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1. INTRODUCTION 
 

Cultivated potato (Solanum tuberosum L.) is, along with wheat, rice and maize, 

one of the four most valuable crops worldwide. Potato is an important food crop, 

as well as being widely used for livestock feeding and industrial processing as feedstock 

for many industrial and food applications. Currently, there are more than 4,000 different 

potato varieties that are cultivated in over 100 countries worldwide (PIETERSE & HILS 2007). 

The improvement and creation of new varieties with new combinations of current 

characteristics or essentially new traits, such as GM potato (Genetically Modified) potatoes 

or conventional varieties with better parameters of quality or resistance to biotic and abiotic 

factors, is one of the main goals of plant breeding. In many cases, wild allied species or “old 

primitive” varieties are used as donors of these traits. New breeding approaches based 

on molecular markers allows a more efficient utilization of these donors (CALLOW et al. 

1997).  

Potato breeders worldwide know that for variety improvement and the acquisition of new, 

more productive traits resulting in higher yield, it is necessary to extend the gene pool 

of the valuable traits donors. The success of a breeding program is dependent 

on new knowledge and study of the genetic diversity of germplasm, because part 

of this material frequently presents the interesting genotypes. These genotypes are at once 

donors of new or improving characters. The breeder’s advantage is the ability to detect 

requested characters already in the early stages of the plant development and in the early 

generation of the breeding process. Our ability to identify and varieties distinguish 

of agricultural and horticultural crops are thus fundamental for the process of the modern 

breeding and seed trade. All sectors of the industry, from breeders through the registration 

authorities, seed producers, seed certification and testing agencies, farmers, growers, 

processing industry and other end users, benefit from variety verification at any stage 

of their activities (GÖRG et al. 1992). The traditional approach to variety identification 

is composed of the morphological characters or descriptors observation and recording. 

While in practice this is largely successful and forms the basis, for instance the most current 

testing procedures for Distinctness, Uniformity and Stability (DUS) and the granting of Plant 

Breeders Rights (PBR), on the other hand it can be an expensive and time-consuming process. 

The number of useful descriptors is limited in some species. For example, the guideline 

for potatoes consists of 50 characters, 12 thereof are concerned with sprouting, 

along with a series of characters such as plant height, leaf size and various features 
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of the flowers and tubers. Such an approach is undoubtedly successful for DUS testing 

(COOKE 1999). However, it is less suitable when results are required rapidly, 

as well as for the confirmation of tuber material identification. Furthermore, morphological 

characters are often multigenic, continuously expressed and influenced by environmental 

interactions, which make them difficult to assess quickly and objectively (KIM et al. 1997). 

Together with advances in molecular biology, several new molecular and biochemical marker 

techniques are already adopted. These techniques are powerful tool for determining genetic 

distinctness and enable characterization of particular genotypes (COOKE 1999). The first 

group of these approaches is techniques based on the protein polymorphism. These techniques 

have several disadvantages, the basic storage protein and isozyme analyses drawback 

is the availability of markers for only a limited number of genes and potential traits, coverage 

of the genome is low, and are strongly influenced by plant ontogenetic stage 

and environmental conditions (DESBOROUGH & PELOQUIN 1968). The second group consists 

of molecular markers techniques based on DNA (Deoxyribonucleotide Acid) analysis. 

This is an important development because detection of requested traits is not influenced 

by environmental factors. The molecular markers have been widely applied for exact 

determination of genetic variability of varieties based on DNA analysis to further 

improvement of agricultural crops (STAUB et al. 1996). Molecular markers also allow 

genotypic selection instead of traditional phenotypic selection. This approach is mostly used 

in the newly developed breeding system called Molecular Marker Assisted Selection 

(MMAS) (PATERSON et al. 1991). MMAS is the example of the highly effective utilization 

of plant biotechnology in crop breeding. One of the first and very important applications 

of MMAS described by TANKSLEY et al. (1989) was the use this system to monitor the gene 

introgression from a donor genotype to a recurrent one through a backcross breeding scheme. 

Plant and potato breeders, as well as state control and inspection authorities, need reliable 

tools for variety identification. Further demands are their routine application to large number 

of analyzed samples. All of these requirements are complicated enough for the enormous 

number of registered potato varieties; there are listed more than 1216 varieties in the EU 

(European Union) catalogue of registered varieties (Common catalogue of varieties 

of agricultural plant species 2008) and this number is continually increasing with new 

varieties being registered.  

During the seventies and the eighties of twentieth century there were developed 

technologies that allow preparing the recombinant DNA, the molecule whose particular parts 

come from different organisms and the acquired organisms are called genetically modified 
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or transgenic organisms (OVESNÁ 2005). GMO (Genetically Modified Organism) is according 

to law no. 78/2004 Sb. defined as organism, expect human, whose heritable material 

was changed by genetic modification i.e. by targeted change of heritable material 

via technique which can not be achieved by nature way, for example crossing and breeding. 

This definition is referred to organisms able to reproduce or able to transfer of heritable 

material i.e. micro organisms, plants, animals and cell cultures, it is not referred to human 

(DRÁPAL et al. 2003). The transgenic plant should solve the tasks connected with the need 

of quick increasing of agri-production, which are closely connected with the increasing 

human population. The next task, with whose solution they are able to help, is annual wastage 

of yield associated with insect or diseases infestation because the amount of chemicals used 

for the plant protection is not able to increase permanently appearance to environmental 

implication. The main aim of genetic modifications is to affect the plant genome in order 

to create organisms that are resistant to herbicides, proof against to pest, bacteria, fungi 

and virus infection, extreme condition or for increasing of nutrition value of food (ZDEŇKOVÁ 

et al. 2004). However, the modern biotechnology evokes the row of ethical, environmental, 

social as well as health apprehension. The reason is especially fact that it involves an entirely 

new technology with the unknown impacts connected with their use. In order to introduce GM 

plats to cultivation and GMO products to the market, they have to be detailed tested in respect 

of negative impact to human and animal’s health and they have to be visibly marked 

as transgene (ONDŘEJ 2002). In the European Union, there have to be marked food and food 

additives containing GMO product over the limit 0.9 per cent. These legislative limits 

for threshold value are different across the world (LEIMANS et al. 2006, ŽEL et al. 2005). 

For example in Norway and Hungary there is the threshold limit 2 per cent of GMO, 

in Switzerland 1 per cent (MEYER 1999, PÖPPING 2001) in many of Asian countries 

the threshold limit is 5 per cent and the requirement of notation is not required in USA where 

the GMO products are regard as equivalent of conventional food (LEIMANIS et al. 2006). 

The need of tracing and controlling of GMO presence and its content in agricultural crop 

and products has established the request to analytical methods that are able to detect, identify 

and quantify DNA insertion or exprimed protein in transgenic plants (BONFINI et al. 2001). 
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2. AIMS OF THE THESIS 
 

I was interested in the study of possibility of molecular markers usage in potato. The main 

aim of this study was the application of molecular markers based on PCR (Polymerase Chain 

Reaction) for unambiguously determination of  individual potato variety registered 

in the Czech Republic by different molecular markers chosen from widely recommended 

(Random Amplified Polymorphic DNA, Amplified Fragment Length Polymorphism, 

microsatellites analyses). The other aim was to develop the molecular markers based on PCR 

for GMO detection and quantification.  

The main task was to make up the set of suitable molecular markers for potato variety 

identification and together with set of morphological and other biochemical markers make up 

the database for the professional public. The most important question were if Simple 

Sequence Repeats, Inter Single Sequence Repeat, Amplified Fragment Length Polymorphism 

and retrotransposone based markers are the suitable tools for potato variety identification 

and if these tools are utilizable for wide range of registered varieties in Czech Republic.   

The second task was to optimise the fast and cheep method based on PCR technique 

for detection and quantification of GMO in potato. According to the literature knowledge 

I was concerned to the multiplex or more precisely duplex PCR as a tool for GMO detection 

and to the Real – Time PCR as a tool for GMO quantification. 
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3. LITERATURE REVIEW 
 
3.1. General Background 

 
The opinions on the potato origin are different, most of authors concur that the cultural 

tetraploid forms originated from wild potato forms by crossbreeding and mutation 

in the Middle and South America and Mexico.  

