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Milé kolegyné, vazeni kolegové,

Gcastnici a castnice 4. metodickych dnd,

&lenky a ¢lenové Ceské spolecnosti experimentdlni biologie rostlin i Fyziologické sekce
Slovenské botanické spolecnosti,

nahodni ¢tenéri,

je to poprvé, kdy forma tohoto Bulletinu je naplnéna abstrakty a prispévky védecké
konference. Vazim si tohoto napadu, s nimz prisli organizatori uvedené konference,
jmenovité pak kolega Martinec. Doufdm, ze obalka Bulletinu bude ddstojnym rdmcem
pro sezndmeni viech zdjemct s naplni konference.

Na druhé strané jsem si jist, ze pro samotny Bulletin znamena tento obsah vyznamny
posun k tomu, aby se i tato publikace stala zajimavou a uzite¢nou nejen pro jeji autory,
ale predevsim pro Sirokou védeckou obec experimentélnich biologt rostlin na Slovensku
a v Cesku.

Dovoluji si vyuzit prilezitosti, kdy nejen dosavadni ctendfi tohoto Bulletinu, ale
nepochybné vsichni Gcastnici konference se nejen védomé podivaji na obdlku, ale
i s riznou pozornosti prolistuji obsah tohoto ¢isla. Chtél bych pfipomenout nékteré
zaméry redakcni rady. Zameéry, které jsme zatim uméli uskuteciiovat spiSe s mensim
nez dostatecnym zdarem. Ale zaroven zaméry, o jejichz zivotaschopnosti jsme jesté
porad presvédceni a které chceme jesté porad preménit v atraktivni obsah Bulletinu.

Ceska spolec¢nost experimentalni biologie rostlin (a patrné i Fyziologicka sekce Slovenské
botanické spolecnosti, za niz vsak nemohu vystupovat) zatim neni organizaci, kterd by
mezi svymi cleny i profesné blizkymi necleny pozivala uznani nepostradatelnosti nebo
aspon nenahraditelné prospésnosti. S tim mozna trosicku souvisi i problémy Bulletinu.
Ale v nejblizsi budoucnosti se chceme znovu pokusit o to, aby také Bulletin, byt nejen
tento, prispél k ziskani alespon ¢astecného pozitivniho ohlasu u nasi stavovské organizace.

Prosim Vas proto o trochu Vaseho casu na precteni i nasledujicich radkd.

Také po prvni pentadé 21. stoleti vychdzi nas Bulletin s nesmyslnym casovym skluzem
a zpozdénim. Tim i aktudlné napsany prispévek se stava archivni vzpominkou. Véfim,
Ze tento nezddvodnitelny nedostatek brzy odstranime. Potencidlni prispévovatele proto
prosim, aby se timto formalnim, byt zasadnim, nedostatkem nedali odradit od napsani
svého prispévku.

A o ¢em chce Bulletin psat? To je naznaceno jiz v nékolika minulych ¢islech. Pfipomenu
alespon nékolik témat:

V minulém cisle byl uverejnén cenny prispévek profesora J. Krajcovice z Bratislavy, ktery
velmi kvalifikované prfipomnél 100. vyroc¢i od formulace endosymbiotické teorie vzniku
chloroplastli a mitochondrii. Véfim, ze zajem ctendrt vzbudil také poutavy prispévek L.
Adamce o masozravych rostlinach. Nema smys| pokouset se o publikace ptvodnich
védeckych praci. Ale mlze byt cenné uverejiiovat obecnéji zajimavé informace, prehledy

¢i zamyslent.

Jinou oblast predstavuje prispévek F. Plhaka, ktery velmi podrobné popsal celou historii
Katedry anatomie a fyziologie rostlin Masarykovy Univerzity v Brné. Zasluhou tohoto
autora dokonce v nasledném cisle vyjde tGplny seznam vsech diplomovych praci obhajenych
na uvedené katedre. A pfipraven je obdobné zaméfeny prispévek ). Sebanka o Katedie
na Mendelové zemédélské a lesnické univerzité v Brné i velmi atraktivni vzpominani
profesora L. Pastyrika na profesora Bohumila Némce. Zda se mi, ze toto kvalifikované
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historické vzpominani opirajici se o solidni faktografické zdroje i osobni vzpominky
predstavuje skutecné jedinecny prinos Bulletinu. Proto uvitdme i dalsi.

S predchozim tématem souviseji vzpominky na vyznamné osobnosti nasich védnich
oborti v Cesku i na Slovensku. Zfejmé nenajdeme autory, ktefi by mohli podrobnéjsimi
Zivotopisy postihnout viechny nase vyznamné seniory. Proto chceme zavést alespon
kratka pripomenuti vyznamnych jubilei vSech nasich kolegyn a kolegti, a to formou
jedné fotografie a jen s uvedenim jména, pracovisté a data narozeni. Tato galerie nasich
jubilantd by v del$im ¢asovém obdobi trvale pripominala prakticky vSechny nase vyznamné
osobnosti experimentalni biologie, protoze vsichni mame svoje zZivotni jubilea a vsichni
starneme. Tak jen prosim vnimavé kolegyné a kolegy, aby ndm fotografie jubilantl posilali
i s onou minimalni informaci, tedy i s minimalni vloZenou energii ¢i ztratou casu.

Pribézné informace o obhajenych diplomovych a dizertacnich pracich by mohly
predstavovat dalsi trvalou oblast Bulletinu. Zverejnénim stru¢ného abstraktu — vesmés jen
prevzatého z diplomové ¢i dizertacni prace — s minimalnimi dopliky o pracovisti, autorce
Ci autorovi a vedoucich ¢i skolitelich — by mohla byt jinou formou uvedeni mladych védct
do nasi komunity. Zaroven by to byla velmi aktualni informace o pravé probihajicim
vyzkumu na nasich pracovistich. Opét prosim diplomanty i -ky, dizertantky i -ty a jejich
vedouci ¢i skolitele: Posilejte nam tyto informace bezprostfedné po obhajobéch.

Je mnoho dalSich oblasti, které mohou ucinit z Bulletinu zajimavé ctenf a zaroven i cenny
zdroj informacf o soucasnosti i minulosti nasich védnich obor na Slovensku a v Cesku.
Napriklad volnd zamysleni vénovana spolupréci teorie a praxe nebo problémiim vyuky
v bakaldrském, magisterském i doktorském studiu. Ale tfeba také Gismévné postiehy
podobné tém, které do predchoziho ¢isla Bulletinu poslal A. Lux z Japonska.

Omlouvam se organizatordm i Gcastniklim 4. metodickych dn(i, pokud majf pocit, zZe jsem
zneuzil obsahovou napln tohoto ¢isla k tak obsahlému Gvodu. Omlouvat se mohu jediné
tim, Ze jedinym dlvodem je stéle jesté moje presvédcent, ze nase stavovska organizace
a tento Bulletin maji porad jesté svoje opodstatnéni. Pokud ovsem funguiji tak, aby svym
¢lenlim a ctenarlim poskytly zajimavé, uzitecné a nezastupitelné informace. A k tomuto
cili maze prispét doslova jeden kazdy z Vas.

Dékuji Vam a tésim se na budouci spolupraci v ramci nasi organizace i v tomto
Bulletinu.

Ucastnikdm 4. metodickych dnd preji piijemné a podnétné jednani.
Zari 2006

Lubomir Natr
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UVODNI SLOVO KE 4. METODICKYM DNUM

Vazeni pratelé,

dostalo se mi té cti napsat par slov Gvodem do sborniku ze 4. metodickych dnd vénovanych
rostlinné experimentalni biologii. Rad bych jen ¢tenariim pfipomenul, Ze jde opravdu jiz
o Ctvrté pokracovani série setkavani predevsim mladych védct plsobicich v rostlinném
vyzkumu ¢i na vysokych skolach. Nemdm k dispozici statistiku, ale mohu doporucit navstévu
sympatickych webovych stranek http://www.ueb.cas.cz/methods, kde najdete informace
o minulych, soucasnych i budoucich setkanich a dokonce i sborniky s fotodokumentaci.
Polozim si fe¢nickou otézku, kdo za touto zasluznou a altruistickou aktivitou stoji a pokusim
se na ni hned odpovédét. Jsou to Gctyhodni ¢lenové védecké rady a organizac¢niho
vyboru, lidé prevazné z prostiedi Ustavu experimentalni botaniky AV CR v Praze. Dle
mych dlouholetych znalosti tohoto pracovisté a jeho skvélych vyzkumnikd se domnivam,
Ze za myslenkou svolavani Metodickych dnd musela stat jeho dobra duse — Ivana
Machackova.

Myslenka poradat setkani mladych vyzkumnikd je skvéla a snad je téz optimalni spolecny
jmenovatel, metodika experimentalni prace s rostlinami. Organizétofi se viak neomezuiji
jen na nové metody ¢i technologie, ale pravidelnou soucasti téchto konferenci jsou
i vSeobecné prednasky z rozmanitych oblasti biologickych véd. Hlavnim cilem Metodickych
dnd jsou vsak setkdnf jako takova, osobni kontakty mezi kolegy, kterd vedou nejen
k vymeéné cennych védeckych informaci ale téz k vytvareni dobrého spolecenského
zazemi v rostlinnych védach. Jako pedagog vidim v neposledni fadé vyznam této akce
pro zacinajici vyzkumniky a predevsim doktorandy: jde casto o jejich prvni prilezitost
prednést a obhdjit vlastni védeckou praci na $irsim plénu.

Jménem pravidelnych Gcastniki Metodickych dnt dékuji organizatoriim za skvélou préci
a preji nam vsem, aby tradice téchto oblibenych setkani i nadale vzkvétala.

V Brné dne 28. srpna 2006
prof. Boris Vyskot

Laboratof vyvojové genetiky rostlin
Biofyzikalni dstav AV CR
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BIOINFORMATIKA SI HLADA MIESTO NA POMEDZI BIOLOGIE, LINGVISTIKY
A INFORMATIKY

MATE) Lexa
Masarykova univerzita Brno, Fakulta informatiky, Botanickd 68a, 602 00 Brno

V poslednych desatrociach paralelne s rozvojom vypoctovej techniky a pokrokmi v oblasti molekularnej biolégie
dochadza k rozvoju bioinformatiky. Tato vedna disciplina nielen hlada sp6soby na zber, triedenie a zobrazovanie
hromadnych biologickych dat, ako st napriklad sekvencie genémov a strukttry proteinoy, ale skiima aj sposoby
ich biologickej interpretacie.

V prednaske uvediem priklady, ktoré demonstruji, Ze informécie obsiahnuté v biologickych sekvenciach sa pri
urcitej generalizacii podobné informacidm predavanych pomocou ludskych jazykov. Vytvorim pracovni analégiu
Struktdry biologickych sekvencif a jazykov a ukdzem cudzie i vlastné priklady, kde metédy pocitacovej lingvistiky
alebo pouzitia lingvistického nazerania na biologicky materidl prinasa zaujimavé vysledky pri analyze biologickych
sekvencii. Zameram sa na problémy posudzovania podobnosti sekvencif, hlavne u vzdialenych sekvencii, moznosti
funkcnej anotdcie neznamych sekvencii a predpovedanie struktry proteinov.

BIOINFORMATICKE NASTROJE PRO BIOLOGY A JINE NEINFORMATIKY

MARTIN PoTocky'?

" UEB AVCR, Rozvojova 135, 165 00 Praha 6, CR
2 VSCHT Praha, Technicka 5, 166 28 Praha 6, CR
E-mail: potocky@ueb.cas.cz, tel.: 225 106 456

Bioinformatika zaziva v poslednich letech témér exponencidlni narust v mnoha smérech: neustale roste mnozstvi
sekvenacnich, transcriptomickych a strukturnich dat, vznikajf stadle novéjsi a sofistikovanéjsi programy na jejich
zpracovani a samozfejmé se zvysuje i mnozstvi védct bioinformatické nastroje pouzivajicich. Tento rozvoj sebou
prinasi také mnoha Gskali. Biolog neinformatik se dnes ocita pred problémem, jak pfipravit/formatovat vstupni
data, jaky nastroj a s jakymi nastavenimi pouzit, jak zpracovat a interpretovat vystupy a (hlavné) jak je verifikovat.
Bohuzel i v nejcastéjsich aplikacich bioinformatiky jako jsou vyhledani homolognich sekvenci, multiple alignment
a fylogenetickd analyza se casto aplikuje princip magické cerné skiinky, kterd ,néjak” zpracuje zadana data
a poskytne ,néjaky” vystup. Ve svém prispévku se pokusim shrnout vyvoj, ktery prodélaly tyto oblasti v poslednich
letech a na prikladech ukdazu moznosti a zddrhele ,laické” bioinformatiky.
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SURVEY OF MOLECULAR PHYLOGENETICS
MARTINA TALIANOVA

Laboratory of Plant Developmental Genetics, Institute of Biophysics, Czech Academy of Sciences,
Kralovopolska 135, CZ-612 65 Brno, Czech Republic
E-mail: talianka18@ibp.cz, tel.: +420 541 517 247, fax: +420 541 240 500

Key words: Evolutionary model; Distance-based methods; Maximum parsimony; Maximum likelihood; Bayesian
inferrence; Accuracy of phylogeny.

Introduction

Biological sequences (DNA, RNA and amino acids) are complex source of genetic variation due to various
mechanisms such as local changes in DNA sequences, rearrangements of DNA segments or DNA acquisition by
horizontal gene transfer (reviewed in Arber, 2000). Thus, the comparative analyses of genes and whole genomes
enable an exciting view into evolutionary processes and relationships between genetic material of different living
organisms. The evolutionary process does not only determine relationships among species, but also allows prediction
of structural, physiological, and biochemical properties (Chambers et al., 2000).

Phylogenetic construction is a hierarchical process

Molecular phylogenetics is a continuously evolving area, using and developing methods which enable to extract such
information. Most of the techniques used in phylogenetic analyses produce phylogenetic trees (phylogenies) which
represent evolutionary histories of compared species. Reconstruction of molecular phylogenetic relationships using
DNA, RNA or amino acid sequences is a hierarchical process consisting of four steps: 1) alignment of homological
sequences, 2) selection of an appropriate mathematical model describing sequence evolution, 3) application of
a suitable tree-building method with regard to the analysed data and 4) assessment of the quality of the resulting
phylogeny and interpretation of obtained results (Steel, 2005).

Data and models of sequence evolution

Sequences for phylogenetic study are either generated in laboratory or retrieved from sequence databases and
aligned. Correct alignment of sequences is a fundamental prerequisite for phylogenetic relationship reconstruction
(Harrison and Langdale, 2006). Each of the sequence is a subject of random (stochastic) influence of very complex
evolutionary processes. Although often very simplified, evolutionary processes can be described using mathematical
models of evolution. Some models have very simple assumptions, while others are very complex with numerous
parameters representing various biologically relevant facts of sequence evolution. Examples of such parameters are
branch lengths of the tree (interspeciation times and rates of mutation along the branches), parameters associated
with the substitution matrix (e. g., transition/ transversion bias), or parameters that describe how mutation rates
vary across sites in the sequence. The knowledge of the nature of data used in analysis is an important assumption
when choosing a model of evolution. The most of the tree-building methods require mathematical model of
sequence evolution, to either compute ,distances’ between sequences (number of differences corrected for
backward, parallel or multiple substitutions) or to explicitly evaluate the probabilities of changes between characters
(nucleotides or amino acids) in all positions in the sequence. The simplest model is Jukes-Cantor (Jukes and Cantor,
1969) model assuming equal frequency of nucleotides and equal substitution rates. More realistic models are HKY
model (Hasegawa et al., 1985), General reversible model (REV) (Rodriguez et al., 1990), Gamma-distributed-rates
models (Wakeley, 1993; Yang, 1994) and Covarion models (Tuffley and Steel, 1998). Considering evolution on
the protein level, commonly used models are Codon mutation model (Goldman and Yang, 1994), Dayhoff model
of protein evolution (Dayhoff et al., 1978), and many others.

Tree building methods

Tree-building methods can be classified according to several criteria (Hershkovitz and Leipe, 1998). The first way is
to define them as either algorithm-based or criterion-based. Algorithm-based methods produce a tree by following
a series of steps (e. g., clustering algorithms), while criterion-based methods use an optimality criterion (e. g., the
least number of changes in the tree or the topology with a greatest probability of giving rise of analysed data)
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for comparing alternative phylogenies to one another and deciding, which one fits better. The second group of
method-classification is represented by distance-based methods versus character-based methods. Distance-based
methods compute pairwise distances according to some measure. Then, the actual data are omitted and the fixed
distances are used in the construction of trees. Trees derived using character-based methods have been optimized
according to the distribution of actual data patterns in relation to a specified character.

Distance-based methods require evolutionary distance (e. i., the number of changes that have occurred along
the branches between two sequences) between all pairs of taxa. To obtain relatively unbiased estimate of the
evolutionary distance, it is useful to apply a specific evolutionary model that makes assumption about the nature of
the evolutionary changes. The most popular distance-based technique is Neighbor-joining (Saitou and Nei, 1987)
method based on agglomerative clustering. Its major strength is the substantial computational speed that makes
this method suitable for large dataset. The weakness of this method is the loss of sequence information when
converting the data to pairwise distances. It also produces only one tree and thus it is not possible to examine
competing hypotheses about the relationship between sequences.

Character-based (discrete) methods operate directly on the aligned sequences rather than on pairwise
distances. Maximum parsimony (Edwards and Cavalli-Sforza, 1963; Fitch, 1977) does not require any model of
sequence evolution, it just identifies the tree (or trees) that involves the smallest number of mutational changes (i.
e., the shortest tree length or fewest evolutionary steps) necessary to explain the differences among the data under
investigation. In many cases, MP methods are superior to other techniques because they are relatively free from
assumptions considering nucleotide and amino acid substitution. MP works well when compared sequences are
not too divergent, when the rate of nucleotide substitution is relatively constant and the number of nucleotides
examined is large. Furthermore, the parsimony analysis is very useful for some types of molecular data (e. g.,
insertion sequences, insertions/ deletions, gene order or short interspersed nuclear elements - SINEs). The typical
problem of MP trees is so called ,long-branch attraction” (Hendy and Penny, 1989) (respectively short-branch
attraction). This phenomenon occurs, when rapidly (slowly) evolving sequences are artefactually inferred to be
closely related.

The maximum likelihood method (Cavalli-Sforza and Edwards, 1967; Felsenstein, 1981) method requires
a stochastic model of sequence evolution over time. The principle of the likelihood is that the explanation,
that makes the observed outcome the most likely (i. e., the most probable) to occur, is one to be preferred. In
maximum likelihood, the topology that gives the highest maximum likelihood value is chosen as the final tree.
One of the strengths of the maximum likelihood method is the ease with which hypotheses about evolutionary
relationships can be formulated. It enables incorporation of complex models to consider biologically important
facts of sequence evolution. On the other side, this method is computationally very intensive and thus it is not
very appropriate for large datasets.

Since recently, likelihood-based Bayesian inferrence using Markov chain Monte Carlo technique (Rannala
and Yang, 1996) becomes popular and very useful method which has been applied to numerous problems in
evolutionary or systematic biology.

Accuracy of phylogenetic tree

With the increasing emphasis in biology on reconstruction of phylogenetic trees, questions have arisen as to how
confident one should be in a given phylogenetic tree and how support for phylogenetic trees should be measured.
The most commonly used methods are non-parametric bootstrap test (Felsenstein, 1985) and jack-knife test (Efron,
1982), based on random resampling of the original dataset (Efron, 1982). These techniques provide a measure of
~confidence” for each clade of an observed tree, based on the proportion of bootstrap trees showing that same
branching pattern. Another way of testing reliability of phylogeny is parametric Bayesian inferrence (reviewed in
Huelsenbeck et al., 2001) where parameters such as the tree topology, branch lengths, or substitution parameters,
are assessed by posterior probabilities.

However, when assessing accuracy of resulting phylogeny, one might be cautious when interpreting the
results. Except of only relying on test values, various biologically relevant facts causing artefactual relationships
in the phylogeny (e. g., bad experiment design, characteristics of the data, sources of homoplasy — parallelism,
convergence, horizontal gene transfer) should be accounted.

Implementation of phylogenetic methods

On the website http://evolution.genetics.washington.edu/phylip/software.html#methods is a comprehensive
overview of various phylogenetic packages and programs. These are arranged according to different criteria, some
of them are free, some are commercial.
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Phylogenetic analysis allows comprehensive understanding of the origin and evolution of species. The main
aim of this article is to summarise the currently used methods and to discuss some difficulties in the phylogeny
reconstruction.

The result of phylogeny reconstruction is a phylogenetic tree which can be either rooted or unrooted. In the
unrooted tree, groupings are inferred, but no direction to evolutionary change is implied. It only displays the
relationships between the taxons (Figure 1). To root the tree, it is necessary to add a (unrelated) group of species
that is not included in the group of species under the study (reviewed in Harisson and Langdale 2006). This group
(or single species) is called outgroup. It can be selected on the basis of prior knowledge of the group of interest, or
may become apparent during the alignment. Generally, the most informative outgroup is the actual sister group.
The resulting rooted tree implies directionality in time and shows the relationhips with regard to the outgroup
(Figure 2) (reviewed in Doyle and Gaut 2000).

The first step in the phylogeny reconstruction is to choose species used in the phylogenetic analysis. The selection
of species is very important because “wrong” (incongruent) selection (e. g. only few taxa or the “wrong” taxa) can
negatively influence the phylogeny reconstruction.

Generally, it is possible to construct the phylogenetic trees according to different features and characters (e.g.,
morphological and anatomical characters, RAPD patterns, FISH patterns, DNA, RNA or amino acid sequences).
In the case of molecular phylogeny, there has been much debate about which sequences are better - nucleotide
or amino acid sequences (Simmons et al. 2002). As there are only four possible nucleotides in DNA sequences
and as the DNA substitution rates are high, the probability that two lineages will independently evolve the same
nucleotide at the same site increases. The main argument for using amino acid data to infer phylogeny is that there
are more possible character states for amino acids as opposed to nucleotides (20 versus 4). For the same reason,
the alignment of amino acid sequence data is also generally easier. However, the increased number of characters
in nucleotide sequences can lead to better resolution of the tree.

The primary source of the data used for molecular phylogenetic analyses are sequenced PCR or RT-PCR
products, which are either directly used in analyses or translated to amino acid sequences. The obtained PCR
(RT-PCR) products can be directly sequenced or it is possible to clone them into a suitable plasmid first and then
to sequence the inserted PCR product. In contrast to the sequencing of cloned PCR product insert (sequenced
plasmids coming from the same colony contains only one variant of the allele), the direct sequencing enables
to find some polymorphisms in the sequence. Subsequent segregation analysis of the polymorphisms enables to
identify whether different alleles or different copies of the gene were found.

When phylogenetic trees are constructed using DNA sequences, there is a possibility to choose either repetitive
sequences (rDNA spacers, mitochondrial DNA, chloroplast DNA) or nuclear genes for further analyses. The main
disadvantage of repetitive sequences is that not all of the repetitive sequences are identical (e.g., Desfeux and
Lejeune (1996) sequenced rDNA spacer and obtained two types of sequences of S. dioica with completely different
branching patterns). Therefore, it is better to sequence more monomers. Furthermore, repetitive sequences do not
always offer sufficient distinction between the closely related species (e. g., IDNA loci in the genus Silene — Desfeux
et al. 1996). On the other hand, phylogenetic analysis of introns of nuclear genes relatively often provides better
resolution than repetitive sequences. The main disadvantage of using nuclear genes is that, in the case of less
conserved sequences, it can be difficult to find orthologs from all studied species by PCR with the same pair of
primers.

In general, DNA sequences can have more copies in a respective genome (i. e., they are paralogous). This fact
causes problems in the construction of phylogenetic trees. For example, it is possible to consider a gene with two
copies in all analysed species. If both copies of this gene are detected, the found phylogenetic tree will agree
with the true relationships between the species (Figure 3). However, when different copies are found in different
species, the resulting phylogenetic tree will not provide the correct relationships between the species (Figure 4)
(reviewed in Baldauf, 2003). To distinguish between a single copy and a multicopy gene, Southern hybridisation
or PCR analysis can be performed.

In some cases, sequencing of a single gene does not provide the best resolution in the phylogenetic tree. For this
reason, it is better to sequence more gene sequences (reviewed in Sandersson and Driskell, 2003). The construction
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of a phylogenetic tree on the basis of higher number of sequences coming from multiple genes provides generally
much more information than a tree constructed according to the sequences coming from one gene.

The next step in the phylogeny reconstruction is to check the sequences from the studied species and to align
them. The resulting sequences can be visualized, for example using the program BioEdit (http://www.mbio.ncsu.
edu/BiokEdit/bioedit.html). The alignment of the sequences can be performed automatically or manually. Automatic
alignments may fail to correctly identify conserved regions, whereas manual alignments allow this but they are
more laborious. Using a computer-based alignment as a guide to manual alignment offers a good compromise. For
the automatic alignment of sequences, for example the program Clustal W1.81 (Thompson et al. 1994) can be
used. To check and to manually correct the alignments, for example, the program SeaView can be used (Galtier
et al. 1996). Both programs are available on the World Wide Web (http://www.cf.ac.uk/biosi/research/biosoft/
Downloads/clustalw.html (ClustalW1.81), http://pbil.univ-lyon1.fr/software/seaview.html (SeaView)).

Once the data are aligned, there are many different types of phylogenetic analyses, which can be performed
(Holder and Lewis 2003). The methods for calculating phylogenetic trees can be generally divided into two categories.
These are distance-matrix based methods, also known as clustering or algorithmic methods (e.g., neighbor-joining,
Fitch-Margoliash, UPGMA) and discrete data based methods, also known as tree searching methods (maximum
parsimony, maximum likelihood and Bayesian methods).

Neighbor-joining (Saitou and Nei 1987) is a fast method suited for large datasets. It permits different branch lengths
indicating the evolutionary time or amount of evolutionary changes along the branch. However, this method has
also several disadvantages - it gives only one possible tree, it is strongly dependent on the used model of evolution
(model is a mathematical description of the sequence evolution), and it can be complicated to incorporate other
biologically important processes like insertions or deletions. Moreover, the algorithm is based on the reduction of
sequence information when transforming the data to the distance matrix, which can be also disadvantageous.

Maximum parsimony (MP) method is based on shared and derived characters. It does not reduce sequence
information to a single number. It works with original data (alignment) and tries to provide the information about
the ancestral sequences. The principle of this method is to find a tree with the smallest number of evolutionary
changes (based on the theory that the evolution prefers the smallest number of mutations). In comparison with
the distance based methods, it is a relatively slow method. MP does not use all the sequence information because
only informative sites are used and it does not provide information on the branch lengths. An advantage of the
maximum parsimony method is that it does not imply a specific model of evolution, it provides more equally
parsimonions topologies. A specific problem of maximum parsimony is a long-branch attraction. It is a phenomenon
in phylogenetic analyses caused by the fact that rapidly evolving lineages are considered to be closely related,
regardless of their true evolutionary relationships (Bergsten, 2005). This problem can be minimized by methods
which take into account differential rates of substitution among lineages or by breaking up long branches by adding
taxa that are related to those with the long branches (Bergsten, 2005).

The principle of the maximum likelihood (ML) method is to find parameters, which explain in the best way the
observed data. The resulting tree explains the relationships between the sequences with the highest likelihood.
ML method requires a model of evolution. This is an advantage because it makes us aware of the assumptions
being made. However, ML is even slower than maximum parsimony, and some computers are not able to analyse
data in a reasonable time.

Phylogenetic analysis can be performed using the program PhyloWin (Galtier et al. 1996; http://pbil.univ-lyon1.
fr/software/phylowin.html) where all mentioned techniques are implemented. The direct output of a phylogenetic
analysis is an user unfriendly formatted file (e. g., ((raccoon:19.19959,bear:6.80041):0.84600,((sea_lion:11.99700,
seal:12))). To visualize and to edit the tree, many different programs can be used, for example NJ plot (Perriere
and Gouy, 1996; accesible on http://pbil.univ-lyon1.fr/software/njplot.html).

Itis important to know how much the individual branches are supported within the tree. Finally the accuracy of
the resulting phylogeny can be measured by different methods. The most commonly used method is bootstraping.
This technique determines the phylogenetic accuracy and enables to establish a marginal winner among many
nearly equal alternatives. Each of the subsamples has the same size as the original, which is accomplished by
allowing repeated sampling of sites. Constructing trees from each of the subsample and calculating the frequency
with which the branching pattern in each of this random subsample is reproduced. (reviewed in Baldauf, 2003).
The bootstrap represents the value showing the percentage of cases in which the sequences were classified together.
This is done by random resampling of the sequence dataset. For example, if a species is found in every subsample
tree, then its bootstrap support is 100%, if it is found in only two-thirds of the subsample tree, its bootstrap support
is 67%. Generally, the bootstrap values of 70% and higher indicate reliable groupings. When the bootstrap values
all over the tree are low, it can indicate problems with a long-branch attraction. Then it is possible to remove these
sequences from a dataset and observe whether the bootstrap values are increased.
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To present phylogenetic trees there are several widely accepted rules. Branch lengths are almost always drawn
to scale. Bootstrap values should be displayed as percentages and only values of 50% and higher are presented,
because of easier understanding and comparison with other trees (reviewed in Baldauf 2003).
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HYBRID ORIGIN OF THE TETRAPLOID ACHILLEA ALPINA AND A. WILSONIANA
DETECTED BY NEWLY DEVELOPED BAYESIAN METHODS

Craus VocL

Institute of Animal Breeding and Genetics University of Veterinary Medicine Vienna Veterinaerplatz 1,
A-1210 Vienna

The plant genus Achillea (Asteraceae — Anthemideae) offers a classical model for speciation by hybridization and
polyploidy. We test the suspected allotetraploid origin of two species, A. alpina — 4x and A. wilsoniana — 4x,
in E Asia. A total of 421 AFLP bands from 169 individuals and 19 populations of five 2x- and two 4 x-species
were obtained. Data were analyzed with newly developed Bayesian methods that account for polyploidy. The
assumption that the parental chromosome sets recombine freely within the allotetraploids was not successful in
resolving the 2x/4 X -relationships. The alternative approach, assuming lack of recombination among the parental
chromosome sets, suggests strongly that A. alpina and A. wilsoniana are allotetraploids between A. acuminata — 2 x
(sect. Ptarmica) and A. asiatica — 2 x (sect. Achillea). The 4 x-species share many AFLP bands with the two presumed
parental species, respectively. Eight plastid haplotypes (A-H) were detected by PCR-RFLP analyses. A. alpina and A.
wilsoniana share haplotype F only with A. asiatica, indicating the latter in the maternal lineage. Morphology and
ecology of the two 2 x-species are distinct, whereas the two 4 x-species form a nearly continuous link between
them. We therefore regard A. alpina and A. wilsoniana as the product of a hybridization between genetically
distinct 2 x-ancestors, one A. acuminata-like and paternal, the other A. asiatica-like and maternal.

,EPIGENOM“ A METODY JEHO ANALYZY

ALES KOVARIK, JANA BEDRICHOVA, MILOSLAVA FOJTOVA

Biofyzikdlni dstav AV CR, Krélovopolska 135, 612 65 Brno
E-mail: kovarik@ibp.cz, tel: 541 517 178

Nukleotidové sekvence DNA je uréujici pro tvorbu bilkovin, strukturnich a regulacnich molekul RNA. CtyFpismenkovy
sled nukleotidovych bazi je sice univerzalni, avsak zdaleka ne jedinou informaci, kterou Watson-Crickova
dvousroubovice nese. U vyssich eukaryotickych organismi se setkdvame s dalsimi kody, které jsou nadstavbou
primarni struktury DNA. Ne-mendelistickou dédi¢nost (epigenetickou) nam u zivocich( a rostlin napfiklad zabezpecuje
pata baze, 5-metylcytosin. Bylo prokazano, ze metylace DNA je klicovym regulacnim néstrojem v regulaci genové
exprese, aktivity transposabilnich elementt a udrzovéni integrity genomu. Rozhodujici mérou se podili na vyvojovych
programech jak u Zivocichd tak i rostlin. V prezentaci se budu vénovat analyzou epigenomu, metodam detekce
metylace DNA a aplikacf softwarovych nastrojd pro zpracovani dat po bisulfitovém sekvenovani.

Uzitecné odkazy

Methtools — nastroj pro analyzu zpracovavani dat genomového sekvenovani —
http://genome.imb-jena.de/methtools

Epigenome Network of Excellence — vyzkumné projekty, vyznamné laboratore, laboratorni protokoly,
konference atd. — http://www.epigenome-noe.net

Methbase — databaze metylacnich sekvenci — http://genome.imb-jena.de/methtools
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IDENTIFIKACE LTR-RETROELEMENTU V GENOMICKYCH SEKVENCICH
JIRI MACAS

Biologické centrum AVCR, Ustav molekularni biologie rostlin, Ceské Bud&jovice
E-mail: macas@umbr.cas.cz, http://w3lamc.umbr.cas.cz/lamc

Long terminal repeat (LTR-) retroelementy jsou mobilni elementy (transpozoény), vyuzivajici pro svou transpozici
reverznf transkripci z RNA intermediétu, ¢imz dochazi ke vzniku nové kopie daného elementu. Vysledkem tohoto
procesu je akumulace transpozi¢né aktivnich retrotranspozéni v hostitelském genomu, coz je evidentnf zvlasté
u vyssich rostlin, kde jsou retroelementy jednou z hlavnich slozek repetitivni DNA a tvofi podstatnou ¢ast jejich
jaderného genomu. Izolaci retroelementt Ize provadét fadou experimentdlnich pfistupt, avsak diky akumulaci
genomickych dat z fady rostlinnych druh( nabyva stéle vice na vyznamu jejich pocitacova detekce v dostupnych
sekvencich DNA. Tento pfistup viak nardzi na znac¢nou variabilitu sekvenci LTR-retrotranspozénd, a proto je
jejich identifikace zalozena predevsim na jejich specifické strukture, a to zejména na pritomnosti pfimych repetic
ohranicujicich element, a na duplikaci kratké sekvence v misté inzerce elementu do genomu. Tento princip je
implementovan napf. v programu LTR_STRUC (McCarthy and McDonald, 2003), ktery je casto vyuzivan pro
detekci LTR-retrotranspozont pfi anotaci genomickych sekvenci. Na prikladu hledani elementd patficich do
urcité podskupiny LTR-retrotranspozénd (Ty3/gypsy-like elementy typu Ogre) pak budou demonstrovany dalsi
programové nastroje vyuzitelné pro cilenou identifikaci specifického typu elementti na zakladé usporadant jejich
otevienych ¢tecich rdmct a konzervovanych proteinovych domén.

Citace a webové odkazy

McCarthy, E.M., McDonald, J.F, 2003. LTR_STRUC: a novel search and identification program for LTR retrotransposons. Bioinformatics 19, 362-367.
LTR_STRUC: http://www.genetics.uga.edu/retrolab/data/LTR_Struc.html

RPS-BLAST: http://www.ncbi.nlm.nih.gov/BLAST/download.shtml

Position-specific scoring matrices for RPS-BLAST: ftp://ftp.ncbi.nih.gov/pub/mmdb/cdd

EMBOSS: http://emboss.sourceforge.net

BioPerl: http://www.bioperl.org

VYVOJ A VYROBA PEPTIDU VCERA A DNES
MARTIN FLEGEL

PolyPeptide Laboratories spol. s r. 0., Radiova 1, 102 27 Praha 10
E-mail: martin.flegel@polypeptide.cz

Vyzkum a vyvoj peptidt zacal na Ustavu organické chemie a biochemie CSAV v padesatych letech. Hlavnim
tématem vyzkumu byla struktura a G¢inek neurohypofyzarnich hormont.Béhem let byla pfipravena rada analogi
téchto latek z nichz nékteré se po trnité cesté pre-kliniky a klinického testovani dostaly do kategorie peptidovych
[éciv dnes jiz vyrabénych jako generika. V pfednasce bude popsana cesta od vyzkumu k vyrobé peptidi-lécivych
latek a jejich nékterych Iékovych forem. Déle budou popsdny moznosti pfipravy peptidd a nékteré moderni
nastroje slouzici k pfipravé a vybéru Gcinnych latek.Pozornost bude vénovana zejména alternativam synthesy na
polymernim nosici ve velkém objemu pfi peptidové vyrobé. Vyznamné vysledky vyzkumu peptidd na UOCHB
zejména pak vyvoj a vyroba Carbetocinu a Desmopressinu budou zéroven pouzity jako piiklady v obecnéjsim
kontextu problém vyroby téchto latek v PolyPeptide Laboratories.

Zavérem bude podan prehled o vyrdbénych a pfipravovanych peptidovych lécivech a budou zminény jejich
indika¢ni moznosti a ekonomicky potencial.
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UVOD DO DISKUZE O PRISTUPECH SYSTEMOVE BIOLOGIE

VIKTOR ZARSKY

Laborator bunécné biologie, UEB AV CR, Rozvojova 135, 165 02 Praha 6
E-mail: zarsky@ueb.cas.cz, tel.: 225 106 457

Bunécna a vyvojova biologie modelovych organisml konec¢né dosdhla na pocatku 21. stoleti takové Grovné
nahromadént dat, ktera umoznuje — ¢i pfimo nutf - pokouset se smysluplné o dynamické modelovanf celkového
fungovani bunék, tkanfi organismu. Touto pocétecnf fazi pfechodu k modelovani prosla jiz dive ve 20. stoleti ekologie.
Velka kvanta informaci pochazejicich ze vsech moznych ,omic” (gen-, transcript-, prote-, metabol-, phen-, ...)
vlastné sama o sobé vedou k rozvoji matematickych metod hromadného zpracovavani/poradant biologickych dat
a hlavné - k hledanf souvislosti mezi nimi. Nejde jen o snahu chovanf Zivych systéma kvantitativné popsat — cilem
biologie systém (,systems biology“) je vytvareni a prohlubovanf realistickych analytickych/predikénich modeld,
které odhaluji dosud skryté parametry systému. Jsou to modely, které vedou k novym biologickym objevim.
Tento typ biologicko-kybernetického modelovéni uz v poloviné minulého stoleti vyhlizel a pfipravoval svym dilem
Ludwing von Bertalanffy.
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MODELING MECHANISMS OF CELLULAR AUXIN TRANSPORT
KLARA HOYEROVA!, MARCEL JIRINAZ, EVA ZAZIMALOVA!

! Institute of Experimental Botany, AS CR, Prague, Czech Republic
?Faculty of Biomedical Engineering, Czech Technical University in Prague, Czech Republic
E-mail: hoyerova@ueb.cas.cz, tel.: 225 106 436

Auxins, in co-action with cytokinins, play a crucial role in the regulation of plant growth and development.
Transport processes of auxins within a plant are, together with auxin metabolism, involved in the regulation of
auxin levels in plant organs, tissues, individual plant cells and plant cell compartments. Trans-membrane carrier
proteins transporting auxin into cells and out from cells facilitate the auxin flow from cell to cell. Those, which are
distributed asymmetrically at the surface of each cell, give auxin flow a polarized direction.

Recent mathematical models of auxin flow in plant tissue built on canalization hypothesis by Sachs (1981) and
Mitchison (1980, 1981) show that auxin transport ability of a tissue increases with auxin flux, resulting in self-
enhancement of this flux along auxin paths. However, they still do not sufficiently characterize auxin transport
on a single cell level.

Using experimental data describing the kinetics of both auxin influx and efflux carriers based on accumulation
of radioactively labeled compound in tobacco BY-2 cells, we try to incorporate more accurate estimates for
passive and carrier-mediated auxin membrane permeabilities. We extend the model with respect to more precise
characterization of the role of both auxin influx and efflux carriers in auxin transport machinery and try to find
conditions under which the model would fit in all the auxin movements observed in plants.
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SEKVENOVANI VELKYCH GENOMU ROSTLIN
JAROSLAV DOLEZEL A HANA SIMKOVA

Laboratof molekularni cytogenetiky a cytometrie, Ustav experimentélni botaniky AV CR, Sokolovska 6, 772 00
Olomouc
a Katedra bunécné biologie a genetiky, Univerzita Palackého v Olomouci, Slechtitelt 11, 783 71 Olomouc

Dnes jiz témér nikdo nepochybuje o tom, Ze sekvenovani celych genomti rostlin, jakkoliv pracné a nakladné, poskytuje
nenahraditelné poznatky o jejich strukture, evoluci a funkci. V fadé oblasti pak zcela méni dosavadni predstavy
a mimo jiné vytvari teoretické zaklady pro slechténi pomoci modernich metod. Mimo jiné i proto byly revidovany
plvodni plany na precteni pouze nékolika genomid modelovych druhi rostlin. Jiz v roce 2006 maji byt precteny
genomy 12 druh rostlin, a to zejména diky programu Joint Genome Initiative (JGI, Department of Energy, USA).
Takovy pokrok by nebyl mozny bez automatizovanych postupt, kterych vyuziva strategie whole genome shotgun
sequencing. Ta produkuje sekvence malych fragmentt DNA, které viak nejsou pouzitelné pro rekonstrukci celého
genomu. Dlvodem je pFitomnost rdznych typ( repetitivnich sekvenci DNA, duplikaci a u nékterych druht rovnéz
polyploidni stav ¢i plivod. Jedind moZnost, jak kratké sekvence sestavit a cely genom zrekonstruovat, spociva v jejich
ukotvovani na fyzickou mapu. Ta sestdvé ze souboru velkych fragmentd DNA (~100kb), které jsou usporadany
tak, aby odpovidaly pivodnimu pofadi v genomu. Sestavovani se provadi na zakladé tzv. fingerprintingu, metody
zalozené na restrikéni analyze fragmentd DNA. VySe popsana strategie se jevi jako redlna u genom o velikosti do
nékolika Gbp/1C, coz je také jeden z diivodt, pro¢ JGI zatim neplanuje sekvenovani velkych genomd. Sestaveni
fyzickych map genom( o velikosti nad 5 Gbp/1C, zejména pokud jsou polyploidni (obsahuji dva nebo vice
podobnych genom), pfesahuje soucasné moznosti klasickych postupt genomiky.

