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B chromozomy jsou nadpocetné chromozomy, jejichz pritomnost byla pozorovana u
zastupcl vSech skupin eukaryot. Vyznacuji se tim, Ze jsou postradatelné a aZ na vzacné
vyjimky na nich nebyly nalezeny aktivni geny. Nerekombinuji s Zadnym ze zakladni sadky
autozomu a nevykazuji mendelovskou dédi¢nost. B chromozomy kukuftice jsou malé a vysoce
heterochromatické. V populaci se akumuluji procesem nondisjunkce béhem druhé pylové
mitozy. Vajicko je nasledné oplodnéno prednostné spermatickou bunkou nesouci B
chromozomy. Zatim neni mnoho zndamo o jejich plvodu ani molekuldarnim usporadani.
Studium B chromozomu Zita naznacuje, Ze rostlinné B chromozomy obsahuji sekvence
odvozené z autozomd, ale také velké mnoiZstvi specifickych repetivnich sekvenci a inzerci
puvodem z dalSich bunécnych organel nesoucich vlastni genetickou informaci ve formé DNA.
V nasi praci jsme se zaméfili na strukturu a plvod B chromozom kukuftice. B chromozomy
byly tridény pomoci pritokové cytometrie, jejich DNA byla amplifikovana a sekvenovana
platformou Illumina. Kratka Cteni byla nasledné skladana pomoci programu MaSuRCA za
Ucelem ziskdni delSich sekvenci z B chromozom( pro dalsi analyzy. Pomoci analyzy
kodujicich sekvenci a jejich porovnani s autozomalnimi geny byly identifikovany oblasti
genomu kukufice podilejici se na evoluci B chromozomu kukufice. Na zakladé ziskanych
sekvenci byly navrzeny specifické primery a podil jednotlivych autozomi na vzniku B
chromozomU bude ovéfen pomoci PCR.

Tento projekt je podporovdn grantem LO1204 v rdmci Ndrodniho programu udrZitelnosti |.
(MSMT) a interni grantovou agenturou Univerzity Palackého (grant IGA PrF/2012/00).
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Vyzkum struktury jadra a chromatinu zaznamenal v poslednim desetileti velky rozmach, a to zejména
diky zjisténi, ze DNA neni ndhodné¢ kondenzovand molekula v jadfe, ale jeji uspofadani ma své funkcni
opodstatnéni na vSech trovnich — od nukleosomii az po celé chromosomy. Pii studiu vySSich struktur chromatinu
jak na lokalni, tak celogenomové drovni se stale vice uplatiiuje metoda Chromatin Conformation Capture (3C) a
rizné jeji varianty (Wit and Laat 2012).

Metoda 3C je zaloZena na statistické analyze kontaktl jednotlivych lokust v populaci jader. Tyto
kontakty jsou zachyceny diky fixaci chromatinovych struktur in vivo. DNA v intaktnich jadrech je fixovéana
formaldehydem, $tépena restrikéni endonukledzou a nasledné ligovana za ziedénych podminek. Takto je
vytvoiena 3C knihovna ,,spoju®, které pochazeji z kontaktt jednotlivych lokust v rdamci dané populace jader.

Podle ucelu a rozsahu studie rozezndvame nékolik variant ,,C* metod, lisicich se ptedev§im druhem
analyzy vytvotrené knihovny a rozliSenim; ¢im vétsi Gsek analyza zahrnuje, tim je rozliSeni mensi. Pti klasické
3C analyze (nejvyssi rozliseni) pouzivame PCR a studujeme funk¢ni konformaci daného lokusu v zavislosti na
testovanych podminkach, tedy porovnavame dva funkéni stavy. Nejéastéji se jednd o strukturné-funkéni
vlastnosti vzdalenych enhancert. Alternativou je 4C (Chromosome conformation capture-on-chip), kdy
porovname frekvenci kontaktd zpiisobem ,,jeden se véemi“ a vysledkem je panel znazoriiyjici frekvenci kontaktt
vSech mist v genomu vi¢i zvolenému cilovému lokusu. | zde jde obvykle o porovnani konformace dvou ¢&i vice
riznych fyziologickych stavii nebo pletiv. V ptipadé, Ze si zvolime vice vychozich bodli analyzy po celém
genomu, mizeme z dat vyvozovat zakladni strukturni vlastnosti genomu (napt., které oblasti interaguji obecné
Castéji se zbytkem genomu a které ménég). DalSi z metod, 5C (chromosome conformation capture carbon copy)
analyza, je zaloZena na sekvenovani. Zde porovnavame frekvenci interakci stylem ,,mnoho vs. mnoho* v ramci
daného Useku genomu (stovky kb). Z této analyzy jiz mizeme odvozovat celkovou strukturu daného Useku a
opét porovnavat konformaci mezi jednotlivymi fyziologickymi stavy ¢&i pletivy. Pro studium struktury
chromatinu v rAmei celych genomt ¢i chromosomi slouzi Hi-C analyza, ktera umoziuje analyzovat prakticky
vSechny zachycené kontakty. Tento pfistup predpokladd znalost kompletni sekvence daného genomu
(chromosomu), jelikoz tyto kontakty musi byt zpétné pfitazeny k pfislusné genomové sekvenci. Pomoci Hi-C
pak miizeme vytvaiet modely chromatinové struktury v rdmci celych genomil.

3C techniky jsou tedy universalnim nastrojem pro studium strukturné-funkénich vlastnosti chromatinu
na vsech drovnich, od funkéni dynamiky kratkych lokusti aZz po strukturni modely celych genomi a
chromosoml.

Na posteru bude prezentovana aplikace metod 3C a Hi-C na jadra ryZe purifikovand pritokovou
cytometrii.

de Wit, E. and de Laat, W.: A decade of 3C technologies: insights into nuclear organization., Genes Dev., 26,
11-24., 2012
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Acetylace rostlinnych histond (i histonli obecn¢) je jednou z prvnich znamych posttranslacnich
histonovych modifikaci ovlivitujicich expresi genti. Acetylace jsou spojovany se zménami kondenzace
chromatinu smérem k dekondenzované euchromatinové struktufe a se zvySenou piistupnosti
transkripénich faktori k DNA. Nejéastéji acetylovanou aminokyselinou je lyzin. Zmény hladiny
acetylace a s nimi spojené zmény exprese genl jsou soucasti epigenetického systému umoziujiciho
rostliné adaptaci na zménu Zivotnich podminek (zména teploty, svétla, stres).

Acetylaci histond katalyzuji enzymy histon acetyltransferazy — HAT. Plsobenim histon deacetylaz
pak dochazi k odstranéni acetylové skupiny. Histon acetyltransferazy jsou rozdéleny do dvou
kategorii, podle distribuce v butice. HAT typu B je cytoplasmaticky enzym acetylujici histony pied
zaClenénim do nové syntetizovaného chromatinu. Tento enzym se vyskytuje i Vv jadie a piedpoklada
se tedy, ze ma i pridatné jaderné funkce. HAT typu A je zodpovédna za acetylaci histont v jadie a fidi
tak sestaveni chromatinu a transkripci genii. Histon deacetyldzy délime do 4 tfid pfiCemz Ctvrta tfida
zahrnuje 4 proteiny, které jsou pravdépodobné specifické pro rostliny.

Nasim cilem je studium acetyla¢nich stavii rostlinnych histonti za uziti riznych podminek pomoci
hmotnostni spektrometrie. Pro studium acetylaci je prvnim krokem izolace a nasledna purifikace
histonti. Oba tyto kroky jsou zavedené pro zivo¢i$né histony, v piipadé rostlinnych histond je nutné
provést optimalizaci, a proto je tento krok nyni na$im primarnim zaméfenim. Optimalizace postupu
izolace a purifikace histont z listi modelové rostliny Arabidopsis thaliana (husenic¢ek rolni) vede k
odstranéni nezadoucich kontaminant, které by interferovaly pii vlastni analyze a zahrnuje odmyti
Tritonu X-100, ktery je soucasti izola¢niho pufru, vaze se na histony a brani tak jejich dalsi purifikaci i
analyze a odstranéni jadernych a cytoplasmatickych proteind, které jsou v extraktu oproti histoniim
v nadbytku. Pro izolaci i purifikaci bylo pouZzito vice rtiznych metod (napi. BIO-PROTOKOL
s krokem pro odmyti Tritonu X-100, SP Sepharosa, srazeni, aj.) Nasledné byly vzorky separovany
pomoci HPLC nebo 1D gelové elektroforézy a jednotlivé frakce ( u SDS-PAGE po digesci trypsinem
v gelu) byly analyzovany pomoci LC-MS/MS.

Tato prace byla podpofena Grantovou agenturou Ceské republiky (P501/11/0596), v ramci projektu
“CEITEC - Central European Institute of Technology” CZ.1.05/1.1.00/02.0068 z Evropského fondu
pro regionalni rozvoj, a projektu CZ.1.07/2.3.00/20.0043 z Evropského socialniho fondu.
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Anthocyanins determine red, purple and blue colouring in many species of fruits, vegetables, honey, olive oil,
flowers and others. Nowadays, the interest in such pigment is increasing and it is not only for its natural
colouring abilities but also for its beneficial properties for human health. Clinical studies revealed significant
antioxidant, antimicrobial, anti-inflammatory and anti-carcinogenic effect of anthocyanins.  Moreover,
anthocyanins are proposed as a functional food component that may help to prevent heart diseases, stroke,
obesity, diabetes and other lifestyle diseases.

Anthocyanins have been identified also in some cereals. High content of anthocyanins has been detected
in wheat with blue aleurone layer. It is known that blue colour of aleurone is determined by the presence of alien
chromatin of wild relatives in common wheat. Three such donors of introgression: Thinopyrum ponticum, Th.
bessarabicum and Triticum monococcum were identified up to date.

We used GISH/FISH to detect introgression of Th. ponticum and determine wheat chromosome(s)
carrying the introgression. Our analysis revealed large variation in genomic constitution of blue grained wheat
genotypes. There are at least six different types of introgression. Among genotypes, we detected either the
addition of the entire pair of chromosomes (cvs. Blue Baart and Blue Norco), or disomic substitution of
chromosome arm (cv. UC66049) and chromosome segment(s) (cv. Xiao Yan). Thinopyrum substitutions were
located on the wheat chromosomes of homoeologous group 4. In some genotypes (i.e. cvs. Skorpion and
Tschermaks Blaukdrniger Sommerweizen), we were unable to detect introgressed chromatin of Th. ponticum
indicating different source of blue aleurone trait (presumably T. monococcum). Our next goal is flow sorting
individual chromosomes with introgression using FISHIS (FISH in suspension) and identification the origin of
Th. ponticum introgressions in various genotypes.

This work has been supported by the European Regional Development Fund (Operational Programme Research
and Development for Innovations No. CZ.1.05/2.1.00/01.0007).
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Genetic information of eukaryotes is divided into distinct subunits called chromosomes. This
property can be exploited to reduce nuclear genome complexity and facilitate its analysis, mapping
and sequencing. Current flow sorters are capable of sorting thousands of particles per second, but
can also be applied to sort one single particle, be it a chromosome or a nucleus, into appropriate
vessel. The minute amounts of DNA obtained in this way, typically picograms DNA or less are not
directly useful for downstream processing. Here we have optimized a protocol for amplification of
DNA from single copies of plant chromosomes using multiple displacement amplification. The
protocol utilizes high fidelity polymerase Phi29, which generates fragments exceeding 10 kbp and
produces microgram amounts of DNA. This amount and quality of DNA makes the method suitable
for a variety of applications. The fact that only one particle is used as a template opens new
opportunities for the application of chromosome genomics, such as the analysis of meiotic
recombination, haplotyping and allele phasing, as well as the analysis of genomic heterogeneity at
single cell level. Furthermore this method enables obtaining chromosome-specific DNA in species in
which individual chromosomes cannot be discriminated and purified.

This work has been supported by the Czech Science Foundation (award no. P501/12/G090) and by the National Program of
Sustainability | (LO1204).
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Mechanismus RNA interference (RNAi) nahodné objeveny pied nékolika desitkami let u rostlin a jeho nasledné
popsani Firem a kol. 1998 znamenal velkou revoluci v molekularni biologii. Klicovou slozkou tohoto procesu jsou malé
RNA (sRNA), které umoznuji proteinu Argonaut (AGO) rozeznat cilové misto na zakladé sekvencni komplementarity.
Vlastni regulace pak miZze probihat bud’to na urovni posttranskripéni (PTGS — degradace mRNA ¢i blokovani translace)
a nebo na urovni transkripéni (TGS — epigenetické modifikace v regulacnich oblastech daného genu). Jako prekurzor
pro tvorbu sRNA u rostlin slouzi dvouvlaknova RNA (dsRNA). Skute¢nost, Ze RNAI je mozné navodit takto relativné
jednoduchym zptsobem z ni déla atraktivni a vyuzivany nastroj pro navozeni zmén genové exprese jak v zakladnim,
tak i aplikovaném vyzkumu. Dulezitou roli hraje zejména v pfipadech, kdy u daného modelového organismu nejsou
dostupni T-DNA inseréni mutanti, a nebo v pfipadech, kdy je napiiklad potieba inaktivovat funkci vybraného genu
pouze v konkrétnim vyvojovém stadiu rostliny.

V nasi laboratoii se zabyvame nékolika riznymi problematikami tykajicimi se RNAI, jejichz cilem je pfispét k
lepsimu pochopeni dynamiky a priibéhu tohoto procesu. Ziskané poznatky pak mohou byt i zhodnoceny pii navrhovani
experimentt, které RNAi vyuzivaji. Vytvofili jsme systém umoziujici tento proces snadno sledovat na bunééné linii
tabdku BY-2 s vyuZitim GFP a promotoru, jehoZ exprese je aktivovana estradiolem. Po indukci vznika dsRNA
(komplementarni k uml¢ovanému GFP), ktera slouzi jako prekursor SRNA. Byly zvoleny tfi rtizné zpisoby produkce
dsRNA, jez tak mohou byt navzajem porovnavany: exprese vlasenky (dsSRNA vznika v rdmci jedné molekuly), exprese
antisense RNA (dsRNA vznika parovanim s jinou molekulou RNA) a exprese RNA bez pouZziti terminatoru (dsSRNA
vznika rozpoznanim aberrantni RNA pomoci RNA-dependentnich RNA polymeraz). Pouziti GFP umoziiuje snadné
sledovani pribéhu umlcovani s vyuzitim fotodokumenta¢niho systému pro hodnoceni velkého mnozstvi klont a nebo s
vyuzitim prutokové cytometrie detailnéjsi analyzu nékterych jiz vyselektovanych klonti. Indukovatelny promotor pak
dovoluje sledovat cely proces od samého pocatku umlcovani.

Srovnani jednotlivych variant populaci klont po indukci umléeni vedlo ke zjisténi, Ze vlasenka je pro indukei
RNAI nejucinnéjsi, coz bylo mozné ocekavat na zaklad¢ jiz publikovanych praci. Nejucinngjsi ptitom byla ve vSech
sledovanych aspektech — pocet reagujicich klont, rychlost nastupu umlovani i schopnost dosahnout nejvyssi miry
umlceni (fluorescence GFP muze klesnout az k tirovni pozadi). Jako méné efektivni se jevila exprese antisense RNA.
Umlcovani u varianty s expresi RNA bez pouziti terminatoru nemélo rovnomérny prubeh.

Fire, A., Xu, S., Montgomery, M.K., Kostas, S.A., Driver, S.E. & Mello, C.C., 1998. Potent and specific genetic interference by double-stranded RNA
in Caenorhabditis elegans. Nature, 391(6669), 5.806-811.

Vzniklo za podpory GA UK 904813 a GA UK 253538.
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Metoda GWAS — genom-wide association studies, dfive vyuzivana primarné ve vyzkumu lidskych chorob,
se v soucasné dobé& stava velmi roz§ifenou technikou pro studium ptirozené fenotypové variability vSech organizmi
véetné Arabidopsis thaliana jakoZto idealniho modelového objektu pro oblast obecné genetiky i molekularni
biologie. Podstatou této metody je ur€eni genetického lokusu na chromozomu, ktery je zodpovédny za piirozenou
variabilitu u rostlin Arabidopsis thaliana. Na zakladé bézné genetické variability jednotlivych rostlin se vyhodnocuje,
jak je urcita geneticka zména asociovana se zkoumanym znakem — tedy jak vyznamné jsou SNPs - single nucleotide
polymorphisms - asociovany se studovanymi vlastnostmi Arabidopsis thaliana.

Provedend studie byla zaloZena na sledovani vlivu nedavno objeveného rostlinného hormonu strigolaktonu
na kotfenovou architekturu rostlin Arabidopsis thaliana, kdy bylo sledovano a s vyuzitim GWAS metody stanoveno,
jak strigolakton ovliviiuje fenotypovou variabilitu vybranych ekotypi. Na zakladé této analyzy byly identifikovany
kandidatni geny biosyntetické a signalni drahy strigolaktonu, tak i geny, které se podileji na interakci s hormonem
auxinem, a také geny souvisejici s utvafenim cytoskeletu buiiky. V rdmci experimentu byly na sterilnich agarovych
deskach péstovany vybrané ekotypy Arabidopsis thaliana na médiu s pfidavkem strigolaktonu, respektive na médiu
kontrolnim a skenovany po dobu 3 tydnd. Snimky byly vyhodnoceny poéitaéovym programem BRAT pro ziskani
parametrii 16 znakl kofenové architektury a nasledné analyzovany GWAS technikou.

This work was supported by the project "CEITEC - Central European Institute of Technology"
(CZ.1.05/1.1.00/02.0068).
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Telomerasa je ribonukleoprotein s reverzné transkriptasovou aktivitou zodpovédny za
prodluZovéani telomer v tkanich a pletivech s vysokou prolifera¢ni potiebou. Jeji spravné
fungovani a zapojeni do fady bunéénych procest je regulovano fadou protein-proteinovych,
protein-RNA a protein-DNA interakci.

Obsahem piispévku je ukazka a srovnani rtiznych molekularné-biologickych ptistupt pro
studium interaktomu telomerasy z A. thaliana, jako napt. bimolekularni fluorescen¢ni
komplementace (screen cDNA knihovny a pfimé studium interakci), kvasinkovy jedno-,
dvou- a trojhybridni test, koimunoprecipitace ¢i electromobility shift assay. Dale jsou
prezentovany vysledky charakterizace T-inzer¢nich mutantt v genech At4g33945 a
At5g10350, jejichZ produkty jsme identifikovali jako proteiny interagujici s C-terminalni
doménou proteinové podjednotky telomerasy z A. thaliana.

Tato prace byla podpofena granty Evropského socialniho fondu (CZ.1.07/2.3.00/20.0189),
MSMT CR (projekt Interaktom, LH10352) a GACR (13-06943S).
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The accumulation of data from molecular genetic studies of development biology and genomics has
enabled the generation and development of Gene Regulatory Network (GRN) models of cell
differentiation and morphogenesis. In GRNs, genes, mRNA or proteins correspond to the network
nodes and the links among nodes stand for regulatory interactions. These GRNs have been used to
analyze the temporal change of concerted gene activities and the way in which genes are connected to
each other. It has been suggested that the steady states in gene regulatory networks (called attractors)
correspond to sustained gene activation profiles characteristic of particular cell types.

Epidermal patterning in Arabidopsis thaliana leaves provides an excellent model for the study
of cell differentiation and patterning formation. In particular, GRN models have been used to study cell
fate determination and patterning of epidermal hairs, trichomes in the leaves. Dynamic network models
and experimental evidence have suggested that cell patterning in this system is sensitive to a wide
range of regulatory processes at different levels. For example, it has been show that in the leaf
epidermis, Gibberellins (GA) and Cytokinin (CK) signaling promotes trichome development, which
could account for changes in trichome density and patterning during plant development. Plus, it has
been found that environmental cues such stress and hervibory also cause changes in the distribution
and density of trichomes.

We set up to integrate the role of genetic and non-genetic mechanisms and the role of
phenotypic plasticity in the formation and development of trichomes in the leaf epidermis of
Arabidopsis. Since it is not yet well known which mechanisms are behind the plastic changes observed
in trichomes patterns in response to different environmental stimuli, in our research, we propose to
include signaling and interactions of some hormonal pathways and environmental cues such as stress
and herbivory in the gene regulatory network determining trichomes that exists in Arabidopsis. This, to
try to understand the role that these signals and their complex interactions have with Arabidopsis and
how these interactions contribute with the origin and variation of trichome patterning. This work could
help to understand the role of phenotypic plasticity in the development and in the origin of phenotypic
variation, contributing in this way to the research program of developmental evolutionary ecology, eco-
evo-devo.
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Optimalizace de-novo sestavovani transkriptomi ziskanych sekvenovanim dalsi
generace (NGS)
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V soucasné dobé¢ se stava sekvenovani dalsi generace stale dostupnéjSim a Ize tedy celkem snadno
ziskat velké mnozstvi dat. Zakladem dobrych vysledkii, ale neni jen ziskani téchto dat, ale
pfedevsim jejich dobré zpracovani. De-novo sestavovani transkriptoml je vhodnym feSenim pro
transkriptomové analyzy organismil, pro které neni zatim dostupny referen¢ni genom. Vystup z de-
novo assembly vSak mtize ovliviiovat mnoho faktorii, od kvality dat po nastaveni jednotlivych
parametrl v programech. Dosud nebyl popsan jednotny a optimalni postup jak pfi takové analyze
postupovat. Proto jsme pfistoupili k porovnani jednotlivych program pro sestavovani
transkriptoml a optimalizaci postupu pro nase konkrétni data, pochazejici z Illumina sekvenovani
12 transkriptomt Chenopodium rubrum. Vybrali jsme celkem ¢tyfi volné dostupné a v soucasné
dob¢ pouzivané programy pro sestavovani transkriptomt (Trinity, SPAdes, SOAPdenovo-Trans,
ABYSS). Testovali jsme programy jak v single k-mer, tak multi k-mer nastaveni. Porovnavali jsme
také schopnost programu sestavit kvalitni transkriptom s pouzitim vSech dostupnych dat (300 mil.
parti readd), stejné tak za pouziti pouze ¢asti dat. Sledovali jsme, jak se méni parametry kvality
sestavené¢ho transkriptomu (pocet a primérnd délka contigi, N50) s rostoucim poctem readu.
Cilem bylo ziskat kvalitné sestaveny transkriptom, ktery bude mozné pouzit pro dalsi analyzy,
pfedevsim pak pro hodnoceni exprese velkého mnozstvi genli za riznych podminek (napf. rizné
fotoperiod¢).

Tato prace byla podpofena projektem GACR P506/12/1359 a projektem evropského socialniho
fondu (EFS) a statniho fondu Ceské republiky Operational Programme Education for
Competitiveness (OPEC) "Integration of the experimental and population biology using new
methods of interdisciplinary issues - the way to excellence with young scientists” Reg.:
CZ.1.07/2.3.00/30.0048.



A DRAFT GENOME OF THE RECENTLY DISCOVERED PEAT BOG
CYANOBACTERIUM

Petr Dvorék?, Dale A. Casamatta’, Petr Hasler", Aloisie Pouligkova®, Vladan Ondiej' & Remo
Sanges
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Synechococcus is one the most important primary producers on global scale exhibiting very
simple morphology and small size. Its abundance is increasing with global warming and it
inhabits almost all environments including marine, thermal, and polar. On the other hand,
Synechococcus, together with other cyanobacteria, is generally rare in acidified environments.
Furthermore, Synechococcus is enigmatic polyphyletic group with complicated evolutionary
history. We used 454 pyrosequencing to retrieve a draft genome of the Synechococcus-like
cyanobacterium isolated from a peat bog, where it inhabits various habitats of a biotic origin
including hyaline cells of Sphagnum plants. Based on 16S rDNA phylogeny, it forms separate
cluster from all other Synechococcus lineages close to the filamentous cyanobacterium
Leptolyngbya. It has recently allowed us to erect new genus Neosynechococcus. The genome
of size ca. 4.3 Mb belongs to more complex Synechococcus-like genomes. Repeats and tRNA
composition correspond to other published cyanobacterial genomes. 47% of genes annotated
by homology were hypothetical. In conclusion, besides its evolutionary importance, which is
underlined by its position among other cyanbacteria, the Neosynechococcus genome may
reveal specific metabolic pathways of peat bog cyanobacteria.

This work was supported by Post-UP 11 CZ.1.07/2.3.00/30.0041.



MIKRQSKOPICKA DETEKCE P,OLYFENOLICKYCI,-I L’ATEK VE
ZRALYCH SOMATICKYCH EMBRYICH SMRKU PO OZARENI UV-B

KATERINA ELIASOVA, ZUZANA VONDRAKOVA, MILENA CVIKROVA

UEB AVCR, v.v.i., Rozvojova 263, 165 02, Praha 6 — Lysolaje, CR
E-mail: eliasova@ueb.cas.cz, tel.: +420 225 106 402

Suchozemské rostliny se jako ptisedlé organismy musi vypofadat s celou fadou abiotickych stresii véetné
kratkovinné slozky jinak pro rostliny zivotné dulezitého slune¢niho svitu - ultrafialového zafeni (UV-B).
Mnozstvi UV-B zéfeni, které dopadd na Zemi, je velmi proménlivé. Nizkd uroveit UV-B radiace pusobi jako
pfirozeny regulator genové exprese, bunéénych a metabolickych aktivit, ovliviiuje riist a vyvoj rostlin. Zivotni
prostiedi na Zemi je ovSem vyrazn¢ ohrozeno ztencovanim ozonové vrstvy ve stratosféie, které vede ke zvyseni
UV-B radiace. Ve vysokych davkach ultrafialové zafeni poskozuje DNA, proteiny i membrany, narusuje
fotosyntézu a rist rostlin. Kli¢ovym faktorem UV-B stresu je stres oxidativni, vyvolany produkci reaktivnich
forem kysliku (ROS). Rostliny odpovidaji na UV-B zafeni syntézou Sirokého spektra sekundarnich metabolitd,
véetné latek s antioxidaénimi vlastnostmi a fenylpropant s UV-B ochrannym charakterem.

Soustiedili jsme se na stanoveni zmén v lokalizaci kondenzovanych tanint, derivati kyseliny skoficové a
flavonoidt ve zralych somatickych embryich smrku ztepilého (Picea abies L. (Karst.)), linie AFO 541, které
byla 10 dni desikovana. Embrya byla ozafena UV-B v intenzitach 0.1, 0.6 a 6 W/m? Vzorky byly analyzovany
3. a 7. den po ozafeni. Kondenzované taniny byly detekovany histochemicky na podélnych Eerstvych fezech
embryi pomoci HClI-vanilinového testu a Hoepfner-Vorsatzova testu. Oba tyto testy prokazaly pfitomnost
kondenzovanych tanintt v povrchovych vrstvach ptedevsim kofenové Gepi¢ky embryi ve vdech variantach.
Mnozstvi kondenzovanych tanind se po ozafeni mirné zvySilo. K nejvyrazngjsi zméné doslo u embryi
vystavenych UV-B o intenzits 6 W/m’. U této varianty jsme pozorovali zvy$ené mnoZzstvi kondenzovanych
tanind nejen v oblasti kotenové &epicky, ale i hypokotylu a déloh.

Na absorpci UV-B zateni se podileji predevsim derivaty kyseliny skoficové (napf. kyselina ferulova), které jsou
vazany v bunéénych sténach. Flavonoidy, lokalizované pfevazné ve vakuolach, maji vyznamné antioxidaéni
vlastnosti. Tyto fenolické latky jsou po excitaci UV-zafenim zdrojem vyrazné modro-zelené autofluorescence.
K jejich studiu jsme proto vyuZili konfokalni mikroskop Zeiss LSM 5 Duo. Provedli jsme spektralni analyzu po
excitaci laserem 405 nm (BP 470 — 500 nm) — pozorovani derivati kyseliny skoticové a 488 nm (BP 530 — 600
nm) — pozorovani flavonoidi. Ptirozena autofluorescence byla zvySena aplikaci 0.1%  2- aminoethyl
difenylborinatu (Naturstoffreagenz A ve fosfatovém pufru, pH 6.7; zasobni roztok 2.5% v ethanolu) na Cerstvé
podélné fezy embryi. Embrya vystavend UV-B zafeni o rtzné intenzité vykazovala zvySeni fluorescence
v modré (derivaty kyseliny skoficové v bunéénych sténach epidermis) i zelené oblasti (flavonoidy ve vakuolach
epidermis a svrchni vrstvy kortexu). Nejvyrazngj$i zvySeni autofluorescence flavonoidi jsme pozorovali
Vv oblasti kofenové Eepicky; po ozareni o nejvyssi intenzité také na povrchu déloh a hypokotylu.

Podporovano grantem MSMT LD13051

Podporovano grantem MSMT LD13051
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6. METODICKE DNY - Komparativni analyza telomer a telomerazy u hybridi
planych x kultivovanych odrid bramboru

PETR FAJKUSY?, EVA SYKOROVA!? JIRI PTACEK?, JIRI FAJKUS!?

