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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 atany stage
of their activities (GORG 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



of the flowers and tubers. Such an approach is undoubtedly successful for DUS testing
(COoOKE 1999). However, itisless 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 (KM 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 islow, 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



or transgenic organisms (OVESNA 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
(DRAPAL 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 (ZDENKOVA
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 (ONDREJ 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, ZEL 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, POPPING 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).



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.



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 (ZUKOVSKI] 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 20™ 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 (Z1ZKA 2007). There were processed



149.6 thousand of tons of potato for production of starch. The average yield of potato
for starch production was 33 tha™ 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) (Z1ZKA 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 16" century,
partly through Spain (1565) and probably also through Ireland and England (1585). Potato
appeared in mansion, monastic and botanical gardens in the late 16™ century
and it was cultivated as ornamental flowers for almost 200 year. As late as second half of 18"
and early 19" 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



morphological and physiological qualities (JELLIS & RICHARDSON 1987).

In the Czech Republic the potato breeding started evolve not earlier than after the 1%
World War and it brought many good varieties. Until than have grown German varieties.
The planting was produced in ValeCov since 1869. The first variety created by selection
was “Nolcovy rohlicky” (1887) in the Czech Republic. The potato varieties were tested
in Agricultural-Botanical Station in Tabor since 1894. There were established the first
breeding stations in twenties, Institute for potato improvement Slapy u Téabora (1921),
experimental station ValeCov (1921), breeding station Ketkov (1923). Overall,
it was in Ketkov selected 17 varieties, including famous variety ,,Kefkovské rohlicky*.
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 ,,Klara“ (1986).
The research institute for potato growing Havlickliv Brod was established in 1923
(GRAMAN 1995) and breeding station Velhartice (1957). The breeding stations (Ketkov,
Ceska Béla, Hradek u Pacova, Velhartice, Vyklantice, Bystfice nad Pernstejnem
and Neustupovské Otradovice) were incorporated to the research institute Havlickliv Brod
in 1977. At the beginning of 1988 ValeCov 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 Ketkov a.s., Selekta
Pacov a.s., Vesa Velhartice a.s. a Vyso€ina 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?” (CERMAK 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



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 (ONDREJ 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 (ONDREJ 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



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 QTLs-

markers (Quantitative Trait Loci) yield and potato quality (BARONE 2004). The existence



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,
canbe advantageous (LEE et al. 1996). GOrRG et al. (1992) were able
to identify 122 out of 134 potato varieties using Taqg-I restricted DNA and a multi-locus probe
is known as GP-35. COOKE (1995) wused repetitive oligonucleotides as probes,
with the (GATA)n repeats, proving this system to be widely applicable. GORG 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 astemplates
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, GALVAN 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, RODER
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 wuseful 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, DORING et al. 1984, SurTtoN 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 — Tyl/copia type and Ty3/gypsy type (XIONG & EICKBUSCH
1990). Tyl/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,
VovTAs 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
fromthe 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 BEZO et al.
(2006) for potato and flax. Alternatively, retrotransposones can be used in an AFLP-type

17



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 1is 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 Grol (BARONE et al.
1990), the gene that confers resistance to pathotype Rol 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 Rpll 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
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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 anon-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

20



the different organisms, the treatment with GMO is strong regulated (OVESNA 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 (ONDREJ & DROBNIK 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 (OVESNA 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 Ruzyné. 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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(PRIBYLOVA 2006). There were transformed the lines of potato by gene Cry3A from Bacillus
thuringiensis for control of Leptinospora decemlinety (PRIBYLOVA 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
(ZDENKOVA et al. 2004, POPPING, 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

22



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.

. 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
Novikovi A., Curn 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

Novikovd A., Simdaékovd K., Barta J., Curn 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.

Novikovd A., Simdckovd K., Barta J., Curn 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 analyzy molekuldarnich markerii pro ucely popisu genovych zdroji
a identifikace odriid 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. Curn, A. Novikovi, K. Simdckovd, B.
Kubatova, 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. Curn,
A. Novdkovd, K. Simdckovd (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
fromthe 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 analyzy molekuldrnich markert pro ucely popisu genovych
zdroju a identifikace odrtid 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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Novakova A., Curn V.
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Abstract: Cultivated potato (Solanum tuberosum L.) is one of the most important crops worldwide.
The identification of individual varieties is important at every stage of their agri-production, during
their breeding, registration, seed-production, and testing processes. The traditional approach to
variety identification is carried out by observing and recording a range of morphological characters
or descriptors. Furthermore, morphological characters are often multigenic, not available at all
growth stages and influenced by environmental interactions, making it difficult to assess them
quickly and objectively, and requiring repeated observations.

New molecular and biochemical marker techniques evolved with advances in molecular
biology. These techniques have become a powerful tool for determining genetic distinctness and
enable the characterization of particular genotypes. The use of molecular markers for variety
identification of agricultural crops was widely applied in the last decade on the basis of exactly
determining genetic variation based on DNA analysis. This is important, because detection of the
requested traits is not influenced by environmental factors.

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

tools for variety identification. In addition, a large number of samples must be analyzed. The large
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number of registered potato varieties increases the complexity of this process. Several methods
have been recommended for potato variety identification, to which should be included RFLP, RAPD,
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Abstract

Cultivated potato (Solanum tuberosum 1.) is one of the most important crops
worldwide. The identification of individual varicties is important at every stage of their agri-
production, during their breeding, registration, seed-production, and testing processes. The
traditional approach to variety identification is carried out by observing and recording a range
of morphological characters or descriptors. Furthermore, morphological characters are often
multigenic, not available at all growth stages and influenced by environmental interactions,
making it difficult to assess them quickly and objectively, and requiring repeated
observations.

New molecular and biochemical marker techniques evolved with advances in
molecular biology. These techniques have become a powerful tool for determining genetic
distinctness and enable the characterization of particular genotypes. The use of molecular
markers for variety identification of agricultural crops was widely applied in the last decade
on the basis of exactly determining genetic variation based on DNA analysis. This is
important, because detection of the requested traits is not influenced by environmental factors.

Plant and potato breeders, as well as state control and inspection authorities, need
reliable tools for variety identification. In addition, a large number of samples must be
analyzed. The large number of registered potato varieties increases the complexity of this
process. Several methods have been recommended for potato variety identification, to which
should be included RFLP, RAPD, AFLP, SSR-PCR, ISSR-PCR, SNP and retrotransposon
based techniques.

Key words
AFLP, microsatellite, RAPD, retrotransposon, RFLP, potato, variety identification
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INTRODUCTION

Cultivated potato (Solanum tuberosum L.) is, along with wheat, rice and maize, one of
the four most valuable world crops. 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 4,200 different potato varieties that are cultivated
in over 100 countries worldwide (Hamester and Hils 2003, Hils and Pieterse 2007).

The improvement and creation of new varieties with new combinations of current
features or essentially new features, such as GMO 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” varietics are used as
donors of these features. New breeding approaches based on molecular markers allows for a
more efficient use of these donors (Callow et al. 1997). The success of a breeding program is
dependent on new knowledge and study of the genetic diversity of germplasm. The breeder’s
advantage is the ability to detect the requested characters already in the first-stage of
development of a growing plant and the early-generation of the breeding process. Alse the
identification of individual varieties of agricultural and horticultural crops is important at
every stage of their agri-production: during their breeding, registration process, seed-
production, and testing (Gdérg et al. 1992). Our ability to discriminate between and identify
varieties of agricultural and horticultural crops is thus fundamental to the operation of the
modern seed trade. All sectors of the industry, from breeders through the registration
authorities, seed producers, sced certification and testing agencies, seeds merchants, farmers,
growers, grain merchants, processors and other end users, benefit from variety verification at
some stage in their activities.

The traditional approach to variety identification is composed of the observation and
recording of a range of morphological characters or descriptors. While in practice this is
largely successful and forms the basis, for instance, of most current testing procedures for
Distinctness, Uniformity and Stability (DUS) and the granting of Plant Breeders Rights
(PBR), it can be an expensive and time-consuming process. The number of useful descriptors
is limited in some species. Guidelines for potatoes, for instance, consist of 50 characters, 12
of which are concerned with sprouting, along with a series of characters such as plant height,
leaf size and various features of the flowers and tubers. Such an approach is undoubtedly
successful for DUS testing. However, it is less suitable when results are required rapidly, such
as for the confirmation of tuber material identification. Furthermore, morphological characters
are often multigenic, not available at all growth stages and influenced by environmental
interactions, making it difficult to assess them quickly and objectively, and requiring
replication of observation.

Together with advances in molecular biology, several new molecular and biochemical
marker techniques will be adopted. These techniques are a powerful tool for determining
genetic distinctness and enable characterization of particular genotypes. The first groups of
these approaches are techniques based on protein polymorphism. But these techniques have
several disadvantages; in addition to the basic disadvantages of storage protein and isozyme
analysis, they are available to mark only a limited number of genes (and potential traits), their
genome coverage is low, and they are strongly influenced by plant ontogenetic stage and
environmental conditions (Desborough and Peloquin 1968).

Use of molecular markers for variety improvement of agricultural crops and
identification of desirable genotypes has been widely applied in the last decade to exactly
determine genetic variation based on DNA analysis (Staub et al. 1996). This is an important
development, because detection of requested traits is not influenced by environmental factors.
Molecular markers also allow genotypic selection instead of traditional phenotypic selection.
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This approach is mostly used in the newly developed breeding system called molecular
marker-assisted selection (MMAS) (Paterson et al. 1991). MMAS is an example of the highly
effective utilization of plant biotechnology in crop breeding. One of the first and very
important applications of MMAS, gene introgression from a donor genotype to a recurrent
one using backerossing, was described by Tanksley et al. (1989).

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 almost 1200 varieties in the
EU catalogue of registered varieties (European Commission 2007), and this number is always
increasing with new varietics being registered. Several marker classes such as RAPD, AFLP,
SNP, SSR-PCR and ISSR-PCR are recommended for potato varicty identification.

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 (Wiliams 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 are transfers 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 mcorporation of these markers mto the potato molecular map (Barone 2004). The potato
molecular map was at the turn of lillennium 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 markers (Bonicbale et al. 1998,
Gebhardt et al. 1989b). The potato map was considered to be well saturated, containing more
than 350 mapped markers almost evenly distributed across 12 potato chromosomes and
covers approximately 90% of the potato genome (Gebhardt et al. 1991). The map was further
innovated and the potato database containing molecular maps of all twelve potato
chromosomes with about 1000 mapped clements, sequence data, putative gene functions,
results from BLAST analysis, SNP and InDel information from different diploid and
tetraploid potato genotypes, publication references, links to other public databases was
developed (Meyer et al. 2005). At present UHD potato map contains more than 10000
markers and represent powerful tool in genomics and molecular marker approach in potato
breeding (Van Os et al. 2006). This high number of markers and genome coverage allows for
physical gene location: finding genes for particular agronomic traits. More than 25 genes with
single dominance have been inserted into this map, with some of them identified as resistance
genes and linked to QTL’s-markers yield and potato quality (Barone 2004). The existence of
such a molecular map also allows for carrying out positive selection in the breeding process.
Known important agronomic genes include genes controlling flower color (Van Eck et al.
1994) or tuber color (Gebhardt et al. 1991), color 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 and Valkonen 2001; Kuhl et al. 2001; Marczewski et al. 2002). DNA markers are
suitable for the detection of genetic diversity (Plaschke et al. 1995; Kim and Ward 1997,
Davila et al. 1998). The most important techniques and widely used markers have been RFLP,
RAPD, SNP, AFLP and SSR. The last two techniques are now the most used.
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RFLP

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). Probe-based methods like RFLP
were the first widely reported means of revealing DNA sequence variations in a diverse range
of organisms, including varieties (Ainsworth and Sharp 1989; Weising et al. 1995; Karp et al.
1996). RFLP analysis uses genomic 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 varieties and the large number of restriction enzyme/probe combinations available
makes RFLP analysis a powerful tool, which is also robust, producing repeatable results in
different laboratories. RFLPs are relatively small in size and 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). Gorg et al. (1992) were able to identify 122 out of 134 potato
varieties using Taqg-/ restricted DNA and a multi-locus probe known as GP-35. Cooke (1995)
used repetitive oligonucleotides as probes, with the (GATA), repeats proving to be widely
applicable. Gorg et al. (1992) used the RFLP method to identify 136 tetraploid potato
varieties. This method unambiquously 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
relatively high cost of analyses, the length of time taken for results to be produced and the fact
that radioactive labelling of probes is widely used to reveal the DNA profiles, which together
undoubtedly place a limitation on its more routine use (Mandolino et al. 1996).

PCR and PCR based techniques

Amplification techniques based on the polymerase chain reaction (PCR) address some
of these difficulties and offer apparent advantages over RFLP. PCR is a method that allows
the production of millions of copies of 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 and 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 and root crops, and also fruit,
vegetables and ornamental species (Rout et al. 2006, Barcaccia et al. 2003; Rafalski 2002).

RAPD

RAPD analyses result in faster identification, because they need relatively little target
DNA, avoid the use of radicactivity, require no prior knowledge of the DNA sequence of
interest and use readily commercially available materials. Thus, RAPDs detect
polymorphisms distributed throughout the genome with a primer amplifying several bands,
cach probably originating from a different locus. Concern has arisen more recently, however,
about the reproducibility of RAPD profiles, especially between laboratories. 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 glasshouse or field grown samples. While this need 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
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in North America (Sosinski and Douches, 1996) Russia (Organisyan et al. 1996), Japan
(Hosaka et al. 1994), Australia (Ford and Taylor 1997), Canada (Demeke et al. 1993) and
India (Chakrabarti et al. 1998, 2001; Pattanayak et al. 2002).

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 clectrophoresis and the banding patterns visualized. A range of
enzymes and primers are available to manipulate the complexity of AFLP fingerprints to suit
the application. 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 fragments
amplified are altered by the cheice of primer pair. The technique also has the advantage of
sampling many loci simultaneously and, in addition, is more robust than arbitrary priming
techniques such as RAPD, since more stringent conditions are used in the PCR. AFLP has
predominantly been applied in genctic mapping studies (Ballvora et al. 1995; Becker et al.
1995; Meksem et al. 1995; Van Eck et al. 1995).

AFLP has been used to analyze varieties of various species, including cereals,
potatoes, sunflowers, Brassicas, beans and lentils (Cooke and Reeves 1998; Law ct al. 1998).
AFLP analysis represents a very flexible approach, which has been used in potatoes
(Milbourne et al. 1997). Many loci are sampled simultancously, making AFLP profiles
complex, which can make interpretation complicated. Again, most AFLP analyses currently
use radioactively labelled primers, which is both costly and inconvenient. There are, however,
some considerable advantages, in that many samples can be analyzed simultancously, 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. Iycopersicum (tomatoes). AFLP fingerprints generated 12 to 71 scorable
fragments per genotype, 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 and 97 different AFLP genotypes
were observed among the 499 individuals investigated. 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
loct, 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).
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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 (hypervariable) DNA sequences
dispersed throughout fungal, plant, animal and human genomes (Kahl 2001). The PCR-based
analysis of simple sequence repeats 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 and Olivieri 1993). The di-, tri- or tetranucleotide repeats are arranged
in tandem arrays consisting of 5 — 50 copies. SSRs are abundant in plants, occurring on
average every 6 — 7 kb (Cardle et al. 2000). 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 simultancously (Cooke
and Reeves 1998). In many 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, 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). Within plants, 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 librarics made the cost per marker very
expensive (Rafalski and Tingey 1993). The first SSRs were developed by screening large
numbers of clones from genomic libraries with repetitive probes (Akkaya et al. 1992; Réder
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 (Milboumne et al. 1998), or selective pre-amplification using oligos
with repeat motives (Bryan et al. 1997). A 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.

The potential of STMS analysis (sequence-tagged microsatellite site — STMS, Hiittel
et al. 1999) 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 and 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 STMS 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 smgle 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-cffectiveness. Methods of STMS analyses, based on the
differential fluorescent labelling of microsatellite primers and separation of multiplexed
products using automated DNA sequences, are being increasingly wsed for crop plant
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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 and Douches 1997, Ghislain et al. 2000; McGregor <t al. 2000; Ashkenazi et al.
2001). SSRs can provide a reliable, efficient, and applied DNA-based fingerprinting system
for potato. In potatoes, STMS have been used in North American and European varieties
(Provan et al. 1996; Kawchuk et al. 1996; Schneider and Douches 1997). Also the reliable
maintenance of large culture collections is becoming more problematic due to increasing
number of registered varieties. Microsatellites are relatively rapid method with sufficient
differential ability and this approach is developed as additional marker/description system for
variety identification (Moisan-Thiery et al. 2005; Ispizua et al. 2007, Monica et al. 2007, Reid
and Kerr 2007). Recently SSRs are used as a tool in plant breeding and microsatellite marker
STM5136 was closely linked to the identified QTL for content of alpha-solanine and alpha-
chaconine (total glycoalkaloid, TGA). This application can demonstrate potential of marker-
assisted selection (MAS) approach in modern plant breeding (Sorensen et al. 2008). 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 casy 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 varietics. Polymorphism was observed with 14 of the
SSRs using agarose gel electrophoresis and PAGE 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. 130 SSR primers gencrated amplification products in a large set of cultivated potato
accessions comprised of at least four genotypes from cach 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 design, ISSR
markers/technique is such a modification of microsatellite analysis (Zietkiewics et al. 1994;
Kantety et al. 1995). The pattern of ISSR markers is a consequence of PCR amplification of
internal SSR using anchored primers without exact knowledge of their sequence. 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 1s more rapid and less time-, labour- and financially-
consuming than AFLP or SSR. The character of ISSR markers is domiant, although some
authors reported the presence of codominant markers (Fischer et al. 1996).
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SNP

This polymorphic marker system is based on polymorphism between genotypes
caused by single nucleotide exchange, small deletion on insertion (Kahl 2001). Single
nucleotide polymorphism (SNP) is a marker technology originally developed in human but
studied also in model organisms such as Drosophila melanogaster (Long et al. 1998) and
Arabidopsis thaliana (Cho et al. 1999). This technology or markers are important genetic tool
for identity testing, genotype-phenotype association studies, and evolution reconstruction
(Wang et al. 1998). SNPs are the most abundant polymorphic marker with 2 — 3 polymorphic
sites every kilo base (Cooper et al. 1985) or they occurred at a frequency of about one SNP in
1000 nucleotides in genomic DNA (Wang et al. 1998). It represents the most common type of
genetic variations accounting approximately 90% of all polymorphism (Collins et al. 1997,
Kwok 2001).

In plants, SNPs can be used as genctic markers: for many breeding applications such
as variety identification, for population studies, for germplasm fingerprinting, for gene
mapping, for genotype/phenotype association, and for positional-cloning studies. Plants offer
unique challenges for genotyping studies in that the majority of cultivated species are
polyploid and have extremely large genomes (Giancola et al. 2006). Appearance of SNP is
different crosswise plant species for example maize is considered highly polymorphic, with
an average of one SNP every 104 bp (Tenaillon et al. 2001) but the level of variation depends
on the locus too (McKhann et al. 2004), for example in promoter regions Giancola et al.
(2006) found up to 1 SNP per 12.5 bp, Ching et al. (2002) reported one non-coding SNP per
31 bp and one coding SNP per 124 bp in 18 genes assayed in 36 inbred lines.

SNPs have now been developed for genotyping in plants (Buckler et al. 2001).
Chiapparino et al. (2004) used SNPs for barley varieties identification and they were able
unambiguously identified, with usage of five SNPs, a set of 132 cultivated varicties and
Shirasawa et al. (2006) developed more preciously Dot-blot SNP analysis for variety
identification. Ricket et al. (2003) analyzed 17 tetraploid and 11 diploid potato genotypes. In
this study 78 genomic DNA fragments with an overall length of 31 kb were comparatively
sequenced and 1498 SNPs were identified, which corresponded, to on SNP every 21 bp. They
also gathered lower nucleotide diversity in tetraploid genotypes than in diploid genotypes.
SNPs can mark functionally important allelic differences, and SNPs that flag individual
alleles of known genes have been used widely as molecular markers. Sattarzadeh et al. (2006)
used SNPs as basis for developing a PCR-based marker for detection resistance to Globodera
pallida pathotype Pa2/3 in potato varieties.

SNP technology 1s heavily dependent upon sequence data. Several methods are
available for SNP detection including matrix-assisted laser desorption / ionisation time-of-
flight (MALDI-TOF, Griffin and Smith 2000) and a number of techniques that rely on
fluorescence, for example sequencing, Amplifluor® (SerologicalCorp.), TagMan®,
SnaPshot® and SNPlex® (AppliedBiosystems), Illumina® (Illuminalne.), and chip-based
technologies such as Genechips (Affymetrix; Gut 2004), automated fluorescent sequencing
denaturing high-performance liquid chromatography (DHPLC, Underhill et al. 1996), DNA
micro arrays (Hacia and Collins 1999), single-strand conformational polymorphic-capillary
electrophoresis  (SSCP-CE, Ren 2001), micro plate-array diagonal-gel electrophoresis
(MADGE, Day et al. 1998).

TRANSPOSONES AND RETROTRANSPOSONES

MecClintock 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-
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type transposable elements and retrotransposones. DNA-type transposable clements include
the well-characterized Ac/Ds (Activator/Dissociation) (Freoroff et al. 1983; Doring et al.
1984; Sutton et al. 1984), En/Spm (Enhancer/Suppressor-mutator) (Pereira et al. 1985,
Masson et al. 1987) and Mu (Mutator) (Alleman and Freeling 1986; Lisch 2002). While a
DNA-type transposable element transposes through self-excision and subsequent re-insettion,
a retrotransposon transposes after it is transcribed and reverse-transcribed, by means of a
copy-and-paste mechanism (Boeke and Corces 1989). Retrotransposons consist of two
subclasses of elements, long-terminal repeat (ILTR) and non-LTR retrotransposons, and the
former are further subdivided into two groups — Tyl/copia type and Ty3/gypsy type (Xiong
and Eickbusch 1990). Tyl/copia LTR retrotransposons contain open reading frames (ORFs)
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 clement retrotransposons generally show widespread chromosomal dispersion,
variable copy number and random distribution in the genome (Kumar et al. 1997; Kalendar et
al. 1999). Retrotransposons are the most common class of eukaryotic transposable elements.
Retrotransposons move to new chromosomal locations via an RNA intermediate and insert
new cDNA copies back into the genome (Boeke et al 1985; Bingham and 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
retrotransposons (Shirasu et al. 2000). To extend the transposon tagging strategy to plant
species in which endogenous transposable eclements have not yet been isolated, transformation
techniques can be employed to introduce one of the characterized transposable clements
(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 ot al. 1996; 1997) of retrotransposon-like clements in plant genomes can be exploited
for DNA-fingerprinting. Two DNA techniques based on retrotransposon-like ¢lements 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 Pisum, Vitte et al. (2004) for rice and BeZo et al. (2006) for potato
and flax.

Alternatively, retrotransposons can be used in an AFLP-type reaction (Vos et al.
1995), called Sequence-Specific Amplified Polymorphism S-SAP (Waugh et al. 1997). In the
S-SAP 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 S-
SAP has been described for barley (Waugh et al. 1997), wheat (Triticum aestivum L.)
(Gribbon; et al. 1999), pea (Pisum sativa L.) (Ellis et al. 1998) and alfalfa (Medicago sativa
L.) (Porceddu et al. 2002).
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CONCLUSIONS

There is no doubt that the modern techniques described in this paper provide a highly
discriminating approach to potato variety verification. Some of these methods have already
found widespread use and acceptance within certain sectors of the seeds industry. Before the
maximum benefit can be derived from these approaches, there is a need for further research
into methodology and for the development of techniques that are rapid, robust, reliable, cost-
effective and can be subjected to standardization. A wider range of crops needs to be
examined, along with more extensive collections of varieties. The uniformity and stability of
varieties, particularly with respect to the newer DNA profiling techniques, need to be studied.
Science and technology do not stand still and organizations such as IST A need mechanisms in
place to ensure that they are kept fully up to date with developments. Overall, more research
is needed with regard to all of these new approaches. For the molecular markers especially, a
wider range of genotypes needs to be examined and more information is required in regard to
the uniformity and stability of the markers. It is clear, however, that, given the wider use of
more genetically-based plant breeding and the emphasis on quality control at all stages, new
approaches to variety identification are going to increase in importance in the future.

Molecular markers assist the transfer of useful genes and permit the selection of
superior genotypes even for an allogamous, tetraploid species such as potato. In various
examples so far reported in potato breeding, both positive and negative selection has been
used, thus improving the transfer of genes. The increasingly widespread availability of
molecular markers linked to single resistance genes and to QTLs for yield and qualitative
traits may offer many new potential applications for the MAS in the production of new
commercially available potato varieties.

A variety of molecular markers have been successfully applied to potato genetic
resources at low taxonomic levels to study diversity and taxonomy, and to search for effective
fingerprinting tools. Each system has advantages and disadvantages, depending on the genetic
distance of the populations examined and the nature of the question addressed.
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ABSTRACT

In the vear 2007, there were one hundred and seventy-cight potato
varieties enlisted in the Czech list of registered potato varieties. The classical
morphometric approach to characterization is not effective for such a number of
varieties especially for identification at the level of tubers. The needfulness of
variety identification at the level of tubers 1s important mainly [or trade aspect.
The Czech law n0.110/1997 Sb. about the food-stutt and tobacco products and the
consequential ordinance (MZe &, 332 / 1997 Sb.) require guarantee of variety
declaration in commercial relation for table potato.

In this studv we analyzed twentv potato varieties (Solanuni tuberosum 1)
cultivated in the Czech Republic. Every wvaricty 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
discovered that both of tested methods allord sufficient polymorphism for variety
identification, but the method of PCR-ISSR is not utilizable. because we observed
the variability within variety. For ouiright identification of the whole set of potato
varieties cultivated in the Czech Republic we recommend to use SSR. AFLP and
retrotransposene-based markers as well as morphological markers.

KEYWORDS: PCR-ISSR, PCR-8SR. Solanum tuberosum L., variety
identification

ABSTRAKT

V soucasné dobé je v Ceské republice registrovino 178 odriid brambor
(stav roku 2007). Klasickd morfometrickd charakterizace odrid piestava byt v
lomto objemu registrovanych odriid dcimna, obzvliste na drovmi hliz. Potieba
identifikovat konkréini odriidu na urovni hliz je pritom nejdillezitgjdi, hlavné z
obchodniho hlediska. Platny zakon &. 110 / 1997 Sbh. o potravinach a tabiakovych
vyrobecich a vvhlagka na néj navazujici (Vyhlagka MZe & 332 / 1997 Sh)
vyzaduji u konzumnich brambor garanci odridové deklarace pi1 obchodnim
styku.