In the botanical system, potato belong to the family Solanaceae, genus Solanum contains 

about 2000 species. More than 200 species of them make tubers and 26 of them are cultural. 

Genus Solanum is composed of several sections, important is section Tuberarium 

that contains in 32 series large scale of species. Series Tuberosa, Andigena, Acaulia 

and Demissa have the breeding importance (ŽUKOVSKIJ 1971). Most expanded 

and the greatest economic importance have polymorphic cultural species Solanum tuberosum 

and Solanum andigenum. These species that form tubers have different level of polymorphism 

and they build polyploid series with the basic chromosome number x = 12. 

Cultivated potato (Solanum tuberosum L.) is the important basic crop widely used 

for livestock feeding and industrial processing as feedstock for many industrial and food 

applications worldwide. The potato is currently grown worldwide mostly in temperate, 

subtropical and exceptionally in tropical climates. Importance of potato as food and feed 

crops is large and its use value is continuously improved. The potato producers almost 

doubled the amount of calories per hectare as rice or wheat from beginning of 20th century 

(POEHLMAN & SLEEPER, 1995) and the tubers possess high quantities of starch (15-25 % 

of total mass). Potato is rich in several micronutrients, especially vitamin C (13 mg per 100 g 

dry weight) and a single one medium sized potato of 150 g provides nearly half the daily adult 

requirement. The potato is a moderate source of iron (0.31 mg per 100g dry weight) 

and its high vitamin C content promoters iron absorption. Potato contains 20.13 g 

carbohydrates, 1.87 g proteins, 1.8 g fibre, 0.1 g fat, 379 mg of potassium, 44 mg 

of phosphorus, 5 mg of calcium, 1.44 mg of niacine, 0.106 mg of thiamine and 0.02 mg 

of riboflavine per 100 g of dry weight. It is exceeded only by rice, wheat and corn in terms 

of total food production. Potato is the most important non-cereal crop in the world 

and the world production reached a record 320 million tones in 2007 (FAO 2008). In addition, 

potato produces more energy and protein per unit of land than any other single food crop 

(BAJAJ 1987). The harvested area of table potato was 966 thousand of ha and production 

was 35,839 thousand of tons in EU 15. In the Czech Republic the whole production of potato 

was 997.7 thousand of tons on 40,244 ha in 2007 (ŽIŽKA 2007). There were processed 
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149.6 thousand of tons of potato for production of starch. The average yield of potato 

for starch production was 33 t.ha-1 with the starch content 18.86 % and there were produced 

32692 tons of potato starch. Almost the same situation was in the year 2008 (40.2 thousand 

of ha and 998 thousand of tons) (ŽIŽKA 2007).  

The way of potato to conquer the World and its dissemination is interesting. In spite 

of the Middle and South American potato origin, the potato breeding has most extended 

on the North Hemisphere. Potatoes get to Europe in beginning of second half of 16th century, 

partly through Spain (1565) and probably also through Ireland and England (1585). Potato 

appeared in mansion, monastic and botanical gardens in the late 16th century 

and it was cultivated as ornamental flowers for almost 200 year. As late as second half of 18th 

and early 19th century potato became an important foodstuff and later industrial feedstock too. 

Potato returned to American continent when Irish began to move to North America which 

was necessary due to famine and incomers took potato with them. The beginning of modern 

potato breeding coincide to years 1842-1847, the needfulness of breeding was induced 

by epidemic of late blight (Phytophthora infestans) in Ireland. This disease caused distinct 

degrease of harvest about 50-70 per cent. The solution was prospected in resistant types 

of potato. In North America were used genotypes from potato ancient homeland and gave rise 

to pink skin variety “Purle Chili” of which variety “Garnet Chili” was bred by self pollination. 

This variety was the original gene resource for breeding of the other varieties includes variety 

“Early Rose” (1861) that was also used in European breeding program. The next stimulus 

for new variety breeding was effort to find the resistant types to ingoing potato wart diseases 

or Black Scab (Synchytrium endobioticum) and the result was variety “Snow drop” (1870). 

The next field was the requirement to higher harvest and quality of tubers because potato 

became an important part of meals (GRAMAN 1995).  

The potato growing was the most extended in the countries with progressive 

industrialization of industry in England, Germany and in the USA. It is possible to find 

the first marked output of breeders work in these countries. The first varieties of European 

potato breeding come from England; the largest distribution had variety “Victoria” (1856) 

and later millennium variety “Duke of York” (1900) which gave rise to variety “Erstling”. 

In Germany there were bred some excellent varieties, for example “Imperator” (1875) 

with the starch contain more than 18 per cent and varieties “Jubel” and “Daber” 

with the potato wart disease resistance and range of other important varieties, for example 

“Deodarda”, “Parnasia”, “Industria”. Varieties “Early Rose”, “Victoria” and “Daber” 

were used for new variety breeding concept and they were characterized by the excellent 
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morphological and physiological qualities (JELLIS & RICHARDSON 1987).  

In the Czech Republic the potato breeding started evolve not earlier than after the 1st 

World War and it brought many good varieties. Until than have grown German varieties. 

The planting was produced in Valečov since 1869. The first variety created by selection 

was “Nolčovy rohlíčky” (1887) in the Czech Republic. The potato varieties were tested 

in Agricultural-Botanical Station in Tábor since 1894. There were established the first 

breeding stations in twenties, Institute for potato improvement Slapy u Tábora (1921), 

experimental station Valečov (1921), breeding station Keřkov (1923). Overall, 

it was in Keřkov selected 17 varieties, including famous variety „Keřkovské rohlíčky“. 

By the cross-breeding have been bred 59 varieties since 1927 - 2007. This station as the first 

in Czech Republic stared the address breeding and selection on resistance against potato cyst 

nematodes (Globodera) (in 1967). Our first allowed cyst-resistant variety was „Klára“ (1986). 

The research institute for potato growing Havlíčkův Brod was established in 1923 

(GRAMAN 1995) and breeding station Velhartice (1957). The breeding stations (Keřkov, 

Česká Bělá, Hrádek u Pacova, Velhartice, Vyklantice, Bystřice nad Pernštejnem 

and Neustupovské  Otradovice) were incorporated to the research institute Havlíčkův Brod 

in 1977. At the beginning of 1988 Valečov was incorporated to the research institute too. 

In 1992 occurred in the context of privatization to the disestablishment of the breeding 

institutes and breeding stations created joint - stock companies (Sativa Keřkov a.s., Selekta 

Pacov a.s., Vesa Velhartice a.s. a Vysočina Vyklantice a.s.). Currently, in the “European 

Union common catalogue of varieties of agricultural plant species”, there is 1216 potato 

varieties registered crosswise European Union (Common catalogue of varieties of agricultural 

plant species 2008) and there is 161 potato varieties in “The Czech Republic national book 

of variety?” (ČERMÁK 2008). 

In the modern breeding there were enforce the conception of varieties for mass production 

more than two decades. Nowadays, marked pressure and raising competition of foreign 

varieties have started, also as the effort for use of national varieties in foreign countries. 

They should afford optimal harvest by better using of supplied nutrients, higher genetically 

determined resistance to diseases and pest etc.  The varieties have to fulfil the requirements 

to high level of quality index according to utility lines and traits coherent with mechanized 

production. For the practical breeding, there is important research knowledge especially 

from areas of the resistant breeding, the gene pool investigation including utilization 

of genotypes with different ploidy level, the advancement of new breeding methods and 

procedures as is usage of in vitro methods, gene manipulation, molecular marker approaches 
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of evaluated traits and characters (GRAMAN 1995). The conclusion of breeding effort 

are varieties with good genetic constitution that provides required high and stable harvest 

and excellent level of quality index of tubers in the suitable growing conditions. It is need 

to extend the base of gene pool for the breeding of new, more yielding and more superior 

varieties. The success of breeding program is dependent on the knowledge 

and the understanding of investigated material and its genetic diversity. Selected gene 

resources are than use as donors of new or improving traits. For the breeders it is pretty useful 

to be able to detect the requirement traits in very early stage of the breeding process (COOKE 

1999).  

