
                                           

Verhandlungen 
 

des 

 

naturforschenden   Vereines 
 

in Brünn. 
 

_______ 

 
 
 
 
 
 

Specialausgabe 
 

Structural and Functional Diversity 
of the Eukaryotic Genome 

 
14-16 Oktober 2010 

Augustiner-Abtei in Alt Brünn 
 
 
 
 

__________________________________________________________________________________________ 

 
Brünn, 2010. 

 

Im Verlage des Vereines. 



                                           
 
 

Brno – The Hometown of Genetics 
 

presents 
 

International Workshop 
 

 
 

STRUCTURAL AND FUNCTIONAL DIVERSITY 
OF THE EUKARYOTIC GENOME 

 

 
October 14 – 16, 2010 

Brno, Augustinian Abbey of St. Thomas 
Czech Republic 

 
 

edited by  
Thomas Bettecken, Jiří Fajkus, Edward N. Trifonov 

 
 
 
 
 
 
 

                                  



 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
STRUCTURAL AND FUNCTIONAL DIVERSITY 
OF THE EUKARYOTIC GENOME 
 
International Workshop Book of Abstracts  
October 14 – 16, 2010 
Brno, Augustinian Abbey of St. Thomas, Czech Republic 
http://www.sci.muni.cz/pVpKnb/_workshop/index.html 
 
 
 
Edited by Thomas Bettecken, Jiří Fajkus, Edward N. Trifonov 
Published by Masaryk University, 2010 
1 st Edition, 2010, 120 copies 
Printed by Coprint, Brno, Czech Republic 
 
 
ISBN 978-80-210-5285-7 
 
 
 
 
 



 3 

STRUCTURAL AND FUNCTIONAL DIVERSITY 
OF THE EUKARYOTIC GENOME 

 
October 14 – 16, 2010 

Brno, Augustinian Abbey of St. Thomas 
Czech Republic 

 

 

Invitation of organizers 
 
 
 
 
 
Dear participant! 
 
This special meeting is devoted to science of Genome. Perhaps, the best way to outline the 
scope of the initiative is to list major key words of what is on the agenda. 
 
Science (II) is about: writing grants, promotion, committees, publication rate, citation rate, 
presentations, impact index, career opportunities, sexy website, subscription, publicity, 
honors (plural). 
 
But science (I) is also about: discovery, knowledge, curiosity, truth, theory, provocative 
thought, elegant experiment, dispute, contemplation, openness, respect, honor (singular). 
 
The organizers are geared to the best of what we think about science. In the ocean of new 
knowledge one should not neglect classical navigation instruments. They are not dependent 
on memberships, subscriptions or grant record, and can be brought in only by solid 
traditional science education and communication within the kin. 
   
We welcome participants of the Genome Workshop to the booklet of abstracts, and to the 
Workshop itself where we are going to experience science (I) in vivo. 
 
 
Organizers 
 
Thomas Bettecken 
Jiri Fajkus 
Edward N. Trifonov 
 
Lucie Němcová 
Marcela Šefčíková 
Tomáš Mozga  
 
 
 
 
 
 
 



 4 

STRUCTURAL AND FUNCTIONAL DIVERSITY 
OF THE EUKARYOTIC GENOME 

 
October 14 – 16, 2010 

Brno, Augustinian Abbey of St. Thomas 
Czech Republic 

 

 
 
Organizers: 
 
Dr. med. Thomas Bettecken 
Center for Applied GenoTyping Munich 
Max Planck Institute of Psychiatry 
Kraepelinstrasse 2-10, D-80804  Münich, Germany 
e-mail: bettecken@mpipsykl.mpg.de 
phone: +49 89 30 622 250 
fax: +49 89 30 622 303 
http://www.cagt-munich.de 
http://www.mpipsykl.mpg.de 
 
Prof. Ji ří Fajkus 
Department of Functional Genomics and Proteomics 
Faculty of Science, Masaryk University 
Kamenice 5/A2, 625 00  Brno, Czech Republic 
e-mail: fajkus@sci.muni.cz 
phone: +420 549 494 003 
fax: +420 549 492 654 
http://www.sci.muni.cz/FGP/ 
 
Prof. Edward N. Trifonov 
Genome Diversity Center, Institute of Evolution 
University of Haifa 
Mount Carmel, Haifa 31905, Israel 
e-mail: trifonov@research.haifa.ac.il 
phone: +972 48 288 096 
fax: +972 48 246 554 
http://research.haifa.ac.il/~genom/ 
 
 
Programme advisor:  
 
Prof. Giorgio Bernardi 
President of International Union of Biological Sciences 
Accademia Nazionale delle Scienze 
via L. Spallanzani 5/a, 00161  Rome, Italy 
e-mail: bernardi@accademiaxl.it 
phone: +39 335 405 892 
http://www.iubs.org/ 
http://www.accademiaxl.it/home_eng.php 
 
 



 5 

Participating institutions: 
 
International Union of Biological Sciences 
Université Paris Sud XI 
Bâtiment 442, 91405  Orsay cedex, France 
e-mail: secretariat@iubs.org 
phone: +33 (0)169 155 027 
fax: +33 (0)169 157 947 
http://www.iubs.org/ 
 
Department of Functional Genomics and Proteomics, M asaryk University 
Kamenice 5/A2, 625 00  Brno, Czech Republic 
e-mail: fajkus@sci.muni.cz 
phone: +420 549 494 003 
fax: +420 549 492 654 
http://www.sci.muni.cz/FGP/ 
 
 Lucie Němcová, luckanemcova1@seznam.cz 
 Marcela Šefčíková, marcelas@sci.muni.cz 
 Tomáš Mozga, tomas.mozga@gmail.com 
 
Mendel Museum, Masaryk University 
Augustinian Abbey of St. Thomas 
Mendlovo náměstí (Mendel Square) 1a, 603 00  Brno, Czech Republic 
e-mail: info@mendelmuseum.muni.cz 
phone: +420 543 424 043 
fax: +420 543 332 075 
http://www.mendelmuseum.muni.cz/ 
 
 
 
Partners:   
 
Applied Biosystems :  www.appliedbiosystems.com 
 
ROCHE s.r.o. :  www.roche.com 
 
BioTech a.s. :  www.biotech.cz 
 
Eppendorf Czech & Slovakia s.r.o. :  www.eppendorf.cz 
 
Illumina, Inc. :  www.illumina.com 
 
M.G.P., spol. s.r.o. :  www.mgp.eu 
 
Metabion :  www.metabion.com 
 
OLYMPUS CZECH GROUP, s.r.o. :  www.olympus.cz 
 
Lahůdká řství Jan Paukert :  www.janpaukert.cz 
 
 
 
 



 6 

STRUCTURAL AND FUNCTIONAL DIVERSITY 
OF THE EUKARYOTIC GENOME 

 
October 14 – 16, 2010 

Brno, Augustinian Abbey of St. Thomas 
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Workshop programme 
 
  
 
Thursday October 14, 2010  
 
10:00-12:00 Workshop secretariat – registration, refreshment 
12:00-12:30 Workshop opening 
 
Session I: Genome / Chromatin Architecture 
12:30-13:00 Giorgio Bernardi 

p18 
Isochores, chromatin structure and the regulation 
of gene expression in the human genome 

13:00-13:30 Jörg Langowski 
p19 

From nucleosome dynamics to nuclear 
architecture: Single molecule fluorescence and 
multiscale computer modeling of chromatin 
structure 

13:30-14:00 Kazuhiro Maeshima 
p20 

How is a long strand of DNA compacted into a 
chromosome? 

14:00-14:25 Coffee break 
14:25-14:55 Thomas Cremer 

p21 
Models of nuclear architecture and current 
experimental evidence 

14:55-15:15 Marion Cremer 
p22 

Comparison of  chromatin condensation induced in 
human diploid fibroblasts by chaetocin or by in vitro 
senescence 

15:15-15:45 Ronald Hancock 
p23 

The crucial role of entropic forces in a crowded 
environment for genome structure and functions 

15:45-16:15 Ivan Raška 
p24 

Replication timing of pseudo-NORs 
 

16:15-16:30 Joseph T.Y. Wong 
p25 

Assembly of liquid crystalline chromosomes 
 

16:30-16:50 Coffee break 
16:50-17:20 Jörn Walter 

p26 
Epigenomic reprogramming in the mouse zygote – 
hydroxylation enters the stage 

17:20-17:50 Philipp Bucher 
p27 

What ChIP-Seq data tell us about gene regulation? 
 

17:50-18:15 Jiří Fajkus 
p28 

Plant telomere maintenance and chromatin 
structure 

18:15-18:30 Tomáš Eichler 
p29 

Novel yeast protein components involved in 
telomere maintenance and their interconnection 
with cell division 

 
18:30-20:00 Welcome drink, poster session 
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Friday October 15, 2010  
 
Session I: Genome / Chromatin Architecture 
9:00-9:30 Edward N. Trifonov 

p30 
Latest on the nucleosome positioning sequence 
patterns 

9:30-10:00 Thomas Bettecken 
p31 

The CpG - chromatin connection 
 

10:00-10:30 Jan Mrázek 
p32 

DNA curvature-related sequence periodicity in 
prokaryotes, viruses and organelles 

10:30-10:45 Christopher A. 
Murgatroyd         p34 

Epigenetic programming of the neuroendocrine 
stress system 

10:45-11:10 Coffee break 
 
Session II: Genome Dynamics, Retroelements 
11:10-11:40 Jan Svoboda  

p36 
Retroviruses and genetics 
 

11:40-12:10 Jerzy Jurka 
p37 

Evolutionary role of transposable elements: facts, 
hypotheses and open questions 

12:10-12:40 Eduard Kejnovský 
p38 

Genome dynamics and sex chromosomes 
 

12:40-12:55 Alexander Belyayev 
Olga Raskina 
p39 

Speciation precursor: impact of transposable 
element dynamics in a marginal plant population 
 

12:55-13:15 David G. King 
p40 

Metaptation: Metaphors for genome evolution 
 

 
13:15-14:30 Lunch break, Mendel Museum guided tour 
 
Session III: Plant Genome Structure and Evolution 
14:30-15:00 David Sankoff 

p42 
The reconstruction of ancestral dicotyledon gene 
orders, taking into account whole genome 
duplication (WGD) events 

15:00-15:30 Jaroslav Doležel 
p43 

Dissecting genetic information in crops with 
complex genomes 

15:30-16:00 Volker Brendel 
p44 

Modeling the fate of protein-coding gene structure 
in plant genomes 

 
16:00-17:00 Coffee break, Augustinian Abbey guided tour 
 
17:00-17:30 Martin A. Lysák 

p45 
Genome duplication and reshuffling: an insight 
from crucifers 

17:30-17:45 Hanna Schneeweiss  
p46 

Genome plasticity in Prospero (Hyacinthaceae) 
 

17:45-18:00 Maria Albani 
p47 

Significance of a partial tandem duplication of 
PEP1 studied by natural genetic variation in Arabis 
alpina  

   
18:00-18:30 Vítězslav Orel 

Eva Roubalová   p14 
The resurrection of Mendel´s discovery 

 
18:30-21:00 Genome Workshop Banquet by Jan Paukert, poster session 
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Saturday October 16, 2010  
 
Session IV: Genome Function 
9:00-9:30 Takashi Gojobori  

p49 
A distribution of transcription start sites (TSS) over 
the human genome and the genome network 
regulation 

9:30-10:00 Hanspeter Herzel 
p50 

Circadian gene regulation 
 

10:00-10:15 Kornel Burg 
p52 

Sequence composition and gene content of the 
short arm of rye (Secale cereale) chromosome 1 

10:15-10:30 Roman Jaksik 
p53 

Regulation of gene expression by nucleic acid 
binding factors evolved by gain or loss of binding 
sites 

10:30-10:50 Coffee break 
10:50-11:20 Minoru Kanehisa 

p54 
Use of chemical logic to decipher the genome in 
KEGG 

11:20-11:50 Graziano Pesole 
p55 

De novo detection of RNA editing changes by RNA 
deep-sequencing 

11:50-12:05 Yechezkel Kashi 
p57 

Directed mutations in evolution:  
Targeted genomic and environmental modifiers 

12:05-12:20 Eva Bártová 
p58 

Functional re-arrangement and kinetic properties of 
JMJD2B histone demethylase 

 
12:20-13:00 Discussion about future workshop, concluding remark s 

moderated by Edward N. Trifonov  
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Structural and Functional Diversity of the Eukaryotic Genome, Brno Workshop 
Friday October 15 2010, 6:00 p.m. 
 