V nasi laboratofi jsme navrhli a vypracovali strategii, kterd umozriuje feseni tohoto problému. Novy postup
spocivd v rozdéleni genomd na malé a definované casti, predstavované jednotlivymi chromozémy, resp. jejich
rameny, coz otevira moznost sestavit fyzické mapy a sekvenovat i obrovské genomy. Napriklad genom hexaploidni
pSenice, ktery ma velikost ~17Gbp/1C, je mozné timto zplisobem rozdélit na casti o velikosti 221-544 Mbp
(1,3 = 3,2% genomu), coz odpovida genomu ryze, ktery jiz byl témér cely sekvenovan. Nas postup zahrnuje
tridéni chromozéma nebo jejich ramen pomoci pritokové cytometrie. K tomu pouzivime telosomické nebo adi¢ni
linie, u kterych je mozné konkrétni chromozémy identifikovat a tfidit. V soucasné dobé jsme mimo jiné schopni
tridit vsechny chromozémy Zita (1C~7,9 Cbp) a jednotliva ramena vsech chromozém( je¢mene (1C~5,1 Gbp),
tetraploidnf psenice (1C~12 Gbp) a hexaploidni psenice. Prokazali jsme, Ze tfidéné chromozémy jsou vhodné pro
fyzické mapovani pomoci metod PCR, PRINS a FISH a pro cilenou izolaci molekularnich markerG. Vyznamnym
vysledkem je moznost pfipravit knihovny velkych inzertl klonovanych ve vektoru BAC. Redlnost nasi strategie jsme
oveéfili ve spoluprdci s Dr. C. Feuillet (INRA, Clermont-Ferand, Francie), kterd sestavila fyzickou mapu nejvétsiho
chromozému psenice (3B). Tyto spolecné vysledky potvrdily, Ze nase strategie umozni sestavit fyzické mapy i pro
obrovské a polyploidni genomy rostlin. Dostupnost téchto map pak otevird moznosti pro izolaci marker(i pro
MAS, pozi¢ni klonovani a komparativni analyzu evoluce genomu. Rozdéleni genomu na mnoho mensich casti
pak umoznuje mezinarodnf spolupraci. Mimo jiné i proto se nas tym stal zakladajicim ¢lenem Mezinarodniho
konsorcia pro sekvenovani genomu psenice a Evropské iniciativy pro genomiku Triticeae.

Tato préce je podporovdna Grantovou agenturou CR (521/04/0607, 204/04/1207 a 521/05/0257) a Ministerstvem
Skolstvi mladeze a télovychovy CR (LCO6004).
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CHROMOSOME WALKING WITH BAC CLONES AS A METHOD OF GENOME
MAPPING
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Introduction

Genome sequencing is an important part of current genomics. Genome sequence knowledge facilitates all
subsequent analyses of genome structure, organization and function. Current sequencing projects are often based
on random sequencing of genomic libraries followed by contig assembly by means of bioinformatics tools as well
as on chromosome walking. Libraries of large fragments, mostly BAC (bacterial artificial chromosome) libraries,
are mostly used in genome projects (for review see KEJNOVSKY, 2000). Searching for overlapping BAC clones
described here is the main point of contig assembly based on principle firstly described by BENDER et al.(1983).

Principle

The chromosome walking starts with BAC clone called “seed BAC clone”. Based on its end sequence, called “BAC
end sequence” (BES), probe is amplified and used for the screening of the whole BAC library. The specificity of
BAC clones selected by hybridization is verified by PCR with specific primers to exclude false positive hybridizing
clones. Then, insert sizes of positive clones are estimated and BAC clones with largest inserts are preferentially
selected to accelerate walking. Their BAC ends are then sequenced and this information is used for confirmation
of overlaps with seed BAC by PCR. When seed BAC sequence is already known, more primers designed inside
the overlapping area may be used for multiple confirmation followed by sequence alignment. If the seed BAC
sequence is not known, sequencing of PCR products is necessary for verification of 100% identity of homologous
regions in overlapping BAC clones. When overlap is confirmed, is located near the BAC end and the BAC insert
is large enough, this new BAC is sequenced and used for other walking as a seed BAC.

Materials and Methods

BAC library screening

BAC library (SCHIZUYA et al., 1992) usually have several times coverage of the genome. The widely used vector is
pBelo BAC 11; its insert size capacity is up to 400 kb. The starting point for the finding of overlapping BAC clones
in genomic library are BAC end sequences (BES) or ideally complete sequence of the seed BAC clone. Probes used
for BAC library screening originate from BESs, on which the primers are designed. The goal of library screening
is to find clones with an overlap as short as possible, to the limit of 40-50 kb but not shorter than Tkb. Probes
have to be amplified on seed BAC DNA template under highly specific PCR conditions to prevent contamination
by closely related but not identical PCR products. PCR products must be purified (Quiagen PCR purification kit),
because template DNA or BAC vector DNA contamination may cause unspecific cross-hybridization. Hybridization
method need not be so sensitive (non-radioactive labeling can be used, e.g. AlkPhos direct labeling kit, Amersham
Biosciences) because probe consists of highly concentrated short PCR products.

PCR confirmation

Glycerol stocks from all positive clones are prepared to store BAC clones apart of BAC library plates. Frozen glycerol
stocks are stored at -20°C and can be used as PCR templates during next 2 to 3 months. PCR confirmation of all
positive clones with primers used previously for probe amplification has to be performed to exclude false positive
clones. Only the clones producing PCR products of the same size as the PCR product of seed BAC are considered
as really positive.

BAC insert size estimation

There is a high probability that more than one overlapping clone will be found in the library. In order to prevent work
on too short clones, the insert sizes are estimated in selected BAC clones. Sequencing of long BACs will accelerate
walking. Low amounts of BAC DNAs are sufficient to estimate insert size by Pulse Field Gel Electrophoresis (PFGE).
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BAC DNA isolated by plasmid miniprep is then digested with restriction enzymes surrounding the cloning site
of BAC vector. Digested BAC DNA is loaded onto PFGE gel with DNA size marker. BAC clones of minimal size
80-100 kb are chosen for further work.

Back confirmation of positive clones

The overlaps in selected BAC clones must be verified by more than one PCR confirmation. Strategy is illustrated on
Fig 1. If the BES is the only one known seed BAC sequence, BESs of candidate positive BACs should be used for
back confirmation of overlap. A list of BESs of all BAC clones in the library may be very helpful. Obtaining of such
quantity of sequencing data characterizing each clone is very expensive and time consuming, but can significantly
accelerate research progress. If BES is not available, sequencing of BAC ends must be performed. BAC DNA may
be isolated by common method, but in case of direct BAC DNA sequencing with BAC vector specific primers, DNA
template must be very pure. Quiagen or Promega plasmid isolation midi kits are good choice because they provide
high yield (~10ug) of ultrapure DNA from 5070 ml of bacteria cultured in LB medium. One sequencing reaction
requires 1.5-2.0 ug of BAC DNA. BAC ends are sequenced with T7 and M13 (or SP6) primers, respectively. BES
originating in sequencing with T7 primer is called “BAC_NAME_t” and BES sequenced with M13 or SP6 primer
is called “BAC_NAME_y” what is useful when determining of BAC clone orientation.

The other method of BES sequencing is BAC end cloning (Chen and Gmitter, 1999) when BAC end subclone is
used for sequencing instead of large BAC DNA. During this approach, BAC DNA is digested with one restriction
enzyme cleaving inside the BAC vector simultaneously with another restrictase digesting inside BAC insert. This
method is time consuming and has high probability that subcloned BAC end sequence is short. Subsequently,
primers for obtained BESs are designed and used for back PCR confirmation. Only candidate BACs whose BESs
derived primers amplify products of correct size on seed BAC DNA can be considered as overlapping with seed
BAC. Amplified PCR products should be then sequenced and aligned to BESs of primers origin (BLAST — align two
sequences). Ideally, 700% identity can prove the overlap. In some cases, such double overlap confirmation does
not guarantee accuracy of results and more regions used for confirmation should be analyzed. Namely repetitive
elements and duplicated regions presence in BESs of both seed BAC and candidate BACs can cause mistakes in
contig assembling. If the seed BAC is already sequenced, it can serve as a source of next primers useful for overlap
confirmation and also overlap length estimation. When the complete sequence of seed BAC is not available, more
candidate BACs overlaping with seed BAC can be used for contig assembly (Fig. 1A).
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Fig 1.: The scheme of contig assembling. BAC names used on the picture are an example. (A) Strategy used when
the seed BAC (87C13) is not sequenced. Searching for clones and overlaps confirmation is based on BAC end
sequences (BESs). Primers are designed for all candidate BAC clones BESs confirmed by PCR (marked by dashed
arrows) to have homology with the seed BAC BES, in this case 87G13y. These primers are used for back PCR
confirmation on each of potentially overlapping BAC clones, their PCR products are sequenced to verify 100%
identity of homologous region. BAC clones orientation (y to t end) is determined. (B) Strategy used when the seed
BAC is sequenced. Several primer pairs in defined positions can be designed for multiple PCR confirmation of
overlap between seed BAC 87G13 and the largest candidate BAC 6B27. PCR products should be sequenced to
verify 100% identity. The length of overlap is unambiguously defined by position of homology between BAC 6B27
BES and 87G13 sequence. Analogous strategies are used for searching on the second end of seed BAC and also on
the opposite ends of confirmed overlapping BACs.
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Factors affecting method efficiency

Several factors affect efficiency of this method. The most important factor is the BAC library quality and size (insert
size, coverage of genome). When the library is too small and does not cover complete genome, hybridization
screening could result in no positive clones. Even in a large library, some genomic regions could be missing. It
can be caused by the absence of used restriction enzymes target sites surrounding studied sequence. Repetitive
sequences and duplications can cause big problems as well. They can lead to incorrect contig assembly, namely
when repetitive regions are highly conserved or young and not much diversed. The use of a large probe could
help in these situations. Supporting methods such as restriction fragment analysis, long range PCR (BARNES, 1994;
CHENG, 1994) or fiber FISH (HEISKANEN, 1995; WEIER,1995) can be also used.
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GENETIC DIVERSITY STUDIES

WITH EMPHASIS ON RETROTRANSPOSON-BASED MARKERS
PETR SMYKAL

Department of Biotechnology, AGRITEC Plant Research Ltd., Zemédélska 2520/16, 787 01 §umperk, Czech Republic
E-mail: smykal@agritec.cz, tel.: +420 583 382 127 (lab 139), fax: +420 583 382 999

Germplasm banks, living seed collections serve as repositories of genetic variation and the source of genes for further
improving agricultural crops. The establishment and maintenance must be coupled with the ability to actively utilize
all collected diversity. The vast majority of gene bank accessions did not make a contribution to modern varieties,
particularly with respect to complex traits such as yield and nutritional quality. As a result, crop improvement is still
practiced on rather narrow genetic base. Many beneficial alleles were surely left behind during domestication process.

The invent of DNA markers has rapidly led to implementation of various so called DNA fingerprinting methods
in classification of germplasm. A common theme of these methods is to screen and provide sufficient polymorphism
and high information content. With the use of DNA profiles, the genetic uniqueness of each accession, relative to
others, can be determined and quantified. The general rule is that, accession with the most distinct DNA pattern
are likely to posses the greatest number of novel alleles. Markers, entities which are heritable as simple Mendelian
traits and are easy to score, are increasingly important in genetical studies, in the construction of linkage maps,
and in the diagnosis of individuals. Particularly in case of crop species, with large often polyploid genomes, direct
genome sequencing is difficult and progress slow. As the result the use of gene specific data is limited.

Early in advent of molecular biology, highly abundant fraction of DNA, composed of either satellite, minisatellite
or tandem repeats of simple sequences called microsatellites, was identified. Due to less stringent mutation control,
the repeat length polymorphism develops readily, in contrast to coding regions, making them suitable for marker
use. Abundant repeat motives forming microsatellites were isolated with flanking genomic DNA regions leading
to design of highly locus specific and robust SSR (Simple Sequence Repeats) markers. The additional advantage
of SSR technology is possibility to map chromosomal location and to be co-dominant markers.

Retrotransposons together with transposons represent a highly abundant, ubiquitous class of repetetive elements
in all studied eukaryotic genomes. They can constitute vast majority of genome, especially in case of plants making
up to 60—90%. Retrotransposons activity in creating genomic diversity by stable integrating large DNA segments
into dispersed chromosomal loci, make them ideal for marker use. Integration sites shared between germplasm
accession are likely to occur at common ancestor, and therefore these markers are currently the most informative
for phylogenies and pedigree studies.

Several developed marker methods rely on the principle that a joint between retrotransposon and genomic
DNA is formed during integration process. The methods are named according to particular motif providing second
priming site (Schulman et al. 2004). The SSAP (Sequence-Specific Amplified polymorphism) method in derived
from AFLP. In IRAP (Inter-Retrotransposone Amplified Polymorphism) segments between two nearby elements are
amplified (Kalendar et al. 1999, Smykal 2006). Retrotransposone-Based Insertional Polymorphism (RBIP) is an
ultimate retrotransposone based method which provides locus specific co-dominant marker system, suitable for
high-through put analysis and automatization (Flavell et al. 2003, Jing et al. 2005).

All these methods will be presented and discussed on the example of pea genome analysis and genetic diversity studies.

References

Flavell A.J., Bolshakov V.N., Booth A., Jing R., Russell J., Ellis TH.N., Isaac P: A microarray-based high throughput molecular marker genotyping
method: the tagged microarray marker (TAM) approach. Nucleic Acids Res 31: e115, 2003

Jing R.C., Knox M.R., Lee J.M., Vershinin A.V., Ambrose M., Ellis TH.N., Flavell A.J.: Insertional polymorphism and antiquity of PDR1 retrotransposon
insertions in Pisum species. Genetics 171: 741-752, 2005

Kalendar R., Grob T., Regina M., Suoniemi A., Schulman A.: IRAP and REMAP: two new retrotransposon-based DNA fingerprinting techniques.
Theor Appl Genet 98:704-711, 1999

Schulman A.H., Flavell A.J., Ellis .H.N.: The application of LTR retrotransposons as molecular markers. In: Methods in Molecular Biology 260:145-
175, 2004

Smykal P: Development of an efficient retrotransposon-based fingerprinting method for rapid pea variety identification. J.Appl. Genet. 47 (3)
2006 in press

This work is financially supported by Ministry on Education of Czech Republic within the frame of MSM
2678424601.

22



PONDELI 2. 10. 2006
P Frzanddy

AUTOMATICKA MIKROSKOPIE A POZICNI KLONOVANI V PRISTUPECH PRIME
GENETIKY

TerezA KoLoucHOVA!, RADKA PODHORSKA', JiRi FRIMLT2 A JaN HEJATKO!

! Laboratof molekuldrnt fyziologie rostlin, Oddélent funkéni genomiky a proteomiky, Prirodovédecka fakulta
Masarykovy univerzity, Brno, Ceska republika

2 Department of Developmental Genetics, University of Tuebingen, Tuebingen, Germany

E-mail: hejatko@sci.muni.cz, tel. 549 494 165

Pristupy pfimé (klasické) genetiky byly v minulosti uplatiiovany jako zakladni nastroj identifikace geneticky
podminénych fenotypovych projevi vsech organismd. Znalost celych genomi modelovych organizm( umoznila
vyuziti novych pfistupt, zejména reverzni genetiky, jako velmi efektivniho nastroje pfi identifikaci funkce jednotlivych
genll a vedla k revolu¢nim zménam v chapani pojmu genu. Zakladnim handicapem pfistupt pfimé genetiky
oproti genetice reverzni byla rychlost identifikace genti podminujicich sledovany fenotyp. Diky velkému pokroku
v metodach identifikace genti pomoci metod pozi¢niho klonovéni se podafilo do velké miry tento handicap odstranit.
Naopak zasadni vyhodou klasické genetiky oproti genetice reverznf je moznost selektovat pfimo na sledovany znak.
V soucasné dobé se zda byt paleta mutantd identifikovanych v zékladnich pozorovatelnych znacich témér Gplna.
Pres znacné experimentalni Gsili je v3ak stéle funkce vétsiny z 25 498 odhadovanych gent Arabidopsis nezndma.
Jednou z moznosti jak identifikovat funkci zbyvajicich gend je vyvoj novych vyhledavacich pristupti, umoznujicich
identifikaci znakd, jez nejsou dosud pouzivanymi technikami identifikovatelné at jiz z dévodt limitaci detek¢nich
nebo casovych. V nasi laboratofi se zabyvame analyzou role rostlinnych hormont cytokinind ve vyvoji rostlin
a jejich interakcemi s dalsimi hormony, zejména auxiny. V soucasné dobé jsou dostupné mnohé markerové linie,
umoznuijici sledovat napf. endogennf hladiny réiznych hormoni, expresni profily gent, zacastrujicich se regulace
vnimani a pfenosu hormonalnich signal(i nebo jejich pisobeni na molekularnf Grovni. Vyuziti EMS mutageneze
a identifikace mutanttd se zménami expresnich profil(i jednotlivych markerovych linif tak otevira velké moznosti
identifikace molekularnich mechanizm( podilejicich se na regulaci zminénych procest. Limitujicim faktorem
pfi identifikaci mutantd v mutantnich knihovndch markerovych linii viak zlistava nizka prdchodnost analyzy
pomoci optické mikroskopie. Abychom prekonali tuto bariéru, adaptovali jsme k analyze expresnich profilli
jednotlivych mutantnich linif systém pro automatickou mikroskopii .slide, plivodné vyvinuty firmou Olympus pro
automatickou analyzu histologickych preparatd. Prizptisobenim pro nase tcely, zejména pro automatickou analyzu
nerovnych a silnych preparatd jak v prochazejicim, tak v odrazeném svétle, bylo dosazeno dostatecného rozlisent,
umoznujiciho analyzu expresnich profil(i mutantnich linif s vysokou prichodnosti (pfiblizné 50—100 nezavislych
linif za den). Geny zasazené u identifikovanych mutantnich linii budou izolovany pomoci pozi¢niho klonovani.
V soucasné dobé jsme vypracovali mapu zakladnich, zejména SSLP markerd, pokryvajicich cely genom Arabidopsis
a optimalizovali podminky pro jejich identifikaci v mapovaci populaci pfipravené kiizenim mutantnich Col-0 linif
se standardnimi liniemi Ler-0. Jemné mapovani bude probihat pomoci markerd publikovanych sdruzenim TAIR
a v databazi Monsanto (Cereon Genomics).

Podporovéno granty MSMT MSM0021622415 a LCO6034.
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JAK NA EXPRESI GENU - PREHLED METOD

JIRi LiBUS

Laborator morfogeneze rostlin, UEB AV CR, Rozvojova 135, 165 02 Praha 6
E-mail: libus@ueb.cas.cz, tel.: 225 106 411

Zmény v expresi gend jsou nezbytnou soucdsti Zivota — obzvlasté v neustdle se ménicich podminkach prostredi.
Rozdily v aktivité mnoha gend jsou také pfimo zodpovédné za diferenciaci bunék ve vyvinu jedince a odlisuji
i buniky riznych tkanf ¢i pletiv.

ProtoZe viechny tyto procesy se t&si zdjmu védecké verejnosti, historie snahy zméfit nebo alespori srovnat
expresi ur¢itého genu je velmi dlouhd. Béhem let bylo nalezeno nékolik cest vedoucich k vyty¢enému cili. Kazda
z nich se vyznacuje urc¢itymi vyhodami a nevyhodami a jejich vysledky nemusi byt nutné totozné. Pouze s timto
na paméti se Ize zodpovédné rozhodnout pro konkrétni metodu a také spravné interpretovat vlastni ¢i v literature
popsané vysledky. Vétsina soucasnych praci proto spoléha spiSe na kombinaci dvou ¢i vice nezavislych metod, nez
aby stavéla na vysledcich, které mohou byt ovlivnéné zvolenym experimentalnim postupem.

Tato prednéska se pokusi stru¢né shrnout vyvoj zkoumani exprese gentli na Grovni transkriptu od prvopocatku
az po dnesni pokrocilé technologie. Zvlastni diiraz bude kladen na kvantitativni polymerazovou fetézovou reakci
navazujici na reverzni transkripci (qQRT-PCR) a souvisejici otazky normalizace a interpretace ziskanych dat.

NORTHERN HYBRIDIZACE U ROSTLIN - V CEM JE DOSUD NENAHRADITELNA

HELENA STORCHOVA

Laboratof morfogeneze rostlin, UEB AV CR, Rozvojové 135, 165 02 Praha 6
E-mail: storchova@ueb.cas.cz, tel.: 225 106 433

Stanoveni mnozstvi specifické RNA pomoci hybridizacni metody Northern patii k tradicnim molekuldrné biologickym
technikdm. Pfesna kvantifikace RNA je v soucasnosti ¢astéji provadéna pomoci kvantitativni RT PCR postupem,
ktery je rychlejsi, jednodussi a spolehlivéjsi nez klasicky Northern. Nicméné stéle existuji okolnosti, kdy je Northern
hybridizace nenahraditelna. Tak je tomu v pfipadé, kdy je cilem pokusu zjisténi velikosti celkového transkriptu ¢i
pocet riizné dlouhych transkriptli pfepsanych z jediného genu.

Northern hybridizaci m(izeme provadét se sondou znac¢enou pomoci 32F, anebo prostfednictvim sondy
neradioaktivni. Radioaktivni sondy jsou obecné citlivéjsi nez sondy neradioaktivni, RNA sondy jsou citlivéjsi nez
DNA sondy. V nasi laboratofi se osvédcilo znaceni sondy digoxigeninem pomocf riznych souprav Roche. Ovérili
a optimalizovali jsme rtizné postupy piipravy denaturacniho i nedenatura¢niho agarozového gelu i riizna slozeni
nanaseciho pufru. Metodu Northern hybridizace Gspésné pouzivame pro studium transkripce mitochondrialnich

gend u Silene vulgaris.
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DNA MICROARRAYS — TECHNOLOGY AND APPLICATION
Davib ReRAK'?3, NikoL DuprakovA'?, Davib Honys'3

" Laboratory of Pollen Biology, Institute of Experimental Botany ASCR, Rozvojova 135, 165 02 Praha 6
2 Dept. of Plant Physiology and Anatomy, Faculty of Biological Sciences, BraniSovska 31,

370 00 Ceské Budé&jovice

* Dept. of Plant Physiology, Faculty of Science, Charles University in Prague, Vini¢na 5, 128 43 Praha 2
E-mail: renak@ueb.cas.cz, tel: 220 390 451

Traditional molecular biology tools for studying gene expression are limited to a small group of genes at a time.
Recent advances in microarray field have enabled the study of thousands of genes in a single experiment and
extensive investigation of their expression profiles. While development of material science, surface chemistry and
miniaturization has progressed, DNA microarrays have received a great deal of attention and become broadly
commercialized.

The principle of DNA microarrays is to detect a large number of transcripts or cDNA in a sample and their
identification based on complementation with probes that are immobilized with known coordinates and belonging
to a gene. There are several technologies to manufacture DNA micoraarrays. The main difference is in the way
and place of preparing DNA probes, which can be (a) in vitro out of the chip or (b) in situ on the chip. In the
first case (a) DNA probe is made by PCR with well defined primers and the part of amplified gene or by de novo
oligonucleotide synthesis with length of 100-300 nt. The following instrumentation is printing of ready probes
onto the surface of the chip. This technology is in principle same as that of ink-jet printing. In the second (b)
approach, DNA probes are directly synthesized on the chip using photolithography, piezoelectric deposition or
electrochemistry and the length of these probes is 25-100 nt. Another difference lies in materials used for DNA
microarray manufacturing such as glass slide, silicon chip or nylon membrane.

DNA microarrays are broadly used in biological and biomedical research. They are used for global analyses of
gene expression in particular tissues and cells during developmental or environmental changes, in analyses of marker
genes during oncogenesis, in study of mutation and SNP polymorphism for forensic use or identification of certain
diseases, in study of alternative splicing and others. DNA microarray is a powerful technology to investigate complex
regulation of gene expression and becomes a corner-stone in post-genome era of contemporary biology.
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MICROARRAY DATA TREATMENT AND NORMALIZATION
Davib HoNys
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Introduction of microarrays enabled the study of gene expression at a genome-wide level. It is a crucially optical
technique and many intermediate steps are needed in order to associate gene expression with the emission of
light at the particular spot. In each of these steps, both random and systematic errors accumulate. Random errors
tent to increase the variation of the results, but do not really affect their overall mean accuracy. Systematic bias,
however, can cause disaster because they can alter the structure of the results to the extent that the raw (or, in
worse case, mistreated) data can say very little about the actual amount of transcribed mRNA. For all stated reasons,
normalization step is required prior to microarray data analyses.

Normalization stands for the process of removing systematic bias as a result of the experimental artifacts from the
data. Its application is inevitable for both dual-channel (variable design, ie. HGMP project; www.hgmp.mrc.ac.uk)
and single-channel arrays (ie. Affymetrix GeneChip; www.affymetrix.com).

Normalisation consists of several individual activities and it is virtually impossible to perform them at once.
When normalizations are done one after the one, it is almost inevitable that their order affects the outcome. It
is therefore crucial that some rhythm or reason is applied in selecting the order of the individual normalization
steps. It is generally accepted as reasonable to normalize all local features first and then gradually progress to
normalizations that involve several or all arrays. However, if one is not prudent with normalization at each step, it
is easily conceivable that higher-order normalizations introduce bias if lower-order normalizations have not been
dealt with carefully. In principle, single-channel arrays do not produce so many normalization obstacles as double-
channel arrays. For single-channel arrays, the following order of normalization steps is strongly recommended: 1)
Spatial correction, 2) Background correction, 3) One-condition rescaling/modeling (within replicates, few arrays)
and 4) Across-conditions rescaling/modeling (across various experiments, often multiple arrays).

Moreover, the most common single-channel microarray, the Affymetrix GeneChip, has some idiosyncrasies
with respect to data storage and initial analyses. Every Affymetrix GeneChip microarray employs internal replicates
for all genes. They are called probes and, depending on the array type, there is 11-20 of them for each gene.
Probes are designed as 25-mer oligonucleotides and they are considered as brief quotes of a particular gene. The
idea was that as long as the quote is specific enough, RNA from that and only that gene can recognize it as itself.
With progressively improved annotation of individual genomes, this assumption is often no longer true and that
is why number of genes actually covered by particular microarray gradually decreases. However, this problem
of non-specific hybridization has been partly dealt with. Affymetrix designed for each perfectly matching probe
(PM) a so-called mismatch (MM) cousin. It was believed that a gene-specific expression value would be obtained
by subtracting the MM values from the corresponding PM values. Well, not always.

Several methods are being used for Affymetrix microarray data normalization. MAS 5.0 software (Affymetrix) subtracts
MM values from PM values to obtain the individual probe expression values. Tukey’s biweight algorithm is used to
summarize all probe values for a particular gene into single gene expression value. Application of a scaling factor then
adjusts the brightness of individual arrays to the average. Another software, RMA (freeware, part of the R package,
www.r-project.org), suggests an alternative background correction algorithm in place of MAS 5.0 mismatch subtraction.
dChip software (freeware, www.dchip.org) normalizes the data by pooling for each gene the information across probes
and across replicates using a multiplicative model. The employed algorithm detects and removes probe or array outliers.

Supported by GACR grant 525/06/0864 and GAAVCR grant K|B6038409.
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WEB-BASED TOOLS FOR ANALYSIS OF TRANSCRIPTOMIC DATA
NIKOLETA DUPLAKOVA
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Biological research in present post-genomic era is characterised by the effort to functionally characterised whole
genomes of model organisms (ie. Quite ambitious NSF Project 2010). It requires to reveal biological function of
thousands of genes. Transcriptomics represent one mighty tool to achieve such goal. It enables to understand
function of genes by paralel analyse of their expression patterns. The characterisation of transcriptomes of individua
plant cells and komplex tissues in different morphological and developmental stages under various physiological
and stress condition have bec¢ime, together with nuimber of other ,-omes”, one of the mainad important field of
interest in molecular biology today.

DNA microarray technology created the opportunity in our effort to detect the paralel expression of numer
of genes. Correct interpretation of microarray expression data give significant insight into global gene expression
patterns and thus supports enables to repeal the functional specialization of gene or thein groups.

The broad spread of microarray technology has led to the availability of vast amount of data. However, it points
out potential difficulties in orientation in these datasets and thein proper interpretation even in the case of datasets
stored on public repositories and services. Recently, in parallel with incresing number of microarray expression
data, several web-based databases and toolboxes appeared. This improved the processing and interpretation of
expression data (ACT [http://www.arabidopsis.leeds.ac.uk/act/coexpanalyser.phpl, arabidopsisGFP [http://agfp.
ueb.cas.cz/], Genevestigator [https://www.genevestigator.ethz.ch/]).Relatively extensive group of web-based
tools is represented applications designated for testing of similarities in expression patterns and gene clustering
(ACT, Genevestigator). These analyse may help to frame testable hypotheses based on potential participation of
co-regulated genes in the same metabolic or regulatory pathways.
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Introduction

The reversible silencing of genes near telomeres, termed the telomere position effect (TPE), has been extensively
studied in Saccharomyces cerevisiae (Tham et al. 2002), human (Baur, J. et al. 2001), and some other organisms
but it still remains unknown in plants probably due to different organisation of subtelomeric heterochromatin
in plant model species. Because TPE is an epigenetic event, genes underlying this mechanism of heredity are
expressed in variable degree.

A reliable and simple method for assessing expression of subtelomeric genes is an important tool for investigating
structural and functional organization of chromatin domain at chromosome termini. Arabidopsis thaliana is a unique
biological model with specific organisation of subtelomeric chromatin structure. Unlike to other plant species where
large blocks of heterochromatin are located at the chromosomal ends, Arabidopsis subtelomeres contain genes
that are immediately adjacent to telomeres. This unique Arabidopsis feature allows us to characterise interactions
between chromatin arrangement and telomeric organisation by analyzing expression of terminal genes.

There is an increasing number of known transcription factors that bind to Arabidopsis telomeric sequence
motif (TTTAGGQ) in vitro, and hence have a capability to localize to chromosome termini (Yang et al. 2003). This
indicates that the transcriptional factors may be involved in controlling expression of subtelomeric genes and
that telomeres could serve as essential promoter regions for telomere-proximal genes. Therefore, alteration of
the telomeric structure may lead to changes in the expression of these genes. Available Arabidopsis mutants with
defects in telomere length maintenance (i.e., mutant lines with shorter/longer telomeres), such as ku70/ku80 (Riha
et al. 2002) or tert (Fitzgerald et al. 1999) deficient lines allow to investigate the effect of telomere structure on
expression of subtelomeric genes.

Five pairs of chromosomes of A. thaliana contain 10 unique chromosomal ends. A detail study of the length
of the telomeres on individual chromosomes (Copenhaver et al. 1996) showed large blocks of rDNA repeats on
the left arms of the chromosome 2 (2L) and 4 (4L). Subtelomeric parts of 8 remaining arms do not contain any
heterochromatin blocks but they harbour specific terminally located genes (TLGs, Figure 1). The distance of these
genes from the most proximal telomeric repeats is relatively short, especially on 2R and 3R arms being only 653
bp and 1.3 kbp, respectively.

AT1G01010 AT1G80980
chr 1 3 50 3 5K0p Figure 1. The scheme of Arabidopsis chromosomes with the
ATZGERIE0 most terminally positioned genes (TLGs).
chr 2 W mlORuw s dd ) o
653bp Black arrowheads show genes (AGI codes) in proper orientation.
AT3G01015 AT3G63530 . . .
ohr3 @ @i LR ; The distances from the telomeres are indicated. Centromeres
3.7kbp 1.3k0p are represented by small circles and telomeres by dark-grey
R __ AT4G40100
chr4 hm_g? caps.
AT5G01010 7 prTSGG?MO
chr5 @ 4. LOR
4.9kbp 4.9kbp

In silico analysis of expression of TLGs was done using GENEVESTIGATOR microarray database (https://www.
genevestigator.ethz.ch/at). Expression of 4 of total 8 genes was confirmed (AT1G01010, AT2G48160, AT3G01015,
AT5G01010) indicating their real function in the plant transcriptome. Expression of 4 other genes (AT1G80980,
AT3G63530, AT4G40100, AT5G67640) was not detected.

Here we describe a method based on the radioactive quantification of RT-PCR (reverse transcription-polymerase
chain reaction) products. Total RNA was isolated from stems, inflorescences, leaves, seedlings, siliques and roots.
After RNA purification from DNA contaminations, RNA was reversaly transcribed into cDNA. Gene specific primers
were used to amplify segment of TLGs. After the separation on agarose gel, PCR products were transferred onto
nylon membrane using Southern blot technique and hybridized to radioactivelly labelled gene-specific probes.
Signal quantifications and expression profiles of TLGs were calculated.
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Expression level comparison of the same gene in different plant lines (i.e., wild-type line against ku70 and
ku80 lines with knock-out gene leading to prolongation of telomeres and tert line with extremely short telomeres)
requires an exact cDNA calibration (Figure 2).

A — 500 bp Figure 2. Calibration of cDNA concentrations in stem tissue of tert
——— O |, mutant line.
1.2 3 4 PCR products of Actin 2.7 gene were blotted and hybridized with gene-
D specific probe. Amounts of wild-type (A) and tert mutant cDNA (B) to
B - . ggg gg be compared were loaded into PCR reactions and diluted (0.1, 0.3, 0.7,
5 @m and Tul of 20ul cDNA transcribed from 500ng of total RNA).

Actin (ACT2.7) PCR (primers, PCR conditions) reactions served as a control for cDNA quantity and integrity.
The cDNA isolated from equivalent tissues of the plant lines compared were balanced in different dilutions and
under optimised PCR conditions where linear dependence between the number of PCR cycles and the amount
of product is presumed. Amounts of cDNA were calculated using radioactive labelled Actin probe hybridized to
PCR products of the Actin gene.

Using this method we confirmed the presence of transcripts of all eight candidate TLGs including four genes
with unknown expression profiles in GENevesTIGATOR tool. Direct comparison between wild-type plants and mutants
defective in telomeric length (tert, ku70, ku80) showed differences in their expression in the same tissue. As expected,
the genes tested showed dissimilar expression profiles. These results indicate either telomere position effect similar
to previous studies in different organisms or direct interaction between telomeres and TLGs. In comparison to
a routine ethidium bromide quantification, semiquantitative RT-PCR analysis of genes using radioactive labelled
probe is more sensitive and allows sophisticated quantification of measured signals.

Although the accuracy of the presented method is lower than Real-Time PCR techniques, the results are highly
reproducible, especially when comparing the expression of the same gene in various plant lines. The method is
particularly useful for the estimation of gene expression of wide pool of genes and for selection of positive candidate
genes for detailed Real-Time PCR analyses. Based on the TLG experiments we found this technique reliable when
intensity of signals differed by 30% and more.

Materials and methods

Consequent steps of gene expression comparison can be simplified in a comprehensive scheme (Figure 3).

wild-type plant plant with expected change Figure 3. Schematic flowchart of the gene expression
(wt) in the gene expression (mut) comparison method.
7 v Individual steps of the method (RNA isolation and

purification / RT-PCR / Southern-blot and RNA
L ' ) . calibration / hybridisation of the membrane / signal

reverse transcription using oligo dT primers P . .
second strand of cDNA synthesis quantification) are boxed in logical groups where

¢, ‘l’ a track of the gene to be measured is highlighted
in grey.

total RNA extraction and purification

PCR with Actin primers
agarose gel electrophoresis
Southern-blot
hybridization with radioactive Actin probe
signal quantification
wt cDNA - mut cDNA calibration

PCR with gene specific primers
agarose gel electrophoresis
Southern-blot
hybridization with gene specific probe
signal quantification

[gene expression comparisson|
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RNA extraction

RNA extractions were carried out with the TRI Reagent (Sigma-Aldrich) according to the manufacturer’s instructions.
We normally used 100-500 mg of fresh tissue for homogenization. Individual samples were powdered in liquid
nitrogen by pellet pestles (SIGMA). To remove genomic DNA contamination, the sample was treated with DNAse
1. Isolated RNA in total volume of 250 pl was mixed with 27 pl of 10x DNAse | buffer (Fermentas), 5 pl of RNAse
inhibitor (Promega, 40U/ul), 5 ul DNAse | (Promega 10U/ul) was incubated for 30 minutes at 37 °C. To terminate
DNAse | reaction, 22 ul of EDTA (25 mM) was added and incubated for 10 minutes at 68 °C. Additional TRI Reagent
purification step followed. 300 ul of TRI Reagent, 200 ul of chloroform and 100 ul of H,O were added. After
thorough but gentle over-head inversions, samples were incubated for 5 minutes at room temperature. Mixture
was centrifuged at 14000 RCF at 4 °C for 10 minutes. The supernatant was transferred into a new 1.5 ml tube
and precipitated with 0.4 volumes of isopropanol for 10—15 minutes. The precipitated RNA was centrifuged at
14000 RCF for 15 minutes at 4 °C. The RNA pellet was washed with 70% ethanol, air-dried and resuspended in
50 pl of nuclease-free water. Purified RNA samples were stored at -70 °C. RNA obtained with this procedure was
essentially free of genomic DNA and usually yielded 10 pg of total RNA from 3 to 4 Arabidopsis leaves and 30 pg
of total RNA from 2 to 3 young inflorescences.

RNA concentration and integrity

Concentration of purified RNA from preview step was measured using spectrophotometer in 100 to 500 times
dilution in water and measured OD at 260 nm. Additional concentration and integrity check of RNA was performed
using agarose-gel electrophoresis in 1x TBE buffer. Amount of 1-2 ug of RNA was denatured in 2x denaturing
buffer (0.26 g of urea in a 1.5ml tube, 500 ul of 6x Loading Buffer Ill; Fermentas, 200 ul of 5x TBE and 150
pl of nuclease-free water). RNA in denaturation mixture was incubated for 3 minutes at 65 °C and than cooled
on ice for 1 min, centrifuged quickly and put back on ice. RNA samples were loaded into 1.5 % agarose gel and
electrophoresis was run at 100 V for about 1 hour.

RNA reverse transcription

500 ng of total RNA was reverse transcribed in the presence of 0.5 ug of oligo d(T), 5 ul of 5X reaction buffer
(supplied with M-MLV transcriptase, Promega), 1.25 ul of T0mM dNTPs and 1 ul of M-MLV RT (Promega) in a final
reaction volume of 20 ul. Reactions were carried out at 50 °C for 60 minutes, followed by a 15 minute step at
70 °C to denature the enzyme, and then cooled to 4 °C.

Second strand synthesis and PCR amplification

We used 0,4 to 2 ul of cDNA for subsequent PCR amplification with gene specific primers (Figure 4). The following
primers were used for amplification of the genes displayed: AT1G01010 (GAACATCAGCAGAGGACATATG,
AAGGTGCCAAGTAAGGAACQ), AT1G80980 (CAAATTTGGGTGGTTTGATTGG, TTCCCAGTCTCTGTCTCATC), ACT2.7
(CTGGAATGGTGAAGGCTGGT, CTTCTTCAAGTGAAAAATGG), AT3G01015 (CTTAACCAGATTCTCAGGTTCA,
CATGCCTCAGTTTCTTCATC), AT4G40100 (TCGTTTCTCTTTCAACGACGC, CCCGAATTGGTTTCTCAATC). If exons
and introns are annotated, primers were constructed over introns to exclude products from genomic DNA.

AT1G01010 AT1G80980 Act 2.7 AT3G01015  AT4G40100

G10 wt G7 G10 wt G7 G10 wt G7 G10 wt G7 G10 wt G7 w1000 bp
== 750 bp
=500 bp

— —
—--_"-‘ — —250bp
prewen

Figure 4. Expression profiles of 4 TLGs in the tert mutant line.
The tert lines were grown up to the 7" (G7) and 10" (G10) generation to increase the effect of telomere shortening. The
10 generation of tert mutants almost lacks the telomeres, whereas the 7 generation shows very short telomeres.

Labelling of dsDNA probe by Klenow

Following reaction in 1.5 ml tube was mixed: 25-50 ng of dsDNA (PCR product) in 30 ul of water, 1 ul of gene
specific oligonucleotides (10 uM stock). Mixture was boiled for 5 min and than cooled down on ice for another
5 minutes. Tube was briefly spined down and following components were added: 10 ul of 5x oligonucleotide
labelling buffer (OLB; 250 mM Tris pH 8.0, 25 mM MgCl,, 5 mM mercaptoethanol, 2mM each dCTF, dGTP and
dTTP, TM HEPES pH 6.6, T mg/ml random hexamers), 2 ul of BSA (10 mg/ml), 5 ul of [a*?P] dATP (3000 Ci/mmol),

30



UTERY 3. 10. 2006

P Fradndshy

1 ul of Klenow fragment (5U/ul). Reaction was incubated for 1 hour at 37 °C. Labelled probe was purified with
Nucleotide Removal Kit (QUIAGEN) and eluted twice with 100 ul of elution buffer.

Southern blot hybridization

Modified method according to Zhou et al. (1994) was used. Probe was transferred into a 1.5 ml tube with lock
and boiled for 5 min and than cooled down on ice for 1 minute. Membranes were prehybridized for 2h at 55 °C.
Radioactive probe was added to prehybridization solution and hybridized with membrane for 12h at 55 °C.
Washing of membranes was done with 2x SSC, 0.1% SDS two times for 10 min at 55 °C, followed by stringent
washing: 0.2x SSC, 0.1% SDS for 45 minutes at 55 °C. After wrapping to Saran foil, intensity of the radioactive
signal was roughly measured using Geiger-Muller counter and exposed to Phospho-screen (Molecular Dynamics).
Products were analyzed on Phosphorlmager (Molecular Dynamics). Signal intensity was analysed and quantified
using Quantity One software (BioRad).