1Biofyzikéllni tstav AVCR, v.v.i., Kralovopolska 135, CZ-61265 Brno

% Mendelovo centrum genomiky a proteomiky rostlin, CEITEC, Masarykova univerzita,
Kamenice 5, CZ-62500 Brno

® Vyzkumny Gstav bramboraisky Havli¢kav Brod, s.r.o., Dobrovského 2366, CZ-580 01
Havli¢kav Brod

VetSina rostlin, ackloliv se jedna ¢asto o rizné paleopolyploidy si udrZuje jednu
variantu genu pro katalytickou podjednotku enzymu telomerazy (TERT). Zda se, Ze béhem
evoluce v genomech rostlin funguje néjaky neznadmy mechanismus limitujici pocet gend pro
TERT. Nedavné vysledky sice odhalily, ze nékteré druhy z ¢eledi Solanaceae maji vice
variant TERT genu v¢etné psedogent - coZ mohou byt i puvodni knockoutované varianty od
jednoho z genomovych donort pii hybridizaci. Je mozné, Ze zastupci ¢eledi Solanaceae jsou
tolerantnéjsi k piitomnosti vice variant TERT genti, avSak trend je zde podobny jako u vétSiny
ostatnich rostlin s telomerazou - tedy zachovavat jednu variantu TERT genu. Vyzkum telomer
a telomerazy na nov¢ vzniklych mezidruhovych hybridech Solanum tuberosum ma za cil
odhalit, co se d&je po hybridizaci genomt s rodi¢ovskymi telomerazami u hybridnich rostlin,
tak jak tomu mohlo byt v minulosti u fady jinych druhd béhem jejich evoluce, a jaky ma vliv
pritomnost obou rodi¢ovskych systému udrzujicich telomery na syntézu telomer. Pro
experimentalni vyzkum byly pouzity metody pro: méfeni délek telomer -TRF(Terminal
Restriction Fragment analysis), analyzu hybridnosti genomu ziskanych hybridi - RAPD
(Random Amplified Polymorphic DNA) a GISH (Genomic In Situ Hybridisation), analyzu
aktivity telomerazy a jeji exprse - TRAP (telomere repeat amplification protocol) a gPCR.
Zde jsou prezentovany nejnovéjsi poznatky z oblasti kompatrativni analyzy telomer a
telomerazy u hybridi planych x kultivovanych odrid brambor ziskané uvedenymi metodami.

Projekt je feSen s podporou GACR (13-06943S) a Evropského socialniho fondu
(CZ.1.07/2.3.00/20.0043)



BADAM, BADAS, BADAME - JIZ OD ZAKLADNI SKOLY!

TOMAS FELTL

TFSoft, E. Vencovského 1140, 572 01 Policka, CR
E-mail: t.feltl@tfsoft.cz, tel.: +420 774 403 995

V poslednich letech se zag¢inaji i na naSich Skolach objevovat rtizné moderni vyukové pomicky.
Predevsim v pfirodnich védach mizeme dnes vyuzivat takové prostfedky, o kterych se nam pred ¢asem
skute¢né ,,ani nesnilo“. A neni to jen doména stfednich $kol, situace je obdobna i na Skolach zakladnich.
Piirodni védy jsou védami experimentalnimi. Experiment, ktery si Zak v rdmci vyuky sdm provede, je
nejlepsi cestou k ,,poznani“. Tendence, které se snaZily pokusy ze $kol vytladit pomoci videa a riznych
simulaci na po¢itaci, jsou jiz davno pryc.

Mezi pomucky ptimo podporujici experimentalni innost mtzeme zafadit rizné laboratorni méfici
ptistroje, pfedevsim pak ucelené méfici systémy — Skolni experimentalni systémy. A pravé na tyto
systémy se zamé&fime v prvni ¢asti i my. Uk&Zeme si, jak takovy systém vypada a jaké je jeho vyuziti pfi
vyuce. Zrealizujeme si par Skolni experiment zaméfenych na studium rostlin. A to neni ve... Podivdme
se jeSté na jednu velice univerzalni vyukovou pomicku. Uréité znate stavebnici LEGO. Neni ovSem
LEGO jako LEGO. Stavebnice LEGO Mindstorms obsahuje ruzné aktivni komponenty a da se
programovat. Ve druhé ¢asti vystoupeni si ukdZeme, jak déti vyuzily stavebnici pfi poznavani rostlin a
péci o né.
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ROSTLINNA FOSFOPROTEOMIKA
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Fosforylace proteinti ptedstavuje velmi dynamickou posttranslacni modifikaci.
Navazani fosfatové skupiny na protein vyrazné méni jeho vlastnosti. Dojde k posunu
isoelektrického bodu do kyselej$i oblasti, diky ¢emuz zpravidla dochazi ke zméné
konformace dané domény i mezidomeénovych interakci. V jinych proteinech muze
fosfatova skupina navazana do aktivniho mista blokovat aktivitu daného enzymu.

Fosforylace mize mit regulacni nebo signalizacni funkci v mnoha bunéénych
procesech, reguluje napiiklad bunécné d¢€leni, transkripci, translaci, dynamiku
cytoskeletu a umoziuje pienos signalu z plazmatické membrany do nitra bunék.

Navzdory své vyznamné roli byvaji fosfoproteiny v bufice malo koncentrované a
navic mohou v burice byt spolu se svou ptivodni, nefosforylovanou formou. Kromé toho
jsou fosfopeptidy ve smési s nativnimi peptidy hute identifikovatelné pomoci hmotnostni
spektrometrie, protoZe se v pozitivnim skenovacim modu hiie ionizuji. Z téchto dtvodi
byva nutné zbavit se ve vzorku nefosforylovanych proteinti (nebo peptidu), a ziskat tak
k frakci obohacenou o fosforylované proteiny (nebo peptidy).

K obohaceni vzorku se obvykle pfistupuje bud’ na urovni celych fosfoproteinu,
anebo na urovni proteint nastépenych specifickou protedzou (typicky trypsinem) na
peptidy. Obecné vyuzivaji obohacovaci techniky jednoho ze tii principti. Prvni moznosti
je vyuziti protilatek, jejichZ epitopem jsou jednotlivé fosforylované aminokyseliny. Tento
piistup nasel nejvétsiho uplatnéni pti obohacovani fosfotyrosinovych mist. Fosforylovany
serin nebo threonin se pomoci protilatek neobohacuji piili§ efektivng, protoZze protilatky
nerozeznavaji pouze samotnou fosforylovanou aminokyselinu, ale také sousedni
aminokyseliny. Druhy princip vyuZiva zaporného naboje fosfatovych skupin; pomoci
kladné nabitych kovovych iontl (at’ uz v podobé iontli navazanych na nosi¢ nebo
kovovych iontd vazanych v oxidech) pak mohou byt vychytany na pevnou féazi a
uvolnény do pfislusného pufru. Posledni okruh metod spadd do vyuziti specifické
chemické modifikace fosforylovanych aminokyselin a jejich obohacovani za vyuZiti
pravé takto modifikovanych skupin.

Tento piispévek bude zaméfen na vyhody a limitace riznych obohacovacich
protokoll uzivanych ve fosfoproteomice. Jako ptiklad budou vyuzity naSe experimenty
na zralém pylu tabdku a pylu aktivovaném in vitro 5 min nebo 30 min.

Vyzkum byl financéné podporen granty GACR (P501/11/1462, P305/12/2611).
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IMAGING PLANT CELL UTRASTRUCTURE BY FIELD EMISSION SCANNING ELECTRON
MICROSCOPY
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Microscopy technics have grossly contributed to our knowledge of the cell structure and function. Scanning
electron microscopy (SEM) is a powerful technique that can image exposed surfaces in 3D. Importantly, the
resolution of modern scanning electron microscopes with field emission sources and in-lens specimen
chambers can be better than 0.5 nm and, thus, ultrastructural details of inner cellular structures or even
macromolecular complexes can be viewed. Obtaining a reliable image is, however, dependent on sample
preparation methods that would accurately preserve cellular structures. In plants, exposing the object of
interest may be even more difficult due to the existence of the cell wall. Using appropriate methods, however,
ultrastructural details of nuclear surfaces, endomembranes and associated cytoskeletal structures can be
viewed in tissue culture cells as well as in root or leaf cells.



LARGE SCALE ORGANIZATION OF CHROMATIN IN PEA CENTROMERES.
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Chromosomes of garden pea (Pisum sativum) possess one of the most complicated centromeres described so far,
consisting of multiple CenH3 domains separated by megabases of pericentric chromatin (Neumann et al. 2012). Pea
centromeres contain rich and diverse population of satellite repetitive sequences some of which are associated with
functional centromere domains and others that lie outside CenH3 clusters (Neumann et al. 2002). Pea thus offers a great
system for studying gross architecture of centromeric chromatin. Current models of large scale chromatin organization in
metaphase chromosome in most cases neglect centromere although it forms a prominent part of the chromosome with an
essential function for faithful chromosome segregation. The models presented in literature concerned with centromeres
(reviewed in Verdaasdonk and Bloom 2011) are often partial or so simplified that it is problematic to fit them to the actual
observation.

Here we examined high order chromatin packaging of pea centromeres at metaphase by comparing FISH hybridization
patterns of a set of centromere-specific probes on metaphase chromosomes with that on less condensed pachytene bivalents.
We present results from comparison of our data with the prediction of available models of centromere architecture. Further
we studied the behaviour of CenH3 domains and pericentromeric repeats during interphase and correlated changes in their
respective orientation with the onset of mitosis. We believe our data will bring a new insight in the knowledge of the general
structure of centromeres and will stimulate others to contribute to the endeavour.

Neumann P., Navratilova A., Schroeder-Reiter E., Koblizkova A., Steinbauerova V., Chocholova E., Novak P., Wanner G., Macas J.: 2012 - PLoS Genet
8(6): e1002777.

Neumann P., Pozarkova D., Vrana J., Dolezel J., Macas J.: 2002 - Chromosome Res 10: 63-71.

Verdaasdonk J.S., Bloom K.: 2011 - Nat Rev Mol Cell Biol. 12: 320-32.

This research was supported by grants from the Czech Science Foundation of the Czech Republic (P501/11/1843 and
P501/12/G090) and the Academy of Sciences of the Czech Republic (AVOZ50510513).
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COMPUTATIONAL IDENTIFICATION OF HUMULUS LUPULUS (HOP) MIRNA
AND THEIR TARGET PREDICATIONS
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Abstract

Hop (Humulus lupulus) is a species of flowering plant in the Cannabaceae family, well-known for their content
of biologically active phenylpropanoid metabolites.Hop glands produce resin referred to as lupulin is
commercial interest for flavouring of beer and medicinal properties of carcinogenesis and  potent
phytoestrogens. Identification of miRNAs in hop plant play important roles in numerous biological events,
greater research in this area is being stimulated. MicroRNAs (miRNAs) are small, endogenous RNAS,
approximately 21 nucleotides in length that play an important regulatory role in many physiological process both
in plants and animals by targeting mRNAs for cleavage or translational repression. The roles of plant mMiRNA'’s
in molecular biology are leading to the development of more efficient and reliable tools for their characterization
Currently 10,898 plant miRNAs are available in plant miRNA database (PMRD).Available plant miRNAs were
used to identify miRNA in hop. We proposed a modified version of existing computational tools to identify the
miRNAs from Expressed sequence tags (EST) of hop. Based on this approach we identified 25 miRNAs and
predicted their potential target. Among 25 miRNAs some microRNAs were also identified having putative role
in regulation of transcriptional factors (bZIP, zinc finger, C3HC4, Rap30/Rap74 TFs and Nuclear transcription
factor Y) and Kinase involved in signal transduction (BAKZ1-interacting receptor-like kinase 1). bZIP class of
TFs was identified to be involved in regulation of lupulin biosynthesis in hop (Matoudek et al., 2010) and
C3HC4 class in know to regulate plant flowering. Conventional expression analyses were used to verify those
mMiRNAs.

Keywords: Humulus lupulus, lupulin gland, miRNA,computational tools
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Cloning and Molecular Analysis of HIbZipl and HIbZip2 Transcription Factors Putatively Involved in the Regulation of the Lupulin
Metabolome in Hop (Humulus lupulus L.). Journal of Agricultural and Food Chemistry 58(2): 902-912

The project was supported by the Czech Science Foundation (GACR 13-03037S) by the cooperative
project FP7-REGPOT-2012-2013-1 MODBIOLIN No. 316304 and by institutional support RVO: 60077344.


mailto:jmat@umbr.cas.cz
http://en.wikipedia.org/wiki/Species
http://en.wikipedia.org/wiki/Flowering_plant
http://en.wikipedia.org/wiki/Cannabaceae
http://en.wikipedia.org/wiki/Family_%28biology%29

The application of immunomodulation approach in the cytokinin signaling research
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Immunomodulation allows specific modification of molecular regulators at the level of
effector molecules ranging from small organic molecules to macromolecules, typically
proteins. Target regulators are affected via direct interaction with single-chain variable
fragments (scFvs) of specific antibodies. scFvs could be fused with short signal sequences to
increase protein expression and stability. Moreover, it enables targeting of scFvs localization
into specific cell compartments, allowing thus targeted manipulation with subcellular
resolution and high specificity. Here we present the use of immunomodulation approach in
manipulating perception of plant hormones cytokinins (CKs), both at the level of CKs as well
as proteins from the CK signaling pathway.

For targeting the CK molecules, we screened Tomlinson Human I+J scFv Library by
trans-zeatin riboside (tZR), one of the active and relatively stable CKs conjugated with BSA
and selected scFv specifically recognizing tZR (atZR_scFvs). Nicotiana tabaccum stable
transgenic lines ectopically expressing atZR scFvs targeted to endoplasmatic reticulum (ER)
(35S:KDEL-atZR_scFv) exhibited CK over-sensitizing response on meristematic levels. The
35S:KDEL-atZR scFv lines further revealed elevated CK oxidase/dehydrogenase activity,
the first response to upregulated CK signaling. Using transient expression of TCS::LUC
reporter in tobacco protoplasts, we showed the ability of 35S:KDEL-atZR_scFv construct to
upregulate CK signaling. Our results from atZR_scFvs experiments provide the first evidence
for the functional importance of ER-located CKs in plants.

For targeted immunomodulation of CK signaling pathway, the scFvs specifically
recognizing AHP3 protein (aAHP3_scFvs), the member of CK signaling pathway were
cloned from mice hybridomas producing anti-AHP3 monoclonal antibody. We have shown
the ability of aAHP3_scFVs to interact with AHP3 both in vitro and in vivo. Using transient
expression of TCS::LUC reporter in protoplasts, we showed the ability of a AHP3_scFvs to
attenuate AHP3-mediated CK signaling.

Altogether, the aforementioned results evidence the immunomodulation as an efficient
tool for targeted manipulation of diverse regulatory events in plants.

Supported by the Czech Science Foundation (P305/11/0756) and European Regional
Development Fund (Central European Institute of Technology project no.
CZ.1.05/1.1.00/02.0068).
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Pii studiu protein-proteinovych nebo protein-lipidovych interakci se velmi ¢asto vyuziva
technika rekombinantnich proteinti. Tyto proteiny vznikaji jako produkt exprese (transkripce a
translace) rekombinantni DNA v nerostlinnych expresnich systémech, zejména
prokaryotickych.

Podoba rekombinantni DNA zavisi na ucelu rekombinantniho proteinu, jeho
rozpustnosti a dalSich vlastnostech (toxicita apod.). Zejména je dilezita volba vhodného
promotoru, sila exprese Casto ovliviluje spravné sbaleni proteinu do nativni konformace. Zisk
proteinu v nedenaturované nativni konformaci je vétSinou hlavnim cilem produkce. Pokud se
nedafii ziskat protein v nativni konformaci, Ize vyuZit chaperony, které mohou byt
koexprimovany s pfipravovanym proteinem a usnadnit tak spravne sbaleni proteinu. Podobné
Vv ptipadé napt. komplext lze koexpresi vice podjednotek dosahnout jejich shaleni do
nativniho stavu a vytvoreni nativniho komplexu.

V piipadé, Ze protein ma byt purifikovan, je vhodné polozit si otazku, jakou metodou.
Kromé béznych separacnich metod (SEC, ionexy) se hlavné vyuziva afinitni chromatografie.
K rekombinantnimu proteinu je pfidana afinitni znacka, jejiz pomoci mize byt protein
purifikovan a ktera mize byt posléze odstranéna.
VysSe uvedené aspekty budu demonstrovat na produkci rekombinantni protilatky proti GFP
v bakteriich.

Podporovano grantem GACR P305-11-1629



Structural Biology in Use: NMR, X-ray and Molecular Dynamics Modeling in
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In multistep phosphorelay (MSP) pathway, the His-containing phosphotransmitters encoded by AHP
genes in Arabidopsis act as signaling intermediates integrating signaling inputs from diverse sensor histidine
kinases. In comparison to prototypical two-component signaling in bacteria displaying high level of specificity,
the level of specificity in related plant MSP signaling remained unclear. Here | will describe our results
employing both experimental and computational approaches in the identification of structural determinants of
specificity in MSP signaling in Arabidopsis.

Via extensive screen, we have shown that sensor histidine kinase CYTOKININ-INDEPENDENT 1
(CKI1) acting in MSP is able to distinguish specific subset of AHPs both in vitro and in vivo. We have
demonstrated that the C-terminal receiver domain of CKI1 (CKIllgp) is necessary and sufficient for this
specificity. We determined the structure of CKllgp using X-ray crystallography. By NMR measurements we
described the dynamic rearrangement of active center of CKl1gp upon its phosphorylation and binding of Mg?,
the cofactor necessary for MSP signaling, both of which affect the relative affinity of CKl1gp to AHPs. In order
to identify the molecular determinants of the observed interaction specificity at the atomic resolution, we
determined the structure of AHP2 via experimental phasing after lutetium soaking of AHP2 crystals at 2.53 A
resolution. The key residues responsible for the AHP2-CKIlgp interaction revealing strong protein-protein
binding were identified via molecular dynamic simulations for 100 ns. The AHP2-CKIl1gp interaction was
confirmed via NMR measurements and resulting chemical shifts agree with the model. Comparison of the
AHP2-CKI1lgzp model with the recently published structure of AHP1-AHKS5gp suggests that the interacting
surfaces differ between both complexes, particularly in the amino acid residues mediating hydrophilic
interactions. Detailed structural comparison between AHP2-CKlIlgp and AHP1-AHK5gp allowed us to
determine the individual amino acid residues responsible for the specific recognition of subset of AHPs via
CKIl1gp. Thus, in spite the vast majority of interacting residues in the AHP proteins is recruited from highly
conserved residues, small structural differences of both AHPs and AHKgps seem to be sufficient for
determination of specific molecular recognition as could be seen by our bioinformatical and structural
comparisons. Thus, combining of both experimental and modelling approaches allowed us to determine the
amino acids responsible for specific protein-protein interaction of the receptor with its downstream signaling
partner, the first example of structural determinants of MSP specificity in higher organisms.

Supported by CZ.1.05/1.1.00/02.0068 and P305/11/0756.
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nositelem evropskych i svétovych cen semen maku. Pro efektivni vybér vhodnych genotypt jako
vychozich genetickych zdroji pfi $lechténi méku je Uéelné zavést postupy molekularni genetiky.
V piipadé genomicky malo prostudovanych organismil s minimem dostupnych sekvenci, jako je prave
i mak sety, je dosud mozno vyuZit jen univerzalnich, sekvenéné nespecifickych technologii, jako je
RAPD, ISSR ¢i AFLP. V piipadé RAPD a ISSR se jiz jedna o technologicky zastaralé metody, trpici
fadou nedostatkti (pfedevS§im nizkou reprodukovatelnosti, nizkou mirou polymorfismu a Spatnym
pfenosem mezi laboratofemi). V piipadé AFLP se jedna o technicky dosti ndro¢nou metodu s vysokymi
naroky na optimalizaci a vybaveni laboratofe. Proto byla vyvinuta metodika zaloZzena na moderné&;jsi, ale
stale jeSté univerzalni technologii vyuZzivajici repetetivnich sekvenci. Pfi pouziti metody iPBS (inter-
primer binding site) je pomoci PCR amplifikovan Usek mezi primery a PBS (primer binding site)
doménami. Z ni odvozena je technologie IRAP (Inter Retroelement Amplified Polymorphism), fungujici
v pfipadé vysoce abundantnich elementl, kdy je oblast mezi jednotlivymi elementy mozno PCR
amplifikovat a detekovat ve form& DNA fragmentd (Kalendar et al. 2010). Pravé metoda IRAP byla
vyuZita pro potfeby analyzy genetické struktury kolekce maku. Pro vyvoj a optimalizaci metody bylo
vybrano 16 geograficky a pasportné vzdalenych odrid méaku. Pomoci sady univerzalnich primera
nasedajicich na konzervativni oblasti retrotranspozont byl na tomto souboru sledovan polymorfismus
amplifikovanych fragmentd DNA. Celkem bylo testovano 82 univerzalnich primert. Fragmenty
S nejvySSim stupném polymorfismu byly klonovany a osekvenovany. Bylo zisk&no celkem 66 sekvenci,
ve kterych byly vyhledavany oblasti LTR (Long Terminal Repeats). Na zakladé sekvenci bylo navrzeno
celkem 45 IRAP primerq, specifickych pro LTR oblasti maku. Tyto primery byly testovany jednotlivé
i v kombinacich. Vybrané IRAP primery s nejvySSim stupném polymorfismu byly dale vyuzZity pii
hodnoceni celé genetické diverzity kolekce maku.

Kalendar R., Antonius K., Smykal P., Schulman A. (2010): iPBS: a universal method for DNA fingerprinting and
retrotransposon isolation, Theor Appl Genetics, 121:1419-30

Podporovano grantem 74 CR ¢ TA01010375

Podékovani: Mgr. Vrbovskému ze spoluresitelského pracovisté OsevaPro za doddni vzorki rostlin maku
setého, Dr. Petru Smykalovi z Univerzity Palackého a Dr. Ruslanu Kalendarovi z University of Helsinky
za pomoc pri navrhu primerii IRAP.
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Cytokinin metabolism is rather complex network of reactions determining the concentration of
particular cytokinin forms in plant tissues, thus modulating their biological effects. Kinetics of several
enzymes involved in cytokinin metabolism have previously been investigated in vitro but transition of
these results into physiological conditions in plants is not straightforward. Experimental studies in
vivo are, therefore, still beneficial for getting an image of cytokinin metabolic machinery. Moreover,
through the use of computational modelling the experimental results can be processed and kinetics of
principal metabolic pathways can be estimated.

In our study 14-day-old Arabidopsis seedlings were incubated in presence of trans-zeatin, cis-zeatin,
dihydrozeatin and isopentenyladenin for 15, 30, 60 and 120 minutes and resulting cytokinin levels in
roots and shoots were measured by HPLC. After interactive visualisation and analysis of the results
the metabolic system was divided into four subsystems according to particular incubations and
independent multicompartment mathematical models of these subsystems were then constructed.
Multiple Monte Carlo optimization of the models was carried out providing estimates of kinetic
parameters of the major reactions. Subsequent sensitivity analysis and statistical analysis provided
further insight into parameter importance and reliability of the estimates.
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Recent outbreak of the next generation sequencing accelerated the number of genomes assembled
and genes annotated. In contrary, the functional validation of newly identified genes and their
introduction to the breeding programs remain a significant struggle for plant biologists. While
conventional mutagenesis is time consuming and available for a limited number of model organisms,
genome editing uses sequence specific nucleases with activity in broad spectra of plant species. The
central idea of using nucleases lies in creation of the double strand breaks and using endogenous repair
mechanisms to faciliate gene knock-out (targeted gene disruption) or knock-in (gene targeting). The most
widely used nucleases - TALENs and CRISPR/Cas9 - are derived from the bacterial proteins and both
have been successfully used in plant genome editing recently.

The crucial characteristics of TALENs and CRISPR/Cas9 will be presented as well as the
approaches and workflows for their usage in plants. The experience with the genome editing of dioecious
plant models studied in our laboratory will be discussed.

This work was supported by MEYS LH 14 002 and CSF P501/12/G090.
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Since 2013, the Palacky University has been equipped with two PlantScreen phenotyping
systems by Photon Systems Instruments (Brno, Czech Republic). The instruments work as
measuring systems for high throughput phenotyping and are located in climate chambers
with LED illumination (max. 1000 uE) and controlled environment (10-40°C, 30-99% r.h.). The
first fully automated system with the capacity of 1200 standardized Arabidopsis pots or 480
culture multiwell plates in fixed positions employs a robotic arm for XYZ positioning. The arm is
equipped with a chlorophyll fluorescence imaging system for measuring photosynthetic
parameters, visual imaging system for analyzing leaf area and growth rate, and with a VIS-NIR
hyperspectral imaging system for the evaluation of optical indices and parameters. The system
is now being validated to be used either for high throughput phenotyping of Arabidopsis plants,
or high throughput screenings of compound libraries in various plate-based bioassays. The
second system, equipped with roller conveyer, has the capacity for high throughput phenotyping
of up to 640 Arabidopsis plants, cereals and other crops grown in standardized pots. The
measuring cabinet contains an acclimation chamber for dark adaptation of plants coupled with
an automated weighting and watering area. The cabinet is equipped with chlorophyll
fluorescence imaging and visual imaging systems (top and 2 side views), thermoimaging to
detect stomata openness and SWIR hyperspectral imaging to reveal water content. The
operating software enables automatic data evaluation. The measuring protocols for cold stress
sensitivity in pea plants and for general growth of Arabidopsis thaliana have been established
and validated up to date.
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Advanced Fluorescence Microscopy Techniques Investigating Membrane
Organization and Dynamics

Jana Humpolickova
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Membrane organization and dynamics is crucial for many membrane-related pathways in living cells,
such as signaling events or cell-to-cell communication. Investigating plasma membranes under
physiological conditions requires non-invasive observation techniques such as visible light
microscopy. Thus fluorescence microscopy providing additionally high contrast and selectivity
became the most widespread visualization technique in molecular biology. The accessible spatial and
temporal resolution of the conventionally performed fluorescence imaging is however not sufficient
to observe processes of biological interest on the level of single molecules and/or on sub-
milliseconds to millisecond timescales. Even though nowadays techniques improving the spatial
resolution are available allowing almost a molecular resolution in theory, their real performance is
subjected to many factors. It has to be however pointed out, that apart from the direct visualizing of
the membrane architecture, other features, such as molecular motion or mutual co-localization, can
be easily monitored and may report indirectly, yet convincingly on the nanoscale membrane
arrangement.

In this contribution, single molecule based fluorescence techniques (fluorescence correlation
spectroscopy, raster image correlation spectroscopy) reporting on lipid/protein dynamics will be
introduced. Further, analysis of fluorescence intensity fluctuations by evaluating of either so called
“number and brightness”, or fluorescence antibunching can be employed to address clustering and
co-localization. Eventually, a technique combining conventional Forster resonance energy transfer
with analysis of complex donor fluorescence decays by means of Monte Carlo simulations will be
shown to be a tool for detecting and characterizing membrane nano-heterogeneities. Examples of
applications of the introduced techniques either in plasma or model membrane investigation will be
given.
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Ribozomalni DNA (rDNA) patfi mezi dilezité genetické markery, jeZ vyuZivaji mnohé
fylogenetické studie. U vétsiny rostlin se nachazeji v mnoha kopiich. Kazda kopie nese geny pro 18S,
5,8S a 26S rRNA, kter¢é jsou oddéleny nekodujicimi oblastmi (intra- a intergenové mezerniky: ITS a IGS).
Kodujici oblasti genu jsou evoluéné konzervovany, zatimco intra a intergenové mezerniky diverguji
podstatné rychleji. Navzdory tomu, Ze hybridni a allopolyploidni organismy dédi alely od svych rodiéa,
v mnohych pfipadech dochazi ke ztratam homeolognich rDNA ¢i zménam poméru jednotlivych geni
v ramci, doposud ne zcela objasnéného procesu, homogenizace rDNA jednotek. Kviili existenci vysoce
multikopiovych paralognich gent neni snadné urcit stupeit homogenizace pomoci klasickych pristupii
sekvenovani. V této praci ukazujeme intragenomickou variabilitu rDNA jednotek u dvou hexaploidnich
druht S. alterniflora a S. maritima, které divergovali pted ~3 mil. let, pomoci tzv. ,,deep” sekvenovani
PCR amplikond.

Pomoci emulzni PCR byl amplifikovan asek, pokryvajici ¢ast 18S genu a celou ITS1 sekvenci.
Nasledné byla provedena sekvenace pomoci platformy 454 GS-FLX. Bylo ziskano >10000 sekvenci
reprezentujici téméf 4 nasobek vSech rDNA v daném genomu. Nasledné byla provedena SNP a
kvantitativni analyza ziskanych sekvenci.

Konsensni sekvence ITS1 jednotlivych druhti vykazovaly 32 (12%) konzervovanych polymorfnich
mist. Nejfrekventovanéj$imi polymorfizmy byly tranzice (C<>T/G<>A). Vysoké zastoupeni SNPs bylo
ptekvapivé nalezeno i v kodujici oblasti 18S genu. Vétsina téchto SNPs se nachazi v potencionalné
methylovatelnych sekvenénich motivech. Co se ty¢e poctu variant rDNA, S. alterniflora obsahuje jeden
ptevazujici ribotyp, jak pro ITS1 tak i 18S gen, zatimco S. maritima ma dv&é dominantni varianty ITS1 i
18S genu. DalSi analyza ukézala, Ze dominantni ITS1 ribotyp S. alterniflora se nachazi v 0,2% u
S. maritima, ktera nenese zadny ribotyp od S. alterniflora. Vysoké procento mutaci v kédujicich
homogenizace rDNA jednotek (mozna i celého genomu) je vysoce akcelerovany u S. alterniflora, kdezto
u S. maritima probiha relativné pomalu.
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Velka cast jaderné DNA vétSiny rostlinnych druht je slozena zriznych typu repetitivnich DNA
elementl. Na zakladé distribuce repetic v genomu odliSujeme dvé skupiny: tandemové a rozptylené
repetice, jejichz studium nam mtize pomoci v porozuméni evoluci a organizaci rostlinnych genomd.
Rozptylené repetice se v riizné mife vyskytuji po celém genomu a pii fluorescenéni in situ hybridizaci
(FISH) davaji typicky disperzni signal, zatimco tandemové repetice (TR) jsou lokalizovany v tzv.
klastrech, které mohou poskytnout signal specificky jen na uréitych ¢astech chromozomi. Tandemové
organizované repetice se obvykle vyskytuji v centromerickych nebo subtelomerickych oblastech. Nékteré
TR jsou proto vyuZivany jako cytogenetické markery napf. pAsl, pSc119.2 nebo GAA pouzivané
k identifikaci jednotlivych chromozomu u obilnin; jiné TR mohou byt genomové specifické. U rodu
kostiava (Festuca sp.) byly dosud cytogeneticky zamapovany pouze 5S a 45S rDNA genové lokusy, které
kéduji strukturni RNA ribozomt; organizace dalSich repetitivnich DNA sekvenci nebyla dosud
zkoumana.