 
The resurrection of Mendel´s discovery 
 
Vítězslav Orel 1 
 
1Barvičova 51, 602 00 Brno, Czech Republic 
vitorel@seznam.cz 
 
 
With great pleasure I wish to draw attention to the formulation of the reseach question of 
heredity in the broader historical network by Abbot Franz Cyrill Napp (1792-1867) before he 
accepted Mendel into this monastery. 
In the 1930s the development of genetics, arising from the rediscovery of Mendel´s research, 
resulted in the synthesis of heredity and evolution. In 1936 the Cambridge geneticist, R. A. 
Fisher, after critical reexamination of Mendel´s experiments with Pisum, came to the 
conclusion that geneticists up to that time do not know what Mendel had discovered, how he 
had discovered it, and what he thought he had discovered [1]. This challenge provoked a 
response when in 1950 geneticists commemorated in the USA the fiftieth anniversary of the 
rediscovery of Mendel´s paper as the Golden Jubilee of Genetics. On this occasion C. D. 
Darlington (1903-1981) emphasized that it had taken 50 years to rediscover the determinants 
of heredity, which Mendel called elements, elevating his discovery to the level of rather the 
primary law of biology [2]. The awakened discussion inspired geneticists to pay attention to 
the history of genetics when the discipline was subordinated to political ideology in the USSR 
and also in what was then Czechoslovakia. 
The explanation of the origin and essence of Mendel´s discovery became of real concern. In 
1965 geneticists could commemorate in Brno the hundredth anniversary of the publication of 
Mendel´s lecture at the International Mendel Memorial Symposium [3]. After 1965 the 
historical investigation began to indicate new information about Mendel´s research. Great 
changes in the interpretation, some even controversial, were developed dealing with the 
mutual relationship of the theories of Mendel and Darwin. Investigations into the broader 
historical network disclosed the examination of the ability of ancestry to transmit the traits to 
progeny in sheep breeding already in practice in the second half of the eighteenth century. 
The starting point was the ´in-and-in´ breeding, selection and progeny testing introduced in 
England by Robert Bakewell (1725-1795) for mutton production. His method was further 
developed for the complexities of the multi-trait selection of sheep for fine wool production by 
Ferdinand Geisslern (1751-1824) in Moravia, inside of the Hapsburg monarchy [4].  
The activity of the establishment Sheep Breeders Society (SBS) in 1814 in Brno soon 
became the dynamic centre of the development of scientific sheep breeding. At the annual 
meeting of the SBS in 1836 F. C. Napp, Abbot of the Augustinian monastery in Brno, in 
agreement with the professor of natural sciences and agriculture at Olomouc university, J. K. 
Nestler (1783-1841), pointed out that the heredity of traits transmitted from the producer to 
the produced deserves to be the subject of an important physiological study. In 1837 Nestler 
in his extensive paper, Heredity in sheep breeding, summarized the discussion about 
scientific selection and concluded that ´Nature produces through force beyond the hand of 
Man natural species with undoubted constancy and Man may imitate Nature and control the 
reproductive process of the formation of modified organisms, which have the chance of 
multiplying or disappearing in succeeding generation according to their inheritance´ [5].  
According to Napp the nature itself safeguard the characteristics of the progeny through the 
generally remarkable struggle of rams for life and death among themselves for the ewe or 
with the ewe herself. Twenty years later Charles Darwin explained the struggle for life in 
natural selection in the origin of species. Napp wished to explain struggle for life and death in 
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artificia election. In 1837 he could not have known that the enigma of heredity would be 
explained thirty years later by Mendel, whom he accepted into the monastery in 1843. In 
1851 Napp sent Mendel to study physics at the Vienna University where he was inspired to 
study a physics of plant organism which instigated his plant hybridizing experiments. 
The rehabilitation of genetics and Mendel in Brno after 1948 was mainly due to the 
contribution of my teacher J. Kříženecký (1896-1964). When writing the book Fundamenta 
genetica, dedicated to the centenary of Mendel´s lecture, he emphasized that certain aspects 
of Mendel´s paper, important for the history of genetics, ´have not yet been deservedly 
evaluated´. In the commentary Mendel also briefly described how external characteristics of 
peas correspond to internal qualities in the cells, existing in pairs, being separated during the 
gametogenesis, and one member of each pair became incorporated into each of the germ 
cells. According to Kříženecký Mendel ´accepted the idea of evolution so as to say 
axiomatically as a contribution to the understanding the mechanism of evolution´ [6]. 
After 1965 the new findings of the historical investigation began to be critically accepted by 
geneticists and historians of science. In 1982 the participants of the Symposium The past, 
present and future of genetics held in Moravia, discussed the latest knowledge about Mendel 
and the foundation of genetics. The explanation of the origin of hybrids had been treated as 
an evolutionary problem ´in the pre-Darwinian period´ [7]. The conclusion was that the new 
information about Mendel´s discovery is significant for the further development of genetics as 
well as of the history and philosophy of the sciences. In 1994 the critical review of the 
enduring controversial interpretation led to the synopsis explaining Mendel´s discovery of the 
unit of heredity, rightly credited as the foundation of genetics [8]. In 1999 S. Gliboff, newly 
examining the influential teaching of plant physiology in Vienna, confirmed the latest 
explanation of Mendel´s discovery in his paper Gregor Mendel and the laws of evolution [9]. 
In 2004 G. E. Allen, who attended the afore mentioned symposium in Moravia in 1982, 
returned to the latest evaluation of Mendel´s research and concluded: ´The way in which we 
have come to think about the nature of genes and what they do at the present time is very 
much a product of both how Mendel presented his work originally and how it was taken up 
and publicized by others after 1900´ [10]. 
In 2007 the historical investigation of the relationship of plant hybridization and transmission 
of a parental single trait to progeny from C. Linné to D J. G. Kölreuter and F. Gärtner 
explained the analogies between species, organisms, individual traits and hereditary 
elements in the reproductive cells which significantly contributed to Mendel´s innovative 
research approach [11]. In the same year Charles Massy, in elucidating how the best sheep 
producing fine wool in Australia have been imported from Moravia, explained the innovative 
selection method of Geisslern, via Mendel leading to a new science of genetics. Remarkable 
is Massy´s statement: ´Indeed, it may have been Bakewell whom Charles Darwin had in 
mind when he stated in 1859 that one man in a thousand has accuracy of eye and judgment 
sufficient to become an eminent breeder´. Geisslern was also an eminent breeder, the 
personality in the background of the growth of pioneer investigations of heredity in Moravia 
before Mendel [12]. 
The repeated accusation that Mendel changed (falsified) the numerical data from his 
experiments in favor of his expectations is explained in the book Ending  the Mendel-Fisher 
Controversy by Franklin [13[. The controversial explanation of Mendel´s discovery in the 
broader historical network is minutely elucidated in the journal ´Perspectives of Science´ in 
the paper Science Studies and Mendel´s paradigm in 2010 [14]. The briefly described legacy 
of Mendel´s research was prophetically predicted by the holder of the Nobel prize, H. J. 
Mueller, in his message sent to the participants of the Mendel Memorial symposium in Brno 
in 1965: The science that we at present term genetics, that had its first clear start in the 
brilliant work of Gregor Mendel, contains the main clue to the means by which life arose out 
of the non-living material, to the nature of the threads that have woven evolution, and to the 
way that man must follow up when he transcends himself. Mendel has been twice 
resurrected but man will be resurrected repeatedly and even continuously. This rebirth will 
proceed by way of two reciprocally reenforcing methods: the manipulation and improvement 
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of the physical and cultural environment in the interest of humanity, and the raising of man’s 
inner genetic constitution [15].  
 
 
1) Fischer, R. A. Has Mendel´s work been rediscovered? Annals of Science I, 115-37 (1936). 
2) Darlington, C. D. Mendel and the determinants. In: Genetics in the 20th century - essays 
on the progress during its first 50 years. (ed. L. C. Dunn), pp. 315-32, Macmillan, New York 
(1951). 
3) Sosna, M. G. Mendel Memorial Symposium 1865-1965, Proceedings of a Symposium 
held in Brno in August 4 - 7, 1965, Academia, Praha (1966). 
4) Wood, R. J., Orel, V. Genetic Prehistory in Selective Breeding a prelude to Mendel, Oxford 
University Press (2001). 
5) Nestler, J. K. Ueber Vererbung in der Schafzucht. Mittheilungen der k.k. Mährisch-
Schlesischen Gesellschaft zur Beförderng des Ackerbaues, der Natur-und Landeskunde in 
Brünn, p. 265-9; 273-9; 281-6; 300-303; 318- 320 (1837). 
6) Kříženecký, J. Fundamenta genetica. The revised edition of the classic paper with a 
collection of 27 original papers published during the rediscovery era. Moravské museum 
Brno, p. 26 (1965). 
7) Orel, V., Matalová, A. Gregor Mendel and the foundation of genetics – Proceedings from 
the symposium The past, present and future of genetics, held in Czechoslovakia in 1982, 
Moravian Museum Brno. 368 pages (1983). 
8) Orel, V., Hartl., D. L. Controversies in the interpretation of Mendel´s discovery. History and 
Philosophy of Sciences, 16, 423-64 (1994). 
9) Gliboff, S. Gregor Mendel and the laws of evolution. History of Science 37, 217-35 (1999). 
10) Allen, G. E. Mendelian genetics and postgenomics: The legacy for today. Ludus vitalis 
XII, 213-36 (2004). 
11) Müller-Wille, S., Orel, V. From Linnaean Species to Mendelian Factors: Elements of 
Hybridism, 1751-1870. Annals of Science 64, 171-215 (2007). 
12) Massy, Ch. The Australian Merino the story of a nation. Random House, Australia, 1262 
pages, cit. p. 217 (2007). 
13) Franklin, A. Ending the Fisher-Mendel controversy, Pittsburgh University Press (2008). 
14) Orel, V. Science studies and Mendel´s paradigm. Perspectives of Science Historical, 
Philosophical- Society 18, 2, 226-41 (2010). 
15) Mueller, cit. 3, p. XXIII (1965). 
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Isochores, chromatin structure and the regulation o f gene 
expression in the human genome 
 
Stilianos Arhondakis 1, Fabio Auletta 2, Giorgio Bernardi 3 
 
1Bioinformatics and Medical Informatics Team, Biomedical Research Foundation of the Academy of 
Athens, Athens, Greece; 2Stazione Zoologica Anton Dohrn, Naples, Italy; 3Biology Department, Rome 
3 University, Rome, Italy 
bernardi@accademiaxl.it 
http://www.accademiaxl.it/home_eng.php  
 
 
Recent investigations from our laboratory have extended our previous analysis of short sequence 
patterns (di- and tri-nucleotide) of isochore families from the human genome [1] to 0.1-25kb gene-
proximal regions. The comparison was focused on the GC-poorest L1 and GC-richest H3 isochore 
families since the other families were showing intermediate patterns.  
The 25kb regions showed large differences between L1 and H3 isochores that were practically 
identical to those previously reported for the same whole isochores. Differences mainly concerned the 
trinucleotides at both ends of the compositional spectrum, and strongly suggested different chromatin 
structures and nucleosome positioning in the two isochore families. 
The 0.1kb sequences showed differences in trinucleotide frequencies that were even more striking 
and more specific than those found for the 25kb sequencing. This suggests that different transcription 
factors interact with the regulatory sequences of genes located in these two isochore families, and that 
functionally related genes might have a similar isochore localization. 
 
 
1) Costantini, M., Bernardi, G. The short-sequence designs of isochores from the human genome. 
PNAS 105, 13971-13976 (2008). 
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From nucleosome dynamics to nuclear architecture: S ingle 
molecule fluorescence and multiscale computer model ing of 
chromatin structure 
 
Jörg Langowski 1 
 
1Biophysics of Macromolecules, German Cancer Research Center, Heidelberg, Germany 
joerg.langowski@dkfz-heidelberg.de 
http://www.dkfz.de/en/abteilungen/fspb/b040.html 
 
 
The organization of the genomic DNA in the eukaryotic cell and its relation to function is one of the 
‘grand challenges’ of current molecular and cellular biology. We present here a multiscale approach, 
using experimental biophysics and computer modeling, to analyze the structure and dynamics of the 
eukaryotic genome. 
On the lowest organizational level, histones pack DNA into nucleosomes. The histone-DNA interaction 
determines critically the accessibility of the DNA for processing enzymes, and the higher order 
structure of chromatin. Computer simulations using a new coarse-grained molecular dynamics model 
show the internal motion of the nucleosome and the unwrapping of DNA from the histone core. The 
simulations suggest a long-lived open state in which the DNA is prevented from reassociation by a 
structural transition in the histone H3 tail. Histone acetylation causes the structure to open, but the 
long-lived open state disappears. 
Experimentally we studied the dynamics of nucleosome disassembly and assembly by single molecule 
FRET distance measurements on donor-acceptor pairs at defined locations on histones and DNA. 
Destabilizing the nucleosome by increasing salt concentration reveals that the first step in nucleosome 
disassembly is an internal opening of the histone octamer at the H3H4 / H2AH2B interface. 
Polymer chain models of DNA and the chromatin fiber are used to describe the process of DNA 
unrolling under force; by comparing our simulations with experimental force-extension curves we can 
estimate the binding free energy of the DNA to the histone core surface. Finally, a description of the 
chromatin fiber itself as a flexible polymer chain allows us to determine the overall folding topology of 
chromatin by comparing with genome crosslinking experiments, diffusion of fluorescent probes and 
intergenomic marker distance measurements. 
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How is a long strand of DNA compacted into a chromo some? 
 
Kazuhiro Maeshima 1 
 
1Biological Macromolecules Laboratory, Structural Biology Center, National Institute of Genetics, 
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kmaeshim@lab.nig.ac.jp 
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Mitotic chromosomes are essential structures for the faithful transmission of duplicated genomic DNA 
into two daughter cells during cell division. A long strand of DNA is wrapped around the core histone 
and forms a nucleosome. The nucleosome has long been assumed to be folded into 30-nm chromatin 
fibers. However, it remains unclear how the nucleosome or 30-nm chromatin fiber is organized into 
mitotic chromosomes, although it is well known that condensins and topoisomerase IIα are implicated 
in this process. When we observed frozen hydrated (vitrified) human mitotic cells using cryo-electron 
microscopy, which enables direct high-resolution imaging of the cellular structures in a close-to-native 
state, we did not find any higher order structures, or even 30-nm chromatin fibers, but just a uniform 
disordered texture of the chromosome [1]. To further investigate the structure of mitotic chromosome, 
we performed small angle x-ray scattering or SAXS, which can detect regular internal structures in 
non-crystalline materials in solution. Mitotic chromosomes purified from HeLa cells were exposed to 
the synchrotron radiation beam at SPring-8 in Japan. Again, the results were striking: no structural 
peaks larger than 11-nm were detected. Therefore, we propose that the nucleosome fibers exist in a 
highly disordered, interdigitated state like a “polymer melt” that undergoes dynamic movement [2]. We 
also postulate that a similar state exists in active interphase nuclei, resulting in several advantages in 
the transcription and DNA replication processes. 
 
1) Eltsov, M., MacLellan, K.M., Maeshima, K., Frangakis, A.S., Dubochet, J. Analysis of cryo-electron 
microscopy images does not support the existence of 30-nm chromatin fibers in mitotic chromosomes 
in situ. PNAS 105, 19732-19737 (2008). 
2) Maeshima, K., Hihara, S., Eltsov, M. (2010). Chromatin structure: Does the 30-nm fibre exist in 
vivo? Curr. Opin. Cell Biol. 22, 1-7 (2010). 
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Models of nuclear architecture and current experime ntal evidence 
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The long term goal of genome and epigenome research is to understand how the presence of one and 
the same diploid genome is able to regulate the development of an organism and orchestrate specific 
gene activities in hundreds of cell types. Progress made during the last few years has underlined the 
importance to understand not only the chromatin language but also the space-time dynamics of higher 
order chromatin organization in cycling and postmitotic cells [1,3-8,10,11]. The large gap of knowledge, 
which must still be bridged from the molecular level to the level of higher order structure, is 
emphasized by differences of currently discussed models of nuclear architecture [1]. I point out 
conflicting predictions of these models and review present evidence for the intranuclear location of 
sites, where major nuclear functions take place. Recent developments of 3D light optical nanoscopy 
and 3D electron microscopy have provided new means to study the topography of nuclear structures 
at nanometer resolution [2,9].  
 
 
1) Cremer, T., Cremer, M. Chromosome Territories, Cold Spring Harb Perspect Biol 2, a003889 
(2010). 
2) Gunkel, M., Erdel, F., Rippe, K., Lemmer, P., Kaufmann, R., Hormann, C., Amberger, R., Cremer, C. 
Dual color localization microscopy of cellular nanostructures. Biotechnol. J. 4, 927–938 (2009). 
3) Koehler, D., Zakhartchenko, V., Froenicke, L., Stone, G., Stanyon, R., Wolf, E., Cremer, T., Brero, A. 
Changes of higher order chromatin arrangements during major genome activation in bovine 
preimplantation embryos. Exp. Cell Res. 315, 2053-2063 (2009). 
4) Illner, D., Zinner, R., Handtke, V., Rouquette. J., Strickfaden. H., Lanctôt, C., Conrad, M., Seiler, A., 
Imhof, A., Cremer, T., Cremer , M. Remodeling of nuclear architecture by the thiodioxoxpiperazine 
metabolite chaetocin. Exp Cell Res. 316, 1662-1680 (2010). 
5) Meggendorfer, M., Weierich, C., Wolff, H., Brack-Werner, R., Cremer T. Functional nuclear 
topography of transcriptionally inducible extra-chromosomal transgene clusters. Chromosome Res. 18, 
401-417 (2010). 
6) Postberg, J., Lipps H.J., Cremer, T. Evolutionary origin of the cell nucleus and its functional 
architecture. Essays Biochem. 48, in press (2010). 
7) Rouquette, J., Genoud, C., Vazquez-Nin, G.H., Kraus, B., Cremer, T., Fakan, S. Revealing the 
high-resolution three-dimensional network of chromatin and interchromatin space: a novel electron-
microscopic approach to reconstructing nuclear architecture. Chromosome Res. 17, 801-810 (2009). 
8) Rouquette, J., Cremer, C., Cremer, T., Fakan, S. Functional nuclear architecture studied by 
microscopy: Present and future. Int. Rev. Cell Mol. Biol. 282, 1-90 (2010). 
9) Schermelleh, L., Heintzmann, R., Leonhardt, H. A guide to super-resolution fluorescence 
microscopy. J. Cell Biol. 190, 165-175 (2010). 
10) Solovei, I., Kreysing, M., Lanctot, C., Kosem, S., Peichl, L., Cremer, T., Guck, J., Joffe, B. Nuclear 
architecture of rod photoreceptor cells adapts to vision in mammalian evolution. Cell 137, 356-368 
(2009). 
11) Strickfaden, H., Zunhammer, A., van Koningsbruggen, S., Köhler, D., Cremer, T. 4D chroma-tin 
dynamics in cycling cells: Theodor Boveri's hypotheses revisited. Nucleus 1, 284-297 (2010). 
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fibroblasts by chaetocin or by in vitro senescence 
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We report on profound chromatin reorganization in human diploid fibroblast nuclei by chaetocin, 
recentlly described as an antineoplastic drug. Chaetocin induces clusters of condensed chromatin 
(CICC), reflecting (parts of) chromosome territories which are separated by a wide interchromatin 
space largely void of DNA [1]. Remarkably, in CICC nuclei the conventional nuclear architecture 
harbouring gene-dense chromatin in the nuclear interior and gene-poor chromatin at the nuclear 
periphery is lost. Instead gene-dense and transcriptionally active chromatin is shifted to the periphery 
of individual condensed chromosome territories and nascent RNA becomes highly enriched around 
their outer surface. This chromatin re-organization exemplifies a high chromosome plasticity and 
makes CICC nuclei an attractive model system to study this border zone as a distinct compartment for 
transcription. In the context of the chromosome territory – interchromatin compartment (CT-IC) model, 
this space reflects an expansion of a pre-existing compartment between CTs whereby IC channels 
expanding throughout the CT interior would collapse during chromatin cluster formation possibly as a 
result of reduced energy available in these nuclei. Despite striking phenotypical similarities the CICC 
phenotype represents a distinct entity among other nuclear phenotypes associated with condensed 
chromatin such as prometaphase, apoptosis, hyperosmolaric conditions, oxidative stress and cellular 
senescence. Notably, senescent fibroblasts presenting senescence associated heterochromatin foci 
(SAHFs) maintain the conventional gene density correlated chromatin arrangement in the nucleus. 
These differences of genome archtitecture in CICC and SAHF cells may be functionally relevant for 
their physiological fate. Both, CICC and SAHF represent an irreversible state, however, the lifespan of 
SAHF presenting senescent cells is considerably longer compared to nuclei with the CICC phenotype. 
 