Grant : GA AV A6004304
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Extraction of small RNA molecules

Avoid contamination by RNases using proper RNA handling. During whole procedure (isolation and detection)
use RNase-free solutions and lab equipment and wear gloves.

The following protocol is based on Dr. Andrew J. Hamilton protocol “Extraction of 25NT RNA” from The David
Baulcombe group, The Sainsbury laboratory (Hamilton and Baulcombe 1999) with modifications and improvements
as cited in the text.

Total RNA isolation
Homogenize fresh plant material (4 g of leafs, seedlings, etc.) in liquid nitrogen with a mortar and a pestle. Transfer
homogenate into RLT buffer (2ml/g, Qiagen) in 50ml falcon tube. For homogenization it is also possible to use other
guanidine thiocyanate buffers. Extract two times with phenol-chloroform (add one volume) and precipitate nucleic
acids by adding 0.1 volume of 3M NaOAc pH 5.0 and 3 volumes of ethanol and incubating at -20 °C for 2 hours.
Recover the total RNA/DNA by centrifugation at 10000 g for 10 min. Wash the pellet by 75% ethanol and let it air-dry.
For detection of abundant and known small RNA molecules RNA preparations from 100 mg of plant tissues
using Trizol (Invitrogen) are sufficient.

Enrichment for small RNA

Dissolve the pellet in about 5ml of TE (10mM Tris-Cl pH 7.5, TmM EDTA,; for Trizol preparations only ~0.1 ml), heat
this to 65 °C (faster dissolving of the pellet and disrupting any association of small RNA with DNA). Place the solution
on ice and add PEG (Mw=8000) to a final concentration of 5% and NaCl to a final concentration of 0.5 M. Mix
well and incubate on ice for 30 minutes. Spin down high molecular weight nucleic acids at 10000 g for 10 minutes.
Transfer supernatant to a new falcon tube and precipitate small RNA molecules by adding 3 volumes of ethanol. Place
the mixture at -20 °C for at least 2 hours and then spin down the RNA at 10000 x g for 10 minutes. Wash the pellet
by 75% ethanol and let it air-dry. Dissolve this preparation in formamide (0.1-0.5 ml), quantify RNA by measuring UV
absorbance of aliquot and use 5-50 g of small RNA directly for Northern blots. However, aberrant migration during
electrophoresis can be noticed sometimes, and that is why further purification of small RNA fraction may be necessary.

Purification of small RNA fraction

Equilibrate DEAE-Sepharose CL-6b (Sigma) in buffer A (50 mM MOPS/NaOH pH 7, 15% isopropanol, 0.2 M
NaCl, 0.15% Triton X100). Prepare column by plugging the end of a 5ml disposable syringe by whatman 1 filter
paper circles and adding 1ml of the equilibrated sepharose. Let the column settle, dissolve the pellet of small RNA
in buffer A and apply to the column under force of gravity. Collect the flow-through and apply to the column
again. Wash the column with 10 volumes of buffer A and elute small RNA with buffer B (similar as buffer A, only
concentration of NaCl is T M). Add 3 volumes of ethanol to the eluate, mix, place it at -20 °C for 2 hours and spin
down the small RNA at 10000 x g for 10 minutes. After washing the pellet by 75% ethanol and air-drying dissolve
it in formamide (0.1-0.5ml).

Electrophoresis and Northern blotting

Separate small RNA molecules in 15% polyacrylamide (19:1), 50% urea, 1xTBE (90 mM Tris-borate, 2 mM EDTA)
gels. Apparatus with 20cm long and 1.5 mm thick gel is sufficient. It is usually possible to separate up to 50 ug of
small RNA in one lane. Prepare one additional sample to which add one or two radioactively end-labeled DNA
oligonucleotides (about 20 and 25 bases) or radioactively end-labeled RNA ladder (10-150 bases, Ambion Decade
Markers) to serve as length standards. As a positive control load additional samples supplemented with a range
of concentration (1fmol-1pmol) of ~20 nt DNA oligonucleotide complementary to probe. As a negative control,
use small RNA samples prepared from different plant species. Add bromophenol blue and TBE buffer to samples
dissolved in formamide (recommended final concentration of formamide is at least 50 %), heat it at 65 °C for 5
minutes, place on ice and load the gel. Run the gel until bromophenol blue reaches the bottom of the gel. Wash
the gel in 0.5 TBE (10 min.), stain RNA with ethidiumbromide in 0.5XTBE (10 min.) and then wash the gel again
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in 0.5xTBE (10 min.). Photograph the gel in order to document an RNA quantity in individual lanes and cut off the
part of the gel with overloaded tRNAs and 5S rRNA molecules (from start to about 80 nt). Blot the RNA to nylon
membrane (Hybond N+, TM or other positively charged membrane useful for Northern blotting of small RNA
molecules) at 3 mA/cm? for 1 hour in 0.5 X TBE using semi-dry blot apparatus. Carefully take the membrane, do
not wash it, fix the RNA either by placing the membrane on filter paper soaked in 0,5xTBE and UV crosslinking
or by baking the membrane at 80 °C for 2 hours. Store the dry membrane in dark until use.

Detection with radioactively labeled probe

Detection of known and abundant small RNA molecules (several pg per lane) is possible by hybridization with
complementary 5" end labeled oligonucleotide. T4 Polynucleotide Kinase (~30 units) and [y-*?P]JATP (2-5 fold molar
excess to 1-10 pmol of an oligonucleotide) is used to label an oligonucleotide to high specific activity (Sambrook
and Russell 2001). Radiolabeled oligonucleotides can be purified either by precipitation with ethanol (Sambrook
and Russell 2001) or by gel filtration on columns (NucAway-Spin Columns, Ambion).

Preparing the riboprobe

If you do not know the exact sequence of small RNA of interest (small RNA molecules were not cloned and
sequenced) or there is limited amount of target small RNA in sample for detection by Northern blot hybridization
(~10 fmol per lane) you have to prepare strand-specific single-stranded RNA probe (riboprobe) by incorporation
of [a-*2P] UTP or GTP in in vitro transcription reaction with bacteriophage RNA polymerase (Sambrook and
Russell 2001). Riboprobe is prepared from linearised recombinant plasmid that carries bacteriophage promoter
immediately upstream of the DNA fragment of interest or by adding the promoter to 5" end of DNA fragment
using PCR (Sambrook and Russell 2001). Check on the orientation of promoter and the sense of generating RNA
strand. Use DNA template with blunt or 5’-protruding ends because 3’-protruding termini can aberrantly initiate
transcription (blunt the ends of PCR product of Tag DNA polymerase). Prepare RNase-free DNA template (treatment
with proteinase K and phenol-chloroform extraction is recommended).

Assemble in vitro transcription reaction in a laboratory according protocol (Sambrook and Russell 2001) or use
commercial kit (RNAMaxx High Yield Transcription Kit, Stratagene). Use up to 10 ul of [a-*?P] rUTP (10 mCi/ml,
3000 Ci/mmole), transcription buffer, 0.5 mM each rATP, rGTP, rCTP, 0.2-0.5 ug of template DNA, 30 mM
dithiothreitol, 0.3 U of yeast inorganic pyrophosphatase, 1 ul of RNase block and 200 U of RNA polymerase per
20 ul reaction volume. Incubate the complete reaction mixture at 37 °C for 2 hours. Terminate the reaction and
digest the template DNA by incubation of the reaction mixture with 1 ul of RNase-free DNasel at 37 °C for 30
minutes. Two times precipitate the riboprobe with ethanol —add 10 ul of 7.5 M NH, Ac, mix, add 75 ul of ethanol,
mix, keep on ice for 10 minutes, spin at 15000Xg for 15 minutes, resuspend a pellet in 100 ul TE, add 50 ul of
7.5 M NH,Ac, mix, add 375 ul of ethanol, mix, keep on ice for 10 minutes, spin at 15000% g for 15 minutes, wash
the RNA pellet with 75% ethanol, let it air-dry for 5 minutes and resuspend it in 20 ul of TE.

Hybridization of nucleic acids fragments of comparable length can avoid high background and has higher stability
of RNA-RNA homoduplexes. Therefore, prior hybridization, long riboprobes are statistically fragmented to 50 nt long
molecules to obtain pool of fragments with different sequences. Add 300 ul of 200 mM Carbonate solution (80 mM
NaHCO,, 120 mM Na,CO,) per 20 ul of transcription reaction and incubate it at 60 °C for t minutes, which is the
time necessary for riboprobe fragmentation to an average size of ~50 nucleotides (t = (Li—Lf)/(KxLix Lf) where
tis the time in minutes, Li is the initial length of the probe in kb, Lf is the final length of the probe in kb (0.05 for
50 nt) and K is the rate constant = 0.11 kb/min). At the end of the incubation add 20 ul of 3 M NaOAc (pH 5)
to stop the reaction. It is possible to add the mixture directly to hybridization solution (5-10ml of hybridization
solution per small hybridization bottle).

Prepare “cold” riboprobe and analyze it on agarose gel to check on the efficient transcription of the template DNA
before using [a-*2P] UTP. During preparation of radioactive riboprobe take aliquots of the reaction mixture for analysis
in case of problems with detection of small RNA to monitor potential mistakes during probe preparation.

Hybridization

Prehybridize the membrane in hybridization buffer for Northern blots (including 50% deionized formamide and
7% SDS, (Sambrook and Russell 2001)) at 40 °C for at least 1 hour. It is possible to use UltraHyb-Oligo (Ambion).
After adding the probe, hybridize the membrane 1-3 days at 30 °C. Wash the membrane two times with 2xSSC,
0.5% SDS at 30 °C for 10 minutes. Wrap the wet membrane in a saran wrap and expose it in a phosphorimage
cassette for 1 hour or overnight (depends on radioactivity of the membrane). It is possible to decrease background
(in case of riboprobe) by stripping the membrane with RNaseA at room temperature for 10 minutes (the stripping
solution is 20 mM Tris-Cl pH 7.5, 5 mM EDTA, 60 mM NaCl, 2 ug/ml RNase A) (Mette et al. 2000). This step can
be repeated until the background signal is low.
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Cloning of small RNA molecules

Another way to detect small RNA molecules is extraction of all small RNA molecules from denaturing polyacrylamide
gel (“Crush and soak”, (Sambrook and Russell 2001)), cloning and sequencing. There are many protocols, for
example http://www.tsl.ac.uk/dcb/services/Small_RNA_cloning_protocol.pdf from The David Baulcombe group,
The Sainsbury laboratory (Chappell et al. 2005). The principle of the protocol is as follows. Hybrid 5-DNA-RNA-3’
adaptor is ligated to 5’ ends of small RNA molecules using T4 RNA ligase. Phosphorylated hybrid 5’-RNA-DNA-3’
adaptor with blocked 3’-hydroxyl terminus is ligated to 3" ends of small RNA molecules. Final ligation products
are reverse transcribed and amplified. The PCR product is digested with restriction enzymes in adaptor regions
and concatemerised using T4 DNA ligase. The concatemers are ligated into cloning vector, recombinant plasmids
are cloned, inserts are amplified and sequenced and from the data small RNA sequences are extracted manually
or automatically using software tools.
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VYHODY A USKALI PRODUKCE PROTEINU V EXPRESNIM SYSTEMU KVASINKY
PICHIA PASTORIS
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Béhem poslednich desetileti byla vyvinuta cela fada technik pro manipulaci s DNA tykajicich se jeji identifikace,
specifického stépeni a klonovani gent do celé rady organismd, které jsou po genetické strance velmi odlisné od
plvodniho organismu. Hlavnim tkolem takto vzniklych organismii je ¢asto snadna a finan¢né ne-pfilis nakladna
produkce proteinu.

U celé fady protein( byla za ,tovarnu” pro vyrobu protein(i zvolend bakterie E. coli a to pfedeviim diky jejimu
rychlému rstu, snadnému klonovanf cilovych gent a rychlé izolaci vzniklého proteinu. Na druhé strané je viak
E. coli prokaryotni organismus, ktery postrada intracelularni organely jako je endoplazmatické retikulum nebo
Golgiho aparat zodpovédné v eukaryotnich organismech za modifikaci a spravnou konformaci vzniklého proteinu.
| pfes tyto nevyhody miZze byt mnoho eukaryotnich protein(i produkovano v bakterii E. coli, aviak rovnéz celd
fada produkovanych proteind je nefunkénich a tézko exprimovatelnych v solubilni formé. Pravé tyto ddvody vedly
k vyvijeni eukaryotnich produkénich systému, mezi néz patii kvasinka Pichia pastoris.

Pichia pastoris je methanoltrofni kvasinka upravena pro produkci rekombinantnich proteind, které jsou klonovany
za velmi silny promotor methanol-indukované alkohol oxidazy (AOX1) vlozeny do expresnich vektord. Syntéza
proteinu je tedy spousténa pridanim methanolu do média, které neobsahuje zdroj uhliku a tvofi tak jediny zdroj
uhliku pro kvasinku. Této skutecnosti se da déle vyuZzit pro produkci proteini 100% znacenych uhlikem *C, jejichz
struktura se da poté urcit pomoci techniky NMR (Nukledrné Magneticka Rezonance). Syntetizované proteiny
mohou byt dale sekretovany do média, coz umoznuje vyuziti technik fermentace a velmi snadnou purifikaci
vzniklého proteinu. V neposledni fadé je vyhodou i moznost produkce celé fady proteint, které jsou toxické pro
bakterialni buriku a nemohou byt tedy exprimovany v bakterii E. coli.

Nase zkusenosti s produkci proteint pomoci kvasinky Pichia pastoris jsou demonstrovany na syntéze mutantnich
forem proteinu cryptogeinu pochézejiciho z houby Phytophtora cryptogea a je ukdzdna moznost snadné purifikace
pomoci kombinace iontové vyménné kapalinové chromatografie a vysokotcinné kapalinové chromatografie na
reverzni fazi.
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EVO-DEVO: MECHANISMY ONTOGENEZE A EVOLUCE
Boris Vyskot
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E-mail: vyskot@ibp.cz, tel.: 541 240 500, http//www.ibp.cz/labs/PDG

Cilem toho prehledného pojednani bude shrnout vztahy mezi vyvojovou biologif a evoluci. Vyvojem (ontogenezi
¢i vyvinem) rozumime epigenetické procesy, které vedou od oplozeného vajic¢ka, pres embryogenezu, pohlavni
reprodukci az k senescenci jedince. Vyvoj je geneticky podminény a v priibéhu poslednich dvaceti let byly
identifikovany a charakterizovany tisice gen(, které svou mistni a ¢asovou specificnosti exprese zajistuji vznik
tvar(i (obor vyvojova genetika). Zfejmé nejznaméjsimi regulatory vyvoje jsou homeotické geny, které reprezentuiji
klicové transkripcni faktory spoustéjici baterie realizatorovych gent. Evoluce homeotickych genli ma zasadni vliv
na morfologickou slozitost organism(i. Pravé evoluce urcité skupiny homeotickych gent s homeoboxem je klicem
k pochopent struktury zivocisného téla (zootyp). U rostlin se vyvinuly alespon dvé skupiny homeotickych gend,
jedna specifikuje kvétni program (skupina MADS) a druha architekturu stonku a listd (skupina s homeoboxem).
IndividudIni vyvoj organismu je tedy geneticky programovany a cyklicky. Pokud formulujeme, Ze vyvoj je epigeneticky,
mdme na mysli postupné zmény, které nastavaji v pribéhu ontogeneze: existuje urcity plan ve formé sekvenci DNA,
ale jeho realizace do zna¢né miry zavisi na interakcich s jinymi ¢astmi embrya a zejména na environmentalnich
vlivech. Dalsi skupinou vyvojovych regulatord dobfe prostudovanych zejména u nékterych zivocisnych modeld
jsou Casové spinace — heterochronni geny. Zatimco geny homeotické jsou charakterizovany svymi mutacemi, které
zpusobuji ektopickou tvorbu struktur, u heterochronnich mutantd |ze pozorovat fenomény predcasného starnuti
¢i trvalé mladosti (dauer-formy).

Evoluce je vyvoj historicky, predstavuje kontinudlni linii Zivych forem, kterd je podle darwinistl podminéna
nahodnou variabilitou a pfisnym pfirodnim vybérem. Pfenos dédi¢né informace ziejmé probiha jen na drovni
zarodecné drahy: u vétsiny Zivocisnych druhd (hlistici pocinaje) jde o gamety zalozené v ¢asné embryogenezi,
u rostlin mGzeme mluvit o pluripotentnich bunkach meristémd. O linii somatické fikdme, Ze je diskontinualni
a tudiz smrtelna. Pro existenci jedince a pro evoluci daného druhu ma viak vyznam zasadnt, protoze pfirodni vybér
probihd na bazi fenotypu, v obdobi pohlavni zralosti. Procesy individudlniho vyvoje (development) jsou tedy klicové
pro historickou linii pfirodnich forem (evolution). Vztah mezi evoluci a vyvojovou biologii je explicitné povazovan
za novou védni disciplinu jiz asi dvacet let a oznacovan jako evoluéni vyvojova biologie (evo-devo): za jejiho
otce je povazovan autor popularnich ucebnic vyvojové biologie profesor Scott F. Gilbert ze Swarthmore College
v Pennsylvanii. Nékteré novéjsi studie také zdtraznuji Gcast ekologickych procesti ve vyvoji i evoluci (eco-devo),
coz jen potvrzuje epigeneticky charakter individualniho vyvoje. Lze tedy shrnout, Ze evolucni vyvojova biologie
(evo-devo) se zabyva problematikou, jak jsou vyvojové procesy a jim odpovidajici mechanismy modifikovany
v pribéhu evoluce a jak na zakladé téchto zmén vznikd minula i soucasna biodiversita.
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Introduction

Why are there bilaterally symmetric flowers in pansy (Viola) instead of radially symmetric ones as in poppy (Papaver)
and why are there lobed leaves in oak (Quercus) instead of entire ones as in Tillandsia? To answer these and many
other questions of evolutionary-developmental biology, it is very difficult to use “classical” approaches like mutants
screens (as many morphological novelties are caused by loss of function and because of genetic redundancy which
is a relatively frequent phenomenon), positional cloning (as few data are available in the non-model species) or
subtraction cloning (as too many genes will be obtained from subtractions performed between two distantly related
species). The straightest method is based on cDNA or genomic library sequencing followed by analysis of sequence
data and comparative expression profiling to identify genes that are candidates for a causal role in evolutionary
divergence. This approach is performed for a small group of species by the Floral Genome Project (Floral Genome
Project Research Group 2002). However, this method is still extremely time- and money-consuming.

Direct search for candidate genes followed by their subsequent analysis seems to be a relatively cheap and
fast alternative. Using this strategy, for example the signalling pathway leading to the unifoliate growth form in
Streptocarpus was found (Harrison et al. 2005). Because the first and very often also the most difficult step is obtaining
of candidate genes, this review is focused on different methods used in the search for candidate genes.

To search directly for candidate genes, it is possible to screen cDNA (or genomic) library using probes coming
from other species. However, some difficulties can appear. Because appropriate libraries are not available in
many non-model organisms, it is often necessary to prepare own library. Moreover, failure in the screening can be
caused by the fact that the desired gene is not highly conserved. Additionally, when cDNA libraries are screened,
a considerable problem can be caused by the fact that some transcripts are present at exceedingly low levels in
the tissues in which they act. For example, the gene TEOSINTE-BRANCHEDT (a gene expected to play a crucial
role in the evolution of maize from its wild progenitors — Doebley et al. 1997) has not been identified in the public
maize database of 100,000 EST’s (Baum et al. 2002).

Most of these difficulties can be overcome by PCR-based search for candidate genes: it is not necessary to
construct libraries, the probability that conserved parts of 20-30 nucleotides appropriate for primer design will
be found is much higher than the probability that a considerable part of a gene is conserved enough to be found
by hybridisation, and PCR is enough sensitive to amplify transcripts of genes expressed at extremely low level.

Protocols and troubleshootings

Primer design strategies

However, primer design can be still very difficult because of codon degeneracy and the additional degeneracy
needed to represent multiple codons at a position in the alignment. Basically, three primer design strategies have
previously been employed (reviewed in Rose et al. 1998). One strategy is to design consensus primers across
highly conserved regions. However, primer-to-template mismatches in distantly related species limit this strategy
mostly to closely related species. The second strategy is to synthesize a pool of degenerate primers containing
most or all of the possible nucleotide sequences implicit in a multiple alignment. A big problem is that as the
degeneracy increases, the concentration of any single primer drops. As a result, the number of primer molecules
in the PCR that can prime synthesis during the amplification cycles drops, and these primers are used up early
in the reaction. This strategy is used in the primer design programs PriFi (Fredslund et al. 2005) and Primaclade
(Gadberry et al. 2005).

The strategy called COnsensus DEgenerate Hybrid Oligonucleotide Primers (CODEHOP (Rose et al. 1998;
Rose et al. 2003)) seems to overcome disadvantages of both degenerate and consensus primer design methods.
Primers consist of a relatively short (11-12 nucleotides) 3’ degenerate core and a long (more than 23 nucleotides)
5’ non-degenerate consensus clamp. Primers are designed according to conserved amino acid sequences. The
3’ degenerate core contains all of the possible nucleotide sequences whereas the 5’ non-degenerate consensus
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clamp contains the most probable nucleotides within each codon. Reducing the length of the 3’ core to a minimum
decreases the total number of individual primers in the degenerate primer pool. Hybridization of the 3’ degenerate
core with the target template is stabilized by the 5" non-degenerate consensus clamp, which allows higher annealing
temperatures without increasing the degeneracy of the pool. A program, implemented for the World Wide Web, for
automatically predicting optimal primers that embody the CODEHOP strategy is available at http://bioinformatics.
weizmann.ac.il/blocks/codehop.html.

However, there does not exist an ideal generally applicable primer design strategy. The situation is complicated
by the fact that genes contain not only sequences conserved on the amino acid level (i. e., conserved protein
domains) but also sequences conserved on the DNA level (i. e., microRNA binding sites). Limits of both CODEHOP
and cDNA-based strategies can be illustrated by an example coming from our laboratory work. Two different primer
design strategies were applied on problems in which the target sequences for amplification were not known but
could be predicted from multiply aligned protein and cDNA sequences. The goal was to clone eleven different
genes involved in floral meristem formation from Silene latifolia. When CODEHOP strategy was employed, four
genes out of nine tested were cloned. When degenerate primers designed according to conserved cDNA sequences
were used, six genes out of nine tested were cloned. Three genes were not cloned by either of these strategies.

PCR template

In principle, both genomic DNA and cDNA can be used as a PCR template to find the desired genes. A big
advantage of the genomic DNA as a template is that a sample coming from any tissue contains complete genetic
information. Thus, it is not necessary to isolate DNA from tissues where the desired gene is expressed. Genomic
DNA as a template has also one big disadvantage — it contains complete genetic information. Because degenerate
primers are used, the probability of artifactual amplification of “junk DNA" is high because of the dominance of
primers in the pool which do not participate in amplification of the targeted gene but are available to prime non-
specific synthesis. As a result, it leads after the PCR to an extremely high amount of bands on a gel. On the other
hand, although it is necessary to extract RNA from the tissue where the desired gene is expressed, the enormous
advantage is that it (theoretically) does not contain any “junk DNA” and the RT-PCR with degenerate primers
relatively often leads to a single band on a gel.

PCR amplification strategies

As primer positions are fixed to the conserved regions, it is often not possible to obtain primers of optimal PCR
performance. To empirically determine optimal annealing and amplification conditions for the pool of primers,
thermal gradient PCR amplification can be used (e. g., Rose et al. 2003). PCR amplification can be performed using
not only classical but also touch-down approaches (e. g., Rose et al. 1998). In the case of highly conserved genes
and extremely well-designed primers, the temperature can range from 60°C to 50°C (e. g., Zlvov4 et al. 2005),
but PCR gives very rarely any product under this condition. A solution is to perform touch-down PCR from 60°C
to 20°C followed by 20 to 30 PCR cycles under 20°C annealing temperature. In this case, it is necessary to add
DNA polymerase to the PCR mix twice — before the beginning of PCR and after the touch-down cycles. However,
although we have very good experiences with this PCR strategy, it gives relatively often multiple bands or smears.
We have partially solved this problem by a combination of thermal gradient PCR and 10°C temperature decrease
(in total) during the touch-down PCR cycles.

Still, the reaction can give a smear or no PCR product. A possible solution is to perform nested or semi-nested
PCR. Because the primers are degenerated, this method can lead to non-specific bands or smears, and optimisation
of both the first and second PCR cycles often solves this problem. A disadvantage of this double optimisation is
an enormous increase of PCR samples to be analysed.

When using a combination of both degenerate and specific primers (the specific primer matches for example
microRNA binding site), it can be difficult to find any overlap between annealing temperatures of both primers.
We have solved this problem by PCR conditions performed in two steps. The first step of 20 cycles was done
with the specific primer only and the annealing temperature was high. This step enabled linear extension from
the specific primer. The second step of 35 cycles was done with both the specific and degenerate primers, under
a low annealing temperature. This step enabled extension from the degenerate primer and also amplification of
the desired gene (ZIGivova at al., submitted).

Hypothesis testing

The obtained PCR products can be directly sequenced only when the desired gene is not a member of a gene
family. Otherwise, it is better to clone the PCR product and to sequence several colonies. After the sequencing,
orthology of the cloned sequence has to be verified. As the BLAST or FASTA searches are usually not sufficient
to unambiguously confirm the orthology, construction of phylogenetic trees is usually used (reviewed in Michu,
this issue).
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Because the initial working hypothesis was that the cloned ortholog diverged from its copies studied in model
plants, and that it plays a different role in our non-model species, the phylogenetically identified ortholog should
be further characterised with respect to its expression pattern. The easiest and most commonly used method
is RT-PCR which provides an overall view on the expression pattern. Much more information can be obtained
from in situ hybridisation experiments, which detect mRNA on tissue sections, so that the location of the target
molecule can be seen in individual cells.

Perspectives

The search for orthologous sequences is not only the first step in the evolutionary-developmental biology, but can
be also used in other disciplines. The molecular genetic markers, which can be transferred between species, can be
used to study syntenic relationships in the field of comparative genomics. A broad application of the method is also
in agricultural breeding programs, because such markers can be used to optimize the exploitation of genetic map
resources. The method can be also used as a source of molecular markers in mapping and breeding experiments
(e. g., marker-assisted breeding) which are often marker limited due to lack of DNA sequence information from
the species in question.
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EVOLUCNI ZMENY V SYNTEZE ROSTLINNYCH TELOMER
JiRi Fajkus', Eva SYkOROVA' A ANDREW LEITCH?

" Oddélent funkeni genomiky a proteomiky, PFF MU, a Laboratof molekularnich komplexd DNA, Biofyzikalnf
Gstav AVCR

2 Queen Mary University of London, UK

E-mail: fajkus@sci.muni.cz

Rad jednodéloznych rostlin Asparagales je atraktivni pro studium evoluce telomer, protoZe sdruzuje tii fylogeneticky
odlisné skupiny rostlin s telomerami slozenymi z TTTAGGG (typ Arabidopsis), TTAGGG (lidsky typ) a z neznamych
alternativnich sekvenci. V prvni ¢asti prednasky bude predstavena experimentalni strategie pouzita pro mapovani
vétvicich bodd v evoluci syntézy telomer a bude demonstrovana na vysledcich mapovéni druhého evolu¢niho
rozcesti uvnitr celedi Alliaceae.

Druha cast prednasky bude vénovana molekularnim pficinam téchto zmén v syntéze telomer. Byly klonovéany
a charakterizovany geny kédujici katalytickou podjednotku telomerazy (TERT) u reprezentativnich druht prvnich
dvou skupin. Porovnanti ziskanych sekvenci, véetné dalsich sekvenci TERT, dostupnych v databazich, vedlo k nalezeni
kandidétnich aminokyselinovych substituci, které byly soustfedény u TERT sekvenci z téch druhl Asparagales,
které syntetizuji lidsky typ telomerovych repetic, a které mohly pfispét ke zméné sekvence telomer. Mezi nimi
jsou zvlast zajimavé mutace v tzv. C-motivu, vzhledem k jeho vyznamu pro funkci TERT.

Kromé téchto Gdajli byly u telomerdz Asparagales, produkujicich lidské telomerové sekvence, zjistény dva
rtizné zptsoby pocatecni elongace substratového primeru, které zfejmé odrazeji rozdily v interakcich mezi RNA
podjednotkou telomerdzy (TR) a substratovou DNA.

Tento vyzkum byl podporovan projekty GACR (521/05/0055, 204/04/P105), GA AVCR (IAA600040505) a MSMT
(LCO6004). Institucionalni podpora: MSM0021622415, AVOZ50040507.

STUDIUM ROSTLINNYCH PROTEINU IN VIVO

MARTINA DVORACKOVA'3, PAscaLE RossiaNoL2, OLca KoroLEvA?, JoHN DOONAN?, PETER SHAW?, JiRi Fajkus'?

' BFU AVCR, Krélovopolska 135, 612 65 Brno

% John Innes Centre, Norwich Research Park, Colney Lane, UK
* Masarykova Univerzita, Kotlarskd 2, 602 00 Brno

E-mail: mdvorackova@ibp.cz, tel: +420 549 495 601

Ke studiu lokalizace a dynamiky rostlinnych protein(i in vivo jsou vyuzivany zejména techniky zalozené na pfipraveé
GFP-flznich proteinG a Agrobakteriem zprostfedkované transformaci rostlin. Zatimco nékteré proteiny maji
vysokou hladinu exprese a jejich detekce pomoci GFP je relativné snadna, proteiny malo abundantni nemusi byt
detekovatelné viibec.

Cilem prezentace bude predstaveni technik transformace rostlinnych explantatovych kultur A. thaliana
a BY-2, jako efektivnich skrinovacich metod umoznujicich testovat funkcénost pripravenych konstruktl a posoudit
detekovatelnost a lokalizaci proteint v burice. Hlavni vyhodou téchto systém je predevsim krétky casovy horizont,
ve kterém je mozné dané informace ziskat. Ackoli prace s rostlinnymi kulturami nenf ekvivalentni experimentim
provadénym piimo na rostlinach, tyto systémy mohou préci vyznamnou mérou urychlit. U A.thaliana budou
popsany moznosti a vyhody transientni a stabilni exprese a vlastnosti kultur pouzivanych na trasformaci; u BY-2
bude pozornost vénovana zejména pripravé stabilnich transformanta.

Vyuziti techniky transformace rostlinnych kultur bude demonstrovano na vyzkumu lokalizace telomer-asociovanych
proteind u A. thaliana.

Podporovéno organizaci EMBO a projekty GACR (521/05/0055, 204/04/P105), GA AVCR (IAA600040505) a MSMT
(LCO6004). Institucionalni podpora: MSM0021622415, AVOZ50040507.
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INDUCIBLE EXPRESSION AND QUANTITATIVE IMAGING OF CELLULAR
TRAFFICKING

IAN MOORE

Dept. Plant Sciences, University of Oxford, South Parks Rd., Oxford, OX1 3RB
E-mail: ian.moore@plants.ox.ac.uk, tel. +44 (0)1865 275 040, fax: +44 (0)1865 275 074

In this talk I'll describe some of our work on two unrelated experimental methodologies: (1) spatial and temporal
control of gene expression, and (2) quantitative analysis of membrane traffic using fluorescent protein markers.

(1) Several vector systems are available for tissue-specific transactivation or chemical induction of transgene
expression in plants. The choice facing researchers is which promoter system to commit to as this determines the
range and characteristics of the expression resources available. The decision will not be the same for all species
or applications. | will present some general discussion on the use of these technologies and discuss in detail the
properties of the pOp/LhG4 for transactivation and the pOp6/LhCR system for chemical induction.

(2) Fluorescent protein markers are widely used to report plant membrane traffic and | will discuss the useful
and limiting properties of these proteins in the analaysis of membrane traffic. Despite the widespread use of such
proteins to monitor cellular organisation and membrane traffic, effective protocols to quantify fluorescence and
marker expression are lacking. One solution to thsi problem is the use of ratiometric assays of marker expression
and accumulation. | will describe in detail how we have expolited the 20 residue self-cleaving FMDV 2A peptide to
construct polyproteins that express a trafficked marker in fixed stoichiometry with a reference protein in a different
cellular compartment. Various pairs of compartments can be simultaneously targeted. | will also describe an image
analysis tool that allows biosynthetic membrane traffic to be assayed with markedly improved sensitivity, dynamic
range, and statistical significance using protocols compatible with the common plant transfection and transgenic
systems. This approach allows saturation phenomena to be avoided and stochastic or epigenetic influences to be
controlled. Surprisingly, mutational analysis of the ratiometric assay constructs revealed that the 2A peptide was
dispensable for efficient cleavage of polyproteins carrying a single internal signal peptide, whereas the signal peptide
was essential. In contrast, a construct bearing two signal-peptide/anchors required 2A for efficient separation and
stability, but 2A caused the amino-terminal moiety of such fusions to be mis-sorted to the vacuole. A model to
account for the behaviour of 2A in these and other studies in plants will be proposed.

CURRENT DEVELOPMENTS IN CONFOCAL LIVE CELL MICROSCOPY
JORG LINDENAU

Training, Application and Support Center, Carl Zeiss Microlmaging GmbH

There is a clear trend in biomedical sciences moving away from the analysis of structures in fixed samples towards
a direct observation of dynamic processes in living objects like live cells or tissues. This trend is supported especially
by the progress in the development of fluorescent proteins.

Recently confocal laser scanning microscopy becomes a standard method in live cell imaging. The LSM 5 Family
form Carl Zeiss offer the full range of modern confocal technology. Point scanning systems like the LSM 510 META
are optimized for high resolution 3D imaging. While operating in the lambda mode, this system can be used to
acquire spectral information from the specimen, in order to separate signals from fluorescent dyes with highly
overlapping emission spectra.

When studying fast dynamics, the unique line scanning LSM 5 LIVE becomes an essential tool for research.
Combing line wise laser excitation with CCD line array detection, this system allows image acquisition rates of
up to 120 frames per second.

The newest generation of LSM 5 DUO and DuoScan systems, combines the advantages of the point and line
scanning principle. Now it becomes possible to perform pixel precise photo-manipulation simultaneous with fast
image acquisition.
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METODY STUDIA JEDNOTLIVYCH MOLEKUL V BIOLOGII

FRANTISEK VACHA'2, LADISLAV BUMBA'3, JANA NEBESAROVA!, VASSILIOS SARAFIS?, IGOR FALAT'2, FRANTISEK ADAMEC'?

TBC AVCR, Branigovska 31, 370 05 Ceské Budéjovice, CR
2UFB JU, Zamek 136, 373 33 Nové Hrady, CR

3MBU AVCR, Videfiska 1083, 142 20 Praha 4, CR

E-mail: vacha@jcu.cz, tel.: 387 775 533

Vv

Studium procest na molekularni a bunécné Grovni je mozna jednou z nejzajimavéjsich ale i technicky nejslozitéjsich
disciplin v biologickém vyzkumu. Nepfimych metod je mnoho, ale viechny se museji potykat s jednim velkym
nedostatkem a tim je tzv. ,ensemble averaging”, volné prelozeno s ,Sedi priméru”. Jak se vyhnout tomuto
zpriimérovani a nebo naopak jak vyuzit jeho prednosti je hlavnim tématem tohoto prispévku.

V prvni ¢asti se podivdme na jednotlivé molekuly pomoci elektronového mikroskopu a porovndme tuto metodu
a jeji moznosti s vysledky ziskanymi pomoci krystalografickych metod a rentgenové difrakce, tj. s jiz zndmymi
atomdrnimi strukturami. V dals ¢asti uvidime, Ze |ze jednotlivé molekuly za uréitych podminek pozorovat i optickym
mikroskopem nebo si na né dokonce sahnout.

Podporovano grantem AV0Z50510513 a MSM6007665808.

Reference
Vacha F, Bumba L., Kaftan D., Vacha M.: 2005 — The Micron 36: 483
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VYZKUM A VYUZITI RYCHLE ROSTOUCICH DREVIN PRO PRODUKCI BIOMASY
JAN WEGER, KaMILA HAVLICKOVA

Vyzkumny Ustav Silva Taroucy pro krajinu a okrasné zahradnictvi, Kvétnové ndam. 391, 252 43 Prihonice
E-mail: weger@vukoz.cz, tel 296 528 327; e-mail: havlickova@vukoz.cz, tel 296 528 327

Vétsina zemi svéta — od priimyslové vyspélych, pres rychle se rozvijejici az k nechudsim a geograficky izolovanym — ma
mezi svymi hlavnimi politickymi prioritami zvySovani podilu tzv. obnovitelnych zdroji na vyrobé energie. Také statni
energetickd koncepce CR predpoklada, 7e v roce 2030 budou obnovitelné zdroje pokryvat 15,75 % primarnich
zdroja energie. Tento zavazek je také zakotven jako indikativni cil v nasi pfistupové smlouvé k EU. Biomasa ma
z celkového podilu OZE zajistit 58 % resp. 70 % vyroby tepelné resp. elektrické energie. Podle MZP by hlavni podil
biomasy —az 60 % — mél pochdzet z tzv. energetickych plodin. V takovém pfipadé by se energetické plodiny mély
péstovat na rozloze 850 000-1 000 000 hektarC tzn. 20-28 % zemédélské plidy.

Terminem energetické plodiny jsou oznacovany taxony drevin, trvalek a bylin, které jsou vyuzivany pro zamérnou
produkci biomasy vhodné k energetickému vyuziti (spalovéni, produkce bioplynu). V CR bylo zatim pro tento
Gcel testovano pres 160 taxont dievin a bylin. V praxi se péstuje zejména tzv. energeticky Stovik (1000 ha) a asi
15 klon( dfevin (120 ha). V poslednim evropském prehledu energetickych plodin bylo celkem evidovdno 37 plodin
z ¢ehoz bylo 10 dFevin. Nejvétsi rozlohy existujicich porostli dosahuji blahovi¢niky s 500 000 ha (Portugalsko, pro
vlakninu) a vrby na 18 000 ha (hlavné ve Svédsku na ,energetickou stépku”).

Zakladnf prvky koncepce péstovani RRD formou tzv. vymladkovych plantazi (short rotation coppice) byly vytvareny
v Severnim Irsku, Anglii a Svédsku jiz v prabéhu 70. a 80. let minulého stoleti. V priibéhu 90. let doslo zejména
ve Svédsku k zna¢nému pokroku v technologiich zakladani, p&stovani a sklizné RRD, které vedly k vyraznému
snizeni naklad( a tedy i ceny produkované biomasy.

Vyzkum a péstovani RRD pro produkci biomasy v CR zapocaly pred vice nez 10 lety. Jaké jsou jeho hlavni
vysledky, perspektivy a bariéry? Na tyto otazky se pokusi stru¢né odpovédét nase prednaska. Jeji soucasti jsou
vysledky hodnoceni polniho pokusu s klony vrb a topold v 6. roce (32 klond, 4 lokality, tfileté obmyti). Hodnoceny
byly jejich riistové a vynosové parametry, ztraty, a také vyskyt poskozenti sklidci a chorobami. Z dosazenych vysledkd
vyplyvd, Ze: i) vétsina klon(i si i v druhém resp. tfetim obmyti udrzuje progresivni riistovou dynamiku; ii) na pfiznivych
stanovistich dosahuiji nejlepsi klony ve druhém obmyti vynos 15-22 t (sus.)/ha/rok; iii) testovany sortiment nenf az
na vyjimky vhodny pro péstovani v srizkové nedostatecnych oblastech nebo vysychavych ptdach.

Soucasné vysledky o ekonomice vymladkovych plantazi RRD jsou do jisté miry omezeny vzhledem k velmi malému
péstebni ploge, kratkosti péstovanf (nejstarsi porosty jsou 11leté) a v CR zatim nedostupné mechanizované sklizné
drevin plantazi, kdy jiz neni mozné vyuzit manualnf sklizné pomoci kfovinofezu. Predmétem vyzkumu je stle jesté
optimalizace vybéru stanovist pro jednotlivé klony (topolt a vrb) a vynos vymladkové plantaze po celou dobu jeji
Zivotnosti (na zakladé zahranic¢nich zkuSenosti se ocekdvd v rozmezi 20-25 let). Pri vyuziti dosavadnich zkuSenosti
a znalosti byla cena biomasy vypoctena metodikou minimalni ceny v rozmezi 90-120 K¢&/CJ za predpokladu
mechanizované sklizné pomoci sklizectho stroje Class Jaguar (ndklady na sklizert cca 600KE/t) a primérného
vynosu biomasy v rozmezi 7-10 t (sus.)/ha/rok pfi soucasné cenové Grovni pozadovanych sluzeb.

Vymladkové plantaze plnfv krajiné zéhy po zalozeni také dalezité neprodukéni funkee, jimiz vyznamné a zpravidla
pozitivné ovliviiuji Zivotni prostfedi napt. ptdni Grodnost, biodiverzitu, hydrologicky a klimaticky rezim. Podle
vysledk( méreni klimatickych a hydrologickych parametri v experimentélnich porostech mézeme konstatovat, Ze
porost dfevin s hlubokymi kofeny transpiruje po velkou ¢ést vegetacniho obdobi a tim své okoli ochlazuje. Porostni
zména nemd negativni disledky na vodni rezim pld, nezpasobuje nadmérné vysychani plidy ani zvétseni odtoku.
Naopak v pfipadé privalovych destd brani porost s travnim drnem vzniku ryhové eroze a odplavovanf pudy.