V piedchozi studii (Kopecky et al., 2013) jsme ziskali Illumina sekvence z chromozomu 4F kosttavy
luéni (F. pratensis) vytfidéného pomoci pritokové cytometrie. V sekvenaénich datech bylo
identifikovano 15 pravdépodobnych TR a rizné skupiny retroelementti a DNA transpozonii. V této préci
jsme se zaméfili na vyuziti repetitivhich DNA sekvenci identifikovanych v Illumina datech chromozomu
4F Ke studiu struktury a organizace jaderného genomu kostiavy lu¢ni.

Tandemovy charakter in silico identifikovanych TR byl potvrzen pomoci Southernovy hybridizace s
genomovou DNA izolovanou z riznych druhii kostfav. Na zakladé vysledkd hybridizace bylo vybrano 5
TR, které poskytly dobie viditelny ,ladder-like* patern a pouzito pro mapovani na metafazni
chromozomy kosttavy luéni cv. ‘Fure‘ pomoci vicebarevné FISH. RGzné kombinace téchto 5 TR
spole¢né se sondami pro 5S a 45S rDNA umoznily zfetelné odliseni vSech 7 chromozomi kostfavy luc¢ni
cv. ‘Fure’. Tyto sondy fungovaly také u dalSich odrid kostfavy luéni, ackoli mezi nejmensSimi
chromozomy 5, 6 a 1 byla pozorovana mirna variabilita signalu.

Mobilni DNA elementy byly amplifikovany pomoci PCR se specifickymi primery a vzniklé produkty
byly nasledné sekvenovany pomoci Sangerovy technologie. Na zdkladé Sangerova sekvenovéani byly
vybrény Kklony s nejvyssi homologii k in silico kontigim jednotlivych druhit mobilnich elementi a
nasledné pouzity jako sondy pro mapovani jaderného genomu pomoci FISH. VétSina sond poskytla
typicky disperzni signal po celé délce chromozomi se snizenou intenzitou v oblasti centromer a telomer.
Vyjimkou byl klon CL4/141 nesouci DNA sekvenci homologni ke Cacta DNA transpozonu, ktery byl
lokalizovan v subtelomerickych oblastech v§ech chromozomil. Obdobné, specifickou lokalizaci do oblasti
centromer poskytl klon CL38/72, ktery obsahuje casti LTR oblasti a nebylo mozné ho blize
charakterizovat.

Vysledky této prace umoznuji karyotypovani a identifikaci chromozoml kostfavy lu¢ni pomoci 5
tandemovych repetic nalezenych v Illumina sekvenacnich datech z chromozomu 4F. Ovéfili jsme, Ze
mobilni DNA elementy identifikované v datech specifickych pro chromozom 4F jsou pfitomny i na
ostatnich chromozomech. Pfevazna ¢ast mobilnich DNA elementt je v jaderném genomu druhu kostfava
luéni lokalizovana rozptylené, nékteré z nich vSak poskytly specifickou lokalizaci v subtelomerické a
centromerické oblasti.

Kopecky D., Martis M., Cihalikova J., Htibové E., Vrana J., Barto§ J., Kopecka J., Cattonaro F., Stoces S., Novék P., Neumann P.,
Macas J., Simkova H., Studer B., Asp T., Baird J. H., Navrétil P., Karafidtova M., Kubaldkova M., Safai J., Mayer K., Dolezel J.:
2013 - Plant Physiol, 163: 3.

Tato prdce byla podporena projektem Ministerstva $kolstvi, mladeze a télovychovy CR ¢ LOI204 a
grantem Grantové agentury Ceské republiky ¢. P501/11/0504.
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High-throughput gene resources and phenotyping - the key factors in fine
mapping of new Eps gene
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E-mail: ivanicova@ueb.cas.cz, tel.: 585 283 717

Acceleration and delay of heading time was identified in Sandra (CP3B) substitution line under long or short day
conditions, respectively. The 3B chromosome in Sandra was substituted from Czech wheat landrace Ceska
presivka. The heading time difference of one day under long days or two days under short days may be caused
by earliness per se (Eps) gene. The gene was localized within 30 cM region of long arm of 3B chromosome and
designated QFt.cri-3B.1. The locus was delineated by barc164 and cfa2170 microsatellites markers.

An F4 NILs (Nearly Isogenic Lines) mapping population was developed by crossing Sandra (CP3B)
substitution line with Sandra variety in order to localize gene precisely.

274 DArT, SSR and STS markers were used for saturation of the QFt.cri-3B.1 region. To acquire more
markers we flow sorted and sequenced 3B chromosome from Ceska piesivka. Obtained sequences were
assembled and QFt.cri-3B.1 region was refined.

27,388 SNPs (Single Nucleotide Polymorphisms) specific for the QFt.cri-3B.1 region were identified
using SNPLauncher pipeline (developed by Helene Rimbert — INRA Clermont-Ferrand — GDEC). The identified
SNPs have been used for sequence-based and KASP markers development. From all tested markers nearly 80 %
were successfully converted and applied on mapping population.

For fine mapping of the QFt.cri-3B.1 locus, precise phenotype needs to be assessed. For this purpose a
NILs mapping population is being developed.

Both F5 NILs mapping population as well as obtained SNP genotyping sources will be used for precise
fine mapping of the gene which will be eventually followed by positional cloning. Candidate gene/genes analysis
and its detailed characterization will provide novel information which could lead to deeper understanding of fine
tuning flowering time in wheat. Furthermore, determined effect could be useful in creating new varieties and
finding new growth areas in different climate conditions.

This work has been supported by the Czech Science Foundation (P501/10/1778) and MSMT CR and EU
(Operational Programme Research and Development for Innovations No. ED0007/01/01).
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Interakce Arabidopsis thaliana a Pseudomonas syringae

Martin Janda®?; Lenka Burketova? a Olga Valentova®

'Ustav biochemie a mikrobiologie, Vysoké& Skola chemicko-technologick& v Praze,
Technicka 5, Praha 6 — Dejvice, 166 28

Laboratof patofyziologie rostlin, Ustav experimentalni botaniky AV CR v.v.i,
Rozvojova 313, Praha 6 — Lysolaje, 165 02

Bez efektivni obrany by rostliny v neustalém souboji s patogeny nemély Sanci na
preziti. Vyznamnou roli ve studiu obrany rostlin zaujima patosystém Arabidopsis
thaliana (husenicek rolni) - Pseudomonas syringae. A. thaliana je typickou
predstavitelkou modelového organismu a byla prvni rostlinou z osekvenovanym
genomem. Pseudomonas syringae je patogen znamy pro svou hostitelskou specifitu,
pri¢emz rizné kmeny jsou schopné infikovat rizné hostitelské rostliny.

P. syringae byla v osmdesatych letech dvacatého stoleti popsana jako prvni patogen
infikujici A. thaliana v laboratornich podminkach. Screeningovym studiem interakce
A. thaliana — P. syringae byly objeveny a ustaveny dva virulentni kmeny hojné
pouzivané dodnes, P. syringae pv tomato a P. syringae pv maculicola ES4326.
Pozorovani patosystému A. thaliana — P. syringae vede k velmi produktivnimu
vyzkumu, ktery pfispiva k objasnéni fascinujicich zakladnich mechanism
rozpoznani patogena rostlinou, popsani signalnich drah kontrolujicich obranou
odpovéd rostlin, &i faktord virulence a avirulence.

V soucCasnosti se ukazuje, Ze pfi zkoumani interakce mezi rostlinou a patogenem
mohou byt vysledky ovlivnény mnoha zdanlivé nepodstatnymi faktory, které je tfeba
vzit v ivahu. Bylo zjisténo, Ze se odezva rostlin liSi v zavislosti na Case oSetfeni
rostliny (je rozdil zda je rostlina infikovana rano, €i odpoledne), podstatné je i stafi
rostlin, koncentrace inokula a metoda oSetfeni patogenem. K objasnéni ¢emu vSemu
je tfeba vénovat pozornost pfi planovani experimentt vyrazné pfispélo i studium
patosystému A. thaliana a P. syringae.

Tato prace byla podpofena GACR ¢&.501/11/1654, GACR &. 501/12/1942, MSMT &.
21/2014.



THE RELATIONSHIP BETWEEN AURORA KINASES AND TPX2 PROTEIN
IN PLANTS AS REVEALED USING MULTIDISCIPLINARY APPROACHES

HANA JERABKOVA!, EVA TOMASTIKOVA!, DMITRI DEMIDOV?, BEATA PETROVSKA®, ANDREAS HOUBEN?,
JAROSLAV DOLEZEL!
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Correct progression of mitosis and transmission of genetic information to daughter cells depends on proper
function of mitotic regulators. Aurora kinases, a family of conserved serine/threonine kinases, play important
role in regulation of mitosis and cytokinesis in yeast, plants and animals. The targeting protein for Xklp2 (TPX2)
was found to activate animal Aurora A and, at the same time, to protect the kinase from dephosphorylation. The
significance of Aurora A and TPX2 in spindle assembly and microtubule nucleation in animal cells has been
documented.

To examine the Aurora kinases—TPX2 interaction in Arabidopsis cell cultures, we used several state of art
methodological approaches. Using immunofluorescence, we observed colocalization of AtTPX2 and AtAuroral
at microtubules in cell cycle-dependent manner. The AtAuroral-AtTPX2 association was confirmed by co-
immunoprecipitation experiment. Data obtained from immunolocalisation and immuniprecipitation studies
suggest that AtTPX2 may guide Aurora kinase to microtubules and, analogically with other systems, TPX2 may
spatially and temporally modulate the function of AtAuroral.

In order to evaluate in vitro regulation of Aurora kinase family members by AtTPX2, we used in vitro
kinase assays with -RFP/-GFP trap. The results showed AtTPX2 as a substrate and activator of Auroral, but not
of Aurora3. Different mechanisms of activation of AtAuroral and AtAurora3 may point to a specific regulation
of both kinases, which may play important role in cell cycle regulation and signalling cascade transduction.

This research was supported by grants from the Czech Science Foundation (14-28443S, P501/12/G090), the
National Program of Sustainability | (LO1204), the European Social Fund (Operational Program Education for
Competitiveness CZ.1.07/2.3.00/20.0165), and Internal Grant Agency of Palacky University, Olomouc
(Prf/2013/00 and IGA_PrF_2014001).
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6. METODICKE DNY — HMOTNOSTNI SPEKTROMETRIE V
MEMBRANOVE PROTEOMICE

PETRA JUNKOVA, LUCIE MARSALOVA, RADOVAN HYNEK, OLGA VALENTOVA
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Proteomika je védni obor, ktery se zabyva studiem kompletni proteinové sité v buiice za
definovanych podminek. Ambicemi tohoto oboru vSak neni jen pouhd identifikace a kvantifikace proteind,
ale téz objasnéni jejich funkénich ¢i strukturnich zavislosti v buiice. Zasadnim pfedpokladem pro analyzu
takto komplexniho souboru proteintl je pouziti postupt, které umoziuji jejich u€¢innou separaci, purifikaci
a detekci. Standardni postupy, vhodné pro analyzu rozpustnych proteinfi, viak nemohou byt vyuZity pro
analyzu hydrofobnich proteini membranovych. Pravé hydrofobni charakter téchto proteinl znesnadiuje
jejich studium. Piesto bylo vynalozeno zna¢né usili na modifikaci stavajicich postupt, a to hlavné kvuli
nespornému vyznamu téchto proteind pro funk¢ni chod buitkky. Membranové proteiny se totiz nachazeji
na rozhrani vnitiniho a vnéjsiho prostiedi bunék, a proto praveé ony zodpovidaji za reakce bunky na vnéjsi
podminky. Hraji roli naptiklad v mezibunécné komunikaci, specifickému transportu latek pfes membranu
¢i jako receptory vnéjsich signaldi spousti signalni drahy uvnitf buiiky. Bioinformatické analyzy navic
prokazaly, Ze pramérné 30% otevienych Ctecich rameli organismi nalezi membranovym proteintim.

Vynéalezem mékkych ioniza¢nich technik u hmotnostné spektrometrickych analyzatoru, které
umoznily analyzu biomakromolekul, doslo k masivnimu rozvoji proteomickych pfistupii a hmotnostni
spektrometry se za velmi kratkou dobu staly analyzatory prvni volby v proteomice. Na poli membranové
proteomiky doslo nejprve ke spfazeni tradiéné vyuzivanych elektroforetickych technik, slouzicich k
separaci membranovych proteint, s hmotnostné-spektrometrickymi technikami umoziujicimi identifikaci
téchto proteinli ze souboru jejich tryptickych §tépt extrahovanych piimo z gelu. Vzhledem k nizkému
vytézku predevs§im hydrofobnich peptidl z gelu se vSak membranovi proteomici v poslednich letech snazi
o0 zavedeni tzv. gel-free postupl. Ty vyuzivaji moznost pfediazeni multidimenzionalni chromatografické
separace peptidi ziskanych tryptickym $tépenim komplexniho souboru proteinti pfimo v roztoku pted
samotnou hmotnostné-spektrometrickou koncovkou. Nejcastejsi prekazkou, se kterou se pii pouziti t€chto
pristupi mizeme setkat, je nutnost rozpousténi membranovych proteind v ¢inidlech jako jsou organicka
rozpoustédla, kyseliny, detergenty ¢i chaotropni ¢inidla, kterd vétSinou nejsou kompatibilni s tryptickym
§tépenim proteintt v roztoku, chromatografickou separaci ¢i samotnou hmotnostné-spektrometrickou
detekci. Dals§i komplikaci muze byt nizké zastoupeni zkoumanych membranovych proteint, které
vyzaduje jejich nabohaceni oproti vysoce abundantnim rozpustnym proteinim. I ptes tato uskali jiz dnes
existuje cela fada protokold, které nam umoziuji nejen ziskat informaci o zastoupeni az stovek
membranovych proteintt béhem jedné analyzy, ale soucasné poskytuji t€z informaci o jejich mnozstvi.
Metody umoziujici studium konkrétnich proteinovych komplexti nachazejicich se na membrané navic
mohou pfispét k pochopeni jejich bunééné funkce.

Financovdno z uic¢elové podpory na specificky vysokoskolsky vyzkum (MSMT ¢.20/2014) a grantu GACR
14-09685.
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METODY ZOBRAZENI ROSTLIN V MIKRO A MAKROMERITKU

PETR JAN JURACKA?!
! katedra ekologie, Ptirodovédecka fakulta UK v Praze, Vini¢na 7, 128 44, Praha 2, CR

E-mail: juracka@natur.cuni.cz, tel.: 723 119 339

Velké mnozstvi ptirodovédeckych pozorovani, at’ jiz experimentalniho, terénniho nebo ¢isté¢ ndhodného
puvodu, je spjato s vizualnim vnimanim svéta. Barvy, tvary, ale i ¢as anebo zména perspektivy tak mohou
vyrazné ovlivnit dojem z praveé pozorovaného jevu. Béhem své piednasky se pokusim nastinit, jaké moznosti
skyta cenové dostupna fotograficka technika - od skladané makro a mikrofotografie s ptisobivou hloubkou
ostrosti, pies elektronovou skenovaci mikroskopii a metody casosbérné, az po leteckou fotografii umoziujici
analyzu obrazu celych spolecenstev z ptaciho pohledu za pomoci radiem fizenych dront (multikoptér).
Prednaska bude doprovazena praktickymi ukazkami pfimo na podiu.
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Sekven¢ni varianty genu pro telomerazovou reverzni transkriptazu (TERT) v modelové
rostliné Nicotiana tabacum.

Jana Jureckova', Eva Sykorové?, Jiti Fajkus™?, Miloslava Fojtova

! Piirodovédecka fakulta a CEITEC (Central European Institute of Technology), Masarykova
univerzita, Kamenice 5, 625 00, Brno

2 Biofyzikélni Gstav Akademie v&d Ceské republiky, v.v.i., Kralovopolska 135, 612 65, Brno

Studium evoluce telomer zahrnuje analyzu organizace telomerovych a subtelomerovych
oblasti a charakterizaci enzymu telomerazy v riznych modelovych organismech.

Telomeraza je ribonukleoproteinovy komplexem katalyzujici syntézu telomerovych repetic na
koncich eukaryotickych chromosomu. Sklada se z telomerové RNA (TR) a z proteinové
podjednotky TERT s reverzné transkripcéni aktivitou, ktera provadi prodluzovani telomer
podle TR. Gen kodujici katalytickou podjednotku je vyvojové regulovanym genem a jeho
transkripce odrazi aktivitu telomerazy v rostlinnych pletivech.

Nicotiana tabacum, allotetraploidni modelova rostlina, je v sou¢asné dob¢ jedinou rostlinou, u
které bylo identifikovano vice sekvenénich variant genu TERT (Sykorova et al., 2012). Piedky
N. tabacum jsou diploidni Nicotiana sylvestris a Nicotiana tomentosiformis. Dvé sekvenéni
varianty NtTERT: NtTERT-C/s and NtTERT-D, byly zdédény od N. sylvestris a jedna
varianta NtTERT:NtTERT-C/t od N. tomentosiformis. V naSi studii byl pomoci gqPCR
analyzovan podil kopii jednotlivych variant NtTERT v genomu N. tabacum a gqRT-PCR
stanovena uroven transkripce variant TERT v tkanich srozdilnou telomerazovou aktivitou
jako jsou semenacky, listy, pupeny a kofinky.

Sykorova E, Fulneckova J, Mokros P, Fajkus J, Fojtova M, Peska V. Three TERT genes in
Nicotiana tabacum. Chromosome Res. (2012), 20, 381-394.

Finncovani: Masarykova univerzita v Brné (MUNI/C/0979/2013), Grantové agentura CR (13-
06943S) a projekt “CEITEC - Central European Institute of Technology”
(CZ.1.05/1.1.00/02.0068) z Evropskych zdroju pro regionalni rozvoj.



Optimalizace metody pro identifikaci proteint asociovanych s rostlinnymi
telomerami

Katetina Jazova, Petra Prochazkova Schrumpfova, Jifi Fajkus, Miloslava Fojtova

CEITEC (Central European Institute of Technology) a Ptirodovédecka fakulta Masarykovy
univerzity, Kamenice 5, 625 00 Brno

Telomery jsou nukleoproteinové struktury lokalizované na koncich linearnich eukaryotickych
chromozom, kde zastdvaji dvé zakladni role. Prvni z nich je ochrana koncti chromozomii
pfed opravnymi mechanismy vytvofenim komplexu s proteiny, tzv. ¢epi¢ky. Druhou funkci
sehrava telomera pfti feSeni tzv. problému replikace koncl, kdy DNA polymeraza neni
schopna plné replikovat opozd'ujici se vlakno DNA.

Nedilnou soucasti telomer jsou proteiny asociované s telomerovou DNA, které jsou

Vv poslednich letech cilem fady vyzkumi. Tyto proteiny se zasadné podileji na spravné funkci
telomer a reguluji piistup enzymu telomerazy k telomeram. U savcu byly popsany dva
komplexy proteinti asociovanych s telomerovou DNA, komplex CST a shelterin. Shelterin
sestava ze Sesti zakladnich proteind (TRF1, TRF2, POT1, TIN2, Tin2, RAP1). U rostlin byl
popsan protein homologni s TRF a jeho vazba na telomery a telomerazu, a proteiny POTL1.

K identifikaci rostlinnych telomerovych proteint se snazime vyuzit nedavno publikovanou
metodu GENECAPP (Global ExoNuclease-based Enrichment of Chromatin Associated
Proteins for Proteomics, Wu et al, 2011, PloS One ), ktera je zaloZena na sekven¢né
specifické hybridizaci komplexu DNA s proteiny na magnetické kulicky. Proteiny
krosslinkované s cilovou DNA jsou nasledné charakterizovany hmotnostni spektrometrii.

Cilem nasi prace je zoptimalizovat metodu GENECAPP a identifikovat proteiny asociované
s telomerovou DNA rostliny Nicotiana tabacum. Na posteru budou prezentovany vysledky
optimalizace jednotlivych kroki této metody a piedbézné vysledky.

Prace byla podpofena Grantovou agenturou Ceské republiky (13-06943S), v ramci projektu
“CEITEC - Central European Institute of Technology” CZ.1.05/1.1.00/02.0068 z Evropskeho
fondu pro regionalni rozvoj, a projektu CZ.1.07/2.3.00/20.0043 z Evropského socialniho
fondu.



FYZzICKA MAPA CHROMOZOMU 4A PSENICE SETE
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Piestoze sekvenaéni technologie nové generace (Next Generation Sequencing, NGS) zaznamenaly v posledni
dobé¢ velky pokrok, sekvenovani velkych a komplexnich genomt stale ziistava vyzvou. Typickym pifikladem je
genom pSenice. PSenice seta (Triticum aestivum L.) je alohexaploidni druh s velkym a komplexnim genomem
s vysokym obsahem repetitivnich sekvenci. Rozdéleni pSeni¢ného genomu na jednotlivé chromozomy
nebo ramena chromozoml je vyznamnym nastrojem, jak obejit problémy spojené s velkou komplexitou
pSeniéného genomu. Jako soucast mezinarodniho konsorcia pro sekvenaci pSeniéného genomu (International
Wheat Genome Sequencing Consortium, IWGSC) jsme zkonstruovali fyzické mapy pro dlouhé a kratké rameno
chromozomu 4A s vyuzitim knihoven dlouhych inzertt (BAC knihovny) specifickych pro dana ramena.
Ofingerprintované BAC klony byly poskladany do fyzické mapy pomoci programu LTC (Linear Topology
Contig). Na dalsi prodluzovani a propojovani kontigu takto vzniklé mapy byl pouZit jeden z nastroji LTC -
superclustering. Knihovna pro kratké rameno chromozomu 4A (4AS) byla poskladana do 250 super-contigti a
bylo vybréno 4 422 klonii pfedstavujicich minimalni pocet klont reprezentujici celou fyzickou mapu (Minimum
Tilling Path, MTP). Zatim co knihovna pro dlouhé rameno chromozomu 4A (4AL) byla sloZena do 924 super-
contigii a 8 369 Klont bylo vybrano jako MTP. Fyzicka mapa pro 4AS piedstavuje 86% pokryti ramene a mapa
4AL 89% pokryti dlouhého ramene. Z klont MTP obou ramen byly pfipraveny tfi dimenzionalni smésné vzorky
(3D pooly), které pak byly osekvenovany a pouZity pro in silico ukotvovani kontighh na chromozom. Celkem
1780 DArT markerit bylo pouzito na vytvofeni GenomeZipperu z 4AS a 4AL survey sekvenci (sekvence
ziskané celochromozomovym neuspotadanym sekvenovanim). Déale bylo identifikovano 54 125 nizko-
kopiovych markert pro 4AS a 62 656 markerd pro 4AL ze survey sekvenci. VVSechny tyto zdroje usnadnily
ukotveni 100 % 4AS kontigt a 99 % 4AL kontigh fyzickych map na GenomeZipper. Pro ukotveni a orientaci
kontigt v centromerické a pericentromerické oblasti chromozomut byl vyvinut panel radiaénich hybrida, ktery
byl genotypovan pomoci pseni¢ného 90 K SNP Infinium ¢ipu.

Podporovano granty: LO1204 Narodni program udrZitelnosti I, 1GA PrF-2014-002, GACR 14-07164S,

Estonskym ministerstvem pro zemédélstvi.


mailto:klocova@ueb.cas.cz

MODIFIED METHOD FOR LATERAL ROOTS DETECTION

KARIN KOLLAROVA, DANICA KUCEROVA, ZUZANA VATEHOVA, IVAN ZELKO, DESANA LISKOVA
Institute of Chemistry, Slovak Academy of Sciences, DUbravska cesta 9, 845 38 Bratislava, Slovakia
E-mail: Karin.Kollarova@savba.sk, tel.: +421 2 59410291

The importance of polysaccharides for plant cell wall architecture is acknowledged for a long time.
The secondary function of these polymers, but increasingly recognized, is the production

of oligosaccharides serving as signaling molecules in various processes of plant growth and development
and playing a role in plant adaptive responses to biotic and abiotic stress. Our research is focused
on a specific class of saccharidic signaling molecules, galactoglucomannan oligosaccharides (GGMOs),
derived from galactoglucomannans, structural constituents of both primary and secondary cell walls
of higher plants. GGMOs influence elongation growth, as well as cell division in diverse plant parts.
GGMOs activity is connected with auxins action. Auxins influence lateral roots formation, they stimulate
initiation of primordia, but prolonged treatments inhibit elongation of lateral roots.

The objective of the present work was to find a method for the study of GGMOs interaction with auxin

in the process of lateral roots formation and elongation. The method has to fit several criteria. It needs

to be cheap, fast and simple. We searched for a method without the use of confocal microscope,
genetically modified plants, and expensive chemicals for staining. It should be in contrast to other
widespread methods that use these expensive tools (e. g. lvanchenko et al. 2010, Lewis et al. 2011).

We improved the simple method according to Vuylsteker et al. (1998) which fulfils the above mentioned
criteria.

Ligkova D., Auxtova O., Kékoniova D., Kubagkova M., Karacsonyi S., Bilisics L.: 1995 - Planta, 196: 425
Kollarova K., Liskova D., Capek P.: 2006 - Biol. Plant., 50: 232

Kollarova K., Liskova D., Lux A.: 2007 — Plant Cell Tiss. Organ Cult., 91: 9

Kollarova K., Richterova D., Slovakova L., Henselova M., Capek P., Liskova D.: 2009 —Plant Sci., 177: 324
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Validace referencéni gent pro RT- gPCR u nemodelovych rostlin
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U rodu Chenopodium jsou dlouhodobé v oblasti zajmu geny ovliviujici kveteni a rozmnozovani stejné
jako u gynodioecické Silene vulgaris, kterd je dobrym modelem pro studium cytoplasmatické pylové
sterility a exprese gent s ni spojenych (Storchova et al., 2012). Velice zajimavy je homolog genu
MSH1, ktery mGze Fidit rekombinaci mitochondrialni DNA a nasledné tak ovliviiovat produkci pylu
hermafroditnich rostlin. Zakladnim krokem v méfeni exprese je nalezeni vhodnych referenénich genl
se stalou expresi napfi¢ rostlinnymi pletivy, pohlavnimi formami, v ramci jednotlivych populaci a jejich
blizkymi i vzdalenymi kfizenimi. K nalezeni vhodnych referenénich genl Silene vulgaris bylo vybrano
10 kandidatd z fad obvykle pouzivanych genu. Exprese byla testovana na reprezentativni sadé vzorku
RNA (poupata, listy, kofeny, pyl, hermafroditni a samici rostliny) z nichz byla syntetizovana cDNA
pomoci Oligo dT a nahodnych primerd. Stabilita kandidatnich gend byla statisticky provéfena
v programech geNorm a NormFinder. Z vysledkl vyplyva, Ze nejvhodnéjSimi jsou, pro soubor vSech
studovanych pletiv a cDNA syntetizovanou Oligo dT primery, geny GAPDH (glyceraldehyde-3-
phospate dehydrogenase), ELF (Elongation factor) a ACT (Actin). V pfipadé cDNA syntetizované
nahodnymi primery je to kombinace gend GAPDH, ACT, COG (Complex golgi component) a 18S
rRNA (Small ribosomal subunit). Geny ACT a 18S rRNA jsou vhodnymi referenénimi geny pro méfeni
exprese mitochondrialnich genl rovnéz u rodu Chenopodium.

Storchova H, Miller K, Lau S, Olson MS (2012) Mosaic Origins of a Complex Chimeric Mitochondrial
Gene in Silene vulgaris. PLoS ONE 7(2): e30401. doi:10.1371/journal.pone.0030401

Podékovani: Préace byla financovana z projektu GACR P506/12/1359
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SUPERRESOLUTION STRUCTURED ILLUMINATION LIVE
IMAGING OF PLANT CORTICAL MICROTUBULE DYNAMICS AND
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Plant cortical microtubule arrays fulfil essential functions during cell growth and differentiation. Their
formation and organization is driven by unique acentrosomal nucleation, plant specific dynamics and
interactions with multiple microtubule associated proteins. By means of structured illumination
microscopy (SIM) adopted for imaging of intact Arabidopsis (Arabidopsis thaliana) hypocotyl epidermal
cells, dynamic cortical microtubules labeled with green fluorescent protein fused to the microtubule-
binding domain of the mammalian microtubule-associated protein MAP4 (GFP-MBD) and with green
fluorescent protein-fused to the alpha tubulin6 were recorded in wild-type Arabidopsis plants and in the
mitogen-activated protein kinase mutant mpk4 expressing the GFP-MBD. The mpk4 mutant shows
extensive microtubule crosslinking, owing to overexpression and reduced phosphorylation of the
microtubule-associated protein MAP65-1, providing a powerful genetic tool to record intrabundle
microtubule dynamics at the subdiffraction level. SIM imaging revealed nano-sized defects in
microtubule bundling, resolved microtubule branching and release below Abbe’s limit, and finally
allowed the quantification of microtubule bundle architecture. Live SIM imaging allowed the time-lapsed
documentation of subdiffraction length fluctuations of the microtubule plus end, and dynamic instability
behavior of both ends during free, intrabundle, or microtubule-templated microtubule growth and
shrinkage. Finally, short, rigid, and nondynamic microtubule bundles in the mpk4 mutant were observed
to glide along the parent microtubule in a tip-wise manner. In conclusion, this study demonstrates the
potential of SIM for superresolution time-lapse imaging of plant cells, showing unprecedented details
accompanying microtubule dynamic organization.