 
1) Illner, D., Zinner, R., Handtke, V., Rouquette, J., Strickfaden, H., Lanctot, C., Conrad, M., Seiler, A., 
Imhof, A., Cremer, T., Cremer, M. Remodeling of nuclear architecture by the thiodioxopiperazine 
metabolite chaetocin. Exp Cell Res. 316, 1662-80 (2010). 
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The eukaryotic genome, like all known DNA-based genomes, operates in a molecular landscape very 
unlike the dilute and homogeneous solutions which most biochemists and molecular biologists use in 
their experiments. The chromosomes, giant linear polyelectrolyte polymers, are confined together with 
other macromolecules within the nuclear envelope at a concentration of hundreds of mg/ml. In these 
conditions macromolecules and their interactions are strongly influenced by nanometer-range forces, 
particularly entropic forces, which are negligible in dilute solution. Other DNA genomes are similarly 
crowded; DNA has a liquid crystal conformation in the dinoflagellates, simple eukaryotes, and entropic 
forces have been shown to shape the genome of bacteria and to drive the separation of daughter 
chromosomes at cell division. Crowded conditions allow efficient interactions with smaller numbers of 
macromolecules because their thermodynamic activity is enhanced, and the exquisite sensitivity of 
entropic forces to macromolecular shape and conformation is predicted to provide an appropriate 
balance between stability and plasticity for interactions. Intriguing questions about the conditions in 
which DNA genomes originated and first evolved are raised by their apparently general requirement 
for a crowded environment. This talk will review recent research showing how entropic forces are 
central for shaping the genome's local and global conformations, for facilitating interactions of 
regulatory factors, and for assembling the macromolecular machines for its replication and 
transcription. 
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Replication timing of pseudo-NORs 
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In mammalian cells, transcriptionally active ribosomal genes are replicated in the early S phase, and 
the silent ribosomal genes in the late S phase, though mechanisms of this timing remain unknown. 
UBF (Upstream Binding Factor), a DNA binding protein and component of the pol I transcription 
machinery, is considered to be responsible for the loose chromatin structure of the active rDNA. Here 
we question whether such structure alone can ensure early replication of DNA. We investigate this 
problem on the model of pseudo-NORs, the tandem arrays of heterologous DNA sequence with high 
affinity for UBF, introduced into human chromosomes. Such arrays are not transcribed, yet efficiently 
bind UBF and mimic the chromatin structure of active rDNA. In our study, a human derived stable cell 
line containing one pseudo-NOR on the chromosome 10 was transiently transfected with UBF-GFP 
and PCNA-RFP, which allowed us to observe in vivo the growth of pseudo-NORs resulted from their 
replication. We found that replication of pseudo-NORs is not restricted to the early S phase, but 
continues in the late S phase at a significant level. These results were confirmed in the experiments 
with incorporation of thymidin analog EdU. Our data indicate that the specific structure of chromatin, 
produced by the architect protein UBF, is not sufficient for the early replication. 
 
This work was supported by the Czech grants MSM0021620806, LC535, AV0Z50110509 and 
304/09/1047, and the Irish grant 07/IN.1/B924. 
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DNA and nucleosome core particles can form liquid crystalline phase at high concentrations, 
implicating a role of phase transition in the assembly and maintenance of chromosomes in the 
crowded environment of the eukaryotic nucleus. The largest known eukaryotic genomes are encoded 
by the liquid crystalline chromosomes (LCCs) of dinoflagellates. Having a low protein to DNA ratio, 
LCCs represents an experimental model for studying phase transition and higher-order structure of 
genome-sized DNAs. In the present study, different stages of chromosome 
condensation/decondensation were monitored by polarizing light microscopy (PLM), confocal laser 
scanning microscopy (CLSM), and transmission electron microscopy (TEM), in highly purified intact 
nuclei and in response to gradual changes of divalent counterions concentration by EDTA chelation. 
Higher order structures of arc-like bands in 150nm nested fibrous coils were observed in early stages 
of chromosomal decondensation, as revealed by CLSM and TEM. Atomic force microscopy (AFM) and 
TEM showed the presence of Large Nucleosome-Like Domains (LNLDs) in LCCs with size at about 80 
nm, similar in size to major structural domains previously reported for bacterial nucleiods. The mean 
size of LNLDs is close to the minimum theoretical organelle size as predicted by the Asakura-Oosawa 
theory that will generate sufficient entropy-driven forces to condensation. We propose that entropy-
driven depletion forces and counterionic attractions of divalent cations cooperatively modulate LNLD 
fundamental units for stabilization and assembly to higher-order structure of liquid crystalline 
chromosomes. The present study also demonstrates the importance of phase transition in the 
regulation of the structure and assembly of genome-sized DNA.  
 
The present work was partly supported by CERG HKUST6421/06M from the Research Grant Council 
of Hong Kong. 
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In mammals epigenomic modifications of histones and DNA are rapidly altered after fertilization. These 
epigenomic reprogramming events progress during the first cleavage stages and are believed to be 
essential for the generation cells of pluripotency in cells of the early embryo. A first and extensive 
reprogramming event occurs already in the zygote shortly after fertilization. The 5-methyl-cytosine 
content of paternal chromosomes is drastically altered by a yet unknown but presumably active 
enzymatic mechanism. In contrast to the paternal chromosomes, maternal chromosomes remains 
largely unaffected. I will present high resolution data on the developmental dynamics and parental 
asymmetry of DNA methylation in zygotes and cloned embryos. Using bisulphite sequencing and 
immunofluorescence imaging we find evidence for pre-replicative (active) and replicative (active and 
passive) phases of DNA-methylation conversion. In the course of our analyses we made a striking 
novel finding: while 5-methylcytosine is rapidly disappearing 5-hydroxy-methylcytosine is accumulating 
in the paternal chromosomes. This finding suggests that the loss of cytosine methylation largely 
coincides with the generation of a second base modification. Still we also observe that a substantial 
part of modified bases are converted into unmodified cytosines. DNA repair activities are likely to be 
involved in this DNA-demethylation. We indeed find correlative evidence for the accumulation of DNA 
strand breaks and signs of intensified DNA repair at periods of DNA demethylation. Together the data 
suggest that i) DNA-methylation reprogramming involves secondary modifications, ii) secondary 
modifications may induce DNA repair coupled loss of methylated bases, and iii) the DNA-methylation 
reprogramming is complex and may operate through various enzymatic modes. I will discuss possible 
scenarios and mechanisms that are likely to shape the epigenomic landscape of early mammalian 
embryos. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 27 

Structural and Functional Diversity of the Eukaryotic Genome, Brno Workshop 
Thursday October 14 2010, 5:20 p.m. 
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The recently introduced ChIP-Seq technology has already revolutionized research on transcriptional 
regulation. Thanks to this technology we are now able to see where specific 
transcription factors bind to DNA in vivo in a particular cell type. Moreover, ChIP-Seq experiments 
targeted at histone modifications provide a detailed picture of the local chromatin structure and are 
capable of localizing individual nucleosomes at near base-pair resolution. I will present a number of 
case studies exemplifying how computational analysis of ChIP-Seq data complemented by DNA motif-
based and comparative genomics-base approaches can unravel molecular mechanisms of gene 
regulation. Specifically, I will focus on the mechanism that directs transcription factors to their 
physiological target sites, and on the consequences of transcription factor-DNA interactions on local 
chromatin structure in higher eukaryotes. 
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Telomeres are nucleoprotein (chromatin) structures forming and protecting the ends of linear 
chromosomes. They typically consist of short tandem minisatellite repeats and associated proteins. 
Telomere synthesis can be regulated at multiple levels, basically at those of telomerase activity and 
telomere accessibility to telomerase. When skipping processes involved in telomerase activity 
regulation, the major role in modulating accessibility of telomeres is played by their chromatin structure, 
which itself is regulated by epigenetic processes, and by telomere specific proteins.  
Our recent research projects showed involvement of several epigenetic factors in plant telomere 
maintenance: i) AtHMGB1, a member of HMG-Box protein family in plants, participates in telomere 
length regulation. Its absence, however, does not result in downregulation of telomerase, as is the 
case for mouse and human cells; ii) the induced DNA hypomethylation increases telomerase activity, 
but does not change neither expression of telomerase subunits, nor the telomere lengths. iii) mutations 
in the subunits of chromatin assembly factor I (CAF1) cause progressive telomere shortening and loss 
of telomere-associated 45S rDNA repeats, while other repetitive sequences (5S rDNA, centromeric 
180bp-repeat, CACTA, Athila) are unaffected. Substantial telomere shortening occurs immediately 
after the loss of functional CAF1 and slows down at telomeres shortened to median lengths around 1-
1.5 kb. 45S rDNA loss is progressive, leaving 10–15 % of the original number of the repeats in the 5th 
generation of CAF1 mutants, but the level of the 45S rRNA transcripts is not altered in mutants in 
regard to wild type plants. Increasing severity of the fasciata phenotype is accompanied by 
accumulation of anaphase bridges, reduced viability and plant sterility. Our results show that 
appropriate replication-dependent chromatin assembly is specifically required for stable maintenance 
of telomeres and 45S rDNA [1,2]. 
 
This research was funded by the Czech Ministry of Education (MSM0021622415, LC06004), GACR 
(204/08/H054, 204/08/1530, 521/09/P452), the ASCR (M200040903), GA ASCR (IAA500040801) and 
the Masaryk University Rector’s Programme (MUNI/g/0104/2009). 
 
 
1) Mozgová, I., Mokroš, P., Fajkus, J. Dysfunction of chromatin assembly factor 1 induces shortening 
of telomeres and loss of 45S rDNA in Arabidopsis thaliana. Plant Cell., in press (2010). 
2) Procházková Schrumpfová, P., Fojtová, M., Mokroš, P., Grasser, K.D., Fajkus, J. Role of HMGB 
proteins in chromatin dynamics and telomere maintenance in Arabidopsis thaliana. 
Curr. Prot. Pept. Sci., in press (2010). 
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Telomeres are nucleoprotein structures at the ends of linear chromosomes which protect them against 
end to end fusion and loss of genetic material in consequence of the end-replication problem. 
Furthermore, they are involved in localization of the chromosomes in nucleus, their clustering and 
pairing during meiosis. These functions are mediated especially by specific telomere-binding proteins. 
Most of them bind to telomeric dsDNA or ssDNA. Recently, we identified protein binding telomeric 
dsDNA in yeast Yarrowia lipolitica – Tay1 (Telomere associated in Y. lipolitica 1) encoded by a gene 
YALIOD10923g. Tay1 contains two dsDNA-binding Myb domains, which exhibit a high degree of 
similarity (almost 50% identity in the case of Myb1) to the Myb domains of human telomeric proteins 
TRF1 and TRF2. Tay1 was produced and purified from bacteria and employed for biochemical studies. 
Tay1 binding to a model telomere template of Y. lipolytica was assayed by means of electrophoretic 
mobility shift assay and electron microscopy. Both approaches have shown that Tay1p recognizes and 
binds with high affinity to the telomeric sequences. These biochemical properties are similar to 
mammalian telomeric proteins TRF1/TRF2 supporting the results of in silico analysis of Tay1.Tay1 is 
homologous to proteins in several basidiomycetous fungi as well as to a protein from 
Schizosaccharomyces pombe, which we call SpTay1 encoded by an essential gene shown to be up-
regulated during meiosis. Similarly to Tay1, SpTay1 contains two Myb domains highly similar to Myb 
domains of TRF1 and TRF2. In fact, the similarity of both Myb domains of Tay1p/SpTay1 to 
TRF1/TRF2 is substantially higher than in the case of the Myb domain of Tay1 known as an 
orthologue of TRF1/TRF2 in S. pombe. The nuclear localization of SpTay1 was verified by its fusion 
with green fluorescent protein. Biochemical studies of SpTay1 analogous to Tay1 are being performed. 
Furthermore, we replaced the sptay1+ gene by an allele containing a TAP-epitope coding sequence 
and performed tandem affinity purification (TAP) of SpTay1-TAP under native conditions in order to 
identify its associated protein interaction partners, some of which have been shown by others to 
participate in telomere maintenance and cell division. All these data suggest that studies of Tay1p and 
SpTay1 may prove to be highly fruitful in extending our knowledge about telomere-binding proteins 
and the origin and evolution of telomeres. Moreover, these strategies might contribute to the 
elucidation of function of SpTay1 in the cell division in general or even in pairing of homologous 
chromosomes during meiosis. 
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After 30 years of efforts to crack the chromatin code (nucleosome positioning sequence code), the 
major sequence motifs responsible for the positioning are finally established. In the most general form 
the code is presented by the alternating purine/pyrimidine motif (RRRRRYYYYY)n dictated by the 
deformation properties of the RR.YY and YR.YR base pair stacks [1,2] in the nucleosome DNA. For 
the genome sequences with typical G+C composition (40-45%) the dominant pattern is 
(GRAAATTTYC)n [3], a version of the above. Extreme G+C compositions shift the RR/YY pattern 
towards (GGGGGCCCCC)n and (AAAAATTTTT)n, respectively [4]. Nucleosome positions, thus, are 
primarily determined by the deformation properties of DNA segments involved, and can be influenced 
by other factors. Since the deformation of DNA is sequence dependent, the truly random positioning 
may only exist in homo-polynucleotide sequences. 
First applications of the high resolution nucleosome mapping [5] on the basis of the nucleosome 
positioning sequence pattern yielded the following results: the splice junctions are preferentially 
positioned in the nucleosomes in the rotationally best protected manner, with guanine residues at 
positions 2-3 bases upstream from local nucleosome DNA dyads [6]; regions with encoded 
amphipathic alpha-helices in counter-phase belong to separate nucleosomes, and the splice junctions 
appear to have been introduced in order to resolve the incompatibility of phases of periodical 
amphipathic pattern with perodical nucleosome positioning pattern [7]. 
 