As a breeding subject, potato has some significant characteristics. This crop is propagated 

vegetatively, thus any genotype can be maintained with all characteristics unchanged through 

clonal propagation. Over the way, commercial potato varieties are autotetraploid 

(2n = 4x = 48) and breeding at this level is quite problematic. Crossing and selection 

of desirable genotypes on tetraploid level makes breeding process difficult and time 

consuming. The improvement and creation of new varieties with new combinations of current 

traits or essentially new characters, such as GMO potatoes or conventional varieties 

with better parameters of quality or resistance to biotic and abiotic stressors are the main goals 

of plant breeding (CALLOW et al. 1997).  

New crop varieties are developed by applying traditional breeding methods rely 

on random genome modification. It goes mainly about cross breeding of traditional varieties 

with the gene resources. These varieties combine multiple traits that support farm efficiency 

and acceptable yields but also contain genes associated with the production of toxins, 

allergens and antinutritional compounds that were not primarily monitored during 

the selection process. On the other hand, transgenic varieties developed by transformation 

of traditional variety are exactly determined because they are based on incorporation 

of exactly defined insert of donor organism to acceptor organism (ONDŘEJ 2002). 

The preparing and usage of these transgenic organisms is relatively new and frequently 

discussed field. A genetically modified organism (GMO) is a living organism, whose genetic 

composition has been altered by means of gene technology. The genetic modification usually 

involves insertion of DNA fragment, into the genome of the organism to be modified. 

This process is called transformation (ONDŘEJ 2002). Genetically modified (GM) 

or transgenic crops are now more often called “Biotech crops”. Since 1996, the first year 

of commercialization of biotech crops, GM potatoes were cultivated in USA, Mexico 

and Canada and later in South Africa, China and India. The global area of all approved 
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biotech crops in 2008 was 125 million hectares. Remarkably, the global biotech crop area 

increased more than sixty-fold in the first eleven years of commercialization, making them 

the fastest adopted crop technology in recent history. In 2008, 25 countries grew biotech 

crops. The Czech Republic is one of the seven European Union countries where biotech crops 

are cultivated at present (CLIVE 2008). The most compelling case for biotechnology, 

and specifically biotech crops, is their capability to contribute to: increasing crop productivity 

and stability of productivity and production; conserving biodiversity, as a land-saving 

technology; the production of renewable resource based on the bio-fuels. In the field 

of genetic modification, potatoes make a suitable vegetable model for several reasons. 

They offer a relatively wide spectrum of markers and they allow preserve a pertinent marker 

for long time as a plant with vegetative propagation. Genetically modified potatoes 

were breed in order to increase resistance to pests, herbicides and influence 

of the environment (CALLOW et al. 1997). 

 
3.2. Molecular Markers Techniques 

 
Molecular markers in potato breeding are used for variety identification (GEBHARDT et al. 

1989a), phylogenetic studies (KARDOLUS et al. 1997), analysis of recombination frequencies 

between genotypes (WILLIAMS et al. 1993), identification of genes for important agricultural 

traits (GEBHARDT 1994) and marker assisted selection (HAMALAINEN et al. 1997). The main 

goals of any breeding program there are transfer of valuable traits between distinct genotypes 

and selection of new combinations and recombinations. Molecular markers play an important 

role as tools for achieving these goals. The first step of this process is the identification 

of one or several candidate genes linked to a particular agronomical trait and also 

incorporation of these markers into the potato molecular map (BARONE 2004). The potato 

molecular map is one of the most saturated genetic maps, which allows for its extensive 

exploitation in the MMAS approach to potato breeding. The original map was constructed 

on the basis of segregation of RFLP (Restriction Fragment Length Polymorphism) markers 

(BONIEBALE et al. 1998; GEBHARDT et al. 1989b). The potato map is well saturated, contains 

more than 350 mapped markers almost evenly distributed across 12 potato chromosomes 

and overs approximately 90% of the potato genome (GEBHARDT et al. 1991). This high 

number of markers and genome coverage allows physical gene location: finding genes 

for particular agronomic traits. More than 25 genes with single dominance have been inserted 

into this map, some of them were identified as resistance genes and they are linked to QTL´s-

markers (Quantitative Trait Loci) yield and potato quality (BARONE 2004). The existence 
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of such a molecular map also allows carrying out positive selection in the breeding process. 

Known important agronomic genes include: self-incompatibility genes (GEBHARDT et al. 

1991), the gene (Dr) responsible for mutant wilting phenotype (DE JUNG et al. 2001), genes 

controlling flower colour (VAN ECK et al. 1994), tuber colour (GEBHARDT et al. 1991), colour 

of tuber pulp (BONIEBALE et al. 1998), tuber shape (VAN ECK et al. 1994), leptine content 

(HUTVAGNER et al. 2001), and resistance genes (BONIEBALE et al. 1994, NIEWOHNER et al. 

1995, YENCHO et al. 1996, HAMALAINEN et al. 1997, GEBHARDT & VALKONEN 2001, KUHL 

et al. 2001, MARCZEWSKI et al. 2002). Not long ago, the Ultra High Density map (UDH) 

based on AFLP technology with more than 10,000 markers was constructed and this potato 

map is the densest map based on meiotic recombination in any species yet obtained (VAN OS 

et al. 2006). For example there are another UDH maps: papaya 1501 loci (MA et al. 2004), 

cotton 3347 loci (RONG et al. 2004), and sorghum 2512 loci (BOWERS et al. 2003). DNA 

markers are suitable for the detection of genetic diversity (PLASCHKE et al. 1995, KIM & 

WARD 1997, DAVILA et al. 1998).  

 
3.2.1. RFLP 

 
The molecular marker technique RFLP (Restriction Fragment Length Polymorphism) 

is based on the variations in the length of DNA fragments produced by a specific restriction 

endonuclease from genomic DNAs of two or more individuals of a species (KAHL 2001). 

RFLP analysis use genomic DNA or cDNA clones as probes following restriction 

of the target DNA with a specific enzyme. This is a very effective way of revealing 

differences between genotypes and the large number of restriction enzyme/probe 

combinations are available and make RFLP analysis a powerful tool, which are also robust, 

producing repeatable results in different laboratories. RFLPs are co-dominant in nature. 

For identification, the use of multiple copy probes, either of random or known derivation, 

can be advantageous (LEE et al. 1996). GÖRG et al. (1992) were able 

to identify 122 out of 134 potato varieties using Taq-I restricted DNA and a multi-locus probe 

is known as GP-35. COOKE (1995) used repetitive oligonucleotides as probes, 

with the (GATA)n repeats, proving this system to be widely applicable. GÖRG et al. (1992) 

used the RFLP method to identify 136 tetraploid potato varieties. This method unambiguously 

discriminated 130 potato varieties. However, there are some difficulties associated 

with this approach, including the need for relatively large amounts of good quality DNA, 

the source and public availability of certain probes, the duration of time necessary for results 

to be produced and the fact that radioactive labelling of probes is widely used to reveal 
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the DNA profiles, which together undoubtedly place a limitation on its more routine use 

(MANDOLINO et al. 1996). 

 

3.2.2. PCR and PCR Based Techniques 
 

Amplification techniques based on the Polymerase Chain Reaction (PCR) overcome some 

of these difficulties and offer apparent advantages over RFLP. PCR is a method that allows 

the production of millions copies particular pieces of DNA, thus facilitating their analysis 

(WEISING et al. 1995). Arbitrary chosen primers have been shown to act as templates 

for the amplification of several fragments of genomic DNA, which led to the development 

of the RAPD (Random Amplified Polymorphic DNA) and AP-PCR (Arbitrarily Primed – 

PCR) techniques (WELSH &MCCLELLAND 1990). There has been a huge interest in these 

methods for variety discrimination and identification, with reports of their use in well over 75 

different plant species, including all of the widely grown cereal, oilseed, tuber and root crops, 

and also fruit, vegetables and ornamental species (ROUT et al. 2006, BARCACCIA et al. 2003, 

RAFALSKI 2002). 

 

3.2.2.1. RAPD 
 

RAPD analysis result in faster identification, because it need relatively little target DNA, 

avoid the use of radioactivity, require no prior knowledge of the DNA sequence of interest 

and use readily commercial available materials. Thus, RAPDs detect polymorphisms 

distributed throughout the genome with a primer amplifying several bands, each probably 

originating from a different locus. The concern has arisen more recently, however, about 

the reproducibility of RAPD profiles, especially between laboratories. RAPD technology 

is very quick and easy to develop, but lacks reproducibility (JONES et al. 1997, KARP et al. 