This work was supported by the Czech Science Foundation GACR (grant no. P501/11/1764), by the
Centre of the Region Hana for Biotechnological and Agricultural Research (grant no. LO1204 NPU 1),
and by European Community project Biomedreg (CZ.1.05/2.1.00/01.0030).
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PROC CHYBI NEKTERE MOBILNi ELEMENTY NA CHROMOZOMU Y?
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Mobilni elementy, transpozony, vykazuji neoby¢ejnou variabilitu v pfitomnosti na pohlavnich
chromozomech rostlin. Zatimco nékteré transpozony jsou homogenné rozprostieny v genomu, jiné
chybi na pohlavnim chromozomu Y. Abychom gzjistili pfi¢inu takového rozloZeni transpozont
v genomu, studovali jsme tfi blizce piibuzné rodiny LTR retrotranspozonu Ogre. Dvé rodiny jsou
ptitomny na vSech chromozomech a jedna chybi na chromozomu Y u samecki dioecické rostliny
Silene latifolia. Fylogenetické analyzy ukazaly, ze se vSechny tii rodiny Ogru rozsifily v genomu
teprve nedavno, az po vzniku pohlavnich chromozomi, coz indikuje ptitomnost mechanizmu, ktery
bréani inzerci jedné z rodin Ogra do chromozomu Y. Strukturni podobnost Ogrii a absence pozitivni
selekce uvnitt Ogre elementti naznacuje, ze se tyto tfi rodiny nelisi ani v mechanizmu retrotranspozice,
vybéru mist pro inzerci nebo interakcich s hostitelem. Naopak studium transkriptomu ukazalo, Ze Ogre
chybici na chromozomu Y produkuje asi 10x vice 24 nukleotidd dlouhych malych RNA (siRNA) nez
ostatni Ogry. 24 nukleotidi dlouhé siRNA fidi metylaci DNA a tim umléuji transkrip¢ni aktivitu
transpozond. Analyzy metylace v riznych tkanich potvrdily rozdilnou miru metylace tfi rodin Ogri
v kritickych fazich tvorby zarode¢nych bunék a v embryogenezi, coZ mé za nasledek, Ze se jeden z
Ogru $ifi jen v matefské linii a tudiz se nemiZe vélenit do chromozomu Y. Ukazuje se tak, Ze je
mezigeneracni pifenos n€kterych transpozont regulovan epigenetickymi mechanizmy rozdilné€ v sam¢i
a samici zarodec¢né linii a béhem ¢asné embryogeneze.

Kubat Z, Zluvova J, Vogel |, Kovacova V, Cermak T, Cegan R, Hobza R, Vyskot B, Kejnovsky E. 2014. Possible mechanisms responsible
for absence of a retrotransposon family on a plant Y chromosome. New Phytol 202: 662-78.

Podporovino  granty GACR  (P305/10/0930, P501/12/G090, P501/10/0102) a OPVK
(CZ.1.07/2.3.00/20.0045, CZ.1.07/2.4.00/17.0042).
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ISOLATION OF BARLEY AND SPRUCE THYLAKOID MEMBRANES
AND THEIR DIFFERENT CHARACTERISTICS
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The isolation of thylakoid membranes (tBMs) from different plant species in fully functional state is a
crucial point for various in vitro studies as well as for subsequent separation of pigment-protein
complexes embedded to tBM.

Firstly, we focused on isolation of tBMs from young spring barley and spruce plants (8 and 17 days
after sawing) preferably by comparable isolation technique. Prepared tBMs of both plant species
exhibited maximal photochemical efficiency of photosystem Il (Fy/Fy), estimated from chlorophyll a
fluorescence, equal and/or close to value characteristic for in vivo physiological state (~ 0.83). However,
fluorescence induction curves and dynamics of light-induced non-photochemical quenching of
chlorophyll a fluorescence (NPQ) revealed marked differences for barley and spruce tBMs. Illuminated
tBMs of barley in reaction medium (pH 7.5) enriched by methylviologen (artificial electron acceptor from
photosystem ) and ascorbate (co-substrate of violaxanthin de-epoxidase — VDE is a key enzyme for
violaxanthin conversion through antheraxanthin to zeaxanthin in xanthophyll cycle) exhibited typical
time-course of NPQ (NPQ increased up to 1.4 value after 10 min. illumination at 1000 pmol m? s™).
HPLC analysis revealed that mentioned light treatment applied on barley tBM induced considerable
violaxanthin conversion to zeaxanthin (de-epoxidation state was almost 40 %). In illuminated barley
tBMs was also possible to distinguish zeaxanthin-dependent and zeaxanthin-independent NPQ, later was
determined in the same reaction medium with addition of dithiothreitol (DTT) as VDE inhibitor (de-
epoxidation state 0 % corresponds to undetectable amount of zeaxanthin and/or antheraxanthin). Our
results on barley tBMs are in good agreement with those obtained on tBMs isolated from spinach plant
(Goss et al. 2008). On the other hand, the tBMs prepared from spruce seedlings using the same isolation
procedure and reaction media as for barley exhibited upon illumination only slight slowly developing
NPQ that was zeaxanthin-independent (implying rather photoinhibitory type NPQ). Absence of
zeaxanthin (and antheraxanthin) and zeaxanthin-dependent NPQ persisted also at reduced pH of reaction
medium to value optimal for function of VDE (pH =5.2).

Received results indicate probably more damaged tBMs isolated from spruce seedlings (despite of
high Fy/Fy value ~ 0.7-0.83) associated with non-functional or eluted (during tBM isolation procedure)
VDE normally occurring in lumen of tBM. Primary SDS-PAGE (according to Hager and Holocher 1994)
experiment realized for testing of VDE presence indicates loss of VDE in spruce in contrast to barley
tBMs isolated by same method. For that reason also the other appropriate method for the isolation of
photochemically active tBMs directly focused on conifer species (Hol4 et al. 2012) will be tested.

Goss R.., Opitz C., Lepetit B., Wilhelm C.: 2008 - Planta, 228: 999-1009
Hager A., Holocher K.: 1994 - Planta 192: 581-589
Hola D., Ko¢ova M., Rothova O., Hlizova E., Fridrichova L., Lhotakova Z., Albrechtova J.: 2012 — Photosynthetica 50(2): 291-304
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ANALYSIS OF GENERAL AND SPECIFIC 5’P-RNA DEGRADOMES AND THEIR
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Nucleic acids degradation and decay in cells is a natural consequence of developmental changes including switching
of gene expression programmes. Because degradation of mRNA proceeds by several pathways, the degradome is rather
complex (e.g. Hou et al. 2014). PTGS belongs to specific 5’P-RNA degradation mechanisms that participates in the
regulation of development. Silencing RNAs (siRNAs) or microRNAs mediate sequence-specific slicing leading in the
initial step to 5'-phosphorylated cleaved ends that can be identified, for instance, by the method of Parallel Analysis of
RNA Ends (PARE). Using the combination of cleavage sites (cDNA signatures) amplification, high-throughput
sequencing, and comparisons by bicinformatic means (e.g.German et al., 2009), it is possible to identify microRNAs, or
viroid small RNAs (vsRNA) and corresponding targets. Recently, this degradome analysis was employed to
characterize wounding- and topping-responsive small RNAs, physiological impact and small RNA changes caused by
heavy metals, drought stress, nitrogen deficiency and other processes.

In the present work we developed concept of general and specific degradomes using biotin-streptavidin Dynabeads as
a support to remove sequence contaminations and to analyze degradomes from LiCl-soluble fractions if degradation is
too fast or too complex, i.e. if Oligo dT affinity chromatography cannot be used (Matousek et al. submitted). There are
several variations of the procedure possible and, therefore, this system is useful if RNA subtraction is necessary for
instance for targets with high turnover rate or to investigate of specific targets having low expression. To increase
specificity we developed two-nested system for the RTPCR and PCR steps of the procedure (Matousek et al.,
submitted). Using this system for general degradomes like PARE we aim to identify targets of multiple Pospiviroid
(HSVd, HLVd, CVvdIlV and AFCVd) infections of hop and tomato (PSTVd). The specific degradome analysis
procedure we used to identify degradation mediated by viroid of SANT/HTH Myb, a plant morphogenesis-regulating
transcription factor, SIWAT1 factor as a target of PSTVd from tomato, and anticancerogenic plant nuclease TBN1
during molecular farming. Recently we characterized degradation of the HIWRKY1 transcription factor involved in the
molecular regulatory network driving lupulin biosynthesis (e.g. Matousek et al., 2012). Three zones of degradation were
identified in HIWRKY1 coding region and one in 3UTR of this gene, confirming involvement of micro RNAs in
regulation of HIWRKY1.

German, M.A,, Luo, S., Schroth, G., Meyers, B.C., and Green, P.J. 2009. Construction of Parallel Analysis of RNA Ends (PARE) libraries for the
study of cleaved miRNA targets and the RNA degradome. Nat.Protoc. 4:356-362.

Hou, C.Y., Wu, M.T., Lu, S.H., Hsing, Y.l., and Chen, H.M. 2014. Beyond cleaved small RNA targets: unraveling the complexity of plant RNA
degradome data. BMC Genomics 15:15

Matousek, J., Kocabek, T., Patzak, J., Flssy, Z., Prochazkova, J., Heyerick, A.: 2012. Combinatorial analysis of lupulin gland transcription factors
from R2R3Myb, bHLH and WDR families indicates a complex regulation of chs_H1 genes essential for prenylflavonoid biosynthesis in hop
(Humulus lupulus L.). BMC Plant Biol. 12, 27.

Matousek.J, Piernikarczyk, R.J.J., Tycova, A., Ganesh S.Duraisamy, G.S., Kocabek, T., Steger, G. Submitted in Mol. Plant Microbe Interactions
2014. PSTVd infection induces the degradation of SANT/HTH Myb mRNA, a plant morphogenesis-regulating transcription factor.
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the Czech Science Foundation (GACR 13-03037S), MSMT Kontakt Il LH14255 by the cooperative project FP7-
REGPOT-2012-2013-1 MODBIOLIN No. 316304 and by institutional support RVO:60077344
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LIVE IMAGING PROTEINU INTERAGUIJICICH S MEMBRANOU S VYUZITIM KONFOKALNI A ,,SPINNING DISK* MIKROSKOPIE
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Neocenitelnou pomUckou pro studium bunéénych déji jsou fluorescencnich barviva nebo proteiny
pro specifické znaceni bunécénych struktur nebo jednotlivych protein( a jejich nasledna vizualizace.

Ke snimani obrazu se vyuZiva fada rliznych uspofadani, mezi néz patfi laserova skenovaci konfokalni
mikroskopie a spinning-disk mikroskopie. Laserova skenovaci konfokalni mikroskopie je zalozena na
postupném ozarovani ¢asti prepardtu po jednotlivych fadcich, a nasledné integraci do obrazu pomoci
pocitace. Tato sestava je doplnéna konfokdlni clonou, kterda odstifiuje svétlo vyzafrené mimo
zaostfenou rovinu preparatu, ¢imZ je umozZnéno snimani obrazu bez rusivych viem( pochazejicich
z oblasti mimo rovinu ostrosti. Spinning-disk mikroskop vyuZiva namisto konfokdlni clony soustavu
dvou rotujicich Nipkowovych diskd a velmi citlivé kamery s vysokou snimkovou frekvenci, ¢imz je
umoznéno velmi rychlé snimdani obrazu v tenké vrstvé prepardtu, a tim se zkracuje doba ozareni
vzorku laserem a omezuji se problémy s postupnym vycerpavanim fluoroford a slabnutim
ziskavaného signalu.

Obé metody maiji sva specifika a vyhody, jichZz se da rlznym zplUsobem vyuZit. Jednou z nejvétsich
obecnych vyhod je moznost sledovani fluorescenéné znacenych protein( in vivo (tzv. live imaging) a
tedy i moZnost sledovat jejich interakce nebo lokalizace v realném ¢ase bez nutnosti fixace preparatu.

Obé metody byly pouZity pro studium lokalizace fosfolipasy D& (PLDS), ktera se uUcastni rady
fyziologickych i stresovych pochodl a je také povaZovana za spojovaci mlstek mezi plazmatickou
membranou a mikrotubularnim cytoskeletem.
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STANOVENI REZISTENCE HOUBOVYCH PATOGENU ROSTLIN
K FUNGICIDUM POMOCI TECHNIK MOLEKULARNI BIOLOGIE
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Zemédélei témet na celém sveété pouzivaji pesticidni latky na ochranu urody pied Skidci a
chorobami. Pfi opakovaném pouzivani téchto latek vSak muze v nékterych ptipadech dojit ke
ztraté nebo poklesu ucinnosti pesticidu. Jednou z pii¢in muze byt rozSifeni rezistentnich populaci
patogenil. K laboratornimu stanoveni rezistence slouzi bud’ biotest, kdy za pomoci expozice
odstupniovanych davek pesticidu stanovujeme nejcastéji tzv. ED50 (efektivni davku, pii které
dochazi k 50% redukci ristu organismu) nebo molekuldrni techniky. Zde pak zalezi na ucelu
analyzy a na povaze genetické podstaty rezistence. Pokud je pficinou rezistence bodova mutace
cilového genu, pak je mozno zvolit standardni metodu CAPS markeru, kterou bychom radi
demonstrovali na piikladu pivodce onemocnéni listli je¢mene, u néjz v nedavnych letech vznikl
v Ceské republice problém s rezistenci ke strobilurinovym fungicidim. Zminénym pivodcem je
houba Ramularia collo-cygni (dale jen RCC), kterd napada jarni i ozimy jeémen. Strobilurinové
fungicidy vykazovaly v prvnich letech po objeveni se ramulariové skvrnitosti velmi dobrou
ucinnost, ovSem velmi brzy se u RCC vyvinula rezistence k fungicidim =z této skupiny.
U strobilurin-rezistetnich izolath RCC je pfitomna bodova mutace mitochondridlniho genu
cytochromu b v kodonu 143 vedouci ke zmén¢ aminokyseliny glycinu (GGT) na alanin (GCT)
(Fountaine a Fraaije, 2009). Pfi stanoveni této mutace jsme postupovali nasledovné. Sekvence
standardni alely cytochromu b (strobilurin fungicide Qol-sensitive, G143) (FN552765.1) a
mutantni alely (strobilurin fungicide Qol-resistant, A143) (FN552766.1) byly vybrany v databazi
GenBank (http://www.ncbi.nlm.nih.gov). Na zaklad¢ téchto sekvenci, byla navrZena sada
primer a oznacena jako RCCcytobF/R (Matusinsky et al. 2010). Nejprve bylo nutno pomoci
standardni PCR amplifikovat ¢ast cytochromu b a poté specifickou restrikéni endonukleazou
tento usek Stépit. Vysledné fragmenty restrikéni analyzy byly separovany metodou horizontalni
elektroforézy v 1.7 % agardzovém gelu. Po PCR s primery RCCcytobF/R byl ziskan amplikon o
velikosti 406 bp. Tento amplikon byl po inkubaci s restrik¢éni endonukleazou Alul u strobilurin-
senzitivnich izolati RCC rozstépen na 3 fragmenty (249, 102 a 55 bp), zatimco u strobilurin-
rezistentnich izolatt byl rozstépen na 4 fragmenty (144, 105, 102 a 55 bp). Pomoci primera
RCCcytobF/R lze tedy amplifikovat ¢ast cytochromu b RCC, ktery po nasledném rozstépeni
specifickou restrikéni endonukleazou indikuje standardni (G143) ¢i mutantni (A143) alelu. Tato
metoda umoznuje rozliSit senzitivni a rezistentni izolaty RCC ke strobilurinovym fungicidiim.

Fountaine J & Fraaije BA, 2009. Development of Qol resistant alleles in populations of Ramularia collo-cygni. In: Oxley S, Brown J, Foster V V
& Havis N (Eds.) 2009: The Second European Ramularia Workshop. 7-8 April, 2009, Edinburgh, Scotland. Aspect Appl Biol 92, 123-126.

Matusinsky P, Leisova-Svobodova L, Marik P, Tvaruzek L, Stemberkova L, Hanusova M, Minarikova V, Vysohlidova M, Spitzer T, 2010.

Frequency of a mutant allele of cytochrome b conferring resistance to Qol fungicides in the Czech population of Ramularia collo-cygni. Journal of
Plant Diseases and Protection, 117, 248-252.
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SROVNANI RfJZNYCH ZPUSOBU STABILIZACE ROSTLINNYCH
VZORKU PRI TERENNICH ODBERECH K ANALYZE FYTOHORMONU
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Jednou ze z&kladnich &innosti pfi provadéni terénnich odbérd rostlinnych vzorkl pro analyzy
rostlinnych hormont (fytohormont) je jejich stabilizace, jejimz cilem je zastaveni vSech fyziologickych pochodit
v rostlin€. B&zné pouzivanym postupem je stabilizace velmi nizkou teplotou, at’ uZ pomoci suchého ledu (pevna
forma CO, o teploté -78,5°C) nebo kapalného dusiku (bod varu cca -196°C). ProtoZe obé tyto metody jsou
pomérné nakladné a technicky naroéné, hledaji se Casto alternativni stabilizaéni postupy, které by odbér
rostlinného materialu v terénu usnadnily a zjednodusily.

Pro analyzu RNA rostlin i zivoéichi se béZné pouziva specialni vodné a netoxické stabilizaéni ¢inidlo,
RNAlater®, které po aplikaci rychle prostupuje pletivy/tkinémi a zabraiuje degradaci bunééné RNA v
odebranych vzorcich. Jeho pouziti je Gasov€ i finanéné usporné, navic RNAlater® ani vzorky RNA v ném
uchovavané nejsou naro¢né na skladovani a mohou byt bézné¢ ulozeny pfi laboratorni teploté.

Cilem naSi prace bylo posouzeni mozného vyuziti ¢inidla RNAlater® i pro stabilizaci vzorki
z terénnich odbérti uréenych k analyzam fytohormont. Ktomu uéelu byly izolovany a purifikovany
fytohormony (auxiny, cytokininy, gibereliny, kyselina abscisova, kyselina salicylova a kyselina jasmonova) a
metodou HPLC-MS stanoveny jejich hladiny [1-3] ve vzorcich odebranych z nadzemnich ¢asti péti divoce
rostoucich a systematicky pomérmné vzdalenych druhl rostlin (zastupci fadi Poales, Sapindales, Ericales,
Lamiales a Asterales), k jejichz stabilizaci bylo pouzito bud ,klasické* metody (pomoci suchého ledu) nebo
metody vyuZivajici RNAlater®. Koncentrace stanovenych fytohormont i profily jejich metabolitii po pouZiti
obou stabiliza¢nich metod byly porovnany a vysledky vyhodnoceny. Dosavadni pfedbéznd data ukazuji, ze
zatimco pii stabilizaci pomoci suchého ledu skuteéné dochdzi k zastaveni vSech fyziologickych pochodu
v rostling, RNAlater® tyto G¢inky ma ziejmé& jen v omezené mife a v rostlinnych pletivech patrné vyvolava
uritou formu stresu projevujici se zménou hladin nékterych fytohormont, u cytokinind navic zménou
pomérného zastoupeni jejich jednotlivych derivatd (nartist aktivnich forem na ukor forem deaktivaénich a
zéasobnich).

Ziskané poznatky jsou v soucasné dobé pfedmétem dalsiho ovéfovani a na konferenci budou
demonstrovany a diskutovany s ohledem na mozné sniZeni naro¢nosti a pracnosti terénnich odbért rostlinnych
vzorkl pro analyzy fytohormont.

[1] Dobrev P.1., Kaminek M.: 2002 — Journal of Chromatography A, 950: 21

[2] Dobrev P.L, Vatikova R.: 2012 — Methods in Molecular Biology, 913: 251

[3] Djilianov D.L., Dobrev P.1., Moyankova D.P., Vaiikova R., Georgieva D.Ts., Gajdosova S., Motyka V.: 2013 — Journal of Plant Growth
Regulation, 32: 564.

Prace vznikla v ramci projektu Oteviend véda Il a s financéni podporou grantu GACR (P506/11/0774)
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GENOME INSTABILITY IN PLANT CAF1 MUTANTS STUDIED BY g-PCR AND TRF
ANALYSIS
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Studying of telomeres and rDNA in plants and mechanisms of their maintenance and
regulation are the main research aims in the Laboratory of Chromatin Molecular Complexes.
One of the most interesting topics is Chromatin Assembly Factor 1 (CAF-1) — heterotrimeric
histone H3-H4 chaperone patrticipating in nucleosome assembly after DNA replication or
repair. This highly conserved complex is composed of three subunits: FASCIATA 1 (FAS1),
FASCIATA 2 (FAS2) and MULTICOPY SUPPRESSOR OF IRA1 (MSI1) but only fas1 and
fas2 mutants of A. thaliana are viable and have an interesting phenotype on the
morphological and the molecular-biological level.

Previously we demonstrated progressive loss of 45S rDNA and telomeres
during nine consecutive generations of these mutants (Mozgova et al., 2010) and lately we
investigated effects of reversion of the functional CAF-1 on the genome of the fas revertants.
For this purpose we have created back-crossed and complemented plants from early (G2)
and also later (G4) generations mutants. We have performed the Terminal Restriction
Fragment (TRF) analysis to determine telomere lengths of those plants. To analyse rDNA
copy number and variant expression profile, we used g-PCR with ubiquitin as a reference
gene and also rDNA/rRNA variant assay. Here we demonstrate almost full recovery of both
types of repeats in case of the reversion performed in the earlier generation. Whereas
telomeres recovered up to approx. 90% of their wild type level also in later generation
revertants, the rDNA analysis showed us distinct results with a complete, partial or no copy
number recovery suggesting differences between the processes involved in maintenance
(and expansion) of these two kinds of sequences. Complementation by insertion of T-DNA
with FAS cDNA construct resulted in complete phenotype reversion in transformed plant
lines sexpressing FAS cDNA but no recovery of telomere of rDNA repeats was observed. On
the contrary, additional loss of rDNA continued.

Mozgova |, Mokros P, Fajkus J (2010) Dysfunction of chromatin assembly factor 1 induces
shortening of telomeres and loss of 45S rDNA in Arabidopsis thaliana. Plant Cell 22(8):2768—
2780.

This project is supported by GACR (P501/11/0289), European Social Fund
(CZ.1.07/2.3.00/20.0043) and by the project "CEITEC — Central European Institute of
Technology" (CZ.1.05/1.1.00/02.0068) from European Regional Development Fund.
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Telomere maintenance in Physcomitrella patens

Lucie Najdekrova®, Miloslava Fojtova', Dagmar Zachova', Jiii Fajkus'?

! Central European Institute of Technology (CEITEC) a Piirodovédecka fakulta Masarykovy univerzity,
Kamenice 5, 625 00, Brno

? Biofyzikalni ustav, Akademie véd Ceské republiky, v.v.i., Kralovopolské 135, 612 65, Brno

Physcomitrella patens is a moss species and as a member of the bryophytes, it stands in an important
phylogenetic position for illuminating the evolution of land plants.

The availability of a complete genome sequence, together with the ability to perform gene targeting efficiently in
P. patens has recently promoted the moss to a powerful genetically tractable model plant system.

The ends of eukaryotic chromosomes are protected from mis-recognition as DNA damage sites through telomere
complexes. It was found however, that many repair factors playing important roles in detection, signalling and
repair of genomic DSBs also associate in functional complexes with telomeres and contribute to their
maintenance. Physcomitrella is one of a few known multicellular organisms, with highly efficient system of
DNA repair by homologous recombination. In particular, comparative analysis of Arabidopsis with low levels of
homologous recombination, and Physcomitrella with an efficient homologous recombination will be
informative to explore crosstalk of these pathways and their involvement in DNA damage processing and
telomere maintenance.

First we focused on dynamics of telomerase activity and telomere lengths during protonema development. The
moss protonema is growing by apical cell division and the number of dividing apical cells generally decreases
with protonema elongation while protonema branching partially compensates this decline by formation of
additional apical cells. Analyses of the telomerase activity by TRAP (Telomere Repeat Amplification Protocol)
and gRT-TRAP assays revealed the higher activity in the extracts from 1-day protonema (containing 30-50%
apical cells) than extracts from 7 or 14 day protonema (with 10% and 5% of apical cells, respectively). These
findings were also supported by RT-PCR analyses of transcript levels of the telomerase TERT gene.

Telomere lengths were assayed by TRF (Terminal Restriction Fragment) method and a PETRA (Primer
Extension Telomere Repeat Amplification) approach at single chromosome arms using the known telomere-
associated sequences from the P. patens genome sequence. We confirm the developmental telomere dynamics is
similar to that of land plants, becuse the telomere lengths remained stable independently of the time of
protonema cultivation. In contrast to land plants, however, this characteristic feature of plant telomere
maintenance has been verified for the first time in samples with distinct and known proportions of dividing cells.
The next aim of our work was to follow telomere and telomerase dynamics in mutant strains of Physcomitrella
deficient in essential repair factors (pprads0, ppmrell, ppnbsl, ppku70). The results obtained will be discussed
in relation to the previous results published in A. thaliana.

The project is supported by the Czech Science Foundation (13-06595S).



Identifikace centromerickych DNA sekvenci pomoci metody ChlP-seq a klastrovaci analyzy
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Centromera je oblast chromozomu, kde se pfi déleni bunky vytvaii kinetochor a pfipojuji mikrotubuly
déliciho vieténka. Morfologicky je centromera rozpoznatelnd jako zaskrceni, neboli primérni
konstrikce. S kinetochorem je ovSem asociovand jen ¢ast chromatinu, ktery se nachazi v primarni
konstrikci. Moderni definice proto zuZuje centromeru pouze na tu oblast DNA, ktera je v pfimém
kontaktu s kinetochorovymi proteiny. Jednim z takovych proteint je histon CenH3 vyskytujici se
vyhradné v nukleozémech centromerického chromatinu, v nichz nahrazuje histon H3.

O tom, zda a jakou roli ma slozeni DNA pro funkci centromery, se stale vedou spory.
Centromericka DNA je mezidruhové velmi variabilni na Girovni primarni sekvence, avSak spolecnym
rysem centromer vétSiny dosud studovanych druhii je pfitomnost vysoce repetitivni DNA s
tandemovym usporadanim monomerd, tzv. satelitni DNA. Pfekazkou pro detailni zkouméni slozeni a
funkce centromerické DNA je jednak velmi omezeny pocet druhti, u kterych byly centromery alespoil
castecné osekvenovany, a jednak problémy spojené s analyzou sekvenci vysoce repetitivni DNA.

Centromerickou DNA je moZne izolovat metodou imunoprecipitace chromatinu (ChIP) s
vyuzitim protilatky specifické pro histon CenH3. Analyza vzorkiit DNA piipravenych metodou ChIP se
dnes témét vyhradné provadi sekvenovanim (ChIP-seq) nékterou z modernich, tzv. “next generation”,
sekvenacnich technologii umoziujicich ziskat desitky miliont sekvenci v jediné reakci. Mapovanim
sekvenci ziskanych pomoci ChlP-seq na referen¢ni genom daného druhu je mozné centromeru
identifikovat jako oblast s vyrazné vy$s§im pokrytim zamapovanymi sekvencemi. Velkym problémem
tohoto pfistupu je, ze centromerické sekvence je diky jejich vysoce repetitivni povaze velmi slozité
seskladat a proto v referencnich sekvencich casto bud’ Castetné nebo tupln€ chybi. Referencéni
genomove sekvence jsou navic dostupné pro pomérné maly pocet druhti.

Velmi silnym néstrojem pro vytvofeni referen¢nich sekvenci repetitivni genomové DNA a
naslednou analyzu dat ziskanych metodou ChlP-seq je klastrovaci analyza na principu grafa ' 2.
Vyuziti této metody u hrachu (Pisum sativum L.) vedlo k objevu neobvykle sloZitych centromer
slozenych ze tii az péti jasné¢ odd€lenych domén obsahujicich histon CenH3 a tvofenych tiinacti
riiznymi rodinami satelitni DNA °.

1. Novék, P., Neumann, P., Macas, J.: 2010 - BMC Bioinformatics 11: 378.
2. Novak, P., Neumann, P., Pech, J., Steinhaisl, J., Macas, J.: 2013 - Bioinformatics 29: 792-793.

3. Neumann, P., Navratilova, A., Schroeder-Reiter, E., Koblizkova, A., Steinbauerova, V., Chocholova, E., Novak, P., Wanner, G., Macas, J.: 2012 - PLoS
Genetics 8: €1002777.
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VYUZITI METACENTRA PRO ANALYZU BIOLOGICKYCH DAT

PETR NovAk!
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MetaCentrum je virtudlni organizace Narodni Gridové Iniciativy, kterd je volné dostupna v§em akademickym
pracovnikiim i studentim. V dobé rychle nartistajictho objemu dat a Siroké dostupnosti novych technologii
sekvenovani, je vypocetni kapacita MetaCentra hojné vyuZivana pravé k feSeni biologickych problémi. To je
usnadnéno tim, ze na Metacentru je jiz k dispozici velké mnozstvi pfedinstalovanych aplikaci vyuzitelnych v
Siroké spektrum biologickych obord. Jak a jaky software 1ze na MetaCentru vyuzivat v rostlinné biologii bude
predstaveno v piednasce.

ptredstaveno v prednasce.
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SHADED ROOTS: A NOVEL ROLE OF CYTOKININ IN
PHOTOMORPHOGENESIS?
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In land plants, roots have evolved, develop and function in darkness. However, analysis of seedling
development in in vitro conditions employs cultivation in transparent Petri dishes resulting in unnatural
exposure of roots to light. To evaluate influence of root illumination on seedling development and to get
the first insight into underlying molecular processes, we have compared Arabidopsis seedling
development in seedlings having roots fully exposed to those with strongly shaded roots. Morphometric
analysis revealed that seedlings with shaded roots have shorter primary roots and elongated hypocotyls.
Cellular analysis revealed that increased hypocotyl growth resulted solely from enhanced cell elongation.
Next, we employed LC-MS approach to compare whole seedling proteome profiles in seedlings with
shaded and illuminated roots. We succeeded in quantification of relative peptide abundances in 1209
proteins represented by more than 4200 peptides. The comparison after manual validation of MS spectra
in Skyline software revealed 47 differentially regulated proteins quantified at 159 unique peptides. The
largest group of these proteins is located in chloroplasts (28), followed by cytosol (14) and mitochondrion
(4). Functional analysis revealed that these proteins are involved, for example, in autotrophic CO2-
fixation and carbohydrate metabolism, nitrogen metabolism, amino acid metabolism and light absorption.
Two differentially regulated proteins were then selected to test the biological significance. Actin 2 was
found up-regulated in seedlings with shaded roots. Actin 2 is reportedly involved in root hair elongation
and its increased abundance corresponded with elongated root hairs in shaded roots. Among proteins
down-regulated in seedlings with shaded roots, APT1 was selected for further analysis. APT1 catalyzes a
reverse reaction to that of LOG and thereby inactivates cytokinins. Decrease in APT1 suggests an
increase in active cytokinin pool in seedlings with shaded roots. A role of cytokinin in morphological
alterations caused by root shading was proven in cytokinin receptor mutants.