 
1) Trifonov, E.N. Base pair stacking in nucleosome DNA and bendability sequence pattern. J. Theor. 
Biol. 263, 337–339 (2010). 
2) Wang, D.F., Ulyanov, N.B., Zhurkin, V.B. Sequence-dependent kink-and-slide deformations of 
nucleosomal DNA facilitated by histone arginines bound in the minor groove. J. Biomol. Struct. Dyn. 
27, 843-859 (2010). 
3) Gabdank, I., Barash, D., Trifonov, E.N. Nucleosome DNA bendability matrix (C. elegans). J. Biomol. 
Struct. Dyn. 26, 403-412 (2009). 
4) Frenkel, Z.M., Bettecken, T., Trifonov, E.N. Nucleosome DNA sequence structure of isochores. In 
preparation. 
5) Gabdank, I., Barash, D., Trifonov, E.N. Single-base resolution nucleosome mapping on DNA 
sequences. J. Biomol. Struct. Dyn. 28, 107-121 (2010). 
6) Hapala, J., Trifonov, E.N. High resolution positioning of intron ends on the nucleosomes. In 
preparation. 
7) Rapoport, A., Trifonov, E.N. Exons, amphipathic alpha helices and nucleosomes. In preparation. 
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It is generally accepted that the organization of eukaryotic DNA into chromatin is strongly governed by 
a code inherent in the genomic DNA sequence. This code, as well as other codes, is superposed on 
the triplets coding for amino acids. The history of the chromatin code started three decades ago with 
the discovery of the periodic appearance of certain dinucleotides, with AA/TT and RR/YY giving the 
strongest signals, all with a period of 10.4 bases. Every base-pair stack in the DNA duplex has specific 
deformation properties, thus favoring DNA bending in a specific direction. The appearance of the 
corresponding dinucleotide at the distance 10.4xn bases will facilitate DNA bending into the direction 
corresponding to the minimum energy of DNA folding in the nucleosome. When analyzing the periodic 
appearances of all 16 dinucleotides in the genomes of a number of different eukaryotic organisms, it is 
becoming evident that a large variety of dinucleotides, if not all, are, apparently, contributing to the 
nucleosome positioning code. The choice of the periodical dinucleotides differs considerably from one 
organism to another. Amongst other 10.4 base periodicities, a strong and very regular 10.4 base 
signal was observed for CG dinucleotides in the genome of the honey bee Apis mellifera. Analysing 
the human genome sequence with the positional autocorrelation method, one finds that only the 
dinucleotide CG shows the 10.4 base periodicity, indicative of the presence of nucleosomes. There is 
a high occurrence of CG dinucleotides at distances 31 (10.4x3) and 62 (10.4x6) from one another - a 
sequence bias known to be characteristic of Alu-sequences. In a similar analysis with repetitive 
sequences removed, peaks of repeating CG can be seen at positions 10, 21 and 31, the nearest 
integers of multiples of 10.4. Thus, the positional autocorrelation analysis of the human genome 
demonstrates that the CG dinucleotide is a key element of the human nucleosome positioning pattern. 
More information can be obtained by Shannon N-gram extension. The extension of the trinucleotides 
occurring most frequently in the human genome points to a predominance of the sequence motif 
CGGAAATTTCCG, indistinguishable from the nucleosome positioning motif derived earlier from the 
nucleosome DNA sequence database of Caenorhabditis elegans and from physical, deformational, 
limitations on the choice and placement of various dinucleotides within the nucleosome DNA. The 
dominant role which CG dinucleotides play in organizing human chromatin, is pointing to an 
involvement of human nucleosomes in tuning the regulation of gene expression and chromatin 
structure, very likely due to cytosine-methylation/demethylation in CG dinucleotides contained in 
human nucleosomes. 
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Regular spacing of short runs of A or T in DNA sequences with a period close to the helical period of 
the DNA has been associated with intrinsic DNA curvature and with nucleosome positioning in 
eukaryotes [1-4]. Similar periodic signals exist in prokaryotes but their role in prokaryotic physiology 
and evolution is not yet clear. Herzel and coworkers noted distinct periodicities of about 10 bp in 
Archaea and about 11 bp in Bacteria [5-7]. They proposed that the different predominant periodicities 
in Archaea and Bacteria reflect distinct DNA supercoiling propensities: the 11 bp period in Bacteria, 
slightly larger than the average DNA helical period of ~ 10.5 bp, promotes negative supercoiling, 
whereas 10 bp periodicity in Archaea promotes positive supercoiling. Bolshoy and coworkers found 
intrinsically curved DNA in mesophiles (but not in thermophiles) associated with transcription 
promoters and/or terminators [8-9]. On the other hand, Tolstorukov et al. [10] found that most 
intrinsically curved segments in the Escherichia coli chromosome are located in protein-coding regions. 
They proffered a new model for formation of DNA loops in the prokaryotic nucleoid driven by short 
intrinsically curved DNA segments.  
Our recent analysis of sequence periodicity in more than 1000 prokaryotic chromosomes confirmed 
that the sequence periodicity in most prokaryotic genomes pertains to both protein-coding and non-
coding sequences. We also confirmed that some (but not all) Archaea have predominant periods of 10 
bp whereas ~11 bp periodicity is typical of most Bacteria [11]. However, we also found a large 
diversity among different genomes in terms of intensity and intrachromosomal heterogeneity of the 
periodic signal. Most prokaryotic genomes feature a significant periodicity of ~11 bp (10 bp in some 
Archaea) but the strong signal is restricted to several chromosomal segments, whereas the majority of 
the chromosome exhibits a weak or no sequence periodicity. The heterogeneity of the periodic signal 
indicates that prokaryotic nucleoid is structurally heterogeneous and segments with a high amount of 
intrinsically curved DNA alternate with segments with little intrinsic curvature. Moreover, in the few 
genomes where strong periodicity persists through a majority of the chromosome, highly expressed 
genes tend to be located in non-periodic chromosomal segments. Our results suggest that structural 
heterogeneity of prokaryotic chromosomes related to DNA curvature can locally modulate gene 
expression in a manner that is reminiscent of eukaryotes [12-14]. We proffer a modified model of the 
prokaryotic nucleoid structure consisting of DNA loops of varying structural flexibility. The more 
structurally rigid loops are characterized by a higher concentration of intrinsically curved DNA 
segments and concomitant strong periodic signal [11]. We followed this work by analysis of periodic 
signals in DNA sequences of large plasmids, viruses, chloroplasts and plant mitochondria. Plasmids 
generally lack a strong periodic signal even when a strong sequence periodicity was detected in their 
hosts’ chromosomes. We speculate that the absence of sequence periodicity in plasmids could reflect 
differences in structural organization of plasmid and chromosomal DNA in the cell. There is little 
known about structural organization of plasmid DNA in vivo and how it relates to the chromosomal 
DNA, but there is evidence of differences in plasmid and chromosome segregation mechanisms and 
plasmids using their own partitioning machinery [15], which could require different structural 
adaptations in their DNA. Likewise, viruses, chloroplasts and mitochondria lack a strong sequence 
periodicity characteristic of most prokaryotes.  
 
 
1) Kiyama, R., Trifonov, E.N. What positions nucleosomes?--A model. FEBS Lett. 523, 7-11 (2002). 
2) Segal, E., Fondufe-Mittendorf, Y., Chen, L., Thastrom, A., Field, Y., Moore, I.K., Wang, J.P., Widom, 
J. A genomic code for nucleosome positioning. Nature 442, 772-778 (2006). 
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PNAS 77, 3816-3820 (1980). 
5) Herzel, H., Weiss, O., Trifonov, E.N. Sequence periodicity in complete genomes of archaea 
suggests positive supercoiling. J. Biomol. Struct. Dyn. 16, 341-345 (1998). 
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structure and DNA folding. Bioinformatics 15, 187-193 (1999). 
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Genome Res. 10, 1185-1193 (2000). 
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prokaryotes. Nucleic Acids Res. 34, 2316-2327 (2006). 
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(2010). 
12) Fire, A., Alcazar, R., Tan, F. Unusual DNA structures associated with germline genetic activity in 
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14) Johnson, S.M., Tan, F.J., McCullough, H.L., Riordan, D.P., Fire, A.Z. Flexibility and constraint in 
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(2006). 
15) Gerdes, K., Howard, M., Szardenings, F. Pushing and pulling in prokaryotic DNA segregation. Cell 
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Early-life stress (ELS) has long lasting effects on the brain. Maternal separation in mice persistently 
alters the offspring's hormonal responses to stress; this included elevated vasopressin (AVP) in the 
hypothalamus and treatment with an receptor antagonist was able to reverse the effects of early-life 
stress. The altered AVP expression was associated with sustained DNA hypomethylation of a region 
in the AVP enhancer that serves as a binding site for the methyl-CpG binding protein 2 (MeCP2). 
Neuronal activity was able to control the ability of MeCP2 to regulate transcription of the AVP gene 
and induce epigenetic marking. Thus, ELS can dynamically control DNA methylation in postmitotic 
neurons to generate stable changes in AVP expression that trigger neuroendocrine and behavioral 
alterations which are frequent features in depression. 
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Retroviruses gained the central position in understanding our genome and its shaping. These viruses, 
together with retroelements which are closely related to them, constitute at least 40 % of human 
genetic information. This is made possible by a process called reverse transcription, which enables 
gene synthesis on the template of RNA mediated by reverse transcriptase. We have a series of well-
documented cases how retroviruses and retroelements modify the functions of genes and how they 
modify the genome structure. Especially LINE elements made possible the reverse transcription of 
gene transcripts to DNA, which finally leads to the new gene copies. A great amount of knowledge has 
been obtained in relation to the evolution of reverse transcriptase-containing elements and 
retroviruses. 
Of special importance are the Piwi elements present throughout the genome, the regulation of which is 
mediated in a very interesting ping-pong manner. The family of retroviruses also includes highly 
pathogenic viruses producing AIDS and other diseases by their heterotransmission from animals to 
man. There is now available clear information explaining the evolution of such pathogenic viruses. 
Finally, retroviruses represent a most suitable tool for constructing retroviral vectors, which are being 
used widely in experimental work. There remain some hurdles preventing their use in clinics, which at 
present are being surpassed by new discoveries that I am going to mention. 
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Transposable elements (TEs) are segments of RNA or DNA capable of being expressed, reproduced 
and inserted in the host genome using two basic mechanisms: reverse transcription and DNA 
integration/excision. They were first discovered in maize by Barbara McClintock, using Mendelian 
genetics. Much of the understanding of TEs during the last decade came from analysis of DNA 
sequences. 
Active TEs are equivalent to mutator genes inserting their copies in the host genomes, commonly 
referred to as “repetitive DNA”. Subsequent recombination between the copies can induce a variety of 
genetic re-arrangements. In principle, genomes are conservative structures, and generation of 
repetitive DNA by TEs is countered by RNA degradation and DNA methylation mediated by small 
RNAs. Nevertheless, over time TEs leave deposits of multiple DNA copies in the eukaryotic genomes. 
Some of the copies became recruited as parts of new genes and regulatory regions. 
In terms of their overall biological impact, TEs are generally being viewed as an expanded toolbox of 
genetic mutations. However, many crucial genomic changes can be accomplished by ubiquitous 
mutations generated without any involvement of TEs. Therefore, a fundamental question is: would it 
be possible to evolve complex multi-cellular organisms without any involvement of TEs? In an attempt 
to address this question, I will present an overview of the status quo in the field, including the most 
recent research results from my laboratory centered on conserved repetitive DNA. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 38 

Structural and Functional Diversity of the Eukaryotic Genome, Brno Workshop 
Friday October 15 2010, 0:10 p.m. 
 
 
Genome dynamics and sex chromosomes 
 
Eduard Kejnovský 1, Roman Hobza 1, Zdeněk Kubát 1, Tomáš Čermák 1, Ji ří 
Macas 2, Boris Vyskot 1 
 
1Laboratory of Plant Developmental Genetics, Institute of Biophysics, Academy of Sciences of the 
Czech Republic, Brno, Czech Republic; 2Laboratory of Molecular Cytogenetics, Biology Centre 
Academy of Sciences of the Czech Republic, Institute of Plant Molecular Biology, Ceske Budejovice, 
Czech Republic 
kejnovsk@ibp.cz 
http://www.ibp.cz/en/departments/plant-developmental-genetics/info-about-the-department 
 