Pro studii bylo vybrino 20 odriid brambor (Solanum tuberosum L.)
péstovanych v CR. Kazda odriida byla zastoupena &tyfmi  nezavislymi
opakovanimi. Tento soubor byl analyzovan metodami SSR (Simple Sequence
Repeats) a ISSR (Inter Simple Sequence Repeats). Zjistih jsme. ze ob& analyzy
zalozené na polymorfismu mikrosatelitti poskytuji dostateénou variabilitu pro
identifikaci odrdd, ale metoda ISSR se nejevi jako vhodnd z divodu zjistEni jeji
nestability. Pro jednoznacnou identifikaci celého spektra odrid brambor
péstovanych v CR doporuéujeme sestaveni setu markerfi. kiery by zahmoval vice
markerovacich systéml morfologickych i molckularnich (SSR. AFLP a markery
zalozené na retrotranspozonech).

KLICOVA SLOVA: identifikace odrid, PCR-ISSR, PCR-SSR. Solamum
teberosum L.
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DETAILED ABSTRACT

Kulturni brambor (Solarum tuberosum L.) jo cclosvétové jednou z
nejdilezitéjsich plodin. Identifikace jednotlivvch odrid je dileZith ve viech
stadiich produkce brambor, b&hem $lechténi, procesu registrace, produkee sadby a
testovani. Tradicnim piistupem pro identifikaci odriid brambor je porovnavani
morlologickych charakteristik a znakd. Aviak morfologické charakteristiky jsou
Casto zalozeny multigené, maji priibéZnou cxpresi a jsou ovliviiovany taktory
prostiedi; to vie &ini z morfologickych znakli obtizng opakovatelnou metodu
ptedevdim pro rychlé, presné, objektivni a opakovatelné zavery.

V molekulami biologii byly vyvinuty nové techniky molekulamich a
biochemickych markeri. Tyto techniky se stavayi uZiteénym nastrojem pro uréeni
genetické vzdalenosti a umoziiuji charakterizaci jednotlivych genotypa.Uziti
molekularmich markerd pro zlepSovani odrid zemédélskych plodin bvlo plogné
aplikovano v posledni dekadé, kdy byly molekulami markery aplikovany pro
pfesnou identifikaci genetické variability zalozené na analyzach DNA. To je
dilezité, protoze detekce zadanych znakil neni takto ovlivnéna faktory prostiedi.

Z celkového spektra 178 odriid brambor pastovanych v CR bylo vybrano
dvacet odriid a ty byly analyzovany metodami PCR-ISSR (5 primerti) a PCR-SSR
(STM1102, STM2005, STWINI2G, STM3012, STM1106, STM3015).

Vysledky ziskané analyzou mikrosatelitii byly transtformovany do binarni
matice a po eliminaci monomorfhich prulii byla hodnocena geneticka vzdalenost
pomoci klastrové analyzy (UPGMA - Unweighted Pair Group Method Averages)
a koordinacni analyzy PCO (Principal Coordinates Analysis) v programu MVSP
{(Kovach Comp.Serv.) a STATISTICA 6.0 (Statsoft).

Metoda PCR-SSR se ukdzala jako vhodna pro identifikact odrid brambor.
Statisticky bylo hodnoceno 15 ze 17 moZznych pozic pruhi. Podatilo se nam
odligit osmnaet z dvaceti sledovanych odrid (odriidy Colette (2) a Impala (3)
nelze jednoznaéné odhisit). Naopak metoda PCR-ISSR se jevi jako nevhodna 1
pfes Cetny poskytovany polvmorfismus amplitikovaného spektra pruhil, kdy bylo
hodnoceno vech 216 moZnvceh pozie pruhd, nebot’ jsme zjistili polvmorfismus i
uvnité odriid.

Na souboru dvaceti odrtd registrovanych v CR jsme ziskali fingrprint
pomoci festi SSR a péti ISSR markerd. Mcetoda S8R analyzy sc ukdzala jako
vhodnd pro poifeby identifikace odriid a naopak metoda ISSR analyzy, al
poskytuje vy§si polymorfismus, pro ulely identifikace odriid vhodna neni, nebot’
vykazuje variabilitu i v ramei jednotlivych odriid obdobng jako matoda RAPD
analyzy.

INTRODUCTION

Cultivated potato (Solanum fuberosum 1..) is one of the most important
crops worldwide. Potato 1s an important food crop, 1t 1s widely used for livestock
feeding, as well as for industrial processing as feedstock for many industrial and
food applications. Currently, there are more than 3,200 different potato varicties
that are cultivated in over 100 countries worldwide [13].

The identification of individual varieties is important at every stage of
their agri-production, during their breeding. registration. seed-production, and
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testing processes [11]. The traditional approach to wvariety identification is
composed of the observation and the recording of morphological characters or
descriptors. The number of useful descriptors is limited in some species.
Guidelines for potatoes consist of 50 characters, 12 of which are concerned with
sprouting, along with a series of characters such as plant height, leaf size and
various [eatures of the flowers and tubers. Such an approach is undoubtedly
successtul in the process of Distinctness, Uniformity and Stability (DUS) testing,
[lowever, it is less suitable when results are required rapidly, such as for the
confirmation of tuber material identification. Furthermore, morphological
characters are often multigenic, continuously expressed and influenced by
environmental mteractions, making it difficult to assess them quickly and
objectively, and requiring replication of observation [20].

DUS testing would benefit from the use of molecular markers that have
been shown 1o be more rapid and cost-ellective, and some of them have been used
to assess genetic diversity in potatoes. Molecular markers in general can also be
used as potential techniques for varietv identification. Together with advances in
molecular biology, several new melecular and biochemical marker techniques will
be adopted. These techniques are a powerful tool for determining genetic
distinetness and enable characterization of particular genotypes. The [irst groups
of these approaches are techniques based on protein polymorphism. But these
techniques have several disadvantages: in addition to the basic disadvantages of
storage protein and isozyme analysis, thev are available to marker only a limited
number of genes (and potential traits), their genome coverage is low, and they are
strongly influenced by plant ontogenetic stage and cnvironmental conditions |6].
The second group of markers i1s based on DNA polymorphism. Restriction
fragment length polymorphism (RFT.P) analvsis, historically the first molecular
marker svstem, hag been ghown to be a valuable tool for detecting patterns of
DNA polymorphism among and within Solamim species and for polato variely
identification [2]. However, this procedure is laborious, expensive, only a few loci
are detected per assav and automation is difficult. The recent DNA marker
systems are hased on PCR technology, and for this reason are more suitable for
routine cultivar identification, due to the small amount of DNA required, and
generally fast and simple tests. Several methods were recommended for potato
variety identification. These methods include Random Amplified Polymorphic
DNA (RAPD) [5, 16, 18, 21, 27], Amplified Fragment T.ength Polymorphism
(AFLP) [5, 14, 21, 22, 25, 29. 30]. microsatellites  analyses of Simple Sequence
Repeats (SSR) [10. 17, 21. 25] or Inter-simple Sequence Repeats (ISSRs) [1. 24]
and in recent period also analysis of retrotranspozones — Inter-Retrotransposon
Amplified Polymorphism (IRAP), Retrotransposon-Microsatellite Amplified
Polymorphism (REMAP) and Retrotransposon-Based Insertional Polymorphism
(RBIP) techniques |2. 3, 7. &, 12, 15, 19. 23, 31, 32, 33].

MATERIALS AND METIIODS

Plant materiol. We used set of twenty registered potato varieties: Adora (1),
Anosta (7), Cicero (8). Ciya (9), Colette (2), Desirde (17), Ditta (Lenka) (13),
Impala (3). Javor (18), Karin (10). Komtesa (4), Korneta (11), Kuras (19). Magda
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(5), Marabel (12), Pacov (20), Provento (16), Rosara (6), Secura (13),Vineta (14).
DNA was extracted by commercial kit Invisorb Spin Plant Mini Kit (INVITEK)
from potato tuber juice [28].

PCR-S8SR analyses. For PCR-SSR, six primer pairs were selected: STM1102 (5'-
GGA AGA ATT TTG TAG GTT CAA - 37, 5- AAA GTG AAA CTT CCT
AGC ATG —37), STM2005 (5'- TTT AAG TTC TCA GTT CTG CAG GG -3,
5’- GTC ATA ACC TTT ACC ATT GCT GGG - 3") [22], STWINI12G (5'- TGT
TGA TTG TGG TGA TAA -3, 5- TGT TGG ACG TGA CTT GTA - 37) [25],
STM3012 (53°- CAA CTC AAA CCA GAA GGC AAA -~ 37, 5°- GAG AAA TGG
GCA CAA AAA ACA -3, STMI1106 (5°- TCC AGC TGA TTG GTT AGG
TTG - 37, 5°- ATG CGA ATC TAC TCG TCA TGG — 37), STM3015 (5- AGC
AAT AAA GTC AAC ACT CCA TCA - 37, 5'- AAT GAA TTA GGG GGA
GGT GTG -37) [10].

PCR condition: Reaction was performed in total reaction volume 25 pl of
following composition: 75 mM Tris-HCL pH 8.8, 20mM (NIL;)SO4, 0.01%
Tween 20, 2.5 mM MgCl,, 200 pM dATP, 200 pM DTP, 200 pM dGTP, 200 pM
dTTP. 2.5 U Taq purple DNA polymerase, 10 pM primer and 25 ng template
DNA. Altogether 35 PCR cycles run under the following condition: 30 s
denaturation at 94°C, 30 s annealing (according the primer*), 30 s elongation at
72°C, initial denaturation for 3 minutes at 94°C and final elongation for 5 minutes
at 72°C. PCR products were visualized by ethidium bromide after the
electrophoresis in a 3% Synergel/agarose gel in TBE buffer.

| Primer pair | Annealing temperature (*)
| STM1102 | 55°C

STM20035 54°C
| STM3012 | 37°C

STM1106 57°C

STWIN12G 54°C

STM3015 57°C

PCR-ISSR analyses. For PCR-ISSR five primers were selected: P1 ((AC)G: 5'-
ACA CAC ACA CAC ACA CG - 37), P2 ((AG)YT: AGA GAG AGA GAG
AGA GYT). P3 ((GARYC: 5- GAG AGA GAG AGA GAG AYC - 37), P4
((AC)sYG: 5'- ACA CAC ACA CAC ACA CYG —3") (Y = C or T) [24] and BI
((CA)GT: 5- CAC ACACAC ACAGT -37)12].

PCR condition: Reaction volume was 25 pl, PCR was performed in 75 mM Tris-
HCL, pH 8.8, 20mM (NH4)80,, 0.01% Tween 20, 2.5 mM MgCl,, 200 pM
dATP, 200 uM DTP, 200 uM dGTP, 200 uM dTTP, 2.5 U Taq purple DNA
polymerase, 10 pM primer and 25 ng template DNA. Altogether 40 PCR cycles
run over under the following condition: 60 s denaturation at 94°C, 60 s annealing
at 55°C, 2 min elongation at 72°C, initial denaturation 2 minutes at 94°C and final
elongation 7 minutes at 72°C. PCR products were visualized by ethidium bromide
after the electrophoresis in a 2% agarose gel in TBE buffer.
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RESULTS AND DISCUSSION

Microsatellite fingerprint pattems were transformed into a binary character
matrix with 1 for presence or 0 for absence of’a band at a particular position in a
lane. After removing monomorphic bands, genctic distance matrices were
generated using Gower General Similarity metrics and Cluster analvsis (UPGMA
— Unweighted Pair Group Method Averages) and PCO (Principal Coordinates
Analysis) were performed. These statistical analyses were calculated using MV SP
(Kovach Comp.Serv.) and STATISTICA 6.0 software package (Statsoft).

SSRy analyses. Polvmorphism of SSR markers was observed for 20
selected varieties after amplification with six primer pairs. Statistical evaluation
appears from matrix of presence polymorphic bands. There were cvaluated 15
from 17 possible positions of bands. Microsatellite analysis allows to distinguish
and identify 18 from total set of 20 varieties (Colette (2) and Impala (3) can not be
distingwished) (Fig.1, Fig.2, Fig.4). Analogous resulls were recorded by other
authors, e.g. Schneider and Douches [26] unambiguously distinguished 24 from
40 potato varieties by the usage of 6 SSR primer pairs. MeGregor er al. [21]
reliablv identified 20 from 39 potato varieties by the usage of 5 SSR primer pairs.

ISSRs analyses. Polymorphism of ISSR markers (Inter Simple Sequence
Repeats) was observed for 20 selected varieties afler amplilication with lve
primers. Statistical evaluation appears from matrix of presence polymorphic
bands. There were evaluated all 216 possible positions of bands. Using of this
method permits discrimination of each varietv. The similaritv between varieties
was 65 — 80%. But we gather that this method is not utilizable. because we
obscrved the variability within of varicty (Fig.3). Although Prevost a Wilkinson
[24] published the results where they staunchly determined all 34 potato varieties
by usage of four ISSR primers and McGregor ef al. [21] reliably identified all 39
potato varieties by usage of six ISSR primers we cannot recommend this method
for vartety identification not due lo its resolving power but due to low stability
and repeatability of' ISSR technique.

CONCLUSION

We obtained pattern of six SSR and five ISSR markers for the sct of
twenty selected varieties registered and cultivated in the Czech Republic m the
vear 2007. Recorded polymorphism was appraised and the varieties were
separated to the categories by the fingerprint data. The method of SSR analvsis is
suilable for evaluation of variabilily and lor the purposes ol variety identification.
On the other hand ISSR method conveys plentiful polvmorphism but the
disadvantage is a polymorphism within variety and we observed also the
instability of the pattern depending on the age of DNA, likewise RAPI) analyses
14].

For outright identification of whole range of potato varietics cultivated in
the Czech Republic we recomimend to use the set of molecular and morphological
markers in accordance with Ghislain et of. [10] and Bezo et ai. [2].
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Fig.1. Results of coordinate analyses — PCO analysis obtained by analyses of six
SSR markers.
Obr.1. Vysledky ordinaéni analyzy — PCO ziskané analyzou Sesti lokus SSR.
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Fig.3. Example of electrophoreogram - 2% agarose gel. ISSR analysis. Variety
Adora tubers A-D, 2-5 primer P1, 6-9 primer P2, 10, and 12,13 primer P3, 14-17
primer P4 and 18-21 primer B1, 1,11 and 22 DNA ladder marker 100bp.
Obr.3. Ukazka elektroforeogramu - 2% agarosovy gel. ISSR analyza. Odrida
Adora hlizy A-D, 2-5 primer P1, 6-9 primer P2, 10, a 12,13 primer P3, 14-17
primer P4 a 18-21 primer B1, 1,11 a 22 DNA hmotnostni marker 100bp.
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Fig.4. Example of electrophoreogram - 3% Synergel/agarose gel. S8R analysis. 1
DNA ladder marker 100bp, 2 — 4 primers STM1102, 2 (varieties 1, 6, 7, 8, 10, 12,
13, 16, 18, 19), 3 (varieties 2, 3, 4, 5, 9, 11, 15, 17), 4 {varieties 14, 20), 5 — 7
primers STM2005, 5 (variety 13), 6 (varieties 1, 2, 3,4, 5, 7, 8,9, 10, 17, 18, 19),
7 (varieties 6, 11, 12, 14, 15, 16, 20), 8 and 9 primers STM3012, 8 (varieties 1, 2,
3,4, 9,10, 12, 13, 15, 17, 20), 9 (varieties 5, 6, 7, 8, 11, 14, 16, 18, 19), 10-12
primers STM1106, 10 (variety 11}, 11 (varieties 7, 8, 13, 20), 12 (varieties 1, 2, 3,
4, 5,6, 9,10, 12, 14, 15, 16, 17, 18, 19), 13 and 14 primers STWIN12G, 13
(varieties 1, 14, 16, 17, 20), 14 (varieties 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15,
18,19), 15 — 19 primers STM3015, 15 (varieties 1, 2, 3, 14, 15), 16 (varieties 5, 7,
9,11,12,13, 16, 18), 17 (variety 6), 18 (varietiez 4, 8, 10, 17, 19}, 19 {variety 20).
Obr.4. Ukdzka elekiroforeogramu - 3% Synergel/agarosovy gel SSR analyza. 1
DNA hmotnostni marker 100bp, 2 — 4 primery STM1102, 2 (odridy 1, 6, 7, §, 10,
12, 13, 16, 18, 19), 3 (odridy 2, 3, 4, 5, 9, 11, 15, 17), 4 (odridy 14, 20), 5 — 7
primery STM2005, 5 (odriida 13), 6 (odridy 1,2, 3,4, 5, 7,8, 9, 10, 17, 18,19), 7
{odridy 6, 11, 12, 14, 15, 16, 20), $ a 9 primery STM3012, 8 {odridy 1, 2, 3, 4, 9,
10, 12, 13, 15, 17, 20), 9 (odriidy 5, 6, 7, 8, 11, 14, 16, 18, 19), 10-12 primery
STM1106, 10 {odrida 11}, 11 (odnidy 7, 8, 13, 20}, 12 (odridy 1, 2, 3,4, 5, 6, 9,
10, 12, 14, 15, 16, 17, 18, 19), 13 a 14 primery STWIN12G, 13 {odridy 1, 14, 16,
17, 20), 14 (odnidy 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 18, 19), 15 - 19
primery 8TM3015, 15 (odridy 1, 2, 3, 14, 15), 16 {odridy 3, 7, 9, 11, 12, 13, 16,
18), 17 (odriida 6), 18 (odridy 4, 8, 10, 17, 19), 19 (odrida 20).
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7.3. Potato variety identification by molecular markers based
on retrotransposon analyses

Novikova A., Simafkova K., Barta J., Curn V.
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Potato Variety Identification by Molecular Markers Based
on Retrotransposon Analyses

ALENA NOVAKOVA, KaTeRina SIMACKOVA, Jan BARTA and Vianisrav CURN

Biotechnological Centre, Faculty of Agricultive, University of South Bohemia,

Ceské Budéjovice, Czech Republic

Abstract: We analyzed a set of twenty most grown potato (Solanuwm tuberosum L.) varieties listed in the Czech
Variety List using the PCR-IRAP (Inter-Retrotransposon Amplified Polymorphism) method in order to distinguish
fast and unambiguously the varietics. In total, 62 polymorphic alleles were amplified using the three primers
P-Tst-1, P-Tst-3 and P-Tsl-6. The recorded pattern of markers was stable and reproducible. The analyses were
repealed three times and identical results were always obtained. The level of polymorphism varied from 11% to
79% depending on the respeclive primer. All analysed varielies could be reliably distinguished afler multivari-
ate statistics have been applied to the data obtained by the PCO and UPGMA analyses. 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 (8SR) and Amplified Fragment Length Polvmorphisms (AFLP).

Kevywords: molecular markers; PCR- IRAP; Sofanum tuberoswn; variety identification

The identification of varieties of agricultural
and horticultural crops is important during their
breeding and registration process, sced produc-
tion, trade and inspeclion. Currently, there are
more than 4200 different potato varieties which are
cultivated in over 100 countries worldwide (HAME-
STER & F1ILS 2003), In 2007, there were 178 potato
varieties listed in the official Czech Variety List
(CERMAK 2007), The traditional approach to variety
identification is the observation and recording of
morphological characlers or deseriplors. This ap-
proach is precise but time-consuming, Guidelines
for potatoes, for instance, consist of 50 characters,
out of which 12 deal with sprouting, along with
a series of characters such as plant height, leaf
size and various features of flowers and tubers.
Such an approach is still used for official testing
of Distinelness, Unilormily and Stability (DUS)
as required for the grant of Planl Breeders Righls

and official variety registration. However, it is less
suitable when results are required rapidly, e.g. for
the variety confirmation based on tuber material
identification. Furlhermore, morphological charac-
ters are often multigenic, notavailable at all growth
stages and influenced by environment, making it
difficult to assess them quickly and objectively, and
requiring repeated observations. This traditional
or phenotypic approach is not eftective for large
collections, especially for identification at the level
ol Lubers (CooKe & RECVES 1998),

Molecular markers may serve as a modern and
suitable approach to variety identification. This
appreoach can also be more rapid and cost-effec-
tive. Different melecular matrker techniques were
used in potato population genetics and variety
identitication (GeeHARDY ef af. 1994), phylogenetic
and biodiversily sludics (KARDoOLUS ef al. 1997),
analysis ol recombinalion frequencics between
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genotypes (WiLlams er al. 1993), identification
of genes [or important agricultural traits (GoB-
HARDT et al. 1994) and marker assisted selection
(HAMALAINEN et gl. 1997). Molecular markers
used in potatoes include Random Amplified Poly-
morphic DNA (RAPD) (DEMEKE et 2l, 1993: KARD
et al. 1996; LEE et al. 1996; SOSINSKL & DOUCHES
1996; MCGREGOR ef af. 2000), Amplified Trag-
ment Length Polymorphism (AFLP) (DEMEKE et
al. 1993; HosAKA ef al. 1994; PRovAN el al. 1996;
MILBROURNE et al. 1997; VAN DER VOORT et al.
1998; MCGREGOR et al. 2000; VAN TREUREN ef
afl. 2004}, microsatellites — analyses of Simple
Sequence Repeats (SSR) (KAWCHUK et gl. 1996;
PrOVAN et al. 1996; MCCREGOR et 4l. 2000; GHIS-
LAIN et al. 2004) or Inter-simple Sequence Repeats
(ISSRs) (ALBANI & WILKINSON 1998; PREVOST &
WILKINSON 1999), Notwilhstanding the prospect
and advantages of the application of molecular
markers in variety identificaticn, the cnly legal
DUS testing system is based on morphology and
traditicnal phenotypic evaluation. The molecular
approach must be further examined and stabilised,
because variety identification is one of the most
controversial and problemaltic issues of molecular
marker application inbreeding and official variely
testing (CURN & ZALUDOVA 2007).
Retrotransposon-based markers are a novel
group of molecular markers used for genotype
description and identification, and they are also
useful in potato breeding. Mobile genetic ele-
menlts, retrotransposons, generally show wide-
spread chromosomal dispersion, variable copy
number and random distribution in the genome
(KUMAR et al. 1997; KALENDAR &t al. 1999). 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 he exploited for DNA-fingerprinting,.
The application of IRAP (Inter-Retrotransposon
Amplified Polymorphism) and REMAP (Retro-
transposon Microsatellite Amplified Polymor-
phism) has been demonstrated to provide suitable
polymerphic markers for variety identification or
breeding purposes (KALENDAR et @f, 1999; VICIENT
el al. 2001), mapping of resistance genes in cereals
[MANNINEN ef al. 2000; Bovyko et af. 2002) and
gene diversity detection in potatoes (LIGHTBOQURN
et al. 2007, SPOONER et al. 2007). For all above-
mentioned applications, specific species-derived
retroelement LTR sequences had to be isolatad,

which fact represents a certain limitation of their
use. Locus-specific RBIP (Retrotransposon- Based
Insertion Polymorphism) approach was developed
by FLAVELL et a/. (1998) for the high throughput
marker analysis of Pisum genotypes. Retrotrans-
posons consist of two subclasses of elements,
long-terminal repeat (LTR) and non-LTR retro-
transposons, and the former are further subdivided
into two groups — Tyl/copia type and Ty3/gypsy
type (X10NG & EICKRUSCII1990). Tyl /copia LR
retrotransposons contain open reading frames
(ORFs) corresponding to retroviral gag and po!
genes and have functional demains in po! crdered
protease (PR), integrase (in), RNA-dependent
DNA polymerase (RT) and RNase H (RH). In this
context, LTR-retrotransposons possess unique
properties that make them appropriate for inves-
tigating the relationship between closely related
species and populations (KUMAR & HIROCHIKA
2001). LTR-retrotransposons appear to evolve
at significantly higher rates than conventicnal
nuclear loci (PURUGGANAN & WESSLER 1995).
The genomic organisation and diversity of the
Tyi-copig group retrotransposon have been inves-
tigated in several crop plants and their relatives
from hoth dicolyledonous and monocotyledonous
families, including Selanum tuberosumn, Vicia faba,
Vicia melarnops, Vicia sativa, Hordewun vulgare,
Secale ceveale and Allium cepa (KumAR et al. 1997).
Retrotransposon-based techniques were mainly
used for genetic-diversity studies (KaLENDAR ef
¢l 1999; FLavrLL et al. 1998; PORCLDDU ef 4l.
2002; VITTE et al. 2004).

Alternatively retrotransposons can he used in
an AFLP-tvpe reaction (Vos et al. 1995), called
Sequence-Specific Amplified Polymorphism SSAP
(WaugH et al 1997). In the SSAP technique, selec-
tive bases added to primers reduced the complex-
ity of the amplified DNA, depending en the copy
number of retrotransposon Largets.

The study was aimed to answer following ques-
tions:

(1) Are retrotransposon-based markers suitable
markers for the differentiation oflarge sets of po-
tato samples and do they provide a reproducible
and stable pattern of markers?

(2) Are retrolransposon-based markers casy
to use, without special requirements for DNA
quality/quantity and are standard DNA isolation
procedures sufficient?

(3) Are retrotransposon-based markers suitable
to distinguish individual potato varieties and are
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retrotransposon-based markers useful comple-
ments Lo SSR or AFLP markers?

MATERIALS AND METHODS

Plant material. The evaluated set of the twenty
maost grown potato varieties officially registered
in the Czech Republic is listed in lable 1, Logether
with their origin and FVIGEZ (Plant Genetic Re-
sources Documentation in the Czech Republic)
reference number. The plant material (tubers) was
kindly supplied by the Czech Plant Variety Office
{workplace Lipa u Havlickova Brodu). DNA was
isolated from individual tubers, four samples from
cach varicty, and all analyscs were repeated three
times to confirm the stabilily and reproducibilily
of analysed markers. DNA was extracted from a
Iyophilized tuber tissue by the modified CTAE DNA
extraction method (ROGERS & BENDICH 1994) and
polyvinylpyrrolidone (PVP-40000-360000, SIGMA,

Table 1. List of analysed potato varieties

St. Louis, USA) was added to the extraction buffer
(50 mg per sample).