1997). CHAKRABARTI et al. (2006) found that the RAPD profiles obtained from different 

types of tissue might differ even in the same potato variety. They observed the influence 

of random primers on the uniformity of RAPD fingerprints developed from different tissues 

of a particular variety. This problem is more serious in case of greenhouse or field grown 

samples. While this fact not necessarily be an insurmountable problem in the verification 

context it would cause major difficulties for the production of databases and international 

comparisons. Thus, it seems unlikely that RAPD will be the profiling method of choice 

for most applications in seed and variety testing work. In the last decade, RAPD markers have 

been used for the characterization of potato varieties in North America (SOSINSKI & DOUCHES 
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1996) Russia (ORGANISYAN et al. 1996), Japan (HOSAKA et al. 1994), Australia (FORD & 

TAYLOR 1997), Canada (DEMEKE et al. 1993) and India (CHAKRABARTI et al. 1998, 2001; 

PATTANAYAK et al. 2002). RAPD technique is very often used to study the genetic diversity 

or to manage the germplasm banks (DUARTE et al. 1999, GALVÁN et al. 2001). 

 
3.2.2.2. AFLP 

 
The Amplified Fragment Length Polymorphism (AFLP) technique combines principles 

of RFLP analysis with PCR technology (VOS et al. 1995). Total genomic DNA is digested 

with two restriction enzymes. Adaptors of known sequence are then ligated to the DNA 

fragments. Primers complementary to the adaptors, with additional 1-3 selective nucleotides 

on the 3’–end, are used to amplify the restriction fragments. The PCR amplified fragments 

can then be separated by gel electrophoresis and the banding patterns visualized. A range 

of enzymes and primers are available to manipulate the complexity of AFLP fingerprints 

to suit the application. The care is needed in the selection of primers with selective bases. 

AFLP profiles require no prior DNA sequence information and the number and nature 

of amplified fragments are altered by the choice of primer pair. The technique also has 

the advantage of sampling many loci simultaneously and, in addition, it is more robust 

than arbitrary priming techniques such as RAPD, because more stringent conditions are used 

in the PCR. AFLP has predominantly been applied in genetic mapping studies (BALLVORA et 

al. 1995, BECKER et al. 1995, MEKSEM et al. 1995, VAN ECK et al. 1995). According to VAN 

ECK et al. (1995) the technique is semi-quantitative because the intensity of AFLP bands can 

be used to determine zygosity. AFLP has been used to analyze varieties of various species, 

including cereals, potatoes, sunflowers, Brassicas, beans and lentils (COOKE & REEVES 1998, 

LAW et al. 1998). AFLP analysis represents a very flexible approach, which has been used 

in potatoes (MILBOURNE et al. 1997). Many loci are sampled simultaneously, making AFLP 

profiles complex, which can make interpretation complicated. Again, most AFLP analyses 

use radioactively labelled primers, which is both costly and inconvenient. However, there 

are some considerable advantages, many samples can be analyzed simultaneously, 

no knowledge of the DNA sequences is required and the flexibility of the approach makes 

it very powerful. The method is perhaps especially useful when large numbers of samples 

have to be compared. KARDOLUS et al. (1997) obtained highly informative DNA fingerprints 

using AFLP. Those analyses were generated using 19 taxa of Solanum sect. Petota (potatoes) 

and three taxa of Solanum sect. lycopersicum (tomatoes). AFLP fingerprints 

generated 12 to 71 scorable fragments per genotype.  Although the chosen primer 
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combinations usually produce 150-300 scorable bands applicable in subsequent analyses 

(TRIBSCH et al. 2002) which was sufficient for taxonomical interpretation. VAN TREUREN et 

al. (2004) used AFLP analyses for collection management or, more precisely, for reduction 

of redundancy from a wild potato germplasm collection. In the set of 499 plants, 137 

fragments were scored and 82 of these fragments were polymorphic. 97 different AFLP 

genotypes were observed among the 499 investigated individuals. No variation was observed 

within two potential duplication groups, whereas only limited differentiation among 

accessions was detected within seven groups, resulting in a total of 15 redundant accessions. 

MCGREGOR et al. (2002) used AFLP to analyze the wild potato germplasm of the series 

Acaulia. They analyzed 625 plants and scored 130 polymorphic bands. They re-classified 

some samples on the basis of AFLP analyses. VAN DEN BERG et al. (2002) used this method 

for analyses of the wild potato germplasm of the section Petota series Longipedicellata. 

They analyzed a set of three species, S. polytrichon, S. hjertingii and S. stoloniferum. 

Catalogue of AFLP markers was recently created as result of intensive studies and AFLP 

based approach in potato genomics. The catalogue is comprised of AFLP fingerprint images 

of 733 chromosome specific AFLP markers which are mapped relative to 220 RFLP loci, 

isozyme loci, morphological characteristics and disease resistant traits. Images of AFLP 

fingerprints combined with detailed information on the genomic location of all AFLP markers 

are available at http://www.spg.wau.nl/pv/aflp/catalog.htm (VAN DER VOORT et al. 1998). 

 
3.2.2.3. SSR 

 
Highly repetitive satellite DNA sequences are main components of heterochromatin 

in higher eukaryotic genomes. Microsatellites are considered as any one of a series of very 

short, middle repetitive, tandemly arranged, highly variable (hyper variable) DNA sequences 

are dispersed throughout fungal, plant, animal and human genomes (KAHL 2001). The PCR-

based analysis of Simple Sequence Repeats (SSRs) may also prove to be very useful 

for variety identification and verification work. Microsatellites are tandemly repeated DNA 

sequences, usually with a repeat unit of 2- 4 base pairs (MORGANTE & OLIVIERI 1993). 

The di-, tri- or tetranucleotide repeats are arranged in tandem arrays consisting of 5 – 50 

copies. SSR alleles, amplified products of variable length, can be separated by gel 

electrophoresis and visualized by silver-staining, autoradiography (if primers are radioactively 

labelled) or via automation (if primers are fluorescently labelled). SSR analysis is amenable 

to automation and multiplexing, and allows genotyping to be performed on large numbers 

of lines, and multiple loci to be analyzed simultaneously (COOKE & REEVES 1998). In many 
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species, multiple alleles have been shown to exist for some microsatellites, due to variations 

in the copy number of this repeat unit. In order to develop Sequence-Tagged Site 

Microsatellites (STSM), information about the sequence of the DNA flanking 

the microsatellite is needed. This information can sometimes be acquired from existing DNA 

sequence databases, but otherwise has to be obtained empirically. The frequency of SSR loci 

between mammals and plants are five times more frequent in the former (LAGERCRANTZ et al. 

1993). In plants SSRs are occurring on average every 6 – 60 kb (CARDLE et al. 2000, WANG 

et al. 1994), the frequency is approximately one every 21.2 kb in dicots and every 64.6 kb 

in monocots (WANG et al. 1994). In potato, ASHKENAZI et al. (2001) estimated that one SSR 

could be found every 52 kb upon screening for five different motifs. This relatively low 

frequency of SSRs constituted one of the major drawbacks in early SSR development, 

as the number of microsatellites found by sequencing libraries made the cost per marker very 

expensive (RAFALSKI & TINGEY 1993). The first SSRs were developed by screening large 

numbers of clones from genomic libraries with repetitive probes (AKKAYA et al. 1992, RÖDER 

et al. 1995, BRYAN et al. 1997). To overcome this constraint, processes were designed 

to enrich libraries for microsatellite motives prior to screening, such as by hybridization 

to repetitive oligos bound to magnetic beads (KIJAS et al. 1994) or membranes (EDWARDS et 

al. 1996), triplex affinity capture (MILBOURNE et al. 1998), or selective pre-amplification 

using oligos with repeat motives (BRYAN et al. 1997). More practical, economical, 

and straightforward approach for species with reasonable DNA sequence database 

representation is a database search for SSR sequences, for example 

http://www.potgenebank.org/, http://www.tigr.org/, GenBank or EMBL (European Molecular 

Biology Laboratory). The potential of STMS analysis for plant breeding and variety related 

work in general has generated much research activity and, as a result, there are now 

microsatellites available for several crop species, including wheat, barley, maize, oilseed rape 

and other Brassicas, sunflowers, soybean, sugar beet, sweet potato, grapes, tomatoes, yams, 

citrus fruits and some ornamentals (KARP et al. 1997, WEISING et al. 1998, COOKE & REEVES 

1998). Methods have been published for high throughput, non-radioactive detection 

of microsatellite alleles (VAN DEN BERG 1997, LAGODA et al. 1998). The data from STSM 

analyses are generally easy to score. A further significant advantage is that microsatellites can 

be multiplexed, so that a number of markers (loci) can be evaluated in a single PCR 

and separated on the same gel. This is not only more efficient, but is also suitable 

for automation, which both enhances the data gathering process and improves cost-

effectiveness. Methods of STSM analyses, based on the differential fluorescent labelling 
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of microsatellite primers and separation of multiplexed products using automated DNA 

sequencer, are being increasingly used for crop plant genotyping (MITCHELL et al. 1997). 