Supported by grants and funds P305/12/2144, CZ.1.05/1.1.00/02.0068, CZ.1.07/2.3.00/30.0017.
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Auxin and cytokinins (CKs) play crucial roles in the control of various physiological processes. Whilst
metabolism provides the energy and the building blocks for plant growth and development, the
phytohormonal groups are essential to control the rate of growth of individual plant parts (cells, tissues
and organs) and to integrate the activities of these parts. Control of auxin gradients and the formation of
CK maxima/minima most likely involve regulation of both metabolic and transport processes. High-
resolution measurements of phytohormones in plant tissues are therefore necessary for physiological
studies of their metabolism and mode of action.

Application of targeted metabolomics shows an optimal method for phytohormonal screening in
combination with a miniaturized purification and a highly sensitive mass spectrometry-based detection.
Our work is focused on the development of high-throughput purification methods for minute amounts of
plant tissue (1-10 mg). Two novel approaches, a simple one-step purification protocol based on in-tip
microSPE (micro Solid-Phase Extraction) and a class-specific miniaturized immunoaffinity
chromatography method were utilized. In order to verify the effect of complex sample matrix of the
whole method as well as its efficiency and analytical accuracy, the appropriate stable isotope-labelled
internal standards have been prepared by the organic synthesis. We have also developed several fast
chromatographic separations (UHPLC) and sensitive tandem mass spectrometry (MS/MS) methods for
simultaneous profiling of the auxin or CK metabolites.

Moreover, we applied fluorescence-activated cell sorting of green fluorescent protein (GFP)-marked cell
types, combined with a highly sensitive LC-MS method for analysis of phytohormonal biosynthesis and
homeostasis at cellular resolution. We modified the new micro-scale isolation procedures and applied the
method to auxin/cytokinin metabolite profiling in the root tip. To confirm that the procedures of
protoplast isolation and cell sorting did not alter the endogenous cytokinin levels, several control
experiments were conducted. Together with the development of more sensitive and accurate MS-based
methods, cell-specific analyses have provided the opportunity for phytohormone detection in four
different Arabidopsis lines, expressing GFP in specific cell types of the root apex.

Novak, O., Hauserova, E. Amakorova, P., Dolezal, K., Strnad, M.: 2008 - Phytochem, 69:2214-2224

Svacinova, J., Novak, O., Plackova, L., Lenobel, R., Holik, J., Strnad, M., Dolezal, K.: 2012 - Plant Methods, 8:17

Novak, O., Hénykova, E., Sairanen, I., Kowalczyk, M., Pospisil, T., Ljung, K.: 2012 - Plant J, 72:523-536

Péncik A., Simonovik B., Petersson S.V., Hénykova E., Simon S., Greenham K., Zhang Y., Kowalczyk M., Estelle M., ZaZimalova
E., Novak O., Sandberg G., Ljung K.: 2013 - Plant Cell, 25:3858-3870

This work was supported by the "Navrat" program LK21306 and the National Program for Sustainability
I Nr. LO1204 from the Ministry of Education, Youth and Sports of the Czech Republic, and the grant
project 14-34792S from the Czech Science Foundation.
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Askomyceta Leptosphaeria maculans se jako rostlinny patogen specializuje na Celed” brukvovitych,
pfiéemz hospodatsky vyznamné Skody pisobi zejména na fepce olejce. Zplsobuje tzv. fomové Cernani
stonkl fepky, které se projevuje zprvu nekrozami na listech a pozdé&ji na kofenovém kréku a stonku, coz
vede ke zvy3ené lamavosti stonku a usychani rostlin. L. maculans se chova jako hemibiotrof. Nejdiive
roste asymptomaticky a Cerpa Ziviny z zivého rostlinného pletiva (biotrofni faze) a pozdgji usmrcuje
rostlinné buniky a tvofi nekrozy (nekrotrofni faze). Avsak jiz béhem biotrofni faze probiha intenzivni
souboj mezi rostlinou a patogenem, jehoz se u€astni stovky molekul. O zavaznosti infekce pritom Casto
rozhoduje ptitomnost nebo absence jediné molekuly. To je ptipad efektoru AvrLm4-7 produkovanym
L. maculans. Nejobecngji Ize efektory definovat jako proteiny nebo malé molekuly, které zasahuji do
struktury nebo funkce hostitelské bunky (Hogenhout et al., 2009). Efektor AvrLm4-7 vyznamné pfispiva
k agresivité L. maculans, avsak jeho funkce, mechanismus nebo cil jeho ptisobeni nejsou dosud znamy.
Dvojici izolatd L. maculans, které se li§i pouze ptitomnosti efektoru AvrLm4-7, jsme transformovali
reportérovym genem pro B-glukuronidasu (B-GUS), abychom mohli sledovat pribéh infekce a
kvantifikovat jej. Vyuzili jsme fluorescen¢ni metody stanoveni aktivity B-GUS pomoci B-D-glukuronidu
4-methylumbilliferonu (MUG). Specifita a senzitivita stanoveni umoZziuji sledovat rozristani vlaken
houby jiz v rané fazi infekce, dlouho pied objevenim prvnich piiznakd. Hlavni vyhodou je rychlost
provedeni metody, coz umoziuje rozhodnout se, zda je jiz vhodny okamzik pro sledovéni interakce na
molekularni drovni. Navic tato metoda velmi dobie koreluje s kvantifikaci patogenu pomoci RT-qPCR.
Pii screeningu B-GUS transformantd jsme navic nalezli jeden izolat L. maculans s vyrazné snizenou
patogenitou. Pro identifikaci mista integrace T-DNA do genomu transformovaného izolatu byla uspésné
pouzita TAIL-PCR (z angl.. thermal asymmetric interlaced PCR) podle Liu et al. (1995) zaloZena na
vyuziti degenerovanych primeri. Vysledky sekvenace naznacuji, ze T-DNA narusila skupinu gentu
nejspiSe souvisejicich s biosyntézou cysteinu. Fyziologické disledky integrace T-DNA jsou v soucasnosti
predmétem naseho zkoumani.

Hogenhout SA, Van der Hoorn RA, Terauchi R, Kamoun S.: 2009 — MPMI, 22: 115
Liu YG, Mitsukawa N, Oosumi T, Whittier RF.: 1995 — Plant J, 8: 457

Podporovéano grantem GACR 13-26798S.



Comparative proteomics as a tool to study differences in response of two zucchini
cultivars toward the Zucchini yellow mosaic virus infection.
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Cucurbita pepo (family Cucurbitaceae), is an important food plant widely cultivated around
the world. In the cucurbit-growing areas, zucchini yellow mosaic virus (ZYMV, genus
Potyvirus, family Potyviridae) is one of the notable emerging viral pathogens. Infection leads
to formation discoloured and misshapen fruits which are unmarketable. Knowledge advance
on the genetic components of the pathosystem is importat to design new protection strategies.

Various species from the family Cucurbitaceae are showing different level of resistance to
virus infection. We have studied a response of two zucchini cultivars: C. pepo cv. Zelena
(susceptible) and C. pepo cv. Jaguar (partially resistant) to ZYMV. Western blot analysis of
virus development showed late-onset of infection in partially resistant cultivar comparing to
susceptible. This finding was in line with observed phenotypical symptoms on leaves.

It is feasible to achieve thorough understanding of the plant behavior after pathogen attack,
using multiple strategies. The proteomics is one of the most useful tools, allowing to have a
global view of complex biological changes, caused by the pathogen-host interaction. In this
study, we have highlighted the changes in protein profiles among two C. pepo cultivars with
different susceptibility to ZYMYV infection. Total proteins from C. pepo leaves have been
isolated by phenol extraction/ammonium acetate precipitation protocol, profiled using two
dimensional electrophoresis (2-DE) and identified by tandem mass spectrometry. The results
indicated that C. pepo leaf proteome changes induced by ZYMV infection are generally
associated with photosynthesis and redox homeostasis. Our work is the direct comparative
study which provide list of proteins differentially expressed in both cultivars as response to
virus infection, functionally analysed using advanced bioinformatic tools.

This work was supported by the grant VEGA 2/0156/12 from the Scientific Grant Agency of
the Ministry of Education and Slovak Academy of Sciences. J.S. receives a support from the
Ministry of Agriculture, Czech Republic (project MZe 0002700604).



VLIV HYGROMYCINU A KANAMYCINU NA REGENERACI
NEZRALYCH ZYGOTICKYCH EMBRYI JECMENE A PSENICE
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JeCmen a pSenice patfi mezi obtizné transformovatelné druhy rostlin. Kultivace v in vitro podminkach, indukce kalusu
a regenerace kalusu je také odridove velmi specifickd. Jednim z piedpokladt usp&$né transformace je ucinna selekce
bunék po transformaci. Nejéast&ji pouzivanymi selekénimi geny s rezistenci k antibiotikiim jsou hpt a ntpll.

Bakterialni gen hpt neboli aphlV kéduje hygromycin B fosfotransferazu poskytujici rezistenci detoxifikaci
hygromycinu B ATP-dependentni fosforylaci 7"-hydroxylové skupiny. Hygromycin B je aminoglykosidicky
antibiotikovy inhibitor proteinové syntézy, pro rostliny je velmi toxicky. Hygromycin je nejcastéji vyuzivan pii
transformaci je¢mene pomoci Agrobacterium tumefaciens (Jones a Shewry, 2009)

Gen ntpll kodujici enzym neomycin fosfotransferaza Il poskytujici rezistenci transgennich rostlin k antibiotiku
kanamycinu je selekénim markerem bakterialniho ptivodu. Kanamycin je aminoglykosidové antibitotikum izolované
z bakterie Streptomyces kanamyceticus. Neomycin fosfotransferaza Il katalyzuje ATP-dependentni fosforylaci 3'-
hydroxylové skupiny uréitych aminoglykosidu jako je kanamycin, neomycin, geneticin (Miki a McHugh, 2004).
Selekéni gen ntpll byl vyuZit pfi transformaci pSenice pomoci Agrobacterium tumefaciens (Binka a kol. 2012).

Za UCelem dosaZeni vysoké trovné selekce transformovanych bunék byly testovany rozdilné koncentrace antibiotik
hygromycinu a kanamycinu. Vin vitro podminkach byla hodnocena regenerace rostlin z izolovanych nezralych
zygotickych embryi odridy jarniho jeémene Golden Promise a odridy jarni pfenice Bob White. Sledovana byla
i moznost selekce transgennich rostlin T1 generace na médiu s antibiotiky.

Binka A., Orczyk W., Nadolska-Orczyk, A.: J. (2012) - Appl. Genetics, 53:1-8.
Jones H. J. a Shewry P. R.: (2009) - Humana Press, New York, ISBN 978-1588299611
Miki B., McHugh, S.: (2004) - Journal of Biotechnology, 107: 193-232.

Podporovano grantem MSMT LH13069.



POROVNANI DOSTUPNYCH PCR MIXU PRO KVANTITATIVNI
REAL-TIME ANALYZU EXPRESE GENU

JOSEF PATZAK, ALENA HENYCHOVA
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E-mail: patzak@chizatec.cz, tel.: 415 732 109

Pro analyzu exprese genti v pletivech rostlin na Grovni mRNA lze pouZit n€kolik metod. Jsou to
metody jednak zalozené na molekularni hybridizaci nebo na polymerazové fetézové reakci (PCR).
Kvantitativni Real-time (qQRT) PCR je dnes nejpouzivanéjsi metodou.

qRT-PCR je zalozena na principu klasické PCR, kdy na rozdil od ni dovede simultanné amplifikovat
a kvantifikovat sledovany Gsek DNA. Jeho detekce probiha v realném &ase bez nutnosti elektroforetické
analyzy. K detekei jsou pouzivana nespecificka fluorescenéni barviva (napf. SYBR green), specifické
fluorescenéni hydrolyzaéni (Tagman) nebo hybridizaéni (FRET, Dual-labelled) sondy a specifické
fluorescenéni primery (Amplifluor). Vysledky analyzy pak lze kvantifikovat v absolutnim obsahu kopif
templatu genu nebo v relativnim mnozstvi oproti kontrole nebo expresi referen¢nich gent.

V naSich experimentech jsme sledovali celkem 12 dostupnych RT-PCR mixQ pro nespecifickou
fluorescenéni (SYBR green a alternativy) detekci amplifikovanych produktd. Specifické primery pro
referenéni geny glyceraldehyd-3-fosfat dehydrogenazy (GAPDH) a DEAD-box RNA helikédzy 1 (DRH1)
byly pouzity v gRT-PCR reakcich na fedici fadé cDNA z Zateckého chmele (Maloukh et al. 2009;
MatouSek et al., 2012). Amplifika¢ni reakce byly provadény v Real-time PCR cykleru CFX Connect
(Bio-Rad Laboratories, Hercules, CA, USA) podle firemnich protokolii v dvou nebo tfi krokovém cyklu
bez nebo s pocatedni teplotni aktivaci polymerazy.

V analyzach byly sledovany efektivita amplifikace, specifita amplifikovanych produkti, prubéh
reakce a mira fluorescence. V celkovém porovnani pak byla do hodnoceni zahrnuta i cena reakce, aby
byly vybrany RT-PCR mixy s nejvyhodnéj$§im pomérem kvalita/cena. V celkovém hodnoceni se jako
nejvhodnéjsi ukazaly RT-PCR mixy iTaq universal SYBR green supermix (Bio-Rad Laboratories),
FastStart universal SYBR green master (Roche Diagnostics), Xceed gPCR SYBR green master mix
(Biotech), SYBR Select master mix a Power SYBR green PCR master mix (Applied Biosystems).

Maloukh, L., Matousek, J., Van Bockstaele, E., Roldan-Ruiz, I.: 2009 - J Plant Biochem Biotech., 18: 53-58.
Matousek, J., Kocabek, T., Patzak, J., Fiissy, Z., Prochazkova, J., Heyerick, A.: 2012 - BMC Plant Biol, 12: 27

Podporovano grantem GACR 13-03037S



POROVNANI METOD IZOLACE DNA ZE SUCHYCH A
ZPRACOVANYCH HLAVEK CHMELE

JOSEF PATZAK, ALENA HENYCHOVA

Chmelaisky institut s.r.o., Kadanska 2525, 438 46 Zatec, CR
E-mail: patzak@chizatec.cz, tel.: 415 732 109

Vyuziti molekularné genetickych metod studia DNA je v poslednich letech nejvyhodnéjsi nastroj
hodnoceni jednotlivych genotypti. Moderni molekularni metody nam umoziuji co nejlépe sledovat zmény,
zpusobené kombinacemi rodi¢d, chybami v pfenosu, mutacemi a selekénim tlakem, a zhodnotit tak
ptibuznost jednotlivych genotypii nebo variabilitu (diverzitu) v ramci populace. Velmi vyhodné je vyuzit
molekularné genetické metody pro genotypizaci a identifikaci jednotlivych druhii a odrid rostlin.
V nedavné dobé jsme vyvinuli G¢inny markerovaci systém pro kontrolu autenticity ¢eskych odrtid chmele
(Patzak a MatouSek, 2013), ktery jsme zavedli do systému identifikace genotypt chmele a kontroly
odradové istoty sadby.

Pro molekularné genetickou analyzu je nezbytné vyizolovat z rostlin dostate¢né mnozstvi DNA
v kvalité vhodné pro polymerdzovou fetézovou reakci (PCR). Pro kontrolu odriidové Cistoty na nasem
pracovisti izolujeme DNA z mladych listd cetyl trimetylammonium bromid (CTAB) izola¢ni metodou
nebo DNeasy Plant mini kitem (Qiagen, Hilden, FRG). Komer¢nim produktem chmelovych rostlin jsou
suSené chmelové hlavky a chmelové produkty (pellety, extrakty), kde je DNA sice uchovéna, av3ak
V rizném stavu poskozeni. Ptesto ovéteni autenticity odrud chmele pti prodeji ma vysoky ekonomicky
dopad.

V naSich experimentech jsme proto otestovali celkem 11 riznych metod izolace DNA na vzorcich ze
suchych hlavek chmele a lisovanych pellet. Z téchto metod byli tfi modifikace CTAB izola¢ni metody,
dvé modifikace dodecylsiran sodny (SDS) izola¢ni metody, pét kolonkovych izola¢nich kit a jeden Kit,
vyuZivajici magnetické partikule. Izolaéni metody byly hodnoceny podle vytéZku DNA, pribéhu a
kvality specifické PCR. Nejvétsiho vytézku bylo dosazeno nas$i standardni CTAB izolaéni metodou.
Zadna DNA nebyla ziskana jednou modifikaci CTAB izolaéni metody a ob&ma modifikacemi SDS
izola¢ni metody. Pomoci magnetickych partikul byl dosaZen dostatecny vytézek DNA, ale na vzorcich
neprobihala PCR. Vytézek z kolonkovych izola¢nich kit byl srovnatelny a vzorky byly vhodné pro PCR
analyzu. Nejvyhodné&jsi byly Qiagen DNeasy Plant Mini Kit (Dynex), Omega EZNA SP Plant DNA mini
kit (VWR International) a Machery-Nagel NucleoSpin Plant 11 kit (Biotech).

Patzak J., Matousek J: 2013 - Certifikovana metodika, 40 s., ISBN 978-80-86836-94-2.
Patzak J., Matousek J: 2013 - Uzitny vzor, ¢. 25678.
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MODIFICATION OF LINSEED OIL COMPOSITION USING CONSTRUCT TO
INDUCE GENE SILENCING

Pavelkova Michaela!, Hanacek, Pavel?, Griga Miroslav*
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Republic
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This work is focused on creating vector construct inducing downregulation of the fad2 gene in
flax (Linum usitatissimum L.) via RNA mediated post-transcriptional gene silencing. The
downregulation of the fad2 gene should lead to increased oleic acid content in linseed. Oleic
acid is a monounsaturated fatty acid with a high melting point, and its consumption can
decrease the risk of coronary heart diseases.

Fragments of fad2 gene were inserted in sense/antisense orientation between the 35S
promoter and OCS terminator in the plasmid pHannibal. Sense/antisense orientation is
transcribed to hairpin RNA (hpRNA) which leads to post-transcriptional gene silencing.
Resulting expression cassette was cloned into t-DNA region of the pGreen Il vector system.
Plasmid pGreen Il contains a reporter gene for GUS histochemical test (uidA) and selection
gene for resistance to the herbicide phosphinotricin (bar). This construct together with pSoup
(binary vector) were introduced into Agrobacterium tumefaciens by electroporation. The
ability of the construct to transform plants was tested by transformation of tobacco leaf discs.
Agrobacterium-mediated transformation of tobacco and flax was performed with
A. tumefaciens EHA105 strain. The aim of this work is to prepare transgenic flax plants with

increased oleic acid content.

Key words: flax, transformation, A. tumefaciens, post-transcriptional gene silencing, oleic

acid
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LABEL-FREE IMAGING OF POLLEN GRAIN HYDRATION:
Modulation relief-contrast microscopy

RADEK PELCY23%” ZDENEK HOSTOUNSKY? & CHAN-S00 Kim®
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A detailed investigation of microscopic plant anatomy and its physiological implications [1,2] often
requires the use of specialized staining procedures and/or complex imaging equipment. In some cases,
however, staining is impractical or even impossible, and contrasting by purely optical means represents
a convenient alternative. The present paper highlights standard/modulation relief-contrast microscopy as
a simple optical-contrasting (label-free imaging) modality (Fig. 1) suitable for visualization of unstained
cells and tissues. Its “standard”“ form (“off-axis illumination*) has been presented elsewhere [3,4].

Optically thick objects such as leaf replicas in transparent acrylate resin are typically best rendered
in standard or modulation relief contrast, often superior in image quality to Hoffman modulation contrast
requiring special objectives. Objects of medium optical thickness (=1 pm on a logarithmic scale) such as
spores of the field horsetail (Equisetum arvense), or osmotically swollen (burst-open) pollen grains of
yew or juniper are most conveniently imaged by differential interference contrast (DIC Nomarski) or
(apodized) phase contrast. However, at least with low-power objectives, modulation relief-contrast
(“schlieren*) microscopy yields images comparable to those obtained with much more complex DIC
(Fig. 2). Optically thin objects such as refractive-index matched stellar trichomes of olive tree (Olea
europaea) or Elaeagnus sp. leaves ideally require the use of low-transmittance phase-contrast.

MODULATOR

Fig. 1.

Adaptation of an upright microscope to standard (RD only) and modulation (RD+M) relief-contrast
imaging. Relief diaphragm (RD) is actually made of black (not white) cardboard. Modulator (M) placed in
the objective back focal plane consists of an edge diaphragm (dotted square in C), much like RD.
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Fig. 2

Unstained osmotically swollen pollen grains of European yew (Taxus baccata) in water. The process of
exine rupture and intine release is documented here (inverted microscope configuration was employed).
Objectives x40/0.75 (DIC Nomarski) and x10/0.30 (all other images). Raw-image ID: 2009-08-29_*

[1] Vogelmann T.C. et al. (1996) Trends Plant Sci. 1 (2): 65-70. DOI: 10.1016/S1360-1385(96)80031-8
[2] Vogelmann T.C. et al. (1996) Physiol. Plant. 98 (1): 43-56. DOI: 10.1111/j.1399-3054.1996.tb00674.x
[3] Hostounsky Z. & Pelc R. (2007) Adv. Physiol. Educ. 31 (2): 232-235. DOI: 10.1152/advan.00028.2006
[4] Pelc R., Hostounsky Z. & Otaki T. (2008) J. Biomed. Opt. 13 (5): 054067. DOI: 10.1117/1.2966716
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OPTIMALIZACE DETEKCE VIRU TUMV A TYMV METODOU
RT-PCR S JEJICH POTVRZENIM SEKVENACI

ELISKA PENAZOVA, ALES EICHMEIER

Zahradnicka fakulta, Mendelova univerzita v Brng, Valticka 337, 961 44 Lednice, CR
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Virus mozaiky tufinu (TuMV) spolu s virem Zluté mozaiky tufinu (TYMV) patfi mezi ekonomicky
vyznamné patogeny infikujici pletiva zelenin ¢eledi Brassicaceae. Cilem prace byla optimalizace jejich
detekce metodou RT-PCR a porovnani miry napadeni testovanych odrid.

V ramci studie jednotlivych virti byla nejprve provedena inokulace odrid pekingského zeli izolaty
TuMV a TYMV. Virulence pouzitého inokula¢niho materidlu byla soucasn¢ ovéfena na indikatorovych
rostlinach merliku (Chenopodium quinoa Willd.) a tabaku (Nicotiana tabacum L., 'White Burley').
Celkova RNA byla izolovana za pouziti komeréniho kitu, pro RT-PCR byly pouZity specifické primery
TU 8705-8726 a TY 109NO-109M9. Pii optimalizaci detekce pak byly porovnany dvé vyuZzivané
polymeradzy — Taq DNA Polymerase (NEB) a GoTagq G2 Flexi DNA Polymerase (Promega). Ziskané
PCR produkty byly purifikovany a sekvenovany.

Podporovano grantem 1GA ¢. 4/12014/591. PouZité izolaty pochazeji ze shirek VURYV, v.v.i. a referétu
virologie UKZUZ.



IN-VIVO FLUORESCENCE MACROSCOPY IN PLANTS.

MARKETA PERNISOVA
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Many microscopic techniques exist in plant biology and microscopic slides are necessary to use
usually. Together with Nikon company we developed horizontally oriented confocal macroscope for in-
vivo plant imaging on plates directly. Optical system with objectives is horizontally oriented and thus
plants can grow vertically similarly to real conditions in soil. This setup allows observing plant’s
biological processes in a real time, for example protein relocalization, changes in metabolite
concentration, cell elongation and division or root growth. No transmitted light is a small disadvantage
but it is possible to use plant lines with fluorescent protein labelled plasma membranes. Taken together,
horizontal confocal macroscope is very useful instrument for real-time imaging of growing plants.

Supported by grants: CEITEC CZ.1.05/1.1.00/02.0068, GACR P501/11/1150 and GACR 14-30004P.
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OPTICAL SECTIONING OF PLANT SAMPLES WITH
FLUORESCENCE MICROSCOPY
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Past two decades are characterized by an impressive boom in the number of methods of fluorescence light
microscopy. They could be used for various imaging purposes, but they could also provide rich source of
data for quantitative measurements. Besides other things, there are two main technical obstacles, which
are being overcome by various technical solutions. Firstly, the fluorescence emitted by the sample above
and below the focal plane and secondly, the diffraction limit of light microscopy. While the first point is
effectively solved by various methods of confocal microscopy, the second point needs more sophisticated
approaches of total internal reflection microscopy, nonlinear optical microscopy and structured
illumination. Here | would like to make a synopsis of modern methods of confocal fluorescence
microscopy and super-resolution optical microscopy in plants and point to their advantages and
drawbacks.

This work is supported by the Czech Science Foundation, project GAP305/11/2476.
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PROTEOMIC ANALYSIS OF BARLEY CELL NUCLEI PURIFIED BY
FLOW SORTING
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The function of nuclear genome cannot be completely understood without a better knowledge of the
composition, structure and behavior of nuclear proteins, which represent the most abundant component of
cell nuclei. Nuclear proteins participate in a majority of processes, which include DNA replication and
chromosome reduplication, DNA repair and recombination, as well as transcription. However, there is
almost no specific information available about this class of proteins in plants, except for histones and a
few other nuclear proteins.

Proteomics is a powerful approach for large-scale protein identification and may contribute to better
understanding of the main structural and functional components of plant cell nuclei and chromosomes.
However, biochemical composition of sub-cellular components may be altered during their isolation and
during subsequent protein purification. Moreover, a series of preparatory steps is employed to obtain
purified nuclei. This is time consuming, laborious and the isolated fractions may be contaminated by
cytoplasmic proteins. We have developed an alternative and efficient method for purification of nuclei,
which does not affect their protein content and which comprises only a single step. The new protocol
involves flow cytometric sorting of cell nuclei in G1, S, and G2 phases of the cell cycle. It is important
that this approach avoids contamination by non-nuclear proteins.

Our preliminary results indicate that the flow cytometric sorting coupled with mass spectrometry
will permit a comprehensive characterization of the subproteome of plant cell nuclei at various phases of
cell division cycle.

This research was supported by grants from the Czech Science Foundation (14-28443S, P501/12/G090),
the National Program of Sustainability | (LO1204), the European Social Fund (Operational Program
Education for Competitiveness CZ.1.07/2.3.00/20.0165), and Internal Grant Agency of Palacky
University, Olomouc (Prf/2013/003).
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Molekulova dynamika jako nastroj moderni biologie
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Simulace molekulové dynamiky se v poslednich letech stava standardni metodou studia proteind
amembran s vysledky velice obtizné ziskatelnymi (v nékterych piipadech nedosazitelnymi)
experimentalnim pfistupem. Soucasné nartst vypocetni kapacity pocitaci, zlepSeni algoritml
pouzivanych pfi vypoctech a specialni vypocetni postupy umoznily simulovat a popsat detaily chovéani
proteini a lipidt v biologicky relevantnich ¢asovych skalach. V prednéasce se zaméfim na obecny popis
simulace molekulové dynamiky a kratce zminim zaklady pouzitych postupii. Nejvetsi diraz bude vSak
v piednésce kladen na konkrétni ptiklady a jejich ptfinos k pochopeni struktury a funkce proteint a
lipidovych membran. Simulace molekulové dynamiky pomohly objasnit otevirdni a zavirani
mechanosensitivnich ~ kandldi, transport iontd iontovymi kanaly, mechanismus ptlisobeni
antimikrobialnich peptidi a vazbu mnoha perifernich membranovych proteinti na lipidovou dvojvrstvu.
Hrubozrnné (coarse-grained) modely lipid-lipid a lipid-protein interakci umoZznily simulovat
sebeusporadani lipidovych dvojvrstev, agregaci membranovych komponent do domén a fazi vackt. Na
zavér piednasky v kratkosti popiSu vyzkum v naSi laboratofi zaméfeny na interakci proteint se
signalnimi lipidy v regulaci polarniho rtstu rostlinnych bunék.

Podporovano grantem GACR 13-19073S.



Studium metylace telomerovych cytosinti rostlin
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Telomery jsou nukleoproteinové struktury na koncich linearnich eukaryotickych
chromozomd, skladajici se z kratkych repetitivnich sekvenci, které jsou nezbytné pro
stabilitu geonomu. Telomery byly povazovany za typicky heterochromatinoveé oblasti
s heterochromatinovymi epigenetickymi znackami. AvSak nedavna studie ukazala
pfitomnost heterochromatinovych i euchromatinovych histonovych modifikaci na
telomerach Arabidopsis thaliana (Vrbsky et al., 2010). Jina studie telomery

A. thaliana charakterizuje dokonce jako euchromatinové struktury

(Vaquero-Sedas et al., 2011).

Analyza metylace asymetricky lokalizovanych cytosinu v telomerovém motivu
CCCTAAA je metodicky problematickou zalezitosti, jelikoz nelze vyuzit konvecénich
pristupu: i) telomery neobsahuiji cilové misto pro Zzadnou metylacné citlivou restrikéni
endonukleazu, ii) repetitivni sekvence nelze analyzovat PCR po modifikaci bisulfitem.
V praci (Vrbsky et al., 2010) byl navrzen pfistup analyzy metylace telomerovych
cytosinll za pomoci bisulfitové konverze DNA, kdy dochazi ke konverzi cytosinu na
uracil, zatimco metylcytosin zlistava nezménén. Konvertovana DNA je pfenesena na
nylonovou membranu a hybridizovana s radioaktivné zna¢enymi telomerovymi
oligonukleotidy, které jsou navrZzeny tak, aby hybridizovaly s telomerovymi repeticemi
obsahujicimi metylované / nemetylované cytosiny. V naSi praci (Majerova et al.,
2011) byl navrh primeru detekujiciho frakci metylovanych telomerovych repetic
zpfesnén na zakladé informace o rozloZzeni metylovanych cytosinut v telomerach
A. thaliana (Cokus et al., 2008).