IRAP analysis. For IRAP analyses, three primers
P-Tst-1 (5-ATG ACT AAA TCT GCC TAC TCA
TTC AAC A-3), P-Tst-3 (6-ACT AAA AAT CTG
CCT ACT CAT TCA ACA CTC-3) and P-Tst-6
(5-ACT AAA TCT GCC TAC TCA TTC AAC
ACT C-3) previously used by BEzo et al. (2006)
and HrRUBIKOVA ef al, (2006) were tested,

PCR conditions for analyses of all relrotrans-
poson-based markers. The reaction was per-
formed in a total reaction volume of 25 ul of the
following composition: 10mM Tris-I11Cl, pl1 8.3,
50mM KCl, 3mM MgCl,, 200puM dNTPs, 1 U Taq
DNA polymerase (TaKaRa, Shiga, Japan), 10pM
primer (GIBCO, Carlsbad, USA) and 40 ng template
DNA. Atter initial denaturation for 3 min at 94°C,
thirty-five PCR eycles were performed, with 60 s
of denaturation at 94°C, 60 s of annealing at 55°C,
and 120 s of polymerisation at 72°C, followed by

Variety Number in gel Referrence numbers SRl

name or plots of LVIGEZ databases

Adéla 1 0780101965 Selekta Pacov, as., Pacov, CZ

Adora 2 0750101678 HZPC Holland B.V., Joure, NL

Agria 3 0750101354 AGRICO B.A., Emmeloord, NL

Asterix 4 0750101590 HZPC Holland BY., Joure, NI.

Colette 5 0750101780 Kartoffelzucht Bohm K& Lineburg, D

Dali 6 0750101721 Kweekbedrijf Ropta-ZPC, Metslawier-St. Annaprochie, NL
Desirée 7 0750100243 HZPC Holland BYV., Joure, NL

Ditta s 0750101601 gfiiefdeigc;i‘zgichische Saatbaugenossenschaft reg. GmbH,
Tilea 9 0750101781 Nordkartoftel-Zuchtgesellschaft mbH, Lineburg, D
Tmpala 10 0750101338 AGRICQO B.A., Emmeloord, NI

Karin 11 0750101171 Sativa Kefkov, a.s., Piibyvslav, CZ

Laura 12 0750101917 EUROPLANT Pflanzenzucht Gmbl L, Liineburg, D
Magda 13 0750101979 Vesa Velhartice, as., Kolinee, C7,

Marabel 14 0750101730 Kartoffelzucht Béhm KG Liineburg, D

Rosara 15 0750101670 SAKA-RAGIS Pflanzenzucht GbR Hamburg, D
Samantana 16 075010 1xoxx Selekta Pacov, as., Pacov, CZ

Santana 17 0750102015 Handelmaatschappij VAN RIJN B.V,, Poeldijk, NL
Secura 18 0750101434 SAKA-RAGIS Pflanzenzucht GbR, Hamburg, D
Solara 19 0750101383 Nordkartoffel- Zuchtgesellschaft mbH, Lincburg, I
Velox 20 0750101737 SAKA-RAGIS Pflanzenzucht GBR Hamburg, D
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final elongation for 5 min at 72°C, PCR products
were visualised by ethidium bromide staining after
electrophoresis on 2% agarose gel (INVITROGEN,
Carlsbad, USA} in 1 x TBE buffers, examples ofthe
pattern are summarized in Figure 2, Bands were
recorded using Epson Ultra Cam 3100Z Imaging
System (EPSON Inc., Long Beach, USA).

Data analysis. Molecular data files were analysed
by the UltraQuant 6.0 software (Ultralum, Clare-
mont, USA) with manual correction. Fingerprint
patterns were transformed into a binary character
matrix with 1 for the presence or 0 for the absence
of a band at a particular position in a lane, After
removing monomorphic bands, genetic distance
matrices were generated using NE1 and L1 (197 9)
and Gower’s General Similarity matrix and clus-
ter analysis (UPGMA — Unweighted Pair Group
Method Averages) and PCO (Principal Coordi-
nates Analysis) were performed. These statistical
analyses were calculated using the MVSP (Kovach
Comp. Serv., Pentraeth, UK) and STATISTICA 6.0
software package (Statsoft, Tulsa, USA).

RESULTS AND DISCUSSION

The 20 potato varieties were analysed using 3 IRAP
primers. Number of amplified bands, number of
polymorphic bands per primer and variety, primer
differentiation ability indices and similarity indices
are given in Tables 2-3. The highest number of
amplified and polymorphic bands was obtained
using primer P-Tst-6. The highest number ofbands
{15} was amplified in the variety Velox with primer
P-Tst-3. The average number of amplified bands
was 10. Primer P-Tst-6 revealed the highest number
of polymorphic bands and also analysis using this
primer was the most informative for cluster analysis
and PCO analyses, all cluster and PCO analyses are
summarized in the Figure 3.

In all twenty approved varieties all analyses
were performed on four individual tubers and

138 138 13C 130 14A 148 14C 14D

———
e

Figure 1. Stability of analysed retrotransposon-baged
markers; results of analysis with P-Tst-6 primer, 2% aga-
rose gel, varieties 13 and 14 (replicates A-D represent
individual tubers), L — 100 bp

the analyses were repeated three times. The aim
of the study was to verify the assumed stability
of retrotransposon-based markers and reproduc-
ibility of these markers. The number of amplified
bands and the character of banding patterns were
stable and identical in all analvses of particular
genotypes as shown in Figure 1. On the basis of
these results, we can positively answer the posed
questions and suggest that IRAP technique gener-
ates stable and reproducible patterns of markers in
potato. The stability of IRAP markers is conditioned
and predetermined by optimal DNA quantity and
quality, The generation of scorable and reproduc-
ible pattern of these markers seemsto be strongly
influenced by the quality of DN A template and by
the DNA isolation method employed. The yield
and purity of isolated DNA were a crucial problem.
DNA was isolated from a lyophilised tuber tissue.
The isolation of DNA from potato tuber juice or

Table 2. The number of amplified polymorphic bands in a set of 20 potato varieties

Variety
Primer 1 2 3 & 5 ] 7 8 9 1o 11 12 13 14 15 1 17 18 19 20
Mumber of amplified polymorphic bands for particular primers
P-Tst-1 9 10 11 12 7 5 11 2 10 10 9 4 7 13 5 6 15 13 a 12
P-Tst-3 g 14 13 11 7 9 12 5 9 14 g g 13 12 & 11 13 10 11 15
P-Tst-6 10 12 10 10 6 11 10 5 3 g 13 8 & 10 & 8 9 a 7 9
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fresh tubers did not provide a sufficient amount
{concentration) of DNA. Isolation procedures
bazed on modified RoGERS and BENDICH (1224
CTAB protocol resulted in anincomparablyhigher
vield of sufficiently pure DNA, DA isolation
using Invisorb Spin Flant Mini Kit (INVITEL,
Hayvard, USA) afford maxmum 25 ng DNA, By
using of CTAB protocol we obtained at least 40 ng
of DA per analysed sample. Anaddition of BVE
(40000-360 000) to lysis buffer and replication of
“ehloroform steps” during DINA isolation further
improved the quality of DNA templateand did not
negativelv influence the cost and speed of DNA
isolation, These results arein correspondence with
findings published by L1 &f &l (2007),

In primer P-Tst-1, altogether 19 polymorphic
bands were amplified, in primer F-T5t-3 20 bands
and in primer F-Tst-6 23 bands were amplified
{Table 3, Figure 2). All analysed samples wers
evaluated in two ways — based onparticular single
primer used in [RAP analysis and based on the
combination of all three primers. Modern ap-
proaches of the digital image analysis of primary
electrophoretic data combined with statistical
evaluation were used. The position of particular
bands was digitized, and binary data of the pres-
encefabsence of particularbands were assembled.
MNET and L1 (197%) and Gower's General Similar-

Figure 2. An example of electrophore-
gram — 2% agarose gel, varieties 1-5,
L — 100bp, primers P-Tst-1, P-Tst-3
P-Tst-4

ity Coefficients were caleulated for the analysed
pairs of varieties, both similarityindices provided
comparable results, but ordinary analyses are
feasible to be caleulated only with GGSC (ae-
cordingto analytical software MY SF), NEIand LI
similarity indices wereinthe range of 0%-26%in
primer P-Tst-1, 13%-27% in -Tst-3 and 11%-89%
in F-Tst-6, The smallest recorded distance was
betwesen the varieties Asterix and Impala (11% in
primerP-Tst-6), the largest recorded distance was
betweenvarieties fdora and Ditta, Adora and Im-
pala, Adora and Magda (100% inprimer P-Tst-1).
Using this method allows the discrimination of
the whole set of 20 varieties, the resolution power
of analysed retrotransposon-based markers was
higher than in microsatellites (NovArovA ef al.
2007) and differences between varieties allowed
the reliable differentiation ofall individual varie-
ties. Groupingin all three individual primers and
alsoin the complex analysis was slightly different,
so there was no grouping pattern according to
the recorded wariety lineages. The large genetic
distance of analysed varieties should be one of
the explanations ofthis situation and the pattern
of these results could be changed afterthe large-
scale analysis of an extensive set of varieties. PCO
analysis also gave similar results and no massive
grouping of varieties was recorded, and analysed

Table 3. The number of amplified and polymorphic bands per particular primer in a set of 20 potato varieties

Total number of

Mumber of amplified Percentage of

Primer amplified bands polymorphic bands polymorphic bands
P-Tst-1 a1 13 ]
P-Tst-3 22 X 90
P-Tst-6 23 23 100
P-Tst-1+ I-Tet-3 + [-Tst-6 1] 62 24

83



Czech [ Genet Plant Breed, 45, 2009 (1) 1-10

{A) UPGM A analyss

[ T T
na i1 n&

ar [ [):] 1

P20 cam seores (Fower Geneml Sirnilarity Coefficient)

(B} PCO analyss i
b .
13 A
&
: 0 30— . i
) ‘0 . o-‘
. nan—-
+*»* ;
) : : : : 12 |
& 3 0.30 020 Rl ’ o 0,20 ] n3a .49
LR -
*
030==
. D30y
® <&
o) B
-Jia-—":-
Al

Fgure 3. Results of cluster (UPGMA) and coordinate analysis (FCO analysis) obtained by IRAP marler analyses

varieties were also dispersed evenly across the
ordinary diagram.

Comparable results were published by EeZo
ef gl (2006) in studies with a wide zet of Sloval
potato varieties, ZIAROVEKA (2007) also reported
the suitability of retrotransposon-based markers
for digscrimination of potato wvarieties on the ba-
sis of IRAF, EEMAP and microsatellite markers,
HrUEixovA e &l (2008) published similar results
for retrotransposon-based markers, Inthat study,

they analysed 26 potato genotypes and IRATF gave
52 fragments with 80% polymorphism. SM7KaL
(2006 using IRAF, REIP and S5Rs marlers, un-
equivocallyidentified 15 out of 33 pea varietiesand
the others made 2 duster groups with 2-3 members
ineach, ANTONIUS-KLEMOLA e gl (2006) used g
retrotransposon-based appreachtotheidentifica-
tion of apple varieties, Theyused nine primers for
IRAP analyseswhenone primerproduced from &
to 15 informative fragments. Purther, they found
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that most IRAP bands from apple samples were
not shared with Japanese quinee. By combina-
tion of the set of nine IRAP primers, all standard
apple varieties had unique profiles, whereas all
sport mutations of a single variety gave identical
patterns to their mother cultivars. In addition,
they obtained the identical results from analyses
carried out in two geographically distant labora-
tories. NAiR et al. (2005) used IRADP markers for
the genome elassification of banana varietics [rom
South India. They abserved that the genomic DNA
of the 36 varieties showed multiple polymorphic
bands with gypsi-IRAP primer. A specific band
of about 350 bp was observed in all the varieties
with the B genome, moreover, they found that the
intensity of this band increased in varieties with
two B genomes.

Compared Lo RAPD or ISSR techniques (£10T-
KIEWICS et al. 1994; PATTANAYAK et al. 2002,
CHAKRABARTI et gl. 2006) widely used in potato
genetic resources evaluation, description and vari-
ety identification by retrotransposon-based mark-
ersare stable, reproducible and provide a similar
or even higher level of polymorphism. Because of
low polymorphism, a larger scl of microsatellite
markers must be analyzed for the precise descrip-
tion and discrimination of particular genotypes as
was reparted by KawCHUK ef al. (1996), as well
as by ASHKENAZI et af. (2001) and GHISLAIN et
al. (2004), ATLP, a modern technique widely used
in plant genotyping, has an application also in the
field of potato variety identification and germ-
plasm description (VAN TREUREN et al. 2004).
Compared to retrotransposon-based markers,
this approach is much more difficult (amount
and purity of template DNA, complexity and cost
of analyses, demands on a separation technique)
and thus retrotransposon-based markers ate a
suitable marker system utilizable in potato variety
identification.

New techniques based on DNA profiling provide
novel approaches to variety identification which
offer advantages over traditional morphological
comparisens. Retrotransposon-based markers are
a novel group of markers not yet widely used in
potato breeding and potate variety identification,
In this study we have analyzed a set of the twenty
maost grown potato varieties officially registered
in the Czech Republic using the IRAP method.
Altogether 62 polymorphic alleles (bands) were
amplified using three primers and all three prim-
ers provided sufficient resolution power and allow

the discrimination of all analysed varieties. The
best resolution of the analysed set of varielies
was achieved when all markers generated by all
three primers were evaluated in a complex. [IRAP
markers were stable and reproducible during all
analyses and no instability between tubers (Fig-
ure 1) and replicated analyses (data not shown)
was recorded. This approach, utilization of ret-
rotransposon-based markers, is suitable for the
dilferentiation of large sels of potato samples
and has also specific requirements (quality of
DNA) and should be an eligible complement to
other molecular markers used in potato variety
identification {(SSRs, ATLPs).
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I. Cil metodiky

Rok 2008 je z pohledu bramborafstvi oproti ostatnim rokim obzvlasté vyznamny,
nebof OSN jej vyhlasila Mezinarodnim rokem brambor. Heslem se stalo ,HIDDEN
TREASURE", neboli SKRYTY POKLAD, & spise SKRYTE BOHATSTVI.
Brambory jsou celosvétové vyznamnou plodinou, fadi se do tetrady
nejvyznamnéjsich plodin. V scudasné dobé se péstuji na téméf 20 mil. ha a
celosvétové je registrovano pfes 4200 odrud, které jsou péstovany ve vice nez
100 zemich svéta (Hamester and Hils 2003, Hils and Pieterse 2007). V Ceské
republice je ve Statni ecdrudové knize zapsano 161 odrud - stav z roku 2008
(UKzUZ 2008). Platny zakon & 110/1997 Sb. o potravindch a tabakovych
vyrobcich a vyhlaska na néj navazujici (Vyhlaska MZe &. 332/1997 Sh.) vyzaduji u
konzumnich brambor garanci odradové deklarace pfi obchodnim styku.

Pfedkladana metodika je zacilena na vyuziti molekuldrnich markerl na bazi
analyzy DNA pro udely popisu a identifikace jednotlivych odrid, pro ucely
verifikace odrldové pravosti a €istoty sadby. PouZité postupy Ize vyuéit i pro popis
a charakterizaci Slechtitelskych materiall a genovych zdroju pouzZivanych ve
Slechténi.
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Il. Vlastni popis metodiky

I.1. Uvod

Kulturni brambor, Solanum tuberosum L., je jednou ze &yl nejcennégjsich plodin
svéta spolu s pdenici, ryzi a kukufici. Jeho uplatnéni nalezneme jak ve vyziveé lidi,
tak | ve vyZivé hospodaiskych zvifat. Vyznamné je i jeho vyuziti pro Gdely
pramysloveho zpracovani.

Jiz v roce 1957 oznadil Carson odridu za zaklad moderni hospodafské produkce,
a poznamenal, Zze rozdil mezi ziskem ¢i ztratou muze byt ovlivhén pravé zvolenim
vhodné odridy. Hlavnim zajmem ve Slechténi hospodarskych plodin je tedy
ziskavani novych odrud, které by se vyzna&ovaly vy38imi vynosy, vyhodnéjsimi
kvalitativnimi znaky a rezistenci k biotickym a abiotickym faktorim. V mnohych
pfipadech jsou doncry téchto zlepSujicich znakl (kromé vyncsu) plané druhy.
Pouziti molekularnich markertu umoziuje efektivngjgi vyuZiti takovychto genovych
zdroju ve Slechténi brambor (Callow et al., 1997).

Slechtitelé a mnoZitelé brambor stejné tak jake statni kontrolni organy potfebuiji
spolehlivé prostfedky pro identifikaci odrid, které by mohly byt rutinng aplikovany
na velky pocet vzorku. Tento Ukol je slozity, nebot na celéem svété je vice nez
4000 odrud brambor (Pieterse and Hils, 2007) a velky pocet jich je nadale ro¢né
registrovan. Tradiéni postup identifikace a popisu odrid, genovych zdroji a
Slechtitelskych materialu je zaloZen pfedevSim na hodnoceni fenotypu. Odrudy
jsou identifikovany na zakladé morfologickych znaku a viastnosti, fyziologickych a
biochemickych popist. Tento postup je ale velmi zdlouhavy, protoZze nékteré
diskriminaéni znaky jsou zaznamenavany na urovni kliCkl, charakteru trsu a listd
¢ hliz (Cooke and Reeves, 1998). Moderni postupy a pristupy zahrnuji vyuziti
metod molekularni biclogie a jsou zaloZeny na analyze isoenzymd, proteind a
DNA. Obrovsky rozvoj metody PCR, kterd byla poprvé pouzita v roce 1984 (Saiki
et al.,, 1985, 1988), vedl kvyvoji celé fady technik a metodickych postupl
vyuzivanych i pro popis a identifikaci genotypl rostlin. Metody markerovani na
Urovni molekuldrnich a biochemickych markerd se tak staly 0&innym nastrojem
stanovovani genetické variability, ktery umoZRuje charakterizaci jednotlivych
genotypl (Gérg et al., 1992).

Mezi prvnimi molekularnimi metodami byly vyvinuty techniky 2zaloZzené na
polymorfismu proteinl. Nevyhodou téchto technik je jejich dostupnost pouze pro
limitované mnozstvi genl. Vysledky téchto technik jsou také ovliviiovany
vyvojovou etapou rostliny a prostfedim (Desborecugh a Peloquin, 1968).

V poslednich dvou dekadédch je pouziti molekularnich markera pro Slechténi
kulturnich plodin uplatfiovano na zakladé pfesné zjisténé genetické variability
ziskané pomoci DNA analyz (Staub et al., 1996), a proto jiz neni detekce
pozadovanych znakd ovlivnéna faktory prostfedi. Od objeveni molekularnich
markeru pro analyzu rostlinného genomu se selekce zaméfuje na zjistovani
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genotypu na misto fenotypu, coz umoznuje vyuziti molecular marker assisted
selection (MMAS) (Paterson et al., 1991). PouZiti molekularnich markerl ve
glechténi brambor otevira nové piileZitosti pro selekci zZadanych genotypu.

V soudasné dobé je v Ceské republice registrovano 161 odrid brambor (UKZUZ
2008), z nichz témér 70% jsou produkty zahraniénich (evropskych) Slechtitelskych
subjektli. Ochrana prav Slechtitelt k odridéam je v Ceské republice zajiStovana
podle zdkona ¢.132/1989 Sh., o ochrané prav k novym odradam rostiin a
plementm zvifat, ktery upravuje prava a povinnosti vznikajici z vytvofeni novych
odrud a z jejich obchodnihe vyuzivani. Systém ochrany odrud formulovany timto
zdkonem odpovidd principum Mezindrodni Umluvy na ochranu novych odrid
rostlin z roku 1961 podle UPOV (Union Internationale pour la Protection des
Obtentios Vegetales), ve znéni jejich revizi z roku 1972 a 1978 (Soucek, 1997).
Nicméné klasicka morfometrickda charakterizace odrid prestava byt v tomto
objemu registrovanych odrld G¢inna, obzvlia$té na drovni hliz. Potfeba
obchodniho hlediska. Platny zdkon &. 110/1997 Sb. o potravinach a tabakovych
vyrobcich a vyhlaska na néj navazujici (Vyhlaska MZe €. 332/1997 Sb.) vyzaduji u
konzumnich brambor garanci odrudové deklarace pfi obchodnim styku. Kontrolni
orgdny SZPIl potiebuji vhodny ndstroj pro ovéfovani odrldové deklarace u
konzumnich brambor. Ten jim zatim poskytuji, i pfes urCita rizika, elektroforeticka
spektra zasobnich bilkovin. Toto hodnoceni je zaloZeno na principu porovnavani
profilu hlizovych bilkovin ov&fovaného wvzorku s profilem garantovaného
standardu. Tyto metody identifikace a verifikace odrid brambor se mohou velmi
vhodné uplatnit jak ve Slechténi, tak i v kontrole odridové pravosti, napi. pfi
obchodovani s konzumnimi bramborami (Sykorova, 1999). DNA markery zatim
nejscu pro tento Udel v CR pouZivany.

Nicméné pfistup zaloZeny na analyze biochemickych markerl (iscenzymi a
proteind) ma fadu limit — vliv prostfedi, skladovani, nedostate¢nd mira
polymorfismu. Vyrazny pokrok v oblasti vyvoje molekularnich markerl zaloZenych
na analyze DNA vede k pctfebé doplnit stavajici spektrum pouzivanych markeru o
techniky a markery postavené na principu detekce polymorfismu na Grovni DNA.
Pfedkladana metodika popisu a identiflkace genotypl brambor vychazi
z publikovanych i originalné navrzenych postupl a podava pfehled o metodach
izclace DNA brambor z riznych &asti rostliny a metodach analyzy RAPD, AFLP,
SSR a ISSR markera.
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I.2. Metodika izolace DNA

Rostlinny material pouzivany pro izoiaci DNA brambor

e klicky z nakli¢enych hliz brambor
o listy (zdravé, neposkozené)
e hlizy (zdravé, nepoSkozeng, umyté, osusené)

DNA izolujeme dle pfislusného protokolu z éerstvého materialu (odebraného
v lahoratofi nebo v polnich podminkach a uchovavaného do doby izolace na ledu
po dobu 2-4 hod), nebo z materidlu zamrazeného (po odebrani material
zamrazime a uchovavame v -80°C). V pfipadé izolace DNA z hliz je mozné vyuzit
i lyofilizovaného materialu (z hlizy ukrojime tenky platek z celého profilu hlizy,
tento platek je zamrazime v -80°C a nasledné lyofilizujeme, po lyofilizaci platek
rozdrtime a homogenizujeme a ziskany prasek je uchovévame v -20°C).

« hlizova stava

Hlizovou &tavu ziskavame dle metodiky UPOV (UPOV 2002) z hliz, které jsou
omyty, zmrazeny v -20°C a po jejich rozmrazeni vymackame hlizovou Stavu.
Z takto ziskané hlizové §tavy DNA izclujeme dle pfisludného protokolu.

o lyofilizovany material
Jedna se o material, ktery ziskame ze vSech pfedchozich typd vzorkd po jejich

lyofilizaci (3etrné vysuSeni pfi nizké teploté ve vakuu). Lyofilizovany material
uchovavame v uzavienych mikrocentrifugacnich zkumavkach v mrazaku pfi -20°C.
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Metody izolace DNA brambor

DNA izolujeme ze vSech vySe uvedenych typu materialu (klicky, listy, hlizy,
huizova 3Stava), a to jak z materialu Jerstvého tak zamraZeného nebo
lycfilizevaneho. Vytéznost, Cistota a pouziti takto ziskané DNA jsou diskutovany
na zavér této kapitoly.

DNA je moZno izolovat mikroextrakénimi metodami (komeréné dostupnymi kity)
nebo pomoci standardnich metod izolace DNA (ziskani vét3iho mnozstvi DNA).

{zolace DNA pomoci DNeasy Plant Mini Kit (QIAGEN)

Metoda je zalozena na principu purifikace DNA pomoci specielnich mikrokelen —
na prvni koloné dochazi k zachyceni proteind, polysacharid(, detergentu a dalsich
nedistot, na druhé koloné dochazi k zachyceni DNA a jejimu naslednému vymuyti
eluénim roztokem.

Restlinné pletivo mizeme rozdriit v tekutém dusiku. Pokud nepouZivame tekuty
dusik, rozdrtime rostlinné pletivo homogenizatorkem pfimo v mikrocentrifugacni
zkumavce. Maximalni mnoZstvi rostlinného pletiva, které muzeme pouZit je 100
mg.

1. K homogenizovanému vzorku pfidame 400 pl pufru AP1 pfedehfatého na
65°C a 4 ul RNazy A (20 mg/ml). Dukladné protfepeme na vortexu. Smés
inkubujeme 10 min. pfi 85°C, b&hem inkubace mikrocentrifugacni zkumavku
2-3x prevratime.

2. Pridame 130 pl pufru AP2, promichame a inkubujeme 5 min. na ledu.

3. Lyzat pfeneseme do QlAshredder kolonek a centrifugujeme 2 min. pfi 8000
rem. Pfi pipetovani lyzatu do kolonek je nutné odstfihnout Spicku pipety. Pies
filtr projde do skbérné nadobky i mala &ast mrtvych buné&énych pletiv a
sraZenin, kde vytvori pelet.

4. Supernatant pfeneseme do novych mikrocentrifugacnich zkumavek. Vétsinou
ziskame 450 pl supernatantu. Je-li ho méné, pfepodteme mnozstvi roztokd
pfidavanych v dalSich krocich.

5. Pridame 0,5 dilu pufru AP3 a 1 dil etanolu (86-100%) a promichame pomoci
pipety. PF.: 450 pl supernatantu + 225 pl pufru AP3 + 450 pl etanolu.

6. 650 pl smési z kroku 5 (vGetné srazenin) pfeneseme do DNeasy kolonek,
centrifugujeme 1 min. pfi > 8000 rpm a odstranime pfefiltrovanou frakci.

7. Opakujeme krok 6 se zbyvajicim vzorkem, odstranime pfefiltrovanou frakci i
centrifugaéni zkumavky.

8. DNeasy kolonky umistime do novych centrifugaénich zkumavek, pfidame
500 yl pufru AW do DNeasy kolonky, centrifugujeme 1 min. pfi > 8000 rpm a
odstranime pfefiltrovanou frakci.