Podporovéno grantem MZP: Z0320/3/99 , Zdokonalovéni stavajicich technologii vyuZiti obnovitelnych zdrojii energie”,
a MZe QF 4127 ,Metodika analyzy potencidlu biomasy jako obnovitelného zdroje pro zdjmovd tzemi”.
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HMOTNOSTNI SPEKTROMETRIE JAKO NASTROJ PROTEOMIKY

VLADIMIR HAVLICEK
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Ucebnicova definice fika, Ze hmotnostni spektrometrie je fyzikalné-chemicka metoda, kterd vyuziva separace
urychlenych ionizovanych ¢astic (iontd) ve vakuu, a to podle jejich hmotnosti pfi jejich prichodu magnetickymi
a elektrickymi poli. Tato véta pro laiky mozna zni nebezpec¢né, nicméné ctendfi si pod pojmem ,hmotnostni
spektrometr” mohou predstavit néjaké detekéni analytické zafizent, které dava informaci o strukture organickych
latek. Zafizeni maze byt bud velmi malé a pfenosné, ale jsou i typy spektrometrdi, které maji nékolik metrii a vazi
radové tuny. Slozitost spektrometrti se Fidi pozadavky na kvalitu informace, kterou pfistroj dava a samozrejmeé plati,
Ze ¢im je informace detailnéjsi, tim je pristroj drazsi. Takze Ize poridit pfistroj za 100 miliont korun, ale tfeba
i za ,pouhy” milion korun. Jedno z téch drazsich zafizenf je instalovdno v Mikrobiologickém Gstavu Akademie
véd v Praze a stoji pies 70 miliont korun. Dalich, mensich zafizeni jsou viak po Ceské republice rozesety stovky,
mélo oviem o nich vefejnost vi.

Hmotnostni spektrometrie byla vyvinuta pocatkem 20. stoleti a pivodné byla vyuZivana zvlasté ve fyzice a chemii,
mj. byly pomoci této metody objeveny stabilni izotopy prvki. Po dlouhou dobu pak hmotnostni spektrometrie
byla hlavni metodou analyzy ropnych produktti a analyzy tékavych organickych latek obecné. Béhem poslednich
dvaceti let se pouziti metody rozsifilo snad do viech oblasti prirodnich véd, od geologie, pres fyziku, astronomii
a chemii k biologii, k analyze Zivotntho prostredi, do farmacie, mediciny. Nyni se s hmotnostni spektrometrif
muzeme setkat bud piimo, napf. béhem osobnich bezpec¢nostnich prohlidek na letistich, nebo zprostfedkované,
kdy tato metoda je pouzita napf. v [ékarstvi (jednd se tfeba o diagnostiku nadorovych onemocnéni a metabolickych
chorob). Metoda je nezastupitelna pro kriminalisty (napriklad v souvislosti s identifikaci drog, detekci vybusnin,
identifikaci pachatell zvlasté nebezpecéné trestné cinnosti apod.), hmotnostni spektrometrie je vyhradnim nastrojem
antidopingovych kontrol, pouzivd se v archeologii (pfi datovéni stafi predmétd) a geologii, v monitorovanf kvality
zivotniho prostredi, v toxikologii, chemii (zde tfeba pri sledovani priibéhu chemickych reakci). Hmotnostni
spektrometry jsou soucésti vybavy vétsiny vesmirnych sond i nékteré specidlni vojenské techniky. Farmaceutické
firmy pouzivaji hmotnostni spektrometrii pfi hledani novych Gcinnych Iéki Sitych na miru, metoda se pouziva
i jako zobrazovaci technika. Vyznamnou Glohu hraje hmotnostni spektrometrie v otdzkach narodni bezpecnosti:
technika dokaze odhalit a identifikovat latky, které mohou byt zneuzity pfi terorismu a bioterorismu.

Na rozdil od jinych analytickych pfistupt tato metoda vyzaduje opravdu nepatrné — homeopatické mnozstvi
mérené latky, napt. 107'? g. Je to nepredstavitelné malé mnozstvi a proto se hmotnostni spektrometrie ¢asto pouziva
ve stopové analyze cehokoli organického. Dalsi dilezitd vlastnost této techniky tkvi v jeji schopnosti ,poradit si”
i s velmi komplikovanymi smésmi latek a strukturni informaci poskytnout rychle.

Za vyvoj technik hmotnostni spektrometrie byly udéleny celkem ¢tyfi Nobelovy ceny za fyziku nebo chemii, ale
vyuziti této techniky bylo zasadni pro udéleni i fady dalsich Nobelovych cen. Posledni Nobelova cena vylozené za
hmotnostni spektrometrii byla udélena Koichi Tanakovi a Johnu Fennovi v roce 2002. Bylo to za vynélez nékterych
ionizac¢nich zafizent, kterd jsou pro hmotnostni spektrometry nezbytnd a umoznujf analyzovat i velmi slozité latky,
jako jsou bilkoviny a nukleové kyseliny. A pravé analyze proteint bude vénovdna tato prednaska: budou diskutovany
nejnovéjsi ionizacni techniky (desorpcni elektrosprej) a vysoce rozliujici analyzatory (cyklotron a orbitrap) jako
zakladni nastroje pro peptidové mapovant, sekvenovani a de novo sekvenovani.

Podporovéno granty MSMT (LC545), GACR (203/04/0799), Evropskou Komisi (MTKD-CT-2004-014407) a Institucionalnim
zdmérem (AVOZ50200510).
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Fytohormony se vyskytuiji v rostlinach ve velmi nizkych, vétsinou piko- a femtomolarnich koncentraci. Diky tomu
neni mozné je stanovovat pfimo pomoci fyzikdlné-chemickych nebo immunoanalytickych metod. Hlavnim
problémem je velmi vysoké pozadi, které brani spolehlivému stanoveni fytohormon( v pfipadé femtomoldrniho
vyskytu. Dalsim problémem fytohormont je jejich vyskyt ve formé velkého mnoZstvi metabolitd. Stanoveni jednoho
vlastné déje. Z téchto dlivodii je nezbytné zavadét metabolomické pristupy pro komplexni analyzy fytohormont
v rostlindch. Podafilo se nam jiz vyvinout komplexnf systém pro dokonalé ¢isténi a metabolimickou analyzu auxint,
cytokinind, brasinosteroidd. fenolickych kyselin a derivatt kyseliny abscisové. V ¢em tyto pristupy spocivaji?
Metodicky postup je zaloZen na purifikaci jednotlivych skupin fytohormond pomoci monoklonalni/polyklonalni
protilatky specifické ne pro jednu latku, ale pro celou fytohormondlni skupinu, napf. cytokininy. Takova protilatka
nerozpozndva povahu N°-postranniho fetézce, ale ani druh cukru v pozici N9 a mdze po imobilizaci na nerozpustny
nosi¢ vazat nejen Siroké spektrum znamych isoprenoidnich a aromatickych cytokinind, ale i velké mnozstvi
neznamych N°-substituovanych derivét(i adeninu, adenosinu, atd. Pfedbézné vysledky naznacily, ze po aplikaci
rostlinnych extraktl na takovou imunoafinitni kolonu je mozné ziskat dokonale precisténé frakce, které obsahuiji
zejména latky cytokininové povahy, coz bylo prokdzdno pomoci diode-array HPLC, HPLC/MS i UPLC/MS/MS.
Za vyznamnou povazujeme UV detekci fady nezndmych latek cytokininové povahy, z nichz nékteré byly jiz
identifikovany. Podobné generické protilatky se nam podafilo pfipravit i pro auxiny, brassinosteroidy a derivaty ABA.
Pracujeme na JA a giberelinech. Diky zavedeni UPLC/MS (vice v pfednasce O. Novéka) se podafilo vyrazné zvysit
citlivost a miniaturizovat analyzy. Rovnéz byla vyvinuta metoda imunoextrakce za pouziti pouze mikrolitrovych
mnozstvi imunogel( a miligramovych mnozstvi rostlinnych vzorkd. Véfme, Ze tento novy metodicky pfistup povede
v nejblizsi dobé k analyzam na bunécné drovni.
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Cytokininy (CK) tvori jednu z péti hlavnich skupin rostlinnych hormont. Byly definovany jako latky, které
v piitomnosti auxinu (rovnéz fytohormon) stimuluji bunécné déleni. Mezi jejich hlavni fyziologické Gcinky patfi
potlac¢ovani apikalni dominance, indukce regenerace organt, zpomalenf starnuti, udrzovani vysoké metabolické
aktivity rostlinnych pletiv a dal3i™.

Zakladnim problémem spojenym s analyzou endogennich cytokinindi je to, Ze se v rostlindch vyskytuji obvykle ve
velmi nizkych koncentracich (fmol-pmol.g™ cerstvé hmoty). Navic je nutné studované latky z rostlinného extraktu
oddélit od velkého mnozstvi necistot®. Proto vyvoj jednoduché a rychlé metody izolace cytokind z malého (mg)
mnozstvi rostlinného materialu, zalozené na imunoafinitni chromatografii (IAC), m(ize byt povazovan za zaklad
nového sméru ve vyzkumu cytokinind. IAC je vysoce specifickd. Jejim vyuzitim Ize dosdhnout mnohem vyssiho
stupné precisténi vzorkd nez konvencnimi chromatografickymi technikami®. Cela purifikace mize byt navic vyrazné
zrychlena pouzitim vsadkové metody v kombinaci s rychlou chromatografickou analyzou.

Spojeni vysokotcinné kapalinové chromatografie (HPLC)* nebo kapilarni kapalinové chromatografie (capLC)
s hybridnim analyzatorem na principu hmotové spektrometrie (Q-TOF) mUze byt s vyhodou vyuzito pro pfesnou
a citlivou identifikaci pfirozené se vyskytujicich cytokinind a jejich metabolit(i. To umoznuje zejména stanovent
presné hmoty a MS-MS analyza. Pfesné hmoty matefskych iontl a fragment(i namérené s presnosti pod 5 ppm
mohou byt néstrojem pro vypocet a ovéfeni elementdrniho slozeni identifikovanych latek.

Dalsim prikladem je spojeni nové chromatografické techniky ( Acquity UPLC, Waters) vyuzivajici kombinace
velmi vysokého tlaku a hybridnich castic, s ionizaci elektrosprejem a hmotnostnim analyzatorem na principu
trojitého kvadrupolu. Zde je mozné dosahnout chromatografické separace 20 cytokinind v nékolika minutach.
Stabilita retencnich cast se pohybuje mezi 0,1-0,4 % a presnost néstfiku mezi 1,5-5,0 %. Ve vysoce selektivnim
modu (MRM) je mozné pro vétsinu stanovovanych cytokininl docilit detekénich limitd pod 1 fmol a linedrniho
dynamického rozsahu vétsiho nez 5 fad. UPLC-ESI(+)-MS/MS technologie tak mize byt vyuzita pro velmi rychlou
a citlivou kvantitativni analyzu cytokinind, vyznacujici se vysokou reprodukovatelnosti jejich separace z rdznych
rostlinnych extrakta.

1. Machackova 1. v knize: Fyziologie rostlin (Prochdzka S., Machdckova 1., Krekule J., Sebének J., eds.) kap. 8. Akademia, Praha 1998.

2. Tarkowski P, Dolezal K., Strnad M.: 2004 — Chem Listy 98, 834

3. Hauserovd E., Swaczynova J., Dolezal K., Lenobel R., Popa I., Hajddch M., Vydra D., Fuksova. K, Strnad M.: 2005 - ) Chromatogr A 1100: 116
4.Novak O., Tarkowski P, Tarkowska D., Dolezal K., Lenobel R., Strnad M.: 2003 — Anal Chim Acta 480: 207
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6-Benzylaminopurin je dnes jiz Siroce pouzivan pfi komer¢nim in-vitro mnozeni mnoha rostlinnych druhi jako
vysoce Gcinny a velmi levny cytokinin. Na druhé strané u nékterych rostlinnych druht zpGsobuje problémy, jako
napiiklad nerovnomérny rist, inhibici zakoferovani, ¢asnou senescenci a dalsi. Proto je i v soucasné dobé zadouci
vyvoj alternativnich fytohormond'.

Pri nasem hledanf novych prirozené se vyskytujicich aromatickych cytokinind v rostlinach metodami imunoafinitni
chromatografie a vysokotcinné kapalinové chromatografie v kombinaci s hmotnostni spektrometrii (HPLC-MS,
HPLC-MS/MS) se nam jiz podarilo objevit nékolik novych skupin substuovanych 6-benzylaminopurin(i*>. Pro tyto
a jim strukturné latky jsou nasledné vypracovavany a optimalizovany metody organické syntézy, jejich fyzikalné-
chemického studia (elementarni analyza, spektrometrie ve viditelné a infracervené oblasti, rentgenostrukturni
analyza, hmotova spetrometrie v kombinaci s plynovou a kapalinovou chromatografii, nuklearni magneticka
resonance)**. Biologicka aktivita novych derivatl je studovana jak klasickymi biotesty, tak metodami na Grovni
receptorli (AHK3, AHK4) a enzym( zodpovédnych za jejich degradaci (CKX) pfipadné toxicitu (CDK). V rdznych
systémech rostlinnych tkanovych kultur je porovnavéna jejich aktivita i vedlejsi negativni Gcinky. K podrobnému
studiu nejaktivnéjsich latek jsou vyvijeny metody jejich isolace, presného a vysoce citlivého kvantitativniho stanoveni
a méfeni rychlosti biosyntézy v komplexnich biologickych matricich (plasma, rostlinné extrakty) zalozené opét na
imunoafinitni chromatografii a HPLC-MS/MS**.

. Werbrouck S.PO., Strnad M., VanOnckelen H.A., Debergh PC.: 1996 — Physiol Plant 98: 291

. Dolezal K., Astot C., Hanus J., Holub J., Peters W., Beck E., Strnad M., Sandberg G.: 2002 — Plant Growth Regul 36: 181

. Tarkowska D., Dolezal K., Tarkowski .P, Astot C., Holub J., Fuksové K., Schmulling T., Sandberg G., Strnad M.: 2003 - Physiol Plant 117: 579
. Dolezal K., Popa ., Krystof V., Spichal L., Fojtikova M., Holub J., Lenobel R., Schmiilling T., Strnad M.: 2006 — Bioorg Med Chem 14: 875

. Astot C., Dolezal K., Moritz T., Sandberg G.: 1998 - ] Mass Spectrom 33: 892

. Astot C., Dolezal K., Moritz T., Sandberg G.: 2000 — ) Mass Spectrom 35: 13

. Novak O., Tarkowski P, Tarkowska D., Dolezal K., Lenobel R., Strnad M.: 2003 — Anal Chim Acta 480: 207

. Nordstrom A, Tarkowski P, Tarkowska D, Dolezal K, Astot C, Sandberg G, Moritz T: 2004 — Anal Chem. 76: 2897

. Hauserova E., Swaczynovd J., Dolezal K., Lenobel R., Popa I., Hajdich M., Vydra D., Fuksova. K, Strnad M.: 2005 - ] Chromatogr A 1100: 116
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Podporovéno granty GA CR (GA 522/06/0108 a GA 203/04/1168).
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Kadmium, které je mezi toxickymi tézkymi kovy jednim z nejvyznamnéjsich polutantl Zivotniho prostiedi,
zavaznym zputsobem ovliviiuje Zivotni funkce jak zivocisnych, tak rostlinnych bunék. Nedavno bylo ukazéno, ze
bunky Nicotiana tabacum BY-2 (TBY-2) po nékolikadennf kultivaci v médiu, obsahujicim 50-100 uM kademnaté
ionty, vstupovaly do programované bunécné smrti — apoptézy'. V této praci jsme se zaméfili na stanoveni obsahu
fytochelatinGi (PC) v burikdch TBY-2 v pribéhu jejich kultivace v pritomnosti sub-cytotoxickych a cytotoxickych
koncentraci kademnatych iont(i. PC, nazyvané také rostlinnymi metalothioneiny, jsou peptidy bohaté na cystein
(y-Glu-Cys) -Cly (kde n = 2-11), jejichz syntéza je indukovana pfitomnosti tézkych kovd, a které hraji klicovou
roli v procesech jejich detoxifikace?. Vzhledem k vysokému obsahu cysteinu patfi mezi vhodné metody stanoventi
PC elektrochemické techniky vyuzivajici rtutovou elektrodu (HMDE)?. MéFeni charakteristickych voltametrickych
nebo chronopotenciometrickych signald na HMDE v pfitomnosti iontl kobaltu (tzv. Brdickova reakce) nam
umoznilo sledovat zmény hladiny PC v extraktech TBY-2, aniz by bylo nutno PC pred analyzou separovat®. Nardst
koncentrace PC bylo mozno zaznamenat jiz po 30 minutach kultivace bunék v pfitomnosti 10-50 uM CdSO,.
Zmény hladiny PC vyrazné korelovaly s fyziologickym stavem bunék, zejména s nastupem kadmiem indukované
apoptézy. V piitomnosti cytotoxickych koncentraci kadmia rostla hladina PC s ¢asem kultivace v pre-apoptotické
fazi a dosahla limitni hodnoty v dobé, kdy se objevily prvni zndmky ireverzibilni apoptézy’ #. Tato limitni hodnota
byla stejna [odpovidajici cca 600 pM v hrubém bunécném extraktu; normalizovéno na PC3 — (y-Glu-Cys),-Gly] pro
obé testované cytotoxické koncentrace kademnatych iontd (50 a 100 uM), byla viak dosazena po rizném case
expozice (vzdy odpovidajicim vstupu bunék do apoptdzy). V piitomnosti sub-cytotoxické koncentrace kadmia
(10 uM) byla hladina PC v TBY-2, zjisténa po 5 dnech expozice, zhruba t¥ikrat mensi nez limitni koncentrace
v apoptotickych burikdch. Nase nedavné vysledky ukazuiji, ze pro sledovani obsahu PC v bunéc¢nych extraktech je
mozno vyuzit i pevné amalgamové elektrody, které mohou byt pro nékteré typy bioanalyz vhodnéjsim nastrojem
nez HMDE zalozend na kapalné rtuti. Zavérem lze fici, ze jednoducha elektrochemicka procedura maze slouzit
jako Gcinny nastroj detekce PC v burikach vystavenych tézkym kovam.

Reference
(1) Fojtova, M., Kovarik, A.: 2000 - Plant Cell Environ., 23: 531
(2) Rauser, W. E.: 1995 - Plant Physiol., 109: 1141

(3) Palecek, E.: 2005 - In Electrochemistry of nucleic acids and proteins. Towards electrochemical sensors for genomics and proteomics. Palecek,
E., Scheller, F, Wang, J., Eds.; Elsevier: Amsterdam: p 690
(4) Fojta, M., Fojtova, M., Havran, L., Pivonkova, H., Dorcak, V., Sestakova, I.: 2006 - Anal. Chim. Acta, 558: 171

Podporovano grantem GAAV IAA4004402 a vyzkumnym centrem LCO6035.
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Topol ¢erny (Populus nigra) je naSe ptivodni dfevina, kterd se jiz jen sporadicky vyskytuje na naSem Gzemi. Tento
druh fadime mezi rychle rostouci dreviny, které se vyuzivaji pro péstovani biomasy jako obnovitelného zdroje
energie.

Topol ¢erny se uplatnil ve Slechténi p¥i mezidruhové hybridizaci kdy 60 % takto vzniklych klont ma za jednoho
rodi¢e druh Populus nigra. Dnes byl nastolen i pozadavek péstovani ptvodnich druhl ve zvlasté chranénych
Gzemich (CHKO, narodnf parky, pfirodni rezervace).

Pi Slechténi dfevin ve srovnani s jednoletymi a dvouletymi druhy setkavame se s nékterymi odlisnostmi. V prvé
fadé je to dlouhé juvenilni obdobi (okolo deseti let). Dale je to potieba relativné velké plochy pro jednotlivé rostliny,
coz ztézuje soucasné hodnotit vétsi soubor jedincl stejného genotypu. Pfi Slechténi setkdvdme se s nékterymi
otazkami:

— pfi vybéru rodict ve volné prirodé odlisit druhové pravé jedince od spontannich hybrid(i na mezidruhové

Grovni obzvlast, kdyz jde o zpétné kfizence

—v pfipadé topolu cerného, kdy vychazime z jedincti nalezenych v pfirodé, mame jen omezené znalosti o jejich

fenotypu a zadné znalosti o jejich genotypu. Vhodné by bylo urcit stupen genetické odlignosti rodic

— stanoveni stupné homozygotisace daného genotypu

Nékteré z téchto otazek lze Fesit pouzitim molekuldrnich markérd. Zatim co pro rozliseni druhové pravych
jedinct velmi uspokojivé poslouzi geneticka analyza vybranych izoenzymd, v pripadé dalsich otazek se nabizi
molekularni markéry na Grovni DNA. Zde se setkdvdme s problémem vztahu molekuldarmich markérd ke geneticky
aktivni ¢asti DNA a to jak pfi hodnocenf genetické odlisnosti rodici, tak i pfi vyhledavani QTL lokust. Dalsim
problémem je vysoka cetnost alel v jednom lokusu, coz neni v souladu s proménlivosti alel v geneticky aktivnim
lokusu. Tento problém souvisi s uréenim stupné homozygotisace daného genotypu. Pro fesenf nékterych otézek
pouzili jsme molekuldrni markéry DNA — mikrosatelity. Podrobnéji budou uvedeny vysledky z hodnoceni genetické
vzdalenosti mezi rodici a stupné homozygotisace pfi pribuzenském kfizeni s pouzitim mikrosatelit(i. Vysledky
analyzy mikrosatelit(i jsou srovnavany s hodnotami naméfenymi na rostlinach.

Reference

Benetka V.— Bartakova I. (2002): Vyskyt topolu ¢erného (Populus nigra) na druhotnych stanovistich a vyznam introdukce pro jeho potomstvo. —
Ochrana pfirody, 57/5: 144-145.

Benetka V.— Bartdkova I.— Mottl J. (2002): Productivity of Populus nigra ssp. nigra under short-rotation culture in marginal areas. — Biomass &
Bioenergy, 23/5: 327-336.
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Sinice tvoif prastarou skupinu fotosyntetickych prokaryot. Jejich oxygenni fotosyntéza je velmi podobna fotosyntéze
vyssich rostlin coz vyplyva z toho, ze dnesni sinice a chloroplasty maji spole¢ného predka, pravdépodobné rovnéz
sinici. Jednobunécnd sinice Synechocystis sp. PCC 6803 je molekuldrnimi biology pouzivana 20 let jako modelovy
organismus pro studium fotosyntézy. Jako modelovy organismus ma fadu prednosti:

— rutinnf genetické manipulace,

— vysoka efektivita homologni rekombinace

— pfirozend kompetence bunék prijimat DNA

— schopnost heterotrofniho riistu umoznujici studium nefotosyntetickych mutantt

— rychly rast (doba zdvojeni 12 h)

V soucasnosti sinice neslouzi jako model pouze ve studiu fotosyntézy ale i v dalsich oblastech jako napt. délent
chloroplastu, fixace dusiku, diferenciace bunék, cirkadidlni rytmy (sinice jsou jedina prokaryota s cirkadialnimi
rytmy). V fadé pripadl védci studujici vyssi rostliny zacnou po lokalizaci mutatace do urcitého genu hledat
a zkoumat tento gen v sinici. Sance Ze uspéjf a piisluiny homologni gen tam najdou nejsou mélé. Analyza protein(i
kédovanych genomem Arabidopsis ukazala, ze zhruba 18 % (4500) jich pochazi ze sinic.

Moznosti a rovnéz néktera omezeni prace se sinicemi jako modelovym organismem budou predvedeny na
prikladu studia ferochelatdzy, enzymu podilejictho se na regulaci syntézy hemu a chlorofylu.
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S vyjimkou komplexnich postupt kultivace in vitro se péstovani rostlin v laboratornich podminkdch muze zdat
jednoduché. To je jisté pravda u casto pouzivanych modelovych druh(, pro néz existuji provérené kultivacni
postupy. Pokud ale péstujeme bud klasické modelové rostliny v netradi¢nich systémech, nebo méné obvyklé druhy
rostlin, miizeme se setkat se znacnymi komplikacemi. Nékdy je obtizné i pouziti pdvodné spolehlivé metody
v mirné odlisnych novych podminkach, napt. v jiném klimaboxu. Cilem prednésky je proto vyvolat diskuzi o téchto
problémech a o zplisobech jejich fesent.

Rostliny neziidka reaguji i na drobné modifikace kultivacnich podminek velmi vyraznymi zménami ristu a vyvoje.
Tyto pro nés prekvapivé reakce jsou do znacné miry zptsobeny tim, Ze co my povazujeme za nevyznamné, miize
byt pro rostlinu zasadni. Proto se zminime o faktorech, které byvaji ponékud opomijeny, prestoZe na né rostliny
reaguji velmi citlivé. Patfi k nim mj. kvalita (spektralni slozenf) svétla, fotoperiodicky rezim, mira provzdusnéni
péstebniho substrétu, rychlost proudéni vzduchu v kultivaénim prostoru a mira jeho vymény s okolim (ktera
ovliviiuje hladinu etylénu a jinych metabolitd v atmosfére kolem rostlin). Tyto a dalsi faktory pfitom mohou velmi
komplexné interagovat.

Vznik a feSeni problémi pfi kultivaci budou ilustrovany na dvou piikladech z nasi vyzkumné skupiny. Prvnim je
merlik Chenopodium rubrum, model pro studium fotoperiodické indukce kvetent. Po uplynuti Zivotnosti ptivodnich
klimaboxti, v nich? byla v UEB optimalizovéna kultiva¢ni metodika, bylo nutno zacit rostliny péstovat v jiném
typu klimaboxu. V novych podminkach byl rist rostlin vétsinou uspokojivy, ale ¢ast experimentélni populace
prekvapivé kvetla i v neindukénim fotoperiodickém rezimu (stalé svétlo). Procento kveteni na stalém svétle bylo
znacné ovlivnéno typem substrétu (perlit, vermikulit), velikosti kvétindca a zcela zasadné typem klimaboxu (tento
faktor nebyl zatim déle analyzovan, ale patrné zahrmuje vliv kvality svétla a rychlosti vymény vzduchu s okolim).

Druhym prikladem je hydroponicka kultivace Arabidopsis thaliana. Rostliny ekotypt Col a Ler byly péstovany
na kratkém dni bud v nddobach Magenta (pouzivany pro in vitro kultury), nebo ve vanickach s otvory ve viku.
Jako opora pro zakoreriovani semenackd byla pouzita mineralni vina. V nadobach Magenta byl vyvoj rostlin (dny
do objeveni poupat a do rozkvétu) jen mirné urychlen ve srovnani s péstovanim v ptdé. Kvéty Col ovéem casto
zasychaly pred rozkvétem a problémem byl i silny rist fas v médiu. Ve svétlotésnych vanickach byl vyskyt fas
eliminovan, rast rizic byl robustni a dny do objevenf poupat srovnatelné s rostlinami v ptidé. U Ler byl ale ndpadné
prodlouzen interval od objeveni poupat do rozkvétu a habitus kvetouci rostliny byl abnormdlni. U Col se tyto
efekty neprojevily. Jak ukazal pokus s hnojenim Ler v padé, byl abnormdlni vyvoj Ler v hydroponii zptsoben prilis
vysokou koncentraci mineralnich Zivin v médiu. Ta neméla negativni vliv na rist, ale pouze na vyvoj rostlin.

Viysledky byly ziskany v rdmci grantu KJB600380510 od GAAV CR.
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HERITABILITY OF EPILALLELIC STATES GENERATED BY RNA-MEDIATED
HOMOLOGOUS INTERACTION: FEATURES THAT PERSIST ACROSS
GENERATIONS

JANA BEDRICHOVA, MiLostAvA FOJTOVA, ANNICK BLEs, Lucie KHAITOVA, ANNA DEPICKER AND ALES KOVARIK

Biofyzikalni dstav AV CR, Kralovopolska 135, 612 65 Brno
E-mail: janabed@ibp.cz, tel: 541 517 178

We have studied inheritance of epigenetic state of the tobacco transgenic locus whose expression and DNA methylation
status had been modified by exposure to the silencer locus. The reporter nptll (neomycinphosphotransferase 11)
gene residing the target locus was silenced by PTCS in a hybrid containing a trigger homologous locus. Silencing
was accompanied by methylation of the coding region at both symmetrical and non symmetrical motifs. After
segregation of the trigger, the expression activity of the reporter transgene in the target was re-established. Bisulflite
sequencing showed lack of inheritance of non-CG methylation in segregants. Interestingly, CG methylation was not
only maintained, but became denser spreading in the 3'-5’ direction. These results argue for different modes of
epigenetic inheritance and evoke hypothesis on relationship between DNA methylation and transcriptional activity.

NEKOLIK SOUKROMYCH PRIPOMINEK K SOUCASNEMU VYZKUMU ROSTLIN

LADISLAV BLAHA

VURYV, Drnovska 507,161 06 Praha-6 Ruzyné
E-mail: Iblaha@vurv.cz

1) Casto se pouzivaji modelové rostliny rostouci jen ve volné pfirodé. Je to i vyzkumu, ktery se teprve zacina
resit a tedy kde nenf tfeba se drzet tradicniho, jiz rozpracovaného materialu. Jen v nasi republice se péstuje
cca 300 plodin a rostlinnych rodd a druhl.Vyzkumna prace s rody a druhy, které Zivi clovéka, by jisté mohla
prinést v nékterych pripadech bezprostfedni uzitek a nemuselo by se vie, co miize mit uzitek pro ¢lovéka, podruhé
zkouset pro ,praktické pouziti“ jako tzv. ,aplikovany vyzkum®.

2) Zanedbava se vyzkum korent, tedy orgdnu, ktery skutecné, jak kazdy vi, nejen upevnuje rostlinu v ptidé
a obstarava vodu a ziviny. Casto se publikuij statisticky zpracované vysledky hodnotici vzajemny vztah dvou
vlastnosti u nadzemnich casti rostlin atd., pfisné se posuzuje statistickd vyznamnost daného vztahu a pfitom se
zapomind na to, ze dany vztah je hlavné vysledkem vzajemného vlivu kofent a nadzemni ¢asti. Takovéto prace
se Casto vyskytuji zejména v zemédglské literatufe (Skoda,ze nelze uvést pro nedostatek prostoru piiklady).

3) Zanedbava se téZ zna¢né vyzkum semen. Pfitom se jedna o ¢ast rostliny, kterd pak jako samostatny organismus
svymi vlastnostmi dokdZe po celou néslednou generaci ovlivnit prakticky viechny fyziologické vlastnosti, ale i rozdil
vysledkd jednotlivych autort fesicich napfiklad stejnou dil¢i problematiku metabolismu atd. Odligna provenience
(stejné odridy!!) daného druhu totiz zdkonité casto a nutné pfinasi odlisné vysledky na méfenych rostlinach.

4) Jak jsem z diskusi s mladsimi kolegy u nds i v zahranici na konferencich zjistil, u fady z nich je casto tak dGzka
specializace (napriklad v oblasti transgenoze, v enzymologii atd), Ze u FeSené problematiky nedokazi odpovédét
i na zakladnf otazky tykajici se vztahu jimi fesené problematiky a ostatnich metabolickych funkcf rostlin. Tito, byt
Gspésni kolegové, casto nemaji o celistvosti rostlin zakladni predstavu. To by snad mélo byt ale samoziejmosti.

5) Casto se pfi statistickém hodnocenf vysledka ,nejde“pod hladinu vyznamnosti 5 %. Volbu hladiny vyznamnosti
pro dany jev si volf ale autor sam. Neexistuje zadny predpis jaka hladina se ma pouzivat. Z vlastni zkusenosti vim,
ze napriklad tfi dilezité vlastnosti semen, u kterych se dvé odridy lisf ,jen” na 10% hladiné vyznamnosti, mohou
vice ovlivnit nasledny riist rostlin, jak jenom jedna fyziologicka vlastnost (z onéch tfech mérenych), ve které by se
semena lisila na 1% hladiné vyznamnosti. Oponent vsak vétSinou uznd jen druhy pfipad... coz snad mize svédcit
o stereotypu mysleni, ¢i o neznalosti metabolismu. 90% jistota (10% nejistota) je v biologii vzdy malo?

6) Fyziologie stresu je Casto velmi dobfe zpracovédna v knihach a v literature, tedy separé odolnosti k suchu,
k vysoké teploté, atd. Plasticita druhtd v proménlivych podminkach — a je to ¢im dale tim vice v Evropé aktualnéjsi
otazka — je velmi malo Fesena. Genotyp, ktery dokdze velmi dobre odolavat nadbytku vody a po kratkém case opét
suchu ma vsak vzdy trochu jiny metabolismus a zejména strategii rdistu a vyvoje nez-li genotyp majici jen dil¢i odolnost.
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VYUZITI SEKVENCNE SPECIFICKEHO UKOTVENI NADSROUBOVICOVE DNA
PRO STUDIUM TVORBY TRIPLEXU A VAZBY PROTEINU

MARIE BRAZDOVA, JakUB DVORAK, MICHAL MAsARiK, OLCA TicHA, MIROSLAV FOJTA, EMIL PALECEK

BFU AV CR, Kralovopolskd 135, 612 65 Brno, CR

Trojretézcova (triplexova) DNA je struktura DNA charakterizovand pfitomnosti tfettho vidkna DNA bohatého na
pyrimidinové ¢i purinové baze lokalizovaného uvniti velkého zlabku homopyrimidinového/homopurinového
duplexu DNA. Stability struktury je dosazeno interakc’ tfetiho fetézce s homopurinovym fetézcem duplexu bud
pomoci Hoogsteenova (Py triplex) ¢i reverzniho Hoosgteenova pérovani. Tvorba intramolekuldrnich triplexd byla
postulovana také in vivo, za urcitych vhodnych podminek jakym je vysoce negativni torsalnf stres DNA a bylo
ukdzéno jejich zapojeni v bunécnych procesech zahrnuijici transkripci, rekombinaci a replikaci. V soucasné dobé
je vyuzivano predeviim tvorby intermolekulamt triplex v homopurinovych/homopyrimidinovych sekvencich
regulacnich oblasti promotort gent jejichz genové exprese se studuji in vivo.

Vyvinuli jsme metodu pro studium vazby proteinti na superhelikdlni DNA in vitro, principem je ukotveni
nadsroubovicové DNA na povrch magnetickych kulicek, které umozriuje studium interakce proteind s touto
formou DNA v roztoku a také studium tvorby intramolekuldrniho triplexu. Metoda nabizi lepsi, vice fyziologické,
podminky nez poskytuji klasické metody elektroforetické separace komplex(i DNA-protein.

Podarilo se nam zajistit podminky prostredi takové, pfi kterych se superhelikalni DNA sekvencéné specificky ukotvuje
na povrch magnetickych kuli¢ek, toto ukotvent je zavislé na pritomnosti bloku oligoT v sekvenci plasmidové DNA
a na podminkach tvorby intramolekuldrnich triplexd. Zjistili jsme, Ze tento zpdsob stanoveni Ize také pouZit pro
studium podminek tvorby téchto triplexd (napf. studium vlivu teploty nebo pFitomnosti dvojmocnych iontt kova).

S Gspéchem jsme vyuzili tuto metodu pro vazbu nadorového supresoru standardniho typu wtp53 a jeho
mutantnich onkogennich forem p53 (R273H, G245S ¢ R273C) ziskanych z bunéénych lyzatl nadorovych linif ¢i
izolovanych rekombinantnich proteind.

Nase préace navrhuje jednoduchy a rychly postup pro studium intramolekularnich triplext v nadsroubovicové
DNA na zakladé jejiho ukotveni ¢i neukotveni na povrch magnetickych kulicek T,_ (Dynal) a pro studium vazby
proteind, v nasem pfipadé lidskych protein(i p53, na superelikdlni DNA v roztoku.

Préce na tomto projektu byla podporovana granty: GACR 204/06/P369, MSMT 1K04119 a MERG-6-CT-2005-014875.
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PROTOPLAST SWELLING AS A MEASURE OF AUXIN ACTION IN BY-2 TOBACCO
CELL CULTURE

MitapA CovaNOVA™ 2, JAN PETRASEK!, EVA ZAZIMALOVA'

' IEB CAS, Rozvojova 135, 165 02, Prague 6-Dejvice, CR
2 Faculty of Sciences, Charles University, Department of Plant Physiology, Vini¢na 5, 128 44, Prague 2, CR
E-mail: covanova@ueb.cas.cz, tel.: 225 106 431

Measurement of protoplast swelling belongs among methods that allow to record changes in a living system in
real time. Protoplast swelling is thought to be caused by a shift of transmembrane potential, uptake of potassium
and chlorine ions, and concomitant water influx followed by increasing of cell volume. Auxin is a plant growth
regulatory compound, which is known to interact with plasma membrane and its action can results in protoplast
swelling as well (Ephritikhine et al., 1987). Auxin seems to be recognized by a specific receptor at the plasma
membrane (Steffens et al., 2001) and the signal is then transduced to effector structures.

Among all tissues or cell types, which are potentially sensitive to auxin, there are only some of them where
the auxin action results in protoplast swelling (Long & lino, 2001). We have found out that protoplasts prepared
from suspension-cultured BY-2 tobacco cells are able to swell in response to auxin; therefore, this technique is
useful for analyzing auxin sensitivity of these cells and may help to characterize the effector structures involved in
transduction of auxin signal from plasma membrane.

For this approach we used a modified method by Steffens & Liithen (2000). The cells in exponential growth
stage were digested for 4.5 h by gentle shaking in a digesting solution containing 1% cellulose and 0.1% pectolyase
in 0,45 M mannitol. After digestion, protoplasts were collected by using 20 um-mesh-sieve and incubated for
30 minutes in washing solution (1mM CaCl,.2H,0; 10 mM MES; 10 mM KCl in 0,45 M mannitol; pH 6.5).
Protoplast solution was then transferred into microtitration plate wells and monitored for 2 hours. Auxin was
added after 60 minutes recording. Each well contained about 25 protoplasts in 20 ul washing solution. An inverted
microscope Nikon TE2000E (objective 40x) with monochromatic camera COHU was used for observation and
image recording. Photographs of individual protoplasts were taken every 10 minutes. The image analysis program
PROTOFORWIN by Hartwig Liithen (personal gift) was used to determine the size of the protoplasts.

Ephritikhine G, Barbier-Brigoo H, Muller JF, Guern J.: 1987 — Plant Physiology, 83: 801-804

Long Ch and lino M.: 2001 — Plant Physiology, 125: 1854-1869

Steffens B, Feckler Ch, Palme K, Christian M, Bsttger M, Liithen H.: 2001 — The Plant Journal, 27 (6): 591-599
Steffens B, Liithen H.: 2000 — Plant Growth Regulation, 32: 115-122

This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic, project LCO6034.
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EPIGENETIC SILENCING OF PARENTAL rDNA MAY PRECEDE ITS
HOMOGENIZATION IN NICOTIANA RUSTICA ALLOTETRAPLOIDS

M. DabgjovA', K. Y. Lim?, A. R. LerrcH?, A. Kovarik' AND R. MATYASEK!

" Institute of Biophysics, Academy of Science of the Czech Republic, Krdlovopolskd 135, Brno
2 School of Biological Sciences, Queen Mary College, University of London, UK

One of the most interesting genetic events associated with allopolyploidy is homogenization of repeated sequences
including tandem arrays of units coding for 18-5.8-26S nuclear ribosomal DNA (rDNA). We have studied inheritance
and expression of parental rDNA in 7 well-defined varieties of Nicotiana rustica (2n = 4x = 48), which is a natural
10 000 years dated allotetraploid between the diploid species N. paniculata (2n = 2x = 24, maternal P- genome
donor) and N. undulata (2n = 2X = 24, paternal U- genome donor), and in synthetic F1 diploid hybrids derived
from progenitor species.

RFLP analysis was used to estimate copy number of parental rDNA units. We found out the prevalence of U-type
units in N. rustica with some variation among varieties. Nevertheless, between 9-35 % of ancestral P-type units
remained in the genome. The novel gene families were identified based on intergenic spacer polymorphisms. In
synthetic F1 diploid hybrids obtained from PxU and UXP crosses structure and relative amount of P- and U-type
units was not altered.

Transcription of rDNA was examined by RT-PCR using cleaved amplified polymorphic sequences method
(CAPS). Expression analysis discovered silencing of P-type units in leaves and roots of all varieties and surprisingly
also in synthetic hybrids. In addition, transcription of P-originated units was gradually induced in calli derived
from diploid hybrids.
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VLIV SUCHA NA KONSTITUTIVNI (35S PROMOTOR) A SENESCENCI
INDUKOVANOU (SAG12 PROMOTOR) EXPRESI GENU PRO TRANS-ZEATIN
O-GLUCOSYLTRANSFERASU V LISTECH A KORENECH TABAKU

JANA DOBRA'?, HELENA STORCHOVA, JiRi LiBUS', RADOMIRA VARKOVA'

' Ustav experimentélni botaniky AV CR, Rozvojova 135, 165 02 Praha 6, Ceska republika

2 Katedra biochemie PfF UK, Hlavova 2030/8, 128 43 Praha 2, Ceska republika

Pri studiu Glohy rostlinnych hormon( béhem interakce rostlin s vnéjsim prostredim, napf. v pripadé abiotického
stresu (sucho), je mozné modulovat hladiny téchto hormon( ovlivnénim jejich metabolismu over-expresi genu((i)
pro jednotlivé enzymy Gcastnici se jejich metabolismu. Pomoci exprese genu pro trans-zeatin O—glukosyltransferasu
(ZOG1) z Phaseolus lunatus pod dvéma odlisnymi promotory jsme ziskali (a) rostliny tabaku s rovnomérné zvysenou
hladinou cytokinint jesté pred zacatkem stresu (konstitutivni 35S promotor) a (b) rostliny, ve kterych zvysena
hladina cytokininG korelovala s mistem a mirou senescence urychlené stresem (SAG12 promotor).

Hladina ZOG1 byla méfena pomocf real-time RT PCR. Princip této metody spociva ve stanovenf poctu cykld,
kterych je zapotfebf, aby mnoZstvi produktu reakce pfesdhla stanovenou troven. Z tohoto poctu cyklt (c) Ize, po
stanovenf Gcinnosti prislusné PCR reakce, vypocitat vychozi mnozstvi templatu.