The use of multiple array capillary electrophoresis for the rapid (<60 minutes) separation 

of multiplexed microsatellite products has also been demonstrated (MANSFIELD et al. 1998). 

Such approaches, although requiring expensive capital investment, have considerable 

potential for very efficient and automated profiling, database production and variety 

verification, and their wider use will prove difficult to resist. DNA-based fingerprinting using 

SSRs has been well established to effectively discriminate between tetraploid potato clones 

(KAWCHUK et al. 1996, PROVAN et al. 1996, SCHNEIDER & DOUCHES 1997, GHISLAIN et al. 

2000, MCGREGOR et al. 2000, ASHKENAZI et al. 2001). SSRs can provide a reliable, efficient, 

and applied DNA-based fingerprinting system for potato. In potatoes, STSM have been used 

in North American and European varieties (PROVAN et al. 1996, KAWCHUK et al. 1996, 

SCHNEIDER & DOUCHES 1997). The primer pairs have been derived from the EMBL database 

and include some from tomatoes. In many cases, a primer pair amplifies a single 

microsatellite locus, making the data easy to interpret. Other primer pairs amplify multiple 

loci and can be useful for identification and classification. Multiple alleles also exist for some 

loci, which again is useful for identification (COOKE 1999). COOMBS et al. (2004) applied 

the DNA amplification pattern of 18 SSR primer combinations for identification of 17 

varieties. Polymorphism was observed with 14 of the SSRs using agarose gel electrophoresis 

and PAGE (PolyAcrylamide Gel Electrophoresis) with all 18 SSRs; PAGE resolved between 

2 – 12 DNA fragments, while agarose gel electrophoresis resolved between 2 – 7 fragments. 

No single SSR primer pair discriminated the panel of the 17 varieties using PAGE or agarose 

gel electrophoresis. All 17 varieties were discriminated on PAGE with various combinations 

of two primer pairs. GHISLAIN et al. (2000) used 18 microsatellites from 70 tested, 

for germplasm fingerprinting. The reference microsatellites were also used to suggest possible 

misclassifications in the germplasm collection as a PGI (Potato Genetic Identification) kit 

for routinely tools for true-to-type reference for each new entry samples. GHISLAIN et al. 

(2004) used 156 SSR primers for testing SSR conservation among Solanum tuberosum variety 

groups. There were 130 SSR primers generated amplification products in a large set 

of cultivated potato accessions comprised of at least four genotypes from each of the eight 

variety groups of S. tuberosum. Of the 156 SSRs tested, 22 were found to be most useful 

for germplasm fingerprinting. A group of 18 can be recommended as the most informative 

for genotyping cultivated potatoes, based on quality criteria, genome coverage, and locus-

specific information content. The SSR technique was also modified using different primer 
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design; Inter Single Sequence Repeat (ISSR) markers/technique is such a modification 

of microsatellite analysis. ISSR amplification uses SSR primers (anchored or no anchored) 

to amplify DNA sequences between two inverted SSRs made up of the same sequence. 

This method was first used by ZIETKIEWICS et al. (1994) to rapidly differentiate between 

closely related individuals. One of the advantages of this technique is that there is no need 

of prior knowledge of the genome sequence. BORNET & BRANCHARD (2001), HANTULA et al. 

(1996), CHARTERS et al. (1996), and ZIETKIEWICS et al. (1994) found this method to be more 

reliable and repeatable than RAPD analysis and ISSR technique provides higher 

polymorphism. This technique is more rapid and less time-, labour- and financially 

consuming than AFLP or SSR. The character of ISSR markers is dominant, although some 

authors reported the presence of codominant markers (FISCHER et al. 1996). ISSR technique 

was successfully applied to study of genetic diversity in plants such as corn (KANTETY et al. 

1995), rice (VIRK et al. 2000). BORNET et al. (2002) used ISSR method for detection 

of genetic diversity in 24 European and 4 Argentine cultivated potatoes. In this study 

they were able to identify all 28 varieties in 5 clusters and the different between European 

and Argentine varieties was evident. 

 

3.2.2.4. Transposones and Retrotransposones 
 

McClintock detected the presence of transposable elements in maize (Zea mays L.) 

in 1950. Transposable elements are useful molecular genetic tools for mutating 

and identifying genes, and a large number of genes have been isolated by using endogenous 

transposones as tags (WALBOT 1992). Transposable elements can be categorized into two 

major classes, DNA 25 type transposable elements and retrotransposones. DNA-type 

transposable elements include the well-characterized Ac/Ds (Activator/Dissociation) 

(FREOROFF et al. 1983, DÖRING et al. 1984, SUTTON et al. 1984), En/Spm 

(Enhancer/Suppressor-mutator) (PEREIRA et al. 1985; MASSON et al. 1987) and Mu (Mutator) 

(ALLEMAN & FREELING 1986, LISCH 2002). While a DNA-type transposable element 

transposes through self-excision and subsequent re-insertion, a retrotransposon transposes 

after it is transcribed and reverse-transcribed, by means of a copy-and-paste mechanism 

(BOEKE & CORCES 1989). Retrotransposones consist of two subclasses of elements, Long-

Terminal Repeat (LTR) and non-LTR retrotransposones, and the former are further 

subdivided into two groups – Ty1/copia type and Ty3/gypsy type (XIONG & EICKBUSCH 

1990). Ty1/copia LTR retrotransposones contain Open Reading Frames (ORFs) 
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corresponding to retroviral gag and pol genes and have functional domains in pol ordered 

protease (PR), integrase (in), RNA-dependent DNA polymerase (RT) and RNase H (RH). 

Mobile genetic element retrotransposones generally show widespread chromosomal 

dispersion, variable copy number and random distribution in the genome (KUMAR et al. 1997, 

KALENDAR et al. 1999). Retrotransposones are the most common class of eukaryotic 

transposable elements. Retrotransposones move to new chromosomal locations via an RNA 

intermediate and insert new cDNA copies back into the genome (BOEKE et al. 1985, 

BINGHAM & ZACHAR 1989, FINNEGAN 1989). This mode of replication increases genome size 

and contributes significantly to the total DNA of higher plants, e.g. 50% of the maize genome 

is composed of retrotransposones (SHIRASU et al. 2000). To extend the transposones tagging 

strategy to plant species in which endogenous transposable elements have not yet been 

isolated, transformation techniques can be employed to introduce one of the characterized 

transposable elements (HARING et al. 1991). However, these tools were initially available 

only in a limited number of species with active endogenous transposable elements. 

The dispersion (KATSIOTIS et al. 1996, SUONIEMI et al. 1996), ubiquity (FLAVELL et al. 1992, 

VOYTAS et al. 1992) and prevalence (PEARCE et al. 1996, 1997) of retrotransposon-like 

elements in plant genomes can be exploited for DNA-fingerprinting. Two DNA techniques 

based on retrotransposon like elements were introduced by KALENDAR et al. (1999). REMAP 

(Retrotransposon Microsatellite Amplified Polymorphism) is a method based on polymerse 

chain reaction-mediated amplification of the region between a long terminal repeat 

of a retrotransposon and a nearby microsatellite (KAHL 2001). IRAP (Inter Retrotransposon 

Amplified Polymorphism) markers are generated by the proximity of two retrotransposon 

using outward facing primers annealing to their long terminal repeats (LTRs) (KALENDAR et 

al. 1999). Application of IRAP and REMAP have been demonstrated to provide suitably 

polymorphic markers for variety identification or breeding purposes (KALENDAR et al. 1999, 

MANNINEN et al. 2000, VICIENT et al. 2001, BOYKO et al. 2002). RBIP (Retrotransposon-

Based Insertion Polymorphism) is a four-primer technique that will amplify two bands 

from the 5´and 3´ends of a retrotransposon, if this is present, or a single band 

if the retrotransposon is absent. This technique requires knowledge of the genomic DNA 

region surrounding the retrotransposon, and allows analysis of a single locus at a time, 

but is designed in such a way as to include an internal control system, and is the only one 

which allows clear identification of heterozygotes (FLAVELL et al. 1998). This method 

was used by FLAVELL et al. (2001) for pea, by VITTE et al. (2004) for rice and by BEŽO et al. 