9. Pridame 500 pl pufru AVW do DNeasy kolonky, centrifugujeme 2 min. pfi
maximalnich otackach az do vysuseni membrany v kclonce, odstranime
prefiltrovanou frakci i centrifugadni zkumavky. DNeasy kolonky vyndame
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opatrné z centrifugacnich zkumavek, aby nedoslo ke kontaminaci vzorku
etanolem obsaZenym ve filtratu.

10. DNeasy kolonky pfeneseme do 1,5 ml (2 ml) mikrocentrifugaénich zkumavek
a pfidame 100 pl pufru AE (zahfatého na 65°C) pfimo na membrany kclonek a
centrifugujeme 1 min. pfi > 8000 rpm. Eluci mlZeme zopakovat (do nové
mikrocentrifugacni zkumavky).

Chemikalie:
» roztoky a kolony jsou soucasti kitu
« kapalny dusik
¢ ethanol (Cisty, 96% ethanol nedenaturovany)
e Supinkovy led

Pfistroje:
» centrifuga, sada automatickych pipet, homogenizatory, vortex, tfepaci vodni
lazen nebo tfepaci dry-blok, termostat, analytické vahy

fzolace DNA s pouZitim Invisorb Spin Plant Mini Kit (INVITEK)

Metoda je zalozena na principu purifikace DNA pomoci specielnich mikrokolon.
Rostlinné pletivo miZeme rozdriit v tekutém dusiku. Pokud nepouZivéme tekuty
dusik, rozdrtime rostlinné pletivo homogenizatarkem pfimo v mikrocentrifugaéni
zkumavce. Maximalni mnozstvi rostlinného pletiva, kterého mlUZeme pouZit je
100 mg.

1. V mikrocentrifugacni zkumavce zhomogenizujeme cca 60 mg rostlinného
pletiva. Homogenat pfeneseme do 1,5 ml mikrocentrifugaénich zkumavek a
pfidame 400 pl Lysis Buffer P a 20 pl proteindzy K. Vortexujeme a nechame
30 min. inkubovat pfi 65°C. Béhem inkubace 2 - 3krat promichame.
Pfipravime si Spin Filter do 2,0 ml Receiver Tube.

2. Vzorky pfeneseme na Spin Filter. Centrifugujeme 10 min. pfi 12000 rpm.
Pokud je to nutné pfidame 40 pl Rnazy A (10 mg/ml), vortexujeme a nechame
5 min. inkubovat pfi pokojové teploté.

3. Pridame 200 pl Binding Buffer P a vortexujeme.

4. Umistime nové Spin Filter do 2,0 ml Receiver Tube, pfeneseme vzorky a
1 min. inkubujeme. Centrifugujeme 1 min. pfi 12000 rpm.

5. Odstranime filtrat a Spin Filter umistime zpét do 2,0 ml Receiver Tube.

6. Pfidame 550 pl Wash Buffer | a centrifugujeme 1 min. pfi 12000 rpm.
Cdstranime filtrat a Spin Filter umistime zpét do 2,0 ml Receiver Tube.

7. Pfidame 550 pl Wash Buffer Il a centrifugujeme 1 min. pfi 12000 rpm.
Odstranime filtrat a Spin Filter umistime zpét do 2,0 ml Receiver Tube. Krok
opakujeme. Nakonec centrifugujeme 2 min. pfi 12000 rpm kvili odstranéni
ethanolu.

8. Spin Filter umistime do novych 15 ml Receiver Tube a pfidame 50 — 100 pl
Elution Buffer D pfedehfatého na 65°C. Inkubujeme 3 min. pfi pokojové
teploté. Centrifugujeme 1 min. pfi 10000 rpm.
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Pokud chceme vytvorit 1. a 2. eluat pfidame 50 ul Elution Buffer D predehratého
na 85°C a inkubujeme 3 min. pfi pokojové teploté Centrifugujeme 1 min. pfi
10000 rpm. Postup opakujeme znovu s dal$imi 50 ul Elution Buffer D, ale do
nové 1,5 ml Receiver Tube. Vznikne nam tak 50 pl 1. a 2. eluatu.

Chemikalie:
» roztoky a kolony jsou soucasti kitu
« kapalny dus’k
« ethanol (Cisty, 96% ethanol nedenaturovany)
* Supinkovy led

Pfistroje:
« centrifuga, sada automatickych pipet, homogenizatory, vortex, tfepaci vodni
lazen nebo tfepaci dry-blok, termostat, analytické vahy

fzolace DNA pomoci CTAB (Williams et al. 1992)

Tato metoda slouZi k extrakci vétSiho mnoZstyvi pomémé C&isté DNA pro Ugely
standardizace metod a pro (Cely AFLP analyzy.

Metoda je zaloZena na schopnosti CTAB (cetyltrimetylamoniumbromid) vytvaret
komplex s nukleovymi kyselinami, ktery je pfi vysoké koncentraci soli rozpustny
(0,7 M NacCl), ale pfi snizené koncentraci soli (0,45 M NaCl) vytvafi sraZeninu
(Murray a Thompson 1980). CTAB zaroveii plsobi jako detergenéni &inidlo, které
uveliuje DNA z komplexu membran a proteind. Na zdkladé rozdilné rozpustnosti
CTAB v porovnani s DNA je Ize oddélit a ziskat dostatedné &istou rostlinnou DNA.

1. Pfipravime si roztok 2x CTAB a 1% 2-merkaptoethanolu, na jeden vzorek
poditame 500 pl roztoku. Pripraveny roztok dame predehiat na 65°C.

2. Rostlinné pletivo mUZeme rozdrtit v tekutém dusiku. Pokud nepouzivame
tekuty dusik do sterilnich 1,5 ml mikrocentrifugacnich zkumavek dame
rostlinné pletivo (cca 100 mg), ze kterého chceme izolovat DNA. Pro lepsi
drceni pletiva pfiddme sterilnf kfemidity pisek.

« V pripadé lyofilizatu je vhodne tento krok provadét v 10 ml centrifugacnich
tubach a na 100 mg Iyofilizatu pfidat 5 ml roztoku 2x CTAB a 1%
2-merkaptoethanolu.

3. Ke kazdému vzorku pfidame 500 pl predehratého pufru, pletivo rozdriime a
promichame s pufrem. Nechame 45 min. inkubovat pfi 65°C. Béhem inkubace
kazdych cca 13 min. lehce promichame.

4. Pfidame 500 pl smési fenol-chloroformu—IAA, 10 min. protfepavame.
Centrifugujeme 5 min. maximalni rychlosti pfi pokojové teploté.

5. Do novych mikrocentrifugaénich zkumavek odpipetujeme vodnou fazi.
Pridame 500 pl smési chloroformu-lAA, 10 min. protfepavame.
Centrifugujeme 5 min. maximalni rychlosti pfi pokojoveé teploté.

6. Do novych mikrocentrifugadnich zkumavek pfepipetujeme vodnou fazi.
Pfidame 2/3 objemu isopropanolu (pfiblizné 250 pl). 2-3x lehce promichame.
Dame na 30 min. do mrazaku (-20°C). Centrifugujeme 5 min. pfi 4°C
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10.

11.

maximalni rychlosti. DNA by se méla zachytit na dné mikrocentrifugacni
zkumavky. Odstranime supernatant. Pelet usudime.

Pfidame 300 pl 1x TE a nechame 30-60 min. inkubovat pfi 37°C.

Pfidame 1/10 objemu 3 M octanu sodného a 600 pl ledového (z mrazaku)
100% ethanolu. 2-3x lehce promichame. Vzorky dame do mrazdku (-20°C)
minimalné na 20 min., maximalné na 12 hodin (vétsi vytéZnost DNA).

Vzorky vyndame z mrazaku a 10 min. centrifugujeme maximalni rychlosti pfi
4°C. DNA by méla vytvofit viditelny pelet na dné mikrocentrifugaéni zkumavky.
Odstranime supernatant (pipetujeme 2x). Nechame dobfe ususit.

Pridame 400 I ledovéhe 70% ethanolu. 2 - 3x lehce promichame.
Centrifugujeme 2 min. maximalni rychlosti pfi teploté 4°C. Okamzité
odstranime v&echen supernatant. Vzorky nechame dobfe ususit (cca 10 min.).
Podle mnozstvi peletu (DNA) pfidame 20-200 pl 1x TE pufru nebo sterilni
vody.

Pro dokonalé predisténi muzeme zopakovat postup od bodu 5.
Pfiddme 1 pl Rnazy A a nechame 30 min. inkubovat ve 37°C.

Chemikalie:
+ kapalny dus’k
« ethanol (Cisty, 96% ethanol nedenaturovany)
¢ Supinkovy led
¢ 2 CTAB extrakéni pufr (2% CTAB, 100 mM Tris—HCI, pH=8,0, 50 mM

EDTA, 1,4 M NaCl, 1% 2-merkaptoetanol)
2-merkaptoethanol

fenol-chloroform—IAA (25 : 24 : 1)
chloroform—IAA (24 : 1)

1% TE pufr sterilni

3 M octan sodny

isopropanol

70% ethanol

L ]
L]
L]
L]
[ ]
L ]
L]
e Rnaza A 2 mg/ml

Pfistroje:

» chlazena centrifuga, sada automatickych pipet, homogenizatory, vortex,
tfepaci vodni lazef nebo tfepaci dry-blok, termostat, analytické vahy, pH
metr, mrazak, digestof

fzolace DNA pomoci CTAB-PVF (polyvinylpyrrolidon)

Tato metoda slouZi k extrakci vetsiho mnozstvi pomeérneé Cisté DNA pro ucely
standardizace metod a pro Ugely AFLP analyzy. Pfidani PVP (polyvinylpyrrolidon)
odstrafuje kontaminanty a umoziiuje ziskani Gisté a kvalitnéjSi DNA.

Metoda je zaloZena na schopnosti CTAB (cetyltrimetylamoniumbromid) vytvaret
komplex s nukleovymi kyselinami, ktery je pfi vysoké koncentraci soli rozpustny
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(0,7 M NaCl), ale pfi snizene koncentraci soli (0,45 M NaCl) vytvari srazeninu
(Murray a Thompson 1980). CTAB zaroven pUsobi jako detergenéni &inidlo, které
uveoliuje DNA z komplexu membran a proteini. Na zakladé rozdilné rozpustnosti
CTAB v porovnani s DNA je Ize oddélit a ziskat dostatedné Cistou rostlinnou DNA.

1.

2.

10.

12.

Pfipravime si roztok 2x PVP-CTAB a 1% 2-merkaptoethanolu, na jeden
vzorek pocitame 500 pl roztoku. Pripraveny roztok dame piedehfat na 65°C.
Rostlinné pletivo muZzeme rozdrtit vtekutém dusiku. Pokud nepouzivame
tekuty dusik do steriinich 1,5 ml mikrocentrifugaénich zkumavek dame
rostlinne pletivo (cca 100 mg), ze kterého chceme izolovat DNA. Pro lepsi
drceni pletiva pfiddme sterilnf kfemigity pisek.

e V pripadé lyofilizatu je vhodne tento krok provadét v 10 ml centrifugacnich
tubach a na 100 mg lyofilizatu pfidat 5 ml roztoku 2x PVP-CTAB a 1%
2-merkaptoethanolu.

Ke kazdému vzorku pfidame 500 pl pfedehfatého pufru, pletivo rozdrtime a

promichame s pufrem. Nechame 45 min. inkubovat pfi 65°C. B&hem inkubace

kazdych cca 15 min. lehce promichame.

Po centrifugaci 12000 rpm 10 min. se pfevede supernatant (S00 pl) do novych

1,5 ml mikrocentrifugaénich zkumavek a pfida se 500 pl chloroformu s 1AA,

smés se 10 min. promichava a nasledné centrifuguje 5 min. pii 12000 rpm.

Do novych mikrocentrifuganich zkumavek odpipetujeme vodnou fazi.

Pridame 1/5 cbjemu 5% CTAB a smés se promicha, opét se pfida 500 pl

smési chloroformu—IAA a 10 min. protfepavame. Centrifugujeme 5 min.

maximalni rychlosti pfi pokojové teploté.

Do novych mikrocentrifugaénich zkumavek prepipetujeme vodnou fazi.

Pridame 2/3 objemu isopropanolu (pfiblizneé 250 i) a 2-3x lehce promichame.

Dame na 30 min. (aZ na noc) do mrazaku (-20°C). Centrifugujeme S min. pfi

4°C maximalni rychlosti. DNA by se méla zachytit na dné mikrocentrifugacni

zkumavky. Odstranime supernatant.

Pfidame 300 I 1x TE a nechame 30-60 min. inkubovat pfi 37°C.

Priddme 2 objemy (600 pl) ledového (z mrazaku) 100% ethanolu, 2-3x lehce

promichame. Vzorky dédme do mrazaku (-20°C) minimalné na 20 min,

maximalné na 12 hodin (vé&tsi vytéZnost DNA).

Vzorky vyndame z mrazaku a 10 min. centrifugujeme maximalni rychlosti pfi

4°C. DNA by méla vytvofit viditelny pelet na dné mikrocentrifugaéni zkumavky.

Odstranime supernatant.

Pfidame 1 ml ledoveho 70% ethanolu, 2 — 3x lehce promichame.

Centrifugujeme 2 min. maximalni rychlosti pfi teploté 4°C. Okamazité

odstranime v3echen supernatant, pro odstaranéni viditelnych nedistot

opakujeme tento krok 2x. Vzorky nechame dobfe vysusit (max. 3 hodiny).

Podle mnozstvi peletu (DNA) pfidame 20200 pl 1x TE pufru nebo sterilni

vody (rozpustit 40 min. pfi 37°C).

Pro dokonalé pfedisténi muzeme zopakovat postup od bodu 5.
Pfidame 1 pl Rnazy A a nechame 30 min. inkubovat ve 37°C.
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Chemikalie:

e kapalny dusik

« ethanol (€isty, 96% ethanol nedenaturovany)

e Supinkovy led

e 2x PVP-CTAB extrakéni pufr (2% CTAB, 100 mM Tris—HCI, pH=80,
20 mM EDTA, 1,4 M NacCl, 1% 2-merkaptoetancl, 1% PVP-40000)

e« 2-merkaptoethanol

« 5% CTAB

o chloroform—-1AA (24 : 1)

¢ 1x TE pufr sterilni

« jsopropanol

e«  70% ethanol

¢« Rnaza A 2 mg/ml

Pfistroje:

« chlazena centrifuga, sada automatickych pipet, homogenizatory, vortex,
tfepaci vodni lazen nebo tfepaci dry-blok, termostat, analytické vahy, pH
metr, mrazak, digestof

fzolace DNA pomoci CTAB a sou¢asného pridani PVPFP
{polyvinyipolypyrrolidon)

1.

2.

Pripravime si roztok 2x CTAB a 1% 2-merkaptoethanclu, na jeden vzorek
pocitame 500 pl roztoku. Pfipraveny roztok dame predehrat na 65°C.
Rostlinné pletivo muzeme rozdrtit vtekutém dusiku. Pokud nepouzivame
tekuty dusik do sterilnich 1,5 ml mikrocentrifugaénich zkumavek dame
rostlinné pletivo (cca 100 mg), ze kterého chceme izolovat DNA. Pro lepsi
drceni pletiva pfiddme sterilnf kfemigity pisek.

e V pfipadé lyofilizatu je vhodne tento krok provadét v 10 ml centrifugacnich
tubach a na 100 mg lyofilizatu pfidat 5 ml roztoku 2x CTAB a 1%
2-merkaptoethanolu.

Ke kazdému vzorku pfidame 500 pl pfedehratého pufru a cca 50 mg PVPP

(polyvinylpolypyrrolidon), pletivo rozdrtime a promichame s pufrem. Nechame

45 min. inkubovat pfi 65°C. Béhem inkubace kazdych cca 15 min. lehce

promichame.

Pfiddme 500 ul smési fenol-chloroformu—IAA, 10 min. protfepavame.

Centrifugujeme 5 min. maximalni rychlosti pfi pokojové teploté.

Do novych mikrocentrifugaénich zkumavek odpipetujeme vodnou fazi.

Pridame 3500 pl smési  chloroformu—lAA, 10 min. protfepavame.

Centrifugujeme 5 min. maximalni rychlosti pfi pokojové teploté.

Do novych mikrocentrifugadnich zkumavek pfepipetujeme veodnou fazi.

Pfidame 2/3 objemu isopropanolu (pfiblizné 250 pl). 2-3x lehce promichame.

Dame na 30 min. do mrazaku (-20°C). V tomto kroce, je mozno praci prerusit

a ponechat vzorky v mrazaku 12 hod. Centrifugujeme 5 min. pfi 4°C
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10.

11.

maximalni rychlosti. DNA by se méla zachytit na dné mikrocentrifugacni
zkumavky. Odstranime supernatant. Pelet usudime.

Pfidame 300 pl 1x TE a nechame 30-60 min. inkubovat pfi 37°C.

Pfidame 20 pl 7,5 M octanu sodného a 600 pl ledového (z mrazaku) 100%
ethanolu. 2-3x lehce promichame. Vzorky dame do mrazaku (-20°C)
minimalné na 20 min., maximalné na 12 hodin (vétsi vytéZnost DNA).

Vzorky vyndame z mrazaku a 10 min. centrifugujeme maximalni rychlosti pfi
4°C. DNA by méla vytvofit viditelny pelet na dné mikrocentrifugaéni zkumavky.
Odstranime supernatant (pipetujeme 2x). Nechame dobfe ususit.

Pridame 400 I ledovéhe 70% ethanolu. 2 - 3x lehce promichame.
Centrifugujeme 2 min. maximalni rychlosti pfi teploté 4°C. Okamzité
odstranime v8echen supernatant . Vzorky nechame dobfe ususit (cca 10 min).
Podle mnozstvi peletu (DNA) pfidame 20-200 pl 1x TE pufru nebo sterilni
vody.

Pro dokonalé predisténi muzeme zopakovat postup od bodu 5.
Pfiddme 1 pl Rnazy A a nechame 30 min. inkubovat ve 37°C.

Chemikalie:

+ kapalny dusik

ethanol (Cisty, 96% ethanol nedenaturovany)

sSupinkovy led

2x CTAB extrakéni pufr (2% CTAB, 100 mM Tris-HCI, pH=8,0, 50
mM EDTA, 1,4 M NaCl, 2% 2-merkaptoetanol)

¢ 2-merkaptoethanol

¢  PVPP (polyvinylpolypytrrolidon)

« fenol-chloroform—IAA (25: 24 : 1)
« chloroform-1AA (24 : 1)

e 1% TE pufr sterilni
L]

L ]

L ]

L ]

3 M octan sodny
isopropanol
70% ethanol
Rnaza A 2 mg/ml

Pfistroje:

« chlazena centrifuga, sada automatickych pipet, homogenizatory, vortex,
tfepaci vodni lazen nebo tiepaci dry-blok, termostat, analytické vahy, pH
metr, mrazak, digestof
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SDS exirakce podle Edwardse et al. {(1991)

Rostlinné pletivo mlUzeme rozdrtit v tekutém dusiku. Pokud nepouzivame tekuty
dusik, rozdrtime rostlinné pletivo homogenizatorkem pfimo v eppendorfce.
Maximalni mnoZstvi rostlinného pletiva, které muzeme pouZit je 500 mg.

1. 05 g listového pletiva homogenizujeme ve 100 pl extrakéniho pufru v
mikrocentrifugaéni zkumavce.

2. K homogenatu pfiddme 300 pl extrakéniho pufru a 5 s vortexujeme. Tato
extrakéni smés muze byt ponechana pfi |laboratorni teploté i déle nez
1 hodinu, dokud nejsou v8echny vzorky homogenizovany.

3. Extrakt centrifugujeme 1 min. pfi 13000 rpm a 300 l supernatantu pfeneseme
do &isté mikrocentrifugacni zkumavky.

4. K supernatantu pfidame 300 pl isopropanolu vychlazeného na -20°C a smés
nechame 2 min. srazet. Centrifugujeme 5 min. pii 13000 rpm.

5. Osuseny pelet rozpustime ve 100 pl TE pufru. DNA je stabilni ve 4°C déle nez
1 rok.

Chemikalie:
+ kapalny dusik
o extrakéni pufr (200 mM Tris-HCI, pH=7.5, 250 mM NaCl, 25 mM EDTA,
0,5 % SDS)
s chloroform—IAA (24 : 1)
* isopropanol
o TE pufr (10 mM Tris—HCI, pH=7,5; 0,1 mM EDTA)

Pfistroje:
+ centrifuga, sada automatickych pipet, homogenizatory, vortex, analytické
vahy, pH metr, mrazak, digestof

Extrakce DNA Kirby roztokem (Covey a Hull 1981)

Rostlinné pletivo mlUZeme rozdrtit v tekutém dusiku. Pokud nepouZivame tekuty
dusik dame rostlinné pletivo do mikrocentrifugaéni zkumavky, pfidame sterilni
kifemicity pisek a 500 pl extrakéniho pufru (Kirbyho roztoku).

1. Pletivo rozruime a 30 s vortexujeme.

2. Centrifugujeme 5 min. maximalni rychlosti pfi pokojové teploté. MuZeme
odpipetovat vodnou fazi bez zbytk( pletiva a pfepipetovat ho do novych
mikrocentrifugaénich zkumavek.

Dale postupujeme podle protokolu viz. CTAB izolace od bodu 4.
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Chemikalie:

e kapalny dusik

« Kirbyho roztok (1% Tri-izopropyl naftalen siran (sodna sul); 6% 4-amino-2-
hydroxybenzoova kyselina; 50 mM Tris—HCI (pH=8,3); 6% fenol (nasycen
200 mM Tris—HCI, pH=7); 10 mM EDTA, doplnime destilovanou vodou do
100 ml)

» ethanol (Cisty, 96% ethanol nedenaturovany)

¢ Supinkovy led

2x CTAB extrakéni pufr (2% CTAB, 100 mM TrisHCI, pH=8,0, 50 mM

EDTA, 1,4 M NaCl, 2% 2-merkaptoetanol)

s 2-merkaptoethanol

« fenol-chloroform—IAA (25: 24 : 1)

« chloroform—IAA (24 : 1)

e 1% TE pufr sterilni

[

L]

L]

[ ]

3 M octan sodny
isopropanol
70% ethanol
Rnaza A 2 mg/ml

Pfistroje:

» chlazena centrifuga, sada automatickych pipet, homogenizatory, vortex,
tfepaci vodni lazen nebo tfepaci dry-blok, termostat, analyticke vahy, pH
metr, mrazak, digestof

{zolace rostlinné DNA podle Jobese, Hurleye a Thiena (1995)

Rostlinné pletivo mlUZeme rozdrtit v tekutém dusiku. Pokud nepouZivame tekuty
provadime homogenizaci s extrakénim pufrem.

1.

gk w

(2

Pfipravime si roztok extrakéniho pufru, ke kterému pfidame proteindzu K (10
mg/ml). Na jeden vzorek poditame 0,1 g rostlinného pletiva, 1 ml extrakéniho
pufru a 50 pl proteinazy K. Pfipraveny roztok dame predehrat na 55°C.

Do sterilnich mikrocentrifugaénich zkumavek dame rostlinné pletivo (cca
0,19), ze kterého chceme izolovat DNA a homogenizuieme ho
homogenizatorkem. Priddme 1 ml extrakéniho pufru smichaného
s protindzou K a znovu promichdme homogenizétorkem.

Vortexujeme asi 15 s.

Vzorky dame inkubovat do 55°C na 60 min.

Ffiddme 80 pl 20% SDS (dodecylsiran sodny), promichdme, znovu
vortexujeme a nechame 1-2 hodiny inkubovat pfi 55°C.

Centrifugujeme 10 min. pii 14 000 rpm, pfi 4°C.

Supernatant prepipetujeme do nové mikrocentrifugaéni zkumavky a pfidame
1/3 objemu (cca 300 ) octanu draselného (pH=4.8). Lehce promichame
(nevortexujeme) a dadme na 30 min. do -20°C.

Centrifugujeme 10 min. pfi 14000 rpm, pfi 4°C.
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9. Supernatant prepipetujeme do nové mikrocentrifugaéni zkumavky a pridame
0,6 objemu (cca 600 pl) isopropanoclu. Lehce promichdme a dadme na 30 min.
do -20°C.

10. Centrifugujeme 10 min. pfi 14000 rpm, pfi 4°C.

11.Odstranime supernatant a pelet rozpustime ve 200 pl sterilni vody. Pokud se
pelet $patné rozpousti, dame vzorky inkubovat do 37°C cca 30 min.

12 Pfiddme 0,5 objemu (cca 100 pl) 5 M NaCl a dobfe promichdme. Potom
pfiddme 2,0 objemu (cca 400 pl) ledového (z mrazdku) 95% ethanolu a
nechame 30 min. inkubovat pfi -20°C.

13. Centrifugujeme 10 min. pfi 14000 rpm, pfi 4°C.

14.Odstranime supernatant a pelet rozpustime v 500 pl sterilni vody. Pokud se
pelet $patné rozpousti, dame vzorky inkubovat do 37°C cca 30 min.

15. Pfidame 500 pl smési fenol—chloroformu—IAA a 10 min. protfepavame.

16. Centrifugujeme 5 min. pii 14000 rpm, pfi pokojové teploté.

17.PFepipetujeme vodnou fazi do nové mikrocentrifugaéni zkumavky (cca 500 ul)
a pfidame 500 pul smési chloroform—IAA a 10 min. protfepavame.

18. Centrifugujeme S min. pii 14000 rpm, pfi pokojové teploté.

19. Plepipetujeme vodnou fdzi do nové mikrocentrifugaéni zkumavky a pridame
0,6 objemu (cca 250 pl) isopropanolu. Vzorky nechame inkubovat 30 min. pfi
-20°C.