Hladina ZOG1 byla méfena v hornich, stfednich a dolnich listech a kofenech za kontrolnich a stresovych
podminek (sucho). Odebrané vzorky byly ihned zmrazeny v kapalném dusiku a do dalsiho zpracovani ulozeny
pfi -80 °C. Extrakce RNA byla provadéna pomoci RNeasy Plant Mini Kitu (Qiagen). Pro odstranéni zbytk(i DNA
byl pouzita DNaza | (kit DNA-free™ Ambion). Pro reverzni transkripci jsme pouzivali Transcriptor (Roche). Pro
real-time PCR byl pouzivan FastStart DNA MasterPLUS SYBR Green | Kit (Roche) a primery cisténé pomoci HPLC
(Metabion).

Variabilitu vytézku RNA a zejména Gc¢innosti reverzni transkripce mezi jednotlivymi vzorky je nezbytné eliminovat
normalizaci namérenych dat vici expresi genu, jehoz exprese se béhem pokusu (v idealnim pfipadé) neménti. Pro
normalizaci exprese jsme vyzkouseli 4 geny. Nejlépe se osvédcil gen pro aktin (Actin 9, Volkov et al., 2003). Variabilita
mezi jednotlivymi béhy byla eliminovdna pomoci kalibratoru (vybrany vzorek pouzivany v kazdém béhu).

Exprese 355:Z0G1 v jednotlivych listech byla v celé rostliné srovnatelnd. Za stresu signifikantné vzrostla. Ve
stresovanych SAG72:Z0GT1 rostlinach byla exprese genu ZOG1 v hornich listech velmi nizkd, v zavislosti na sile
stresu nardstala smérem k dolnim listlim. V kofenech stresovanych rostlin byla zjisténa pouze velmi nizka hladina
SAG12:ZOGT1 exprese. Jeji velikost byla srovnatelnd s expresi v listech horniho patra téze rostliny.

Pri analyze RNA z koren byla zjisténa silna inhibice aktivity DN&zy | a reverzni transkripce RNA extrahované
ze suchych korent se zbytky plidnich ¢astic. Inhibice byla odstranéna diikladnym umytim koren( pfed zmrazenim
v kapalném dusiku.

Ziskana expresni data velmi dobre korelovala s hladinou cytokinint (zejména O-glukosidi) stanovenou pomoci MS.

Volkov RA, Panchuk I, Schoffl F (2003) J Exp Bot 54: 2343-2349

Podékovani
Pri realizaci této préce bylo vyuZito financni podpory GA CR grant ¢. 522/04/0549.
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RAPID METHODS FOR TAKE-OFF OF EXTRACELLULAR LIQUIDS FROM PLANTS
FiLovA, J., SOLNICKA, P, MIKUSOVA Z., PROKESOVA, Z. AND KLEMS, M.

Department of Plant Biology, Faculty of Agronomy, Mendel University of Agriculture and Forestry Brno,
Zemédeélska 1, Brno 613 00, Czech Republic

Metabolic and development processes in plants are accompanied by appoplastic transport and distribution of
various substances. Study of these processes requires a suitable method of isolating substances from extracellular
environment. Modern instrumental techniques (using expensive devices — e.g. for pressure dehydratation) for
limited and rapid take-off of extracellular liquids can be replaced by using common laboratory equipment. The
easy techniques available for take-off of root or xylem exudats include the following methods: free exudation,
vacuum exudation, its direct take-off, gell sorbtion, etc. In order to take the appoplastic liquid from leaves it
is possible to take-off after leaf infiltration in infiltration buffer in vacuum. The next stage involves low speed
centrifugation in which the liquid is extracted by gravitation. Take-off of liquid from a ,liquid endosperm” of seeds
also required short low speed centrifugation for cell sedimentation. Short low speed centrifugation by using 0.2 um
nylon filters (e.g. Alltech) is also useful, where only the testa of seeds is cut. In the process of centrifugation the
plant material must not be deformed. Listed methods were used for quantification of abscisic acid (ABA) content:
1, in seed endosperm 2, in xylem exudate and 3, in leaves apoplast. The above mentioned techniques for take-
off of extracellular liquids including recovery, photos, difficulty of methods and suitability for particular kind of
plants will be described at poster presentation. In the results will be mentioned fractionation and quantification
of abscisic acid in the study of stress and its acclimation in barley and potato plants.

Acknowledgement
This research was supported by the project of CGrant Agency of MUAF IGA 33/2006.

PREPARATION OF SAMPLES FOR ASSESMENT OF ETHYLENE AND
1-AMINOCYCLOPROPANE-1-CARBOXYLIC ACID IN PLANTS BY GAS
CHROMATOGRAPHY

HELENA FISEROVA!, ZUzANA MIKUSOVA!, MAREK KLEMS', VERA VASATOVA!, ViasTIMIL HANUS!, VILEM REINOHL!,
JOSEF PROKES?

'Department of Plant Biology, Faculty of Agronomy, Mendel University of Agriculture and Forestry Brno,
Zemédeélska 1, Brno 613 00, Czech Republic
*Brewery and Malting Research Institute, Brno, Czech Republic

Gas hormone ethylene has influence on many growth and developmental processes in plants. This work deals
with questions of preparation and take-off of samples for assessment of ethylene production in plants by gas
chromatography. The right preparation and take-off of samples affect eminently the reliability of obtained data and
their correct interpretation. Concentration of ethylene secreted by plants is relatively low, therefore is necessary
to find an acceptable vessel customized for accumulation and take-off of gas, and also for cultivation of plants.
Attention was paid to cultivation of plant material, sampling vessels, conditions of ethylene production (time period
of cultivation within a closed system, light, temperature, phytopathogens), sampling procedure, and storage of
gaseous samples.

More suitable for the assessment of ethylene in isolated plant parts is an analysis of the content of its precursor
ACC (T-aminocyclopropane-1-carboxylic acid). The quantification of ACC can be facilitated by oxidation to ethylene
followed by gas chromatography. The sampling, possibilities of sample preservation, extraction and ACC oxidation to
ethylene are described. In the final part of this study are mentioned the evaluated time consumption and difficulty
of individual methods and also their advantages and disadvantages compare to the alternative methods.
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THE INTERACTION OF 2,4-DICHLOROPHENOXYACETIC ACID,
1-AMINOCYCLOPROPANE-1-CARBOXYLIC ACID AND ETHYLENE DURING
GROWTH OF BY-2 SUSPENSION CULTURE

FISEROVA HELENA, KLEMS MAREK, PROKESOVA ZDENKA, MIKUSOVA ZUzANA, HAVEL LADISLAV

Department of Plant Biology, Faculty of Agronomy, Mendel University of Agriculture and Forestry Brno,
Zemédélska 1, Brno 613 00, Czech Republic

We studied the correlations between accumulation of 2,4-D (2,4-dichlorophenoxyacetic acid) and ACC in cells of
BY-2 suspension culture and their ethylene production during 6-days period of cultivation with the 0.1, 1, 10 and
100 pM 2,4-D in medium. The BY-2 cells were separated quantitatively using vacuum separator Dorcus (Tessek,
Ltd. Czech Republic) from culture medium. The aim of study was: 1, to verify the viability of cells after separation
with Dorcus for serial sample preparation without any contamination of cells by compounds contained in the
medium (such as 2,4-D, products of metabolism etc.), 2, to prepare samples of cells for 2,4-D (ELISA) and ACC
(oxidation and GC) analysis and ethylene (GC) measurement and 3, to describe the interactions between growth
regulators in cells (2,4-D, ACC and ethylene) and growth and viability of cells.

We observed that Dorcus separator eliminates medium from the BY-2 cell suspension completly with the
maintenance of cell viability. The vacuum separator allowed to prepare in short time great number of samples
with the possibility to weight out 200 mg per sample (the suspension after subcultivation, respectively in the
beginning of the exponential phase of growth was necessary to take away 12 ml with the count of 5x10° cells
per ml of suspension, but during stationary phase, was sufficient to take away 1 ml of suspension with the count
of 5-6x10° cells per ml of suspension).

Growth and viability of BY-2 cell suspension on media containing 0.1, 1, 10 and 100 uM 2,4-D was compared
during 6 days period. The highest viability of BY-2 cells during the cultivation on medium with 1 pM 2,4-D was
observed. The increased total cell number was statistically significant in the second day of cultivation. Medium with
the 100 uM 2,4-D decreased the total cell number after 3 days of cultivation. Cultivation on medium containing
0.1 uM 2,4-D changed the morphology of cells — elongated cells were observed.

The relationship between the content of growth regulators and ethylene production from cells during 6-days
cultivation period and growth and viability of cells will be discused at poster presentation.
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SLEDOVANI VLIVU CISPALATINY NA PRODUKCI THIOLOVYCH SLOUCENIN
U HRACHU (PISUM SATIVUM L.) POMOCI DIFERENCNI PULZNI VOLTAMETRIE
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Do zivotniho prostfedi prechazi rada chemickych sloucenin, které jsou spojeny s lidskou cinnosti.
Vyznamnou skupinu predstavuje skupina platinovych kovi (jako napfiklad platina, osmium anebo
ruthenium), které reaguji s nukleovymi kyselinami za vzniku DNA aduktd. Platinové komplexy hraji
dilezitou roli v chemoterapii rtiznych malignit. Biologicka aktivita prvniho platinového cytostatika —
cisplatiny (cis-diamminedichloroplatinum(ll)), které je stile jednim z nejvice pouzivanych cytostatik,
byla objevena v rove 1965 panem Rosenborgem béhem jeho studif zavislosti elektrického proudu na
bakterialnim ristu. Od té doby byly po 40 let syntetizovany a ovéreny jako antikancerogenni medikament
stovky platinovych (Il) a platinovych (V) komplexd. Ackoliv je cisplatina (cis-diaminodichloroplatina(ll))
Gspésné pouzivana v chemoterapii rakovinovych onemocnénf vice nez-li 25 let, jeji biochemicky
mechanismus Gcinku je stale nejasny. Nicméné pred vstupem do bunky mize byt cisplatina vazana
fosfolipidy a fosfatidylseriny, které se vyskytuji v bunécné membrané. A navic je v cytoplasmé burky
obsazeno mnoho potencialnich platinu vézajicich latek zahrnujicich RNA a siru obsahujici biomolekuly
jako je glutathion a metalothionein. Popsanymi mechanismy se burka brani pred vstupem a Gcinky
tézkych kovli, mezi néz patfi i [éCiva jako je platina. Terapeutickd koncentrace léciva je proto vyrazné
odlisnd od aplikované davky. Soucasnym nézorem popisujicim pasobeni cisplatiny je, Ze |écivo
cytotoxicky pusobi prostrednictvim vazby na jadernou DNA (vazba predevsim na guanin). Vznikly DNA
adukt narusuje obvyklou transkripci anebo replikaci DNA. Navic nékteré z platinovych kovi vytvareji
DNA adukty, které je mozné vyuzivat jako makery.

Mnoho védcl objevuje vliv cisplatiny na zvifeci DNA, mnohem méné je vsak zndmo o vlivu
cisplatiny na rostliny, které takto mohou byt ,lé¢eny” odpadni vodou z nemocnic. Proto jsme se v nasi
praci zamérili na zjisténi vlivu cisplatiny na rostliny hrachu (Pisum sativum L.). Provedli jsme tfi rGzné
experimenty: Varianta I: hrachova zrna kli¢ila v pfitomnosti cisplatiny (0, 5, 40 a 160 uM) po dobu 24
hodin. Poté byla pfevedena do kultiva¢ni nadoby a 14 dnf kultivovana. Varianta II: hrachové zrna byla
naklicena a poté prevedena do kultivacni nddoby, kam bylo pfiddno 200ml 0, 5, 40 a 160 uM cisplatiny.
Varianta IlI: hrach klicil 24 hodin v pfitomnosti odpadni vody obsahujici cisplatinu. Poté byla zrna
prevedena do kultiva¢ni nadoby a kultivovana po dobu 14 dni. Nasledné jsme zjistovali obsah thiol(
a cisplatiny ve studovaném hrasku pomoci diferenéni pulsni voltametrie. Tuto metodu jsme pouzili pro
stanoventi celkového obsahu thiolti. Vzorky byly analyzovany na pfistroji AUTOLAB Analyser (EcoChemie,
Nizozemi) ve spojeni s VA-Stand 663 (Metrohm, Svycarsko) v klasickém tfielektrodovém usporadant.
Pracovni elektrodou byla visici rtutova kapkova elektroda (HMDE) s plochou kapky 0,4 mm?; referencni
elektrodou byla Ag/AgCl/3 M KCl a pomocnou elektrodou byla grafitova elektroda. Zakladni elektrolyt
(TmM Co(NH,) Cl, a TM amonny pufr; NH,(aq) + NH,CI (Sigma Aldrich, ACS), pH = 9,6) byl po
kazdych 5 anafyzéch vyménén. AdTS DPV parametry byly nasledujici: ¢as akumulace 120's, pocatec¢ni
potencial —0,6 V, konecny potencidl —1,6 V, modulacni ¢as 0,057 s, Casovy interval 0,2 s, potencialovy
krok 1,05 mV/s, modula¢ni amplituda 250 mV, E_, = 0V, teplota 4 °C. Pro stanoveni cisplatiny jsme
uzili diferencni pulsni voltametrii s pevnou uhlikovou elektrodou. Ziskané vysledky ukazuiji ze cisplatina
vyznamné ovliviiuje obsah thiold v akumulovaném hrachu.

Petrlova, )., Potesil, D., Zehnalek, ., Sures, B., Adam, V., Trnkova, L. and Kizek, R. (2006) Electrochim. Acta 51, 5169-5173.
Petrlova, J., Potesil, D., Mikelova, R., Blastik, O., Adam, V., Trnkova, L., Jelen, F, Prusa, R., Kukacka, J. and Kizek, R. (2006) Electrochim. Acta 51, 5112-5119.
Potesil, D., Petrlova, J., Adam, V., Vacek, J., Klejdus, B., Zehnalek, J., Trnkova, L., Havel, L. and Kizek, R. (2005) J. Chrom. A 1084, 134-144.
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Sira je univerzdlni slozkou mnoha biologickych systéma. Vysoce aktivni a velmi reduk¢né vyznamné formy siry
v biologickych molekuldch jsou thiolové slouceniny. Thioly maji obrovské mnozstvi biologickych aktivit od fizeni
genové exprese az po bunécnou signalizaci, a navic mohou slouzit jako biomarkery stresu. V rostlinch se za¢nou
syntetizovat nékteré specifické thiolové slouceniny, je-i rostlina vystavena Gc¢inkdm toxickych kov(i. Mezi vyznamné
rostlinné thioly patfi cystein, glutathion, a fytochelatiny. Glutathion (y-Glu-Cys-Gly) je nejrozsitenéjsim neproteinovym
thiolem, vyskytujicim se prakticky ve véech bunkach. Vyskytuje se ve dvou formdch a to jako redukovany glutathion
(GSH) a oxidovany glutathion (GSSG). Tyto dvé formy jsou v urcitém poméru a jeho naruseni mdze signalizovat
oxidativni poskozeni bunky volnymi radikaly. Fytochelatiny (PC) maji zakladnf strukturu (y-Glu-Cys)n-Gly, kde se
dipeptidicka repetice glutamové kyseliny a cysteinu (y-Glu-Cys) mGze opakovat 2 az 11krat (nejcastéji 2—5krat).

V nasi praci jsme se zabyvali stanovenim thiolovych sloucenin (redukovany glutathion (GSH), oxidovany
glutathion (GSSQ), fytochelatin (PC,), fytochelatin (PC,) L-cystein (Cys), L-cystin, DL-homocystein a N-acetyl-L-
cystein). Pro jejich stanovenf jsme vyuzili metody vysokotcinnou kapalinovou chromatografii s elektrochemickou
detekei (HPLC-ED) a diferencni pulzni voltametrii (DPV). Optimalizované metody byly déle aplikovany na studium
obsahu thiolovych sloucenin v rostlinném materialu, kterym byly kukufice (Zea mays L.) a okfehek (Lemna minor).
Zkoumali jsme vliv kovli na zakladnf vlastnosti zkoumanych rostlin. Konkrétné jsme sledovali vliv kadmia na
kukufici a platiny na okrehek.

Chromatograficky systém byl slozen ze dvou chromatografickych pump Model 582 ESA, chromatografické kolony
s reverznf fazi Polaris C18A (150 X 4,6; 3 um velikost ¢astic) a osmi-kanalového CoulArray elektrochemického
detektoru (Model 5600A, ESA). Chromatografickd kolona a elektrochemicky detektor jsou termostatovany. Rostliny
kukufice byly vystavené plisobeni kadmia (0, 50, 100, 150, 200, 400 a 500 uM CdCl,) po dobu Sesti dn(i. Kazdy
den byly odebirany rostliny (n = 4), ze kterych byl pfipraven extrakt pro sledovani zmény cysteinu, GSH, GSSG
a PC,. Obsah cysteinu u vech rostlin se vzriistajici koncentraci aplikovaného kadmia a dobou expozice vzriista asi
0500 -800% (v porovnani s kontrolou) ve ¢tvrtém a patém dni experimentu. Sesty den byl pozorovan mirny pokles
obsahu cysteinu. Obsah GSH a PC, po celou dobu experimentu velmi rychle vzristal. Jiz v prvni den experimentu
byl pfi nejvyssi aplikované koncentraci pozorovany nardst obsahu thiol(i o vice jako 200 % (oproti kontrole). Od
tfetiho dne experimentu, byly tyto zmény pozvolnéjsi (10 — 30 %). Obsah GSSG v rostlinach s rostouci aplikovanou
davkou kadmia a dobou kultivace rostl, Sesty den byl jeho obsah o 100 az 600 % vy33i oproti kontrole. Detekénf
limity 112 fmol pro Cys, 63,5 fmol pro GSH, 112,2 fmol pro GSSG and 2,53 pmol pro PC, na néstfik (5 ul).

Rostliny Lemna minor byly kultivovany v prostfedi’s 0, 5, 10, 20, 40, 80, 160 uM cisplatinou po dobu
¢tyr dni. VSechny aplikované koncentrace cisplatiny zp(sobily znatelnou ristovou depresi oproti kontrole.
Elektrochemickou analyzou (DPV) jsme zjistili, ze celkové mnozstvi thiolovych sloucenin se ménilo
s délkou expozice a aplikovanym mnozstvim cisplatiny. Do druhého dne experimentu bylo mnozstvi
thiold nizké a s rostouci koncentraci cisplatiny se snizovalo. Predpoklame, ze v tomto Case dochazi
k vazbeé cisplatiny do DNA a vyrazné ovliviiuje proteosynteticky aparat buriky. Zde je také pozorovana
vysoka koncentrace volné cisplatiny. Od tretiho dne dochazi k vyrazné metabolické zméné, ktera je
charakteristicka prudkym poklesem obsahu volné cisplatiny a vyraznym vzestupem obsahu thiolovych
latek (1 500—2 500 ug/g svézi hmotnosti).

V této praci se nam podafrilo optimalizovat a vyuzit metody HPLC-ED a DPV pro stanoveni thiolovych sloucenin.
Zjistili jsme, Ze vstup tézkého kovu do rostlin je velmi pfisné regulovan.Vyrazny vzestup thiold je obrannou reakci
rostliny na velmi silny stres zpsobeny metabolicky vysoce aktivni slouc¢eninou.

Seregin, 1.V., Shpigun, L.K. and Ivanov, V.B. (2004) Russ. J. Plant. Physiology 51, 525-533.
Potesil, D., Petrlova, J., Adam, V., Vacek, J., Klejdus, B., Zehnalek, J., Trnkova, L., Havel, L. and Kizek, R. (2005) J. Chrom. A 1084, 134-144.
Petrek, J.,Vitecek, J., Vlasinova, H., Kizek, R., Kramer, K. J., Adam, V., Klejdus, B., Havel, L., Anal. Bioanal. Chem. 2005, 383, 576.
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In flax, no real microsatellite markers are known to date, just several ISSR markers were developed and tested for
flax genotyping (Wiesner et al. 2001). We started large-scale isolation of real SSR markers according to method of
Jakse and Javornik (2001). This method relies on the cutting of genomic DNA with a cocktail of restriction enzymes
and the use of long probes for capturing microsatellite-containing DNA fragments.

In the 1+ step, a high quality DNA of flax was cutted with the mixture of restriction endonucleases (Nhel, Alul,
Haelll and Rsal ). Isolation of DNA was made from fresh young leaves of flax plant using commercial column spin
kit. Fragments were trimmed of single-stranded overhangs and dephosporylated. Then, phosphorylated linkers
were ligated to DNA fragments and amplified by PCR reaction. Simultaneously, long (GA)n and (GT)n probes
were prepared by a PCR extension reaction. Denatured probes were bound onto small pieces of nylon membrane
and cross-linked. These pieces of membrane were used for enrichment of microsatellites. DNA fragments were
denatured and hybridised to probes on nylon membranes. Then, bound DNA was eluted and amplified by PCR
again. Linkers were removed from enriched DNA with Nhel restriction enzyme, samples were purified with 2
phenol-chloroform extractions. Fragments were ligated to pBluescript vector. Then, competent cells Ecoli were
transformed by heat shock and incubated overnight on plates wit LB-agar with ampicillin. White colonies were
picked up to another LB-agar plate and simultaneously PCR tested. Colonies with differ size of insert were than
picked up to liquid LB medium with ampicillin. Next day, plasmids were isolated and sequenced.

Total number of sequenced samples was 30, from which only 2 sequences included repetitive motifs. For both
of these sequences were designed primers. New developed SSR markers were tested on set of 10 different flax
genotypes. One of these markers (Flax7) was polymorphic among tested varieties.

ladder 1 2 3 4 5 6 7 8§ 9 10

1 La Plata Arg 0

2 Habes Eth

3 Christiana | Nor

4 Gros bela | Hun

5 Lanie V&7 Chn

5 Su—45/$5 Cze Py

7 Argentino | USA an
8 Sageisan Ipn - —— - -
5 |Fimsko _|Fin 2 3t 3 ¥
10 Pueblade |Esp - eore

Fig1: Polymorphism of SSR marker Flax1 tested on different flax varieties. Products of PCR were separated on
10% polyacrylamide vertical gel a visualised using ethidiumbromide.

Jakse J., Javornik B.: Plant Molecular Biology Reporter 19:217-226, 2001
Wiesner |., Wiesnerova D., Tejklovd E.: Journal of Agricultural Science, 137, 37-44, 2001

This work was financially supported by Ministry of Education, project number: MSM2678424601.
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In higher plants, histidine-aspartate phosphorelays are involved in hormone, stress and light signaling via two-component
systems of signal transduction. Histidine-containing phosphotransmitters (AHPs) transfer a phosphoryl group from
membrane receptors to effectors in the nucleus. Five AHPs have been identified in Arabidopsis. Real-time RT-PCR
was employed to quantify steady state levels of individual transcripts in Arabidopsis leaves, roots, stems, flowers
and siliques. The transcripts of all AHPs were detected in every organ examined, although at different levels.
High organ specificity of gene expression was found in AHP1, AHP2, AHP4 while expression of AHP3 and AHP5
appears more ubiquitous. We also analyzed the regulation by cytokinins of AHP gene expression. We compared
the effects on steady state levels of AHP transcripts of a short-term treatment with an aromatic cytokinin and
increase in endogenous isoprenoid cytokinin levels using an activable ipt system in 8-day-old Arabidopsis seedlings.
Following ipt activation, a rapid and highly preferential increase in trans-zeatin-type cytokinins was observed
while other isoprenoid-type cytokinins showed no or only marginal increases. Transient increases in steady-state
levels of AHP1-4 transcripts in response to both the short-term aromatic cytokinin treatment and the increase in
endogenous trans-zeatin-type cytokinin levels were observed. On the contrary, increase in steady-state levels of
AHP1-4 transcripts observed in seedlings cultivated continuously in presence of exogenous aromatic cytokinin
were not paralleled in seedlings with constitutively increased endogenous trans-zeatin-type cytokinins providing
further indirect evidence for distinct functions of aromatic and isoprenoid cytokinins. Using RT-PCR we detected
two AHPS5 specific PCR products (AHP5 and AHP5L). Real-time RT-PCR revealed distinct differences in the ratio
between alternately and completely spliced AHP5 mRNAs in the organs investigated. The ratio was highest in
flowers and lowest in siliques and stems. Two open reading frames were identified in AHP5L. The conserved part
of the phosphotransfer domain remains unaffected in the longer one as the translation initiation at an intron ATG
would result in a polypeptide coded by exons 3 to 6 and a short extension encoded by the intron part of the
alternative open reading frame.

Craft ), Samalova M, Baroux C, Townley H, Martinez A, Jepson I, Tsiantis M, Moore I. 2005. New pOp/LhG4 vectors for stringent glucocorticoid-
dependent transgene expression in Arabidopsis. Plant Journal 41, 899-918.

Sdmalova M, Brzobohaty B, Moore I. 2005. pOp6/LhGR: a stringently regulated and highly responsive dexamethasone-inducible gene expression
system for tobacco. Plant Journal 41, 919-35.

This work was supported by grants LNOOA081, MSM0021622415, TM06030 and LCO6034 (Ministry of Education
of the Czech Republic), AVOZ50040507 (Academy of Sciences of the Czech Republic), IAA600380507 and
IAA600040612 (Grant Agency of the Academy of Sciences of the Czech Republic), and a Royal Society Joint Project
Grant (rc/jp/jun98).
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Stomata are crucial for productivity and survival of terrestrial plants. Their regular distribution on the leaf surface
and their density are controlled by external and internal factors (Woodward 1987, Gray et al. 2000). Recently, the
underlying mechanism determining spatial distribution of stomata was attributed to genes in Arabidopsis thaliana
(e.g. TMM, SDD, FLP) and signalling proteins inducing asymmetrical division of meristemoid mother cells (Nadeau
and Sack 2003). Mutation in these genes arranges stomata in clusters. While the external stimulus for stomatal
density, CO,, is known (Woodward 1987, Gray et al 2000), a stimulus and its perception e.g. in TMM signalling
cascade is unknown. We show that the CO, concentration gradient between leaf epidermal cells and atmosphere
or CO, efflux from epidermal cells may be the signalling factor affecting the epidermal cell fate.

We grew Lepidium sativum L. (fam. Brasicaceae) plants from seeds under conditions of (i) variable ambient CO,,
(i) increased diffusivity of atmospheric components, (iii) increased respiration rate and (iv) increased permeability
of cuticle. The treatments should affect CO, concentration and/or CO, efflux from epidermal cells. The plantlets
were grown in glass dessicators in atmosphere mixed from O, (21 %) and N, (79 %) (Nitox) or O, (21 %) and He
(79 %) (Helox) both with variable amount of CO, (100-9000 pumol mol”) and water vapour (RH=30-95 %) under
flow-through open conditions. Helox increased diffusion rate of atmospheric components. High RH was used to
increase permeability of leaf cuticle for water and, presumably, also for CO,. In another set of growth experiments
the inert components of atmosphere (N, and He) were absent (closed conditions with reduced pressure and
controlled O, partial pressure). In 7 days old cotyledon leaves, we measured stomatal density, frequency of clusters
and stomatal index. Further, transpiration and photosynthesis rates in Helox and Nitox and isotopic ratio of carbon
(8"°C) in plant mass were investigated.

Reduction of ambient CO, and synergetic increase in factors (ii)—(iv) led to highest frequency of stomatal
irregularities (clusters).

irregularities (clusters)-

Gas exchange revealed that the dark respiration rate of 7-days old plants grown in Helox increased when
compared to Nitox plants. The reason for this effect is not clear. 3"*C values indicated re-fixation of CO, in
chloroplasts at the cluster-prone conditions (low ambient CO, and high RH). Because the conditions leading to
production of stomatal clusters modify CO, concentration gradient between peri/epidermis and atmosphere and
accelerate CO, efflux from epidermis, we suggest that the epidermal internal CO, may be essential in the one-cell
spacing rule underlining the proper spatial distribution of stomata.

Gray J.E., Holroyd G.H., van der Lee EM., Bahrami A.R., Sijmons PC., Woodward F.., Schuch W., Hetherington A.M.: 2000 — Nature, 408: 713-716
Nadeau J.A., Sack ED.: 2003 — Trends in Plant Science, 8: 294-299
Woodward Fl.: 1987 — Nature, 327: 617-618

The work was supported by the grant of GAAS A601410505, Ministry of Education of the Czech Republic
MSM6007665801 and AVOZ50510513.
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Abstract

In our work, we focus on the evolutionary studies of the sex chromosomes. As model organisms we use several
species of the plant genus Silene. An important part of our research is represented by genetic mapping. Apart from
the other methods we also utilize the dCAPS method as a very useful method for the detection of the polymorphisms.
Stepwise during the usage of this method, we found out some improvements, which are described in this paper.

Key words: detection of polymorphism; SNP; restriction endonuclease; semi-nested PCR; DNA agar; genetic
mapping; Silene

Introduction

Many types of genetic studies (e.g., recombination mapping) are based on the analysis of DNA polymorphisms (in
length or in sequence). Various methods for the detection of any kind of polymorphisms have been developed (e.g.
RFLP, AFLP, minisequencing, SSLP, DFLP). Methods based on utilization of polymerase chain reaction (PCR) are in
common use. Very popular methods based on PCR are DFLP (DNA Fragment Length Polymorphism; Hongtrakul
et al., 1998) for detection of the length polymorphism of amplified products, and CAPS (cleaved amplified
polymorphic sequences; Konieczny and Ausubel, 1993) for detection of differences in presence or absence of
target sequences for restriction endonucleases. The CAPS method is analogy of RFLP, but the cleavage is performed
on the amplified products instead of the original genomic DNA. The usage of this method is restricted only to
the detection of single nucleotide polymorphisms (SNPs) that create or disrupt the target site for the respective
restriction endonuclease. This is the reason why modification of this method, so-called dCAPS (derived Cleaved
Amplified Polymorphic Sequence; Neff et al., 1998; Michaels and Amasino, 1998), has been developed. dCAPS
differs from CAPS especially in using specific primers, which are designed with one or two mismatches. Through
these mismatches, primers bring mutations into the target sequences during amplification and in conjunction with
the discovered SNP it results in the creation of the unique restriction site, solely in one of the alleles studied in
genetic assays. The scheme of this method is described on Figure 1.

Allele 1 Allele 2
5 . 5 Figure 1:
(C:X:G:(C:)\'GGA‘ SCCI(?XEGtCC;\AC Scheme of dCAPS method.
A GGTGCTGRTIG : GGTGCAGETTG ; (A) Segments of two different
- < - g alleles (difference is highlighted
PCR by bold and underlined letters)
) . of the studied gene with
B 5—CCTOGACCAAC— 5 cafoGtccaac specific dCAPS primer with one
——GGAGCTGGTTG— GGAGCaGETTIG—: mismatch (letters in grey box).
; (B) Products of PCR performed
IDI?_GI_!‘(S:tG'E)\ql with dCAPS primer (originated
mutations are marked by grey
¢ =—occf  ceAccaac ¥ — cdoctocAac boxes). o
—GGAGC JTGGTTG GGAGCAGGTTG—¢ (O) Results of digestion of
' ] PCR products by restriction
ELFO No digest endonuclease.
(D) Separated products of
digestion by gel electrophoresis.
300 bp
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Protocol and troubleshooting

In our laboratory we usually start genetic studies with specific primers and amplify the segment from the gene
of interest. Afterwards, we separate obtained products by agarose gel electrophoresis. If there is a specific length
polymorphism among products, we use DFLP method. In the case there is no length polymorphism we have to
search for sequence polymorphisms, especially for SNPs. For this purpose, purified PCR products are either directly
sequenced or these PCR products are cloned into a suitable plasmid and subsequently sequenced. The sequences
obtained from PCR products can be analyzed by PC software to visualize the chromatograms of sequences — e.g.,
BioEdit (www.mbio.ncsu.edu/BioEdit/bioedit.html). Then, we look for two overlapping peaks in the sequence which
might indicate a polymorphism (SNP) suitable for mapping. If sequences are derived from a number of plasmid
clones, we align all the sequences using program ClustalW 1.8 (Thompson et al., 1994, http://searchlauncher.bcm.
tmc.edu/multi-align/multi-align.html) and visualize the alignment using program BOXSHADE 3.21 (www.ch.embnet.
org/software/BOX_form.html). Finally, we search for the differences (SNP) among sequences. If the found SNP can
be distinguished by specific restriction endonuclease, we use the CAPS method. In contrary, when the SNP does
not affect any restriction site, we utilize the dCAPS method.

The first step in the dCAPS method is designing the primer with a specific mismatch. This procedure can be
performed manually, but the useful program exists on web — dCAPS Finder 2.0 (Neff et al., 2002, http://helix.wustl.
edu/dcaps/dcaps.html). If we put two segments of sequences containing SNP in the input form and determine
the number of desired mismatches in primers, the program calculates several suitable primers. The output of this
program provides a set of suitable primer sequences along with appropriate restriction endonucleases.

We perform PCR with a combination of the dCAPS primer in pair with a primer specific for the target sequence.
We test suitability of this primer pair by the program Primer3 (Rozen and Skaletsky, 2000; http://frodo.wi.mit.eduy).
As the position of primer is fixed to the surrounding of the SNP, it is often not possible to obtain a primer of optimal
PCR performance. Relatively often, PCR with this pair of primers gives either non-specific products or, sometimes,
no product. We have solved this problem by two-step amplification — semi-nested PCR. In the first reaction we
apply specific primer pair on genomic DNA template. In the second amplification reaction, we use the dCAPS
primer in pair with one of the specific primers and a small amount of PCR products (in principle 0.01ul) from
previous reaction instead of the genomic DNA template. Recently, a similar approach has been published by Gale
et al., (2005), where the authors described their good experience with the same solution of this problem. They
did an extra step of PCR products purification before the second amplification reaction. We think this purification
is not necessary, because we also have very good results even if we omit this additional step.

For the economization of the protocol we have tested the minimum amount of Taq polymerase (TopBio) in both
steps of semi-nested PCR to obtain sufficient amount of PCR products. In the first step we used 0,5 U; 0,25 U;
0,125 U or 0,05 U of Taq polymerase for one reaction (25ul). The remaining components of the reaction were
as follows: 1/10 of total reaction volume of 10x PCR Blue Buffer (TopBio); 200 uM of each dNTP (Promega);
200 nM forward primer; 200 nM reverse primer; 30ng of genomic DNA; and deionized water to total volume
25 ul. We performed PCR on the PTC 200 MJ Research Thermocycler under the following conditions: primary
denaturation 94 °C/3 min; next 35 cycles: 94 °C/30 s, T_(according used primers)/1 min, 72 °C/t_(according length
of products); final extension 72 °C/5-10 min. At the end of the PCR process, we took small fraction (0.01 ul) from
each reaction tube and we used it as a template in the second step. The reaction components and conditions
in the second step are similar as in the first step, except template and one primer (dCAPS primer). The amount
of Taq polymerase was used according Table 1. Finally, the PCR products of the second step were separated on
1% agarose gel (stained with ethidium bromide). From the results we detected the combination of the minimum
amount of Taq polymerase — for the first step it is 0.125 U and then for the second step it is 0.25 U (Figure 2).

After the amplification we digest 10—15 ul of the obtained PCR products by restriction endonuclease specific
for the target site created by SNP along with dCAPS primer. The choice of buffer and temperature depends on
the used restriction endonuclease. We specify the incubation time for all of digestion reactions to 2-3 hours. After
the termination of digestion we have to prepare agarose gel in a high concentration (3-3.5%), because the length
difference between digested and non-digested products is usually very small (about 20 base pairs, according to the
length of dCAPS primer). We have also a positive experience with the usage of DNA agar (Marine Bioproducts),
instead of agarose for preparation of the high-concentrated gels (ZIivova et al., 2005). The advantage of this
improvement is that in the comparison with agarose, there is only a half consumption of agar to obtain the gel
with the same differentiation ability. It is therefore much easier to prepare highly concentrated gels. We prepare
the gels in TAE buffer and the electrophoresis is run in the same buffer. Before pouring the melted gel into tray,
we add ethidium bromide to the final concentration 0.5 ug/ml. After the electrophoresis is run, we observe the
gel under UV light. Usually we can distinguish three types of patterns according to the presence or absence of
the restriction site — two bands (heterozygote), only the shorter one (homozygote type I) or only the longer one
(homozygote type II).

65



P15

P Pridiovd sddizn

Figure 2:

Cel separation of products obtained from
semi-nested PCR with dCAPS primer. The amount
of Tag polymerase (TopBio) in both steps was
reduced consequently. The numbers of the lines
correspond to the number of tubes in Table 1.

tube 1st step | 2nd step ;zb'e 1. o | di
T I A i i
2 0.25U 0.5U
3 01250 | 0.5U
4 0.05U 0.5U
5 0.5U 0.25U
6 0.25U 0.25U
7 0.125U | 0.25U
8 0.05U 0.25U

Conclusion

We use CAPS and dCAPS approach for the detection of SNP very successfully for genetic mapping of sex
chromosomes of the plant Silene latifolia (Nicolas et al., 2004; unpublished data) and S. otites (unpublished data).
During our work we discovered some improvements for performing the dCAPS method. These improvements can
resolve some troubles, which can appear during process, and they economize the protocol.
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Bananas and plantains (Musa ssp.), hereafter called bananas, are the world’s largest perennial herbs grown in
tropical and subtropical regions. The annual production of bananas exceeded 100 million tons, which ranks them
the fourth among the most important food crops. About 90 % of the production is consumed locally, being an
important nutrition source for hundreds millions of people in developing countries. Despite this, the banana genome
has been studied to a limited extent. Only a small set of repetitive sequences were isolated and little is known
about their genomic organization. In this study we isolated highly repeated DNA sequences from the genome of
M. acuminata (1C ~ 630 Mbp), a diploid progenitor of most of cultivated bananas. We used a so called C t analysis,
a biochemical technique that facilitates fractionation of DNA sequences according to their relative abundance in
the genome. Ct-0.05 and Ct-0.1 fractions corresponding to highly repeated DNA were prepared and used to
construct two DNA libraries. The libraries consisting of 7296 clones were screened with probes for ribosomal DNA
and other known repetitive DNA sequences of Musa that were characterized previously. In total, 614 anonymous
DNA clones that gave no signals after hybridization with the known sequences were sequenced. Dot-plot analysis
identified a variety of tandem repeated DNA sequences, including satellite DNA, minisatellite and microsatellite
sequences, which represented seventeen per cent of sequenced clones. Homology search using BLAST and FASTA
showed that in addition to tandem repeats, the library was composed mostly of other highly repeated sequences
such as retrotransposons. Sixty per cent of sequences were novel and did not share a homology with known DNA
sequences. This work confirmed the utility of the C t analysis to dissect a nuclear genome to fractions differing in
relative abundance and provides the firsts insights into the repetitive part of the Musa genome.
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VYUZITI SEMI-NESTED PCR PRO AMPLIFIKACI UPLNYCH 5’ A 3’ KONCU cDNA
A ZISKANI UPLNYCH SEKVENCI GENU
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E-mail: chab@ueb.cas.cz, tel.: 220 390 420

Za Gcelem nalezenf Gplnych sekvencf slabé transkribovanych kvétnich genli LEAFY (LFY), Flowering Locus T (FT)
a CONSTANS (CO) u merliku ¢erveného (Chenopodium rubrum) byla pripravena cDNA knihovna pomoci soupravy
SMART cDNA Library kit (Clontech) na zakladé celkové RNA ziskané z apext tfitydennich rostlin C. rubrum.
cDNA byla klonovana do vektoru pGEM-T Easy (Promega). Uplné 5’a 3’ konce cDNA byly amplifikovany pomoci
semi-nested PCR s jednim primerem zacilenym do vektoru a dvéma viici nému obracené orientovanymi primery
zacilenymi do znamé sekvence cDNA hledaného genu vlozené do vektoru.

Pomoci PCR s degenerovanymi i nedegenerovanymi primery, navrzenymi na zakladé analyzy sekvence
znamych CO a FT gen( z kvetoucich rostlin, byly z genomické DNA ziskany parcidlni sekvence hledanych gent.
Pro identifikaci Gplného 5’konce byl ze znamé sekvence piislusného hledaného genu navrzen vnitini nestovaci
primer (5'N1) vzdélenéjsi od 5’konce znamé parcialni sekvence a vnéjsi nestovaci primer (5'N2) blize konci znamé
parcidlni sekvence. Pro amplifikaci 5" konce byla pouzita semi-nested PCR. V prvnim kole PCR byl pouZzit primer
zacileny do sekvence vektoru blizko klonovaciho mista (vektorovy primer) a pfislusny vnitfni nestovaci primer
(5'NT). Produkt PCR (casto nedetekovatelny na elektroforetickém gelu) byl pouzit jako templat pro druhé kolo
PCR se stejnym vektorovym primerem a vnéj$im nestovacim primerem (5'N2) — zacilenym blize konci zndmé
parcidlni sekvence — tedy do sekvence mezi vektorovy a 5'N1 primer. Obdobny je postup pro 3’konec s pouzitim
nestovacich primerd pro 3’ konec. Ziskané fragmenty byly klonovany do vektoru pGEM-T Easy a sekvenovany
(ABI PRISM 3100 Genetic Analyser).

Fragmenty obsahujici Gplnou kédujici sekvenci hledaného genu byl ziskany pomoci PCR s primery zacilenymi
do neprekladanych oblasti (UTR) gent. Poté byly opét klonovany do pGEM-T Easy, sekvenovany a pfipraveny pro
transformaci do Agrobacterium tumefaciens a Arabidopsis thaliana.

VEitaney 5N2 5 N1 3NT 3 N2 veldaryy
primer primer
—> | — —>
i : ' i
! : _ ! '
vektor ' 5" neznama sekvence znama parcialni ¢« 3" neznama sekvence ' vektor
cDNA sekvence cDNA cDNA

Jun-Chao Huang and Feng Chen: 2006 — BioTechniques 40: 187-189 (February 2006)
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Where and why to use the recombination independent mapping?