Studovali jsme metylaci cytosinl v telomerach rostlin Arabidopsis thaliana
kli¢icich a bunék kultury Nicotiana tabacum BY-2 péstovanych v pfitomnosti
hypometylacnich latek zebularinu a DHPA (dihydroxypropyladenin). V semenaccich
A. thaliana kliCicich v pfitomnosti hypometylacnich latek a v burikach BY-2 byla
vyrazné snizena metylace cytosinu v telomerovych a centromerovych repetitivnich
oblastech. V dospélych rostlinach A. thaliana, které jiz nerostly v pfitomnosti
zebularinu ¢ DHPA, byla metylace témér srovnatelna s kontrolnimi rostlinami.
Telomery v hypometylovanych rostlindch A. thaliana byly vyrazné zkracené (Ogrocka
et al., 2014), zatimco délka telomer hypometylované tabakové kultury BY-2 se
nezménila (Majerova et al., 2011), coz ukazuje na moznou rozdilnou epigenetickou
regulaci délky telomer v riznych rostlinnych modelech.

Finanéni podpora: Grantovd agentura CR (P501/11/0596), “CEITEC”
CZ.1.05/1.1.00/02.0068, projekt CZ.1.07/2.3.00/20.0043 z Evropského sociélniho
fondu.



ZPUSOB PREHLEDNEHO ZOBRAZENI VELKEHO MNOZSTVIi DAT
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Zobrazeni hodnot jedné nebo vice spojitych proménnych v zavislosti na vice kategorickych proménnych
(napiiklad koncentrace riznych hormonti ve vzorcich vystavenych riznym podminkdm pokusu) pomoci
sloupcového grafu byva ¢asto nepiehledné. Obvykle je nutné pouzit vétsi podet grafii nebo seskupovani sloupct
k vizualizaci hodnot pro vSechny kategorie, coz porovnatelnost dat mezi sebou znaéné ztézuje a ve vysledku
zaujima velkou plochu. V pfipadé 3D sloupcovych grafit miZe zase dojit k zakryti nizkych sloupcii témi
vysSimi. Z téchto diivodd jsme vytvofili program CircleGraph, ktery vizualizuje data do kruhii uspofadanych v
ptehledné matici.

Program CircleGraph v1.14 vznikl v systtmu MATLAB. U koncového uZivatele neni nutna instalace plné
verze MATLABU, spousténi programu probiha v prosttedi MATLAB Compiler Runtime (MCR). Vstupni data a
parametry zobrazeni jsou na¢teny z .xlsx souboru (MS Excel). Hodnota hlavni ¢iselné proménné je znazornéna
pomoci praméru ¢i obsahu kruhid (uzivatel vybird mezi t€émito dvéma moddy) uspofadanych v piehledné matici
podle dvou kategorickych proménnych. Obsah kruhu roste s kvadratem praméru, coZz dovoluje na omezeném
prostoru zobrazit a porovnat i veli¢iny s Sirokym rozsahem namétenych hodnot. Dalsi spojité hodnoty (nejcastéji
smérodatné odchylky, mezikvartilova rozpéti apod.) se daji znazornit pferu$ovanymi kruznicemi vV pomérné
vzdalenosti od obvodu kruhu. Dovniti kazdého kruhu miZze byt uveden jakykoli text, tedy ¢iselnd hodnota hlavni
¢i dalsi spojité proménné nebo popisek dalSi kategorické proménné. Posledni kategorickou proménnou je mozné
jesté vyjadiit pomoci barvy kruhu, ktera se zadava v datovém souboru v Hex formatu. Obvod kazdého kruhu Ize
nezavisle zvyraznit pomoci tuéné linky, ¢imz se da zobrazit navic jedna binarni proménna (naptiklad statistické
vyznamnost hodnoty hlavni proménné). Pomoci parametrd definovanych ve zdrojovém souboru muize byt
upraven také finalni vzhled matice. Vyslednou matici Ize exportovat do rastrovych i vektorovych grafickych
formata.

Program CircleGraph umoziiuje rychle a flexibilné porovnat velka mnozstvi dat a piehledné je prezentovat
na mens$i ploSe, nez by tomu bylo u standardnich grafii.

Projekt byl podporen Grantovou agenturou Univerzity Karlovy v Praze (GAUK 3067/2014).
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EXTRAKCE POLYFENOLU Z POKRUTIN REVY VINNE
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Abstrakt

Polyfenolické 1latky jsou ve wvysSich rostlinach piitomny jako sekundarni metabolity. Maji
nezastupitelnou ulohu v ochrané proti chorobam, infekcim, parazitim a hraji tézZ vyznamnou roli pii ochrané
rostlin proti nadmérnému sluneénimu zafeni. Jejich koncentrace v rostlinach zavisi na mnoha faktorech, z nichz
nejdulezitgjsi jsou faktory genetické (druh a odrida rostliny), stupein zralosti, faktory klimatické a konecné
pusobeni nejriiznéjsich abiotickych a biotickych strest.

Polyfenolické latky pfedstavuji mnoho typt slouenin, které muizeme rozdélit do péti zakladnich
skupin: kyseliny fenolkarboxylové, flavonoly, flavan-3-oly, proantokyanidy a antokyanidy. V posledni dobé je
témto latkam vénovana zna¢na pozornost ze strany nutri¢nich specialistii, nebot’ jejich ptijem v potravé je dadvan
do souvislosti se snizenim vyskytu zavaznych civilizacnich nemoci, jako je rakovina a kardiovaskularni choroby
(Zendulka, 2008).

Doposud zavedené postupy extrakce polyfenolickych latek ve svété se zabyvaji zpracovanim pouze
celych semen. Piedchozi studie ukéazaly, Ze vyznamnym zdrojem polyfenolickych latek jsou téz pokrutiny révy
vinné Vitis vinifera L. (Lachman et al. 2013). Ovétili jsme, Ze pokrutiny zistavaji velice hodnotnym zdrojem
polyfenolickych latek piivodem ze semen révy vinné i po vylisovani oleje. Jejich zpracovani by tak dale navysilo
moznosti extrakce biologicky aktivnich latek z odpadtl pochazejicich z vyroby vina. Zjistili jsme, Ze dilezitym
rozdilem v extrakci polyfenolit z pokrutin oproti intaktnim sementim je p¥itomnost oleje v hrubém extraktu.
Bude tak vyZadovéna optimalizace celého procesu.

Pokrutiny pochézejici ze semen révy vinné jsou velmi tvrdym a kfehkym materidlem. Pro ucely
extrakce byly zvoleny dva zplsoby jejich zpracovani a to 1) mechanické drceni a 2) rozmoéeni vodou. Jako
solvent béhem extrakce byla vzhledem k nizké ekonomické narocnosti a piipadné potravinaiské bezpecnosti
zvolena voda. Dale byly testovany moznosti pryskyfice Amberlite XAD-7HP a etanolu ve vyuziti pro ptecisténi
a zakoncentrovani ziskaného produktu. Uvedenym postupem bylo ziskdno cca 10% polyfenolickych latek
obsazenych v pokrutinach.

AMBERLITE XAD7HP (Rohm and Haas Company) je neiontovy alifaticky akrylovy polymer. Sorp¢ni
schopnosti tohoto materialu jsou odvozeny z jeho sitovité struktury (obsahuje souvislou polymerni porézni fazi),
a z velikého povrchu alifatické povahy. Tato struktura dava tomuto adsorbentu vybornou fyzikalni a termalni
stabilitu. Diky své alifatické povaze mize AMBERLITE XAD7HP adsorbovat nepolarni slou¢eniny z vodnych
roztoka a polarni slou¢eniny z nepolarnich rozpoustédel. Jeho adsorpéni vynos u polyfenola je 70,4%; &as
adsorpce je 20 min (Soto at al., 2012).

Mechanicky rozdrcené (pomleté) a nepomleté vzorky pokrutin byly vafeny ve vodé po dobu 60 min a
bylo upraveno pH. Polyfenoly byly adsorbovany v koloné s Amberlitem XAD-7HP a nakonec byly desorbovany
96% etanolem. Obsah celkovych polyfenoltl (CP) v eluatu byl méfen spektrofotometricky pomoci modifikované
metodiky dle Lachmana a kol. (1999) Folin-Ciocalteuovym ¢inidlem na spektrofotometru SPECORD*210 Plus
(Analytic Jena AG, Némecko), v plastové kyveté o tloustce 1 cm, pti vinové délce 700 nm. Hodnoty CP byly
vyjadieny jako ekvivalent kyseliny gallové na jeden kilogram vzorku pokrutin.

Primérné vysledky byly ziskany ze 3 opakovani. Sledovani probihalo u vybranych odrid révy vinné, a
to Muller Thurgau, Zweigeltrebe, Rulandské modré a Rulandské bilé, vypéstované v Ceské vinaiské oblasti
(Grebovka Praha, Mélnik) v roce 2013. Vysledky ukazaly rozdilny obsah CP mezi pomletymi a nepomletymi
vzorky.

Lachman J., Hejtmankovéa A., Hejtmankova K., Horni¢kova S., Pivec V., Skala O., D&dina M., P¥ibyl I.: 2013 — Ind. Crop. Prod., 49: 445-
453

Lachman J., Pivec V., Orsak M., Hosnedl V., Prokinova E., Lap¢ik O.: 1999 — Agrarni www portal http://www.agris.cz/clanek/111118
Zendulka O.: 2008 - Polyfenoly ve vyzivé jako mozna prevence nadorovych onemocnéni. Disertaéni prace, Masarykova univerzita v Bré:
137

Soto, M.L. et al.: 2012 — Molecules, 17: 3008-3024

Rohm and Haas Company: Amberlite® XAD7HP Industrial Grade Polymeric Adsorbent [online
http://www.rohmhaas.com/ionexchange/Pharmaceuticals/Bioprocessing_doc/english/xad7hp.PDF

Podporovano grantem 111B107 NAZV ,,Vyzkum ziskavani a vyuZiti biologicky aktivnich latek (BAL) ze semen
vinnych hroznii pro zlepSeni metabolismu hospodarskych zvirat jako podklad pro navrh nejlepsi dostupné
techniky (BAT)
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CURRENT METHODOLOGY IN PLANT EPIGENETIC ANALYSIS

José Luis Rodriguez*, Boris Vyskot*
'Plant Developmental Genetics, Institute of Biophysics AS CR. Kréalovopolské 135, 612 65 Brno.Czech
Republic.

Epigenetic research is at the forefront of plant biology and molecular genetics. Studies on higher plants
underscore the significant role played by epigenetics in both plant development and stress response. The
epigenetic mechanisms include DNA methylation, post-translational modifications of histone proteins and
non-coding silencing RNA, which serve to regulate the transcription of certain genes, transposons and
repetitive sequences. Their influence on a specific physiological situation involves the use of precise
analysis techniques and a correct interpretation of the individual data.

Classical approaches to analyse DNA methylation and histone post-translational modifications
(PTMs) include global quantification based on high-performance separation techniques like HPLC or
HPCE and on antibody, ELISA-like and Western blot detection. These techniques were commonly used
as markers in different developmental or physiological situations. Immunostaining represents an
alternative quantifying the signal by imaging software and including the possibility to show tissue and
chromosomal specific patterns. Nevertheless, relatively recent advances in analytical methodology have
allowed a significant expansion of what is known about genome-wide mapping of DNA methylation and
histone modifications as the main but not the only epigenetic marks. With the advent of high-throughput
sequencing methods, it is now routine to measure the genome-wide distribution of epigenetic marks, and
these genome-wide patterns are providing insights into evolutionary processes. The four most frequently
used sequencing-based technologies for DNA methylation analysis are the bisulfite-based methods:
MethylC-seq and reduced representation bisulfite sequencing (RRBS), and the enrichment-based
techniques: methylated DNA immunoprecipitation sequencing (MeDIP-seq) and methylated DNA
binding domain sequencing (MBD-seq). The combination of these techniques with methylation-sensitive
restriction enzyme sequencing (MRE-seq), allows the detection of regions with allele-specific epigenetic
states. Histone PTM profiling is achieved by chromatin immunoprecipitation sequencing (ChlP-seq)
using antibodies for every modification and for high-throughput analysis of small RNAs (SRNAS) next
generation sequencing has been shown as an effective approach as well.

Mass spectrometry has quickly been accepted as a versatile tool to achieve insights into chromatin
biology and histone post-translational modifications (PTMs). High sensitivity and high mass accuracy
and the ability to sequence post-translationally modified peptides and perform large-scale analyses make
this technique very well suited for histone protein characterization. There are three major MS based
strategies for histone characterization and the main difference lies on the fragmentation of the protein.
The most commonly used approach is the small peptide analysis by mass spectrometry, known as the
‘bottom—up’ approach. The second approach is known as the ‘top—down’ strategy, mapping co-existing
PTMs located far apart within the histone sequence. A third strategy for histone analysis is the ‘middle-
down’ approach which has the ability to analyse the majority of the PTMs of the histone. This approach is
a suitable compromise between the bottom—up and top—down methods, reducing technical challenges of
intact histone analysis while preserving a semi-global overview of coexisting modifications.

These advances in mass spectrometry allowed the identification of novel proteins interacting with
the DNA and new histone PTMs. The analysis of these interactions requires, besides immunoprecipitation
techniques, affinity purification and hybridization. Together with proteomics approaches novel chromatin
studies can be applied. There are currently two major ways to approach this; the first is to use a
transcription factor, histone, or DNA binding protein to isolate a specific chromatin region, and analyse
the proteome associated with that particular chromatin region (ChlIP-like methods). In this approach we
can find: modified chromatin immunopurification (mChIP), chromatin-interacting protein mass
spectrometry (ChIP-MS) and chromatin proteomics (ChroP). The second uses a specific genomic DNA
sequence to extract a target chromatin segment for analysis of the entire associated proteome, and is
considered a locus-specific method. Here, all identified proteins bind to the specific DNA locus targeted
for analysis, finding: proteomics of isolated chromatin segments (PICh) and chromatin affinity
purification with mass spectrometry (ChAP-MS)

In our presentation we will review the different techniques to analyse modification patterns in plant
epigenetics, and novel techniques based on the combination of classical approaches and new methods
using micro- and nanoscale devices and explore their use in the study of DNA and chromatin
modifications in plants.

This work was supported by Czech Science Foundation grants P501/12/G090 and P501/10/0102.



6. Metodické dny — Charakterizace proteini asociovanych s telomerazou

Séarka Schofova
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Vyznamnym enzymem Ucastnicim se prodluzovani nedoreplikovanych linearnich
chromozomti eukaryotickych konci-telomer je telomeréza, kterd je tvofena z katalyticke
podjednotky TERT a RNA podjednotky TR (u rostlin byly popsany dvé varianty TR).

TERT podjednotka je rozdélena na nékolik ¢asti. Nase studium je zaméfené na N-
terminalni ¢ast domeny-zodpovédné za vazbu jednotetézcove DNA pii transloka¢nim kroku a
obsahujici NLS signal lokalizujici telomerazu do jadra. TERT podjednotka miiZe asociovat
s mnoha proteiny, které ovliviiuji jeji lokalizaci, funkci ¢i reguluji jeji aktivitu. V nasi laboratofi
jsme popsali prvni pfimou interakci rostlinné telomerazy s proteiny schopnymi vazby i na
telomerickou DNA - Telomere repeat binding (TRB) proteiny (Schrumpfova et. al. 2014). TRB
proteiny navic pfimo interaguji s proteinem Potlb, ktery je homologem lidského proteinu Potl
vazajiciho se na jednovldknova ptesah telomer.

Avsak telomeraza neplni v organismu jen funkci spojenou s prodluzovanim telomer
(telomerickou funkci), ale u€astni se i dalSich procesi, které nejsou propojeny s telomerami.
Mezi netelomericke funkce telomerazy patii naptiklad jeji Gcast pfi tumorgenezi, kde ovliviiuje
genovou expresi, opravuje poSkozenou DNA nebo se uplatiiuje pfi regulaci bunééného cyklu.

Pomoci metody Tandemoveé afinitni purifikace (TAP = Tandem Afinity Purification) byly
ziskany kandidatni proteiny, které by mohly potencialn¢ interagovat s TERT podjednotkou.
Nékolik kandidatnich proteinti a jejich interakce s TERT podjednotkou byly ovéfovany tremi
metodami pro zji$téni protein-proteinovych interakci: Dvojhybridnim kvasinkovym systémem
(Y2H = Yeast two Hybrid systém), Bimolekularni fluorescen¢ni komplementaci (BiFC =

Bimolecular Fluorescence Complementation) a imunoprecipitaci.

Schrumpfova PP., Vychodilové I. Dvotackova M., Majerska J., Dokladal L., Schofova S., Fajkus J. (2014) Telomere
repeat binding proteins are functional components of Arabidopsis telomeres and interact with telomerase, Plant J.,
77(5), 770-81
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Prace byla podpofena Grantovou agenturou Ceské republiky (13-06943S), a projektu CZ.1.07/2.3.00/20.0043 z
Evropského socialniho fondu.



IN VIVO FLUORESCENCE PROBES FOR PLANT BIOLOGY

KATERINA SCHWARZEROVA

Department of Experimental Plant Biology, Faculty of Science, Charles University Prague, Vini¢na 5, 12844 Praha 2, Czech
Republic

In vivo fluorescence microscopy is a standard method of modern cell biology. Together with the GFP
technology, it contributed vastly to the progress on the cell biology field. In plant cells, fluorescence
visualization faces several problems. Endogenous autofluorescence and the existence of the cell wall, a barrier
for large molecules, are the greatest problems that need to be overcome. Therefore, the spectrum of suitable
fluorescence probes is limited for plant cell. In this lecture, methods used in our laboratory for successful in vivo
plant cell organelles and structures visualization will be presented and advantages and disadvantages of these

methods will be discussed.



ANALYSIS OF KINASE ACTIVATION OF HOP TRANSCRIPTION FACTOR
HIWRKY1 AS A PART OF NETWORK REGULATING LUPULIN
BIOSYNTHESIS.

KRISTYNA SIGLOVA' , TOMAS KOCABEK', AJAY KUMAR MISHRA', GANESH SELVARAJ DURAISAMY",
ANNA TYCOVA!, JAROSLAV MATOUSEK"

'Biology Centre ASCR v.v.i, Institute of Plant Molecular Biology, Branigovska 31, Ceské Bud&jovice 370 05, Czech Republic.

Plant WRKY is relatively large group of transcription factors (TFs), which play an important role in response to biotic
or abiotic stress in relation to growth and development of plants (Eulgem and Somssichm, 2007). The WRKY proteins
recognize W -box (TTGACC/T) sequence in the promoter region of DNA and thus regulate the expression of specific
genes (e.g. van Verk et al., 2008). Many WRKY's contain in their own promoter W-boxes which caused autoregulation
by WRKY (Eulgem and Somssich, 2007). We recently find a significant influence of lupulin-specific HIWRKY1 factor
for gene expression of some key enzymes especially o-methyl transferase, which is necessary for the synthesis of
xanthohumol, and therefore HIWRKY1 regulate biosynthesis of prenylflavonoids in hop lupulin gland. We are testing
the promoters activity of the genes for key enzymes when exposed HIWRKY1 and in addition, our aim is also to
characterize the regulatory network acting on HIWRKY1 factor itself. In transient expression system, the interaction
between HIWRKY1 and HIWDR1 TFs showed a co-activation and further HIWRKY1 is stimulated by silencing
inhibitors, particularly p19 and HCPro. The activity of HIWRKY1 protein, as others WRKY factors, is probably
dependent on a phosphorylation. It was published the phosphorylation of Arabidopsis WRKY factors with the MAPK
kinases (Popescu et al., 2007). Thereferore the level of kinase expression influence the expresion of HIWRKY1 and to
analyse the extent of which phosphorylation affects the activity of HIWRKY1 factor we used transient expression
system using two kinases (SIPKV and AtPRK2) from tomato and Arabidopsis. We designed a construct where the
HIWRKY1 is fused with GFP at the C-terminal end of HIWRKY1 to further study of the mechanism of HIWRKY1
network. The expression level in N. benthamiana was evaluated in protein and RNA levels. We used the protein
extracts from N. benthamiana containing HIWRKY1 fused to GFP as tag and based on mobility shift of phosphorylated
and non-phosphorylated proteins in polyacrylamid gels, we designed the method for studying phosphorylation of tagged
HIWRKY 1 protein and the influence of silencing inhibitors on HIWRKY1 factor.

Eulgem T., Somssich I.E.: 2007 - Curr Opin Plant Biol 10: 366-371.
Popescu S. C., Popescu G.V., Bachan S., Zhang Z., Gerstein M., Snyder M., and Dinesh-Kumar S.P.: 2009 - Gen Dev 23: 80-92.
van Verk M. C., Pappaioannou D., Neeleman L., Bol J. F., Linthorst H. J. M.: 2008 - Plant Physiol 146: 1983-1995.

The project was supported by the Czech Science Foundation (GACR 13-03037S), by the cooperative project FP7-
REGPOT-2012-2013-1 MODBIOLIN No. 316304 and by institutional support RVO:60077344 .



DYNAMIKA PROTEOMU ROSTLIN ARABIDOPSIS THALIANA PRI
ODPOVEDI NA TEPLOTNI STRES A ZMENU ENDOGENNICH
HLADIN CYTOKININU
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Rostliny odolavaji v pribéhu svého Zivota mnoha stresujicim faktorim, které mohou hrat zcela
zasadni roli v jejich ristu a vyvoji. Mezi nejvyznamngjsi abiotické faktory patii mimo jiné teplota, u které
predpoklada, ze primérna teplota v hospodarsky vyuzitelnych oblastech stoupne do 50 let az o 5°C.
Odhaleni odpovédi rostlin na zmény teplotnich podminek je tedy nezbytné pro budouci piipravu
odolngjsich kultivart®.

V pritb&hu dne dochazi k prechodu piisobeni teplotniho stresu z prytové na kofenovou &ast rostlin?,
Proto byl sestaven experiment simulujici tyto denni vykyvy teplot (rozmezi 21 - 40°C) piisobici oddélené
na prytovou (i) a kotenovou (ii) ¢ast, i na celou rostlinu (iii). JelikoZz se v posledni dobé vyskytuji
informace o dilezitosti rostlinnych hormonii cytokinini v teplotni signalizaci rostlin®, byly soub&znd
s kontrolnimi  ekotypy (Col-0) do experimentu zahrnuty transgenni linie Arabidopsis thaliana
s indukovatelnou expresi genu ipt (CaMV35S>GR>ipt) kodujiciho enzym v biosyntéze cytokinind.
Rostliny byly po aplikaci odlisnych teplotnich podminek podrobeny analyze fluorescenéni kinetiky
chlorofylu (FluorCam) a seshirany pro naslednou proteomickou (2D PAGE, MALDI MS) a hormonalni
(LC-MS) analyzu.

Vysledky dokladaji, Ze endogenni navyseni hladin cytokininti zdsadné ovliviiuje reakci rostlin na
aplikaci teplotniho stresu a ve vét§iné pfipadti vede zvySend hladina cytokininii spole¢né s teplotnim
stresem k opa¢nému u¢inku nez aplikace samotného teplotniho $oku, a to jak na hormonalni, tak i
proteomické urovni. Na zdklad¢ proteomické analyzy bylo odhaleno 110 a 36 signifikantné regulovanych
proteini v prytové a kotenové casti. Celkové méla aplikace teplotniho stresu za nésledek negativni
regulaci u 61% rozdilné regulovanych proteint, kdy nejcastéji dochazelo k negativni regulaci proteinti po
aplikaci teplotniho stresu na kofenovou ¢ast. Na zakladé shlukové analyzy (Cluster 3.0) bylo zjisténo, zZe
zvy$ena hladina cytokininti zptisobuje opaénou odpovéd’ na teplotni stres, coz bylo pozorovano i na
samotném fenotypu rostlin na zakladé odlisné¢ho vadnuti a teploty listd. Hormonalni analyza zahrnovala
stanoveni hladiny 4 dualezitych rostlinnych hormont a jejich prekurzori (cytokininy, kyselina abscisova,
auxiny a gibereliny). Aktivni formy cytokininti klesaly v téch Castech rostlin, které byly vystaveny
aplikaci teplotniho stresu. Kombinace zvySené hladiny cytokininti a teplotniho stresu vedla rovnéz k
odlisné regulaci hladin kyseliny abscisové (ABA) v porovnani se samotnou aplikaci teplotniho stresu.
ABA byla dfive pozorovana jako jeden z hlavnich hormoni v odpovédi na abioticky stres. Je tedy ziejmé,
Ze vysledna odezva na teplotni stres, jako je regulace pohybu praduchi, ¢i aktivita fotosyntézy, je zavisla
na interakci mezi rostlinnymi hormony cytokininy a kyselin

Gornall J., Betts R., Burke E., Clark R., Camp J., Willet K. a Wiltshire A.: 2010 - Phil. Trans. Royal Soc. B: 365, 2973-2989
2Shymanski S. J., Or D. a Zwieniecki: 2013 - PLoS ONE 8 (1), e54231. doi: 10.1371/journal.pone.0054231
Cerny M., Jedelsky P.L., Novak I., Schlosser A. a Brzobohaty, B.: 2014 - Plant,Cell and Envi.: 37, 1641-1655

Tato prdace vznikla za podpory grantu GA206/09/2062 a P305/12/2144 (GACR) a CEITEC
(CZ.1.05/1.1.00/02.0068).
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Combinational anatomical, chemical and genomic approaches to dissect two key domestication
traits in legumes: seed dormancy and pod dehiscence
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The origin of the agriculture was one of key points in human history, and a central part of this was the evolution of new
plant forms, domesticated crops. Common set of traits have been recorded for unrelated crops, named domestication syndrome
(Hammer 1984, Zohary and Hopf 2000). These include loss of germination inhibition and increase of seed size, linked to
successful early growth of planted seeds. The loss of natural seed dispersal and seed dormancy are considered to be the most
important domestication traits (Hancock 2012). Despite of crucial position of legumes, as protein crops, in human diet,
comparably little is known on their domestication. The loss of fruit shattering has been under selection in most seed crops, to
facilitate seed harvesting, while in wild plants, shattering is a fundamental trait to assure seed dispersal. Timing of seed
germination is one of the key steps in plant life. It determines when plants begin growth in natural or agricultural ecosystems.
In the wild, many seeds exhibit dormancy. In contrast, crops germinate as soon as they are imbibed usually at planting time.
Moreover, legume seed imbibition has a crucial role in cooking ability (Smykal et al. 2014). Breeding experiments have shown
that the genetic control of seed shattering and seed dormancy are both often governed by a single locus. Orthologous genes and
functions were found to be conserved for seed shattering mechanisms between mono and dicotyledonous plants but none yet in
legumes.

The main objective of the study is to identify genetic, structural a chemical basis of two key traits of legumes domesti-
cation, the seed dormancy mediated by seed coat water impermeability and pod dehiscence, by comparative analysis of wild
and domesticated pea genotypes. This is done by combination of linkage and association mapping as well as candidate genes
approaches, modern analytical chemistry methods and anatomical analysis, ultimately leading to identification of respective
genes. We have chosen pea as suitable model (Weeden 2007, Smykal et al. 2012) and tested pea seed imbibition and
germination, resulting in range from 100 to 40% dormancy in wild, while primitive landraces display 50 to 0%. Several pairs
of wild versus domesticated forms were selected, together with primitive forms (landraces) representing transitory steps
(Smykal et al. 2011). These pairs as well as mapping populations of crosses are morphometrically, histologically and
physiologically characterized and assessed both for seed dormancy and pod dehiscence phenotypes. Since positive correlation
in content of phenolics, the development of a water-impermeable seed coat and seed dormancy (germination) in wild versus
domesticated pea seeds have been shown (reviewed in Smykal et al. 2014) we follow this by using the up-to-date analytical
method for direct surface analysis using matrix assisted laser desorption/ionization high resolution tandem mass spectrometry;
MALDI Synapt G2-S HDMS (Waters, USA). Combination of MALDI spectrometric analysis with principal component
allowed segregation of dormant from non-dormant samples. Several differential signals (m/z values) belonging to compounds
with very variable structures were found. Among the signals several polyphenolic compounds were tentatively identified.
Elucidation of the structure of markers in detail and evaluation of their relations is in progress. Composition of seed coat cell
wall is correlated with their histochemical properties using selected tests for flavonoids, phenolic compounds, and polysaccha-
rides (Soukup, 2014). Permeability of seed surface for water and other solution is estimated from the tracing of weak periodic
acid solution and its labelling of cell wall polysaccharides via PAS reaction (Soukup, 2014) which allows for identification of
sites of water entry during imbibition. Isolated genomic DNA from RIL lines is subjected to both whole genome analysis
DAIrT seq and candidate genes approaches. The synteny to model legume Medicago truncatula and closely related chickpea
genomes are also exploited to narrow previously mapped regions of Dpol (pea pod dehiscence) and Gty (seed testa) loci along
with association mapping using set of 96 wild and domesticated pea accessions. The results of candidate genes mapping, seed
testa MALDI analysis and anatomical characterization will be shown and discussed.
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In vitro biotesty jsou pouzivany b&zné& pro screening biologické aktivity, interakci riiznych organismi.
V nasem ptipad¢ jsou pouzivany in vitro biotesty pro vyhledani organismu s inhibi¢nimi vlastnosmi. Zakladem jsou
Cisté kultury organismi, sbirkovych kmentl, jejich izolaty a extrakty hledanych organismu. 1zolaty fytopatogennich
hub jsou vyhodnymi testovacimi organismy pro ziskani rychlé odpovedi na pfitomnost antagonistickych, inhibi¢nich
eventuelné toxicky pusobicich latek ptitomnych v hrubych extraktech. Extrakce je zaloZena na jednoduchém
principu, vychazejicim z drceni zivé nebo lyofilizované biomasy a prostiednictvim polarnich nebo nepolarnich
organickych ¢inidel se uvoliiuji do roztoku rozpoustédel nejriznéj$i biologicky aktivni latky. Aplikace téchto
extraktl pfimo k izolatim hub, predstavuje snadno vyhodnotitelny test s rychlou odpovédi. Dalsi aplikace in vitro
biotestl spocéiva ve vyhodnoceni G¢inku vyhledané biologicky aktivniho hrubého extraktu. Determinace vlivu na
kliceni, rist a morfologii rostlin, které jsou dnes nezbytnou soucasti test fytotoxicity. Vyhodnoceni téchto biotestu je
jiZ v soudasnosti mozné provadét spolehlivou automatizovanou metodou, obrazovou analyzou z fotodokumentace
experimentu.