 
Repetitive DNA – transposable elements (TEs) and tandem repeats - are major components of 
eukaryotic genomes, representing in some species up to 90% of their genetic information. There is 
increasing evidence about the role of TEs in genome structure and function.  Originally considered as 
mere genomic parasites TEs are now viewed as key players in genome evolution with high 
evolutionary potential. Their importance is supported by many examples of TEs domestication, 
genome wide transcription of TEs, epigenetic silencing, their activation by stress and their embedding 
in regulatory networks. An attracting question concerns the relationship between TEs dynamics and 
recombination and sexuality. It is generally accepted that absence of recombination results in gene 
degeneration and accumulation of repetitive DNA.  
We are interested in TEs dynamics on evolving sex chromosomes, especially in non-recombining 
parts of the Y chromosome. We are studying young sex chromosomes of the dioecious plant Silene 
latifolia (white campion). We found that Copia retrotransposons are accumulated on the Y 
chromosome while other TEs are ubiquitously distributed. Surprisingly, Ogre (gypsy) retrotransposon 
colonizes only recombining parts of genome - it is present on all chromosomes but absent on non-
recombining parts of the Y chromosome. It can be explained by Ogre activity only in females or by 
some connection between transposition and recombination. To compare TEs located on different 
chromosomes we microdissected the Y chromosomes, the X chromosomes and autosomes and use 
them as template for amplification of various TEs. Comparison of TEs on different chromosomes 
revealed differences in their sequences. We proposed intrachromosomal homogenization of TEs by 
gene conversion to explain this phenomenon. We showed sex-specific expression of TEs when 
different variants of TEs were expressed in male and female plants.  
We also found that other players of genome dynamic – tandem repeats (satellites) and promiscuous 
(chloroplast) DNA – are also accumulated on evolutionary young Y chromosome. Similarly, we found 
that simple sequence motifs – microsatellites – are accumulated on evolutionary young Y 
chromosomes in Silene latifolia and Rumex acetosa but not on the old Y chromosome of human. 
Experimental evidence coming from fluorescence in situ hybridization (FISH) was supported by the 
analysis of our 454 sequencing data. We propose that microsatellite accumulation is an early event 
when microsatellites colonize regions pre-dating genome expansion and later are over dominated by 
TEs. We found that accumulation of repetitive DNA, mostly TEs, is not confined to intergenic regions 
but is much more frequent in introns of the Y-linked genes compared to their X-linked homologues. 
The Y-linked genes simultaneously show lower expression providing evidence about the role of 
repetitive DNA in degeneration of the Y chromosome and the importance in the shaping of the 
genomic and expression landscapes of evolving eukaryotic genomes. 
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During the last century, our knowledge of fundamental components of the speciation process 
expanded, but we are still nowhere nearer to a complete understanding, and the puzzle of how new 
forms arise in nature still engages evolutionary biologists. Considerable restructuring of highly 
repetitive DNA fraction is one of the important components of the speciation process. It is now on 
record that transposable elements (TEs) may be among the most important internal sources for 
genotypic population change as a result of their ability to create mutations, alter gene expression, and 
promote chromosomal aberrations. Thus, we explore the temporal dynamics of several TEs in 
individual genotypes from populations of several Sitopsis species (wild diploid relatives of various 
wheat species) from the Middle East. This region is considered to be the primary center of diploid and 
polyploid cereal variability. It resulted from Pleistocene/Holocene climatic fluctuations when the 
phyletic group kept pace with the edaphic changes by means of a succession trend of forms or even 
species. To evaluate speciation-related changes in different classes of TEs, we used a combination of 
454-sequencing, IRAP retrotransposons display, and molecular-cytogenetics methods. The results 
were as follows: (i) 454-sequencing showed both quantitative and qualitative differences in the 
composition of TEs between investigated species, Athila, CACTA, and Gypsy elements diverged the 
most; (ii) there are distinct species-specific peculiarities in IRAP patterns of WIS2, Wilma, Daniela, and 
Fatima retrotransposons; (iii) various families of TEs vary tremendously in copy number between 
individuals from the same population and the selfed progenies; (iv) the fluctuations in copy number are 
TE-family specific; (v) there is a great difference in TE copy number expansion or contraction between 
gametophytes and sporophytes; and (vi) a small percentage of TEs that increase in copy number can 
actually insert at novel locations. We hypothesize that TE dynamics could promote or intensify 
morphological and karyotypical changes, some of which may be potentially important for the process 
of microevolution, and allow species with plastic genomes to survive as new forms or even species in 
times of rapid climatic change. 
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Living organisms may be only ephemeral collections of atoms assembled according to fundamental 
physical laws. But what ephemera, when those laws operate over deep evolutionary time! 
Understanding biology requires metaphors as well as molecules and thermodynamics. Metaphors 
from engineering are commonly used at the organismal level, while genome studies invite linguistic 
metaphors (e.g., the adaptive "design" of organisms is "encoded" in the "language" of DNA). But since 
genomes preserve a record of multiple evolutionary processes besides familiar Darwinian natural 
selection, comprehending the full richness of the genome calls for a richer set of metaphors than those 
currently employed. "Metaptation" (from "meta" to change + "aptation" fitness) provides a descriptive 
label for genomic patterns which promote evolvability. By analogy with "adaptation" (the result of 
natural selection directly favoring "fitness"), "metaptation" results from selection indirectly favoring 
mechanisms which facilitate and constrain mutation within domains that remain plausibly consistent 
with fitness. Contrary to a long-standing theoretical argument that selection can never favor mutability 
over replication fidelity, under changing conditions the advantages of genetic variation can indeed 
foster certain site-specific mechanisms of mutation. (This concept is well-established in microbiology, 
where the evolution of prokaryotic and other single-celled organisms can be studied directly.) Several 
years ago, Ed Trifonov and I independently proposed a "tuning knob" metaphor for the functionality 
provided by simple tandem repeats. Transposable elements also appear to play important evolutionary 
roles by creatively "remodelling" the genome. By expanding our repertoire of genetic metaphors to 
embrace evolutionary change as well as immediate fitness, we may better appreciate how these and 
other genomic patterns contribute metaptive "protocols" for "natural genetic engineering". 
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Optimal gene order reconstruction requires the minimization of the sum of branch lengths in a given 
phylogenetic tree, known as the small phylogeny problem. Genome rearrangement theory shows that 
this problem involves the simultaneous construction of paths in the so-called breakpoint graphs, one 
graph for each branch in the tree. Even when there is only one ancestral gene order to be 
reconstructed, we know that there can be no exact algorithm guaranteed to run efficiently across all 
possible data sets. Thus we have developed a general heuristic approach called PATHGROUPS that 
is guaranteed to run quickly, and that  always gives results close to optimal if the input genomes are 
not very divergent.  
Part of this talk is devoted to inferring the gene orders of the two ancestors defined by the grapevine, 
papaya, castor bean and peach, four species whose relative gene orders can reasonably be 
hypothesized to have escaped disruption by WGD events. This is a straightforward application of the 
PATHGROUPS approach to the small phylogeny problem.  
Angiosperms in general, and dicotyledons in particular, are characterized by numerous WGD and 
other polyploidization events. We cannot infer the rearrangement history intervening between the gene 
orders of two genomes, only one of which has undergone a WGD since their evolutionary divergence, 
without reconstructing the diploid ancestor of the WGD descendant. This problem, known as guided 
genome halving, is also amenable to PATHGROUPS, as we illustrate with comparisons of poplar with 
papaya and with the grapevine.  
Over evolutionary time, descendants of WGD events tend to lose one copy of each pair of duplicate 
genes, effectively scrambling the gene order of the ancestral diploid. Theoretically, gene order 
reconstruction should not be able to "see across" such a WGD/duplication-reduction history. A gene 
order emerging from this should not be meaningfully comparable to one that escaped it. However, if 
duplication-reduction tends to be highly fractionated to one of the homeologous chromosomes, much 
can still be inferred about ancestral gene order. We present a survey of fractionation rates after six 
WGD events across the eukaryotic spectrum. 
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The beginning of the third millennium witnesses an incredible progress in the analysis of plant genome 
structure, function and evolution. Yet, we are still far from understanding how the growth and 
development of a plant is controlled. The initial genome sequencing projects concentrated on a few 
model plant species with small genomes such as Arabidopsis and rice, assuming that they would 
serve as surrogates for other plants, including important crops. While these efforts provided a wealth 
of data and stimulated research in many areas of plant biology, it became evident that working on 
models cannot substitute genomics of crop plants with specific characters such as resistance to biotic 
and abiotic stress and quality. The lack of knowledge on crop genomes slows down delivery of 
resources and tools to facilitate breeding improved varieties. To date, less than a dozen of genes 
underlining traits of agronomic importance have been cloned in wheat. A shift to genomics of crops 
has been facilitated by falling costs of DNA sequencing and a draft of maize genome sequence has 
been announced recently. However, wheat and some other crops have even more complex genomes 
than maize and while it is no more a problem to generate the required number of sequence reads, it is 
a huge task to assemble these reads to reconstruct the original sequence. In order to cope with this 
problem, various strategies to reduce genome complexity have been devised, most of them sacrificing 
repetitive parts of the genome and topological map information. Consequently, contextual information 
about the surrounding DNA sequences is missing. As an alternative, we have developed a 
chromosome-based strategy, which does not suffer from these shortcomings. The strategy relies on 
dissecting a genome into its component chromosomes and chromosome arms by way of flow 
cytometric sorting. This talk explains the principles of this approach and presents some examples 
demonstrating that a chromosome-based approach is advantageous for the analysis of the complex 
genomes, and that it can offer significant potential for the delivery of genome sequencing and gene 
cloning in these crops.  
 
Parts of this work have been supported by the Czech Republic Ministry of Education, Youth and 
Sports (award no. LC06004) and the European Community's Seventh Framework Programme 
(FP7/2007-2013) under grant agreement FP7-212019. 
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Recent years have seen a large increase in the number of plant genomes that have been completely 
sequenced. Representing branches of the phylogenetic tree spanning several hundred million years of 
evolution, these data allow for the first time to study the evolutionary dynamics of protein-coding gene 
structure. We have studied conserved intron sites in homologous genes from 15 plant species. Taking 
into account intron-type based on donor and acceptor site dinucleotides (GT-AG, GC-AG, or non-
canonical intron termini), intron fates involve gain and loss as well as subtype conversion. Occurrence 
rates of these various evolutionary events were estimated from the data. Dynamic modeling suggests 
molecular evolution towards a steady state gene structure with lower intron counts per gene and 
higher content of GC-AG type introns compared to currently observed fractions. 
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Extensive genomic resources make crucifers an ideal system for comparative studies on plant 
genome evolution using phylogenetic, genetic and cytogenomic tools. Comparative (cyto)genetic 
mapping disclosed astonishingly high levels of chromosome and genome collinearity across the three 
major crucifer lineages. These data allowed to infer ancestral karyotypes and to reconstruct the 
evolution towards the extant genomes as lineage- and species-specific reshuffling of LEGO®-like 
ancestral genomic blocks. Genome complexity is steadily increased by multiple waves of differently 
aged whole-genome duplication events (polyploidy) followed by genome fractionation. The 
diploidization process is inevitably associated with chromosome number reduction and karyotype 
repatterning. Here we present a preliminary synthesis amalgamating recent findings on polyploid 
evolution, karyotype evolution, and phylogenetics of Brassicaceae. Crucifer data are compared to 
similar datasets available for grasses and general trends of the angiosperm genome evolution are 
extrapolated. 
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1Department of Systematic and Evolutionary Botany, University of Vienna, Austria; 2Laboratory of 
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Karyotypic plasticity is a prominent feature of plant genomes that contributes to race diversification 
and eventually speciation. It includes the widespread polyploidy, dysploidy, chromosome structural 
changes, and changes in DNA sequence composition. A unique system to address these aspects is 
provided by the relatively young and morphologically little differentiated genus Prospero 
(Hyacinthaceae). This circum-Mediterranean group includes an unparalleled array of chromosome 
base numbers (x = 4, 5, 6, 7) and ploidy levels (2x to c. 20x) involving both auto- and allopolyploids. 
Further, nearly every known form of chromosomal mutation has been detected, including chromosome 
structure polymorphisms, supernumerary segments, heteromorphic B-chromosomes, and genome 
size variation. All changes occur with a very high frequency. Characterization of repetitive DNA 
fraction of two diploid races of Prospero (2n = 12 and 14) via next generation sequencing (NGS; 454 
pyrosequencing) has allowed detailed chromosomal and molecular analyses directed towards 
understanding the role of repetitive DNA dynamics in chromosome number (dysploidy, polyploidy) and 
structural change. Variation in number, size and location of rDNA loci, telomeric loci, and satellite DNA 
has been observed on both intrapopulational and interracial levels. Massive amplification of 5S rDNA 
repeats and one of the families of tandemly repeated satellite DNA occurred also in heteromorphic B-
chromosomes, regardless of accompanying A-chromosome complement. All karyotypic and genomic 
changes are analysed within a phylogenetic framework to search for convergent genetic changes 
across independent lineages. 
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PEP1 is the Arabis alpina orthologue of the Arabidopsis FLC gene and regulates flowering in response 
to vernalisation. In Arabis alpina, which is a perennial relative of A. thaliana, PEP1 plays additional 
roles that contribute to its perennial life strategy. PEP1 expression is not stably repressed by 
vernalisation and the accumulation of the repressive H3K27me3 mark at the PEP1 locus shows 
complementary patterns to the PEP1 mRNA levels. The genomic organisation of PEP1 differs from 
FLC. There is a partial tandem duplication in the PEP1 locus that includes the first exon and parts of 
the promoter and first intron which are known in Arabidopsis to play a regulatory role in the stable 
repression of FLC. The H3K27me3 mark is accumulated in both repeats during vernalisation and does 
not persist when plants are transferred to normal temperatures. We sequenced the PEP1 locus in 
different A. alpina accessions and compared flowering behaviour and perennial specific traits. In the 
accession Bonn, which does not require vernalisation, the upstream copy contains a point mutation 
which is also detected by sequencing the PEP1 cDNA, indicating that the upstream exon is used to 
produce the PEP1 mRNA. We are currently testing if the second copy is also functional and expressed 
at different developmental stages. 
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With the aim of elucidating regulation of transcriptional network at the genome level, we have identified 
a distribution of transcription start sites (TSS) over the entire human genome, in collaboration with 
Yoshihide Hayashizaki’s group in RIKEN. In practice, more than 70 million cDNA segments of about 
20 nucleotides corresponding to the 5’ end of mRNAs, which is called as CAGE tags, have been 
sequenced by the next-gen sequencers. We mapped those tags onto the human genome sequences 
and examined the relationship with the already-known coding capacities of human genes. As a result, 
we observed that a certain level of transcription has been always taking place over the entire region of 
the human genome regardless of coding and non-coding regions, though the large peaks of tags were 
found at the TSSs of the already-known coding regions. In my talk, I would discuss functional 
significance of those observations. Moreover, I would also discuss how we can see the transcriptional 
regulation at the genome level, when the data for gene expression profiles and protein-to-protein 
interactions are combined with those observations. 
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Most organisms evolved an autonomous circadian clock to anticipate daily variations of their 
environment. In cyanobacteria, for example, photosynthesis, nitrogen fixation and cell division are 
strictly coordinated within the light-dark cycle, and almost all genes exhibit 24 h rhythms associated 
with oscillating DNA supercoiling. 
In eukaryotes the core clock mechanism is based on delayed transcriptional feedback loops. In 
mammals, the transcription factor dimer BMAL1:CLOCK activates clock genes including Period1,2,3 
and Cryptochrome1,2 via E-boxes. Light input and synaptic coupling is transmitted through CREB-
elements and clock output genes are regulated via D-boxes. Additional feedback loops involve nuclear 
receptors such as REV-ERB and ROR. It has been shown that histone acetylation and methylation is 
essential for the circadian regulation of genes. 
In many tissues up to 10% of all genes obey circadian rhythms coordinated through hormonal and 
neuronal pathways. Surprisingly, the overlap of these clock-controlled genes (CCGs) between tissues 
is rather small. Consequently it remains an open question how tissue- and day-time-specific regulation 
of CCGs is orchestrated. 
We analyze genome-wide circadian expression profiles from mouse liver and macrophages and 
extract the corresponding clock-controlled genes. Using score- and affinity-based search algorithms 
and G+C-matched controls we quantify the over-representation of sequence motifs in promoters of 
CCGs. In addition to known elements such as E-boxes and D-boxes we find additional motifs including 
GC-rich sequences, Y-boxes, SRF-, ER- and IRF-binding sites. We test some of our predictions using 
live-cell recordings reporter constructs and relate our findings to EMSA and ChIP studies. Our 
predictions complemented with experimental data provide a putative network of tissue-specific 
circadian gene regulation. 
 
 
Figure: A putative network of circadian regulation. The figure illustrates our computational predictions 
nested in other regulatory interactions reported in the literature. Solid line boxes contain transcription 
factors predicted by our study to regulate clock controlled genes. Dashed line boxes contain other 
factors involved in the regulation of clock controlled genes as provided by the literature. Transcription 
factors in bold letters are those reported to be clock controlled by at least one of the microarray studies 
mentioned in the main text or in other publications. Black arrows indicate activation, red dead-end 
lines inhibition and blue simple lines represent interaction. References to the literature reporting on 
particular interactions are indicated next to each connecting line. The full reference list can be found in 
the supplementary material of Bozek et al. PLoS ONE 4:e4882, 2009. Several functional groups are 
highlighted: core clock proteins in green, proteins related to metabolism and detoxification in red, 
immune system related proteins in grey and muscle-specific in blue. 
 
 
 
 
 
 
 
 
 
 
 



 51 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 52 

Structural and Functional Diversity of the Eukaryotic Genome, Brno Workshop 
Saturday October 16 2010, 10:00 a.m. 
 