(2006) for potato and flax. Alternatively, retrotransposones can be used in an AFLP-type 
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reaction (VOS et al. 1995), called Sequence-Specific Amplified Polymorphism SSAP 

(WAUGH et al. 1997). In the SSAP technique, the selective bases added to the primers reduced 

the complexity of the amplified DNA, depending on the copy number of the retrotransposon 

targets. The use of SSAP has been described for barley (WAUGH et al. 1997), wheat 

(GRIBBON et al. 1999), pea (ELLIS et al. 1998) and alfalfa (PORCEDDU et al. 2002).  

 
3.3. Molecular Marker Assisted Selection 
 

MMAS is one of the most efficient applications of biotechnology to plant breeding 

because it does not require DNA manipulations but only resides in the analysis of natural 

DNA variations that occur after intercrossing different genotypes. The application of MMAS 

to the introgression of genes from donor genotype to the recurrent genotype through 

a backcross breeding scheme clearly points out the great advantages of the molecular markers 

use for improving the cultivated varieties, as described by TANKSLEY et al. (1989). 

The theoretical model proposed by tomato breeding states that 99% of the cultivated genome 

can be recovered with only three backcross generations using MMAS, instead of the six 

or seven generations required to recover the same percentage of genome without the use 

of molecular markers. The advantages due to the use of molecular markers can be ascribed 

to either "positive" or "negative" selection applied during trait introgression from the wild 

to the cultivated gene pool (BARONE 2004). To date genetic maps, constructed by the usage 

of molecular markers, are available for many crop species, including tomato, potato, cereals, 

legumes. The linkage between molecular markers and various traits has been observed 

and MMAS is widely used to select superior genotypes for breeding (MOHAN et al. 1997). 

The application of molecular markers in potato breeding is reported for many purposes. 

In breeding programs aimed to transfer useful genes between different species with the aid 

of molecular markers, is the first step the identification of one or more markers linked 

to the gene(s) to be introgressed and their localization on the molecular map. Currently, 

the potato maps are one of the most highly saturated maps with different molecular markers, 

and it therefore provides extensive opportunities for optimal use of DNA analysis for MMAS. 

The existence of this highly saturated potato maps allow many genes to be localized 

on the 12 potato chromosomes, and markers linked to these genes can be used to perform 

positive assisted selection. The first localized gene on the map was Gro1 (BARONE et al. 

1990), the gene that confers resistance to pathotype Ro1 of the nematode Globodera 

rostochiensis. Many other genes have been mapped, including the self-incompatibility gene 
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(GEBHARDT et al. 1991), the gene (Dr) determining the droopy mutant phenotype (DE JUNG et 

al. 2001), three genes for flower colour determination (VAN ECK et al. 1993), and some single 

loci controlling tuber traits such as skin colour (GEBHARDT et al. 2001), flesh colour 

(BONIERBALE et al. 1998), tuber shape (VAN ECK et al. 1994), and leptin content (HUTVAGNER 

et al. 2001). Indeed, most of mapping work was finalized to map resistance genes to various 

pathogens. Actually, there are 22 single dominant genes (R genes) localized 

on 10 chromosomes. Two more resistance genes have been mapped: the gene Rp1l confers 

resistance to Phytophthora infestans and maps on chromosome VII (KUHL et al. 2001) 

and the gene Ns for resistance to PVS (Potato Virus S), that is localized on chromosome VIII 

(MARCZEWSKI et al. 2002). In addition, some genes that control quantitative resistance traits 

or yield and tuber quality were mapped as QTLs (Quantitative Trait Loci). Amongst QTLs 

involved in resistance to biotic stresses, the first mapped were those conferring resistance 

to insects (BONIERBALE et al. 1994, YENCHO et al. 1996). Afterwards, other QTLs 

for resistance to various pathogens were mapped, involved in resistance to Phytophthora 

infestans, Erwinia carotovora and Globodera spp. as reported by GEBHARDT & VALKONEN 

(2001), and to PLRV (Potato Leaf Roll Virus) (MARCZEWSKI et al. 2001). As for tuber 

characteristics, these are mostly polygenic traits and a lot of mapping work has been carried 

out by various researchers to localize the related QTLs on the potato map, using different 

segregating progenies and marker systems. Negative assisted selection was successfully 

applied in potato to a backcross breeding scheme. In backcross breeding programs 

the use of molecular markers has also been demonstrated high efficient reduce of the wild 

genome content and linkage drag around the introgressed gene. When the aim of backcrossing 

is to transfer genes from the wild to the cultivated species, species-specific molecular markers 

are excellent tools to select against the donor genome, thus speeding up the recovery 

of recurrent genome (HOSPITAL et al. 1992). It is well known that, following a backcross 

between diploid cultivated and wild related species, the wild genome content as a mean value 

is reduced to one half at each backcross generation. This estimation could be greatly different 

from what really occurs in potato breeding, where the introgression of useful traits from wild 

to cultivated species often involves crosses between species at different ploidy level. 

The consequence is that, at each backcross generation, hybrids with variable 

aneuploid/euploid level are obtained, for which the prediction of the wild genome content still 

retained is not so feasible. Especially in these cases the use of wild species-specific molecular 

markers can raise the efficiency of wild genome reduction, since they allow the wild genome 

content to be widely estimated at genotypic rather than phenotypic level. The most suitable 



 20

markers for this purpose are the AFLPs that give a relatively high number of informative 

markers per reaction (RUSSELL et al. 1997), and can therefore allow a higher proportion 

of wild genome to be monitored at each backcross generation through the analysis of many 

donor-specific markers contemporaneously. 

 
3.4. GMO Detection and Quantification 
 

The rapid development of biotechnology has launched introducing of genetically modified 

plants (GMPs) and GMPs derived products into the environment and market. Since 

the techniques for plant transformation were established, tested and optimised, a wide range 

of applications have been investigated and performed to solve existing problems 

of the agriculture. Genetic modification of plants has thus been used to enhance natural plant 

resistance to pests and diseases or to introduce foreign DNA sequences with similar effects. 

GMO and GMO products were introduced into agricultural practice in early 1990s. According 

to ISAAA, 13.3 million farmers in record 25 countries planted 125 million hectares of biotech 

crops (the modern name for the GMO) last year. Among the biggest growers of GMO 

worldwide belongs traditionally USA. In 2006, there were GMO produced on 54.6 mio of ha 

in USA, follows Argentina with 18 mio ha, Brazil 11.5 mio ha, Canada 6.1 mio ha, India 3.8 

mio ha and China 3.5 mio ha (CLIVE 2008). Genetically modified organisms (GMO, 

transgenic organisms) have become a real part of our lives and are being introduced 

to the human food chain. GMOs entered the European food market in 1996. The first product 

appeared on UK was a genetically modified tomato puree. This product was clearly labelled 

because it was anticipated the European Commission’s Novel Food Regulation (EC) 

No 258/97 (European Commission, 1997), under which products containing GMOs must 

be labelled if they differ substantially from their conventional counterpart, either 

by composition, nutritional value or nutritional effects for the intended use of the food. 

For this purpose, qualitative methods for detection of GMOs are required. It is likewise 

important to investigate whether the GMO found is authorised or not; consequently, specific 

methods for identification of GMOs are needed. The labelling regulation was amended two 

years later by fixing a threshold of 1 % for adventitious contamination of GM-material 

in a non-GM background (EC) No 49/2000 (European Commission, 2000). In order 

to determine whether a food product (on an ingredient level) contains more than 1 % GMOs 

(for which labelling becomes mandatory) quantitative analytical methods are necessary. 