20. Centrifugujeme 10 min. pfi 14000 rpm, pfi 4°C.

21. Odstranime supernatant a pelet omyjeme cca 300 l 70% ethanolu.

22. Centrifugujeme 5 min. pfi 14000 rpm, pfi 4°C.

23. Odstranime ethanol a pelet osusime.

24. DNA rozpustime v TE pufru nebo sterilni vodé.

Chemikalie:

kapalny dusik

ethanol (Cisty, 96% ethanol nedenaturovany)

extrakéni pufr (100 mM octan sodny (pH=4,8); 100 mM EDTA (pH=8,0);
500 mM NaCl; 10 mM DTT, 2% (w/v) PVP (polyvinylpyrrolidon); pH upravit
na 5,5; bezprostfedné pied pouzitim pfidat proteindzu K (100 ug/ml))

5 M octan draselny (pH=4,8)

TE pufr

20% (w/v) SDS

1MDTT

5M NacCl

100% isopropanol

70% ethanol

fenol—-chloroform—IAA (25 : 24 : 1)

chlorarofm—IAA (24 : 1)

sterilni voda

Supinkovy led
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Pfistroje:
e chlazena centrifuga, sada automatickych pipet, homogenizatory, vortex,
tfepaci vodni lazen nebo tfepaci dry-blok, termostat, analytické vahy, pH
metr, mrazak, digestof
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Porovnani jednotlivych metod izolace DNA

Vzhledem k tomu, Ze techniky analyzy DNA markerl maji byt rutinné pouzivany
v bézné praxi pro identifikaci a charakterizaci odrad brambeor, je nutné aby byla
ktomuto UCelu pouzivana takovd metoda extrakce DNA, ktera bude
optimalizovana pro totoc uplatnéni. Za optimalni je povaZovana takova metoda,
ktera bude na strané jedné prakticky a ekonomicky nendrocna a na strané druhé
bude poskytovat dostateény vytdZek DNA schopné dalsich analyz. Takto vybrana
.kompromisni* a optimalizovana meteda pak umozni extrahovat co nejvétsi poet
vzorkll za jednotku &asu (napf. denné) pfi uspokojivé vysoké kvalité DNA a za
soucasné ekonomické Unosnosti.

Pro volbu vhodné techniky extrakce DNA byly pouzity &tyfi druhy rostlinného
materialu; 1/ ¢erstvé pletivo z hlizy bramboru, 2/ Cerstve listy, 3/ klicky a 4/ hlizova
&tava ziskana po vymackani dikladné ocisténé, omyté a zmrazené hlizy. Pfed
izolaci DNA byla hliza opét rozmrazena, po rozkrojeni z ni bylo vymackano 5 ml
stavy, ke které bylo pfidano 100 pl konzervantu (Na.SO: + Na»S.0s3). Takto
ziskana &tava byla pfimo pouzivana pro izolaci DNA. Pro stanoveni optimalni
techniky izolace DNA bramboru byly pcuZivany paralelné jak rostlinné pletivo
z hlizy, tak vymackana stava. Kromé izolace z Cerstvé hmoty byla provadéna
izolace ze zamrazeného matrerialu a v piipadé hliz i z lyofilizovanych vzorku.

V tabulce 1 jsou porovnany sledované charakteristiky pfi hledani optimalni
metody izolace DNA.

Tab. 1: Porovnani metod izolace DNA.

Pocet e Koncentrace .
Cena ‘Doba vzorkl | Pracnost | Prace s pikeeck roztoku iiceck
Metoda . izolace P roztoku DNA
K] i na fenclem ONA Tl DMNA
[h] den* [1] [ng/mi] [ng]
8
CTAB 10 (2dny)* | 2x 24 4 ne 10 -100 200-400 2-40
8
CTAB+PVP 11 (2dny)* | 2x 24 4 ne 10 - 100 200-400 2-40
8
CTAB+PYVPP 11 (2dny)* | 2x 24 4 ne 10-100 200-400 2-40
7-8
KIRBY 9 (2dny)* 24 3 ano 10 - 100 1-10 0,11
SDS 7 46 2x 24 2 ne 10 - 100 1-10 0,11
JOBES 13 12 24 5 ano 10 - 100 1-10 0,11
INVITEK 72 1,5-2 4x 24 1 ne 100 0,51 0,05-0,1
QIAGEN 120 1.5-2 4x 24 1 ne 100 051 00501

*

osm heodin, ale rozlozeno do dvou dni
** standardni laboratof, 1 pracovni linka, 1 centrifuga s rotorem pro 24 mikrocentrifugaénich zkumavek
% 1 = nejméné naroéné, 5 — nejvice naroény postup

Bylo testovano osm metod extrakce DNA: Sest klasickych metod izolace DNA —
izolace rostlinné DNA pomoci CTAB (Wiliams et al. 1992) a pomoci CTAB
s pfidanim PVP nebo PVPP, extrakce rostlinné DNA Kirbyho roztokem (Covey a
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Hull 1981), SDS extrakce (Edwards et al. 1991), izolace rostlinné DNA dle Jobes
et al. (1995) a dvé metody pfi nichZ byl pouZivan komeréné dodavany kit pro
izolaci rostlinné DNA Invisorb Spin Plant Mini Kit (INVITEK) a DNeasy Plant Mini
Kit (QIAGEN).

Podle sledovanych charakteristik byla jako optimalni metoda pro (éely analyzy
mikrosatelitl vybrana izolace pomoci Invisorb Spin Plant Mini Kit (INVITEK), ktera
nejlépe spliovala sledované vlastnosti. Tato metoda je srovnatelnd s izolaci
pomoci DNeasy Plant Mini Kitu (QIAGEN), oproti DNeasy Plant Mini Kitu
(QIAGEN) je ale cenevé vyhodné&jsi, Vy3Si cepa kitove® izolace oproti
standardnim metodam izolace byla vyvaZena faktem, Ze jsou ziskdny standardni
vzorky DNA, opakovatelné a reprodukovatelné u celého spektra odrid. DNA je
ziskana v kvalité, ktera umoznuje bezproblémovou analyzu Sirokého spektra DNA
markerd. V této metodé jsou spojeny pozadavky na jednoduchou standardni a
rychlou metodu, kterd bude moci byt uplatiiena v bézné praxi.

Pro optimalizaci metod a pro UCely hodnoceni AFLP markerd a marker(
odvozenych z retrotranspozon( je ale pro izolaci DNA vhodné&jsi CTAB-PVP
metoda. U této metody Ize modifikovat jednotlivé kroky, je dosahovéna vy3Si
vytéZnost a Cistota DNA, neni ale vhodna pro velkosériové izolace a pro pfipady
jednoduchych screeningovych analyz. VSechny tfi metedy izolace zalozené na
pouziti CTAB (metoda CTAB, metoda CTAB-PVP a metoda CTAB-PVPP) maji
stejné parametry pfi zakladnim porovnani {pracnost, mnozstvi izolované DNA).
Odli$nost je zejména v kvalité a &istoté DNA a spolehlivosti izolace. Tyto dva
retrotranspozonové markery. U mené naroénych technik (analyzy ITS,
mikrosatelity) jsou tyto techniky srovnatelné a poskytuji stejné vysledky.

Pfi srovnani izolace DNA z rdznych vychozich typu rostlinného materidlu, byla pro
rutinni analyzy mikrosatelitl upfednostnéna izolace DNA z vymackané Stavy.
Pfedev3im proto, Ze poskytovala velmi jednoduchou a rychlou po&ateéni pfipravu
vzorkl. Pro ucely analyzy AFLP markerd a markerd odvozenych
z retrotranspozonu je ale nutné pouZit lyofilizovany materidl nebo vzorky listl &i
hliz. V pfipadé izolace DNA z hlizové $tavy neni dosahovano pozadovaného
minimalniho vytézku DNA a rovnéz koncentrace izolované DNA je nizsi.
Lycfilizovany material lze ziskat velmi jednoduchym zpUsobem, zustava
zachovana integrita DNA, lyofilizované vzorky je moZné velmi dlouho uchovavat
bez rizika zhorSeni parametri izolované DNA. Jedinou nevyhodou této metody je
potieba pristrojového vybaveni — lyofilizatoru.
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I.3. Metodika analyzy DNA markert

RAPD (random ampiified polymorphic DNA)

RAPD analyza je metoda zaloZzena na PCR technologii. Mezi jeji vyhody patfi
rychlost (je pouZitelna pro rychly screening a identifikaci vzorkl) a potfeba jen
velmi malého mnozstvi templatové DNA. Vzhledem k tomu, Ze pfi RAPD analyze
jsou vyuzivany nahodné generované primery, neni pro jeji provedeni vyZzadovana
znalost cilovych sekvenci a studovaného genomu. RAPD detekuje polymorfismus
v celém genomu. Tato technika je pro studium a charakterizaci genotypu brambor
doposud nejvice pouzivanou technikou. Waugh et al. (1992) pouzili techniku
RAPD pfi detekci genové introgrese u druhu Sol/anum tuberosum. RAPD markery
byly rovnéz pouzity pfi studiu genetickych vztahi mezi monoploidy, dvojitymi
monoploidy a ostatnimi donorovymi genotypy (Singsit, Ozias-Akins, 1993), pfi
uréovani genetické diverzity brambor (Demeke et al., 1996; Paz & Veilleux, 1997)
a pfi hodnoceni genetické variability mezi vnitrodruhovymi somatickymi hybridy
(Gavrilenko et al., 1999). Pro charakterizaci odriid brambor pouzili techniku RAPD
Demeke et al. (1993); Hosaka et al. (1994); Sosinski & Douches (1996);
Organisyan et al. (1996); Ford and Taylor (1997); Chakrabarti et al. (1998, 2001},
Pattanayak et al. (2002)aj. Chakrabarti et al. (2006) upozorfiuje na jednu z
hlavnich nevyhod této metody a to nestabilitu poskytnutych spekter v ramci
opakovani a rovnéz zjistil rozdily ve spektrech v zavislosti na izolovaném pletivu a
na zpUsobu péstovani rostlin (sklenik vs. polni podminky). Obdobné vysledky byly
ziskany i na nasem pracovisti (Novakova et al. 2008).

Pro RAPD analyzu u brambor byly pro Gcely pfedkladané metodiky pouZity

nahodné primery (OPERON Technologies, CA), sekvence primerl jsou uvedeny
v tabulce 2.

Tab. 2: Sekvence nahodnych primerd pouzivanych pro RAPD analyzu u brambor.

Primer Sekvence '5—3’
OPA-01 CAGGCCCTTC
QOPA-03 AGTCAGCCAC
QPA-09 GGGTAACGCC
OPA-13 CAGCACCCAC
OPB-01 GTTTCGCTCC
OPB-06 TGCTCTGCCC
OPB-11 GTAGACCCGT
OPB-17 AGGGAACGAG
a dal&i primery Operon - sekvence viz :
https:/iwww. operon.com/stockirapd 10mer_price.php
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Protokol RAPD analyzy vychazi z metodiky Williams et al. (1990) upravené na
pracovidti Biotechnologického centra ZF JU Sobotka et al. (2004) a Curn et al.
(2005).

PCR reakce probiha v objemu 25 pl, v 1x reakénim pufru (10 mM Tris-HCI,
pH=8,3, 50 mM KCI, 2 mM MgCl;, 1% Triton X-100), 100 pyM dNTP, 10 pM
primeru (Operon Technologies, serie A, B, F, H a K), 1 U Tag polymerazy
(TAKARA) a 25 ng templatové DNA.

Schéma pipetovani — systém TAKARA:

2,5 pl 10x reakéniho pufru

2,0 yl dNTPs

1 pl DNA

2 Jl primeru

0,2 pl DNA polymerazy (1 U)

17,3 ul dHz0 (voda do objemu 25 pl)

Alternativné je mozné pouzit komercéné dodavané ,master mixy“. PCR reakce pak
probihd v objemu 25 I, v 1x reakénim pufru (7S mM Tris—HCI, pH=8,8, 20 mM
(NH4)2S04, 0,01% Tween 20, 2,5 mM MgCly,), 200 uM dNTP, 10 pM primeru
(Operon Technologies, serie A, B, F, H a K), 1,25 U Taqg Purple DNA polymerazy
(PPP Master Mix, Top-Bio, CZ) a 25 ng templatové DNA.

Schéma pipetovani — systém PPP MM Top-Bio:
¢ 125 ul PPP master mixu
« 1 Jl DNA
e 2 Jl primeru
+ 95 pl dH,0 (voda do objemu 25 pl)

Amplifikace probiha na MJ Research Thermocycler PTC 100, nebo Biometra T1
Cycler pfi nasledujicim teplotnim profilu:
s pocéateéni denaturace 3 min. 94°C

s 45 cykll: 1min.  94°C
2min  35°C
3min 72°C

s konecna elongace 10 min  72°C

« stop - 4°C

PCR produkty se rozdéluji na 1,5% agarézovém gelu v 1x TBE pufru. Jako marker
se pouziva 100 bp DNA ladder (NEB) a DNA fragmenty se vizualizuji barvenim
pomoci ethidium bromidu pod UV svétlem. RAPD profily se zaznamenavaji
pomoci Epson Ultra Cam 31002 Imaging System.
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RAPD fingerprinty se nasledné vyhodnocuji pomoci specializovaného software
(BioProfil 1D+, Vilber Lourmat, GelManager for \Windows, BioSystematica;
UltraQuant) a ziskana primarni data pfitomnosti &i nepfitomnosti daného markeru
se dale statisticky zpracovavaji.

Chemikalie:
» DNA polymeraza, dNTP's, 10x pufr, MgCl, nebo PPP Master Mix
o templatova DNA
e primery
e dH>0 (PCR dH»0, nebo Millipore dH>0)

Pfistroje:
* PCR thermocykler, centrifuga, sada automatickych pipet, mrazak

SSR (single sequence repeat), mikrosatelity

Za mikrosatelity se povazuji tandemové usporadana kratka opakovani s délkou
motivu 2—4 paru bazi (Mcrgante and Olivieri, 1993). Di-, tri- nebo tetranukleotidova
opakovani jsou uspofadana v tandemech po 5 - 50 ti kopijich. Ashkenazi et al.
(2001) odhadli pfi studiu péti rozdilnych motivi, 2e u brambor mohou byt
mikrosatelity nalezeny kazdych 52 kb.

DNA fingerprinting zaloZeny na SSR markerech pouzili pro identifikaci
tetraploidnich klonu brambor (Kawchuk et al., 1996; Provan et al., 1996; Schneider
a Douches, 1997; Ghislain et al., 2000; McGregor et al., 2000; Ashkenazi et al,
2001). Coombs et al. (2004) pouzil 18 SSR primerovych kombinaci pro identifikaci
17 odrid brambor. Polymorfismus byl pozorovan u 14ti SSR primerovych
kombinaci pfi pouZiti agardzove elektroforézy a u 18 ti SSR primerovych
kombinaci pfi pouziti PAGE (polyacrylamide gel electrophoresis) elektroforézy.
Zadny z primer(l nedokazal rozli§it samostatné v3ech 17 odrid brambor. UZiti
mikrosatelitd (SSR) pro fylogenetické a fingerprintové analyzy u brambor studovali
Ashkenazi et al. (2001) a potencial techniky PCR-ISSR pro fingerprinting odrud
brambor posuzovali Prevost a Wilkinson (1999). McGregor et al. (2000) hodnotili
navzajem moznosti molekularnich markerl — RAPD, AFLP, ISSR a SSR - pro
fingerprinting odrid brambor na modelovém souboru 39 odrud. Zjistili, ze vSechny
techniky jsou schopné rozlidit vdechny odrudy tohoto souboru. Nicméné jednotlivé
techniky se liSily hodnotou tzv. genotypového indexu, ktery blize charakterizuje
moznosti jednotlivych technik {pro AFLP Gl = 1,0; RAPD Gl = 0,53; ISSR GI =
0,47 a pro SSR GI = 0,36).

Pro SSR analyzu u brambor byly pro uéely pfedkladané metodiky pouzity

primerové pary STM 2005, STM 1102, STM 3012, STWIN a STG BBS, sekvence
primeri jsou uvedeny v tabulce 3.
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Tab. 3: Sekvence primer( pouZivanych pro SSR analyzu u brambor.

Primer Sekvence '5—3' Teplota
nasedani
STM 2005 |5-TTTAAGTTC TCAGTTCTGCAGGG-3° [54C

5- GTC ATAACCTTT ACCATT GCT GGG -3’

STM 1102 |5- GGA AGAATTTTG TAG GTT CAA-37 25'C
5- AAAGTG AAACTT CCTAGC ATG -3

STM 3012 |5- CAA CTC AAA CCA GAA GGC AAA -3 57°C
5'— GAG AAA TGG GCA CAA AAAACA -3’

STWIN S-TGTTGATTG TGG TGA TAA -3’ 54°C

5 - TGT TGG ACG TGA CTT GTA -3
STGBBS |[5-AATCGG TGA TAAATGTGAATGC -3’ 54°C
5S—ATG CTT GCCATG TGATGT GT -3’

Protokol SSR analyzy vychazi z metodiky Williams et al. (1990) upravené na
pracovisti Biotechnologického centra ZF JU Novakova et al. (2008).

PCR reakce probiha v objemu 25 pl, v 1x reakéni pufru (75 mM Tris—HCI, pH=8,8,
20 mM (NH4):80,, 0,01% Tween 20, 2,5 mM MgCl;, 200 pM dNTPs), 10 pM
primeru (Qiagen), 1,25 U Taq Purple DNA polymerazy (PPP Master Mix, Top-Bio,
CZ) a 50 ng templatové DNA.

Schéma pipetovéani — systém PPP MM Top-Bio:
e 12,5 pl PPP master mixu
« 1 ul DNA
e 0,5 pl primer F
e 0,5 pl primer R
e 10,5 pl dH20 (voda do objemu 25 i)

Amplifikace probiha na Biometra T1 Cycler pfi nasledujicim teplotnim profilu:
e pocatecni denaturace 3 min. 94°C

e 30 cykld: 30s 94°C
30s 54-57°C, dle piislugného primeru
1min 72°C

¢ konecna elongace Smin 72°C

* stop - 4°C

PCR produkty se rozdéluji na 3% agarézovém gelu nebo 10% PAGE v 1x TBE
pufru nebo na 3% Synergelu v 0,5x TBE pufru. Jako marker sae pouziva 100 bp
DNA ladder (NEB) a DNA fragmenty se vizualizuji barvenim pomoci ethidium
bromidu pod UV svétlem. Profily se zaznamenavaji pomoci Epson Ultra Cam
3100Z Imaging System.

Profily SSR markeru se vyhodnocuji pomoci specializovaného software (BioProfil
1D+, Vilber Lourmat; GelManager for Windows, BioSystematica; UltraQuant) a
primérni data se dale statisticky zpracovavaiji.
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Chemikalie:
e PPP Master Mix
s templatova DNA
s primery
e dH,0 (PCR dH20, nebo Millipere dH,0)

Pfistroje:
¢ PCR thermocykler, centrifuga, sada automatickych pipet, mrazak

ISSR (inter single sequence repeat), mikrosatelity

Technika ISSR markert je modifikaci techniky SSR markert (Zietkiewics et al.,
1994; Kantety et al., 1995). Tato technika je zaloZzena na pouziti PCR amplifikace
s nahodné ukotvenym mikrosatelitovym motivem. Na rozdil od techniky SSR neni
pfi ISSR nutna zadna predchozi znalost sekvence. Hantula et al. (1996), Charters
et al. (1996) a Zietkiewics et al. (1994) povazuji tuto metodu za pfesnéjsi a
opakovatelngjsi nez metodu RAPD. Metoda ISSR markert zaroven poskytuje
vétsi polymorfismus. ISSR markery jsou dominantni, adkoli néktefi autofi udavaji i
jejich kodominantni charakter (Fischer et al., 1996).

Pro ISSR analyzu u brambor byly pro Ucely pfedkladané metodiky pouzity primery
P1, P2, P3, P4 a B1, sekvence primert jsou uvedeny v tabulce 4.

Tab. 4: Sekvence primer( pouZivanych pro ISSR analyzu u brambor.

Primer Sekvence ‘5—3' Teplota
nasedani

P1 ACA CAC ACA CAC ACACG 55°C

P2 AGA GAG AGA GAG AGA GYT 55°C

P3 GAG AGA GAG AGA GAG AYC 55°C

P4 ACA CAC ACA CAC ACA CYG 55°C

B1 CAC ACA CACACAGT 55°C

(Y =CneboT)
Protokol ISSR analyzy vychazi z metodiky Prevost and Wilkinson (1999) upravené
na pracovisti Biotechnologického centra ZF JU Novékova et al. (2008).
PCR reakce probiha v objemu 25 pl, v 1x reakéni pufru (75 mM Tris—HCI, pH=8,8,
20 mM (NH4),80,, 0,01% Tween 20, 2,5 mM MgCl;, 200 pM dNTPs), 10 pM

primeru (Qiagen), 1,25 U Taq Purple DNA polymerazy (PPP Master Mix, Top-Bio,
CZ) a 50 ng templatoveé DNA.
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Scheéma pipetovani — systém PPP MM Top-Bio:
+« 12,5 ul PPP master mixu
o 1 pl DNA
e 1 pl primeru
10,5 ul dH-0 (voda do objemu 25 i)

Amplifikace probiha na Biometra T1 Cycler pfi nasledujicim teplotnim profilu:
s pocatecni denaturace 3 min. 94°C

s 40 cyklu: 30s 94°C
30s 55°C
1min 72°C

+ koneéna elongace 7min 72°C

+ stop - 4°C

PCR produkty se rozdéluji na 2% agarézovém gelu v 1x TBE pufru. Jake marker
se pouziva 100 bp DNA ladder (NEB) a DNA fragmenty se vizualizuji barvenim
pomoci ethidium bromidu pod UV svétlem. ISSR profily se zaznamenavaji pomoci
Epson Ultra Cam 3100Z Imaging System.

Profily ISSR markeru se vyhodnocuji pomoci specializovaného software (BioProfil
1D+, Vilber Lourmat; GelManager for Windows, BioSystematica; UltraQuant) a
primarni data se déle statisticky zpracovavaiji.

Chemikalie:
o PPP Master Mix
« templatova DNA
e primery
e dH>C (PCR dH>»0, nebo Millipore dH»0)

Pfistroje:
s PCR thermocykler, centrifuga, sada automatickych pipet, mrazak

AFLP (amplified fragment length polymorphism)

Technika AFLP kombinuje principy technik RFLP a PCR (Vos et al., 1993).
Vysokomolekularni genomicka DNA (nebo v pfipadé cDNA-AFLP ziskana cDNA)
se Stépl soufasné dvéma restricnimi endonukledzami. Na wvzniklou populaci
restrikénich fragmentl se liguji adaptory o zname sekvenci a provadi se
preselektivni amplifikace. Primery pro tento amplifikaéni krok jsou komplementarni
k adaptorim s dalSim selektivnim nukleotidem na 3'- konci. Selektivni amplifikace
se pak provadi s primery se tfemi selektivhimi nukleotidy (v pfipadé rostlin resp.
objekth s velkym genomem). U AFLP dochazi ke kombinaci specificnosti
restrikéniho Stépeni se snadnosti PCR. Pelymorfismus se pak zjistuje na zakladé
pfitomnosti/nepfitomnesti a velikesti amplifikovanych fragmentd po separaci na
PAGE nebo na genetickém analyzéatoru (sekvenatoru).
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Oproti metodam RFPL a RAPD ma technika AFLP fadu vyhod, mezi nejdulezitéjsi
patfi generovani velkého mno2stvi dominantnich markeru pokryvajicich cely
genom. Kromé vyuziti pro identifikaci genotypu kulturnich rostlin je cilena zejména
pro ucely mapovani vyznamnych kvalitativnich a kvantitativnich znakl. Tato
metoda nachazi uplatnéni také pfi studiu biodiverzity, pfipravé markerl a
genetickém mapovéni (Ballvora et al., 1995; Meksem et al., 1995; Van Eck et al ,
1995). Kim et al. {(1998) charakterizovali soubor 12 odriid bramber technikeu AFLP
(pouzili 7 primerovych kombinaci se tfemi selektivnimi nukleotidy na obou
primerech) — ze 466 generovanych pruhl bylo 88% polymorfnich mezi odridami
zvoleného soubecru. Van der Voort et al (1998) vytvorfili on-line katalog
(http:/www . plantbreeding . wur.nl/Projects/Markers/markers.html) AFLP marker(
(733 chromozdmové specifickych AFLP marker() pokryvajici cely genom
bramboru.

Restrikce genomické DNA a ligace adaptoru (restrikéné ligaéni krok):

Restrikce (50 pl celkovy objem):
40 pl vzorku DNA + 1x R/L pufr, 5 U EcoRI, 5 U Msel

Na 1 vzorek: 4 pl H20, 5 pl 10x R/L pufru, 0,25 pyl EcoRI=5 U, 0,5 pl Msel =5 U
(10 pl restrikéniho master mixu se pfida ke 40 pl templatu DNA, promicha se a
Stépi se 16 h pfi 37°C)

Ligace (60 pl celkovy objem):
50 pl restrikéni smési + 1x R/L pufr, 5 pmol EcoRI 3" adaptor, 5 pmol EcoRI
5 adaptor, 50 pmol Msel 3' adaptor, 50 pmol Msel 5' adaptor, 1,2 pmol
ATP, 1 U T4 DNA ligaza

Na 1 vzorek: 1 pl 10x RL pufru, 0,1 pl EcoRI-3" adaptoru = 5 pmol, 0,1 pl EcoRI-
5" adaptoru = 5 pmol, 0,2 pl Mse-3' adapteru = 50 pmol, 0,2 yl Mse-5' adaptoru =
S0 pmol, 1,2 pl 10 mM ATP, 1 Wl (1 U) T4 Ligase, 6,2 ul vody

(10 ul ligaéniho master mixu se pfida k50 pl restrikéni smési, promicha se a
inkubuje se 3 h pfi 37°C)

R/L smés se po ukonéeni ligace nafedi 10x TO.1E pufrem (540 pl TO1E pufru +
60 ul R/L smési)

Pre-selektivni amplifikace (+1/+1) PCR

Preselektivni amplifikace (50 Jl celkovy objem):
5 ul vzorku (10x nafedény vzorek po R/L), 1x PCR pufr, 4 mM MgCl,,
200 pM dNTP’s, 75 ng EcoRI-A primeru, 75 ng Msel-A primeru, 1 U Taq
DNA polymerazy

Na 1 vzorek: 5 ul vzorku, 5 pl PCR pufru, 2 Pl 50 mM MgCl, 1 pl 10 mM dNTP's,
0,15 pl EcoRI=-A primeru (500 ng/uly, 0,15 pl Msel-A primeru (500 ng/ul), 0,2 pl
Taq (5 U/ul), 36,5 pl vody

{45 pl PCR master mixu se prida k 5 pl vzorku)
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Preselektivni amplifikace — teplotni profil PCR reakce:
« pocatecni denaturace 2 min. 94°C

s 30 cyklU: 30s 94°C
30s 60°C
1min 72°C

» konecna elongace 9min 72°C

+ stop - 4°C

Po ukonceni preselektivni amplifikace se 40 pl reakéni smési 20 x naredi (860 pl
TE + 40 pl templatu).