 
Sequence composition and gene content of the short arm of rye 
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The purpose of the study is to elucidate the sequence composition of the short arm of rye 
chromosome 1 (Secale cereale) with special focus on its gene content, because this portion of the rye 
genome is an integrated part of several wheat breading lines. Multiple Displacement Amplification of 
1RS DNA obtained after chromosomal sorting based on a 1RS wheat-rye ditelosomic addition line and 
its subsequent Roche 454FLX sequencing yielded 195,313,589 bp sequence information. This 
quantity of sequence information resulted in 0.43x sequence coverage of the 1RS chromosome arm, 
permitting the identification of genes with 95% probability. A detailed analysis revealed that more than 
5% of the 1RS sequence consisted of gene space, identifying at least 3,121 gene loci representing 
1,882 different gene functions. Known repetitive elements comprised about 71% of the 1RS sequence, 
Gypsy/Sabrina (13.3%) being the most abundant. Concerning organellar insertions chloroplast 
insertions proved to be of more ancient origin than mitochondrial ones. Synteny analysis of 1RS to the 
full genomes of Oryza and Brachypodium revealed that about one half of the genes of 1RS 
correspond to the distal end of the short arm of rice chromosome 5 and the proximal region of the long 
arm of Brachypodium chromosome 2. 
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Genome analysis is the key challenge of modern bioinformatics because of its importance for 
understanding regulatory mechanisms in living cells, and also because of the large amounts of data to 
be processed and the difficulties with data gathering. We have developed and present here a user-
friendly computer application named NucleoSeq, that allows to automatically gather and analyze the 
most up-to-date mRNA sequences of specified genes. This application can be freely downloaded from 
our website at www.bioinformatics.aei.polsl.pl. Using the NucleoSeq program, we performed a global 
analysis of the distribution of GC base pairs, AT-rich regulatory motifs, and human transcription factor 
binding sites (TFBS) in all human transcripts from the Reference Sequence database, including their 
promoter and regions upstream from the promoter. The average distribution of GC bps and of the 
motifs studied was different in promoter regions, coding sequences, and UTRs. Comparison of the 
average distributions of TFBS for single transcription factors (TFs) in real human genes to those in 
randomized nucleotide sequences obtained by shuffling the nucleotides from the genes analyzed 
revealed that TFBS for some transcription factors have a lower average frequency in the real genes 
than in random sequences, whereas for other TFs the opposite situation is observed. Further, the 
distribution of potential TFBS along different parts of the genes differed for different TFs, some of 
which could show higher frequencies of TFBS in coding than in regulatory sequences. These results 
possibly reflect the complexity of the binding sites and different evolutionary pathways of appearance 
of functional TFBS. 
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The complete genome sequences determined for an increasing number of organisms are the most 
elementary data sets that benefit all areas of basic and applied life sciences. Genome annotation is a 
bioinformatics process to identify genes – hereditary units originally found in Gregor Mendel’s 
experiments – and to associate them with biological functions, which still requires improvements to 
fully understand the meaning of the genome sequences. We have been developing KEGG 
(http://www.genome.jp/kegg/), an integrated database resource for deciphering the genome, especially 
in terms of linking genes in the genome to molecular networks (pathways, etc.) representing higher-
level systemic functions of the cell, the organism, and the ecosystem. By organizing experimental 
knowledge on such systemic functions in computable forms, namely, in the forms of KEGG pathway 
maps and BRITE functional hierarchies (ontologies), KEGG has enabled integrated analysis and 
interpretation of various large-scale datasets generated by genome sequencing and other high-
throughput experimental technologies. Here I will focus on the genome annotation procedure in KEGG. 
Known gene functions in specific organisms are generalized to other organisms by defining KEGG 
Orthology (KO) groups, which correspond to KEGG pathway nodes and BRITE hierarchy nodes. For 
each KO group identified by the K number, cross-species annotation is performed based on sequence 
similarity and best-hit relations, giving the K number to orthologous genes found in all completely 
sequenced genomes. In addition to genes and proteins, knowledge on small molecules and larger 
biopolymers is generalized by Reaction Class (RC) representing chemical structure transformation 
patterns in the biosynthetic and biodegradation reaction pathways. This way, genetic logic of orthologs 
and paralogs can be related to chemical logic of conserved and diversified reactions, giving more 
predictive powers to characterizing unknown genes. Examples will be given to predicting biosynthetic 
potentials of plant secondary metabolites and microbial biodegradation potentials of environmental 
compounds. 
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Motivation: RNA editing is a widespread post-transcriptional molecular phenomenon that can increase 
proteome diversity, by modifying the sequence of completely or partially non-functional primary 
transcripts, through a variety of mechanistically and evolutionarily unrelated pathways [1]. Editing by 
base substitution has been investigated in both animals and plants and recently identified in viruses 
[2,3]. Post-transcriptional alterations due to editing are currently detected by the classical Sanger 
sequencing through the comparative analysis of the genomic locus with the corresponding cDNA 
sequences. Such conventional strategy, however, is time-consuming and prevents an effective 
genome wide detection of RNA editing. The tissue-specific assessment is also precluded. In contrast, 
the high-throughput RNA-Seq approach allows the generation of a comprehensive landscape of RNA 
editing at the genome level. 
We propose here a computational strategy to detect de novo post-transcriptional changes due to RNA 
editing. Our method has been successfully applied to the characterization of the editing landscape in 
mitochondria of Vitis vinifera [4]. Furthermore, using in silico simulations and real data from human we 
demonstrate the capabilities of our methodology in predicting RNA editing conversions. 
 
Methods: In order to accurately predict RNA editing sites we first map millions of short reads obtained 
by Illumina/Solexa or SOLiD technologies onto the genomic reference tolerating at maximum two 
mismatches for each alignment. Reads mapping on multiple reference locations are discarded during 
the alignment step. Next, we explore all reads supporting each reference position and calculate the 
empirical probability to observe a substitution. Such probabilities are then used to detect statistically 
significant base conversions by applying the Fisher’s exact test at observed and expected occurrences 
in the aligned reads. Bonferroni or Benjamini-Hochberg correction is finally employed to reduce the 
false discovery rate. 
 
Results: We tested our methodology for the large-scale detection of editing events in the grapevine 
mitochondrial genome. In particular, more than 500 millions short RNA-Seq reads from different Vitis 
vinifera tissues obtained by Solexa/Illumina and SOLiD platforms provide a significant support (at 0.05 
confidence level) for 401 C-to-U modifications in mtDNA coding regions. Additional 44 editing 
alterations, instead, involve non-coding RNAs (tRNAs and group II introns). Interestingly, over 90% of 
significantly detected edited sites are conserved in the same positions in other plant species. 
Moreover, 24.6% and 75.4% of the detected editing events were supported by Solexa/Illumina and 
SOLiD read data, respectively. Indeed, Solexa/Illumina and SOLiD platforms demonstrated different 
features with respect to the specific issue of large-scale editing analysis. However, a combined 
approach significantly reduced false positive detections. Finally, 76% of all C-to-U conversions in 
coding genes were partial RNA editing events and 28% of them resulted significantly tissue specific. 
We also extended the methodology to detect A-to-I editing changes in human. Using simulated reads 
and different editing percentages we show that the base coverage as well as the editing efficiency are 
crucial to accurately predict RNA editing conversions by RNA-Seq technology. Our conclusions are 
supported by real human Illumina data, recently used in padlock experiments, in which we predict 
RNA editing change with a specificity higher than the 80%.  
 
 
1) Brennicke, A., Marchfelder, A., Binder, S. RNA editing. FEMS Microbiol. Rev. 23, 297-316 (1999). 
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I will discuss Simple Sequence Repeats (SSRs) role in evolution as a major mutational source of 
quantitative genetic variation, possibly playing a key role in evolutionary adaptation and serving as 
“Evolutionary tuning knobs”.    
In the second part I will discuss our study on DNA turnover in stationary phase (SP) yeast cells. 
Genome-wide analysis of DNA turnover in stationary-phase Saccharomyce cerevisiae using BrdU [5-
bromo-29-deoxyuridine (an analogue of thymidine)] as marker for DNA turnover demonstrated: i) non-
random localization DNA synthesis in discrete multiple sites across the genome; ii) these DNA 
turnover sites exhibit a significant overlap with highly expressed genes. This results place transcription 
as a possible modifier, connecting environment to mutation at specific genomic targets. The possible 
relevance of these results to adaptive mutation in higher eukaryotes will be discussed. 
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Function and kinetics of JMJD2b histone demethylase. Here, we studied JMJD2b histone demethylase 
that antagonizes H3K9me3 at pericentric heterochromatin [1]. The occurrence of JMJD2b in distinct 
nuclear compartments and JMJD2b kinetics were analyzed in tumor cells and in mouse fibroblasts 
with reduced pericentric H3K9 di- and tri-methylation as a consequence of deficiency of SUV39h 
histone methyltransferases. In these cells, the level of full-length JMJD2b (JMJD2b-GFP-1086) at 
chromocentres was reduced, which corresponds to global JMJD2b decrease. Chromatin of ribosomal 
genes in fibroblasts, dense on H3K9 methylation, was absent of JMJD2b-GFP-1086, but mutant and 
truncated forms of this protein appeared in this compartment. Androgen-dependent prostate cancer 
cells were characterized by significantly high level of JMJD2b-GFP-1086 at nucleoli. Kinetic properties 
of JMJD2b-GFP-1086 were similar in nucleoli and nucleoplasm of normal and tumor cells; ~50% 
recovery of the pre-bleached intensity was reached after 0.7 s. However, maximal recovery of the 
JMJD2b-GFP-1086 increased especially in SUV39h deficient cells, when compared with wt fibroblasts. 
Similarly, mobile fraction of mutant JMJD2B(1-424)H189A-GFP and especially truncated form of 
JMJD2b(1-424)-GFP, that did not accumulate into foci, was higher then in full-length protein. Together, 
we implied that nucleoli are the sites of only aberrant function of JMJD2b, which kinetics properties 
can be influenced by mutant background. 
 
 
1) Fodor, B.D., Kubicek, S., Yonezawa, M., O’Sullivan, R.J., Sengupta, R., Perez-Burgos, L., Opravil, 
S., Mechtler, K., Schotta, G., Jenuwein, T. Jmjd2b antagonizes H3K9 trimethylation at pericentric 
heterochromatin in mammalian cells. Genes Dev. 20, 1557-1562 (2006). 
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The term ”chromosome painting” (CP) refers to a method of visualization of large chromosome regions 
or whole chromosomes based on fluorescence in situ hybridization (FISH) with chromosome-specific 
DNA sequences as probes. CP is a powerful method for identification of chromosomes and 
chromosome aberrations for diagnostic purposes [1], for mutagenicity testing [2] and for studies of 
karyotype evolution [3]. For a long time CP was successfully applicable only on human and animal 
chromosome material. Efforts to establish this technique for plants did not yield reproducible results, 
due to the presence of vast amounts of ubiquitous repetitive DNA in most plant genomes. First 
successful attempts of CP on plant material (dicotyledonous model organism, Arabidopsis thaliana) 
were done in 2001 by Lysak et al. [4]. In 2009, Idziak et al. have successfully applied CP methodology 
for the monocotyledons plant [5]. Here we continued CP in Brachypodium distachyon a new model 
system for temperate cereals and grasses, also we showed that comparative CP with BAC pools 
representing individual B. distachyon chromosomes can be used as a tool for studying karyotype 
evolution in the genus Brachypodium.  
 
The authors acknowledge financial support from Polish Ministry of Science and Higher Education 
(grant no. NN303570738). A.B. received a scholarship from the UPGOW project co-financed by the 
ESF. 
 
 
1) Ferguson-Smith, M.A. Genetic analysis by chromosome sorting and painting: phylogenetic and 
diagnostic applications. Eur. J. Hum. Genet. 5, 253-265 (1997). 
2) Marshall, R., Obe, G. Application of chromosome painting to clastogenicity testing in vitro. Environ. 
Mol. Mutagen. 32, 212-222 (1998).  
3) Wienberg, J., Stanyon, R. Chromosome painting in mammals as an approach to comparative 
genomics. Curr. Opin. Genet. Dev. 5, 792-797 (1995). 
4) Lysák, M.A., Fransz, P.F., Ali, H.B.M., Schubert, I. Chromosome painting in Arabidopsis thaliana. 
Plant J. 28, 689-697 (2001). 
5) Idziak, D., Wright, J., Febrer, M., Bevan, M.W., Hasterok, R. Large pools of BAC clones as an 
effective tool for chromosome painting in Brachypodium. 9th International Plant Molecular Biology 
Congress, St Louis, Missouri, USA, poster no. 522 (2009). 
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In accordance with their high genomic homology (the orthology of mouse and human genome is 
estimated at 99%), humans and mice share numerous features of brain organisation and display 
similar behavioural responses to many pharmacological agents. Regarding these facts, it seems 
promising to use mice as animal models of psychiatric diseases like depression and anxiety disorders. 
In our laboratory mice have been selectively bred for high (HAB) and low (LAB) anxiety-related 
behaviour, based on the elevated plus-maze test. Inbreeding was conducted for over 30 generations 
to enrich genetic loci relevant for the corresponding phenotype. Following up previous experiments 
using SNP (single-nucleotide polymorphism) linkage panels for identifying copy number variants 
(CNVs; see abstract P58, MPIP symposium 2009) we now were able to extract a much more 
comprehensive catalogue of CNVs using NimbleGen array comparative genomic hybridisation (aCGH). 
Three experiments were conducted, using one HAB and LAB mouse pair in each. A large number of 
differences could be observed, with unexpected high precision and reproducibility. Out of 720,000 
probes, an estimated 26,000 probes could be identified, constantly differing between the two lines and 
varying in size from a few thousands to millions of basepairs. We made a first definition of CNV 
classes, according to which we compiled a catalogue. We also started to replicate selected results by 
quantitative PCR (qPCR), though with variable success. This could be due to artefacts from CGH, 
effects that are too small to be detected by qPCR or due to structural properties of the affected regions 
(i.e. additional inversions). Interestingly, the X chromosome seems to be least affected by CNVs as 
compared to any other of the autosomes, whereas chromosome 17 seems to host the highest number 
of variable regions (among others Glo1). Finally, a comparison of microarray and aCGH data will 
hopefully reveal genes for which CNVs are in accordance with expression profiles and therefore could 
also be valuable biomarkers for anxiety and depression. 
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Plasticity of plant genomes is largely driven by changes in their repetitive DNA fraction. Such changes 
have important genetic and evolutionary consequences and may accompany speciation. Next 
generation sequencing (NGS) provides a perfect tool for analyzing and understanding structure, role 
and evolution of repetitive DNA in plant genomes, also of non-model organisms as it allows rapid and 
accurate characterization of high numbers of repetitive DNA families. We applied 454 pyrosequencing 
to characterize repetitive DNA of Prospero autumnale, a circum Mediterranean plant complex with five 
diploid cytotypes (based on x = 5, 6, 7), widespread polyploidy, and extreme level of chromosomal 
mutations which are not paralleled by phenotypic variation. Here were show results of the analyses of 
the two diploid cytotypes with 2n = 12 and 2n = 14. The most abundant reconstructed repetitive DNA 
families in Prospero have been analyzed using sequence similarity searches, conserved protein 
domain detection, and structural analyses. Comparative NGS analyses revealed that both analyzed 
genomes are predominantly composed of LTR-retrotransposons. Ty1/copia elements are most 
frequent and represented by many different families. Despite lower overall abundance in the genomes, 
one family of Ty3/gypsy elements is preferentially amplified in both cytotypes. Retroelement 
abundance contrasts with the scarcity of satellite repeats, and only one predominant tandem repeat 
type was found in the x = 6 cytotype. 
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Not only the sample sizes but also the analysis tools and methods in plant genomics are currently 
changing significantly. The new generation of sequencing technologies provide new opportunities for 
high-throughput genomic research. These technologies are being applied in a variety of contexts, 
including whole-genome sequencing, targeted re-sequencing, and RNA expression profiling. 
Especially with large genomes like wheat (16,980 Mb) or rye (8,110 Mb) or in the case of high ploidy 
levels, novel approaches are needed in order to reduce genome complexity in order to get information 
on the gene space of large plant genomes. Restriction enzyme based genome filtration is one feasible 
approach to reduce genome complexity. The idea of using specific restriction enzymes sensitive to 
DNA methylation occurring on the ‘5 position of the pyrimidine ring of cytosines in the context of the 
dinucleotide sequence CpG, can be used to generate genome representations that are rich in 
sequences representing gene space [1,2]. These filtration methods result in exclusion of the highly 
repetitive elements present in the plant genomes frequently representing up to 85 or 90% of the total 
genome. In our present work, we applied the HGCP filtration method [2] on the DNA of flow sorted 
1RS chromosome arm of rye. The generated fragments were subject to NGS sequencing using the 
454 Titanium chemistry. Like with previous plant species, this method lead to a significant reduction of 
the repetitive part of the sequence reads generated. Further the analysis of the generated sequences 
in terms of functional annotation and gene representation will be presented. 
 