Podporovano grantem MSMT — COSTAction1206 ¢.grantu LD14101, Mobility ¢.grantu 7AMBI4SK192



Identifikace alel rostlinnych enzymii v plasmidovych knihovnach zaloZena na
alel-specifické real time PCR
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Soucasné moznosti vytvaret cilené mutace ve zkoumanych proteinech véetné vybranych rostlinnych
enzymu umoznuji detailn¢ studovat jejich funkci a podil na biochemickych a vyvojovych
pochodech v zivych organizmech. Mistné€ specifickd mutageneze na predem vytypovanych mistech
téchto proteint je uzitenym nastrojem pro vytvareni nejen mistné specifickych aminokyselinovych
zamen, ale 1 pro vytvareni rozsahlych knihoven s pfedem navrzenou variabilitou. Velikost takto
vytvoienych knihoven vyzaduje identifikaci jednotlivych variant s minimem naklad a moZznosti
jeji automatizace. Pro tyto ucely jsme vyvinuli metodu zaloZenou na alel-specifické real time PCR,
ktera umoznuje jednoznacn¢ identifikovat jednotlivé genové varianty mezi desitkami moznych.

Metoda byla testovana na knihovné variant kukufi¢né B-glukozidazy p60, ktera byla
vytvoiena metodou SLONOMAX a obsahovala 20 nesynonymnich mutaci v kodonech 195, 202 a
463. Krom¢ toho byly do cilové sekvence zavedeny synonymni mutace v kodonech 194, 196, 201,
203 a 464. Metoda byla navrzena tak, aby byla diskrimina¢ni k nesynonymnim mutacim v pozicich
195, 202 a 463 a necitliva ke vSsem ostatnim mutacim. Alel-specificka PCR vyuZiva alel-
specifickych primerti v kombinaci s Tm analyzou pro diskriminaci jednotlivych alel a DNA
vazebnych barev k detekci PCR produktu. Dosud popsané aplikace se zamétovaly predevSim na
identifikaci malého poétu alel, typicky 2 v piipadé SNP. Pti nami testovanych optimalizacich je
mozné v jediné reakci rozliSit az 7 riznych alel v ptipad¢, ze cilova sekvence neni obklopena
dalSimi nesynonymnimi mutacemi. Jsou-li dal§i mutace pfitomny v oblasti, kde hybridizuje alel-
specificky primer, jako je tomu naptiklad v pozici 464, dochdzi sice ke zvysSeni variability efektivity
amplifikace v zavislosti na pfitomnych nesynonymnich mutaci, ale diskrimina¢ni schopnost metody
zustava zachovana. Bylo mozné rozlisit az 7 alel v kodonu 463 v jediné reakci, resp. viech 20 ve 3
reakcich a to pfesto, ze celkovy pocet moznych alel v genové oblasti je 60. Piitomnost mutaci v 3°
oblasti smérem od alel-specifického primeru neovlifiuje parovani templéat — primer, ale ovliviiuje
Tm vysledného produktu v zavislosti na inkorporovanych nukleotidech, coz znesnadnuje
identifikaci jednotlivych mutaci. Nami zavedend modifikace metody spocivajici v preskupeni
primerovych kombinaci v jednotlivych reakcich umoziiuje vyfesit i tento problém. Jsme schopni
rozlisit vS§ech 20 kodont 195 v 6 reakcich i ptesto, Ze celkovy pocet alel dosahuje poctu 80.
Podobné v 8 reakcich je mozné rozlisit vSech 20 kodonti 202 z celkového poctu 180 alel.

Vzhledem k vys$$i naro¢nosti na optimalizaci je vyvinuta metoda vhodna pro identifikaci
genovych variant ve velkych souborech vzorki jako jsou pravé plasmidové knihovny. Jako jedna z
mala PCR metod umoziuje identifikovat velké mnoZstvi mutaci v relativné malém poctu reakei pii
zachovani pfesnosti a nenaro¢nosti na kvalitu izolované DNA.

Prace byla podporovana granty P305/11/P768 a P305/12/P405 GA CR.
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POZICNi KLONOVANI GENU PRO REZISTENCI K MSICI ZHOUBNE (Diuraphis noxia):

KONSTRUKCE VYSOKOHUSTOTNI GENETICKE MAPY
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PSenice seta (Triticum aestivum L.) je jednou z ekonomicky nejvyznamnéjSich kulturnich plodin,
poskytujici zdroj potravy pro 35% obyvatel svéta. Jedna se o allohexaploidnim druh (2n = 6x = 42) s celkovou
velikosti genomu témeét 17 x 10° bp. Genom je tvofen tiemi homeolognimi subgenomy (A, B a D) a jeho
podstatnou &ast (pres 80%) tvoii repetitivni sekvence. VSechny vySe zminéné vlastnosti pSeni¢ného genomu
znesnadiiuji jeho analyzu, genetické i fyzické mapovani, sekvenovani &i poziéniho klonovani. T¥idéni
jednotlivych chromozémi a jejich ramen pomoci pritokové cytometrie umozZiiuje rozloZit tento obrovsky genom
na malé a snadno analyzovatelné ¢asti.

Na kratkém rameni chromozému 7D (7DS) pSenice se nachazi fada agronomicky vyznamnych gend,
véetné genu Dn2401 pro rezistenci k msici zhoubné (Diuraphis noxia). MSice zhoubna je jednim z
nejvyznamnéjSich skidch psenice a je¢mene. Chemické i biologické postupy hubeni nejsou v piipadé msice
zhoubné dostateéné ucinné. Z tohoto dtivodu se jevi jako nejvyhodnéjsi zplisob ochrany péstovani odrid
nesoucich geny pro rezistenci vici tomuto Skidci.

Konstrukce vysokohustotni genetické mapy pokryvajici oblast zkoumaného genu je nezbytna pro jeho
nasledné pozi¢ni klonovani, tedy izolaci genu na zékladé jeho pozice na genetické ¢&i fyzické mapé. Za ucelem
konstrukce této mapy byla vyvinuta metoda pro cilené odvozovani markeri z Uzké oblasti genomu, a to v
podminkach polyploidniho genomu. Tato metoda vyuziva syntenie mezi pSenici a jejimi pfibuznymi druhy
(je¢men, Brachypodium, ryze, ¢irok, Aegilops tauschii) v kombinaci se sekvencemi jednotlivych chromozomu
skupiny 7, ziskanymi celochromozomovym neuspofddanym (shotgun) sekvenovanim. Za pomoci genovych
marker vymezujicich oblast genu na rameni 7DS je moZno identifikovat orthologni oblasti v genomech
pfibuznych druhii. Geny =z téchto oblasti poté slouZi knalezeni odpovidajicich sekvencnich kontigh
pochézejicich z chromozémii 7A, 7B a 7D p3enice. Na zaklad¢ polymorfizmi mezi jednotlivymi homeolognimi
chromozémy je moZno designovat jednolokusove, genomové specifické markery. Popsanym postupem bylo
odvozeno 11 novych vysoce specifickych markerti, které poslouzily k zahusténi mapy v okoli genu Dn2401.
Skrining BAC knihovny z ramene 7DS umoznil identifikaci kontigu v 7DS-specifické fyzické mapé, ktery
kompletné pieklenuje oblast genu. BAC klony z této oblasti byly osekvenovany a v sou¢asné dobé probiha jejich
anotace. Sekvence BAC klont mohou rovnéz poslouzit k odvozeni dalSich markert v blizkosti genu Dn2401.
Prezentovand metodika vyvoje markerti je obecné aplikovatelna pro jakykoliv chromozdm pSenice.

Tato prdce je podporovina grantem GA CR P501/12/2554, MSMT CR a EU (Operacni program Vyzkum a Vyvoj
pro Inovace ED0007/01/01) a Interni Grantovou Agenturou Pi*F 2014-001.



Transcriptomics and genomics of male sterility in Silene vulgaris: technical challenges and
biological insights
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We use replicated transcriptomes from female and hermaphrodite Silene vulgaris with the
RSEM and the edgeR pipelines to characterize differentially expressed transcripts associated
with the male-sterile phenotype. We present results from multiple transcriptome assembly
strategies, including varied depths of coverage using the single-kmer Trinity assembler as
well as multi-kmer assemblies using SPAdes, highlighting the strengths and limitations of
each. Furthermore, we compare mitochondrial genomes from divergent populations to reveal
structural variation in potential cytoplasmic male sterility factors. We discuss the challenges
of de novo assembling repetitive and actively recombining mt genomes using paired-end 454
reads and offer potential solutions. Finally, we present an analysis of mitochondrial
transcriptomes made with the aid of reference mitochondrial genomes. We examine the
impacts of RNA editing and the method of RNA and cDNA preparation on the resulting
trancriptomic maps.

This project output has been developed during implementation of the project: "Integration of the
experimental and population biology using new methods of interdisciplinary issues - the way to
excellence with young scientists”, Reg.No.: CZ.1.07/2.3.00/30.0048, which is funded by the European
Social Fund (ESF) and the state budget of Czech Republic through the Operational Programme
Education for Competitiveness (OPEC).



Expression and purification of HATPase and receiver domains of the ethylene receptor
ETR1 from A. thaliana and introduction of intein technology
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Ethylene Receptor ETR1 is a membrane-bound receptor from A. thaliana involved in
ethylene signaling process. ETR1 possesses all of the sequence motifs of canonical histidine
kinase domains and also reveal histidine kinase activity (1,2).

Histidine Kinase activity is supposed to play the minor role in output of ethylene
signaling. It may allow for cross-talk with multistep phosporelay (MSP) via AHP proteins,
potentially influencing cytokinin signaling. The 3D structures of HATPase and receiver
domains have been described.The main objective of our work is to express and purify these
domains for structural NMR studies. Both domains were expressed in soluble form, so then
they are suitable candidates for introduction of the segmental isotope labeling technique based
on intein technology allowing to study multi-domain proteins.

1. Gamble et al. (1999), Proc. Natl. Acad. Sci. USA, 95:7825-7829.

2. Moussatche & Klee. (2004), J.Biol.Chem., Vol. 279, No0.47, 48734-48741.

Supported by the European Regional Development Fund (Central European Institute of Technology,
CZ.1.05/1.1.00/02.0068) and the Czech Science Foundation (GA13-25280S).
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Nastup sekvenacnich technologii nové generace (NGS) umoznil rychlé a cenové dostupné
sekvenovani celych genomt.. Nevyhodou vétsiny NGS technologii je vSak relativné kratka délka cteni
(zpravidla n€kolik stovek part bazi), coz komplikuje sestavovani celogenomovych sekvenci, zvlasté u
genomu s vysokym podilem repetitivni DNA. To vyvolalo potifebu najit technologii, kterda by umoznila
usporadat kratké sekvenéni kontigy v rdmci delSich tseki DNA a pteklenout tak problematické oblasti
repetic. Toho mtize byt dosazeno parovym sekvenovanim obou koncii fragmenti DNA o délce nékolik
kilobazi (tzv. long mate-pair sequencing) nebo vyuzitim sekvenaénich technologii, které ¢tou tiscky DNA
o0 délce 10 kilobazi a vice (napi. Pacific Biosciences nebo Moleculo). Tyto technologie jsou v§ak pomérné
nékladné a v piipadé PacBio zatizené vysSi chybovosti.

Alternativnim a cenové dostupnym feSenim je vytvaieni map kratkych sekvencnich motivi (6-8 bp)
v ramci useki DNA o délce stovek tisic az miliont part bazi, které poskytuji voditko pro uspofadavani
sekvenénich kontigi. Tento ptistup, VyuZivajici analyzy jednotlivych dlouhych molekul DNA, je obecné
zndm pod ndzvem optické mapovani (shrnuli Neely et al. 2010). V soucasné dobé€ jsou vyuZzivany tii
enzymatické pfistupy pro vizualizaci kratkych sekvencénich motivi: 1) §tépeni DNA fixované na
mikroskopickém skli¢ku (Eipu) restrikéni endonukledzou, 2) s$tépeni nicking enzymem a fluorescenéni
znaceni jeho rekogni¢niho mista a 3) zna¢eni DNA pomoci metyltransferazy.

Technologie firmy BioNano Genomics (Lam et al. 2012) vyuZziva druhého zmitiovaného pfistupu.
DNA s fluorescenéné¢ znacenym sedminukleotidovym motivem je analyzovana pfi pohybu
sofistikovanym systémem nanokanalkii na mikro¢ipu. Dulezitd je dokonala linearizace molekul DNA.
Vysoce citlivd kamera pak umozfiuje velmi piesné zméfeni vzdalenosti mezi rekogni¢nimi misty
pouZitého nicking enzymu. Vyslednid genomova (chromozémova) mapa rekogni¢nich mist mize byt
vyuZita k de novo sestavovani genomové sekvence, ale také napt. ke studiu distribuce tandemovych
repetic v rdmci genomu nebo pro porovnavani struktury vice genomi, tedy zejména identifikaci inzerci,
deleci, inverzi nebo translokaci.

Neely RK, Deen J, Hofkens J — Biopolymers 95(5): 298-311, 2010
Lam ET et al. - Nat. Biotechnol. 30(8): 771-776, 2012

Podporovano grantem GACR P501/12/2554.
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The comparative studies of plant transcriptomes generated by RNA-seq
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The number of plant transcriptomes produced by RNA-seq in non-model species is exponentially
growing, significantly exceeding the number of completely sequenced plant genomes. The
comparison of transcriptomes becomes a suitable tool to analyze evolutionary trends and to reveal
the genes important for adaptation. We describe the procedure of reciprocal blast hits capable to
identify putative orthologous genes. We discuss the role of the method RNA extraction, cDNA library
preparation and sequencing . We focus on the comparison of closely related congeneric species.
However ,we also mention the comparison between a non-model plant transcriptome (e.g.

Utricularia) and a distant model (e.g. Arabidopsis), which led to surprising results.

Our work was supported by the GACR project number P504-11-0783 and the project: "Integration of
the experimental and population biology using new methods of interdisciplinary issues - the way to
excellence with young scientists", Reg.No.: CZ.1.07/2.3.00/30.0048, which is funded by the European
Social Fund (ESF) and the state budget of Czech Republic through the Operational Programme

Education for Competitiveness (OPEC).
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Probably most organisms use chemical signals in cell-cell communication. Coordination of the
growth and development of the cells, tissues and organs, as well as the environmental responses of
complex multicellular organisms, require increasingly intricate signalling networks. Unlike animals,
plants, lacking motility, never developed a nervous system, but they did evolve hormones as chemical
messengers.

Brassinosteroids (BRs) are a group of extremely low abundant (fg-pg/g) naturally occurring
signalling molecules with a steroidal structure (Fig. 1) belonging to plant hormones (Cafio-Delgado et al.,
2004).

brassinolide (BL) castasterone (C5)

Fig 1. Structures of the most biologically active naturally occurring brassinosteroids

BRs are essential growth regulators that are widespread in the plant kingdom and have structures similar
to those of animal steroid hormones. Similar to their animal counterparts, BRs influence many
physiological processes throughout the plant life cycle, including germination, organ elongation, timing
of senescence and flowering, male fertility and increased tolerance to stress caused by temperature, water,
or salinity (Fujioka et al., 1997). Initially, immunoassays and bioassays were mainly used for detecting
BRs (Takatsuo and Yokota 1999). Later, immunological methods such as RIAs and ELISAs have also
been used for exploring the distribution of BRs in plant tissues (Horgen et al., 1984; Yokota et al., 1990).
Several hyphenated (GC-MS and LC-MS) techniques were also gradually introduced. Since BRs are not
volatile they must be derivatised prior to GC-MS analysis. The standard derivatisation procedure is based
on formation of bis-methaneboronates of BRs with vicinal diol groups (e.g. BL and CS; (Fujioka et al.,
1997). Several LC methods have been also published for determination of BRs (Svato$ et al., 2004; Huo
etal., 2012).

Gibberellins (GAs) are a class of diterpenoid carboxylic acids (Fig. 2) that include biologically
active compounds produced by various microbes (fungal and bacterial) and lower as well as higher plants,
where they are endogenous growth regulators.

GAs, (R=H) GAs (R=H)

Fig 1. Structures of C19 and C gibberellins

Like other classes of plant hormones, concentrations of GAs in plant tissues are usually extremely low
(generally pg/g FW). Thus, very sensitive analytical methods are required for their detection. However,
levels of GAs may vary substantially even within a plant organ. Vegetative tissues (stems, roots and
leaves) typically contain several pg/g FW, while reproductive organs (such as seeds and flowers) often
have three orders of magnitude higher levels (i.e. ng/g FW). The first methods for GA analysis were
based on GC-MS determinations of volatile methyl ester trimethylsilyl ether derivatives (Pryce et al.
1967). This approach is still used in some laboratories for quantifying and identifying GAs as it is highly
sensitive. However, LC-MS is becoming more popular for quantitative analysis of GAs, mainly because
it avoids derivatisation requirements (Varbanova et al., 2007; Ayele et al., 2010; Urbanova et al., 2013).
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One of the properties of enzymes is the specificity they exhibit relative to reactions they catalyze.
Aurora kinases family are responsible for cell-cycle dependent phosphorylation of H3 at S10 and S28 in
both plant and non-plant species. Histones are targets of various post-translational modifications that help
to recruit proteins and modulate the chromatin structure. The substrate specificity of Aurora kinases
varies toward differently modified histone residues. In animals, cross-talk occurs between
phosphorylation and methylation of adjacent residues, resulting in a so-called methyl/phos switch. In
plants, data on the cross-regulation between H3 phosphorylation and post-translational modification of
neighboring amino acids are limited.

To analyze whether a cross-talk between different histone modifications exists similar to non-plant
species, we determined the phosphorylation activity of the Arabidopsis Aurora family members
(AtAurora 1 and 3) on H3 peptides with different modifications related to positions S10 and S28. Our
kinase assay confirmed that both serine positions are phosphorylated by both recombinant kinases in vitro,
although phosphorylation of H3S28 is much weaker than of H3S10. Phosphorylation of H3S28 by both
kinases is increased by dimethylation and acetylation of adjacent K27. Pre-phosphorylation of T22 and
T32 decrease AtAuroral activity, but increase AtAurora3 activity, respectively. Furthermore, using a
peptide microarray, we identified AtAuroral consensus phosphorylation sequence, which could help us to
identify additional targets for Arabidopsis Aurora kinases.

Taken together, in vitro kinase assay allowed us to determine differences in specificity of different
members of Aurora kinase family in plants. Our data suggest that a cross-talk between different H3
modifications occurs also in plants, although in similar rather than the same manner as in non-plant
species. Despite the fact that some modifications influence Aurora kinase 1 and 3 activity in a similar way,
there are differences between few modifications, indicating different substrate specificity of both kinases.

Supported by ED0007/01/01 for ET, BP and IGA UP Prf/2013/003 for ET, DFG Germany (SFB 648) for
DD, AH.
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Cocona (Solanum sessiliflorum Dunal) a member of the family Solanaceae, is a native shrub
previously cultivated by Indians throughout the Amazon basin. Nowadays, it is cultivated
especially in Ecuador, Venezuela, Brazil and Peru for its edible fruits. Wild and semi-wild
forms of cocona show significant morphological variability. The aim of the study was to
optimize application of ISSR markers in limited number of cocona samples showing various
morphological characteristics, and to carry out preliminary study on genetic variability among
these botanical forms. One randomly chosen individual from 14 of morphologically different
forms was always selected. This primary study proved that ISSR markers are reliable method
for detection of genetic variability in S. sessiliflorum. Within our further research, the
optimized method will be used for detection of genetic diversity among and within numerous
Amazonian populations of this plant.

This study was financially supported by an Internal Grant Agency of the Czech University of
Life Science Prague CIGA (Project No. 20115004) and an Internal Grant Agency of Faculty
of Tropical AgriSciences, Czech University of Life Sciences Prague IGA (Project No.
20135119).



Genové manipulace u vladknité houby Leptosphaeria maculans
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Heterotalickd askomyceta Leptosphaeria maculans je plvodcem choroby mnoha
fungalnich patogenu, kde =zapficifiuje tzv. fomové C&ernani stonkd. K napadeni rostlin
dochazi hojné na podzim, kdy se ze zbytkd rostlinné masy v padé uvolfuji askospory. L.
maculans kolonizuje mezibunécné prostory v mezofylu listd. V infikovanych pletivech
dochazi k tvorbé nekroz a pyknid, které jsou zdrojem sekundarniho inokula. Patogen déle
kolonizuje cévni svazky, prorista do stonku a kofenového kréku, kde ke konci vegetacniho
obdobi vyvola nekrézu baze stonku a tim zpusobuje poléhani rostlin a jejich pfedéasnou
zralost.

Pro studium interakce rostlina-patogen je nezbytn& vizualizace a kvantifikace miry
kolonizace rostlinného pletiva. Jednou z velmi uc€innych a robustnich metod je vyuZiti
transformantd s vloZzenym reportérovym genem, jako je napf. gen pro zeleny fluorescencni
protein (GFP) nebo pro B-glukurodinasu (GUS), umoznujicich detekci pomoci fluorescence
nebo detekci produktu enzymatické reakce. Takto pfipraveni transformanti jsou i vhodnym
nastrojem pro sledovani kli¢eni a kinetiky ristu mycelia v axenické kultufe in vitro.

VIaknité houby, v€etné L. maculans Ize uc€inné transformovat pomoci bakterie
Agrobacterium tumefaciens, ktera se rutinné vyuziva pro transformace rostlin. Konidiospory
jsou kultivovany 48 h ve tmé spolecné s transformovanym A. tumefaciens, kdy je pfislusny
expresni klon doru¢en do hostitelskych buriek v T-DNA (transferova DNA). Transformanti
jsou déle selektovani na mediu s pfisluSnymi antibiotiky a A. tumefaciens je odstranéno
pomoci cefotaximu.

Metody pro genetické modifikace jsou také klicové pro funkéni genomiku a studium
genu. Post-transkripéni umiéeni genu je jednou z metod reverzni genetiky. Testovali jsme
vlasenkovy vektor pHYG-GS typu Gateway (Fox a kol., 2008), ktery byl navrzen pro genové
umi€eni u L. maculans. Testovali jsme dva rlzné konstrukty pro utlumeni reportorového
genu GFP a ve dvou rlznych izolatech L. maculans. Mira genového umi€eni byla
vyhodnocena méfenim GFP fluorescence a stanovenim relativniho mnozstvi GFP mRNA
pomoci qPCR.

Genom L. maculans byl nedavno sekvenovan, coz usnadhuje identifikaci
kandidatnich gent (Rouxel a kol., 2011). Rozvinuti metod genetické modifikace L. maculans
je nezbytné pro funkéni genomiku v tomto organismu.

Fox EM, Gardiner DM, Keller NP, Howlett BJ. (2008) A Zn(ll),Cyss DNA binding protein regulates the
sirodesmin PL biosynthetic gene cluster in Leptosphaeria maculans. Fungal Genet Biol. 45(5): 671—
682.

Rouxel T et al. (2011) Effector diversification within compartments of the Leptosphaeria maculans
genome affected by Repeat-Induced Point mutations. Nat Commun 2:202. doi: 10.1038/ncomms1189.
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Vychozim krokem mnoha molekularné biologickych aplikaci je extrakce nukleovych kyselin
v dostate¢né kvantité€ a kvalité. V souéasné dobé se vyviji nové postupy zaloZené na magnetickych mikro
a nanocasticich. Cilem prace bylo pouziti magnetickych nosi¢i pro izolaci DNA z technologicky
zpracovanych potravin rostlinného ptivodu.

Proces izolace rostlinné DNA je komplikovany vzhledem k pfitomnosti polyfenoll, polysacharidi a
jinych metabolitl, které jsou Casto koextrahovany s DNA. Uvedené latky pulsobi jako inhibitory
enzymatickych procest, véetné PCR, coz je nezadouci pii zjistovani autenti¢nosti potravin nebo detekci
GMO v potravinach. Potraviny jsou pii vyrobé Casto vystaveny pisobeni riznych faktord. Mechanické
namahani, vysoké teploty, kolisani pH, enzymatické zmény a fermentacni procesy mohou ovliviiovat
primarni strukturu DNA (napf. hydrolyzou, oxidaci a deaminaci) a tim ztéZovat jeji naslednou analyzu.
Proto je stézejni zvolit vhodnou metodu izolace DNA.

Metody: byla optimalizovana metoda izolace DNA z tepelné upravené brokolice (Brassica oleracea)
zaloZzena na pouziti neporéznich magnetickych c¢astic poly(glycidyl methakrylat) (PGMA) a byla
porovnana jeji Gi¢innost se standartnimi metodami (CTAB a komer¢ni chromatografické kolonky). Déle
byl zkouman vliv steriliza¢nich podminek, kterym jsou potraviny (kukufice, zeli, ervena fepa) vystaveny
pii primyslovém zpracovani, na stabilitu DNA a jeji amplifikovatelnost v polymerazové fetézové
reakci (PCR). Mnozstvi a ¢istota DNA byly hodnoceny spektrofotometricky, integrita DNA gelovou
elektroforézou. Pomoci primertd specifickych pro oblast genu 26S rRNA bylo dosazeno vysoké citlivosti
PCR odpovidajici fadové pg genomové DNA.

Vysledky: u brokolice mnozstvi amplifikovatelné DNA s vlivem steriliza¢nich podminek (pH 4, teplota
75 °C) snizuje béhem kratké doby az o nékolik fadu, coz klade extrémni naroky na citlivost izola¢nich
postupii. Optimalizovan metoda zaloZena na adsorpci DNA na povrch polymerniho magnetického nosice
(PGMA) poskytovala dostate¢cné mnoZzstvi templatu pro provedeni PCR z rlizné upravenych potravin
rostlinného ptvodu (brokolice, kukufice, zeli, Gervena fepa). V porovnani s klasickymi metodami
(CTAB) byla DNA izolovéana o polovinu v krat§im ¢ase. Odpadaji ¢asové i finan¢né naroéné kroky, jako
je fenolova a enzymaticka deproteinace. Metody CTAB a magnetické &astice, v porovnani s komerénimi
kity, mély rovnéZz univerzalngjsi pouziti. Umoziovaly izolaci DNA z vétsiho poctu potravinovych
produktti.

Zavér: byla vyvinuta metoda izolace DNA kombinujici prvky klasické metody CTAB a magnetickych
nosi¢l. Mnozstvi a Cistota izolované DNA je srovnatelnd s metodou CTAB a komerénimi kity. Mezi
vyhody metody patfi rychlost a cena, ktera je desetkrat niz8i oproti pouZiti komercnich kitd.
Piepokladame vyuziti vyvinutého postupu pii analyze Sirokého spektra technologicky zpracovanych
potravin obsahujicich vysoce degradovanou DNA v nizkych koncentracich (sterilizovand zelenina,
kompoty apod.).
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FYZICKA MAPA A SEKVENOVANI KRATKEHO RAMENE CHROMOZOMU 7D PSENICE.
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PSenice set (Triticum aestivum L.) je zdrojem potravy pro 35 % svétové populace a je tak povaZzovana
za jednu z nejdalezitéjsich plodin na svété. Vytvoteni fyzické mapy celého genomu pSenice je nezbytnym
krokem pro ziskéni jeho kompletni referenéni sekvence. Sekvenovani pSenice je ztizeno zna¢nou velikosti jejiho
genomu (17 Gb), jeho polyploidnim charakterem (subgenomy A, B a D) a vysokym obsahem repetitivnich
sekvenci (>80 %). Tyto piekazky je mozné pickonat, nebo aspoii zmirnit pomoci pratokové cytometrie, diky niz
Ize tfidit jednotlivé chromozémy nebo jejich ramena a tim snizit komplexitu genomu pSenice a vyrazné
zjednodusit jeho analyzu. Sekvenovani pSenice metodou klon po klonu na zaklad¢ fyzickych map
zkonstruovanych pro jednotlivé chromozémy (ramena) se stalo kliGovou strategii Mezinarodniho konsorcia
pro sekvenovani genomu psenice (IWGSC). Rozdéleni genomu na jednotlivé chromozémy umoziiuje zapojit
do tohoto ambiciézniho projektu fadu laboratofi z celého svéta.

Cilem nasi prace bylo vytvofit fyzickou mapu kratkého ramene chromozému 7D psenice (7DS), ukotvit
ji na chromozom a osekvenovat minimalni sestavu klont z knihovny dlouhych inzertd, ktera reprezentuje celé
rameno (tzv. MTP = Minimum Tilling Path). Klony z BAC knihovny specifické pro 7DS byly fingerprintovany
pomoci SnaPshot HICF technologie a nasledné byly sestaveny do kontigti pomoci pocitacového programu FPC
(Soderlund et al., 2000). Takto vznikla fyzicka mapa 7DS byla integrovana s fyzickou mapou Aegilops tauschii
(donor D genomu p3enice), ktera se stala kliCovym nastrojem pro prodluzovani kontigh fyzické mapy 7DS.
Spolehlivost takto sestavené mapy byla nakonec ovéfena pomoci poéitaového programu LTC (Frenkel et al.,
2010).