Because of GMO character and occasions combine the genetically information from 
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the different organisms, the treatment with GMO is strong regulated (OVESNÁ 2005). 

In the Czech Republic is the treatment with GMO treated by law No. 78/2004 Sb. about 

the treatment with GMO and GMO products. The force of these law is from 25.2.2004 

and replaces the law 153/2000 Sb.. 13.9.2005 entered into the force the amendment of law 

no. 78/2004 Sb. about the treatment with GMO and GMO products – the law no. 346/2005 

Sb.. This law, in principle, duplicates the direction EU 2001/18/EC.  The main aim is cover 

of safety treatment with GMO without the baleful impacts to health of human and animals, 

environment and biodiversity, without causing unnecessary obstruction. The law gives 

sureness to the citizens that the treatment with GMO and its using is under the professional 

control. It provides public information in the field of GMO too (ONDŘEJ & DROBNÍK 2002). 

Important obligation in the international field is presented by CBP (Cartagen Protocol about 

the Biological safety), which was accepted in January 2000 in Montreal, Canada and came 

into force 11.9.2003 as the first and at to now single protocol to Stipulation about 

the biological diversity. The Czech Republic is required to keep a row of EU regulations 

that are regard to food chain. Thus, it has to provide for GMO control in the food chain 

and its correct labelling (OVESNÁ et al. 2005). In the Czech Republic there are the laboratories 

that are members of European Network of GMO Laboratories (ENGL). The reference 

laboratory is the RL GMO, VURV Ruzyně. In the field of genetic modification, potatoes 

make a suitable vegetable model for several reasons. From a practical viewpoint they offer 

a relatively broad spectrum of markers and as a plant with vegetative propagation they can 

preserve a respective marker for quite a long time. On the other hand, their particular 

disadvantages are following: low levels of inserted genes expression, difficult regeneration 

of transformed plants out of sterile environment and morphological alterations, 

such as on the tubers (DAVIES 1996). Genetically modified potatoes were bred 

with the purpose to increase their resistance to pests, herbicides and harmful effects 

of the environment, to improve nutritional qualities or to even produce substances that have 

great importance for human medicine, such as their potential application as vaccines 

for the stimulation of immunity against variola. Modified potatoes producing substances 

utilizable in food and chemical industry also represent an important group (SLATER et al. 

2003). The regulation of appearance of pathogens and pests is the problem of many growers 

worldwide. Leptinospora decemlinety, PLRV a Y virus are one of the most devastate 

pathogens caused damage on yield up to 90 per cent in attacked plant (PALUCHA et al. 1998). 

The most of genetically modified potatoes were made up to increase their endurance 

to pathogens, pests, pesticides, herbicides and demanding impacts of environment 
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(PŘIBYLOVÁ 2006). There were transformed the lines of potato by gene Cry3A from Bacillus 

thuringiensis for control of Leptinospora decemlinety (PŘIBYLOVÁ 2006), by gene GNA 

from Galanthus nivalis with the insecticide effect based on worsening of insects develop 

and decreasing of their fertility (GATHOUSE et al. 1997). To induce resistance to Phytophtora 

infestans the gene for temporin A was introduced to potato (OSUSKY et al. 2004). LYAPKOVA 

et al. (2001) performed transformation of potatoes (variety Desirée) by use of vector 

pH22Kneo (DE BOLLE et al. 1993) encoding an antimicrobial chitin-binding protein ac2 

from seeds of amaranth (Amaranthus caudatus L.). This modification plays a role 

in the defence of potatoes against fungal infections. Protein produced by the expression 

of gene ac2 is a member of the group of chitin-binding proteins (BROEKAERT et al. 1992) 

that are able to bind chitin in fungal cell walls, causing a consequent change in its polarity, 

and resulting in the inhibition of fungal growth (SELITRENNIKOFF  2001). Protection against 

the PLRV can be insertion of coat protein gene from PLRV to plant (VAN DER WILK et al. 

1991). The potato, with the bar gene from bacteria Streptomyces hygroscopicus, is resistant 

to phosphinotricine, efficient substance of herbicides (PADAGIMAS et al., 1994). Because 

GMOs is a widely debated issue, it is necessary to set up effective mechanisms for its control, 

which will respond to the legislative requirements. There was developed a number 

of analytical methods, qualitative and quantitative, for reliable detection of the presence 

or the amount of GMOs in agricultural commodities. In addition, the classical methods 

for analyzing DNA and proteins, such as polymerase chain reaction (PCR) and ELISA may 

certain types of GMO detect by the complementary methods of chemical analysis 

such as chromatography and infrared spectroscopy (ANKLAM 2002). All these methods have 

certain restrictions, whether in their specificity, sensitivity, the possibility of affecting other 

contaminants, suitability of methods for the sampling time or cost-effectiveness determination 

(ZDEŇKOVÁ et al. 2004, PÖPPING, 2001). However, the methods vary in their reliability, 

robustness and reproducibility; in combination with different levels of cost, complexity, 

and speed etc. Moreover, there is no one method that is applicable to all circumstances. 

A further consideration is the claim of very high sensitivity reached in the analysis even 

in absence of clearly proven detailed performance studies. In order to obtain comparable 

results, and hence giving consumers and producers the confidence in the testing methods, 

there is an urgent need for internationally validated methods, which could serve as reference 

methods. To date, several methods have been validated at the European level, and the trend 

for such studies is increasing at the international level. Nevertheless, in order to be able 

to demonstrate that the results from the validated method are correct, control laboratories 
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should participate in proficiency testing, which is also a valuate step in the preparation 

for accreditation. The most of papers is focused on publication of detection protocols 

for genetically modified corn, soybean, rape, or cotton. Minor modification, such 

as in potatoes attracts little attention. 
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5. CONCLUSION 
 

The submitted study has showed the application of different molecular, or more precisely 

DNA, markers to investigate questions from the area of molecular markers utilization 

in potato characterisation, namely for variety identification and GMO testing.  

It has been evolved and optimized methodology of RAPD, SSR, ISSR, AFLP, IRAP, 

GMO detection and quantification analyses including the optimization of DNA isolation 

for specific usage.  

From the chosen molecular markers and techniques SSR and IRAP are the most powerful 

tools for the potato variety identification. Therewithal, the question of RAPD marker was 

solved before my onset and these and my own results confirm the instability of this marker 

cited in literature. Likewise, the same problem was discovered in ISSR marker that afford 

higher number of amplified bands than SSR marker, but also there were detected intra-variety 

differences and instability dependent on DNA age and origin. AFLP method is an interesting 

but on the other hand expensive and time consuming and its application will be solve 

in Biotechnological Centre in early future.  

The proposed methods for GMO detection and quantification allow specific detection 

of transgene presence in tubers, leaves and potato germ. Both methods, multiplex PCR and 

Real-Time PCR, are suitable tools for solution GMO testing task. Evaluation of these methods 

are based on calibration curve and the usage for given task is dependent on detection and 

quantification limits. For the duplex PCR the detection limit was 10 per cent contamination 

of the transgene (2.5 ng DNA transgenic organism) and it is obvious that this method is 

suitable especially for GMO detection and prime screening. Otherwise, for the Real-Time 

PCR method was detection limit 0.01 per cent and quantification limit 0.05 per cent along 

with the higher financial and technical demand the effective tools for GMO quantification.         

 

Conclusion summary: 

1. It was proof that the molecular markers based on DNA analysis are a suitable tool 

for the identification of potato varieties. From the tested methods RAPD, SSR, ISSR, 

AFLP and molecular markers based on retrotransposon analyses  proved 

to be for the given problem of potato variety identification more utilisable molecular 

markers method SSR and IRAP (data for the pilot file are summarized in papers 2 

and 3). Data based on SSR analyses for 164 varieties registered in Czech Republic 
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are available on http://www.katalogbrambor.cz that is also the output of submitted 

study together with the adopted methodology 1. 

2. Likewise, it was approve that the DNA analyses based on PCR is suitable tool 

for GMO detection and quantification. Accurately, the multiplex PCR analyse 

is a cheap, fast and reliable approach for GMO detection; on the other hand detection 

and quantification limits are not sufficient for the GMO quantification. In contrast, 

Real-Time PCR method is expensive and it is need to have specific equipment 

for detection of the emitted signal, but the detection and quantification limits 

are sufficient. The output of this part is the methodology 2.   
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6. OVERVIEW OF THE OBTAINED RESULTS 
 
Scientific journals with IF 

Nováková A., Čurn V. Molecular markers in potato breeding and variety identification, 

Potato Research (submitted to edition). 