Genome maps are used for comparative phylogenetic studies, map based cloning and marker assisted molecular
breeding. So far widely used kinds of genetic maps are maps which measure distances between loci using recombination
frequencies, usually called linkage maps. Advantage of these maps is that their obtaining is relatively easy and they
also enable simultaneous mapping of phenotypic and molecular markers. However there are also factors which
complicate construction of this kind of maps. Variability in the crossing-over frequency along the chromosomes
is a phenomenon which generally occurs in higher organisms (Korol et al. 1995). Sometimes, the reduced rate
of recombination can cause serious problems in recombination mapping of some parts of chromosomes as was
observed in Zea mays (discussed e. g. by Kynast et al. 2004), or even whole chromosomes (as are non-recombining
regions of heterochromosomes of mammals or in dioecious species, reviewed in Vyskot and Hobza 2004). In some
cases, the problem of non-recombining regions is avoided by construction of physical maps which are based on
arranging of large cloned fragments of the studied genome. When the non-recombining region is relatively small
it is possible to perform physical mapping of the given non-recombining region (as is currently being performed
in Carica papaya by the team of Professor R. Ming (Laboratory of Plant Biology, University of lllinois at Urbana-
Champaign - personal communication)). However, construction of this kind of maps is much more difficult in
comparison with recombination mapping and in the species with large genomes it needs some previous mapping
data. A typical example was the physical mapping of the non-recombining region of the human Y-chromosome.
This afford started with preparation of the initial map using the methods named radiation hybrid mapping (this
map served as a scaffold for assembling contigs of BACs, the radiation hybrid method will be discussed in detail
below) together with FISH techniques and continued by complex special methods, as is genomic clone subtraction
and dissection of sequence family variants (both methods serve to overcome problem with repetitive sequences,
Tilford et al. 2001).

Radiation hybrid mapping variants in animals and plants

Radiation hybrid (RH) mapping is a method based on the fact that after irradiation, the probability of the simultaneous
rescue of two markers is proportional to their proximity on the chromosome (Goss and Harris 1975). Panel of
radiation hybrid cell lines is usually constructed by fusion of irradiated diploid human fibroblasts with hamster
cells. Whole-genome RH panels have been constructed and characterized for a variety of mammalian species
including human, pig, cow, rat, dog, cat and mouse (reviewed in Himmelbauer et al 2000).

In spite of the progress in the last five years, the methodology of the radiation hybrid mapping in plants is not
yet developed as much as in animal models. Technique of RH mapping was applied to only a limited amount of
species and the maps are not as detailed as in mammals. Basically, there are three possible approaches:

1.) The approach of Wardrop et al. (2002) used for the construction of radiation hybrid panels for the mapping
in barley is the most similar to the protocols used in mammals. Their method is based on the fusion of the irradiated
barley protoplasts with the protoplasts of tobacco, and subsequent cultivation of the calli coming from individual
fused protoplasts.

2.) Even better results were obtained using approach based on “the radiation hybrid lines” obtained from addition
lines obtained by cross of oat (Avena sativa) and maize (Zea mays), using embryo rescue technique. In this kind
of experiment, addition lines are subjected to irradiation and the further approach is the same as in study of the
true radiation hybrids (Kynast et al. 2004). Similar approach was also used in Gossypium (Gao et al. 2004) and in
wheat 1D chromosome (Kalavacharla et al. 2006).

3.) New possibilities are opened by usage of the “radiation hybrid” approach in the study of the large non-
recombining regions in sex chromosomes (Y or W). In this case, it is not necessary to perform inter-specific
hybridisation, as it is usually possible to distinguish Y chromosome linked copies from the X linked ones and
design sex specific primers. The only dioecious plant species where this approach is being applied is Silene latifolia
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(e.g. Lebel-Hardenack et al. 2002). The main reasons why researchers prefer this model species are the fact that
Silene latifolia has well distinguished pair of sex chromosomes (Y being larger) that enables to combine cytological
and molecular data, and a long tradition of the studies of sex determination in this species (reviewed in Vyskot
and Hobza 2004). This method can be however very useful also in the other species with a large sex specific
non-recombining region.

Deletion mapping of the Y chromosome in plants — experiments

The series of deletion mutants are usually induced by irradiation of pollen (using X-rays (Lebel-Hardenack et al. 2002)
or gamma irradiation (Barbacar et al. 1997, Zluvova et al., manuscript in preparation)) which is subsequently used
for direct pollination. The experiments are based on the fact that deletions of markers on autosomes and on the
X chromosome will be masked by their wild-type variants coming from the maternal genome, whereas deletions
of Y-specific markers are detectable because the Y chromosome is present in one copy only. The most commonly
used kind of markers is represented by PCR-based ones (e. g. STS, EST or AFLP). Contrary to the genetic mapping,
relatively high number of markers is necessary. When the number of markers is low, the obtained map might not
correspond to the true marker order. For example, doubling of the number of informative markers led to the higher
statistical support and change of marker order on the Silene latifolia Y chromosome map (Zluvova et al. 2005).

Statistical evaluation of the deletion mapping data

The frequency at which markers are co-retained or co-deleted determines not only the marker order (Goss and Harris
1975), but also relative distance between markers in centiRads (Jones 1997). The parameters for the probability of
breakage and the probability of retention are dependent on a given radiation dose. It means that when data from
different experiments are combined, only the marker orders but not the distances may be counted.

Itis necessary to stress that it is not possible to evaluate correctly data without usage of an appropriate computer
software. It is caused not only by a huge amount of data obtained from one mapping experiment, but also by
a possible occurrence of multiple deletions within one mutant. Fortunately, there are many programs freely
available. One of the oldest programs, but still often used, is RHMAP package (Boehnke et al. 1991) which is
relatively fast and runs on the Windows platform. Program can be downloaded from the address: http://csg.sph.
umich.edu/boehnke/rhmap.php. The only disadvantage is the interface which is not intuitive and user-friendly.
Relatively recently, new program CARHTA GENE, which is much more user-friendly, was published (de Givry et al.
2005). The program is available for free on www.inra.fr/bia/T/CarthaGene. Numerous RH mapping programs are
listed by Ben-Dor et al. (2000). Another comprehensive list of RH mapping programs is also available on http://
compgen.rutgers.edu/rhmap/.

The first step in the analysis is to predict the logarithm of the odds of linkage (LOD) for every possible marker
pair. A marker pair has a LOD = 1 when a chance of linkage is 10:1. A LOD score of at least 3 (i. e., a chance
of linkage is 1,000:1) is generally accepted as an indicator that two sequences are linked. Other method how to
test linkage is represented by Fisher exact test. Program for the computation of the Fisher exact test is available on
the Web page: www.physics.csbsju.edu/stats/exact.html. Based on the analysis, every group of markers showing
absolute linkage (i. e., LOD is infinite) is reduced to one representative, and markers showing no linkage to any
other markers (i. e., LOD is zero) are omitted.

The simplest algorithm used is based on minimum obligate breaks criterion and it calculates the minimal number
of chromosome breaks required to account for the observed deletions in the mutant chromosomes. This method
has no special computational requirements. However, although it (intuitively) seems to be perfect, it is not always
the case (reviewed in Ben-Dor et al. 2000). Other algorithms (e. g. maximum likelihood) are from this point of
view much better but they often require prior knowledge of the system analysed. In principle, it is possible to
compare by these methods all marker orders and to choose the order with the highest probability. However, this
approach is extremely slow. To significantly decrease the computational time, different algorithms for the solution
of the travelling salesman problem are used (reviewed in Agarwala et al. 2000).

Conclusions and perspectives

Recombination independent mapping methods represent not only important parts of the research in new model
species, but they also enable to complete mapping in relatively well studied species. In the near future, we can
expect broader usage of these methods in plant genetics and breeding. The refining of existing maps should create
better conditions for cloning of agriculturally important genes. The detailed comparative studies of extremely large
non-recombining regions (as are some Y-chromosomes) should bring new insight on the evolutionary mechanisms
leading to recombination arrest.
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Very interesting alternative for the construction of scaffold for the physical mapping projects is strategy called
HAPPY mapping (mapping based on the analysis of approximately HAPloid DNA samples using the PolYmerase
chain reaction) is a tool to make accurate maps of genomes which was devised by Dear and Cook (1994). Its
principle is similar to the radiation hybrid mapping with the difference that the subjects of breakage are isolated
DNA molecules. Afterwards, dilutions of the sample are prepared so that there are produced numerous samples
containing just one copy of the studied region. The subsequent experimental and statistical treatment is similar
to the radiation hybrid mapping. This approach was with success applied in human, Dictyostelium, Tetrahymena,
and Arabidopsis (reviewed in Waugh et al. 2002). The only limitation seems to be necessity of many markers for
the studied region.
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Maintaining effective hormone concentrations requires a balance between the rates of biosynthesis, metabolism
and breakdown. Moreover, the efficacy of each cytokinin is determined by a complex interplay of factors such as
cellular/tissue location, stability, and its metabolism (Mok and Mok, 2001). Further, sub-cellular compartmentation
plays a significant role in modulating active cytokinin levels. The quantity of cytokinin measured in mixed tissues
or whole plants may or may not reflect its biological significance in vivo. Hence, it will be more informative to
associate phenotypic variations with changes in a specific metabolic step.

In order for this approach to be successful, it is necessary to identify factors responsible for such metabolic
conversions. A B-glucosidase, Zm-p60.1, capable of releasing active cytokinins from their O- and N3-glucoside
conjugates was isolated from maize coleoptiles (Brzobohaty et al. 1993). Over-expression of Zm-p60.1 enabled
protoplasts to divide on medium containing t-zeatin-O-glucoside (ZOQ) as the sole source of cytokinin. The wild
type protein was localised to plastids and shown to be in chloroplasts in adult leaves (Kristoffersen et al. 2000).

Overexpressing wild-type Zm-p60.1 disrupts zeatin metabolism in transgenic tobacco (Kiran et al. 2006). We
constructed tobacco plants over-expressing a recombinant Zm-p60.1 retargetted to the vacuole. On medium
containing zeatin, transgenic seedlings between 21 and 28 days after sowing were significantly heavier than wild-
type and showed ectopic outgrowths at the base of the hypocotyl. The B-glucosidase enzyme is found preferentially
in these structures. The ectopic presence of the enzyme leads to a disruption in zeatin metabolism, that further
leads to ectopic cell division. These plants cannot accumulate the substrate zeatin-O-glucoside to levels seen in
wild-type, thus showing, for the first time in intact plants, that the vacuole is the storage organelle for ZOG. Results
from detailed analyses of histology and cytokinin metabolism will be presented.

Altering the sub-cellular location of this enzyme will thus allow us to disrupt zeatin metabolism in a hitherto
unavailable, sensitive fashion.

Brzobohaty B, Moore I, Kristoffersen P, Bako L, Campos N, Schell J, Palme K (1993) Science 262: 1051-1053

Kiran NS, Polanska L, Fohlerova R, Mazura P, Vilkova M, Smeral M, Zouhar J, Malbeck J, Dobrev P, Machackova |, Brzobohaty B. (2006) J. Exp.
Bot. 57: 985-96.

Kristoffersen P, Brzobohaty B, Hohfeld I, Bako L, Melkonian M, Palme K, (2000) Planta 210: 407-415
Mok DWS, Mok MC, (2001) Annu. Rev. Plant Physiol. Plant Mol. Biol. 52:89-118.
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Pokusili jsme se zavést v nasi laboratofi systém hydroponické kultivace Arabidopsis thaliana. Cilem bylo studovat
vliv stresu z deficitu mineralni vyzivy na indukci kveteni. Srovnavali jsme dva zptisoby hydroponického péstovant
vytvofené specidlné pro Arabidopsis. V obou jsme pouZzili jako oporu pro zakofenovani semenacki minerdlni
vinu Grodan, coz je podle Gibeaut et al. (1997) optimdlni material pro tento Gcel. Rostliny ekotypti Col a Ler
byly kultivovany v klimaboxech Sanyo MLR-350H pfi 20 °C, 75% vlhkosti vzduchu a 8-hodinové délce dne (bilé
zarivky, 155 umol.m=2.s7). Jako zivné médium byl pouzit modifikovany Hoaglandlv roztok (50% koncentrace
makroprvkd, 100% mikroprvkd, pH 6,3).

Prvni systém (Magenta boxy) byl modifikovan z Arteca a Arteca (2000). Rostliny byly individudlné péstovany
v nadobdch Magenta (bézné pouzivany pro in vitro kultury) se 150 ml média. Na hladiné média byl umistén plovak
LifeRaft (Osmotec), uprostied s hranolem vyfiznutym z Grodanu, na jehoz horni povrch byla vyseta semena. Médium
bylo ménéno kazdy tyden a nebylo provzdusnovano. Ruist rostlin byl velmi dobry az do pfechodu ke kvetent. Vyvoj
(dny do objeveni poupat a do rozkvétu) byl srovnatelny s péstovanim v plidé; v Magenta boxech byl urychlen
pouze o nékolik dnd. Rovnéz habitus kvetoucich rostlin Col i Ler byl podobny rostlinam v ptdé. Senescence list(i
v rdzici ovsem nastupovala dfive a u podstatné casti rostlin Col zasychaly kvéty jesté pred rozkvétem. Problémem
byl také silny rast fas v médiu, ktery zacal po nékolika tydnech kultivace.

Druhy systém (vanicky) byl prejat z Gibeaut et al. (1997). Plastové vanicky byly opatieny plastovym vikem s vyvrtanymi
otvory, do nichz byly zasunuty vélecky Grodanu s vysetymi semeny. Ve vanicce (4,5 média) bylo kultivovano 10 rostlin,
médium bylo ménéno kazdé 2 tydny a pferusované provzdusnovano (15 min kazdé 3 hodiny). Vyskyt fas byl ve vanickach
eliminovan diky jejich svétlotésnosti. Riist riizic obou ekotypi byl robustnia pocet dnti do objeveni poupat byl témértotozny
s rostlinami v ptdé. U Ler byl ale vyrazné prodlouzen interval od objeveni poupat do rozkvétu (ze 14 na cca
30 dni) a habitus kvetouci rostliny byl abnormalni, s postrannimi kvétenstvimi vyssimi nez hlavni stonek. U Col se
tyto efekty neprojevily. Jak ukdzal nasledny pokus s hnojenim Ler v padé, byl abnormalni vyvoj Ler ve vanickach
zplisoben pfilis dobrou mineralni vyzivou. Ta neméla negativni vliv na rist (zadné viditelné symptomy prehnojent),
ale pouze na vyvoj rostlin.

Vysledky ukazuji, ze dlouhodoba hydroponicka kultivace Arabidopsis thaliana (v nasem pokuse s vani¢kami az
90 dnl) je realizovatelna. Je vak nutno optimalizovat jeji podminky pro zamysleny Gcel a rovnéz pro pouzity ekotyp.

Arteca RN, Arteca JM (2000) Physiol Plant 108: 188
Gibeaut DM, Hulett J, Cramer GR, Seemann JR (1997) Plant Physiol 115: 317
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Rostlinné latky tokoferoly a tokotrienoly souhrnné oznacované jako tokoly, tj. a-, B-, x- a 8- izomery vitaminu E
hraji dilezitou Glohu pfimo v rostlindch (chranf fotosynteticky aparat pred poskozenim volnymi radikaly, udrzuji
stabilitu membran a pomahaji rostlindm prekonat stresové podminky zptisobené suchem nebo chladem) a jsou
dalezitou soucasti lidské vyzivy. Zdrojem vitaminu E pro lidskou vyzivu jsou napfiklad rostlinné oleje, obilné klicky,
ofechy, kapusta a v neposledni fadé se k nim fadi i jecmen, vychozi surovina pro kroupy, slad, mouku, ktera
vysokym obsahem vitaminu E obohacuje zejména pecivo vyrobené z celozrnné mouky. To je divod pro Slechténi
novych odrlid je¢mene s vy$$im obsahem vitaminu E v pletivech.

Ukazuje se, ze jednim z ddlezitych enzymt, které ovliviiuji celkovy obsah tokold v rostlinnych tkanich je
4-hydroxyfenylpyruvat dioxygendza (HPPD). ZvySend exprese tohoto genu vedla k vyssimu obsahu vitaminu E
v listech i plodech u nékterych experimentélnich druh rostlin, napt. husenicku, tabaku nebo séji. Vyssi exprese
tohoto genu byla nep¥fmo prokézana zvy$enou odolnosti viici herbicidu sulcotrionu, ktery neni v Ceské republice
registrovan. Daleko presnéjsi hodnoceni exprese tohoto genu by umoznilo pfimé hodnocent jeho transkripce na
molekularni Grovni pomoci RT PCR.

Z dosavadnich experimentd vyplyva, ze linie je¢mene s odlisSnym obsahem vitaminu E pravdépodobné
nenesou odlisnou ¢i méné funkéni alelu tohoto genu. Zatim byl hodnocen délkovy polymorfismus u 21 odriid a 7
Slechtitelskych linii. U kontrastnich odrid v obsahu vitaminu E byly navic provedeny restrikéni analyzy specifickych
produktd. Ukézalo se, ze sekvence genu je delsi nez uvadéna sekvence cDNA v GenBank (HVAJ693). Proto jsme
piistoupili k sekvenovani druhé ¢asti genu obsahujici intron u odriid liicich se obsahem tokolt. Cast sekvence
genu o délce 816 pb obsahovala intron o délce 411 pb v misté, kde ho predpokladali Falk et al. (2002), konkrétné
v poloze 1113 pb. Na zékladé presnych hranicnich sekvenci tohoto intronu jsme navrhli reverzni primer do mista
sestfihu, ktery bude vyuzit pfi hodnoceni aktivity transkripce tohoto genu. Vyhodou takto umisténého primeru
je, Zze nenaseda na sekvence genomové DNA, které casto kontaminuji vzorky RNA z aktivované tkdné i po
enzymatickém stépeni Dnazou.

Nasledné kvantitativni hodnocenf transkripcnich aktivit u odr(id se stanovenym obsahem vitaminu E v pletivech
blize objasni vliv tohoto genu na celkovy obsah vitaminu E a jeho vyznam pfi slechténi novych odrtd.

TFalk, J., Kraul, N., Ddhnhardt, D., Krupinska, K.: The senescence associated gene of barley encoding 4-hydroxyphenylpyruvate dioxygenase is
expressed during oxidative stress. J Plant Physiol, 2002, Vol. 159.

Tato prdce byla financovana z grantu VC ¢. TM6215648902
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The distribution of auxins in plant organs is an important factor for orientation of plant growth. The differences in
spatial distribution of auxin in plant organs result from polar auxin transport (different from long-distance transport
of auxin in vascular tissues). The polarity of the cell-to-cell transport is determined by asymmetrical distribution
of auxin efflux carriers.

We employ bioinformatic tools for evaluation of candidates for auxin efflux carriers — proteins from the PIN
family — with respect to their similarity to other transporters. The purpose of this work is to address the questions:
1. Are the PIN proteins transporters of auxin? 2. Are all members of this protein family involved in auxin transport?
3. Are there any structure-function relations useful for further study of mechanism of polar auxin transport?

Survey of public sequence databases (NCBI Non-redundant and various genomic ones) revealed 59 homologues
of PINs with complete sequence. Alignment of these protein sequences was used for large part of presented
work. Besides, scanning of ESTs and incomplete genomic sequences revealed more than 1200 fragments showing
strong similarity to the PIN proteins. These fragments were used for further characterization of sequence diversity.
The sequences were used for construction of a dendrogram based on the similarity. This dendrogram shows
clear division of this protein family into two classes with a prominent difference in the size and structure of the
hydrophilic domain.

The complete protein sequences of PINs have the same predicted structural topology: two hydrophobic domains
(N-terminal and C-terminal), each with 5 transmembrane helices, and hydrophilic domain between them. This
general already known topology is similar to other transporters; thus, we focused on further similarities between
PINs and other transporters. Analysis of invariant and highly conserved amino acid residues allowed us to construct
several structural motifs common to both PINs and a large group of ion-driven transporters, even if the sequence
similarity between PINs and these transporters is low. The tertial structure of PINs was partially characterized
by identification of possible interactions between acid residues. The interacting residues were identified by the
analysis of mutual information. The pairs of interacting amino acid residues were incorporated into a model of
general PIN structure and compared with known structures of transporters.

The large structural diversity of this protein family led us to the question whether all PINs are involved in polar
auxin transport. Changes in the specificity of the transporter would result in changes of selective pressure on the
amino acid residues involved in binding of the ligand. The possible change of selective pressure was investigated
by maximume-likelihood analysis of these two classes of proteins and the rates of change of amino acid residues
were compared. No significant changes in the selection between the two main classes of PINs were found.

Finally, we have analyzed the presence of different forms of PINs in various plant taxons. This analysis shows
large diversification of PINs in angiosperms and differences in groups of PINs present in monocots and dicots.

Acknowledgement
This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic, project LCO6034.
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Auxin is the only plant hormone which is transported through the plant body by a special polar auxin transport
machinery. This machinery consists of a balanced system of passive diffusion combined with the effects of the
influx and efflux carriers.

We aimed our attention to the uptake of auxin by the cells, especially to the uptake mediated by a presumptive
auxin influx carrier PaLAX1.

For our studies we had 3 model systems:

1) Suspension-cultured tobacco cells lines BY-2,

2) Segments of main veins of tobacco leaves,

3) Segments of Arabidopsis inflorescence stems.

These three systems were used for transformation with the gene PaLAX7 from Prunus avium, which is a gene
that is sequentially highly homologous to the gene AUXT (coding for a putative auxin influx carrier).

For measurements of auxin uptake, we optimized the accumulation assay which we present here. We measured
accumulation of radioactively labeled 2,4-dichlorophenoxyacetic acid (a synthetic auxin, which enters the cells
via a carrier) and naphathalene-1-acetic acid (a synthetic membrane permeable auxin, which enters cells by
passive difussion). We also characterized the effects of auxin transport inhibitors, 1- and 2-naphthoxyacetic acids
(inhibitors of auxin influx), in relation to function of PaLAX1 in auxin uptake.

This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic, project LCO6034.
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Vyzkum programované bunécné smrti u rostlin je i pfes mnohé metodické komplikace v soucasnosti stale velmi
popularni. PCD je jevem, ktery se uplatiiuje v fadé fyziologickych procest, a to jak v ramci normalniho vyvoje,
tak i jako reakce na stresové plsobeni okolntho prostredi. Jednim ze zakladnich znak(i PCD, nejen u zivocichd,
ale zfejmé i u rostlin, je fragmentace jaderné DNA za vzniku volnych 3'OH-skupin.

Pro detekci PCD je tradi¢né pouzivana fada metod, mezi néz patfi i TUNEL reakce. Jejim principem je navézani
kratkého Fetézce znacenych nukleotidi na volné 3" OH-konce vzniklé fragmentaci DNA. Zakladem této reakce
je enzym terminalni transferdza, nejbéznéji byva pouzivano znaceni nukleotidii pomoci fluorescencnich sond.
Vyhodou této reakce je moznost sledovani vysledkd in situ.

Ackoli je tato reakce pouzivana u zivocisnych bunék v podstaté rutinné a v nékterych pfipadech i na rostlinném
materidlu (bunécné kultury BY-2, Kuthanové et al. 2004) jsou jeji vysledky presvédcivé, mizeme se setkat s ne¢ekanymi
komplikacemi. V literature bézné pouzivané fluorescenéni znaceni se ukazalo jako zna¢né nespolehlivé a prinasejici
nereprodukovatelné vysledky. Jak bylo experimentalné zjisténo, jejich pri¢cinou maze byt jednak autofluorescence
rostlinnych bunék, jednak i pouzité fixativum ¢i sarze komercné dostupnych TUNEL kitd.

Jako nadéjné feseni pro rostlinné bunécné kultury i pro cela pletiva se jevi pouziti nukleotid(i znacenych
alkalickou fosfatazou a ndsledné sledovanf svételnym mikroskopem, spolu s dalsimi metodami a dostatkem kontrol
ovérujicimi relevanci vysledkd.

Kuthanovéd A, Gemperlova L, Zelenkova S, Eder J, Opatrny Z, Machéckova I, Cvikrova M.: 2004 — Plant Physiol Bioch, 42: 149-156.
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Pfi cytogenetickych experimentech zalozenych na fluorescenéni in situ hybridizaci jsou castymi problémy velké
fluorescencni pozadi nebo slaby signal, které snizuji informac¢ni hodnotu dat. Z tohoto diivodu je tfeba pouzivat
pozitivni a negativni kontroly, které omezuji moznost vzniku artefaktd. Nicméné kazdy jednotlivy preparat je
original s vlastni hladinou pozadi. Stejné tak sonda neni naznacena vzdy stejné intenzivng, lisi se také kvalita
cytogenetickych objektd, stupen kondenzace chromozomd a dalsi parametry. Dalsim problémem je jednoznacné
prokdzat nepfitomnost signalu urcité sondy u daného typu tkané (list, poupé) ¢i druhu (Silene latifolia, Silene viscosa).
Vzdy Ize namitat, Ze signdl byl pod trovni detekovatelnosti, a nebo byl pokus nezdareny.

Elegantnim resenim je pouziti interni kontroly. Pokud je sledovany vzorek i kontrola soucasti téhoz preparatu,
hybridizace probihd u obou ve stejném prostedi a za stejnych podminek. Dalsi vyhodou je finanéni stranka,
spotfebujeme polovi¢ni objem sond a roztokd. Jednou z moznosti, jak zavést do pokusu interni kontrolu, je pouziti
mezidruhovych hybridd. Idedlnf je zkFizit dobfe popsany druh s druhem nové studovanym. Mnoho parametrii
tak Ize ziskat pouhym srovnanim dat. Lze porovndvat velikosti chromozom(i, rodicovskych genomdi, pocty signald
a jejich lokalizaci ¢i intenzitu.

My jsme pracovali s mezidruhovym hybridem S. latifolia X S. viscosa, ktery byl pripraven opylenim kvéti S.
latifolia (ekotyp Brno) pylem S. viscosa (ekotyp Rohatec). Rod Silene L. z celedi Caryophyllaceae (hvozdikovité)
predstavuje jedinecny systém pro studium determinace pohlavi a evoluce pohlavnich chromozomi u rostlin.
Konstrukce hybrida umoznila mimo jiné pfimo srovnat druh dvoudomy s druhem hermafroditnim. Velmi
prinosné bylo také studium interakce rodic¢ovskych genom. Metodou GISH (genomova in situ hybridizace) jsme
jednoznacné rozlisili rodicovskou pfislusnost chromozom( v hybridu, coz nam umoznilo oba genomy pfimo
porovnavat. Podrobnéjsi analyza chromozomi pomoci FISH sond ukézala, Ze hybrid ma striktné aditivni charakter
a nedochazi u néj k zadnym prestavbam. Sledovali jsem také prdbéh bunécného cyklu. Mitéza probiha bez
aberaci, coz svédci o stabilité hybridniho genomu. Problémy nastavaji az pfi meidze, zejména v anafézi | a anafézi
11, kdy dochazi ke vzniku ¢etnych opozdénych chromozom(i a mastkd. Pricinou je, kromé evolucni divergence,
také odlisna velikost rodicovskych genomd. Diky parovému usporadani pokusu jsme jednoznac¢né prokazali, ze
subtelomericka abundantnf repetitivni sekvence X43.1, izolovand ze S. latifolia, se u S. viscosa nenachézi. Podobné
druhové specifické sekvence odpovidaji zfejmé také za rozdil ve velikostech obou rodicovskych genomd. Hybrid
S. latifolia X S. viscosa bude nadale vyuzivan pro studium evoluce repetitivnich DNA sekvenci.

Zlavova, J., Lengerova M., Markova M., Hobza R., Nicolas M., Vyskot B., Charlesworth D., Negrutiu 1., Janousek B.:2005 - Evol. Devol, 7: 327
Markové, M., Lengerova M., Zlivova J., Janousek B., Vyskot B.:2006 - Genome, 49: 373

Tato prace je financné podporovana Grantovou agenturou CR (204/05/H505 a 521/05/2076) a vyzkumnym zdmérem
AVOZ50040507.
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Pri PCR amplifikaci homeolognich gent (zde rRNA gen() u allotetraploidnich druht nenf ¢asto mozné navrhnout
primery specifické pro jednotlivé homeologni geny (rDNA rodiny), pochazejici od jednotlivych diploidnich rodica,
a proto pro kvantitativni méreni exprese jednotlivych rodin nem(izeme pouzit real time PCR. V téchto piipadech
jsme vsak vétSinou schopni nasledné odlisit PCR produkty pochazejici od jednotlivych rodin pomoci RFLP nebo
SSCP. Pro spravnou interpretaci je nutno mit jistotu, ze se obé rodiny amplifikuji stejné Gc¢inné. Za tim Gcéelem je
potreba provést kvantitativni PCR tj. zméfit mnozstvi amplifikovaného produktu po rlizném poctu cykli béhem
exponencidlni faze reakce a nasledné analyzovat mnozstvi produktu metodou linearni regrese, kdy smérnice
pfimky je mirou Gcinnosti PCR reakce (teoretickd hodnota log2 = 0.301).

Moznost vyuziti kvantitativni PCR pfi studiu exprese jednotlivych rodin rDNA jsme testovali na dvou
allotetraploidnich druzich rodu Tragopogon, T. mirus = T. dubius x T. porrifolius a T. miscellus = T. dubius x T.
pratensis. Oba druhy vznikly v poslednich asi 80 letech nezavisle na nékolika lokalitich v USA po introdukci
evropskych diploidnich druht. Jednotlivé populace se lisi charakterem exprese rDNA. U vétsiny populaci dominuji
jednotky pochazejici z T. dubius, nékteré populace viak vykazuji kodominanci a nékteré rostliny jedné z populact
vykazuji dokonce dominanci T. porrifolius. Byly analyzovany viechny tfi piipady.

Pro amplifikaci jsme zvolili ITS1, stfedné variabilni ¢ast rDNA genu, ¢asto vyuZzivanou pro fylogeneticka studia.
Je vhodné provést PCR jak na cDNA (RNA, RT-PCR), tak i na genomové DNA jako kontrole, jez umozni stanovit
vzajemny pocet jednotek obou rodin v genomu. Pfed vlastnim experimentem je nutné vyvazit mnozstvi templatu ve
vzorku cDNA a DNA napf. vyuzitim pomocné PCR. PCR smés je pipetovana po alikvotech do nékolika zkumavek
a reakce v nich je postupné ukoncena vzdy po urcitém poctu cykll. PCR produkt je nasledné stépen diagnostickou
restrikéni endonukledzou, schopnou odlisit ITST produkt pochdzejici z jednotlivych rDNA rodin. Po rozdéleni
elektroforézou jsou jednotlivé specifické prouzky detekovany bud méfenim intenzity radioaktivity po inkorporaci
znaceného dATP béhem PCR (STORM) nebo fluorescencné po vhodném nabarvenf (ethidium bromid — CCD kamera;
vistra green -STORM) (levy panel obrazku) a jejich intenzita je kvantitativné vyhodnocena pomoci programu Image
Quant. V programu Microsoft Excel je stanovena smérnice semilogaritmické zavislosti relativni intenzity signalu
v jednotlivych specifickych prouzcich (DNA-prat/por, DNA-dub, RNA- prat/por a RNA-dub) na poctu cykll (pravy
panel obrazku). Je zfejmé, Ze piimky jsou témér rovnobézné (smérnice uvedeny vlevo), tudiz amplifikace probihala
u obou rDNA rodin jak na DNA tak na cDNA s pfiblizné stejnou Gcéinnosti.

U pouzitého systému Tragopogon bylo zjisténo: (i) i kdyz se v nékterych konkrétnich pfipadech smérnice produktd
obou rodin amplifikovanych na DNA nebo cDNA [igily, nebyly tyto odlisnosti statisticky vyznamné, z cehoz plyne,
Ze obé rodiny se amplifikuji jak na DNA tak na cDNA statisticky stejné Gc¢inné. Je tedy nutné provadét analyzu
tak, aby smérnice v daném konkrétnim pripadé byly podobné (obrazek) a neni-li tomu tak, potom experiment
modifikovat a zopakovat (i) z hodnoty smérnice plyne, Ze nejlépe teoretické hodnoté (0.301) odpovidaji hodnoty
naméfené pii pouziti radioaktivity a nejméné pfi pouziti ethidium bromidu pro detekci. PouZiti radioaktivity je

tedy nejpresnéjsi, zaroven vsak experimentalné nejnarocnéjsi.
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Obrazek. Priklad analyzy populace 2601 druhu T. mirus s vyraznou transkripcni dominanci rDNA, pochézejici z T.
dubius (dub.). Levy panel zndzorruje gel po radioaktivni detekci prouzki a pravy panel po vyhodnoceni pomoci
programu Microsoft Excel. PCR produkt, pochézejici z jednotek dub., obsahuje cilové misto pro BstNI, kdezto PCR
produkt pochdzejici z jednotek T. porrifolius (por.) toto misto neobsahuje.

Podporovéno grantem GACR 204/05/0687 78
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IN VITRO METODY V LESNICTVI — PRINCIPY, METODY A APLIKACE

MICHAELA MAULEOVA', JAN VITAMVAS'

1 CZU, FLE, Kamycka 129, 165 21 Praha 6-Suchdol, CR
E-mail: mauleova@fle.czu.cz, tel.: 224 383 785

Mikropropagace, nebo-li kultivace rostlin in vitro, je v soucasnosti rychle se rozvijejicim oborem biotechnologie.
Jedna se o metody mnozeni explantatt v kontrolovanych laboratornich podminkéch, kdy v kratkém casovém
obdobi na relativné malém prostoru, s pouzitim aseptickych explantatd, je mozné rostlinny materidl namnozit
na pozadované mnozstvi. Mikropropagace je stdle soucasti vyzkumnych experimentd, které objasriuji zahady
ristu a vyvoje rostlin (anatomie, fyziologie, biochemie atd.). V poslednich letech jsou metody in vitro
vyuzivany i ke komercni produkci velkého objemu reprodukéniho materidlu — bananovnikd, okrasnych drevin
(napf. rododendrony) ¢i pro lesnickou vysadbu (eukalypty, sekvoje, smrky, borovice atd.).

A. Somatickd embryogeneze a organogeneze jako ndstroj slechtitelskych programd

Moderni biotechnologie pfinaseji vyznamny pokrok v oboru reprodukce a $lechtént riiznych druht a populaci
lesnich strom(. K mnoZenf lesnich stromU se nejcastéji pouzivaji metody - somaticka embryogeneze (a to
predevsim pro druhy Picea, Pinus, Larix a dalsi jehli¢cnany) a organogeneze (pro druhy Fagus, Quercus, Tilia a dalsi
nejen listnaté dreviny). Tyto metody spolu s moznosti kryokonzervace (uchovani meristémda, kalusovych bunék,
buné&nych suspenzi, atd.) a zakladanim genovych bank (nap¥. VULHM Jilovisté — Strnady) jsou efektivnimi nastroji
vyuzitelnymi pfi realizaci rdznorodych Slechtitelskych programd.

Se zdokonalovanim metod regenerace in vitro pro jednotlivé dreviny, spolu se studiem funkci biologickych
systém se zacina rysovat nékolik smérd a perspektiv dalsiho vyvoje vyzkumu. Zavadéni novych gent do cilovych
organizmd poskytne moznost vytvaret modifikované druhy lesnich stromd (napf. druhy rezistentni vici specifickym
skadclim).

B. Studium vyvojovych procesti u somatické embryogeneze

Studiem vyvojovych procest a principt na nizsi Grovni a jejich objasnovanim se zabyvd fyziologie, ktera slouzi
i jako zaklad evolu¢nf ekologie. Studium rostlinné fyziologie a jejich principd napomaha pochopit, pro¢ k urcitému
procesu dochdzi s ohledem na uceleny systém vyssiho stupné organizace. Moznym nastrojem pro studium prevazné
vyvojovych principti na nizsi Grovni je somaticka embryogeneze.

Somatickd embryogeneze u jehli¢nant reprezentuje sled specificky regulovanych vyvojovych stadii od ziskani
primarniho explantatu (kotyledony, zygoticka embrya atd.), pres stadia iniciace a proliferace PEM (proembryogenni
pletivo), formovani a dozravani embryi, zakorenovéni a vysévani embryi, ziskani sadebniho materialu, az po rdst
a vyvoj sazenic.

Vyvoj PEM od formovéani PEM do pozdni faze vyvoje embrya je soucasti studia regulace vyvoje embryi. Absence
ristovych regulatort (auxinl a cytokin() spusti PEM k prechodu poskytujicimu synchronizovany start k ¢asnému
vyvoji embrya a aktivaci programované bunécné smrti. Extracelularni lipofilni oliogosacharidy (LCO), vylu¢ované
Rhizobiem, predstavuji signdlni molekuly pro stimulaci PEM a vyvoje embryi. Spolu s Nod faktorem aktivuji PEM
také chitindzy a arabinogalaktanové proteiny (AGP).

Pomoci DNA ¢ipt (microarray) jsou zkoumany geny regulujici vyvoj embryogeneze. Na SLU - Uppsala byly
u Picea abies izolované a popsané nékteré homeotické geny (HBK2 apod.).
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MAINTENANCE OF ARABIDOPSIS TELOMERES BY ATM
PETR MOKROS, JIRi SIROKY, LAURENT VESPAT AND DOROTHY SHIPPEN!

Laboratory of Plant Developmental Genetics, Institute of Biophysics, Czech Academy of Sciences, Brno, Czech
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The mammalian protein kinase Ataxia telangiectasia mutated (ATM) has an essential role in the DNA damage response.
Upon recognition of DNA damages, such as double strand breaks (DSBs), ATM promotes cell cycle arrest and
repair by homologous recombination through the phosphorylation of a plethora of downstream targets including
p53, Chk2, Nbs1 and BRCAT1. If non-repairable breaks are present, ATM will induce apoptosis. Accordingly, ATM
deficiency leads to a hypersensitivity to DSB-inducing agents, cancer predisposition, and meiotic defects. If non-
repairable breaks are present, ATM will induce apoptosis. ATM is also involved in the maintenance of telomeres.
Recent data in mammals indicate that ATM is recruited to telomeres at the end of S-phase and induces locally
a mini-DNA damage response that is required for telomere protection (Verdun RE et al., Molecular Cell 23: 551,
2005). However, it is still unclear if ATM has a direct protective function specifically at telomeres or if the phenotypes
observed are the result of a deficient checkpoint. We addressed this question by fluorescence in situ hybridization
(FISH). FISH with probes specific for particular chromosomes and/or chromosome loci can reveal the exact types of
fusions, thus enabling to approximate the molecular mechanisms of atm mutation. Previously, it was shown that atm
mutants have wild type telomere length, but in atm tert mutants an early onset of chromosome end deprotection
is observed (Vespa et al., Genes & Development 19: 2111, 2005). We show here that, although chromosome
fusions are induced by critically short telomeres, most of the anaphase bridges contain no telomeric DNA signals.
We also have identified primary fusions between two chromosome ends in which subtelomeric sequences were
observed, which strongly suggests that ATM protects short telomeres against an exonucleolytic attack.

This work is supported by Czech Science Foundation (522/06/0380)
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INCREASE IN SENSITIVITY OF CYTOKININ OXIDASE/DEHYDROGENASE
RADIOISOTOPE ASSAY BY INTRODUCING ELECTRON ACCEPTOR(S) TO THE
REACTION SOLUTION CONTAINING CRUDE ENZYME PREPARATIONS

BLANKA SYkOrROVA, PETRE |. DOBREV, MIROSLAV KAMINEK, VACLAV MOTYKA

UEB AV CR, Rozvojova 2/135, 165 02 Praha 6-Lysolaje, CR
E-mail: vmotyka@ueb.cas.cz, tel.: 225 106 437

Irreversible degradation of cytokinins in plants is catalysed by cytokinin oxidase/dehydrogenase (CKX) enzymes
that selectively cleave unsaturated cytokinin isoprenoid side chains resulting in the formation of adenine/adenosine
and the corresponding side chain aldehyde (Armstrong 1994). The rate of this reaction can be determined in vitro
using either radioisotope or spectrophotometric assays. The radioisotope methods are based on the measurement
of conversion of purine ring-radiolabelled cytokinins N°-(A*-isopentenyl)adenine (iP), trans-zeatin (Z) or their
ribosides as substrates in assays in which adenine or adenosine are separated from unreacted cytokinin substrates
by appropriate chromatographic procedures. The latter techniques rely on spectrophotometric determinations
of changes in UV absorption associated with cytokinin degradation. Poor reliability and relatively low sensitivity
of spectrophotometric measurements of CKX activity have been recently improved by addition of a variety of
artificial electron acceptors such as 2,6-dichloroindophenol (DPIP) to the reaction (Caluszka et al. 2001, Frébort
et al. 2002). However, the concentration of substrate cytokinins for spectrophotometric detection of products
considerably exceeds their physiological level. Moreover, the CKX colorimetric assays require extensive enzyme
purification (Laskey et al. 2003) that is time consuming and could cause losses of the enzyme activity.

In this work, we studied effects of DPIP and other artificial electron acceptors on the CKX activity in crude plant
extracts using the standard radioisotope assay (Motyka et al. 2003) with [*H]iP as the substrate. The data obtained
for enzyme preparations of different plant origin (developing wheat grains, pea leaves, radish seedlings, tobacco
calli etc.) revealed a significant enhancement (ca. 20 to 40-fold) of the sensitivity of the CKX radioisotope assay
by introducing DPIP (30 to 300 uM) to the reaction solution. Even higher increase in the sensitivity of the CKX
radioisotope detection (up to 50-fold) was found after addition of corresponding concentrations of phenazine
methosulfate (PMS), while the other tested electron acceptors (Basic Blue 24, Coenzyme Q,, Toluidine Blue O,
MTT) were less effective than DPIP. Elevated sensitivity of the CKX assay allowed easy detection of the enzyme
activity in crude extracts from various plant materials including leaves, roots as well as callus and cell suspension
cultures. The in vitro degradation of [*H]iP to adenine by CKX was found to proceed in a time-dependent manner
in the presence of DPIP with optimal conversion (20—40 %) achieved after 30 to 90 min incubation depending
on the enzyme origin. The analysis of pH dependence of CKX revealed no shifts in the pH optima of the enzyme
in response to DPIP. This, in contrast to the previously reported stimulation of sensitivity of the CKX radioisotope
assay by copper-imidazole complexes (Chatfield and Armstrong 1987), indicates that the tested electron acceptors
do not affect the pH optima of CKX. Other data concerning the pH and substrate concentration dependence as
well as effects of other electron acceptors on the CKX activity from different plant sources will be presented.

