
cessions nominated as National PGR were analysed using a
marker for the scab resistance gene Rvi6 (Vf) (Lacis et al.,
2011). One, six and 102 genotypes of VfVf, Vfvf, vfvf were
detected, respectively. Venturia inaequalis has demon-
strated a high ability to overcome single gene resistance
(Bus et al., 2011), and therefore screening of the apple GR
collection has been continued using molecular markers as-
sociated with other scab resistance genes: Vh2 (Rvi2), Vh4
(Rvi4), Vm (Rvi5), Vf/Vjh (Rvi6), Vbj (Rvi11), Vb (Rvi12),
Vd (Rvi13), Vr2 (Rvi15) (Patocchi et al., 2009) to find pos-
sible resistance sources for breeding and to perform scab re-
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sistance gene diversity analysis in the germplasm (Lâcis et
al., unpublished data).

Application of gene group specific molecular markers.

Application of gene or allele-specific markers is not possi-
ble in less-studied crops or for traits for which such func-
tional markers have not been developed. In this case, mark-
ers identifying gene groups or classes can be utilised. Their
application can be used to detect novel genes or alleles in-
fluencing already well-studied traits, and in research of he-
redity and the genetic basis of other traits about which lim-
ited information is available.

Plums belong to the Rosaceae family have a gametophytic
self-incompatibility system (Hegedüs and Halász, 2007).
Although extensive studies on self-incompatibility have
been done in sweet cherries (P. avium L.), sour cherries,
apricots and some diploid plum species, there is a limited
number of genetic studies in hexaploid domestic plums (P.
domestica L.), due to the complex genome of this species
and its high ploidity (Hegedüs and Halász, 2007; Tao and
Iezzoni, 2010). DNA-based S-genotyping was performed on
99 plum accessions (7 diploid and 92 hexaploid plums) to
evaluate the genetic diversity of the germplasm collection
and to characterise possible S-allele composition and occur-
rence (Kota and Lacis, 2013). The utilised molecular mark-
ers had been developed for other Prunus species and had
not been used previously for plum Sf genotyping. Consen-
sus primers flanking the first and second intron of the
S-RNase gene and the SFB intron specific primers showed
good applicability in plums. An additional six S-locus-spe-
cific markers have been used to study the genetics of
self-compatibility and to test interspecific transferability of
markers and their use in domestic plums. Genotyping of 33
cultivars showed that the applied primer pairs had good
transferability among Prunus species and application of
these primer pairs allowed discrimination of all plum
cultivars in the LSIFG collection by unique S-genotype.
According to the obtained results, primer pairs EM-
PC2consFD/ EM-PC3cons RD, PasPcons-F1/ PaC1cons-R1
and F-Box50A/ F-Box intronR were suggested as supple-
mentary markers in the characterisation and identification of
plum germplasm with potential functional application. Al-
though strict segregation of plum cultivars according to
compatibility groups (self-compatible, partly self-compati-
ble and self-incompatible) was not observed, group-unique
amplification fragments were identified, which could serve
as a baseline for further development of specific markers
(Kota-Dombrovska and Lâcis, 2013).

In most breeding programmes new sources of resistance to
diseases are a high priority, especially in cases where gene-
for-gene resistance is not available or the nature of particu-
lar resistance mechanisms are unknown. For this purpose,
markers specific to wide resistance-linked gene groups have
high utility, e.g. the gene containing the Nucleotide Binding
Site — Leucine-Rich Repeat (NBS-LRR) motifs (DeYoung
and Innes, 2006). Genes from the NBS-LRR class have
been linked with resistance to different pathogens, and their
conserved sequences have been already used to isolate re-

sistance gene analogues (RGAs) and to design degenerate
primers (Bai et al., 2002). These molecular markers have
been used at the LSIFG in research on resistance of apple
and pear cultivars to apple and pear scab (caused by
Venturia pyrina), as well as strawberry resistance to root rot
and petiole blight (caused by Gnomonia fragariae)
(Morocko et al., 2006). The NBS-LRR protein coding
genes were among the resistance-linked markers utilised,
since their involvement in scab resistance reaction has been
reported previously (Galli et al., 2010). Molecular markers
for this group of genes have already been developed and
utilised in many plant species, including apple (Mafofo,
2008; Fahrentrapp et al., 2013). In this regard, application
of NBS-LRR gene markers in the characterisation of LSIFG
PGR collections was started by genotyping of 75 apple
cultivars.