 This review article is focused on the recapitulation of the current knowledge 

on the field of usage of molecular markers in potato and it served as the analysis of present 

issues in this area.  

 

Reviewed Scientific journals 

Nováková A., Šimáčková K., Bárta J., Čurn V. Utilization of molecular markers based on 

microsatellites polymorphism for potato variety identification cultivated in CR, JCEA 

(submitted to edition) 

 This paper summarised the pilot study of molecular markers based on microsatellites 

polymorphism usage for potato variety identification. In this study we analyzed twenty potato 

varieties (Solanum tuberosum L.) cultivated in the Czech Republic. Every variety was 

represented by four independent replicates. This set of samples was analyzed by methods 

of PCR-SSR (Simple Sequence Repeats) and PCR-ISSR (Inter Simple Sequence Repeats). 

We obtained pattern of six SSR and five ISSR markers for the set of twenty selected varieties 

registered and cultivated in the Czech Republic in the year 2007. Recorded polymorphism 

was appraised and the varieties were separated to the categories by the fingerprint data. 

We discovered that both of tested methods afford sufficient polymorphism for variety 

identification. The method of SSR analysis is suitable for evaluation of variability and for the 

purposes of variety identification. On the other hand ISSR method conveys plentiful 

polymorphism but the disadvantage is a polymorphism within variety and we observed 

also the instability of the pattern depending on the age of DNA, likewise RAPD analyses.  

 

Nováková A., Šimáčková K., Bárta J., Čurn V. Potato variety identification by molecular 

markers based on retrotransposon analyses, Czech J. Genet. Plant Breed., 45, 2009 (1): 1–

10 

This article epitomizes the pilot study aimed at the usage of molecular markers based 

on retrotransposon analyses for potato variety identification. We analyzed a set of twenty 

potato (Solanum tuberosum L.) varieties presented in the Czech Variety List using the PCR-

IRAP (Inter-Retrotransposon Amplified Polymorphism) method in order to distinguish fast 
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and unambiguously the varieties. The recorded pattern of markers was stable 

and reproducible. The analyses were repeated three times and identical results were always 

obtained. The best resolution of individual varieties was obtained if all three primers were 

evaluated as a complex. The use of retrotransposon based markers appears to be suitable 

for the differentiation of large sets of potato samples and should be an eligible complement 

to other molecular markers used in potato variety identification such as Simple Sequence 

Repeats (SSR) and Amplified Fragment Length Polymorphisms (AFLP). 

 

Methodology 

Metodika izolace DNA a analýzy molekulárních markerů pro účely popisu genových zdrojů 

a identifikace odrůd brambor (Solanum tuberosum L.) / Methodology of DNA isolation 

and molecular markers analysis for description of genetic resources and identification 

of potato varieties (Solanum tuberosum L.), V. Čurn,   A. Nováková,  K. Šimáčková, B. 

Kubátová, ISBN: 978-80-7394-135-2. 

This methodology is targeted on the use of molecular markers based on DNA analysis 

for the purpose of potato variety description and identification, for the purposes of verification 

of variety identity and purity of seed. The procedures can be used for description 

and characterization of breeding material and gene resource used in the breeding process. 

The work summarised whole process including the assessment of individual procedures 

from DNA extraction over the description of suitable molecular markers 

and theirs characterisation and possibility of visualization to the description of appropriate 

statistical methods. There are used knowledge obtained from the pilot studies and older data.  

 

Metodika izolace DNA a detekce GMO u brambor (Solanum tuberosum L.) / Methodology 

of DNA isolation and GMOs detection in potato (Solanum tuberosum L.), V. Čurn,   

A. Nováková,  K. Šimáčková (submitted) 

The methodology is concerned to the GMO detection and quantification in potato. 

The work includes procedures for the isolation of DNA from leaves and tubers, and methods 

for detection and quantification of the transgene in potato based on DNA analyses 

with the PCR usage. Development and optimization of procedures for the detection 

of the transgene will allow the monitoring of GM potatoes at all levels of the cultivation, 

storage and handling of plant material. There is summarised the comprehensive process 

from the DNA extraction over the analytical method according the targeted use 

detection/quantification to the statistical methods.  
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7. PAPERS 
 
1. Molecular markers in potato breeding and variety identification 

 

2. Utilization of molecular markers based on microsatellites polymorphism for potato variety 

identification cultivated in CR 

 

3. Potato variety identification by molecular markers based on retrotransposon analyses 

 

4. Metodika izolace DNA a analýzy molekulárních markerů pro účely popisu genových 

zdrojů a identifikace odrůd brambor (Solanum tuberosum L.) / Methodology of DNA isolation 

and molecular markers analysis for description of genetic resources and identification 

of potato varieties (Solanum tuberosum L.) 

 

5. Metodika izolace DNA a detekce GMO u brambor (Solanum tuberosum L.) / Methodology 

of DNA isolation and GMOs detection in potato (Solanum tuberosum L.)  
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9. SUMMARY IN CZECH 

 

V předkládané disertační práci se zabývám možností využití molekulárních markerů 

pro charakterizaci bramboru. Studované metodické postupy jsem včetně izolace DNA 

optimalizovala pro použití v konkrétních podmínkách.  

 V první fázi jsem ze zaměřila na ověření, v literaturou doporučovaných, 

molekulárních respektive DNA markerů (RAPD, SSR, AFLP) a metodických postupů 

s ohledem na jejich užití pro identifikaci odrůd brambor. Problematika RAPD markerů byla 

na pracovišti Biotechnologické centra řešena ještě před mým nástupem na doktorské studium, 

na tehdejší výsledky jsem tedy navázala a tuto metodu jsem shledala nevhodnou pro řešení 

daného úkolu. Metoda SSR markerů se jevila jako nejvhodnější z prověřovaných 

markerovacích systému, jak z hlediska poskytovaného polymorfismu, tak pro svou nižší 

materiální a časovou náročnost ve srovnání s AFLP markery, jejichž aplikace bude 

na pracovišti řešena v nejbližší době. Analýza SSR markerů byla tedy použita, jak pro pilotní 

studii, tak i pro následný screening souboru 164 dostupných odrůd brambor registrovaných 

v České Republice. Výsledek tohoto screeningu je dostupný v internetové databázi 

http://www.katalogbrambor.cz. 

 Dále jsem se zamýšlela nad použitím jiných DNA markerovacích systémů vhodných 

pro řešenou problematiku. Postupně jsem zařadila do studie ještě analýzu mikrosatelitů ISSR, 

která se podle literaturou uváděných výsledků jevila jako vhodná. ISSR analýza sice 

poskytovala vyšší počet amplifikovaných pruhů, ale při opakovaných analýzách jsem zjistila 

jak variabilitu uvnitř odrůd tak i nestabilitu tohoto markerovacího systému v závislosti na stáří 

a původu DNA. Další oblastí zájmu se poté stala analýza transponibilních elementů respektive 

retrotransposonů a to především analýza IRAP. Tato metodika se jeví jako vhodná 

i s ohledem na vyšší požadovanou kvalitu DNA a obtížnější reprodukovatelnost v závislosti 

na velkém počtu amplifikovaných pruhů, jež však na druhou stranu zajistí možnost přesné 

identifikace jednotlivých odrůd brambor i v tak velkém souboru genotypů. Analýza IRAP 

markerů byla tedy použita jak pro pilotní studii, tak i pro následný screening 

souboru 164 dostupných odrůd brambor registrovaných v České Republice. Výsledky tohoto 

screeningu budou dostupné v internetové databázi na http://www.katalogbrambor.cz. 

 Dalším úkolem, který jsem se rozhodla řešit, byla problematika testování GMO 

u brambor. Podle znalostí získaných z dostupné literatury jsem zvolila metodu multiplex 

PCR, respektive duplex PCR, pro detekci GMO u brambor. Pro následnou kvantifikaci GMO 

u brambor jsem zvolila metodu Real-Time PCR. Obě testované metody jsou vhodné 
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pro řešení dané problematiky a poskytují dostatečné detekční a kvantifikační limity s ohledem 

na použití. 

 
 
 
 
 