Armstrong D.J.: 1994 — In: Cytokinins. Chemistry, Activity, and Function (Mok,D.W.S., Mok,M.C., eds.), CRC Press, Boca Raton, FL, USA, pp. 139-154.
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Frébort I., Sebela M., Galuszka P, Werner T., Schmiilling T., Pe¢ P: 2002 — Anal. Biochem. 306: 1-7.

Galuszka P, Frébort 1., Sebela M., Sauer P, Jacobsen S., Pe¢ P: 2001 — Eur. ). Biochem. 268: 450-461.

Laskey J.G., Patterson P, Bilyeu K.D., Morris R.O.: 2003 — Plant Growth Regul. 40: 189-196.

Motyka V., Vankova R., Capkové V., Petrasek J., Kaminek M., Schmdilling T.: 2003 — Physiol. Plant. 117: 11-21
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DETEKCE A ANALYZA KRUHOVYCH MOLEKUL NUKLEOVYCH KYSELIN
DVOUDIMENZIONALNI GELOVOU ELEKTROFOREZOU

ALICE NAVRATILOVA, JIRI MACAS

Biologické centrum AVCR, Ustav molekulamf biologie rostlin, Laboratof molekuldrni cytogenetiky,
BraniSovska 31, Ceské Budéjovice, 37005
E-mail: navratil@umbr.cas.cz

Jednu ze zékladnich metod molekuldrni biologie predstavuje 2- dimenziondlni (2-D) gelova elektroforéza umoznujici
separaci a identifikaci riiznych molekul. Ackoliv je primarné pouzivana pro analyzu komplexnich vzorkd proteind,
umoziuje také efektivni déleni nukleovych kyselin. Obvykle neutrdlni-neutralni agarézova gelova elektroforéza
zahrnuje separaci nukleovych kyselin ve dvou smérech a za rliznych podminek. V 1. dimenzi jsou molekuly
principialné separovény podle velikosti, v gelech o nizké koncentraci za nizkého napéti. V druhé dimenzi vzorky
migruji ve sméru kolmém na plivodni. PouZiti geld o vyssi hustoté (1,5-2 %) a vy3siho napéti (4—5 V/cm), navic za
pritomnosti ethidium bromidu v gelu, vede k rozdéleni molekul také podle jejich formy. Vysledkem jsou kontinualni
oblouky populaci molekul stejné formy ale rtiznych velikosti odpovidajici superspiralizovanym kruhovym molekulam,
relaxovanym krouzkdm ¢i linedrnim molekuldm. Pro ovérent piislusnosti konkrétnich forem molekul k obloukiim
a testovani rozlisovaci schopnosti elektroforézy jsou vzorky pred separaci enzymaticky osetfeny (napf. mung bean
nukledzou) ¢i obohaceny o markery se znamou formou a velikosti, véetné relaxovanych krouzkt o velikosti pod
2 kB. V kombinaci s naslednou hybridizaci umoznuje 2-D elektroforéza vysoce specifickou a citlivou identifikaci
raznych forem nukleovych kyselin odpovidajicich konkrétnim sekvencim.

Mezi nové aplikace 2-D elektroforézy patii detekce a analyza extrachromozomadlnich kruhovych molekul,
vyskytujicich se v genomech Zivocich( a vyssich rostlin. Primarné byla zoptimalizovana pro studium téchto forem
u clovéka, Drosophila a Xenopus. Umoznila napf. studium jejich sekvencniho slozeni, regulace jejich vzniku
a detekci replikacnich intermediatd. V nasi laboratofi byla 2-D elektroforéza adaptovana pro studium kruhovych
molekul satelitni DNA u vybranych druh rostlin.

Podporovéno grantem GACR 204/06/P360.
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PROLIN — DULEZITA SOUCAST OBRANNYCH MECHANISMU PRI ODEZVE NA
ABIOTICKY STRES
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2 Katedra biochemie PiF UK, Hlavova 2030/8, 128 43 Praha 2, Ceska republika

3Slovenské centrum polnohospodérského vyzkumu-Vyzkumny Gstav rostlinné vyroby, Bratislavska cesta 122,
921 68 Piestany, Slovensko

Jednim z hlavnich faktord limitujicich rist, vyvoj a produktivitu rostlin je nizky vodni potencidl zptisobeny nedostatkem
vody v padé. Rostliny proto vyvinuly fadu mechanismd, s jejichz pomoci se snazi pisobeni sucha eliminovat.
Vodni deficit mize byt ¢astecné kompenzovén jak prostfednictvim snizenf ztrat vody (uzavreni praducht), tak
zvy$enim jejiho pifjmu (zvétseni a prodlouzeni korenového systému). Kromé toho rostliny dokazi minimalizovat
ztraty vody z bunék zvysenim svého osmotického potencidlu pomoci akumulace osmoprotektivnich latek (napf.
prolinu). Prolin pasobi béhem stresu jako ochranny faktor pro mnoho cytosolickych enzyma a bunécnych organel.
Umoziiuje rostliné zajisténi nékterych fysiologickych procesd (napt. fotosyntézy, udrzeni vodivosti praduchi aj.)
za stresovych podminek. Navic mtze prolin v rostlinnych bunkach fungovat také jako zdroj dusiku pro syntézu
jinych organickych molekul, zejména pfi zotavovani rostlin po ukoncenf stresu. Z téchto ddvodi je prolin velmi
ddlezitou latkou Gcastnici se fysiologické odpovédi rostlin na abioticky stres.

Ke stanovent prolinu |ze vyuzit spektrofotometrického mérent barevného komplexu, ktery prolin tvofi s ninhydrinem
(za nizkého pH), a to diky skutecnosti, Ze se jeho absorpcni maximum (A, ) vyrazné lisi od maxima komplext
ostatnich aminokyselin s ninhydrinem (nejvétsi interference, kterd je v pfipadé glutaminu, nepfesahuje 1,5 %).
Nenf tedy nutné pouzivat analyzator aminokyselin, ktery je v pfipadé ostatnich aminokyselin nezbytny. Po extrakci
vzorkd 3% kyselinou salicylovou a naslednym povarenim s ninhydrinem Ize stanovit koncentraci prolinu pfimo
ve vodné féazi.

Z rady studif je zfejmé, ze mnozstvi prolinu se v rostliné béhem stresu mnohondsobné zvysuje. Dale bylo
zjisténo, Ze transgenni rostliny se zvySenou tvorbou prolinu se vyrovnavaji se suchem daleko lépe nez rostliny,
u nichz byla jeho tvorba naopak potlacena. V nasi praci jsme studovali vliv zvysené hladiny prolinu (over-exprese
pyrroline-5-karboxylat synthetasy-klicovy enzym v syntéze prolinu) na odezvu rostlin tabdku vii¢i dvéma abiotickym
strestim (sucho, zvy3ena teplota) a jejich kombinaci. Z nasich vysledkd je patrné, Ze transgenni rostliny M57-1
maji i za normdlnich podminek vyrazné vyssi hladinu prolinu nez kontrolnf rostliny (WT). Po aplikaci stresu
dochazi u transgen( k dalsimu rapidnimu zvyseni obsahu prolinu, zejména v listech. V kofenech jsou hladiny
prolinu obecné mnohem nizsi. Kombinace zvysené teploty a sucha vede k jesté vyssi produkci prolinu (az 20-ti
nasobny nardst oproti nestresovanym rostlindm). Po opétovném zaliti hladina prolinu klesa, nejrychleji v hornich
(nejmladsich) listech.

Prolin se tedy zda byt spolehlivym a citlivym markerem intenzity stresu, a to jak v pfipadé sucha, tak v kombinaci

vy

sucha s vyssi teplotou.

Literatura
Bates LS, Waldren RP, Teare ID (1973). Rapid determination of free proline for water-stress studies. Plant and Soil 39, 205-207.

Podékovani

Pri realizaci této préce bylo vyuzito finanéni podpory GA CR grant ¢. 206/06/1306 a MP SR grant ¢&. 2003 SP
27/028 0D 01/028 0D 01/

83



P32

P Pridiovd sddizn

FLOWERING TIME GENE/S ON CHROMOSOME 3B OF WHEAT (T. AESTIVUM L.)
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The presence of a flowering time gene(s) on chromosome 3B was indicated by the earlier flowering of wheat plants
with substitutions of chromosome 3B of the wheat alternative variety Ceskd Pfesivka (CP3B) into the background
of a spring variety Zlatka. The effect of a possible eps gene was also revealed in other substitution lines: Jara
(CP3B), Sandra (CP3B), Kosutka (CP3B), Zdar (CP3B) and Vala (CP3B). To describe the phenotype more precisely,
substitution lines and their parental varieties were grown under different photoperiod and vernalization regimes.
Vernalization influenced the time to heading and lowered the differences in heading, which, though, remained
significant under long days in the winter wheat materials.

The shoot apical development of wheat plants under short day conditions (10 hours) was delayed by 5-7 days
in the substitution line Zlatka (CP3B) compared to the parental variety Zlatka.

To locate the gene(s) for flowering time on the CP 3B chromosome, a population of recombinant substitution
lines (RSLs) was developed from the F, hybrid between Sandra (CP 3B) and Sandra.

These lines were grown in a growth room experiment at the John Innes Centre, UK, where four replicate plants
of each line were grown under conditions of 20 °C with 12 hr day lengths. Flowering times were measured on each
plant as the time (in days from sowing) of the first spike on each plant to emerge. A genetic map was developed
using publicly available SSR markers and compared to the consensus map of wheat on GrainGenes. The results of
a preliminary QTL analysis using the current genetic map and the mean flowering time values for the RSLs using

'QTL Café’ indicate two possible QTL for flowering time, one distal on the short arm of 3B between the markers
gwm389 and gwm493, and one near the centromere between gwm285, and barc164.
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DETEKCE ANCESTRALNICH TELOMEROVYCH PROTEINU U CESTRUM PARQUI
(SOLANACEAE)
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Konce eukaryotickych chromozom(i (telomery) jsou u rostlin tvofeny zpravidla minisatelitni repetitivni sekvenci
(TTTAGCC)n a asociovanymi proteiny. Telomerové repetice DNA jsou po nelplné replikaci konct chromozomi
dosyntetizovavany enzymovym komplexem telomerazy na principu reverzni transkripce. Mutace v genech kédujicich
proteinovou nebo RNA slozku telomerdzy mohou mit za nasledek zménu syntetizované sekvence nebo Gplnou
ztratu aktivity telomerazy. K takové udalosti zfejmé doslo uvnitf celedi Solanaceae. Zatimco modelové rostliny
této Celedi (napt. tabak, raj¢e, brambor) maji telomery tvorené typickymi rostlinnymi (TTTAGGG) repeticemi,
u rostlin pfibuznych rodd Cestrum, Vestia a Sessea doslo ke ztraté téchto telomer. Pfitom ziejmé nedoslo pouze
k bodové zméné telomerové sekvence syntetizované telomerdzou [napf. na sekvenci lidského typu (TTAGGG)n],
ale k celkové ztraté aktivity telomerazy (1, 2).

Vzhledem k tomu, Ze funkce telomer znac¢né zavisi na specifickych interakcich telomerovych protein(
s telomerovou DNA, zabyvame se otézkou, jak se ztraté typickych telomerovych sekvenci pfizptsobila proteinova
slozka telomer.

Pomoci retardacni analyzy (EMSA — Electrophoretic Mobility Shift Assay) a nasledné SDS-PAGE (Sodium
Dodecyl Sulfate Polyacrylamide Gel Electrophoresis) retardovanych frakci byly v jadernych extraktech Cestrum
parqui detekovany proteiny, které jsou schopné specifické interakce s oligonukleotidovymi sondami o sekvenci
telomerovych repetic. Hexamery rostlinné nebo lidské telomerické repetitivni jednotky byly pouzity jednak jako
jednotetézcové sondy pro G- a C-bohaté vlakno, jednak jako dvouretézcové sondy. Vysledky u druhu Cestrum
parqui byly porovnavany s vysledky paralelnich kontrolnich experiment(i provadénych s extraktem jadernych
proteint Nicotina sylvestris. V pfipadé interakce s G-bohatym telomerickym fetézcem byly u obou druhd nalezeny
proteiny o velikosti priblizné 20 a 40 kDa, které specificky vazou rostlinnou i lidskou sondu. Z téchto vysledki
vyplyvd, Ze i pres evolucni ztratu typickych telomer u Cestrum parqui v jeho proteomu stale existuji proteiny, které
si udrzely schopnost vazat rostlinnou i obdobnou lidskou telomerickou sekvenci. Zatimco v pripadé N. sylvestris
detekované proteiny patrné regulujf pristup telomerazy k jejimu substratu - jednovldknovému presahu G-bohatého
vlakna telomerové DNA (3), jejich role v C. parqui je po ztraté ancestralniho typu telomer zatim nejasna.
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Introduction

Protein interactions are fundamental to all biological processes. The function of not yet characterized proteins
and the genes that encode them is often possible to infer from identification of proteins with which they interact.
Moreover, by already known proteins it is possible to elucidate more deeply in which processes and pathways
they may play a role.

The yeast two-hybrid system is a method allowing analyses of protein interactions in vivo and is known already
for 17 years (Fields and Song, 1989). Since its introduction, a lot of variations have been developed to overcome
the limitations of the original yeast two-hybrid system and to extend its use. The first report using this method
for study of interactions of plant proteins appeared in 1995 (Zhou et al., 1995). Over time the system has been
used extensively in plant research to study protein interactions involved in different biological processes. From
our experience with yeast two-hybrid system in previous investigations (Hartung et al., 2000) we would like to
establish this method in our lab and will focus our study on elucidation of the role of potato mop-top virus (PMTV)
proteins in infection process.

Principle of the method

The classical yeast two-hybrid system and some of its modifications are based on the finding that many eukaryotic
transcription factors have fuctionally and physically separable DNA-binding (BD) and transcription activation domain
(AD). If the domains are separated, they do not interact and do not activate responsive genes. Physically interacting
test proteins fused to each separate domain bring BD and AD together and activate the transcription (Figure 1).

yeast cell

Figure 1.

The principle of yeast two-

hybrid system. Protein X fused to
DNA-binding domain (BD) interacts
with protein Y fused to transcription
activation domain (AD), BD and
AD are brought together and the
transcription of reporter gene is so
activated. BD binds to upstream
activation sequences (UAS) in the
promoter of reporter gene.

@@= -0

transkripton ———*
machinery

reporter gene = / ‘

nucleus

The two-hybrid systems

The most commonly used systems are the GAL4 system (Fields and Song, 1989) and the LexA system (Gyuris
et al., 1993). The GAL4 system relies on BD and AD of yeast CAL4 protein, the LexA system uses the bacterial
repressor protein LexA and E. coli B42 activation domain. Other systems based on transcriptional readout are
Dual-bait system (uses two sets of reporter genes bound to different BDs; Serebriiskii et al., 1999), Three protein
system (for analysis of protein complexes, Zhang and Lautar; 1996) and Reverse two-hybrid system (utilizes the
expression of reporter genes that are toxic to yeast cell; Vidal et al., 1996). All these systems above need the test
proteins localized in the nucleus. There are also other systems, where the test proteins interact in the cytoplasm,
such as hSos/Ras recruitment system (Aronheim et al., 1997) and Split-ubiquitin system (Johnsson and Varshavsky,
1994). The last system has been modified for the study of membrane proteins interactions. The transcription
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factor A-LexA-VP16 was here used as a reporter protein (Stagljar et al., 1998). The yeast two-hybrid system has
also been adapted to detect protein interactions with other molecules. The yeast One-hybrid system detects
interaction between protein and DNA (Wang and Reed, 1993), the protein-RNA interaction can be determined
by RNA three-hybrid system (SenGupta et al., 1996) and to find the small molecule-protein interaction the Small
ligand-dependent system can be used (Brent and Finley, 1997).

Material and chemicals

Grow’'n’Glow: The GFP Two-Hybrid System Kit (MoBiTec), usual laboratory equipment for molecular biology,
laminar flow box, toothpicks.

Method

1 RNA ; M | plasmid isolation I — Iyemtwo-hybrldasuy |

|

| yeast transformation I

| | ‘
| protein expression verification |

| selection

| C- a C+ verification |

nonactivation of RG by

!
protein X

nonactivation of RG by
sequencing —— protein 'Y

Figure 2. The flow diagram describes a typical yeast two-hybrid screen for interaction of known proteins (X and Y).
RG - reporter gene; p1, p2 — plasmid 1and 2; C-, C+ - negative and positive control.

The flow diagram of work procedure is shown in Figure 2. The RT-PCR was performed converting the RNA2 and
RNA3 of potato mop-top virus into cDNA. Primers to the whole open reading frames (ORFs), but also to their
parts were designed (Figure 3) to investigate not only the interaction between TGB proteins, CRP and CP but also
to determine in detail the participation of different membrane and nonmembrane domains of TGB proteins in
infection process. The resulted PCR products will be cloned into the appropriate vectors from Grow'n’Glow: The
GFP Two-Hybrid System Kit (LexA system) and the clones will be transformed into E. coli. After the screening and
sequence verification, the huge amounts of DNA clones will be isolated and yeast transformation will be performed.
Obtained single and double transformants will be tested for protein expression. Single transformants will be checked,
if they do not activate transcription of reporter genes (LEU2 and GFP gene). Positive and negative controls will be
included. If the tested proteins alone do not activate the transcription of RGs, the yeast two-hybrid assay will be
done (testing of double transformants). Obtained results will be evaluated by comparison with C+ and C- and
checked by switching of cloning vectors and by another independent method (co-immunoprecipitation, pull-down
assays, affinity chromatography, far-Western blot, protein array chips or surface plasmon resonance).
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— S —
CRP Figure 3.
Primer design for 5 ORFs
— . of potato mop-top virus
CP 531bp (PMTV) encoded by RNA2
= — (CP-coat protein) and RNA3
—> < (CRP-cystein rich protein,
TGBp1,2,3-triple gene
TGBp1 1392bp block proteins). TGBp1 is
> . a helicase (helicase motifs

- <4 are shown in grey). On
= = — I8 H the right site of the figure

I n e are shown two membrane
C

TGBp2 | ‘ ‘360bp| |

o proteins (ER-endoplasmatic
N u’ TGBp2 = reticulum, C-cytoplasm),
— <~ 'i' 'ﬁ' 2 grey boxes indicate the

TGBp3 | | 573bp ‘ 1 membrane domains, the blue

’ ¢ TGBp3 lines indicate different parts
of tested proteins.

Requirements and comparison with other methods

The method is rather expensive, but more sensitive than usual in vitro techniques and relatively not time consuming.
The yeast two-hybrid system allows also mapping of motifs or residues required for protein interactions.

Disadvantages

In common, the true interactions must be confirmed with an alternative method, because false positives may
arise. Some proteins don’t enter the nucleus because of strongly hydrophobic domains or signals for localisation to
other cell compartment. In this case the truncation of such proteins may help to overcome this problem. Another
proteins may be not properly expressed or are toxic to the cell. The solution can be the use of inducible promoters
or maintainance of protein expression on low level (modified promoters or low copy plasmids).

Tips and tricks

To avoid false positives, it is very important to perform appropriate controls and tests before starting the interaction
experiment.

Concluding remarks

This method allows us to study viral protein-protein interactions. In the future we would like to broaden our
investigation to protein interactions virus-host plant and virus and its vector Spongospora subterranea.

Acknowledgments
This research is supported by Grant No. 522/04/1329 of the Grant Agency of Czech Republic and by Grant M106030
of Ministry of Education.

Literature

Aronheim, A., Zandi, E., Hennemann, H., Elledge, S. J., and Karin, M. 1997. Isolation of an AP-1 repressor by a novel method for detecting
protein-protein interactions. Mol. Cell Biol. 17: 3094-3102.

Brent, R. and Finley R.L. 1997. Understanding gene and allele function with two-hybrid methods. Annu. Rev. Genet. 31: 663-704.

Fields, S. and Song, O.K. 1989. A novel genetic system to detect protein-protein interactions. Nature 340: 245-246.

Gyuris, J., Golemis, E., Chertov, H. and Brent, R. 1993. Cdi1, a human G1 and S phase protein phosphatase that associates with Cdk2. Cell 75: 791-803.
Hartung, F, Plchova, H. and Puchta, H. 2000. Molecular characterisation of RecQ homologues in Arabidopsis thaliana. Nucleic Acids Res. 28: 4275-4282.
Johnsson, N. and Varshavsky A. 1994. Split ubiquitin as a sensor of protein interaction in vivo. Proc. Natl. Acad. Sci. USA 91: 10340-10344.

SenGupta, D. J., Zhang, B., Kraemer, B., Pochart, P, Fields, S. and Wickens, M. 1996. A three-hybrid system to detect RNA-protein interactions
in vivo. Proc. Natl. Acad. Sci. USA 93: 8496-8501.

88



P34

P Pridiovd sddizn

Serebriiskii, I., Khazak, V. and Gomelis E.A. 1999. A two-hybrid dual bait system to discriminate specificity of protein interactions. J. Biol. Chem.
274:17080-17087.

Stagljar, I., Korostensky, C., Johnsson, N. and Te Hessen, S. 1998. A genetic system based on split-ubiquitin for the analysis of interactions between
membrane proteins in vivo. Proc. Natl. Acad. Sci. USA 95: 5187-5192.

Vidal, M., Brachmann, R. K., Fattaey, A., Harlow, E. and Boeke, J. D. 1996. Reverse two-hybrid and one-hybrid systems to detect dissociation of
protein-protein and DNA-protein interactions. Proc. Natl. Acad. Sci. USA 93: 10315-10320.

Wang, M.M. and Reed, R.R. 1993. Molecular cloning of the olfactory neuronal transcription factor OIf-1 by genetic selection in yeast. Nature
364: 121-126.

Zhang, J. and Lautar, S. 1996. A yeast three-hybrid method to clone ternary protein complex components. Anal. Biochem. 242: 68-72.

Zhou, J., Loh, Y. T,, Bressan, R. A. and Martin, G.B. 1995. The tomato gene Pti1 encodes a serine/threonine kinase that is phosphorylated by Pto
and is involved in the hypersensitive response. Cell 83: 925-935.

Further reading:
Grow’'n’Glow: The GFP Two-Hybrid System, Handbook 2004, MoBiTec.

89



P35

P Pridiovd sddizn

VYUZITI MOLEKULARNICH MARKERU KE SLECHTENI WAXY JECMENU

MitaN PoucH', KATERINA VACULOVA'
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E-mail: pouch@vukrom.cz, tel. +420 573 317 113

Je¢men (Hordeum vulgare L.) je po pienici druhou nejrozéifendjsi obilninou v Ceské republice. VyuZivé se ve
sladovnictvi, ke krmnym Gceltm, avsak v lidské vyzivé je neprdvem opomijen. Cilem slechtitelG je ziskani odrad
je¢mene s dobrymi vynosovymi parametry a pozménénym latkovym slozenim zrna, které produkuji zdravi
prospésné latky, jsou snaze stravitelné a maji tedy Sanci dostat se do popredi zajmu zpracovatelt a nasledné
i konzumentd. Tyto predpoklady splriuji tzv. ,waxy” jemeny s nizkym nebo nulovym obsahem amylézy
v endospermu zrna. Bézny pomér amylézy a amylopektinu ve skrobovych zrnech endospermu obilnin je 23:77 %.
Metodami klasického Slechtént byly ziskany odridy a kultivary jecmene se snizenym obsahem amylézy (2-10 %)
a chemickou mutagenezi byli indukovani i mutanti s nulovym obsahem amylézy, u kterych je skrob tvoren pouze
amylopektinem. Waxy je¢meny jsou lépe technologicky zpracovatelné pfi vyrobé potravin, pozitivnim znakem je
Casto vysoky obsah B-glukand. Klinickymi studiemi bylo prokdzano, Ze rozpustna vlaknina je duleZitou soucasti
potravy snizujicf riziko vzniku civilizac¢nich chorob.

Waxy lokus je¢mene je lokalizovan na chromozému 7HS a kéduje enzym GBSSI, jenz fidi syntézu amylézy.
Sekvence waxy lokusu je k dispozici v genovych databdzich (X07931). Materialy waxy charakteru je mozné od
béznych odriid odlisit metodami molekuldmf biologie. Pfed nékolika lety byl zjistén inzeréné-deleéni polymorfizmus
v 5’ leader sekvenci waxy lokusu a byly také navrzeny PCR primery ohranicujici tuto sekvenci. Mezi zdroji je¢mene
muzeme detekovat tfi rizné alely waxy lokusu: Waxy (PCR produkt 800 bp) a novel Waxy (1000 bp) se vyskytuji
u jeCment se standardnim sloZzenim $krobu, alela waxy (600 bp) charakterizuje jecmeny s nizkym obsahem amylézy.
Podchyceni waxy je¢mend s nulovym obsahem amylézy je slozitéjsi, protoze zmény DNA ve waxy lokusu jsou
napfiklad na Grovni bodovych mutaci.

V nasi praci jsme vyuzili tfi odr(idy waxy charakteru s nizkym obsahem amylézy pochézejici ze Severni Ameriky:
CDC Candle, HB803 a Merlin. Hybridni materidly byly pfipraveny kiizenim waxy je¢ment s odriidou Nordus
a Slechtitelskou linit No94609D7. Potomstva ze Stépicich F2 a F3 generaci, kterd méla vhodné hospodarské
charakteristiky, byla selektovana prostfednictvim molekularnich markert (Marker Assisted Selection). Rostlinné vzorky
byly rozdrceny v homogenizatoru Qiagen-Mixer Mill MM 300 umoznujicim simultanni zpracovani nékolika desitek
vzorkd. K rychlé izolaci DNA byl pouzit DNeasy plant mini kit od firmy Qiagen. Inzeréné-delecni polymorfizmus
ve waxy lokusu byl zjistovan pomoci kodominantniho intragenového markeru (primery p-197 a p+606). Podminky
PCR a slozenf reakcni smési byly testovany a optimalizovany. Rozdily v délce PCR produktd (200 bp) umoziuji
seperaci na agarézovém gelu (barveni ethidium bromidem, vizualizace na UV transiluminatoru). U vybranych
materidl(i péstovanych ve vynosovych zkouskach byl stanoven obsah p-glukan(i a pomér amyl6zy a amylopektinu
(v obou pfipadech byly pouzity kity od firmy Megazyme).

Souhrn dosazenych vysledka:

1) Metody molekularni biologie (MAS) implementované do slechtitelskych postup(i usnadnily a finan¢né i casove
racionalizovaly selekci hybridniho potomstva ve filialnich generacich.

2) Byly vyslechtény linie waxy je¢ment s nizkym obsahem amyldzy ve skrobovych zrnech, vy$s§im obsahem
B-glukanti kteréjsoupizptisobenépodminkamvCRadosahujflepsichhospodaiskychparametréivporovnanisptvodnimiwaxydonory.

3) Nové linie waxy je¢men( vykazovaly stépeni hospodarskych znakl nezavislé na slozeni Skrobu.
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Abstract

A simple method for identification and characterization of telomere-binding proteins is described in this article.
After Sodium Dodecyl Sulphate-Polyacrylamide gel electrophoresis (SDS-PAGE), proteins are eluted, renatured
and used for retardation analysis with labelled oligonucleotide of telomeric sequence. A large phylogenetic group
of plants in the order of Asparagales lacks A. thaliana-like telomeres and we focus on studying telomere-binding
proteins in nuclear extracts of two plants from this group. We show here that this method is efficient to recover
sequence-specific DNA-binding abilities of putative telomere-binding proteins.

Introduction

Telomeres are the physical ends of eukaryotic chromosomes. These nucleoprotein complexes protect chromosomes
from degradation and end-to-end fusion and are essential in solving end replication problem. Telomere-binding
proteins are necessary building blocks of telomere structure. These proteins participate in localization of chromosomes
in cell nucleus and they are also involved in regulation of telomere length as well as in protective function of
telomeres. Telomeric DNA is characterized by tandem repeats with small differences across phylogenetic spectrum.
In most studied plants (TTTAGGG), repeats were found, but there are some exceptions. One of these exceptions
is the order of Asparagales. Sykorova et al. (2003) found that in several families of this order, the “typical” (A.
thaliana-like) telomeres have been partially or fully replaced by alternative telomere sequences. Consistently with
this change, our previous results have shown changes in telomeric chromatin structure of these plants (Rotkova
et al., 2004). The present method of rapid renaturation of DNA-binding proteins separated by SDS-polyacrylamide
gel electrophoresis can further elucidate changes, which have happened at the proteomic level to cope with the
telomere DNA sequence change.

Method

Sodium Dodecyl Sulphate-Polyacrylamide gel electrophoresis (SDS-PAGE) is the efficient method for separation of
proteins according to their size. DNA-binding abilities of proteins fractionated by this simple method can be found
by elution of these proteins from polyacrylamide slices followed by retardation analysis (Fulneckova 2000).

Previously a procedure has been published (Hager and Burges 1980), in which proteins are eluted by elution
buffer (0.1% SDS, 0.05M Tris-HCI pH 7.9, 0.1 mM EDTA, 5mM DTT, 0.1 mg/ml BSA, and 0.15 or 0.20 M NaCl) from
the SDS-PAGE gel, precipitated with acetone to remove SDS, then denaturated with 6 M guanidium hydrochloride
(Gd-HCl) and renatured by the removal (diluting) of Gd-HCI with dilution buffer (0.05M Tris HCI, pH 7,9, 20%
glycerol, 0.1Tmg/ml BSA, 0.15M NaCl, TmM DTT and 0.1 mM EDTA). This denaturation/renaturation method
usually results in low recoveries of active DNA-binding proteins, and becomes unpractical if large number of gel
slices have to be handled.

But there is a simpler method, described by Ossipow et al. (1993), which is based on the observation, that
mild non-ionic detergents, such as Triton X-100, remove SDS form protein-SDS complexes and sequester it into
micelles, that don't interfere with DNA binding. This mehod is not time-consuming and makes it possible to
analyse DNA-binding abilities of SDS-PAGE-fractionated proteins. It can also reveal if proteins bind their target
sequences as monomers, homo-multimers or hetero-multimers. Here we show that the method is applicable for
a more convenient analysis of plant telomere-binding proteins.

Chemicals and instrumentation

Chemicals — SDS, acrylamide, bisacrylamide, TEMED, ammoniumpersulphate, marker protein ladder, Tris-HCI,
glycine, Hepes, EDTA, NaCl, Triton X-100, BSA, DTT, PMSF, glycerol, bromophenol blue.

Instrumentation — equipment for polyacrylamide gel electrophoresis, thermoregulator or thermocycler,
microfuge.
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Technique

Nuclear proteins were extracted from plant tissue as described Espinas and Carballo (1993) and protein concentration
was determinated according to Bradford (1976). Nuclear protein extracts (30 pg of total protein) are heated
for 10 min at 37 °C in SDS-PAGE loading buffer (2x conc.: 0,125 mM Tris-Cl, pH 6,8, 4% SDS, 20% glycerol,
0,02% bromophenol blue, 0,2 M DTT) and then separated in 12% SDS-polyacrylamide gel. After electrophoresis,
bands of fractionated proteins are cut out. Gel pieces are homogenized in 3 volumes of elution-renaturation buffer
(20 mM Hepes pH 7.6, TmM EDTA, 1T00mM NaCl, 1% Triton X-100, 5mg/ml BSA, 2mM DTT, 0.1 mM PMSF)
and incubated at 37 °C for 3 to 4 hours. The polyacrylamide gel residues are centrifugated in a microfuge for 10
min. Supernatants can be used directly in further analyses, e.g. in retardation assay.

Results (retardation analysis with renatured proteins)

The first step is SDS-polyacrylamide gel electrophoresis (Fig. 1) and renaturation of fractionated proteins. Products
of this separation are proteins eluted in elution-renaturation buffer, which can be used in further downstream
reactions. In this particular case, renatured proteins were used in retardation analysis. Since it was expected that
the surveyed plants possess both plant and human type of telomeres, two types of probes (HutlG - 5’-[TTAGGG], -3’
and PltelG -[TTAGGG],-3’) were used. It was found that telomere-binding abilities were recovered for proteins,
which were supposed as telomere-binding ones according to previous experiments. As shown in Fig. 2, when
fractionated and subsequently renatured proteins from Muscari armeniacum plants (Asparagales) were used,
retardation analysis revealed binding activity in 15, 25 and 40 kDa proteins with plant telomere probe. When
the same analysis was applied to Scilla peruviana (Asparagales) nuclear extract, similar results were obtained with
one exception: retarded band was formed between Hutl probe and a protein of 15 kDa. It can also be seen that
there are proteins in nuclear protein extract, which lack telomere-binding abilities.
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Figure 1. Figure 2.
SDS-polyacrylamide gel electrophoresis.  Gel retardation assays with SDS-polyacrylamide gel-fractionated proteins.
M — prestained protein ladder, Lanes 1-6 show interactions between Muscari proteins and HutlG (H)
P — protein nuclear extract. or PltelG (P). Lanes 7—12 show interactions between Scilla proteins and

HutlG (H) or PltelG (P). Lanes 13 and 14 contain free probe.
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Classification of the method

This method is timesaving, requires only basic equipment which is available in most molecular biology or
biochemical laboratories.
The only difficulty that should be mentioned is that using of 3 volumes of elution-renaturation buffer can result in
diluting of renaturated proteins to unsuitably low concentrations without subsequent concentration step.

The essential advantage of the method is obtaining of a “purified” protein, which makes subsequent analyses
easier and more informative than analyses with whole protein extracts, which contain complex mixtures of proteins,
sugars and other products of cell metabolism.
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Polar auxin transport is crucial for plant growth and development. It is driven mainly by polar efflux of auxin
molecules from cells, which is controlled by different auxin efflux carriers. Our aim is to characterize different auxin
efflux carriers by determining their affinity and specificity towards different auxins and auxin-related compounds
by using the assay based on accumulation of radio-labeled auxins.

Accumulation of radio-labeled auxins can be measured in suspension-cultured tobacco (BY-2) cell lines — either
wild type or transformed with different genes coding for auxin efflux carriers (Petrasek et al. 2006). This method
allows monitoring of different auxin efflux carriers in vivo by measuring the accumulation in cells of such radio-
labeled auxin, which is taken up into cells passively but it is a good substrate for efflux carriers. Since the data fit
to classical Michaelis-Menten equation (Delbarre et al. 1996; Imhoff et al. 2000) the kinetic parameters of carriers
can be evaluated either directly or using a simple displacement by non-labeled analogs. Information about the
level of inhibition of each efflux carrier by different auxin transport inhibitors also can be produced. Advantages
and limits of this method are discussed.
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Auxins play an important role in the regulation of cell fate destination and plant development. The spatiotemporal
regulation of auxin distribution between the neighbouring cells is a crucial coordinative step. Auxin transport on
the cellular level is a complex process that runs via both passive difussion and specific auxin uptake and efflux
carriers. Auxins are weak organic acids, so, at conditions of extra-cellular pH (ca. 5.5) auxins are partly protonated
(to various extents for various auxins). This protonated (undissociated) molecular form is apolar and thus most
auxins can enter cells freely by passive diffussion. However, at conditions of the higher pH inside cells (ca. 7.0),
molecules of all auxins dissociate in their anion form and these auxin ions are then trapped in the cell and can
leave it only by an active transport. Therefore, specific auxin efflux carriers were postulated by chemiosmotic
hypothesis (Rubery and Sheldrake, 1974; Raven, 1975). These auxin efflux carriers are believed to drive polar
auxin transport through plant tissues.

Our aim is to characterize the putative auxin efflux facilitators/carriers, the proteins of PIN and PGP type, which
are considered to control the flow of auxin from the cell. We measure accumulation of radioactively labeled auxins
in cells in vivo. It reflects total sum of actions of all auxin influx and efflux processes. By this method the efflux rate
can be characterized in the case of constant auxin influx, i.e. if such an auxin is used which enters cells almost
entirely by passive diffusion but it is a good substrate for efflux carrier(s). Here we show the methods for detailed
comparison and determination of affinity and activity of different auxin efflux facilitators. We are using methods
according to Delbarre et al. (1996) as modified by Petrasek et al. (2002), employing there various inhibitors of
components of the polar auxin transport. This approach allows us to describe flow of auxin across plasma membrane.
Accumulation of radiolabeled synthetic auxins T-naphthaleneacetic (1-NAA) and 2,4-dichlorophenoxyacetic
(2,4-D) acids, as well as that of native auxin indole-3-acetic acid (IAA) has been measured in suspension-cultured
tobacco (BY-2) and Arabidopsis cells, both wild types and transformed with pin a pgp genes controlled by inducible
promoters.
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Chlorophyll (Chl) and heme share common biosynthetic pathway branched at the point, where magnesium chelatase
and ferrochelatase (FeCH) insert either magnesium for Chl biosynthesis or ferrous iron for heme biosynthesis.
Distinctive feature of plant and cyanobacterial FeCHs is their membrane domain with Chl-binding motif (CAB
domain). Recently, we have demonstrated that increase in FeCH activity is responsible for decreased steady-state
levels of Chl precursors in several Synechocystis mutants (Sobotka et al., JBC 280, 31595-31602, 2005).

Our latest research provides evidence that Chl binds to the CAB domain of FeCH and regulates activity of this
enzyme. This is based on two different approaches: a) we have overexpressed FeCH CAB domain in Synechocystis
as a His-tagged protein, purified the protein under native conditions and showed that it binds Chl. Moreover,
FeCH was co-purified with the CAB domain indicating that FeCH monomers may interact through this domain.
b) we have replaced putative Chl ligands in the CAB domain by residues that are unlikely to bind Chl. These
mutations did not influence FeCH activity in the wild type. However, the CAB domain mutants did not exhibit
4-fold increase in FeCH activity upon deletion of PSIl as observed in the wild type. We propose that this different
behaviour is caused by inability of the CAB domain mutants to bind Chl.

We are presenting a model suggesting that FeCH activity is activated by Chl binding to its C-terminal CAB
domain. When there is an oversupply of Chl, the FeCH Cab domain will be in occupied state and FeCH activity will
increase, preventing accumulation of toxic free Chl. Vice versa, in the situation of high demand for Chl the FeCH
CAB domain will be in empty state and FeCH activity will decrease, releasing the flux through the Chl pathway.
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The genomes of barley (~5000 Mb/1C), rye (~8000 Mb/1C), durum wheat (~13,000 Mb/1C) and common wheat
(~17,000 Mb/1C) are complex, consisting mainly of various classes of repetitive DNA sequences. In addition, the
recent evolution of wheat involved two episodes of polyploidization giving rise to progenitors of allotetraploid
durum wheat and allohexaploid bread wheat. These features hamper physical mapping and gene cloning. We
have developed a strategy that overcomes these difficulties. Using laser flow cytometry, chromosomes in liquid
suspension are classified according to DNA content and particular chromosomes can be sorted at high speed.
The use of deletion and alien chromosome addition lines facilitates purification of any chromosome arm of barley,
durum wheat and common wheat and each of the seven chromosomes of rye. This advance provides a universal
approach for dissecting nuclear genomes to small and defined parts. As the DNA of flow-sorted chromosomes is
intact, they are suitable for a range of applications including construction of large-insert subgenomic DNA libraries.
Until now, five BAC libraries were created from sorted chromosomes in wheat and rye, and their utility has been
demonstrated by a rapid progress in development of a physical contig map of the wheat chromosome 3B by the
group of C. Feuillet (INRA, Clermont-Ferrand, France). Currently we are exploring possibilities for the use of flow-
sorted chromosomes for high-resolution and high-throughput cytogenetic mapping to aid in assembling physical
maps. Other attractive applications of sorted chromosomes include physical mapping using PCR, targeted isolation
of molecular markers, isolation of low-copy (genic) sequences from specific genome regions, high-throughput
physical mapping of DNA sequences by hybridization to DNA arrays, as well as HAPPY and optical mapping.

This work has been supported by the Czech Science Foundation (grant awards 521/04/0607, 521/05/0257, 521/
06/1723, 521/05/P257, 521/06/P412, and 521/05/H013).
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Many cultivars of common wheat carry the short arm of chromosome 1R of rye (1RS), which replaces the short
arm of wheat chromosomes 1B, 1A or 1D. The presence of 1RS in the wheat genome confers resistance against
important diseases, such as powdery mildew, leaf rust, stem rust, yellow rust and insects such as green bug and
yellow mite. In addition, the 1RS arm improves the adaptation and increases yield in certain genetic backgrounds.
However, further improvement of existing wheat cultivars is needed to eliminate potential negative effect of 1RS
on bread making quality. This requires a detailed knowledge of the molecular structure of the arm. To facilitate the
analysis of gene content and molecular organization of 1RS, we constructed 1RS-specific BAC library. We used
wheat-rye telosome addition line to isolate 9.2 million copies of 1RS by sorting using flow cytometry. Chromosomal
DNA was partially digested either with Hindlll or with BamHI and used to construct two arm-specific BAC libraries.
The first library (Hindlll) consists of 66,816 clones with average insert size of 85 kb. Chromosome arm coverage
was estimated as 11.2x. The second library (BamHI) comprises 36,864 clones with the average insert size of 80
kb and represents approximately 5.8 equivalents of 1RS. Coverage of chromosome 1RS by these libraries (17x)
was determined taking into account 13% contamination by other chromosomes. Probability of identifying a clone
corresponding to any sequence on the short arm of chromosome 1R is 99.99%. PCR with primers for 1RS-specific
markers on plate pools is being used to verify the library coverage. We expect that the library will be a useful BAC
resource for construction of local physical maps and map-based cloning of agronomically important genes. Four
plates (1536 BAC clones) of both libraries have already been BAC-end sequenced and the sequencing data are
being used to develop 1RS-specific SSR markers.