10 pl nenafedéného PCR produktu se pouZije na elektroforézu (1,2% agarozovy
gel v 1x TBE/TAE pufru), pro ovéfeni R/L a Pre-Amp kroku — pfitomnost
fragmentd o velikosti 0 — 400 bp.

Selektivni amplifikace (+3/+3) PCR

Selektivni amplifiakce (10 pl celkovy objem):
2,5 yl vzorku (20x nafedé&ny vzorek po Pre-Amp), 1x PCR pufr, 1,5 mM
MgCl,, 200 UM dNTP's, 5 ng EcoRI-ANN-FAM primeru, 30 ng Msel-ANN
primeru, 0,5 U Taqg DNA polymerazy

Na 1 vzorek: 2,5 Jl vzorku, 1 pl PCR pufru, 0,2 ul 10 mM dNTP’s, 0,087 pl EcoRI-
ANN-FAM primeru (10000 pmol), 0,095 yl Msel-ANN primeru (316 ng/pl), 0,1 pl
Taq (5 U/, 6,018 pl vody

(7.5 JI PCR master mixu se pfida k 2,5 ul vzorku)

Selektivni amplifikace — teplotni profil PCR reakce:
» pocCatecni denaturace 2 min. 94°C

« 10 cyklu: 30s 94°C
30s 65°C (-1°C/eyklus)
1min 72°C
o 25 cyklu: 30s 94°C
30s 56°C
1min 72°C
« konecna elongace 15 min 72°C
s stop - 4°C

Priprava vzorkd na fragmentaéni analyzu:

Vzorky jsou pfipraveny do 96 jamkovych destiéek (ABI):
11 pl formamidu, 0,4 ul 400 HD Rox Size Standard (ABI), 1,0 pl vzorku (po
selektivni amplifikaci)

Vzorky se dikladné promichaji, musi byt bez bublinek a jsou v cykleru
denaturovany — 4 min. pfi 95°C. lhned (!) po ukenéeni denaturace jscu polozeny
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na nejméné 2 min. do cold bloku vychlazeného na -20°C, po té je provedena
fragmentaéni analyza (ABI — automaticky geneticky analyzator — sekvenator) dle
manualu k sekvendtoru.

Chemikalie:

10x RL pufr (10 ml zasobni roztok): 0,121g Tris—acetate do 8 ml H.O
(100 mM); upravit pH na 7,5 pomoci led. kys. octové, pfidat 0,214 g MgAc
(octan horecnaty) (100 mM); 0,491g KAc {(octan draselny) (500 mM);
0,077g Dithiothreitol (DTT) (50 mM)

ATP (10 mM, 100 pl alikvoty, uchovavat v -80°C); 0,06 g ATP do 8 ml H20;
upravit pH na 7,0 pomoci 0,1N NaOH; doplnit do 10 ml

TOAE pufr: 5 ml 1 M Tris pH=7,5 (8,0}, 100 pl 0,5 M EDTA, doplnit vodou
do 500 ml

Hi-Di formamid (ABI)

400 HD Rox Size Standard nebo 500 Liz Size Standard (ABI)

templatova DNA

restrikéni enzymy (Msel, EcoR| - NEB)

Mse a Eco adaptory, Mse a Eco preselektivni primery, Ecc fluorescenéné
znacene selektivni primery, Mse selektivni primery

dH>0 (PCR dH:z0, nebo Millipore dH,0)

Pfistroje:

PCR thermocykler, centrifuga, sada automatickych pipet, mrazak, mrazici
destitka, geneticky analyzator
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Il.4. Metodika elektroforézy DNA

Klasickou metodou, univerzalné pouZivanou krozdéleni makromolekul, je
elektroforéza. V elektrickém poli se makromolekuly s nenulovym elektrickym
nabojem pohybuji k jedné z elektrod v zavislosti na své relativni molekulové
hmotnosti, celkovem naboji a tvaru. DNA je kyselina, obsahuje zaporné nabité
fosfatové skupiny. V elektrickém poli se pohybuji fragmenty DNA od zaporné
elektrody smérem ke kladné. K déleni fragmentld DNA se uzivda nejCastéji
agarézovy gel uloZeny horizontalné. Fragmenty o stejné délce postupuji stejné
rychle a vytvofi prouzek. DNA je na gelu vizualizovana pomoci specifického
barveni ethidiumbromidem (EtBr). Tato latka patii mezi interkalaéni barviba. VéZe
se dovnitf dvousroubovice a po ozafeni ultrafialovym svétlem (UV) oranzové
flucreskuje. Vzhledem k tomu, Ze ethidium bromid je karcinogen, gely jsou po
vyfotografovani skladovany ve zvlastni odpadni nadobé.

Elektroforéza v agarézovém gelu
Pfiprava gelu:

1. Agardéza se smicha svodou a pufrem v pfisluSném pomeéru v Sirokohrdlé
Erlenmayerové barice a rozvafi se v mikrovinné troubé (2+1 min. na max
vykon, nesmi zpénit); agaréza musi byt dokonale rozpusténa, béhem
rozvafeni je nutné s Erlenmayerovou bafikou nékolikrat zamichat.

2. Roztok agarozy je tfeba zchladit na cca 55°C, piida se odpovidajici mnoZstvi
ethidium bromidu, dikladné promicha a nalije se do pfipravené vanicky;
nalévaci vanicka musi byt dokonale vyrovnana do vodorovné polohy. Agarézu
je nutné nalévat opatrné a plynule, bez tvorby bublin, pfipadné bubliny je
zapotfebi eliminovat.

3. Po naliti agarézy je se do vanicky umisti hiebinek a gel se necha 30-60 min.
ztuhnout.

4. Ztuhly gel je umistén do elektroforetické vany a ped hladinu pufru jsou do
jamek vkladany vzorky.

Nanaseni vzorku:

Vana elektroforetické jednotky se napini dostateénym mnozZstvim pracovniho
roztoku 1x koncentrevaného pufru (2 mm nad Uroven gelu). K celému objemu
PCR reakce (25 pl) se pfida 4 pl nanaseciho pufru (LB), promichd se $pickou a
nanese pod hladinu elektroforetickeého pufru do jamek. Alternativné je mozné
nanést vzorky na gel a poté opatrné vlozit gel i se vzorky pod hladinu
elektroforetického pufru.

Nanaseci pufr — LB:
¢ 0,25% bromfenolové modfi, 40% (w/v) glycerolu nebo sacharozy ve vodé
« 0,025 g bromfenolové modfi, 4 g sacharézy — rozmichat do 10 ml vody, pufr
se rozpipetuje do mikrocentrifugaénich zkumavek a uchovava v lednici
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Roztok ethidium bromidu — EtBr:
¢ 10 mg ethidium bromidu se rozpusti v 1 ml destilované vody (pracovat
s rouskou v digestofi)

Marker — DNA ladder:
e 100 bp DNA ladder (NEB) — 1 ul markeru, 10 pl vody, 2 pl LB se promicha
a nanese na gel

Podminky separace:
» 23V po dobu 30 min. a poté 90 V po dobu 2,5 hod

Vizualizace DNA:
e gel je poloZzen na UV fransiluminator a pod UV svétlem je
zaznamenano/vyfotografovano spektrum markerd

Pfiprava gelu a pufra:

Tab. 5a: SloZeni 0,7% agardzového gelu v TAE pufru.

Elektroforéza 0,7% agarézovy gel [pufr 50x TAE]
objem gelu | mnoz. agarézy | mnoz. vody mnoZ. pufru  [mnoZz. Et. Br. V
[mi] [a] [mi] TAE [m] [ul]
50 0,35 49 1 5
100 0,7 98 2 8
150 1,05 147 3 8-10
200 1.4 196 4 12-13

Tab. 5b: SloZeni 0,7% agardzového gelu v TBE pufru.

Elektroforéza 0,7% agarozovy gel [pufr 5x TBE]

objem gelu | mnoZ. agarozy | mnoZ. vody mnoZ. pufru [mnoZz. Et. Br. V
(ml] [9] (mi] TBE [ml] (bl
50 0,35 40 10 5
100 0,7 80 20 8
150 1,05 120 30 8-10
200 1,4 160 40 12-13
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Tab. 6a: Slozeni 1,5% agarézového gelu v TAE pufru.

Elektroforéza 1,5% agarozovy gel [pufr 50x TAE]
objem gelu | mno2. agardézy | mno2. vody mnoZ. pufru | mno2. Et. Br. V
(ml] 9] (mi] TAE [ml] )
50 0,75 49 1 5
100 1,5 98 2 8
150 2,25 147 3 8-10
200 3 196 4 1213

Tab. 6b: SloZeni 1,5% agardzového gelu v TBE pufru.

Elektroforéza 1,5% agardzovy gel [pufr 5x TBE]
objem gelu | mnoZ. agarozy | mnoZ. vody mnoz. pufru | mnoz. Et. Br. V
(mi] [al (ml] TBE [ml] (M1l
50 0,75 40 10 5
100 1,5 80 20 3
150 2,25 120 30 8-10
200 3 160 40 12-13

Tab. 7a: SloZeni 3,0% agardzového gelu v TAE pufru.

Elektroforéza 3% agarozovy gel [pufr 50x TAE]
objem gelu | mnoz. agarozy | mnoZ. vody mnoz. pufru |mnoz. Et. Br. V
[ml] [d] [ml] TAE [ml] (b1l
50 1,5 49 1 5
100 g| 98 2 8
150 45 147 3 8-10
200 8 196 4 12-13
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Tab. 7b: Slozeni 3,0% agarézového gelu v TBE pufru.

Elektroforéza 3% agardzovy gel [pufr 5x TBE]

objem gelu | mno2. agardézy | mno2. vody mnoZ. pufru | mnoZ. Et. Br. V
[ml] gl (ml] TBE [ml] [k
50 1,5 40 10 5
100 g/ 80 20 8
150 45 120 30 8-10
200 6 160 40 12-13
Tab. 8; Pfiprava pracovnich roztokl TAE a TBE pufru.
1x pufr TAE/TBE na 100 ml
koncentrace mnoZ. vody mnoz. pufru
pufru
50x 98 2
10x 90 10
5x 80 20
Tab. 9; SlozZeni zasobnich roztokil TAE a TBE pufri
50x TAE 5x TBE
Tris (Trizma) 242 g 54
0,5MEDTA 100 ml 20 ml
led. kys. octova 571 mi =
kys. borita - 27,5
dH;O vodado1lL vodado 1L
Chemikalie:
e agardza (v kvalité pro elektroforézu DNA)
« zasobni roztok TAE/TBE pufru
« roztok ethidium bromidu
e LB puifr
« DNA marker
* PCR reakce
32

124



Curn V. a kol. (2008): Metodika izolace DNA a analyzy molekuldrnich markerii pro uéely popisu genovych zdroji a
identifikace odrld brambor ( Solanum tuberosiim L)

Pfistroje:
e mikrovinna trouba, sada automatickych pipet, jednotka horizontalni
elektroforézy se zdrojem

Elektroforéza v polyakrylamidovém gelu
Pfiprava gelu:

1. Dukladné umyjeme elektroforetickd skla (ve vodé a poté je otfeme
ethanolem), sestavime aparaturu do ,nalévaciho stojanku”.

2. Ze zasobnich roztok( pripravime smés — AC/BIS + voda + gelovy pufr +
sifiitan, prcmichame a piidéame persiran a TEMED, dlkladné promichame,
ale vyvarujeme se tvorby bublin v roztoku! a IHNED!! nalijeme nebo 5 ml
automatickou pipetou naneseme mezi sestavena skla; roztok muze i velmi
rychle ,ttuhnout”; vioZime hfebinek a nechame min 1 hod. polymerovat.

3. Poté vyjmeme hiebinek, jamky proplachneme elektroforetickym pufrem,
naneseme vzorky a sestavime komplet elektroforézy.

4. Nalijeme elektroforetické pufry a probiha elektroforéza.

5. Po ukonéeni elektroforézy opatrné oddélime skla, vyjmeme gel a pfeneseme
jej do barvici smési (200 ml elektroforetického pufru a 20 pl roztoku ethidium
bromidu); barveni probihd 10-30 min. a poté jsou fragmenty vizualizované na
UV transiluminatoru.

Nanaseci pufr — LB:
» 0,25% bromfenolové modfi, 40% (w/v) glycerolu nebo sachardzy ve vodé

¢« 0,025 g bromfenolové modrii, 4 g sachardzy — rozmichat do 10 ml vody, pufr
se rozpipetuje do mikrocentrifugacnich zkumavek a uchovava v lednici

Roztok ethidium bromidu — EtBr:
» 10 mg ethidium bromidu se rozpusti v 1 ml destilované vody (pracovat
s rouskou v digestofi)

Marker — DNA ladder:
e 100 bp DNA ladder (NEB) — 1 ul markeru, 10 ul vody, 2 ul LB se promicha
a nanese na gel

Podminky separace:
« 50V po dobu 30 min. a pote 220 V po dobu 2,5 — 3 hod.

Vizualizace DNA:

¢ po obarveni je gel polozen na UV transiluminator a pod UV svéilem je
zaznamenano/vyfotografovano spektrum markeru
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Pfiprava gelu a pufra:

akrylamid je neurotoxicky a kancerogenni, pfi praci s roztoky a gely je tfeba dbat
zvy8ené opatrnosti a pouzivat ochranné pomducky! zvlastni opatrnosti je tfeba
zejména pii pripravé zasobnich roztokl (prace s rouskou v digestori)

Tab. 10: SloZeni nedenaturaéniho gelu pro elektroforézu DNA.

nedenaturaéni gel
SEPARACNI GEL {7.5%) SEPARACNI GEL (10%)

redestilovana mi 37,5 31,5

voda ml 15 20

AC/BIS ml 7.5 7.5

pufr A nebo A’ 1] 160 160

sificitan sodny 1]] 300 300

persiran amonny | pl 30 30

TEMED

AC/BIS: 30 g acrylamid + 0,8 g BIS /100 ml

pufr A: 7,27 g Tris (Trizma), 48 ml 1 M HCI, pH=7,5/100 ml

pufr A*: 36,3 g Tris (Trizma), 48 ml 1 M HCI, pH=8,8 / 100 ml

pufr B: 6 g Tris, 48 ml 1 M HCI, pH=6,8 / 100 ml

Na2S03 : nasyceny vodny roztok

(NH4)2S20g: 15% roztok

SDS: 10% roztok

elektrodovy pufr 1: 9,27 g kys. borita, NaOH do pH=7,2/ 1000 mi
AC/BIS uchovavat ve tmé a chladnu, roztok staly cca 3 tydny
gelové pufry uchovéavat ve tmé a chladnu, stalé
persiran Ize uchovavat ve tmé a chladnu 1 tyden

elektrodovy pufr 1

Chemikalie:

pfipravovat pfed pouzitim

¢ akrylamid a bis-akrylamid (v kvalité pro elektroforézu DNA)

TEMED

LB pufr

roztoky pufru
nasyceny vodny roztok sifi€itanu sodného
persiran amony

DNA marker
PCR reakce

roztok ethidium bromidu
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Pfistroje:

o jednotka vertikalni elektroforézy se zdrojem, sada pro nalévani geld, sada
automatickych pipet

Alternativaim postupem pro DNA PAGE je vyuZiti Gipové elektroforézy Experion
(Bio-Rad) s Cipy pro elektroforézu DNA. Postup je velmi rychly, dostatedné citlivy a
precizni, nevyhodou je nutnost pofizeni nékladné investice.

Elektroforéza v polyakrylamidovém gelu — denaturacni elfo

Denaturacni gel pro elektroforézu DNA se pfipravuje za pridavku mocoviny,
pouzivé se k separaci malych fragmentl a pro Ulely sekvenacni elektroforézy.

Priprava a sestaveni skel pro sekvenacéni elektroforézu

Obé skla, kterd se pou2ivaji pro sekvenadni elektroforézu, spacery a hieben
dukladné umyjeme detergentem a pedlivé odstranime pfipadné zbytky gelu. Po
osuseni skel, spacerl a hiebenu, vée oplachneme v ultradisté vodé a po té ve
100% ethanolu. Spodni sklo (to, na kierém po ELFO zustava gel) vloZime na
1 hodinu do roztoku bind silane a nechame heo ,silanizovat® tzn. Ze na skle se
vytvofi vrstva, ktera po té vaze gel. Sklo oplachneme ultradistou vodou a potom
100% ethanolem. Na vrchni sklo (to, které odpuzuje gel) nalijeme cca 5 ml repel
silane, dobfe rozetfeme po skle, tak aby po celé ploSe vznikla tenkd vrstva a
nechame 15 min. pusobit. Sklo oplachneme ultradistou vodou.

Na spodni ,bind" sklo poloZime k dlouhym okrajum spacery a pfilozime vrchni
Jepel sklo tou vrstvou, kterou jsme potfeli repel silane. Soupravu pedlivé
urovname a spojime svorkami na jedné z dlouhych a jedné z kratkych stran. Tu
stranu, na kieré neni Zadna ze svorek dikladné zalepime pfes hranu izolepou, tak
aby skla zustala pevné spojena. Svorky pfendame a postup opakujeme na druhé
nezalepené strané. KdyZz jsou obé dlouhé strany zalepené, zalepime spodni
stranu skel. Dbame na to, aby tato strana byla velmi peclivé zalepena, jinak gel
bude vytekat. Spodni rohy skel zalepime dvakrat popfipadé trikrat.

Tab. 11: Slozeni denaturadniho gelu pro elektroforézu DNA.

Koncetrace akrylamidu
6% 8% 10%
AC/BIS30% ml 20 266 33,3
5x TBE ml 20 20 20
voda ml 24,7 18,1 11,4
modcovina g 42 42 42

Chemikalie:
10% persiran amonny: 0,1 g do 1 ml vody (pfipravujeme E&erstvy pfed kaZzdou
ELFO)
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100 ml roztoku pfipravime podle tabulky, vée smichame, zahfivame ve vodni lazni
pfi 55°C (pozor ochlazuje se) po dobu 3 min., objem doplnime do 100 ml. Z takto
pfipraveneho roztoku odebereme 10 ml pfidame 60 pl 10% persiranu amonného a
S5 yl TEMEDU.

Roztok ihned nanasime pipetou mezi skla tak, aby nevznikly z2adné bubliny. Tato
vrstva gelu ma po ztuhnuti zabranit vytékani zbyvajiciho gelu.

Kdyz spodni vrstva dobfe ztuhne pfidame ke zbyvajicim 90 ml roztoku 540 pl
10% persiranu amonného a 45 ul TEMEDU a pomoci stiicky naneseme mezi skla,
tak aby nevznikly Zadné bubliny. Roztok nanasime aZz k akraji vyfiznuti vrchniho
skla, piebytecny roztok odstranime a pfesah spodniho skla ocistime, aby ne ném
neulpivaly zbytky gelu. Hfeben zasuneme mezi skla asi 4mm hluboko tou stranou,
na které nejsou zuby. Gel nechame ztuhnout.

Trubicku ze stficky ihned umyjeme, aby v ni gel neztuhnul a neucpal ji.

Pre-run sekvenacni elekiroforézy

Kdyz je gel dobfe ztuhly odstranime izolepu ze spodni €asti, skla vioZzime do vany
a pfipevnime je k vané pomoci svorek. Do vany nalijeme 1x TBE pufr a préazdny
gel nechame cca 15 — 20 min. bézet pfi 1800V.

Viastni elekiroforéza

Po pre-run vypneme proud, vyndame hieben a do stérbiny, kterou hieben v gelu
vytvofil, naneseme loading buffer, po té vsuneme zpatky hieben tou stranou, na
které jsou zuby, tak hluboko, aby hrfeben vytvofil mezi skly sloty pro vzorky. Do
sletl naneseme vzorky (které jsme tésné pfed tim denaturovali) cca 3 — 4 pl a
nechame ELFO bézZet pfi 1800V (cca 1 hodinu). Po dobéhnuti ELFO vypneme
proud, odpojime zdroj (!!l) a vyndame skla. Odstranime izolepu, vyndame spacery
a opatrné od sebe odlepime skla. Na spodnim ,bind“ skle by mél zustat gel.

Barveni stiibrem

Spodni sklo, na kterém zlstal gel vlozime do fiwstop solution a 20 min.
oplachujeme a tfepeme. V tomto roztoku mize gel zustat pfes noc bez tfepani.
Gel pfeneseme do nové misky a 3krat 5 min. dobfe oplachujeme ultradistou vedou
za soucasného tiepani. Gel ponofime do staining solution a 30 min. barvime a
tfepeme. Po barveni gel 15 s oplachujeme ultradistou vodeu a po té ho vlozime do
vychlazené developing solution, ke které jsme pfidali 1,5 ml formaldehydu a 200 pl
1% thiosulfatu sodného. 6 — 7 min omyvame, dokud nejscu prouzky dobfe
viditelné. Po zviditelnéni prouzku pifeneseme gel zpét do fix/stop soluticn a 3 min.
nechame pusobit, aby doslo k ukcndeni vyvijeci reakce. Gel 2Zkrat 5 min. omyjeme
ve vodé. Gel prekryjeme celofanem, nechame uschnout a po té digitalizujeme.
V3echny pomucky dukladné umyjeme.

Chemikalie:
« akrylamid a bis-akrylamid (v kvalité pro elektroforézu DNA)
= mocovina (pro elektroforézu DNA — ultradista)
e roztoky pufri
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nasyceny vodny roztok sifi¢itanu sodného

persiran amony

TEMED

roztok ethidium bromidu

LB pufr

DNA marker

PCR reakce

Bind a Repel Silane (Serva)

Fix/stop solution (10 % kyselina octova): 100 ml kyseliny octové
pfimichame do 900 ml ultracisté vody

Staining solution: 1 | ultradisté vody, 1 g AgNQs, 1 ml formaldehydu

« Developing solution {vyvojka): 30 g NaCO;, 1 | ultracisté vody, t€sné pred
pouzitim pfidame 1,5 ml formaldehydu a 200 pl 1% thiosulfatu sodného
(1% thiosulfat sodny: 0,01 g do 1 ml vody, pfipravujeme Cerstvy pfed
kaZzdou ELFO)

Pfistroje:
e jednotka vertikdIni elektroforéezy se =zdrojem (sekvenacdni elektroforéza
s vysokonapétovym zdrojem), sada pro nalévani gell, sada automatickych
pipet, tfepacka

Elektroforéza v SYNERGELu

Synergel je pfipravek, ktery po smichéni s agarézou vytvafi gel a vyrazné zvysuje
separaéni moznosti agarézového gelu. Separované fragmenty DNA vytvafi ostré
pruhy, dobfe rozdélené. Je pouzivan zejména pro separaci a detekci malych
fragmentu. Oproti PAGE gelu je zachovana jednoduchost pfipravy a provedeni
gelu a jeho netoxicnost.

Vypodet mnozstvi synergelu, které pfidavame k agardze — koncentraci synergelu
vypocitame na zakladé nasledujici hc vzorce:

CONCsynergel = (A-0,7) / 2

kde A je koncetrace agarozového gelu bez pfidavku synergelu, ktery chceme
prevést na synergelfagarozovy gel

0,7 — je hodnota koncentrace zakladniho agarozoveho gelu

napf. v pfipadé, kdy standardni 3% agarozovy gel nahraZzujeme gelem
s pfidavkem synergelu je sloZeni gelu nasledujici:

A=3%

mnozstvi synergelu ve smési: (3-0,7)/2=1,15%
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1,15% synergelu pfidame kQ,7% agarozy, tj. pro pfipravu 250 ml roztoku
pouZijeme 2,875 g synergelua 1,75 g agarézy

Postup pfipravy Synergel/agarézového gelu:
e Navazime dana mnozstvi agardzy a synergelu.
¢ Pfidame takové mnozstvi 100% ethanolu, aby doSlo k rozmichani (nesmi
se tvofit hrudky).
Pfidame 250 ml 0,5x TBE pufru.
Rozvaiime v mikrovinné troubg.
Pfidame 5 pl roztoku ethidium bromidu.
Ddkladné promichame.
Nalijeme do vany / formy na gel.
Nechame ztuhnout — cca 1-1,5 hod.

Chemikalie:

agaroza (v kvalité pro elektroforezu DNA)
Synergel (Roth)

zasobni roztck TBE pufru

roztok ethidium bromidu

LB pufr

DNA marker

PCR reakce

Pfistroje:
e« mikrovinna trouba, sada automatickych pipet, jednotka horizontalni
elektroforézy se zdrojem

Detekce DNA pomoci SYBR GREEN:

V pfipadé pouziti barviva SYBR GREEN (niz8i toxicita, lepSi vizualizace
DNAnagelu, nizSi pozadi) se pfi pfipravé gelu nepouziva ethidium bromid. Po
ukonéeni PCR je ke vzorkum DNA pfidan nanaseci pufr (LB) se SYBR GREEN.
Vzorky jsou naneseny na gel a probiha elektroforéza. Po ukond&eni elektroforézy
probiha vizualizace DNA fragmentd/PCR produktt na UV transiluminatoru.
V pfipadé dokumentace geld pomoci kamery nebo fotoaparatu je nutné pouZiti
zelengho filtru namisto ¢erveného filtru pouzivaného u gelu barvenym ethidium
bromidem !

LB se SYBR GREEN: 0,025 g Bromphenol Blue
0,025 g Xylene Cyanol FF
3 ml glycerol
20 pl SYBR GREEN (koncentovany roztok, FLUKA)
dopinit dH,O do 10 ml

rozpipetovat do alikvot a skladovat v temnu pfi -20°C, kratkodobé lze skladovat i
pfi +4°C
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I.5. Metodika analyzy molekularnich dat

Digitaini obrazova analyza

Vyhodnocovani ziskanych elektroforecgramu:

Pro vyhodnocovani vysledkil po elektroforéze je pouzivana fada metod. Mezi
jednodussi metody vhodné pii malém mnozstvi analyzovanych vzorkd a/nebo
malém poctu prouZkd je ruéni proméfeni geld a stanoveni relativni pohyblivosti
jednotlivych pruht nebo jejich velikosti (délky udané v bp).