 
1) Emberton, J., Ma, J., Yuan, Y., SanMiguel, P., Bennetzen, J.L. Gene enrichment in maize with 
hypomethylated partial restriction (HMPR) libraries. Genome Res. 15,1441–1446 (2005). 
2) Berenyi, M., Mauleon, R.P., Kopecky, D., Wandl, S., Friedl, R., Fluch, S., Burg, K. Isolation of gene 
related sequence elements from the plant genome by high C+G patch (HCGP) filtration; model study 
on rice. Plant Mol. Biol. Reporter 27, 79-85 (2008). 
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High resolution sequence-directed nucleosome mapping [1] is applied to sequences containing splice 
junctions, from five different species. As it has been also shown in previous studies [2,3], the junctions 
are found to be preferentially located within nucleosomes. Moreover, the orientation of guanine 
residues at the GT- and AG-ends of introns within the nucleosomes is such that the guanines are 
positioned nearest to the surface of histone octamers, 2.5 bases upstream from the local DNA 
pseudodyads passing through minor grooves oriented outwards. Since the guanine residues are the 
most vulnerable to spontaneous damage within the cell (primarily, depurination and oxidation) [4-6], 
such positioning of the splice junctions, i. e., within the nucleosomes, and in the most protective 
orientation, minimizes the damage that is caused by free radicals and highly reactive metabolites.  
 
 
1) Gabdank, I., Barash, D., Trifonov, E.N. FineStr: a web server for single-base-resolution nucleosome 
positioning. Bioinformatics 26, 845-846 (2010). 
2) Denisov, D.A., Shpigelman, E.S., Trifonov, E.N. Protective nucleosome centering at splice sites as 
suggested by sequence-directed mapping of the nucleosomes. Gene 205, 145-149 (1997). 
3) Kogan, S., Trifonov, E.N. Gene splice sites correlate with nucleosome positions. Gene 352, 57-62 
(2005). 
4) Lindahl, T. The Croonian lecture, 1996: Endogenous damage to DNA. Phil. Trans. R. Soc. Lond. B 
351, 1529-1538 (1996). 
5) Jackson, A.L., Loeb, L.A. The contribution of endogenous sources of DNA damage to the multiple 
mutations in cancer. Mutat. Res. 477, 7-21 (2001).   
6) De Bont, R., van Larebeke, N. Endogenous DNA damage in humans: a review of quantitative data. 
Mutagenesis 19, 169-185 (2004). 
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The ability of next-generation sequencing technologies to analyze eukaryotic genomes in a fast and 
cost-efficient manner provides new opportunities for investigating biological problems that, due to their 
complexity, could not be addressed before. One such question concerns the role that repetitive DNA 
plays in shaping the structure and evolution of plant genomes. Its elucidation depends in large part on 
performing a comparative analysis of repeat composition in a large number of plant species differing in 
size and other characteristics of their genomes. However, the development of appropriate data mining 
tools is required in order to fully utilize next-generation sequencing data for repeat characterization. 
Here we present a computational pipeline addressing the need for efficient identification of all major 
types of repetitive elements from low-pass 454 sequencing data (equivalent to > 1% of the genome). 
The repeats are identified de novo using novel approaches utilizing graph topology statistics for data 
partitioning and characterization, thus allowing investigation of species for which no sequence 
information is available in repeat databases. The pipeline is designed to perform the following steps in 
semi-automated way: (1) initial 454 data processing, (2) sequence clustering followed by repeat 
identification, (3) assembling consensus (prototype) sequences, (4) sequence similarity searches and 
detection of conserved protein domains. This basic analysis provides information about overall repeat 
composition of the investigated genome and generates various types of data useful for subsequent 
detailed characterization of the selected repetitive elements. 
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Telobox is a Myb-like dsDNA-binding motif which is present in a number of yeast, plant and animal 
proteins. Its specific binding activity preferentially to double-stranded telomeric DNA has been used in 
numerous studies to search for putative telomeric proteins in various organisms, including plants. We 
identified new putative telobox protein (CpTBP1) from Cestrum parqui, a plant lacking canonical 
telomeres and telomerase activity. This protein shows nuclear localisation and association with 
chromatin. The function of this protein in consensual and unusual telomere structure is discussed in 
the evolutionary context. We provide an analysis of similarities among these real and putative telobox 
proteins with a special emphasis on members from plants, where a specific groups of the proteins 
possessing the N-terminally positioned telobox is present in addition to more common C-terminal 
telobox proteins.  
 
This work was supported by the Grant Agency of the ASCR (IAA500040801), the Czech Ministry of 
Education (MSM0021622415, LC06004) and the Czech Academy od Sciences (M200040903). 
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The evolutionary history of taxa in series Leucantha of the genus Melampodium (Asteraceae) has 
been associated with Pleistocene climate changes involving repeated cycles of hybridization and 
polyploidization. The series encompasses three xerophytic white-rayed species (M. argophyllum, M. 
leucanthum, M. cinereum) distributed in northern Mexico and adjacent areas of the United States. 
Melampodium cinereum and M. leucanthum both comprise diploid and tetraploid cytotypes (based on 
x = 10) with tetraploids restricted to the eastern part of the species’ distribution range to the near 
exclusion of diploids. M. argophyllum is exclusively hexaploid and local endemic. Analyses of several 
plastid and nuclear DNA markers as well as AFLPs, complemented by genome size data and rDNA 
localization in chromosomes were used (i) to infer the phylogenetic relationships among the three 
species, (ii) to assess the role and extent of hybridization and gene flow involved, as well as (iii) to 
infer the mode of polyploidization and assess the genomic changes associated with polyploidy. AFLP 
data clearly show that all three species constitute well separated and distinct gene pools. Whereas 
currently no hybrids between any of the species are known, sequence data indicate that introgression 
of M. leucanthum into M. cinereum has occurred repeatedly, but did not affect species integrity. 
Polyploids of M. cinereum and M. leucanthum are clearly shown to be of recurrent autotetraploid origin, 
and show no significant deviation in genome size or karyotype structure from expected additive pattern. 
In contrast to earlier hypotheses, M. argophyllum is not supported to be of allopolyploid origin, and is 
instead recovered as basal sister species to the other two taxa suggesting its ancient autopolyploid 
origin. In agreement with its inferred older age, M. argophyllum exhibits genome downsizing, contrary 
to newly and recurrently formed tetraploids of the two other species. 
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Somaclonal variation is a phenomenon closely related to in vitro culture. Somaclonal variation is 
manifested as cytological abnormalities, genetic mutations and epigenetic changes. The main aim of 
this study was to determine the epigenetic and cytogenetic changes occurring in the short-term B. 
oleracea callus culture. For in vitro experiment two types of explants were chosen, cotyledons and 
young leaves. This type of explants vary in numbers of endoreduplicaton cycles, which is typical for 
polysomatic species, like B. oleracea. In leaves the number of endocycles is lower than observed in 
cotyledons. Like in other species with small genome, for example A. thaliana, B. oleracea has a 
specific nuclei morphology. Heterochromatin occurs in the form called chromocenters, easily 
distinguishable from euchromatin. Volume of nuclei, size and number of chromocenters depend on 
DNA content. In endoreduplicated nuclei chromocenters are large and easily visible, compared to 
nuclei with 2C DNA content. Types and morphology of nuclei isolated from explants and callus were 
determine using image cytometer. Based on fluorescence intensity nuclei were classified to G1, G2 or 
endoreduplication phases. For each class of nuclei the pattern of epigenetic modifications was 
analyzed using a specific antibody against methylated DNA, methylated histone H3 or acetylated 
histone H4. Results obtained from the primary explants were compared with those derived from callus 
tissue. For cytogenetic analysis flow cytometry and FISH were performed. In the early stages of B. 
oleracea callus culture changes in DNA content occurred. Ploidy levels in cotyledon-derived callus 
were highly unstable and reached 32C in some cases. In leaf-derived callus changes in polyploidy 
level were lower. For each class of nuclei isolated from cotyledons and leaves, the number of 25S 
rDNA and 5S rDNA loci was established. The results were compared with nuclei isolated from callus. 
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Compared to other known angiosperms, monocots show considerable variation in the base 
composition of their genomes. This variation may reasoned in compositional changes of the genome, 
such as amplification of GC-rich/poor retrotransposons, and/or various selection forces operating on 
the molecular level probably optimizing overall genome regulation. Here we present the update of CG 
content data (guanine+cytosine) measured with flow cytometry in 204 species from majority of 
monocot families (70 of about 88 recognized). Monocots have been formerly assumed to have higher 
GC content compared to other angiosperms, however, this relationship was assumed based on limited 
genomic data comparing Arabidopsis and grasses, the latter actually possessing the highest GC 
content of all known angiosperms. Our preliminary results indicate that most monocot families indeed 
posses higher GC content that those known up to date in dicots. A remarkable increase of GC content 
in grasses seems not to start before the divergence of grasses from Joinvilleaceae. In addition to 
grasses, several other considerable changes in the overall GC content may be observed in several 
other monocot groups. We show that combination of GC content and genome size data may provide a 
useful tool for tracking the long-term processes of genome evolution and may help also in taxa 
identification and classification. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 70 

STRUCTURAL AND FUNCTIONAL DIVERSITY 
OF THE EUKARYOTIC GENOME 

 
October 14 – 16, 2010 

Brno, Augustinian Abbey of St. Thomas 
Czech Republic 

 
 

List of participants and contacts 
 
 
 
Name/Page E-mail Address 
Albani Maria 
p47 

albani@mpipz.mpg.de MPI for Plant Breeding Research 
Carl-von-Linné-Weg 10 
50829  Köln, Germany 
http://www.mpiz-koeln.mpg.de 

Bártová Eva 
p58 

bartova@ibp.cz Department of Molecular Cytology and Cytometry 
Institute of Biophysics, AS CR, v.v.i. 
Královopolská 135 
612 65  Brno, Czech Republic 
http://www.ibp.cz 

Belyayev Alexander 
p39 

belyayev@research.haifa.ac.il Genome Diversity Center 
Institute of Evolution 
University of Haifa 
Mount Carmel, 31905  Haifa, Israel 
http://research.haifa.ac.il/~genom/ 

Bernardi Giorgio 
p18 

bernardi@accademiaxl.it Biology Department 
Rome 3 University 
Via L. Spallanzani 5/a-7 
00161  Rome, Italy 
http://www.accademiaxl.it 

Betekhtin Alexander 
p60 

abetekht@us.edu.pl Department of Plant Anatomy and Cytology 
Faculty of Biology and Environmental Protection 
University of Silesia 
Jagiellonska 28, 40-032  Katowice, Poland 
http://www.wbios.us.edu.pl 

Bettecken Thomas 
p31 

bettecken@mpipsykl.mpg.de Center for Applied GenoTyping Munich 
Max Planck Institute of Psychiatry 
Kraepelinstrasse 2-10 
D-80804  Münich, Germany 
http://www.cagt-munich.de 
http://www.mpipsykl.mpg.de 

Brendel Volker 
p44 

vbrendel@iastate.edu Department of Genetics, Development and Cell 
Biology and Department of Statistics 
Iowa State University 
2112 Molecular Biology Building 
Ames, IA 50011-3260, USA 
http://brendelgroup.org/ 

Brenndörfer Julia 
p61 

jbrenndoerfer@mpipsykl.mpg.de Behavioral Neuroendocrinology 
Max Planck Institute of Psychiatry 
Kraepelinstrasse 2-10 
80804  Munich, Germany 
http://www.mpipsykl.mpg.de 

Bucher Philipp 
p27 

Philipp.Bucher@isb-sib.ch Computational Cancer Genomics 
Swiss Institute of Bioinformatics  
and EPFL SV ISREC 
Station 15, CH-1015  Lausanne, Switzerland 
http://www.isb-sib.ch 



 71 

Name/Page E-mail Address 
Burg Kornel 
p52 

kornel.burg@ait.ac.at Health & Environment Department 
Austrian Institute of Technology 
2444  Seibersdorf, Austria 
http://www.ait.ac.at 

Cremer Marion 
p22 

marion.cremer@lrz.uni-
muenchen.de 

Anthropology and Human Genetics 
LMU München, Biozentrum Martinsried,  
Grosshaderner Strasse2 
82152  Planegg-Martinsried, Germany 
http://humangenetik.bio.lmu.de 

Cremer Thomas 
p21 

thomas.cremer@lrz.uni-
muenchen.de 

Anthropology and Human Genetics 
LMU München, Biozentrum Martinsried,  
Grosshaderner Strasse2 
82152  Planegg-Martinsried, Germany 
http://humangenetik.bio.lmu.de 

Doležel Jaroslav 
p43 

dolezel@ueb.cas.cz Laboratory of Molecular Cytogenetics + Cytometry 
Institute of Experimental Botany, AS CR, v.v.i. 
Sokolovská 6 
772 00  Olomouc, Czech Republic 
http://lmcc.ieb.cz/ 

Eichler Tomáš 
p29 

Echtom@gmail.com Departments of Genetics and Biochemistry 
Faculty of Natural Sciences 
Comenius University 
Mlynská dolina 
842 15  Bratislava 4, Slovakia 
http://www.fns.uniba.sk 

Emadzade Khatere 
p62 

khatere.emadzade@univie.ac.at Department of Systematic and Evolutionary 
Botany, University of Vienna 
Rennweg 14, 1030  Wien, Austria 
http://www.botanik.univie.ac.at/systematik/ 

Fajkus Jiří 
p28 

fajkus@sci.muni.cz Department of Functional Genomics and 
Proteomics, Institute of Experimental Biology 
Faculty of Science, Masaryk University 
Kamenice 5/A2 
625 00  Brno, Czech Republic 
http://www.sci.muni.cz/FGP/ 

Fluch Silvia 
p63 

silvia.fluch@ait.ac.at Health & Environment Department 
Austrian Institute of Technology 
2444  Seibersdorf, Austria 
http://www.ait.ac.at 

Gojobori Takashi 
p49 

tgojobor@genes.nig.ac.jp Laboratory for DNA Data Analysis 
National Institute of Genetics 
Mishima, Shizuoka 411 8540, Japan 
http://www.nig.ac.jp/section/gojobori/gojobori-
e.html 

Hancock Ronald 
p23 

ronald.hancock@crhdq.ulaval.ca Laval University Cancer Research Centre 
Hotel-Dieu Hospital 
9 rue MacMahon 
Quebec, P.Q. G1R 2J6, Canada 
http://www.ulaval.ca/fmed/bcx/biomed.html 

Hapala Jan 
p64 

jan@hapala.cz Department of Functional Genomics and 
Proteomics, Institute of Experimental Biology 
Faculty of Science, Masaryk University 
Kamenice 5/A2 
625 00  Brno, Czech Republic 
http://www.sci.muni.cz/FGP/ 

Herzel Hanspeter 
p50 

h.herzel@biologie.hu-berlin.de Institute for Theoretical Biology 
Humboldt University Berlin 
Invalidenstrasse 43 
10115  Berlin, Germany 
http://itb.biologie.hu-berlin.de/~herzel/ 

Jaksik Roman 
p53 

roman.jaksik@polsl.pl Systems Engineering Group 
Institute of Automatic Control 
Silesian University of Technology 
ul.Akademicka 16, 44-100  Gliwice, Poland 
http://www.en.ia.polsl.pl/ 



 72 

Name/Page E-mail Address 
Jurka Jerzy 
p37 

jjurka@gmail.com Genetic Information Research Institute 
1925 Landings Dr. 
Mountain View, CA 94043, USA 
http://www.girinst.org/ 

Kanehisha Minoru 
p54 

kanehisa@kuicr.kyoto-u.ac.jp Bioinformatics Center 
Institute for Chemical Research 
Kyoto University 
Gokasho, Uji, Kyoto 611-0011, Japan 
http://kanehisa.kuicr.kyoto-u.ac.jp/ 

Kashi Yechezkel 
p57 

kashi@tx.technion.ac.il Faculty of Food Engineering and Biotechnology 
Technion Israel Institute of Technology 
32000  Haifa, Israel 
http://biotech.technion.ac.il 

Kejnovský Eduard 
p38 

kejnovsk@ibp.cz Department of Plant Developmental Genetics 
Institute of Biophysics, AS CR, v.v.i. 
Královopolská 135, 612 65  Brno, Czech Republic 
http://www.ibp.cz 