Studies on resistance to the pear scab pathogen V. pyrina in
European pear (P. communis) are at an early stage
(Pierantoni et al., 2007). The available knowledge on pear
resistance is mostly as a general description of cultivar per-
formance in field conditions and only in few cases have sys-
tematic field evaluation results based on wide screening of
collections been published (Postman et al., 2005). In further
investigation, QRL (Quantitative Resistance Loci) and
NBS-LRR molecular markers have been implemented and
used in the screening of selected germplasm to reveal poten-
tial inheritance mechanisms of resistance and resistance
sources. Currently 41 selected accessions of pear have been
genotyped using molecular markers specific to QRL and
NBS-LRR to analyse the variability in pear germplasm
(Lâcis et al., unpublished data).

Similarly, NBS-LRR molecular markers in combination
with RAPD markers have been applied to investigate straw-
berry resistance to root rot and petiole blight. 55 strawberry
cultivars have been screened for resistance to Gnomonia
fragariae and two sets of strawberry cultivars (resistant and
susceptible) were selected (Sokolova and Moroèko-
Bièevska, unpublished data). Bulk segregant analysis with
application of RAPDs and molecular markers specific to
NBS-LRR genes was implemented to evaluate genetic dif-
ferences between the groups of cultivars and to identify re-
sistance specific fragments for further germplasm evalua-
tion and marker development (Samsone et al., unpublished
data). Strawberry cultivars with the highest and lowest re-
sistance assessment were used in creation of a mapping
population and about 300 F1 seedlings were obtained for
further evaluation of resistance and testing of possible resis-
tance mechanisms to G. fragariae.

CONCLUSIONS

Implementation of molecular genetic methods significantly
increased the level of Latvian fruit crop genetic resources
characterisation, ensured successful and optimal mainte-
nance of genetic resources collections, increased dissemina-
tion of information about Latvian fruit crop genetic re-
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sources internationally, as well as improved and intensified
breeding programmes.

Application of trait specific (e.g. disease resistance, self-
compatibility) molecular markers allowed identifying do-
nors of desirable genes coding these traits, increased the to-
tal value of Latvian fruit crop genetic resources nationally
and internationally.
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LATVIJAS AUGÏAUGU ÌENÇTISKO RESURSU RAKSTUROÐANA PIELIETOJOT MOLEKULÂRÂS ÌENÇTIKAS METODES

Latvijas Valsts augïkopîbas institûta (LVAI) kolekcijâ tiek saglabâts daudzveidîgs augïaugu augu materiâls, ko veido mûsdienu un tautas
selekcijas ðíirnes, institûtâ radîtais selekcijas materiâls, kâ arî citâs valstîs izveidotâs ðíirnes, kas iegûtas ilgstoðas apmaiòas un sadarbîbas
rezultâtâ ar citiem zinâtniskiem institûtiem. Paðlaik kolekcijâ ietverti 2509 paraugi, kas pârstâv 17 augïaugu kultûras. 676 paraugi ir definçti
kâ valsts nozîmes ìençtiskie resursi. Augïaugu ìençtisko resursu kolekciju vçrtîbu nosaka to tâlâka izmantoðana, kas nav iespçjama bez
augu materiâla detalizçtas raksturoðanas un novçrtçðanas. Seviðíi nozîmîga daudzgadîgo kultûraugu raksturoðanâ ir molekulâro maríieru
tehnoloìiju ievieðana un pielietoðana. Iespçjams izdalît divas galvenâs pielietoto molekulâro maríieru grupas: nespecifiskie maríieri un
gçnu specifiskie maríieri, kas vçlâk pielietojami uz maríieriem balstîtajâ atlasç. Pielietojot SSR, RAPD un MSAP maríierus LVAI
kolekcijâ veikta genotipçðana divpadsmit augïaugu kultûrâm, raksturojot 790 genotipus. Iegûtâ informâcija izmantota augu materiâla
identifikâcijai, nosaukuma atbilstîbas pârbaudei, kâ arî ìençtiskâs daudzveidîbas un kolekcijas iekðçjâs struktûras novçrtçðanai. Maríieru
metoþu ievieðana veikta saskaòâ ar ECPGR darba grupu ieteikumiem, lai nodroðinâtu starptautisko datu apmaiòu. Gçnu specifiskie
molekulârie maríieru lietoti, raksturojot âbeles un bumbieres (izturîba pret kraupi), zemenes (izturîba pret Gnomonia fragariae), saldos
íirðus un plûmes (paðnesaderîba).
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