Pomérmé dokonalych vysledku Ize dosahnout po dukladnéj$i (ale znaéné ¢asové
naro&né) obrazove analyze gell. Jsou dostupné komeréné dodavané zaznamové
jednotky (scanery, pfip. zafizeni na bé&zi CCD kamery, s obsluZnym a
vyhodnocovacim softwarem - BioRad, Image Laboratory, Stratagene), ale
vysledku obdobné kvality Ize dosahnout i s méné finanéné naroénym zafizenim.

Na nasSem pracovisti vyuzivame komplexni pocitacoveé zpracovani gell - pifi
vyuZiti barevného stolniho scaneru s vysokou rozlidovaci schopnosti (800 dpi)
nebo digitalni fotoaparatu jako soucasti GelDocumentation Sytem. Po digitalizaci
jsou gely zpracovany pomoci specialniho software — GelManager® for Windows
(BioSystematica, U.K.), BioProfil 1D++ (Vilber Lourmat, Francie) nebo UltraQuant
6.0 (UltraLum INC, USA).

Tyto programy pro digitalni obrazovou analyzu a zpracovani elektroforetickych
geld umozni analyzu a objektivni porovnavani jednorozmérnych elektroforetickych
spekter. UmozZnuji kenstrukei rozsahlych databazi “fingerprint(l®, které pak mohou
byt porovnavany. Vyuziti maji zejména v epidemiologickych studiich, identifikaci
genotypl, systematice, ekologii, populacni genetice, klinické biochemii a
biotechnologickych aplikacich.

Postup obrazové analyzy gell:
Nasledujici kroky predstavuji kostru postupu pocitacového zpracovani a
vyhodnocovani elektroforeograma

e zaznam gelu ze scaneru nebo digitalniho fotoaparatu/kamery
Uprava a optimalizace "obrazku” — zaznamu gelu
vybér pozice vzorku a zdznam kfivky optické hustoty vzorku
odstranéni pozadi
korekce absorbanénich profili na zékladé referenénich spekter
kontrola a korekce pozice piku (prouzkd)
porovnani prefill (korelaci prefill nebo porovnanim pozice prouzku)
vypocet matice podobnosti (koeficienty podobnosti)
vypocet a grafické znazornéni pomoci dendrogramu
identifikace nového paternu porovnanim s databazi
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Statisticke zpracovani dat

Pro ucely komplexniho hodnoceni molekularnich marker( je vhodné wvyuzit
statistického zpracovani dat. Metoda digitalni analyzy pak pfedstavuje prostfedek
pro primarni zpracovani elektroforeogramdl a zaznamenani pozice pruhd na gelu.
Na zakladé takto zjisténych a korelovanych pruhd na gelu je mozneé sestavit
matice pfitomnosti/nepfitomnosti pruhu v dané zéné a provést statistické
hodneceni (vypocet frekvence alel, vypocet koeficientl genetické identity, vypoclty
genetickych vzdalenosti ¢i podobnosti, clustercva /UPGMA — unweighted pair
group method averages/ a ordinaéni /PCO - Principal Coordinates Analysis/
analyza a sestaveni dendrogramu a ordinaénich diagramu). Pro tyto Ucely je
vyuzivan program Statistica 6.0 (Statsoft) a MVSP (Kovach Comp. Serv.) (z
duvodu moZnosti vypoltu genetické distance dle Nei-Li metriky koeficientl
podobnosti).
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lll. Srovnani novosti postupt

Predkladanou ,Metodiku izolace DNA a analyzy molekularnich markeru pro ucely
popisu genovych zdrojlu a identifikace odrid brambor (Solanum tuberosum L.) Ize
hodnotit jake novou metodiku, protoZe v soudasné dobé neni v CR k dispozici
dostupna metodika zahrhnujici optimalizované pracovni postupy pro izolaci DNA a
analyzu molekularnich markerlt u brambor. Dostupné informace jsou jen diléi a
rozptylené ve védeckych publikacich, které se problematikou molekulamiho
markerovani zabyvaji. Kemplexni vyhodnoceni vhodnosti jednotlivych postupl
izolace DNA a pouZitelnosti jednotlivych marker( pak dostupné nenf. Molekularni
markery pfedstavuji ve srovnani s morfologickymi & biochemickymi markery
kvalitativné novy pristup, ktery ma na jedné strané obrovsky potencial vyuziti, na
strané druhé pak ma i sve limity. Pro nekontroverzni pouziti molekularnich
markerd pro Ocely popisu genovych zdroji a identifikace odrud v&etné hodnoceni
odridové Cistoty a pravosti je naprosto nezbytné pouzit vhodné postupy izolace
DNA, které poskytuji kvalitni DNA pouzitelnou pro opakovatelné a
reprodukovatelné analyzy. Rovnéz v oblasti vyvoje a pouziti jednotlivych markerd
dochazi k vyvoji a znaénému posunu a kazdy z markerovacich systémd ma sva
specifika. Realna interpretace molekularnich dat pak vyZaduje volbu vhodnych a
optimalizovanych postupl. Pfednosti a limity jednotlivych postupl pro izolaci DNA
a analyzu molekularnich markeru jsou pfedmétem predkladané metodiky.
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IV. Popis uplatnéni metodiky

Metodika izolace DNA a analyzy molekularnich markerl pro Ucely popisu
genovych zdroji a identifikace odrid brambor (Solanum tuberosum L.) obsahuje
optimalizované postupy pro izolaci DNA. V metodice je uveden nejen pfehled
metod, ale je poukdzano i na prednosti jednotlivych metod a metody jsou
vyhodnoceny z pohledu rychlosti a pracnosti provedeni, kvantity a kvality ziskané
DNA. Ve druhé casti jsou pak pfedstaveny zakladni fingerprintové techniky a
metody uréené pro separaci a vyhodnoceni molekuldrnich markeru.

Metodika predstavuje soubor optimalizovanych metod a postupl, na jejichz
zakladé Ize provadét rutinni analyzy DNA markerd u brambor. Vystupem analyzy
je pak spektrum markerlu, respektive soubor markerd pfi pouziti vice
markerovacich systému. Molekuldrni markery pak mohou byt vyuZity pro popis a
identifikaci obrud brambor, hodnoceni odrudové dJistoty a pravosti, popis a
charakterizaci genovych zdroju. Molekuldrni markery nejsou dosud standardné pro
tyto UCely pouzivany, mohou byt ale vhodnym doplikem morfologickych a
biochemickych markerl. UzZivatelé metodiky jsou pracovisté vyzkumna a
glechtitelska, pracovi$té kontrolnich orgdn(, kterd mohou s vyhodou wvyuZit
pfednosti analyzy molekuldrnich markerd — rychlost analyzy, vysokou miru
polymorfismu a nizké ovlivnéni faktory vnitrniho a vnéjSiho prostfedi. Metodika
bude uplatnéna prostfednictvim Ustfedniho bramboraiského svazu, ktery sdruzuje
péstitele a zpracovatele brambor a obchodni organizace v CR. S Ustfednim
bramborarskym svazem byla uzaviena smlouva ¢ uplatnéni metodiky.
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VII. Priklady vystupul analyzy molekularnich markeru

Ukézka vysledku RAPD analyzy u brambor

primer OP-A7

Rt | | e

ABCABCABCABGCATBGC
M Karmola Koruna Krasa L. Christi Magda

primer OP-B2

s-gzes-oaREREs:

ABCABCABCABCABC(
M Accent Andora Berber Colete Fresco

it?‘fzg;f

ABCABCABCABC AB(Q

M Accent Andora Berber Colette Fresco
—E =

ABCABCABCABCABC
M Accent Andora Berber Colette Fresco

Obr. 1: Spektrum RAPD markerd ziskané po amplifikaci s primerem OPA-07 a
primerem OPB-02. DNA byla izolovana pomoci CTAB metody z hliz, pro kazdou
odriidu jsou uvedeny vysledky 3 opakovani — izolace ze 3 hliz dané odrudy. U
fady odrud je patrna nestabilita RAPD spekter a nestejné vysledky ziskané v ramci

tfech hodnocenych opakovani.
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Vyhodou RAPD analyzy je:
« detekovatelny polymorfismus
gag =22 =222 mezi odriidami

A BC ABC||ABC
Accent Accent Accent

-3 % B

Mezi zasadni nevyhody RAPD

- =5

analyzy patfi: = ; &
« nestabilita markerti v ramei aai i E!E

E_2
odridy mEw e -
« s$patna opakovatelnost mezi
jednotlivymi analyzami ABC||ABC||ABGC

Colette Colette Colette

Obr. 2: Na tomto obrazku jsou uvedeny vysledky opakovanych analyz — RAPD
analyzy u tfech hliz dané odrudy, ktera byla tfikrat nezavisle opakovana. Jsou
patré nejen rozdily mezi analyzovanymi hlizami, ale i nestabilita pfi porovnani
opakovanych analyz. Na zakladé zjisténych vysledku, nestability a obtizné
opakovatelnosti RAPD analyzy bylo doporuéeno tuto techniku nepouzivat u
brambor pro Uéely hodnoceni genovych zdroju a identifikace odrid.

RAPD spektrum jedné odrudy - hlizy A, B, C

Vnitroodridovy polymorfismus
odridy Colette ziskany po
RAPD analyze je kvantitativni 1
kvalitativni povahy.

AR B C

Obr. 3: Ukazka detekovaného kvalitativniho i kvantitativniho polymorfismu pfi
hodnoceni tfech hliz u odrudy Colette.
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Ukazka vysledkl analyzy mikrosatelitd u brambor

ﬁ-.--a

Obr. 4: Spektrum SSR marker(l ziskanych po amplifikaci s primerem STWIN 12G.

Obr. 5: Vysledky statistickeé analyzy mikrosatelitovych dat — A/ dendrogram
Ziskany po shlukové analyze (UPGMA) a B/ ordinadni diagram ziskany po PCO
analyze (Proncipal Coordinates Analysis). Na vysledcich je patrné seskupeni
odrid do skupin, odligitelnost jednotlivych skupin odrid je velmi dobra a zfetelna.
Pro rozlieni a jednoznaénou identifikaci véech odrid je zapotfebl pouZivat vice
(5) mikrosatelitovych marker/Aokusu.

Obr. 6: Vysledky statistického zpracovan! ISSR dat — je patrmy vyss$i
polymorfismus daného markeru a vyssi rozliSovaci schopnost, kdy wvéechny
sledované odrldy byly s dostatetnou mirou presnosti odligeny. Nevyhodou
daného markeru je ale obdobné jako u RAPD jeho nestabilita, zjisténa jak v ramci
cpakovani analyz u jednotlivgch hliz, tak i b&hem nezavisiého opakovani
amplifikace.
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VIIl. Katalog morfometrickych, bilkovinnych a DNA
markeru

Metody vypracovaneé v ramci této metodiky — tj. metody izolace DNA a metody
analyzy jednotlivech  DNA  markerd  byly  wyuZity pro tvorbu  "Katalogu
morfornetrickych, bilkovinnych a DNA markerd”. Tento katalog je dostupny na
intemetu na adrese: http/dwwiw katalogbrambor.cz . Katalog zahmuje celé
spektrum v CR registrovanych odrlid brambor, obsahuje jejich popisy, spekira
bilkovinnych a molekularmich markerd- katalog pak umoZiuje (1) wyhledéani
pfislugné odriidy a podava popisnou informaci o jejich charakteristikach na trovni
morfometrickych, biochemickych a molekularnich markerd: (2) identifikaci odridy
na zakladé zadani zjisténych parametrd odridy.

Soudasti katalogu  je  elektronicka wyhledavaci databaze KROB (Katalog
registrovanych odrdd brambor). Ziskana data — morfologické charakteristiky,
spektra biochemickych markenl a spektra OMNA markerd byla po analyzéch
Zaznamenana, zpracovana prostfednictyim obrazove analyzy a pfevedena do
JSula-jedna” matic charakterizujici nepfitomnost & pfitomnost prubu produkiu
(pruhu) v elektroforetickém  spekiru pfislusného markeru. Ziskana data jsou
vloZena do elektronické wyhledavaci databaze. Katalog spoledné s databazi je
vystupem wylUZitelnym  Slechtiteli, kontrolnimi organy a dostupny  odbome
wefejnosti.

Ukazky stranek elektronické vyhledavaci databaze KROE.

R

= - :
. T ERL

dihodeski Univerzita v Ceskych Buddjovicich, zemédilska fakuita

KROB

katalog registrovanych odrid brambor VSTUP

B

144



Curn V. a kol (2008)  Metodika izolace DNA & analyzy molekulamich markert pro &ely popisu genavych zdrojd
identifikace odriid brambor { Soianum tuberosunt L.}

54

145



Nazev:

Autorsky kolektiv:

Vydal:

€urn V. a kol. (2008): Metodika izolace DNA a analyzy
molekularnich markert pro Ucely popisu genovych zdroju a
identifikace odrid brambor (Sofanum tuberosum L.).

prof. Ing. Vladislav Curn, Ph.D.
Ing. Alena Novakova

Ing. Katefina Simackova

Ing. Barbora Kubatova, Ph.D.

Jihodeska univerzita v Ceskych Budéjovicich
Zemédélska fakulta

Studentska 13

370 05 Ceské Budéjovice

Vydano bez jazykové Upravy

Metodika byla schvalena Ministerstvem zemédélstvi CR, dopisem ze dne
12.12.2008 (&.j. 46688/08-18020), jako uplatnéna metodika s doporuéenim pro jeji
vyuziti v zemédélskeé praxi.

Kontakt na autory:

ISBN:

VCurn@seznam.cz

978-80-7394-135-2

146



7.5. Metodika izolace DNA a detekce GMO u brambor (Solanum
tuberosum L1.) / Methodology of DNA isolation and GMOs
detection in potato (Solanum tuberosum L.)

V. Curn, A.Novakova, K. Simac¢kova

147



;&Jﬁ% Jihoéeska univerzita v Ceskych Budéjovicich

".'I,\f ? 7 zZemedéiska fakulta

}
x.-_,\‘ |'

BIOTECHNOLOGICKE CENTRUM
JU ZF CESKE BUDEJOVICE

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

Metodika byla vypracovana jako vystup projektu NAZV 1B44011: ,,Wvojta
testovani systému analytickych metod pro praktickou charakterizaci odrud
brambor registrovanych v CR

DUPL=X PCR — Dietaction of |

Autofi: prof. Ing. Vladislav Curn, Ph.D., Ing. Alena Novakova,
Ing. Katefina Simatkova

Ceské Budéjovice, Zafi 2008

148



Jihoéeska univerzita v Ceskych Budéjovicich
Zemédélska fakulta

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

Metodika byla vypracovana jako vystup projektu NAZV 1B44011: ,Vyvoj a
testovani systému analytickych metod pro praktickou charakterizaci odrad
brambor registrovanych v CR*

prof. Ing. Vladislav Gurn, Ph.D.
Ing. Alena Novakova
Ing. Katefina Simackova

Ceské Budéjovice, Zaii 2008

149



Curn V. a kol. (2008): Metodika izolace DNA a detekce GMO u brambor (Solanum tuberosum L.)

Obsah:
L CHlMEEOIKY e ceeiiri ittt sttt ss s asessas s e ssssessssss sasss s bsssss sonssssannssas 1
I1. Vlastni popis MetodiKy ...ocivvvrrinninseirinirmnsissninmninnnnsis s s ssssesesessssesssses 2
TE L TVOM e e s s e 2
I1.2. Metodika 120lace DINA .......ociiiii e e e e e e e 3
Rostlinny material pouZivany pro izolaci DNA brambor........c..ccoooeiiiioiin i 3
[zolace DNA pomoci CTAB-PVP ..o e e 4
I1.3. Metodika detekce GMO
MUIHPIEX PR ...ceit ittt ettt ettt re ettt ae e s ea et s et en s es b eesnrennen
GRT-PCR ettt et et ettt ea ettt 9
I1.4. Metodika elektroforézy DINA ... e e 11
Elektroforéza v agar0Zovem G .......ccuiiiiir ettt 11
Elektroforéza v SYNERGELU.........cooiiiii e 13
Detekce DNA pomoci SYBR GREEN: ..cc.iiiiiii it e s 14
II1. STovnANi NOVOStE POSUPIU ..ccviieetiiiisnitisiei st ssass s e sss s sasa st ses ssasses 13
IV. Popis upiatnéni Metodiky ... msssisssns s 16
V. Seznam pouZité souvisejici Hteratury..........ooeviioicnicnviceeentiscseseneseeieesesesnes 17
VI. Seznam publikaci, které piedchiazely metodice......rivvniineireninininnninienneiennns 19
VII. Piiklady vystupu detekce a kvantifikace GMO 1 brambor ........oieeiiiesscsnsscsnens 21
i

150



Curn V. a kol. (2008): Metodika izolace DNA a detekce GMO u brambor (Solanum tuberosum L.)

I. Cil metodiky

V poslednim desetileti dochazi ve svété ke stalému navySovani ploch geneticky
modifikovanych plodin (GMP). Vétsinu péstebnich ploch zaujimaji &tyfi hlavni
plodiny: sdja, kukurice, bavinik a fepka olejna. Techniky genovych manipulaci jsou
ale dobie zavedeny i u bramboru a brambor je jednou z plodin, které patfi k tzv.
.Biotech Crops“. Ve svété jsou transgenni (geneticky modifikované - GM)
brambory péstovane jiz od roku 1996, kdy =zafalo komeréni péstovani
transgennich plodin. V Ceské republice Ize péstovat pouze geneticky
modifikované plodiny (GMP), které byly uvolnény do ob&hu na zakladé evropskych
pfedpist postihujicich proces schvalovani novych GM organismi. Pro bézné
komer&ni vyuziti Ize péstovat pouze GM odrudy polnich plodin zapsané ve Statni
odridové knize (Ufedni seznam odrid rostlin, které jsou v CR zaregistrovany)
nebo ve Spole¢ném katalogu odrdd druht zemédélskych rostlin, popf. zeleniny
(seznam odrud rostlin, sestaveny pfislusnym organem ES na zékladé narodnich
seznamu odrud ¢lenskych statt). Na narodni drovni nejsou k sou¢asnému datu ve
Statni odrudové knize zapsany Zadné odridy GM plodin. Na Udrovni evropské
Spoleény katalog odrid druhu zemédélskych rostlin jiz ale obsahuje transgenni
(geneticky modifikované) odridy. Tato skuteénost vyustila v potfebu vypracovani
metodiky pro rychlou a spolehlivou detekci GM brambor. Piedkladana metodika
zahrnuje postupy izolace DNA zlistdl i hliz a metody detekce a kvantifikace
pfitomnosti zamérné vnesené cizorodé DNA - transgenu - u brambor. Vypracovani
a optimalizace postupl pro detekci transgenu umozni monitoring GM brambor na
v8ech Urovnich péstovani, skladovéni a manipulace s rostlinnym materidlem.
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Il. Vlastni popis metodiky

I.1. Uvod

Kulturni brambor, Solanum tuberosum L., je jednou ze &tyf' nejvyznamnéjsich
plodin svéta spolu s pSenici, ryzi a kukufici a vyuziva se jak ve vyZivé lidi, tak i ve
vyZivé hospodarskych zvifat. Vyznamné je i jeho vyuziti pro ucely prumyslového
zpracovani.

Geneticky modifikované organismy (GMO) jsou Zzijici organismy, jejichz geneticka
informace byla zménéna pomoci technik genové manipulace, tzv. technik
rekombinantni DNA. Touto genetickou manipulaci je obvykle vneseni sekvence
cizorodé DNA (insertu) do recipientniho modifikovaného organismu. Tento proces
se nazyva transformace (Holst-Jensen, 2001).

Detekce GMO je uskute&fiovana pomoci polymerazové fetézové reakce ( z angl.
polymerace chain reaction — PCR) a to pfedev&im na Grovni DNA nebo pomoci
imunologickych metod jako je napfiklad ELISA (Enzyme-Linked ImmunoSorbent
Assay), na Urovni proteinu (Bonfini a kol, 2001). DNA je relativné stabilni molekula
a proto je preferovanym materidlem pro vétSinu analyz. Nespornou vyhodou
analyz zaloZzenych na PCR je potfeba malého mnozstvi vychoziho materialu

potfebného pro izolaci DNA a to v rozmezi 100 mg (Pietsche a kol., 1997,
\Waihlinaar a kol 1007\ — 350 ma (Zimmarmann a knl 1008) Pro rutinni glkrining

iiiaiblinsegalke IIGe g S slmal=immeimannlagkc IGO0 SINRrolitinnilskuining
mohou byt pouzity prlmery (kratke Useky komplementérni DNA) odvozené od
charakteristickych sekvenci jako je 35S promotor viru mozaiky kvétaku (P-35S) a
nos (nos3’) terminator bakterii Agrobacterium tumefaciens, které se bézné
vyskytuji u mnoha GMO plodin dostupnych na trhu (Hemmer, 1997), €i primery
odvozené ze sekvenci DNA dalSich vnesenych genl. Prvni GMO screeningove
metody byly pouzity némeckymi a Svycarskymi védci (Pietsche a kol., 1997) a byly
zalozeny na detekci pritomnosti sekvenci P-35S a nos3” a nasledné separaci PCR
amplifikované DNA pomoci gelové elektroforézy (Meyer, 1999; Pietsche a kol,,
1997). Urcitou nevyhodu PCR reakce prestavuje moznost nespecifické vazby mezi
primerem a templatem DNA. Proto Hupfer a kol. (1997) zvolil pro detekci
pfitomnosti cizorodé DNA metodu Southern blotu, zaloZenou na hybridizaci DNA
na membrané se specifickou, znagenou, sondou. Jednou z modifikaci standardni
PCR, zvySujici déle jeji specifitu &i pfesnost, je metoda tzv. ,nested PCR" (Meyer
a Jaccaud, 1997, Koppel a kol, 1997). NejspolehlivéjSi metodou ovérfeni
autenticity produktu PCR je jeho sekvenovéni, ale tento postup se rutinné
nepouziva (Ehlers a kol., 1997; Hupfer a kol., 1997).
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I1.2. Metodika izolace DNA

Rostlinny material pouzivany pro izolaci DNA brambor

DNA izoluieme dle pfislusného protokolu z derstvého materialu (odebraného
v laboratofi nebo v polnich podminkach a uchovavaného do doby izolace na ledu
po dobu 2-4 hod) nebo zmateridlu zamrazeného (po odebrani material
zamrazime v tekutém dusiku a uchovavame pfi teploté -80°C). V pfipadé izolace
DNA z hliz je mozné vyuzit i lyofilizovaného materidlu (z hlizy ukrojime tenky
platek z celého profilu hlizy, tento platek zamrazime pfi -80°C a nasledné
lyofilizujeme. Po lyofilizaci platek homogenizujeme a ziskany prasek uchovavame
pfi teploté -20°C).

+ hlizova stava

Hlizovou §&tavu ziskavame dle metodiky UPOV (UPOV 2002) zhliz, které
omyjeme, zmrazime pfi -20°C a po jejich rozmrazeni z nich vymackéme hlizovou
stavu. Z takto ziskané hlizové stavy izolujeme DNA dle pfislusného protokolu.

e lyofilizovany material

Jednd se o materidl, ktery ziskavdme ze vSech pfedchozich typl vzorkl (pravé
listy, hlizy, hlizova stava) po jejich lyofilizaci (Setrné vysuseni pfi nizké teploté ve
vakuu). Lyofilizovany material uchovavame v uzavienych mikrocentrifugaénich
zkumavkach v mrazaku pfi -20°C.

Izolace templatové DNA z hliz a listu pro téely PCR analyzy

Pro izolaci DNA Ize pouzit celou Skalu metod. Ne vSechny ale poskytuji vhodny
DNA templat (z pohledu kvality a kvantity) a ne vSechny techniky jsou vhodné pro
izolaci DNA ze zelenych ¢&asti rostliny a hliz. Na zakladé rozsahlého skriningu a
optimalizaci extrakénich technik, provedenych v laboratofi Biotechnologického
centra JU ZF Ceské Budéjovice, byla jako nejvhodnéjSi metoda izolace DNA
zvolena technika CTAB-PVP. Izolace DNA byla provedena pomoci pufru
cetyltrimetymamoniumbromidu (CTAB), dle modifikovaného protokolu podle
Williamse a Rogerse (Novakova et al., 2008). Modifikace spocivala v pfidavku
PVP (polyvinylpyrrolidon 40000) k extrakénimu CTAB pufru. Izolovana DNA byla
rozpusténa ve 100 pl sterilni H2O a byla uchovavéna pfi -20°C.
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izolace DNA pomoci CTAB-PVP

Tato metoda slouzi k extrakci vétSiho mnozstvi pomérné Cisté DNA pro ucely
standardizace metod a pro Uucdely AFLP (Amplified Fragment Length
Polymorphism) analyzy. Pfidanim PVP Ize dosahnout ucinnéjSiho odstranéni
kontaminujicich latek a tim i zisku dostatecné Cisté a kvalitni DNA.

Metoda je zalozena na schopnosti CTAB vytvaret komplex s nukleovymi
kyselinami, ktery je pfi vysoké koncentraci soli rozpustny (0,7 M NacCl), ale pfi
shizené koncentraci soli (0,45 M NaCl) vytvari srazeninu (Murray a Thompson
1980). CTAB zarovef pusobi jako detergenéni Ccinidlo, ktere uvolfiuje DNA
z komplexu membran a proteini. Na zakladé rozdilné rozpustnosti CTAB v
porovnani s DNA je Ize tyto slozky komplexu od sebe oddélit a ziskat dostateCné
gistou DNA.

1. Pfipravime si roztok 2x PVP-CTAB a 1% 2-merkaptoethanolu, na jeden
vzorek pocitame 500 pl roztoku. Pfipraveny pufr pfedehfejeme na 65°C.

2. Rostlinné pletivo muzeme rozdrtit v tekutém dusiku. Pokud nepouzivame
tekuty dusik, do sterilnich 1,5 ml mikrocentrifugaénich zkumavek dame
rostlinné pletivo (cca 100 mg), ze kterého chceme izolovat DNA. Pro lepsi
drceni pletiva pridame sterilni kiemicity pisek.

e V pfipadé Iyofilizatu je vhodné tento krok provadét v 10 ml centrifugaénich
tubach a na 100 mg lyofilizatu pfidat 5 ml roztoku 2x PVP-CTAB a 1%
2-merkaptoethanolu.