This work was supported by the Czech Science Foundation (grant awards 521/04/0607, 521/05/H013, and
521/06/P412) and by the Ministry of Education, Youth and Sports of the Czech Republic (grant award LCO6004).

98



P42

P Pridiovd sddizn

VYUZITI ANALYZY OBRAZU PRI STUDIU INTERAKCE ROSTLINA — PATOGEN

VIADIMIR SASEK, BARBORA KORBELOVA, LENKA BURKETOVA

UEB AV CR, Na Karlovce 1, 160 00 Praha 6, CR
E-mail: burketova@ueb.cas.cz, tel.: 224 310 108

Hodnoceni symptom( na rostliné je jednoduchy prostfedek k urceni rozvoje choroby. Pro svou rychlost a nepotrebnost
jakychkoli pristroji se dosud ve velké mife pouziva vizudlni hodnoceni, které symptomy choroby boduje podle
rtiznych stupnic a kli¢a. Tato metoda viak kvdli subjektivnimu posuzovanf ¢asto nespliiuje pozadavky na presnost
a reprodukovatelnost vysledkd. Tyto nedostatky Ize zcela nebo ¢aste¢né odstranit vyuzitim digitdlni analyzy obrazu.

Analyza obrazu ma siroké pouziti pfi studiu interakce rostlina — patogen, predeviim v kombinaci s riiznymi
laboratornimi metodami jako je specifické barveni téla patogenu v listech nebo barveni obrannych struktur a latek
rostliny (kal6za, H,0,, fenolické latky) a jejich kolokalizace s patogenem.

V nasem pokusu byl sledovan Gcinek elicitort z askomycety Leptosphaeria maculans na kli¢ni rostliny fepky
Brassica napus. Elicitory byly ziskany filtraci kultivaéniho média, ve kterém byl patogen L. maculans péstovan po
dobu 14 dnd. Nejprve byla sledovana zavislost retardace ristu déloznich listli na stupni fedént filtratu, kterym
byly mladé rostliny osetfeny. Po 14 dnech od osetteni byly déloznf listy skenovény a z pofizenych snimkd byla
zméfena listovd plocha. Roztoky se stupném fedént, ktery neovliviioval riist déloznich listd, byly pouzity k oSetfent
rostlin, jez byly nasledné inokulovany konidiemi virulentniho a avirulentniho izolatu L. maculans. Po 14 dnech od
osetrent byly déloznf listy skenovany a z pofizenych snimkd byla pomoci programu DPlan4LAB zmérena listova
plocha a plocha lézi utvofenych po inokulaci. Tytéz listy byly obarveny trypanovou modii v roztoku laktofenolu
(Melton et al., 1998), znovu skenovény a analyzovény.

Listy rostlin osetfenych nefedénymi filtraty mély az o 60 % mensi plochu v porovnani s rostlinami osetfenymi
kultiva¢nim médiem, ve kterém nebyl patogen péstovan. Osetient filtraty kultivacnich médii obou izolatd
L. maculans ani o3etfeni médiem vlastnim nepusobilo na velikost utvarejicich se 1ézi. Vysledky ziskané ze snimkii
zelenych list(i a listG obarvenych trypanovou modri se relativné nelisily, a proto Ize barveni pro Géely pouhého
méreni plochy |ézi povazovat za zbytecné.

Pro potieby této prace byl vytvofena aplikace pro analyzu obrazu DPlan4LAB (http://4lab.smyslzivota.cz). Jeji
princip spociva v oznacenf libovolné oblasti uvnit Iéze uzivatelem, kdy aplikace vyhodnoti rozptyl barev uvnit¥
vybraného bodu a oznaci veskerou plochu s intenzitou barvy, ktera spada do spocteného rozptylu, jenz miize byt
uzivatelem i pozménovan. Nasledné miize byt tento krok dle nastavenf vicekrat opakovan. Dochazi tak k efektu,
kdy se z vybraného bodu rozsiii kontrastnf plocha predstavujici poskozeni na oblast celé |éze. Nastavenf uzivatele
se automaticky uklada a pfi praci se sérii podobnych listh pak jiz staci pouze kliknutim oznacovat léze, které se
automaticky ohranicf a je spoctena jejich plocha.

A B

Tri kroky pfi hodnoceni symptomi analyzou obrazu: A —zeleny list se zfetelnou |ézi zptsobenou kmenem JN2
Leptosphaeria maculans. B — tentyz list obarveny trypanovou modri. C —zpracovani listu v programu DPlan4LAB.
Razova plocha predstavuje detekované pozadi, zelend vybranou oblast |éze.

Melton, R. E. et al.: 1998 - Molecular plant-microbe interactions, 11: 228-236.

Podporovéno grantem GACR 203/05/0559
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Abstract

Sequencing of cereal genomes is not a feasible task due to their large size and high content of repetitive DNA
sequences. There are two basic approaches to simplify analysis of such genomes: reduced representation
approaches, such as EST sequencing, methyl filtration and Cot-based cloning and sequencing, and analysis of
genomes in a step-wise manner, e.g. through creation of chromosome-specific genomic resources. Combination
of both approaches - i.e. Cot-based cloning and sequencing of DNA obtained from a chromosome-arm-specific
BAC library - was tested in this work.

Keywords: Cot, CBCS, BAC library, 1 BS, wheat, genome analysis

Introduction

Cot-based cloning and sequencing (CBCS), a method combining Cot analysis, DNA cloning and high-throughput
sequencing, was described as a new and efficient approach to capture unique sequences from eukaryotic genomes
(PETERSON et al. 2002a, http://www.mgel.msstate.edu/cf.htm). In particular, CBCS should 1) permit efficient
gene discovery in species with substantial quantities of repetitive DNA, 2) allow the sequence complexity of large
genomes to be elucidated at a fraction of the cost of whole-genome shotgun sequencing, and 3) facilitate capture
of low-copy sequences not secured by EST sequencing.

CBCS includes Cot analysis, a biochemical method set on principles of DNA reassociation kinetics. This method
is based on the observation that in a solution of heat-denatured, sheared genomic DNA, a specific sequence
reassociates at a rate proportional to the number of times it occurs in the genome (BRITTEN and KOHNE, 1968).
Whereas highly repetitive sequences reassociate at a low Cot value (Cot value = product of a sample’s nucleotide
concentration in moles per liter, its reassociation time in seconds and a factor based upon the cation concentration
of the buffer, see BRITTEN et al. 1974), low-copy and unique sequences reassociate at high Cot values. Based on
these observations, Cot analysis can be used to fractionate the genome into subpopulations of DNA fragments
differing in their iteration frequency. Hydroxyapatite (HAP) chromatography is then employed to separate single-
stranded DNA (ssDNA) from double-stranded DNA (dsDNA) (see PETERSON et al. 1998, Peterson et al. 2002b
for details). Until now, CBCS was used to analyze highly repetitive part of the genome of chicken (WICKER et al.
2005), banana (HRIBOVA et al. 2004) or Panax ginseng (HO and LEUNG, 2002), to characterize the genome of
Sorghum by separating highly repetitive, moderately repetitive, and single/low-copy components of the genome
(PETERSON et al. 2002b) and to analyze high-Cot fraction of the maize genome (YUAN et al. 2003). Recently,
the efficacy of this technique for gene enrichment was also tested in wheat (LAMOUREUX et al. 2005), in which
the high-Cot libraries exhibited 13.7 fold enrichment in genes compared with sequences from a shotgun-library.
In maize, representation of genic sequences in the high-Cot fraction was fourfold higher compared with the
non-fractionated genomic DNA, increasing from 5% for a random library to more than 20% for a high-Cot library
(YUAN et al. 2003).

A completely different approach to simplify analysis of large genomes is based on their analysis in a step-wise
manner. The pre-requisite of this approach is the availability of subgenomic large-insert libraries, usually cloned in
bacterial artificial chromosome (BAC). In bread wheat, one of the most important crops ranking with its composed
genome of about 17 Gbp among the largest, were constructed several subgenomic BAC libraries from flow-sorted
chromosomes: BAC library specific for chromosomes 1D, 4D and 6D (JANDA et al. 2004), for chromosome 3B
(SAFAR et al. 2004) and for the short arm of chromosome 1B (JANDA et al. 2006). These libraries markedly simplify
genome analysis, construction of physical maps and isolation of genes (KOTA et al. 2006).

Combination of both strategies, i.e. CBCS and creation of chromosome-specific genomic resources, could
provide an even more focused and efficient tool to capture unique sequences from extremely large genomes.
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Materials and methods

Plant materials and DNA preparation

BAC library specific for the short arm of chromosome 1B was constructed from flow-sorted chromosome arms 1BS
present as telosomes in a ditelosomic line of hexaploid wheat Triticum aestivum L. cv. 'Pavon 76’ (2n=40+2t1BS)
(JANDA et al. 2006). The library consists of 65,280 BAC clones ordered in 170 plates. BAC clones from each of
the 384-well plates were grown overnight on a solid medium and then resuspended in 4 mL of TE buffer (10mM
Tris, TmM EDTA). Bacterial suspensions from several plates were combined. The suspensions were used to isolate
DNA by standard alkaline lysis method. Remnants of bacterial chromosomal DNA were removed by Microcon
YM-100 column (Millipore).

Cot fractionation and cloning of the DNA was performed following the protocol of YUAN et al. (2003) with some
modifications.

Shearing, denaturation and reassociation

The DNA was filtered using Ultrafree-MC filter unit (Millipore) to remove tiny particles. The filtered DNA was
sheared mechanically using Hydroshear DNA Shearing Device (GeneMachines) to obtain fragments of 0.8-2.5 kb
(1.5 kb average). 40 ug of DNA were diluted with 20xSSC and water to reach final concentration of SSC 1x and
that of DNA 400 ng/ul. The samples were denatured in boiling water for 5 min and the DNA was let reassociate
at 65°C for 23 hours and 32 min to reach Cot value 100. The reassociation was stopped by freezing the samples
at -80 °C.

HAP chromatography

HAP chromatography was performed in columns with 125 mg hydroxyapatite (Bio-Rad Laboratories) at 60 °C.
Samples were loaded in 40mM sodium phosphate buffer (SPB, 40 mM sodium phosphate, 10 mM EDTA), the
ssDNA was eluted with about 3 ml 110 mM SPB and afterwards the dsDNA was eluted with 3 ml 300 mM SPB. The
samples were purified and concentrated using Microcon YM-30 column (Millipore) and the ssDNA:dsDNA ratio
was checked by electrophoresis. Concentration of ssDNA was estimated by Fluorimeter TD700 (Turner Designs)
using Oligreen (Molecular Probes).

Synthesis of the second strand and cloning of DNA fragments
The ssDNA was converted into dsDNA using hexamer random priming system. The reaction was carried out in
a 20-ul volume containing about 400 ng ssDNA, 12 uM random hexanucleotides, 250 uM dNTPs and 0.1 U Klenow
exo ~ (Fermentas) and performed at room temperature for 4-5 hours. The reaction was stopped by adding 1 ul
0.5M EDTA and concentration of dsDNA was estimated. The reaction buffer was removed using Microcon YM-
30 column (Millipore) and the DNA was washed out with a suitable amount of water to reach final concentration
of DNA 100 ng/ul. The dsDNA was treated with mung bean nuclease in concentration 2 U/ug DNA for 30 min
at 30°C to generate blunt-ended molecules. The reaction was stopped by adding 1/10 volume of 0.1% SDS. The
buffer was exchanged and the DNA was concentrated using Microcon YM-30 (Millipore).

To clone fragments of desired size, size selection was performed in 1% low-melting agarose gel in 1 XxTAE.
Fragments of 800—1500 bp were isolated from the gel using Gel Extraction Kit (Qiagen) and cloned into E. coli
using Zero Blunt TOPO PCR Cloning Kit (Invitrogen).

DNA sequencing and sequence analysis

The obtained clones were checked for the insert size and 85 clones with inserts above 500 bp were sequenced at
the Department of Plant Sciences, University of Arizona, Tucson, USA. DNA sequences were assembled and edited
using BioEdit software. The homology search was done against sequences deposited in GenBank and GrainGenes
database for Triticum and Avena (http://wheat.pw.usda.gov/cgi-bin/westsql/map_locus.cgi) using BLASTn and
BLASTx (ALTSCHUL et al. 1997). The presence of duplicated and tandem organized regions was detected using
Tandem Repeats Finder (TRF, BENSON 1999).

Results and discussion

For preparation of the Cot100 fraction, 40 ug of DNA were isolated from the pooled 1BS BAC library. After HAP
chromatography, 730 ng of ssDNA were eluted, from which 660 ng were used for synthesis of the second strand
of DNA. The yield of the random primed synthesis was 1511 ng of dsDNA. After size selection, 480 ng of DNA
were isolated from the gel and 78 ng were used for the TOPO cloning reaction, providing thousands of clones.
1536 clones were picked and ordered in four 384-well plates. Despite the size selection, average insert size was
only 435 bp. 85 clones with inserts above 500 bp were sequenced and analysed and the data were send to
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GenBank database. The sequenced clones were screened for homology with sequences deposited in GenBank
and GrainGenes database for Triticum and Avena. Five clones showed homology with 1BS-specific ESTs, nine
clones were homologous to different parts of retrotransposones (five clones were homologous to genes for different
retrotransposon proteins, three clones showed homology with reverse transcriptase and one clone was homologous
to transposase) and further 14 clones were homologous to other known DNA sequences (Fig. 1). Tandem Repeat
Finder analysis revealed, that 31 clones contained tandem organized repetitive units. Most of them (23) consisted
of duplicated sequence units, two clones consisted of microsatellite sequences and six clones contained more
than two tandem organized repetitive units (with minimal unit size 20 bp).

No homology
(67%) 1BS ESTs Fig. 1.

(5.9%) Homology of sequences from the

Cot100 library with sequences

deposited in GenBank and

GCrainGenes database.

Retrotransposones
Other homologous (10.5%)

sequences (16.5%)

For comparison, Cot200 fraction was prepared from 1BS using the same protocol, however the yield of ssDNA
after HAP chromatography and number of obtained clones was significantly lower. Moreover, prolonged reassociation
led to shortening of fragments obtained after HAP chromatography. Thus cloning of higher Cot fractions of 1BS
does not seem feasible. On the other hand LAMOUREUX et al. (2005) succeeded in cloning wheat DNA collected
at Cot values of 1188 and 1639. This can be due to the fact that the size of the whole wheat genome is 53 fold
larger than that of 1BS, thus its complexity must be higher and the reassociation proceeds much slower.

There are some critical steps of this procedure, which can result in lower yield or production of artifacts. Prolonged
denaturation should be avoided as it showed to damage the DNA. The most critical step is the synthesis of the
second strand by random priming reaction. The composition of the reaction must be carefully considered, as
lower concentration of random hexanucleotides leads to low yield but higher concentration results in significant
production of reaction artifacts. Relatively high content of sequences with no homology to known sequences
present in our library (67 %) but also in Cot466 library of maize (44 %) (YUAN et al. 2003) could be due to such
artifacts although it can be also interpreted as a potential of this method to discover previously unknown functional
sequences. Moreover, BRITTEN and KOHNE (1968) and BRITTEN (1974) found that the resolution of distinct
kinetic components can only be achieved if the DNA fragments in the Cot analysis are relatively short (200—600 bp).
However, such a length of fragments is not efficient for sequencing and will not provide much information.

Considering relatively high costs, time consumption and difficulty of CBCS together with difficulties of assembly
of short DNA fragments into contigs, we do not consider it as a progressive method for analyzing large genomes in
combination with chromosome-specific and arm-specific libraries. These libraries can be more reasonably used
for contig assembly and clone-by-clone sequencing.
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Abstract

In the presented study, we described techniques for glutathione and pigment determination in lichens used in our
laboratory. Glutathione and xanthophyll cycle pigments, especially zeaxanthin, are important antioxidants protecting
plants against various stresses. In our laboratory, high light stress in lichens has been intensively studied for several
years. We extract glutathione in HCI and determine it by thiol-binding fluorescence label monobromobimane.
For pigment determination, homogenized lichen thalli are extracted with pure acetone. According to our results,
total amount of glutathione decreased after short-term high light exposure, while the amount of zeaxanthin
increased.

Keywords: antioxidants, glutathione, high light stress, lichens, xanthophyll cycle, zeaxanthin

Introduction

Reactive oxygen species (ROS, e.g. |O,, O-, O,) occur within plant tissues as a consequence of various stresses.
Since they are very unstable, they can damage cell structures. They react with a wide range of cell components,
such as e.g. pigments, proteins (Bhatacharjee 2005). To avoid cell damage, plants possess several mechanisms
that deactivate ROS. Antioxidants (AO) represent one of protective mechanisms against harmful ROS. Clutathione,
ascorbate, pigments of xanthophyll cycle and tocopherol belong to the most important of them (Blokhina et al.
2003). Beside higher plant tissues, the AO are also present in green algae, which form lichen thalli in symbiosis with
lichenized fungi. In plants and lichens, ROS formation leads to changes in amount and redox state of AO. Therefore,
investigation of AO dynamics under various stresses allows us to quantify capacity of protective mechanisms in
a plant cell. In a majority of plants, total amount of glutathione increases during or immediately after a long-term
stress (Noctor et Foyer 1998). In a short-term stress, opposite response is reported as documented e.g. for shade
leaves of Begonia after their transfer to full sunlight (Burritt et MacKenzie 2003). A similar rapid decrease in total
glutathione was observed during a short-term pathogen attack (Vanacker et al. 2000) and drought stress (Loggini
etal. 1999). Turnover of glutathione in plants under long-lasting stress reflects both short- and long-term response
of glutathione. During stress, also redox state of glutathione is altered. It was shown (e.g. Bartak et al. 2004) that the
ratio of oxidized to reduced glutathione increased after treatment of thalli by high light. In lichens, majority of studies
focused on glutathione dealt with its dynamics during thallus desiccation (e.g. Weissman et al. 2005, Kranner et Birtic
2005). Involvement of glutathione into high light stress in lichens has been studied just recently (Kranner et al. 2005).

Zeaxanthin (Z) is a xanthophyll cycle pigment present in thylakoid membranes. It plays an important role in
a dissipation of an excess light energy. It is formed from a diepoxide violaxanthin (V) via monoepoxide antheraxanthine
(A). Deepoxidation of V to Z requires presence of light. V recovers from Z in dark. There are several hypotheses
trying to describe Z photoprotective mechanism. It is likely that Z acts as a direct acceptor of energy from excited
chlorophyll a in a reaction centre of photosystem Il (Frank et al. 1994). Havaux et Nyiogi (1999) suggested that
Z interacts and deactivates ROS. Another hypothesis postulates that Z changes conformation of light harvesting
complexes and results in enhanced thermal dissipation of excess energy (e.g. Gilmore 1997)

Material and Methods

Lichen collection and handling

Lichens are poikilohydric organisms. Their collection and storage differ from that used for homoiohydric plants.
We investigated foliose species Lasallia pustulata and Umbilicaria antarctica collected from different locations
(Ketkovice near Brno in the Czech Republic, Galindez Island in maritime Antarctica, respectively). Thalli of the
above lichen species were transferred to a laboratory in Brno, air-dried and stored in a temperature-controlled
room at 5 °C under dim light (10 umol m s”'of photosynthetically active radiation — PAR). Before experiments,
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thalli were rewetted with demineralized water under dim light at 15 °C for 24 hours. Throughout the experiments,
the thalli were kept in a fully hydrated state by regular spraying with demineralized water.

Set up for a photoinhibitory experiment

To quantify the effect of high light (HL) on the content of AO in thalli, we exposed lichens to 1500 resp. 1800 pmol
m? s PAR for 30 min. A halogen lamp was used as a source of homogenous light. Excess heat was eliminated
by water filter with circulating water placed between the light source and exposed lichen thalli. Throughout the
experiments, the thalli were kept in a fully hydrated state by contact of lower thalli surfaces with wet filter paper and
by regular spraying the thalli with demineralized water. Constant thallus temperature and air relative humidity were
controlled by temperature and air humidity sensors connected to a data logger HOBO (Onset Computers, USA).

Sample preparation
Segments of lichen thalli (typically 80-100 mg DW for glutathione and 50-80 mg DW for pigment extraction) were
taken regularly during high light experiments. They were immediately frozen in liquid nitrogen. After freeze-drying
(Heto Maxi Dry Lyo, Denmark), dry thalli segments were homogenized using a ball mill (Retsch ZM 100, Germany).
Dry powder was used for extraction of glutathione and pigments as specified below.

Glutathione

In lichens, three different methods are used for determination of glutathione and glutathione disulphide (Kranner
1998). In our study, a method with labeling thiols with monobromobimane (mBBr) was used. The method allows
determination of both oxidized (GSSC) and reduced (GSH) glutathione. Dry lichen powder was extracted with
0.1 M HCl with addition of polyvinylpyrrolidone (PVP). Lichens content phenolic secondary metabolites that can
interact with glutathione during extraction. PVP binds phenolic compounds and eliminates their negative effect
on reactions. The extract was divided into 2 parts. Total glutathione (GSH + GSSC) is determined from the first
part. In the second part of the extract, thiol groups of GSH were oxidized by N-ethylmaleinimid (NEM). This step
blocked GSH present in extract and allowed to determine the amount of GSSG. Disulphidic groups (-5-5-) in both
parts of original extract were reduced by dithiotreitol (DTT) during next step. Thiol groups were labeled with mBBr,
a compound that can be detected with fluorescence detector after acidification of sample. GSH and GSSC were
separated from low molecular thiols present in extract and quantified by a reverse-phased HPLC (see Fig. 1). We
used HPLC (Separation modul 2690, Waters, USA) with fluorescence detector (Shimadzu RF-535), and separation
column C,,. We used separation protocol described in Kranner 1998.
Xanthophyll cycle pigments
Pigments were extracted according to Pfeifhoffer et al.

1700,00

1600.00 (2002) with the following slight modifications. We used

' 100% acetone as an extraction medium. Instead of mortar

1500,00 and pestle, as used in Pfeifhofer et al. (2002), we added

1400,00 small glass balls to lichen powder (see Sample preparation)

1300,00 for more effective homogenization. Small amount of

1200,00 CaCO, was added to lichen powder to eliminate secondary

® metabolites, lichen acids in particular. Chilled acetone

< 1100,00 ' . S

=2 was added into a microtube with lichen powder, shook
@ 1000,00 . .

Q vigorously (VORTEX) for few seconds and centrifuged.

5 206,00 Supernatant with extracted pigments was saved. The

§ 800,00 process was repeated 3—4 times. Pigments were separated

‘g 700,00 by HPLC (Separation modul 2690, Waters, USA) using

T 50000 photodiode-array detector (DAD 996, Waters, USA).

500’00 ® Solvent A consisted of acetonitril, metanol and 0,1 M Tris-

' B HCI buffer (72:8:3). Solvent B contained methanol and

400,00 £ hexan (4:1). Linear gradient started with 100% of solvent

300,00 -‘:3 A. lts volume decreased to 0 % within 6.5 minutes and

200,00 © pure solvent B ran through the separation column for

100,00 | next 7 minutes. Volume of solvent A was changed back

0,00 N to 1007 % W|thx.n next 2 minutes. The flow rate was 2 ml

‘ per minute. Pigments were detected at 440 nm. The

0,00 500 10,00 15,00 20,00 25,00 30,00 35,00 used protocol of extraction allowed evaluation of Z, V, A,

Time (min) neoxanthin, lutein and chlorophylls a and b (see Fig. 2).

The content of xanthophyll cycle pigments was expressed
Fig.1: Typical HPLC chromatogram of thiol separation as a deepoxidation state of xanthophyll cycle pigments
in L. pustulata DEPS= (Z4+A)/(Z+A+V).
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Results and discussion

The response of AO to HL in two lichen species is shown in Table 1. In both species, HL induced apparent increase in
DEPS. The increase is well comparable to the evidence reported for HL-treated higher plants (e.g. Wehner et al. 2006)
and lichens (Vrablikova et al. 2006). Amount of chlorophylls a and b, as well as the amount of other pigments
remained unchanged after HL treatment. The amount of total GSH decreased after HL exposure. The response
corresponds to the general trends reported for higher plants (Burritt et MacKenzie 2003).

Total GSH Total GSH
DEPS before DEPS after HI. | before HL after HL.
HL exposure exposure exposure (nmol exposure (nmol
g DW) g'! DW)
0.06938 0.544754 3354.96837 1220.74672
L. pustulata! +0.011293 + 0.046581 + 3734212 + 159.7987
0.138023 0.448041 1897.08012 258.10377
U. antarctica’ +0.005171 +0.072315 +232.8332 + 41.26204
0.232346 0.624357 1756.85893 614.02107
U antarctica? + 0.003363 + 0.052016 + 800.6829 t 143.5701

Table 1. The table expresses effect of HL exposures on DEPS and total GSH in two lichen species using methods as
described above. The values are means of at least 3 replicates = standard error. 1- Vrablikova et al. 2005; 2- Bartak
et al. 2004

The aim of experiments presented in this paper was to test and improve the methods of Z and glutathione
quantification in lichens. We may conclude that both used methods are well applicable in the investigation of
HL-induced stress in lichens. In Z determinaton, we used acetone as an extraction medium. Compared to other
options (ethanol, DMSO-see Pfeifhofer et al. 2002), acetone is cheaper and relatively safe. To prevent evaporation
of acetone, the extraction and all laboratory manipulations must be done quickly. We recommend to do the
extraction on ice smash and use chilled acetone to prevent evaporation. DMSO, on the other hand, is more
effective solvent and extraction with DMSO requires less labor (see Pfeifhofer et al. 2002). Based on our experience,
we recommend to grind freeze-dried thalli of foliose lichens for at least 2 minutes in a ball mill. However, the
used protocol of homogenization cannot be generalized for all lichen species. Thalli of fruticose lichens are more
resistant to mechanic destruction. Therefore, homogenization of fruticose lichens probably requires longer time
of homogenization and stronger extraction medium.
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Paprika (Capsicum, Solanaceae) je rostlina pochdzejici z Jizni a Stfedni Ameriky, kterd se stala velmi rychle oblibenou
a béznou soucasti naseho jidelnicku Jeji paliva chut je vyvolana spolec¢nym Gcinkem asi Sesti chemicky pribuznych
latek ze skupiny fenylalkylamidovych alkaloid(i (kapsaicinoidd), z nichz nejsilnéjsi tGcinky ma kromé samotného
kapsaicinu jeho derivat dihydrokapsaicin. Kapsaicin je odpovédny za palivy pocit pfi styku se sliznicemi a zvySuje
sekreci zaludecnich stav. Papriky si kapsaicin vyvinuly jako G¢innou obranu proti bylozraveim. Pravdépodobné
nejpélivéjsim druhem papriky je habanero (Capsicum chinense). Kapsaicin je pro své vlastnosti vyuzivan v celé
radé oblasti napf. proti bolestem zad nebo v peprovych sprejich slouzicich k osobni obrané. Letos v bfeznu byl
prokézan léc¢ebny efekt kapsaicinu na rakovinné burky u nadoru prostaty.

Cilemtohoto projektu bylostanovit Cisty kapsaicin pomocivysokotcinné kapalinové chromatografie s elektrochemickou
detekci (HPLC-ED) s vyuzitim detektoru Coulochemlll, ESA. Nasledné pak studovat kapsaicin v realnych vzorcich paprik.
Konkrétné jsme se zabyvali zménou jeho obsahu v ¢astech plodi (semenfk, dolni duznina, horni duznina a seminka)
rtznych odrid paprik. Dale jsme se zaméfili na porovnani ziskanych vysledkd s palivosti daného druhu papriky.

Cisty kapsaicin je elektroaktivni latka, proto jsme se v nagich experimentech nejdive zaméili na studium zakladniho
elektrochemického chovani cistého kapsaicinu pomoci cyklické voltametrie na pfistroji AUTOLAB analyzator
(EcoChemie, Nizozemi) v klasickém tifelektrodovém usporadani. Charakterizace a optimalizace stanoveni kapsaicinu
pak byla provedena pomoci vysoko-icinné kapalinové chromatografie s elektrochemickym detektorem Coulochem
11l (HPLC-ED) nejdfive bez zafazenf kolony v tzv. priitokovém systému (pritokova injekéni analyza — FIA), a poté
byla aplikovana na vhodné chromatografické kolony. Metodou cyklické voltametrie, kdy zdkladnim elektrolytem
byl acetatovy pufr o pH 4.0, teplota 20 °C, jsme potvrdili, Ze stanovovand latka je elektroaktivni a poskytuje svij
elektrochemicky signal pfi potencialu okolo 0.6 V. Vysledky ziskané z cyklické voltametrie jsme pouzili pro navrzent
nejvhodnéjsich podminek pro kapalinovou chromatografii. Pri vysokotcinné kapalinové chromatografii, jejiz
detekce byla provedena na pfistroji Coulochemlll (ESA, Inc.), byla pouzita elektrochemicka cela o objemu 50 ul,
v niz byla umisténa referencni hydrogenpaladiova elektroda, pomocna uhlikova elektroda a pracovni elektroda
ze skelného uhliku. Separace v redlnych vzorcich byla uskutecnéna na koloné ESA MD-150x 3,2 mm, prdmér
¢astic 3 um s pouzitim predkolony Polaris C18-A. Davkovaci smyckou byl aplikovan vzorek o objemu 5 ul. Mobilni
fazi byla smés acetatového pufru o pH 4 a methanolu v poméru 60/40. P¥i analyze bylo aplikovano 5ul vzorku.

Optimalizovanou metodu jsme déle pouZili pro analyzu rozdilii v obsahu kapsaicinu u jednotlivych sbirkovych
odrad paprik (Takanotsume, Novoselskd kapie, Jubila, Koral, Karmina, Vera, Severka a dali). Zjistili jsme, Ze obsahy
kapsaicinu jsou v jednotlivych c¢astech plodu rozdilné. Nejvyssi koncentrace kapsaicinu jsou v semeniku a dolnf
duzniné (Takanotsume - semenik 227.475 mg/100g Cerstvé hmoty, Jubila - semenik 1.382 mg/100 g cerstvé hmoty),
mnohonasobné nizsi koncentrace jsou v hornf ¢asti duzniny a nejméné kapsaicinu obsahuji seminka (Takanotsume —
seminka 6.171mg/100 g cerstvé hmoty, Jubila — seminka 0.824 mg/100 g Cerstvé hmoty). Z vysledkd vyplyva,
Ze ¢im je plod papriky pélivéjsi, obsahuje i vyssi koncentraci kapsaicinu a naopak, mélo pélivy ¢i nepalivy plod
kapsaicin témér neobsahuje. V nasi praci se ndm podafrilo, diky pouziti vysokotcinné kapalinové chromatografie
s elektrochemickym detektorem (HPLC-ED), vyvinout novy zptsob detekce kapsaicinu. Nami navrzeny postup bude
déle vyuzit pro charakterizaci jednotlivych odrtd papriky ulozenych v genové bance s ohledem na obsah kapsaicinu.
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Salicylaty, konkrétné kyselina salicylova SA a kyselina acetylsalicylovda AcSA, byly pouzivany jako analgetikum ve
formé kary z vrb jiz v dobach Hippokrata a jejich protihoreckovy efekt byl rozpoznan pred vice nez 200 lety. Dnes
Inhibuji také rast bakterii Helicobacter pylori a Staphyloccocus aureus. Rovnéz byl prokazan priznivy terapeuticky
vliv téchto latek pri riiznych kardiovaskuldrmich chorobdch. Kyselina salicylova je dale hojné vyuzivdna v fadé
napojl a potravin jako konzervacni prisada, kde viak vy3si koncentrace mohou byt na druhou stranu toxické nebo
vyvolavat alergické reakce. SA je navic signalni molekulou u rostlin, kde reguluje expresi systematické obranné
odpovédi na potencialniho patogena v piipadé, ze je rostlina vystavena abiotickym i biotickym stresiim (potencialnf
patogeny jako jsou bakterie, viry a houby nebo environmentalnf stres pfitomny v jejich bezprostfednim okoli).
| pfesto, ze jsou tyto slouceniny hojné vyuzivany v celé fadé oblasti je mechanismus jejich Gcinku prozatim velmi
mélo prozkouman.

Pro stanoveni SA a jejich derivat( bylo jiz v soucasnosti vyuzito mnoho analytickych metod a postupd,
jako pritokova injekéni analyza a vysoko-tcinnd kapalinové chromatografie spojend s rliznymi druhy
detektord. Cilem této prace bylo studovat elektrochemické chovéni SA a AcSA na povrchu uhlikové
pastové elektrody (CPE) a na uhlikové tuzkové elektrodé (GPE) pomoci square wave voltametrie (SWV).
Metodu nésledné vyuzit pro stanoveni salicylatd v kiife a letorostech réiznych druht vrb.

Elektrochemické méfeni bylo provadéno na pritroji AUTOLAB Analyser spojeného s VA-Stand 663. Byl pouzit
tiielektrodovy systém, ktery byl slozen z uhlikové pastové elektrody nebo z uhlikové tuzkové elektrody jako
pracovni elektrody s plochou 0,4 mm?, Ag/AgCl/3 mol.I" KCI elektrody jako referencni elektrody a uhlikové
elektrody jako pomocné. Méreni bylo provadéno v potencidlovém rozsahu od 0.7 V do 1.5 V. Ostatni parametry
byly optimalizovany. Britton-Robinson pufr sklddajici se z0,4M H.PO,, 0,4M CH,COOH a 0,4M H_.BO, byl pouZit
jako zékladni elektrolyt. Optimalizovana metoda byla nasledné pouzita pro stanoveni SA a AcSA v letorostech
a kare raznych druhl vrb (Salix laponum, S. planifolia, S. foetida, S. foetida X hastata, S. X ,Aegma Brno”, S.
purpurea cv. Nana, S. reinii, S. repens, S. X erythrotoflexuosa, S. caterii, S. fragilis, S. triandra a S. viminalis), dala
ve farmaceutickém piipravku a pivu. V pfipadé vrb jsme zjistili, Ze pramérny obsah SA (v ug/g svézi hmotnosti)
byl vy3si u dvouletych vétvicek nez v kire. Nejvyssi obsah SA byl pozorovan v kare S. laponum (2986 ug/g svézi
hmotnosti) a letorostech S. purpurea cv. Nana (2095 ug/g svézi hmotnosti) a S. planifolia (2168 ug/g svézi hmotnosti).
Je zajimavé, ze hybrid (S. cv. Aegma Brno) vyslechtény v Brné vykazoval velmi nizké obsahy SA (prdmérny obsah
SA 85 ug/g svézi hmotnosti). Ziskany detekénf limit pro SA byl 1,3 ng/ml. Déle jsme navrhli metodu pro nepfimé
stanoveni AcSA, kterd byla hydrolyzovadna na SA. Hydrolyza probéhla v prostredi Britton-Robinson pufru (pH 1.81)
pfi 90 °C po dobu jedné hodiny. Samotnd AcSA je totiz latkou elektroneaktivni a nelze ji stanovit pfimou detekci.
Tuto metodu jsme pak aplikovali pro analyzu farmaceutického pripravku. Stanoveny obsah AcSA byl v dobré shodé
s mnozstvim deklarovanym vyrobcem se zjisténou chybou 5 %. Elektrochemické techniky, konkrétné pouzita sguare
wave voltametrie, predstavuji vysoce selektivni a nepfrilis drahy analyticky néstroj pro stanovent kyseliny salicylové
na uhlikovych elektroddch. Navrzeny postup SWV analyzy je tedy mozné vyuZit pro stanoveni salicylatd.
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The plant hormone cytokinin (CK) plays an indispensable role in plant development from germination to senescence.
Sequencing of the genome of the model plant Arabidopsis thaliana facilitated global approaches to the study
of CK action. We report here a classical, 2-D electrophoresis-based proteomic approach aimed to reveal more
information about CK action in Arabidopsis.

The availability of an improved pOp-ipt/LhGR transgenic system in which the production of CK is inducible by
dexamethasone (DEX) (Craft et al., 2005) allowed us to compare proteomes of seedlings with large differences in
endogenous CK content. To exclude the potential effects of DEX on protein composition, wild type Columbia-0
was included in the experiment as a control. Both wild-type and transgenic lines were grown for 15 days under
long-day conditions (16h light/8h dark) on MS media, in parallel with and without 2.5 uM DEX.

Image analysis of two-dimensional gels in triplicates and subsequent statistical evaluation revealed changes in
protein expression between plants with elevated cytokinin content and controls, whereas no significant effects
of DEX on wild-type protein maps were observed. A total of 58 differentially expressed spots were characterized
by MALDI-TOF MS and classified into functional categories. The majority of them were related to oxidative stress
and defense mechanisms including jasmonic acid (JA) inducible proteins.

Subsequent analyses revealed increased levels of hydrogen peroxide and JA in seedlings with elevated CKs,
as well as changes in activities of several antioxidant enzymes such as ascorbate peroxidase, dehydroascorbate
reductase and catalase. The data demonstrate, for the first time, a link between CKs and oxidative stress at the
proteome level, implying cross-talk between CKs and JA in planta.

Reference
Craft )., Sdmalova M., Baroux C., Townley H., Martinez A., Jepson ., Tsiantis M., Moore I.: 2005 — Plant J 41: 899
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In our laboratory, we study effects of cold-acclimation on protein level of cereals. We focused on the one group of
the COR (cold-regulated) proteins accumulated during cold acclimation in wheat (Triticum aestivum) — WCS120
proteins. The WCS120 proteins (as many of other COR proteins) belong to the proteins soluble upon boiling
(Sarhan et al., 1997). Here, the aim of our work was to analyze the heat stable fraction of proteins in wheat by
several methods — 2DE, protein gel blot analysis, image analysis and LC-MS/MS.

Total soluble proteins from wheat leaves were extracted in Tris buffer (100mM Tris-HCI, pH 8.0, TmM PMSF)
and subsequently boiled for 15 min. Proteins were separated on 2D SDS-PAGE (2-Dimensional Sodium Dodecyl
Sulfate PolyAcrylamide Gel), and visualized by Coomassie Blue or silver staining (O’Farrell 1975). 2D SDS-PAGE
Standards (Bio-Rad) were used for the calibration of MW and pl.

The separated proteins were also identified by the protein gel blot analysis using the WCS120 polyclonal
antibody (Houde et al., 1992) and dehydrin antibody (against the consensus K-segment, Close et al. 1993). The
proteins were electrophoretically transferred to nitrocellulose (0.45 um, Pharmacia Biotech).

WCS 120 proteins (WCS120, WCS66, WCS40, WCS200 and WCS180) have been identified according to their
MW and pl value on 2-DE gels and using polyclonal WCS 120 antibody on W-blotted membranes. Furthermore,
WCS66 and WCS120 were also confirmed by mass spectrometry (Shevchenko et al., 1996).

LC-MS/MS was used to analyze the tryptic peptides. The analyses were performed on a Q-TOF Ultima Global
(Micromass, Manchester, UK) at Risoe National Laboratory (Roskilde, Denmark). A nano-LC system (Famos, Switchos,
Ultimate, LC-Packings, Amsterdam, The Netherlands) equipped with RP-columns was used and interfaced directly to
the Q-TOF Ultima Clobal instrument using an electrospray source. The analytical nano-column (75 um ID X 15cm)
was (self)-packed with Zorbax 300SB-C18, 3.5um (Agilent Technologies, Palo Alto, CA, U.S.A) and a trap column
(300 um x 5mm) packed with 5 um C18, 100 A, PepMap™ (LC Packings) was used.

We distinguished different levels of WCS120 proteins in the wheat cultivars by the image analysis of 2-D
electrophoresis gels. The accumulation of WCS120 proteins was significantly higher in the cold-acclimated (CA) wheat
cultivars with higher levels of frost tolerance measured by LT, . Very low accumulation of WCS120 protein was observed
in the non-acclimated samples (NA, 17 °C) of winter cultivars Mironovskaya 808 (MIR) and Bezostaya 1 (BEZ), and this
protein was not detected in the NA samples of spring cultivar Leguan (LEG). The lowest level WCS120 proteins in CA
cultivars were observed in the LEG. BEZ had lower level of WCS120, WCS66 and WCS40 than MIR (Vitdmvas et al.,
in press). The level of WCS120 proteins extracted from partially or fully vernalized MIR corresponded with measured
LT, of the plants. The plants with fully satisfied vernalization had the lowest level of WCS120 proteins and LT,

The changes in protein pattern of proteins soluble upon boiling extracted from cold-acclimated (cultivated
at 3 °C) and non-acclimated (cultivated at 17 °C) leaves of winter wheat cultivar Mironovskaya 808 were studied
by mass-spectrometry. We identified a number of proteins in the total protein sample without any preceding
separation of these proteins due to capillary liquid chromatography — tandem mass spectrometry (LC-MS/MS).
Higher proportion of COR proteins was identified in cold-acclimated plants contrary to non-acclimated plants due
to LC-MS/MS (Vitdmvés et al., in press). Furthermore, other proteins specific for cold- or non-acclimated tissue were
identified (e.g. cystatin or 14-3-3homologues). The specific proteins together with the previously characterized
COR proteins (like COR14a) could be tested for the ability to distinguish wheat cultivars with different levels of
frost tolerance and to use them as protein markers of frost tolerance.

Close TJ, Fenton RD, Moonan F. (1993) Plant Mol. Biol. 23: 279-286

Houde M, Danyluk J, Laliberte JF, Rassart E, Dhindsa RS, Sarhan F. (1992) Plant Physiol. 99: 1381-1387
O’Farrell, PH. (1975) J. Biol. Chem. 250: 4007-4021

Shevchenko A, Wilm M, Vorm O, Mann M. (1996) Anal. Chem. 68: 850-858.

Sarhan F, Ouellet F, VazquezTello A. (1997) Physiol Plant. 101: 439-445

Vitamvas P, Saalbach G, Prasil IT, Capkova’ V, Opatrnd J, Jahoor A. (2006) J. Plant. Phys., in press
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