King David G. 
p40 

dgking@siu.edu Department of Zoology, College of Science,  
Southern Illinois University Carbondale 
Carbondale, IL 62901-6501, USA 
http://www.zoology.siu.edu/king/INDEX.htm 

Langowski Jörg 
p19 

joerg.langowski@dkfz-
heidelberg.de 

Biophysics of Macromolecules 
German Cancer Research Center 
Im Neuenheimer Feld 280 
D-69120  Heidelberg, Germany 
http://www.dkfz.de 

Lysák Martin A. 
p45 

lysak@sci.muni.cz Department of Functional Genomics and 
Proteomics, Institute of Experimental Biology 
Faculty of Science, Masaryk University 
Kamenice 5/A2 
625 00  Brno, Czech Republic 
http://www.sci.muni.cz/FGP/ 

Maeshima Kazuhiro 
p20 

kmaeshim@lab.nig.ac.jp Biological Macromolecules Laboratory 
Structural Biology Center 
National Institute of Genetics 
Mishima, Shizuoka 411 8540, Japan 
http://www.nig.ac.jp/section/maeshima/maeshima-
e.html 

Macas Jiří 
p65 

macas@umbr.cas.cz Laboratory of Molecular Cytogenetics 
Institute of Plant Molecular Biology 
Biology Centre, AS CR, v.v.i. 
Branišovská 31 
370 06  České Budějovice, Czech Republic 
http://w3lamc.umbr.cas.cz/lamc/ 

Mendel Johann G. 
p9 

 Augustinian Abbey of St. Thomas 
Mendlovo náměstí 1a 
603 00  Brno, Czech Republic 

Mrázek Jan 
p32 

mrazek@uga.edu Department of Microbiology 
Institute of Bioinformatics 
University of Georgia 
523 Biological Sciences 
Athens, GA 30602-2605, USA 
http://www.uga.edu/mib/people/mrazek.htm 

Murgatroyd 
Christopher A. 
p34 

murgatroyd@mpipsykl.mpg.de Molecular Neuroendocrinology 
Max Planck Institute of Psychiatry 
Kraepelinstrasse 2-10 
80804  Munich, Germany 
http://www.mpipsykl.mpg.de 

Orel Vítězslav 
p14 

vitorel@seznam.cz Barvičova 51 
602 00  Brno, Czech Republic 

Pesole Graziano 
p55 

graziano.pesole@biologia.uniba.it Lab. of Bioinformatics and Comparative Genomics 
Department of Biochemistry and Molecular Biology 
University of Bari 
via Orabona 4, 701 26  Bari, Italy 
http://www.pesolelab.it/ 



 73 

Name/Page E-mail Address 
Peška Vratislav 
p66 

vpeska@gmail.com Department of Molecular Cytology and Cytometry 
Institute of Biophysics, AS CR, v.v.i. 
Královopolská 135 
612 65  Brno, Czech Republic 
http://www.ibp.cz 

Raskina Olga 
p39 

raskina@research.haifa.ac.il Genome Diversity Center 
Institute of Evolution 
University of Haifa 
Mount Carmel, 31905  Haifa, Israel 
http://research.haifa.ac.il/~genom/ 

Raška Ivan 
p24 

iraska@lf1.cuni.cz Institute of Cellular Biology and Pathology 
First Faculty of Medicine 
Charles University in Prague 
Albertov 4, 128 01  Praha 2, Czech Republic 
http://lge.lf1.cuni.cz 

Rebernig Carolin A. 
p67 

carolin.anna.rebernig@univie.ac.at Department of Systematic and Evolutionary 
Botany, University of Vienna 
Rennweg 14 
1030  Wien, Austria 
http://www.botanik.univie.ac.at/systematik/ 

Rojek Magdalena 
p68 

rojek.biotech@gmail.com Department of Plant Anatomy and Cytology 
Faculty of Biology and Environmental Protection 
University of Silesia 
Jagiellonska 28 
40-032  Katowice, Poland 
http://www.wbios.us.edu.pl 

Sankoff David 
p42 

sankoff@uOttawa.ca Laboratory for Innovation in Bioinformatics 
Department of Mathematics and Statistics 
University of Ottawa 
585 King Edward Avenue 
Ottawa, Canada 
http://albuquerque.bioinformatics.uottawa.ca/ 

Schneeweiss Hanna 
p46 

hanna.schneeweiss@univie.ac.at Department of Systematic and Evolutionary 
Botany, University of Vienna 
Rennweg 14 
1030  Wien, Austria 
http://www.botanik.univie.ac.at/systematik/ 

Svoboda Jan 
p36 

svoboda@img.cas.cz Laboratory of Cell and Viral Genetics 
Institute of Molecular Genetics, AS CR, v.v.i. 
Vídeňská 1083 
142 20  Praha 4, Czech Republic 
http://www.img.cas.cz/cvg/ 

Šmarda Petr 
p69 

smardap@sci.muni.cz Plant Biodiversity and Biosystematics Group 
Department of Botany and Zoology 
Faculty of Science, Masaryk University 
Kotlářská 2 
611 37  Brno, Czech Republic 
http://www.sci.muni.cz/botany/systemgr/ 

Trifonov Edward N. 
p30 

trifonov@research.haifa.ac.il Genome Diversity Center 
Institute of Evolution 
University of Haifa 
Mount Carmel, 31905  Haifa, Israel 
http://research.haifa.ac.il/~genom/ 

Walter Jörn 
p26 

j.walter@mx.uni-saarland.de Genetics / Epigenetics 
Naturwissenschaftlich-Technische Fakultät III 
Universität des Saarlandes 
Postfach 151150 
66041  Saarbrücken, Germany 
http://epigenetik.uni-saarland.de/de/home/ 

Wong  
Joseph Tin-Yum 
p25 

botin@ust.hk Laboratory of Physical Cell Biology 
Division of Life Sciences 
Hong Kong University of Science and Technology 
Clearwater Bay, Kowloon, Hong Kong 
http://www.ust.hk/~webbo/faculty/Prof.J.Wong/ 

 



 74 

STRUCTURAL AND FUNCTIONAL DIVERSITY 
OF THE EUKARYOTIC GENOME 

 
October 14 – 16, 2010 

Brno, Augustinian Abbey of St. Thomas 
Czech Republic 

 
 

Organizational information  
 
 
 
Workshop: 
Augustinian Abbey of St. Thomas 
Mendlovo náměstí (Mendel Square) 1a, 603 00 Brno, Czech Republic 
http://www.mendelmuseum.muni.cz/en/ 
http://www.sci.muni.cz/pVpKnb/_workshop/index.html 
 
 
Accommodation: 
Masaryk University Hotel GARNI  
Vinařská 5, 603 00  Brno, Czech Republic 
phone: +420 549 492 713, fax: +420 549 492 702, e-mail: hotel@skm.muni.cz 
http://www.skm.muni.cz/ubytovani.php?akce=39&lang=en 
 
Penzion na Starém Brně 
Mendlovo nám. 1a, 603 00  Brno, Czech Republic 
phone: +420 777 567 345, fax: +420 541 243 738, e-mail: info@penzion-brno.com 
http://www.penzion-brno.com/ 
 
Hotel Parkhotel Brno 
Veslařská 250, 637 00  Brno, Czech Republic 
phone: +420 543 236 350, fax: +420 543 235 191, e-mail: recepce@parkhotel.cz 
http://www.parkhotel.cz/ 
 
 
Transportation: 
Brno airport → city center (railway station = Brno hlavní nádraží):  

bus line no. 76 between 5.30 a.m and 10.30 p.m. 
night bus no. 89 from 11 p.m. till 5.00 a.m. - prize ca. 1 Eur 

 
Brno main station (Brno hlavní nádraží) → Mendel Square (Mendlovo náměstí) 
 train no. 1 (direction Bystrc) - prize 14 CZK / 10 min / 4th stop 
 
Mendel Square (Mendlovo náměstí) → Brno city center (Šilingorovo náměstí) 
 train no. 4,5,6 - prize 14 CZK / 10 min / 2nd stop 
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Fundamental ideas, notes and questions  
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GS Junior, my new  
best friend

454, 454 SEQUENCING, GS JUNIOR  and GS FLX are trademarks of Roche.
© 2010 Roche Diagnostics GmbH. All rights reserved.

Roche Diagnostics GmbH  

Roche Applied Science  

Werk Penzberg  

82372 Penzberg, Germany

For life science research only. 
Not for use in diagnostic procedures.

GS Junior System
The power of next-generation sequencing in your hands

...�because�now�I�can�sequence�on�my�bench-top
We think you’re going to like the new GS Junior System. And not simply because it’s new and exciting. It’s much more 

than that. The GS Junior System allows you to perform next-generation sequencing in your lab, on your bench, when 

you’re ready. And because it is based on proven 454 Sequencing Systems, it delivers results you can trust time and time 

again. The GS Junior System also comes with a desktop PC equipped with user-friendly bioinformatic tools, so you don’t 

need to be an IT expert to assemble, map or analyze your genome, transcriptome or metagenome. And what’s not to love 

about that? To learn more about the GS Junior System and how it can help you and your laboratory succeed, get in touch 

via our website: www.gsjunior.com It could be the start of a beautiful friendship.



Eppendorf Czech & Slovakia s.r.o. . Kolovratská 1476 . 251 01 Říčany u Prahy . Tel. / Fax.: +420 323 605 454 
E-mail: eppendorf@eppendorf.cz . www.eppendorf.cz . www.eppendorf.sk

NEW!

‡ Eppendorf® twin.tec PCR plates

‡ Microcentrifuga 5424R

‡ twin.tec PCR Plate 96

New Eppendorf products
You can always get what you want from Eppendorf

The twin.tec PCR Plates are available in different versions:
from fully skirted plates to optimize automation and
barcoding to unskirted plates for optimal fi t with many
different cyclers. Additionally, a 384 well version
is available in the same brilliant colors!

‡ All Eppendorf consumables are made of high grade,
    virgin polypropylene (PP)
‡ The dyes used for our consumables are free of
    organic additives and heavy metals
‡ Constant testing and development guarantee
    continuous improvement and innovation.
‡ Eppendorf’s purity grade “PCR clean” certifies that
    the product is free from detectable human DNA,
    DNase, RNase and PCR inhibitors

‡ Can be divided in 4 segments of 24 wells each
‡ Fits most common thermal cyclers
‡ OptiTrack® matrix: high contrast labelling of 
    alphanumeric grid
‡ Available with regular (250 μL) or low profile (150 μL) 
    wells 

Online as well: www.eppendorf.com/twintec

The new Eppendorf Xplorer electronic pipette was specially  
designed for high professional standards to provide optimal  
support for you in your work, with a new intuitive operating  
concept and design based on the proven Eppendorf  
PhysioCare Concept®.

These features set new standards for simplicity, precision
and reproducibility, which means no more delays due to
complicated programming or infl exible processes. Instead,  
you get precisely adjustable parameters, maximum reproducible  
results, fatigue-free work and consistent, full control over 
the pipetting processes.

Online as well: www.eppendorf.com/xplorer

 Eppendorf Xplorer

 Centrifuge 5424 R 

This modern 24-place centrifuge is incredibly quiet
and equipped with an array of innovative product
features. The 5424 R centrifuge sets new standards in the
Eppendorf philosophy: Silence I Speed I Simplicity™

‡ Fast Temp for fast precooling of the centrifuge, for example,
    from ~21 °C to 4 °C in only 8 min!
‡ Patented compressor technology reduces vibrations and
    protects your sample
‡ Kit-Rotor™ with extra high rim prevents tube lids from being
    pulled off, e. g. during spin column centrifugation

 Eppendorf twin.tec® PCR Plates

Best quality

Product features of twin.tec PCR Plate 96



Distributor of Chemicals and Radiochemicals

 Full range of products of U.S. producer MP Biomedicals
       - Broad portfolio of products from Life Science
       - Environmentally Safe Liquid scintillation cocktails
         (Ecolite, CytoScint, BetaMax)
       - IsoBlue   stabilized nucleotides (32P, 33P, 35S)

Labeled Chemicals 3H, 14C, 32P, 33P, 35S, 36Cl, 45Ca, 51Cr, 57Co, 125l
MP Biochemicals, Moravek Biochemicals and Radiochemicals, iThemba,
American Radiolabeled Chemicals

Radiation Safety and Protection Equipment

RIA Kits

Labware and Instruments NanoDrop and FastPrep24 System

If you are interested in the catalog, visit our website and fill out the Request  A Free Catalog.

  

M.G.P. spol s r.o.
Kvítková 1575
760 01 Zlín
Czech Republic

E-mail: mgp@mgp.cz
www.mgp.cz
Zelená linka: 800 125 890
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metaBIOn is a “one-stop-shop” in the field of molecular biology, with products ranging from custom synthesis to 

biochemicals. Founded in September 1997 as a company for applied biotechnology in Martinsried near Munich, 

metaBIOn has managed to become one of the leading biotechnology custom synthesis services, offering a wide 

range of different biomolecules (DNA oligonucleotides, PTO oligonucleotides, ZNA
TM

 oligonucleotides, RNA 

oligonucleotides, peptides, polyclonal and monoclonal antibodies etc.) designed for the scientist‟s specific 

application. 

For a consistently high quality standard, metaBIOn‟s oligo production is certified according to DIN EN ISO 9001 

and EN ISO 13485 regulations, allowing a strict quality control at every synthesis and purification step, assuring 

permanent and constant high quality products and ultimately benefiting the customer. 

Due to the excellent expertise of metaBIOn‟s highly qualified chemists, biologists and technicians, we can offer a 

huge assortment of standard and modified oligonucleotides in single tubes or 96/ 384 well plates for all kinds of 

applications, including antisense studies. For quantitative PCR experiments, metaBIOn offers „tailor made‟ real-

time PCR probes for all real-time cycler platforms on the market. metaBIOn is officially licensed to produce 

LightCycler™ probes for Roche‟s LightCycler™ technology, as one of only five companies worldwide and has 

recently signed a licence agreement with Polyplus transfection to produce ZNA
TM

 oligonucleotides. 

It is and will always be a challenge for our highly motivated and skilled experts in oligonucleotide synthesis to 

determine the best solution, optimal design and purity specifications for any modification and application. 

 

 

 

 

In addition to our custom synthesis of oligonucleotides, metaBIOn offers a 

broad range of biochemicals, incl. purification kits, enzymes, dNTPs, real-

time Mixes and DNA Marker. Successfully translating highest quality 

standards into daily practice is the core of metaBIOn‟s business philosophy 

and key to its popularity at the same time. Careful evaluation and 

implementation of new and promising technologies and products are 

complementing metabion´s progressive and innovative approach, which is 

driven the slogan: 

quality is primary, trust is principle! 

 

Custom synthesis of DNA, ZNA
TM

 and RNA (with/ without various 

modifications, in tubes or plates; real-time PCR probes (incl. LightCycler™ 

probes and Dual labelled probes). 

European and American patent on proprietary DNA-synthesis technology 

Proteomic services (Peptides, Peptide-Arrays, Polyclonal antibodies, 

Monoclonal antibodies, Protein analysis, Custom recombinant proteins, 

Yomics™). 

Supply of standard products in molecular biology (DNA purification 

kits, NTPs/ dNTPs/ modified dNTPs, DNA marker, Polymerases, 

Restriction enzymes, real-time Mixes (EvaGreen/ ROX/ UNG). 

 

Collaborations with Roche, Polyplus, Scienion, Primm, Qiagen, Sequenom, LI-COR, BTI, Jena Bioscience, 

Alere Technologies GmbH, Bio-Rad, and many distributors worldwide .... 

 

metaBIOn international AG / GmbH   -   Lena-Christ-Str. 44/ I+II   -   82152 Planegg-Martinsried 

www.mymetabion.com   -   Tel.: +49-89-899363-0   –   Fax: +49-89-899363-11   -   info@mymetabion.com 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                  
 

 
 
 
 

 