3. Ke kazdému vzorku pfidame 500 pl pfedehfatého pufru, pletivo rozdrtime a
promichame s pufrem. Nechame 45 min. inkubovat pfi 65°C. Béhem inkubace
kazdych cca 15 min. lehce promichame. Poté vzorky stodime na centrifuze
(centrifugujeme) pfi 12000 rpm po dobu 10 min.

4. Po centrifugaci prevedeme supernatant (500 pl) do novych 15 ml
mikrocentrifugaénich zkumavek a pfidame 500 pl chloroformu s IAA. Smés 10
min. premichavame a nasledné centrifugujeme 5 min. pfi 12000 rpm.

5. Do novych mikrocentrifugaénich zkumavek odpipetujeme vodnou fazi.
Pfidame 1/5 objemu 5% CTAB a smés promichame. Znovu pfidame 500 pl
smési chloroformu—lAA a 10 min. protiepavame. Centrifugujeme 5 min.
maximalni rychlosti pii pokojové teploté.

6. Do novych mikrocentrifugacnich zkumavek prepipetujeme vodnou fazi.
Pfidame 2/3 objemu isopropanolu (pfiblizné 250 pl) a 2-3x lehce promichame
pfevracenim. Poté ponechame cca 30 min. (popf.pfes noc) v mrazaku (pfi -
20°C). Nasledné centrifugujeme 5 min. pfi 4°C maximalni rychlosti. DNA by se
méla zachytit na dné mikrocentrifugacni zkumavky. Odstranime supernatant.

7. Pfidame 300 pl 1x TE (Tris — EDTA) a 30-60 min. inkubujeme pfi 37°C.

8. Pridame 2 objemy (600 pl) ledového (-20°C) 100% ethanolu, 2-3x lehce
promichame. Vzorky ponechame minimalné 20 min., maximalné pak 12 hodin
(vétsi vytéznost DNA) v mrazaku (-20°C).

9. Vzorky vyjmeme z mrazédku a 10 min. centrifugujeme maximalni rychlosti pfi
4°C. DNA by méla vytvorit viditelny pelet na dné mikrocentrifugaéni zkumavky.
Odstranime supernatant.
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10. Pfiddme 1 ml ledového (-20°C) 70% ethanolu, 2 — 3x lehce promichame.
Centrifugujeme 2 min. maximalni rychlosti pfi teploté 4°C. Ihned odstranime
v8echen supernatant, pro odstaranéni viditelnych nedistot opakujeme tento
krok 2x. Vzorky nechame dobre vysusit (max. 3 hodiny).

12. Podle mnozstvi peletu (DNA) pfidame 20-200 ul 1x TE pufru nebo sterilni
vody (rozpustit 40 min. pfi 37°C).

Pro dokonalé precisténi muzeme zopakovat postup od bodu 5.
Pfidame 1 pl Rnazy A a nechame 30 min. inkubovat ve 37°C.

Chemikalie:
¢ kapalny dusik
ethanol (Cisty, 96% ethanol, nedenaturovany)
Supinkovy led
2x PVP-CTAB extrakéni pufr (2% CTAB, 100 mM Tris—HCI, pH 8,0, 20 mM
EDTA, 1,4 M NaCl, 1% 2-merkaptoetanol, 1% PVP-40000)
2-merkaptoethanol
5% CTAB
chloroform—I|AA (isoamylalkohol) (24 : 1)
1x TE pufr sterilni
isopropanol
70% ethanol
Rnaza A 2 mg/ml

Pfistroje:
¢ chlazena centrifuga, sada automatickych pipet, homogenizatory, vortex,
tfepaci vodni lazef nebo tfepaci vyhfivany blok (dry-blok), termostat,
analytické vahy, pH metr, mrazak, digestof
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11.3. Metodika detekce GMO

Multiplex PCR

Metodika — stivajici doporuéenéd metodiky pro detekci transgend u brambor
“alidation Report EH92-527-1 potato) se ukazaly jako ne zcela wyhovujici
{detekce pomoci RT-PCR, detekee jinych transgend ne? jaky byl k dispozici,
poufiti fluorescenéné znatenych primenl a specifickych sond). Z tohoto divodu
byla vypracovana origindini metodika detekee transgenu v geneticky modifikované
odridé Desires za vyuZiti tzv. multiplexové PCR, s pouZitim dvou sad primert.
Jeden primerovy par (GNA_1 GNA_2) byl navrzen pro amplifikaci 0seku 140 bp
transgenu pro lektin snéZenky (GNA- Galantus nivalis aglutining a druhy primerowy
par (UGP-af7! UGP-arg) byl navrZen jako Jjintemi standard” pro amplifikaci 82 bp
Useku genu UDP-glucose pyrophosphorylase (Borokov et al. 1997). Sekvence
primerd jsou uvedeny v Tab.1.

Tab. 1: Sekvence primerd pouZitych pro multiplex PCR

Primer Sekvence
UGP-aff |5~ GGA CAT GTG AAG AGA CGG AGC -3

UGP-ar8 |5-CCTACCTCTACCCCTCCGC-%

GMA_1 5°-ATG GCT AAG GCAGTC TCCTC -3

GNA_2  |5-TCATTACTT TGC CGT CAC AAG -3

Mavrzeny metodicky postup umoZnuje specifickou deteko pfitomnosti transgenu
v ONA obsaZené v hlizach i v listech brambor. U GM brambor jsou pii
multiplexové PCR  ziskany 2 produkty — amplifikovany Osek odpovidajici
detekovanému transgenu GNA a amplifikovany Osek genu UDP signalizujici
spravny® pribéh PCR reakce. U netransgenni kentroly je pak ziskan pouze usek
odpovidajici genu UDP. Detekéni limit reakee je 10% kontaminace transgenu (2.5
ng DMA transgenniho organismu) ve vzorku.

PCR reakce probiha v ohjemu 25 pl, v 1x reakéni pufru (75 mM Tris—HCI, pH 8,8,
20 mbA (MH43:2504, 0.01% Tween 20, 2,5 mM MgClz, 200 pM dNTFs), 10 pM
primer {Qiagen), 1,25 U Taq Purple DMNA polymerazy (PPP Master Mix, Top-Bio,
CZ) a 25 ng templatoveé DMA.
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Schéma pipetovani — systém PPP MM Top-Bio:
e 12,5 pl PPP master mixu
1 ul DNA
0,5 pl primer UGP-af7
0,5 pl primer UGP-ar8
0,5 pl primer GNA_1
0,5 pl primer GNA_2
9,5 ul dH20 (voda do objemu 25 pl)

Amplifikace probiha na Biometra T1 Cycler pfi nasledujicim teplotnim profilu:
e pocatecni denaturace 3 min. 94°C

s 30 cykld: 50s 94°C
50s 62°C
50s 72°C

+ konecna elongace 7min. 72°C

s stop - 4°C

PCR produkty se separuji v 1,5% agarézovém gelu v 0,5x TBE (Tris, kyselina
boritd, EDTA) pufru. Jako marker molekulovych vah DNA se pouziva 100 bp DNA
ladder (vyrobce NEB) a DNA fragmenty se vizualizuji obarvenim ethidium
bromidem nebo barvivem SYBR Green a naslednym ozafenim UV svétlem. Profily
se zaznamenavaji pomoci Epson Ultra Cam 3100Z Imaging System ¢&i jakykoliv
jiny obrazovy zaznam.

Chemikalie:
¢ PPP Master Mix
¢ templatova DNA
e primery
+ dH>0 (PCR dH»0, nebo Millipore dH,0)

Pfistroje:
PCR thermocykler, centrifuga, sada automatickych pipet, mrazak
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gRT-PCR

Pro potfebu detekee a kvantifikace GMO, jako nastroje kontroly miry kontaminace
GMO byla optimalizovana metodika Real-Time PCR (PCR wvredlném E£ase)
s detekfnim systémem SYBR Green |. Analyza probiha jako dvé uniplexové PCR
reskce na jednom pristroji béhem jednoho experimentu. Primerove pary byly
navrzeny pro amplifikaci Gseku 140 bp fransgenu pro GMA snéfenky (galantus
nivalis aglutinin) a druhy primerovy par (UGP-afff UGP-ar8) byl navrZen jako
Jnterni standard®  pro amplifikaci 88 bp  dseku  genu  UDP-glucose
pyrophosphorylase (Borokov et al. 1997)

MavrZeny metodicky postup umoZiuje kvantifikaci pfitomného transgenu ve
vzorcich. Pfistroj MiniOpticon (BioRad) nabizi funkei vyhodnoceni kvantifikace
neznamého vzorku (qQRT-PCR). Tato hruba data vsak musi byt dale statisticky
Zpracovana. B&hem nasich pokusd byly Zjigtény nasledujici limity reakce: detekéni
limit = 0,01% a kvantifikatni limit = 0,05%. Sekvence primerl jsou uvedany
v Tab 2.

Tah. 2: Sekvence primerd pouZitych pro gRT-PCR

Primer Sekvence
UGP-aff [5- GGA CAT GTG AAG AGA CGG AGC -3

UGP-arg |5-CCTACCTCTACCCCTCCGC-%

GNA_1  |5-ATG GCT AAG GCAGTC TCCTC -3

GMA_2  |8-TCATTACTT TGC CGT CAC AAG - ¥

PCR reakce probiha v objemuo 20 pl, v 1x master mix DyNAmo Flash SYBR Green
gPCR Kit, 1x ROX, 0,5 g primert (Qiagen), a 10 ng templatové DNA.

Schéma pipetovani — DyNAmMo Flash SYBR Green qPCR Kit:
+ 10 pl master mix DyMNAmao Flash SYBR Green gFCR Kit
« 1 plDMA

+« 0.5 pl primeru

« 0.5 pl primeru

« 0.3 pl ROX reference dye

« 7.7yl dHz0 {voda do objemu 20 pl)
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Amplifikace probiha na Cycleru MiniOpticon (vyrobce BIORAD) pfi nasledujicim

teplotnim profilu:

e pocatecni inkubace 2min  50°C
+ podateéni denaturace 3 min  95°C
e 45 cyklQ: 50s 95°C
50s 62°C
50s 72°C

¢ detekce melting kfivky je v rozmezi 55°C — 90°C

Chemikalie:
« DyNAmo Flash SYBR Green gPCR Kit (vyrobce Finnzymes)
ROX reference dye
templatova DNA
primery
dH,0 (PCR dH,0, nebo Millipore dH»0)

Pfistroje:

PCR thermocykler se systémem detekce vyzafovaného signalu, centrifuga, sada

automatickych pipet, mrazak
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Il.4. Metodika elektroforézy DNA

Klasickou metodou, univerzalné pouzivanou kdé&leni makromolekul, je
elektroforéza. V elektrickém poli se makromolekuly s nenulovym elektrickym
nabojem pohybuji k jedné z elektrod v zavislosti na své relativni molekulové
hmotnosti, celkovém naboji a tvaru. DNA je kyselina, obsahuje zéporné nabité
fosfatové skupiny. V elektrickém poli se pohybuji fragmenty DNA od zaporné
nabité elektrody smérem ke kladné nabité. K déleni fragmentll DNA se uziva
nejCastéji horizontalné uloZzeny agarézovy gel. Fragmenty o stejné velikosti-
molekulové vaze- postupuji stejné rychle a vytvofi shluk, po obarveni pak prouzek.
DNA je na gelu vizualizovana pomoci specifického barveni ethidiumbromidem
(EtBr). Tato latka patfi mezi interkalaéni barviva. Vaze se mezi baze nukleovych
kyselin a po ozafeni ultrafialovym svétlem (UV) oranzové fluoreskuje. Vzhledem
k tomu, Ze ethidium bromid je karcinogen, gely jsou po vyfotografovani skladovany
ve zvlastni odpadni nadobeé.

Elektroforéza v agarozovém geiu
Priprava gelu:

1. Agaréza smichame svodou a pufrem v pfislusném poméru v Sirokohrdlé
Erlenmayerové bafice a rozvafime v mikrovinné troub& (2+1 min. na max
vykon, nesmi zpénit); agar6zu musime dokonale rozpustit, b&€hem rozvareni
musime s Erlenmayerovou bafikou nékolikrat michat.

2. Roztok agarézy zchladime na cca 55°C, poté pfidame odpovidajici mnozstvi
ethidium bromidu, dukladné promichame a nalijeme do pfipravené vanicky;
nalévaci vani¢ka musi byt dokonale vyrovhana do vodorovné polohy. Agarézu
nalévame opatrné a plynule, snazime se zamezit tvorbé bublin- pfipadné
bubliny odstranime.

3. Po naliti agarézy do vanicky umistime hfebinek a gel se nechame 30-60 min.
ztuhnout.

4. Ztuhly gel je ponofime do elektroforetické vany a pod hladinu pufru do jamek
po hfebinku vkladame vzorky.

Nanaseni vzorku:

Vana elektroforetické jednotky naplnime dostate€nym mnozstvim pracovniho
roztoku 1x koncentrovaného pufru (cca 2 mm nad Uroven gelu). K celému objemu
PCR reakce (25 I) pfidame 4 pl nanaseciho pufru (LB), promichdme $pi¢kou a
naneseme pod hladinu elektroforetickeho pufru do jamek. Alternativné muzeme
naneést vzorky na gel a poté opatrné vlozime gel i se vzorky pod hladinu
elektroforetickeho pufru.
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Nanaseci pufr — LB (loading buffer):
¢ 0,25% bromfenolové modfi, 40% (w/v) glycerolu nebo sacharozy ve vodé
s 0,025 g bromfenolové modfi, 4 g sacharézy — rozmichat do 10 ml vody, pufr
se rozpipetuje do mikrocentrifugaénich zkumavek a uchovava v lednici

Roztok ethidium bromidu — EtBr:
¢ 10 mg ethidium bromidu se rozpusti v 1 ml destilované vody (pracovat
s rouskou v digestofri)

Marker — DNA ladder:
e 100 bp DNA ladder (vyrobce NEB) — 1 ul markeru, 10 pl vody, 2 ul LB se
promicha a nanese na gel

Podminky separace:
e 23V po dobu 30 min. a poté 90 V po dobu 2,5 hod

Vizualizace DNA:
s gel fotografujeme na UV transiluminatoru pod UV svétlem
Priprava gelu a pufra:

Tab. 3: Slozeni 1,5% agarézového gelu v TBE pufru.

Elektroforéza 1,5% agarézovy gel [pufr 5x TBE]
objem gelu | mnoz. agarézy | mnoz. vody mnoz. pufru | mnoz. Et. Br. V
(ml] (9] (] TBE [ml] (ul]
50 0,75 40 10 5
100 1,5 80 20 8
150 225 120 30 8-10
200 3 160 40 12-13

Tab. 4: Pfiprava pracovnich roztokt TBE (Tris, kyselina borita, EDTA) pufru.

Ay imi i T oo 4
IX PUIl IDE a1

AR ]
uu I

koncentrace mnoZz. vody mnoZ. pufru
pufru
50x 98 2
10x 90 10
5x 80 20
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Tab. 5: SloZeni zasobnich roztokt TBE pufru

5x TBE
Tris (Trizma) 54

0,5MEDTA 20 ml

kys. borita 27,5

dH>0O vodado1L

Chemikalie:

agaréza (v kvalité pro elektroforézu DNA)
zasobni roztok TBE pufru

roztok ethidium bromidu

LB pufr

DNA marker molekulovych vah

Produkty PCR reakce

Pfistroje:
« mikrovinna trouba (pro rozvafeni agarézy v pfislusném pufru) , sada
automatickych pipet, jednotka horizontalni elektroforézy se zdrojem

Elektroforéza v SYNERGELu

Synergel je pripravek, jehoz pridavek k agréze vytvari gel s vyrazné vyssi
separaéni moznosti v porovnani se standardnim agarézovym gelem . Po
vyzualizaci separované fragmenty DNA vytvafi ostfejsi pruhy, dobfe rozdélené. Je
pouzivan zejména pro separaci a detekci malych fragmentl. Oproti PAGE
(polyakrylamidovy gel) se vyznaduje jednoduchosti pfipravy a shadnou separaci
fragmentl DNA. Neni toxicky.

Vypodet mnozZstvi Synergelu, které prfidavame k agaréze — koncentraci Synergelu
vypocitdme na zakladé nasledujici ho vzorce:

ConCSynerge| = (A'O,T) l’ 2

kde A je koncetrace agarézového gelu bez pridavku Synergelu, ktery chceme
pfevést na Synergel/ agarézovy gel

0,7 - je hodnota koncentrace zakladniho agar6zoveho gelu

napf. v pfipade, kdy standardni 3% agarozovy gel nahradime gelem s pridavkem
Synergelu, je sloZeni gelu nasledujici;

A=3%
mnozstvi Synergelu ve smési: (3-0,7)/2=1,15%
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1,15% Synergelu pfiddme k 0,7% agardzy, tj. pro pfipravu 250 ml roztoku
pouzileme 2,875 g synergelua 1,75 g agarézy

Postup pfipravy Synergel/agar6zového gelu:
¢ Navazime dana mnozstvi agardzy a Synergelu .
s Pfiddme takové mnozstvi 100% ethanolu, aby do$lo k rozmichani (nesmi
se tvofit hrudky).
Pridame 250 ml 0,5x TBE pufru.
Rozvafime v mikrovinné troubé.
Pfidame 5 pl roztoku ethidium bromidu.
Dlkladné promichame.
Nalijeme do vany / formy na gel.
Nechame ztuhnout — cca 1-1.,5 hod.

Chemikalie:
s agardza (v kvalité pro elektroforézu DNA)
¢ Synergel ( vyrobce Roth)
¢ zasobni roztok TBE pufru
¢ roztok ethidium bromidu
e LB pufr
+ DNA marker molekulovych vah
¢ Produkty PCR reakce

¢ mikrovinna trouba, sada automatickych pipet, jednotka horizontalni
elektroforézy se zdrojem

Detekce DNA pomoci SYBR GREEN:

V piipadé pouziti barviva SYBR GREEN (vyhodou je nizsi toxicita, lepsi
vizualizace DNA na gelu a niz8i pozadi pfi vyzualizaci) nepouzivame ethidium
bromid. Po ukonéeni PCR k reakéni smési pfiddme nanaseci pufr (LB) se SYBR
GREEN. Vzorky naneseme na gel a spustime elektroforézu. Po ukonceni
elektroforézy na UV transilumindtoru vyzualizujeme DNA fragmentl/ PCR
produktu. V pfipadé dokumentace geld pomoci kamery nebo fotoaparatu
pouzitieme zeleny filtru namisto &erveného filtru, ktery pouzivame u gell
barvenym ethidium bromidem !

LB se SYBR GREEN: 0,025 g Bromphenol Blue
0,025 g Xylene Cyanol FF
3 ml glycerol
20 pl SYBR GREEN (koncentovany roztok, FLUKA)
doplnit dH,O do 10 ml

LB rozpipetujeme do alikvot a skladojeme v temnu pfi teploté -20°C, kratkodobé
muzeme skladovat i pfi +4°C
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lll. Srovnani novosti postupt

Pfedkladanou ,Metodiku izolace DNA a detekce GMO u brambor (Solanum
tuberosum L.)" Ize hodnotit jako novou metodiku, nebot v soucasné dobé neni
v CR k dispozici ucelena metodika zahrnujici optimalizované pracovni postupy pro
izolaci DNA, analyzu molekuldrnich markerd, detekci a kvantifikaci GMO u
brambor. Dostupné informace jsou jen diléi a rozptylené ve védecké literatufe,
ktera se problematikou molekuldrniho markerovani a detekce GMO pro tento (€el
zabyva. Komplexni vyhodnoceni vhodnosti jednotlivych postupl a pouzitelnosti
jednotlivych markerl pak dostupné neni. Detekce GMO na Urovni analyzy DNA
pfedstavuje ve srovnani s fenotypovovou &i fyziclogickou detekci GMO kvalitativné
jiny pfistup, ktery ma na jedné strané obrovsky potencial vyuZziti, na strané druhé
pak ma i své limity. Pro nekontroverzni pouziti molekularnich markerd pro Gcely
detekce a kvantifikace je naprosto nezbytné pouZit odpovidajici postupy izolace
DNA, které poskytuji kvalitni DNA pouzitelnou pro reprodukovatelné analyzy.
Rovnéz v oblasti vyvoje a pouziti jednotlivych markerll dochazi k vyvoji a
znac¢nému posunu a kazdy z markerovacich systému ma sva specifika. Realna
interpretace molekuldrnich dat pak vyzaduje volbu vhodnych a optimalizovanych
postupll. Pfednosti a limity jednotlivych postupl pro detekci a kvantifikaci GMO
jsou pfedmétem piedkladané metodiky.
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IV. Popis uplatnéni metodiky

Pfedkldadana metodika izolace DNA a detekce GMO u brambor (Solanum
tuberosum L.) uvadi optimalizovany postup pro izolaci DNA a nasledné metody
detekce/ kvantifikace GMO. Vzhledem k tomu, ze metod izolace DNA je cela rada,
vyznam této metodiky je v tom, Ze uvadi optimalizovanou a komplexni metodiku
izolace DNA bramboru pravé pro udely detekce a kvantifikace GMO. Metoda
CTAR-PVP naskytuje standardni kvalitu DNA  zaruduje reprodukovatelné vysledky
v pfipadé naslednych analyz. Optimalizovana metodika byla vybrana na zakladé
rozsahlého testovani a ovéfovani 8 metod izolace DNA a celé $kély jejich
modifikaci, provedenych v laboratofi Biotechnologického centra JU ZF Ceské

Budéjovice.

Metodika pfedstavuje soubor optimalizovanych metod a postupl, na jejichz
zakladé Ize provadét rutinni analyzy detekce a kvantifikace GMO u brambor.
Vystupem analyzy je pak spektrum markert, které umozni zhodnoceni
pritomnosti/nepfitomnosti GMO ve vzorku a dale miru kontaminace vzorku, za
souCasné kontroly spravného provedeni analyzy. UzZivatelé metodiky jsou
pracovisté vyzkumna a sSlechtitelsk&, pracovisté kontrolnich organu, ktera mohou
s vyhodou vyuzit pfednosti analyzy — detekce a kvantifikace GMO pomoci metod
molekularni biologie. Metodika bude uplatndna prostiednictvim Ustfedniho
bramborarského svazu, ktery sdruzuje péstitele a zpracovatele brambor a
obchodni organizace v CR. S Ustfednim bramborafskym svazem byla uzaviena
smlouva o uplatnéni metodiky.
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VIl. Pfiklady vystupu detekce a kvantifikace GMO u
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Obr. 2: Standardni kfivka, procento transgenu (A1) 100%, (B2} 10%, (D1) 25%,
(E2) 2%, (F2) 1%.
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Obr. 3: Kvantifikace neznameho vzorku, procento transgenu (D2, D4) 4%, (E2,
E4) 2%, (F2, F4) 1%, (C2, C4) neznamy vzorek.
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Obr. 4: KEvantifikace neznamaho vzorku, vyhodnoceni MiniOpticon (BIORAD)

Tab. 1: Kvantifikace neznamaho vzorku, statistické vyhodnoceni

sample log ct % GMOD

4 0602059991 §.26 4.006851251
2 0,301020996 10,61 1.993115019
1 0 11,94 1,001738592
M 8,81 5 057006434
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9. SUMMARY IN CZECH

V ptfedkladané disertaéni praci se zabyvam moznosti vyuziti molekuldrnich markerQ
pro charakterizaci bramboru. Studované metodické postupy jsem vcetné izolace DNA
optimalizovala pro pouziti v konkrétnich podminkach.

Voprvni fazi jsem ze zaméfila na ovéfeni, v literaturou doporucovanych,
molekularnich respektive DNA markerd (RAPD, SSR, AFLP) a metodickych postupti
s ohledem na jejich uziti pro identifikaci odriid brambor. Problematika RAPD markert byla
na pracovisti Biotechnologické centra feSena jesté pted mym nastupem na doktorské studium,
na tehdejsi vysledky jsem tedy navazala a tuto metodu jsem shledala nevhodnou pro fesSeni
dané¢ho ukolu. Metoda SSR markeri se jevila jako nejvhodnéjsi z proveéfovanych
markerovacich systému, jak zhlediska poskytovaného polymorfismu, tak pro svou nizsi
materialni a casovou ndro¢nost ve srovnani s AFLP markery, jejichz aplikace bude
na pracovisti feSena v nejblizsi dob€. Analyza SSR markert byla tedy pouzita, jak pro pilotni
studii, tak 1 pro nasledny screening souboru 164 dostupnych odriid brambor registrovanych
v Ceské Republice. Vysledek tohoto screeningu je dostupny v internetové databazi
http://www.katalogbrambor.cz.

Dale jsem se zamyslela nad pouzitim jinych DNA markerovacich systémt vhodnych
pro feSenou problematiku. Postupné¢ jsem zatadila do studie jesté analyzu mikrosatelitii ISSR,
kterd se podle literaturou uvadénych vysledki jevila jako vhodna. ISSR analyza sice
poskytovala vyssi pocet amplifikovanych pruht, ale pfi opakovanych analyzach jsem zjistila
jak variabilitu uvniti odriid tak i nestabilitu tohoto markerovaciho systému v zavislosti na stari
a pavodu DNA. Dalsi oblasti zajmu se poté stala analyza transponibilnich elementt respektive
retrotransposonti a to pfedevS§im analyza IRAP. Tato metodika se jevi jako vhodna
na velkém poctu amplifikovanych pruht, jez vSak na druhou stranu zajisti moznost presné
identifikace jednotlivych odrid brambor i v tak velkém souboru genotypt. Analyza IRAP
markeri byla tedy pouzita jak pro pilotni studii, tak 1 pro ndsledny screening
souboru 164 dostupnych odrtid brambor registrovanych v Ceské Republice. Vysledky tohoto
screeningu budou dostupné v internetové databazi na http://www.katalogbrambor.cz.

Dalsim ukolem, ktery jsem se rozhodla feSit, byla problematika testovani GMO
u brambor. Podle znalosti ziskanych z dostupné literatury jsem zvolila metodu multiplex
PCR, respektive duplex PCR, pro detekci GMO u brambor. Pro naslednou kvantifikaci GMO

u brambor jsem zvolila metodu Real-Time PCR. Obé¢ testované metody jsou vhodné
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pro feseni dané problematiky a poskytuji dostate¢né detekéni a kvantifikacni limity s ohledem

na pouZziti.

177