Pro ukotvovani fyzické mapy 7DS na chromozém byly zvoleny rizné ptistupy ptimého i reverzniho
ukotvovani. Pfimé ukotvovani zahrnovalo PCR skrinink BAC knihovny dostupnymi zamapovanymi markery,
in silico ukotvovani prostiednictvim integrace s fyzickou mapou Ae. tauschii nebo s DArT mapou p3enice.
Reverzni ukotvovani spoc¢ivalo v odvozovani STS markeri ze sekvenci BAC klont a jejich mapovani na panel
radia¢nich hybridl. Celkové tak bylo prostfednictvim 713 markerd ukotveno 404 kontigl, které reprezentuji
61 % fyzické mapy. Jako nejefetivngji se ukazalo in silico ukotvovani, s jehoz pomoci se podafilo ukotvit 659
markerid do 383 kontigg, tedy vice jak 90 % ukotvené ¢asti mapy.

V soucasné dobé je dokonCovano sekvenovani klonl reperezentujicich MTP ramene 7DS pomoci
platformy Illumina. Pro sestaveni sekven¢nich kontigh v rdmci jednotlivych BAC klonu je vyuZivan pocitatovy
program Sassy. Na zakladé znalosti sekvenci BAC klonti z MTP jsme byli schopni propojit i nékteré dosud
nespojené kontigy fyzické mapy 7DS. Nové byla pro 7DS vytvofena BioNano genomova mapa, ktera
je vyuZivana pro uspoiadani sekvencnich kontigl, ovéfeni sestavenych sekvenci a uréeni velikosti mezer.

Ukotvena fyzicka mapa a sestavena sekvence ramene 7DS pSenice budou velice hodnotnym nastrojem
pro genetické mapovani a pozi¢ni klonovani genti lokalizovanych na tomto chromozémovém rameni.

Frenkel at al. (2010): LTC: a novel algorithm to improve the efficiency of contig assembly for physical mapping in complex genomes. BMC
Bioinformatics 11: 584-601

Soderlund, C., Humphray, S., Dunham, A., French, L. (2000): Contig built with fingerprints, markers and FPC V4.7. Genome Research 10:
1772 - 1787.
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Brassinosteroidy jsou organické latky steroidni povahy vyskytujici se pfirozené v rostlindch. Jsou

znamy od roku 1978 a dnes je fadime mezi fytohormony (dfive patiily k ristovym regulatoram). Celd skupina
téchto latek se vyznacuje vysokou ucinnosti i pfi nizkych koncentracich. Jejich aktivita je zfejmé zalozena na
interakci s ostatnimi fytohormony, soucasné je zavisla na koncentraci. V zemédélstvi (pouZiti povoleno v zemich
jako je Cina, Rusko, Bélorusko) se za tdelem zvySeni vynosi plodin aplikuji uméle syntetizované
brassinosteroidy nebo jejich analogy. Ug¢inek brassinosteroidil je dle mnoha pokusti vy3§i pii stresu neZ za
optimalnich podminek. Vliv brassinosteroidil je stimulovan mj. i béhem stresu suchem, kdy se rostliny musi
vyporadat s nedostatkem vody. Na vystaveni vodnimu deficitu rostliny reaguji zménami na urovni celého
organizmu i jednotlivych organu, které jsou dusledkem ¢i tzce souvisi se zménami na Urovni bunék
ajednotlivych bunéénych organel. V disledku sucha dochazi ke zméné sloZeni intra- i extracelularniho prostiedi,
méni se mira exprese gent pro fadu osmoticky aktivnich a ochrannych latek aj., sucho také vyrazné snizuje
rychlost Cisté fotosyntézy. U rostlin vystavenych suchu se zda, Ze brassinosteroidy ovliviiuji (pozitivné ¢i
negativn¢) aktivitu antioxidativnich enzymi, syntézu fady latek s osmoprotektivnim ucinkem, syntézu ,heat
shock® proteinti ¢i zastoupeni mastnych kyselin v membranovych lipidech, dost pravdépodobné také omezuji
negativni vliv sucha na fotosyntézu.
Béhem sklenikovych pokusii provedenych v roce 2011 byl sledovéan vliv aplikace riiznych koncentraci (107,
10™, 108, 10°° M) 24-epibrassinolidu (24-EPI) b&hem 10-denniho stresu suchem, v letech 2012 a 2013 vliv jedné
vybrané (10® M 24-EPI) u suchem stresovanych mladych rostlin kukufice seté (Zea mays L.) a bobu obecného
(Vicia faba L.). Byly porovnavany reakce dvou rtznych inbrednich linii kukutice (2023, CE704) a dvou
kultivart bobu (Piestansky, Merkur) na vystaveni stresu suchem, ktery byl navozen pferuSenim zalévani v den
oSetfeni rostlin postfikem na list. V sezoné 2013 byl stres prodlouzen na 18 dni. U rostlin byly sledovany
vybrané vyvojové, morfologické, fotosyntetické a biochemické parametry. Kazdodenné byla provadéna méfeni
piistrojem FluorPen FP100 (Photon System Instruments, Ceskd republika) pro analyzu OJIP kfivky indukce
fluorescence chlorofylu a, ktera poskytla fadu informaci o u¢innosti primarnich fotosyntetickych procesii. Pro
spektrofotometrické stanoveni obsahu fotosyntetickych pigmentt (chlorofyl a, chlorofyl b, celkové karotenoidy)
a prolinu (Pro) i aktivit obou enzymu (katalasa CAT, askorbat peroxidasa APX) byl ve vhodnych ¢asovych
intervalech odebiran jeden list (mé&feny list) u kazdé pokusné rostliny (u kukufice 3. ¢i 4. list, u bobu 3. — 5. list),
ktery byl v den postiiku ne zcela vyvinuty, ale zaroveti dostate¢né velky pro stanoveni sledovanych parametru.
Pokusné rostliny byly rozdéleny do skupin shodné inbredni linie/kultivaru, péstovani (normalné zalévané x
stresované) a oSetfeni (oSetfené pouze vodou s piidavkem Tweenu x oSetiené vodnym roztokem 24-EPI
s piidavkem Tweenu). Osm méfenych listd z kaZzdé skupiny bylo zpracovano bezprostiedné po odbéru na
stanoveni obsahu fotosyntetickych pigmentid (Wellburn, 1994), zbylé listy byly aZ do stanoveni obsahu Pro
(Bates, 1973) a aktivity CAT (Aebi, 1984; Bradford, 1976), APX (Nakano, 1981; Bradford, 1976) uchovavany
pti -80 °C. Fotosyntetické procesy patfily mezi parametry, které byly ovlivnény vodnim deficitem nejdiive.
Parametry spojené s bunéénymi ochrannymi procesy Sse V priibéhu stresové periody také ménily, pii del$im
vystaveni suchu byly patrnéjsi rozdily mezi normalné zalévanymi a stresovanymi rostlinami i rozdily mezi
inbrednimi liniemi/kultivary. Ve srovnani s literaturou byl vliv oSetieni 24-EPI méné vyrazny, coZz by mohlo
souviset s mezidruhovou variabilitou, ktera v reakci na tyto rostlinné hormony u rostlin zfejmé existuje.
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Bradford M.M.: 1976 - Anal Biochem, 72: 248-254.

Nakano Y., Asada K.: 1981 - Plant Cell Physiol, 22: 867-880.
Wellburn A.R.: 1994 - J Plant Physiol, 144: 307-313.

Prace byla finanéné podporena projekty Grantové agentury Univerzity Karlovy B/BIO/612612
a SVV-2014-260081 a projektem Grantové agentury Ceské republiky 501/11/1650. Dékujeme viem skritkiim za
pomoc behem pokusii.
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HIGH-THROUGHPUT PHENOTYPING — A BOOST FOR GENOMICS IN THE 21ST CENTURY

Joerg Vandenhirtz*, Matthias Eberius, Dirk Vandenhirtz, LemnaTec Germany
LemnaTec, 59 Pascalstr., Aachen 52076 Germany, joerg@lemnatec.de

Due to the development of highly automated genetic analysis, plant genomics has immensely
enlarged our understanding of the genetic structure of plants over the last two decades.

The fast evolving need to identify interactions between genes and environmental factors (biotic and
abiotic) that brings about a certain plant phenome made it necessary to develop quantitative,
reproducible and highly automated plant phenotyping systems for large plant numbers.

Phenotyping systems such as these have to integrate reproducible plant management
(randomization, watering) and comprehensive imaging of root and shoot far beyond human vision
(visible light, PS2-fluorescence, near infrared, infrared, hyper spectral, NMR, X-rays, THz) as well
additional chemical analysis methods. Immediate and automated image analysis of the stored images
and further data transformation using plant shape and plant growth models are the important
intermediate steps before undertaking statistical data analysis of the phenotyping results to
characterize plant phenotypes quantitatively. Such quantitative data contributes in a decisive way to
the further analysis of gene functions (tilling, QTL etc.), especially under fluctuating or stress-induced
environmental conditions with a special focus on complex traits like yield or drought tolerance.

This presentation will provide a survey on existing and new phenotyping technologies, especially field
phenotyping and root phenotyping as well as the close interaction between phenotyping
technologies, modelling approaches and the new opportunities of fast and automated high-
throughput genomics.
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PRIJEM A TRANSPORT FOSFATU - HORMONALNI INTERAKCE

GABRIELA KURESOVA!, MARIE TRCKOVA!, PETRE DOBREV?, SYLVA PREROSTOVA?, ALENA GAUDINOVA?
RADOMIRA VANKOVA?

Yvyzkumny Gstav rostlinné vyroby, Drnovskéa 507, 161 06 Praha 6, CR
2stav experimentalni botaniky AV CR, Rozvojova 263, 165 02 Praha 6, CR
email: vankova@ueb.cas.cz, tel.: 225 106 427

Fosfor patti spolu s dusikem k prvkim, které vyrazné ovliviiuji rist a vyvoj rostlin. Objasnéni molekuldrnich mechanisma
regulujicich vnimani hladiny fosfatu, jeho transport, v&etné remobilizace v rdmci rostliny, je nezbytnym piedpokladem pro
zvySeni vyuZitelnosti fosfatt z piidy. Odezva rostlin na nedostatek fosfatu zahrnuje zménu morfologie kofenového systému,
sekreci latek uvolitujicich fosfor z nerozpustnych komplexii a zvyseni exprese gentl pro transportni proteiny. Rada t&chto
procest je regulovana hormony, zejména strigolaktony a auxiny, které ovliviiuji morfologii kofenti a expresi transportért.
Odezvy na nedostatek fosfatu se ucastni také etylén, cytokininy, gibereliny a kyselina abscisova. Stupeii deficience fosfatu
byl korelovan s hormonalnimi zménami v nadzemni &asti a kofenech Arabidopsis thaliana. VIiv modulace hladin hormona
na piijem fosfatd byl sledovan prostfednictvim stanoveni rychlosti piijmu fosfati z media. Koncentrace fosfati byla
stanovovana spektrofotometricky. ZvySeni kapacity analyz bylo dosazeno pouzitim mikrotitraénich desti¢ek. Objasnéni
vzajemnych vztahti mezi jednotlivymi hormony pomoci charakterizace dopadu exogenné aplikovanych hormont na hladiny
endogennich hormont a aktivitu jejich signalnich drah pfi nizké hladiné fosfatu umozni 1épe objasnit mechanismus odezvy
rostlin na nedostatek fosforu a stanovit strategii lepSiho vyuziti Zivin v padg.

Podékovani: Tato price vznikla za podpory MSMT CR, projekt COST LD 14 120.
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MAPOVANI AGRONOMICKY VYZNAMNYCH ZNAKU U PSENICE
TRITICUM MONOCOCCUM L.

HANA VANZUROVAL, TIBOR SEDLACEK?, BARBORA KLOCOVA!, LUCIA GALLOVA!, MIROSLAV VALARIK?,
JAROSLAV DOLEZEL!

! Laboratof strukturni a funké&ni genomiky rostlin UEB AV CR, v.v.i., Slechtiteli 31, 783 71 Olomouc, CR
2 Vyzkumné centrum SELTON, s.r.o., Stupice 24, 250 84 Sibfina, CRrR
E-mail: vanzurova@ueb.cas.cz, Tel.: + 420 585 238 726

PSenice setd (Triticum aestivum L.) tvoti 90 % svétové produkce pSenice. Z hlediska vyZivy se jedna o druhou
nejdilezitéjsi plodinu svéta, kterd poskytuje 40 % zakladnich potravin a 20 % vSech kalorii konzumovanych
lidskou populaci. Vzhledem k rychle rostouci lidské populaci, ménicim se klimatickym podminkdm a omezenym
osevnym plochdm je navySeni a udrZeni vynosu a kvality hlavni vyzvou ve Slechténi pSenice. Piekazkou pfi
Slechténi pSenice je zejména jeji velky a komplexni genom (2n = 6x = 42, AABBDD, 1C = 17 Gb) se tiemi
homeolognimi subgenomy s velkym podilem repetitivnich sekvenci (~ 80 % genomu) a intenzivnim $lechténim
omezené genové zdroje. Jednou z moznosti snizeni komplexity p§eniéného genomu je vyuziti blizce ptibuznych
druhi s niz§im stupném ploidie, které slouzi jako modely pro jednotlivé subgenomy a zjednoduSuji identifikaci
agronomicky vyznamnych genii. Pro studium subgenomu A je vhodnym modelem diploidni pSenice jednozrnka
(Triticum monococcum L.), u které byla diky dostupnosti kultivovanych i planych forem zachovana vysoka mira
genetické diverzity vyuzitelné pro obohaceni genomu hexaploidni pSenice.

Cilem naSeho vyzkumu bylo zamapovat 13 agronomicky vyznamnych kvantitativnich znakd (obsah
proteindl v zrnech, hmotnost zrn, tvar zrn, pocet klaskt na klas, pocet obilek na klasek, délka klasu, rozpadavost
klasu, hustota klasu, pocet odnoZi, rozkladitost trsu, vySka rostliny, chlupatost listd a doba metani) u Triticum
monococcum L. Fenotyp rostlin byl hodnocen na Fq az F1, generaci RIL (Recombinant Inbred Line) mapovaci
populace vzniklé z kiizeni kulturni formy jednozrnky Triticum monococcum ssp. monococcum DV92 s planou
formou jednozrnky T. monococcum ssp. aegilopoides G3116. Pro identifikaci QTLs (Quantitative Trait Locus)
byla pouZzita vazebna mapa T. monococcum L. s celkovou délkou 830 cM a 481 zamapovanymi markery. Na
sedmi chromozdémech jednozrnky bylo lokalizovano 58 lokusii.


mailto:vanzurova@ueb.cas.cz

SEPARATION OF NEUTRAL AND ACIDIC MONOSACCHARIDES BY
HPAEC-PAD

ZUZANA VATEHOVA, ZUZANA KOSTALOVA, KARIN KOLLAROVA, ANNA MALOVIKOVA, DESANA LISKOVA

Institute of Chemistry, Slovak Academy of Sciences, Dubravska cesta 9, 845 38 Bratislava, Slovakia
E-mail: zuzana.vatehova@savba.sk

Carbohydrates belong to the most widely occurring and abundant type of organic compounds in the nature and
are prime substances in many biological processes. The effective separation and detection of carbohydrates is an
important subject of investigation. The hydroxyl groups of carbohydrates are partially ionized under highly
alkaline conditions to form oxyanions, and thus carbohydrates can be separated by anion-exchange mechanism.
The high performance anion-exchange chromatography (HPAEC) at high-pH with electrochemical detection
(ED) is effective and highly sensitive and selective detection method for carbohydrates without the need for prior
derivatization.

In the presented HPAEC-PAD method, we optimalized the separation of neutral and acidic monosaccharides
derived from various plant polysaccharides on a CarboPac PA-1 anion-exchange column (4 mm i.d. x 250 mm)
in a short time (45 min). Polysaccharides were hydrolyzed to monosaccharides with 2 M trifluoroacetic acid and
separated using 100 mM NaOH and 500 mM sodium acetate in 100 mM NaOH solvents with a modified
gradient. Monosaccharides composition determined by this method was in good agreement with the expected,
and the obtained results were reproducible. This very simple method with high sensitivity, good resolution and
integrity information is a most suitable method for monosaccharide compositional analysis.

Kostalova Z. et al 2014. Bioactive hemicelluloses alkali-extracted from Fallopia sachalinensis leaves. Carbohydr. Res. sent
Vatehova Z. et al. 2014. Structural remodeling of root cell walls as response to toxic metal stress in monocots. Env. Exp. Bot. sent

This study was supported by the Slovak Grant Agency for Science (No. 2/0083/14 and 2/0085/13).



METHOD FOR FINDING NOVEL SEQUENCE MOTIFS IN
TRANSPOSABLE ELEMENTS
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Transposable elements (TEs) are ubiquitous in plant genomes. Some transposable
element families contain additional open reading frame (eORF) in addition to the
standard genes (gag, pol). TEs can also contain different protein binding sites (human
Alu elements contain p53 binding sites), regions homologous to microRNA and some
host genes (DNA methylases) that play a role in various regulatory networks.

Next-generation sequencing allows an analysis of a large amount of DNA and RNA
data. DNA-seq, RNA-seq and sRNA-seq can provide information about the genomic
sequences, whole transcriptome and small noncoding RNAs, respectively.

We present an annotation pipeline that systematically searches for eORFs, miRNA
genes, protein binding sites and other potentially functional motifs involved in the
regulatory networks of different genes and TEs themselves. Although there are studies
confirming the regulatory role of specific TEs regions, no systematic bioinformatics
approach was used by now. The accuracy of the pipeline is improved using next-
generation sequencing technologies (RNA-seq, DNA-seq, sRNA-seq). We used
described approach to perform a systematic survey of eORFs and microRNAs located
within LTR retrotransposons in plants.

References:

McCue AD, Nuthikattu S and Slotkin RK (2013) Genome-wide Identification of Genes Regulated in trans
by Transposable Element Small Interfering RNAs. RNA Biology v10: 1379-1395.

Nosaka M, Itoh J-1, Nagato Y, Ono A, Ishiwata A, et al. (2012) Role of Transposon-Derived Small RNAs
in the Interplay between Genomes and Parasitic DNA in Rice. PL0S Genet 8(9).

Steinbauerova V, Neumann P, Novak P, Macas J (2011) A widespread occurrence of extra open reading
frames in plant Ty3/gypsy retrotransposons. Genetica 139: 1543-1555.

Wang T, Zeng J, Lowe CB, Sellers RG, Salama SR, Yang M, Burgess SM, Brachmann RK, Haussler D
(2007) Species-specific endogenous retroviruses shape the transcriptional network of the human
tumor suppressor protein p53. PNAS 2007 104 (47) 18613-18618.

This work was supported by grant 0360. Access to computing and storage facilities owned by parties and
projects contributing to the National Grid Infrastructure MetaCentrum, provided under the programme
"Projects of Large Infrastructure for Research, Development, and Innovations" (LM2010005), is greatly
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VLIV TEPLOTY A VLHKOSTI NA PRUBEH DESIKACE SOMATICKYCH
EMBRYI SMRKU
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Abiotické stresy indukuji nejenom zmény na trovni fyziologickych a biochemickych procest, ale i
zmény morfologie rostlin. ZvysSena produkce a akumulace reaktivnich forem kysliku (reactive oxygen
species — ROS) je prvni odpovédi rostlin na environmentalni stres. Vysoké hladiny ROS piisobi jako
primarni elicitor, ktery spousti obrannou reakci rostliny. ZvySena hladina ROS vsak miZze byt
soucasn¢ puvodcem oxidativniho poskozeni enzymovych komplexti a struktury DNA a proto je
detoxifikace ROS pro rostlinu velmi dialezita. Mezi vysoce efektivni antioxidanty se fadi polyaminy
(ptedevsim putrescin (Put), spermidin (Spd) a spermin (Spm)). Jejich biologicka aktivita je podminéna
interakci s negativné nabitymi molekulami nukleovych kyselin, fosfolipidd, proteinti apod., které jsou
témito vazbami chranény pfed oxidativnim poskozenim. Kli€ové postaveni ve stresové odpovéedi
rostlin zaujima téz kyselina abscisova (ABA), ktera ovliviiuje metabolické zmény souvisejici s
aktivaci biosyntetickych cest.

Cilem prace bylo ovéfeni mozZnosti charakterizovat miru abiotického stresu (vyvolaného vlivem
zvySené teploty a snizené vlhkosti) pomoci zmén hladin endogennich polyamind a obsahu kyseliny
abscisové. Jako marker oxidativniho stresu byly stanoveny hodnoty malondialdehydu (MDA).

K testovani stresového pusobeni vyuzivame somaticka embrya smrku. Na konci procesu somaticke
embryogeneze je nutné vystavit zrala embrya pusobeni desikace, tj. embrya se pred kli¢enim kultivuji
bez Zivného média; dochazi u nich k ¢aste¢nému snizeni obsahu vody a dokoncuji se biochemické
procesy nezbytné pro uspésné kliceni. Pribéh desikace vyznamné ovliviiuji vnéjsi podminky,
predevsim vlhkost a teplota.

V experimentech jsme se zam&fili na porovnani vlivu riizné vlhkosti (90, 95 a 100%) a teploty (18°,
25° a 30°C) v priib&hu desikace na metabolismus polyaminii. Stanovené rozdily v kli¢eni somatickych
embryi po ukonceni desikace dokumentuji miru stresu, kterym byla embrya vystavena.

V pribéhu desikace embryi v kontrolnich podminkéch se celkova hladina polyamint (ve srovnani
s jejich obsahem na konci maturace) sniZuje. V embryich desikovanych pfi snizené vlhkosti a zvySené
teploté je pokles piredevs§im obsahu Spd mnohem vyraznéjsi. Stresova reakce embryi vystavenych
zvySené teploté a snizené vlhkosti se v obsazich ABA projevila pouze nevyznamné. Vyrazné snizeni
hodnot MDA v embryich desikovanych v prostiedi se zvySenym osmotickym stresem a zvySenou
teplotou je pravdépodobné dusledkem poklesu metabolické aktivity stresovanych embryi. Inhibi¢ni
pusobeni stresovych podminek v pribéhu desikace se vyrazné projevilo v kli¢eni somatickych embryi
a v morfologii kli¢nich rostlin.

Prace je podporovéna grantem MSMT LD13050.
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NOVA METODA PRO STANOVENI AFINITY VAZBY PERIFERNIHO
PROTEINU K PLASMATICKE MEMBRANE
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Vazba perifernich membranovych proteinti k plasmatické membrané byva zpravidla reversibilni a protein
se muze vyskytovat jak na membrang, tak v cytoplasmé. Tato zména lokalisace proteind v rdmci buiky
byva podstatou regulace aktivity fady proteint a pfenosu signali v regulacnich kaskadach. Prehlizenym
problémem je vSak exaktni stanovovani poméru cytoplasmatické a membranové frakce zkoumaného,
fluorescenéné znadeného proteinu. Bud’ jsou vazebné parametry zjistovany sofistikovanymi postupy
(napt. FRAP a pod.), které vSak nejsou praktické pro ptipady, kdy je potieba rychld metoda, nebo se lze
setkat s prostym konstatovanim poméru intenzity fluorescence v cytoplasmé a v oblasti membrany, ktera
je ur¢ena kolokalisaci se styrylovou membranovou sondou FM4-64. Tento zjednoduseny pohled na véc
muize vést ke zkreslenym vysledkiim, zejména pokud je intenzita signalu v cytoplasmé srovnatelna, ¢i
vys$§i, neZ na membrang. S ohledem na fakt, ze signal bodového zdroje v konfokalnim mikroskopu
detekujeme jako difrakéni strukturu Airyho diskl, snimdme membranovy signal jako pas $itky 500 —
1000 nm, coz je vice nez o fad vice, nez je realna tloustka membrany. Navic cerveny signal
membranového markeru FM4-64 poskytuje kvili odlisné vinové délce $ir$i pas nez zeleny signal GFP.
Obdobné i u cytoplasmatického signalu pozorujeme pozvolny nab¢h signalu se za¢atkem vné bunky a
maximem, kterého je dosazeno az zhruba 500 nm od plasmatické membrany. Vysledny pozorovany
signal je tedy v oblasti membrany sou¢tem jak membranové, tak cytoplasmatické slozky a dosahuje
maxima v jiném misté nez signal FM4-64 odpovidajici poloze plasmatické membrany. Tento pfispévek
navrhuje exaktni postup, kterym Ize urcit presny pomér membranové a cytoplasmatické frakce na zakladeé
kolokalisace GFP signalu se sondou FM4-64. Vychazi z experimentalné modelované kiivky prubéhu
cytoplasmatického signdlu (pomoci sledovani distribuce signalu ryze cytoplasmatického proteinu) a
modelovaného membranového signalu, ktery je odvozen ze zméfeného prubéhu signalu FM4-64 s
pouzitim ptepoctu difrakéni kiivky mezi ¢ervenym a zelenym svétlem. Pozorovany signal vySetifovaného
proteinu je potom fitovan dil¢imi modelovymi kiivkami a z jejich poméru je odvozen pomér membrénové
a cytoplasmatické frakce proteinu. Metoda byla pouzita k analyze zplsobu vazby proteinu DREPP na
plasmatickou membranu a bylo zjisténo, ze se na jeho interakci s membranou podili myristoylace,
palmitoylace i interakce polybasické domény s membranovymi lipidy.
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STUDIUM INTERAKCII PROTEINU P1 VIRUSU SARKY SLIVKY
S PROTEOMOM HOSTITELSKEJ RASTLINY SVYUZITIM
DVOJHYBRIDNEHO SYSTEMU
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Sarka sliviek predstavuje jedno znajviac devastujlcich, celostvetovo rozsirenych ochoreni kdstkovin
s dblezitym socio-ekonomickym dopadom. Etiologickym agensom tohto ochorenia je virus Sarky slivky (PPV)
patriaci do najvdcSej Gel'ade rastlinnych virusov (Potyviridae). Jeho RNA gendm kdduje obmedzené mnozstvo
virusovych proteinov apre uUspesSnd replikaciu a pohyb virusu si esencidlne interakcie medzi virusovymi
a rastlinnymi faktormi pocas infekcie. Hostitel'ské faktory, ktoré si nevyhnutné pre virusovu infekciu, ale nie pre
samotnu rastlinu, sa preto mozu stat’ vychodiskom pre vyvoj novych antivirusovych stratégi.

V tejto praci sme sa zamerali predovSetkym na vyhladdvanie a analyzu interakcii medzi PPV proteinom P1
a hostitel'skymi proteinmi. Za tymto G¢elom bola pripravend ¢cDNA kniznica z rastlin Nicotiana benthamiana
infikovanych PPV , ktor4 bola nésledne pouzitd na detekciu interagujdcich partnerov pomocou bakteridlneho
dvojhybridného systému (BACTH). Principom metédy je obnova regulaénej drahy zavislej na cAMP [1].
V pripade interakcie medzi testovanymi proteinmi dochadza k rekonstitucii aktivity adenylatcyklazy a expresii
reportérového génu (lac), o umoziuje detekciu pozitivnych klonov $pecifického kmetia E.coli na minimalnom
médiu. Ziskané klony sme analyzovali colony PCR s vyuzitim primerov nasadajicich na hrani¢né oblasti
klonovanych fragmentov cDNA kniZnice a naslednou sekvenaciou.

Sekvencie boli podrobené BLAST analyze, ktorej vysledky mézu byt rozdelené do niekol’kych kategorii. Prva
skupinu tvoria vysoko abundantné rastlinné proteiny (RubisCO, kalmodulin) nasledované proteinmi so zndmou
alebo potencialnou funkciou pri odpovedi na stres, ako je transla¢ne kontrolovany tumorovy protein, ktory je
zaroven dolezitym regulatorom rastu urastlin [2]. Tretiu skupinu tvoria proteiny so zndmou funkciou
(predovietkym v chloroplastoch) a nakoniec proteiny snezndmou funkciou alebo bez zistenej BLAST
homolégie. Konkrétne vysledky budu prezentované. Nasledne ich bude potrebné overit’ nezavislymi pull-down
experimentami, na ktorych optimalizacii pracujeme.

[1] Karimova GA, Ullmann A, Ladant L. A bacterial two-hybrid system that exploits a cAMP signaling cascade in
Escherichia coli. Methods Enzymol 328: 59-73, 2000

[2] Berkowitz O, Jost R, Pollmann S, Maslea J. Characterization of TCTP, the translationally controlled tumor protein, from
Arabidopsis thaliana. The Plant Cell 20: 3430-3447, 2008

Tato praca bola podporena projektom APVV-0042-10
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JEDNOFAZOVY VERSUS MULTIFAZOVY SATURACNI PULZ
FLUORESCENCE PRI STANOVENI MEZOFYLOVE VODIVOSTI PRO
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Mezofylova vodivost, jako jedna z dominantnich diflznich limitaci, je parametr, ktery Ize stanovit
né¢kolika rozdilnymi metodami. Jenou z téchto metod je soucasné meéfeni gazometrickych parametri a
fluorescence chlorofylu_a. Konkrétné rychlosti asimilace CO, (A;), koncentrace CO, v podpraduchové
dutiné (C;) a rychlost transportu elektront pies PSII (ETR). Vétsina soucasnych gazometrickych systému
takové simultdnni méfeni umoznuje, avSak podrobné&jsi analyza dat ukazuje zasadni rozpory mezi
teoretickou a méfenou stechiometrii asimilovaného CO, a mnozstvim elektrond. Pfi sou¢asném stanoveni
An a ETR za normalni koncentrace O, zjistime, Ze k asimilaci jedné molekuly CO, je potieba 4-5
elektront. Tak nizké hodnoty jsou vsak vice pravdépodobné za nefotorespira¢nich podminek nebo u C4
rostlin. Za fotorespiracnich podminek bychom piedpokladali hodnoty 7-10 elektrond na asimilaci jedné
molekuly CO,. Tento rozpor je pravdépodobné zplsoben nedostate¢nou intenzitou saturaéniho pulzu u
gazometrického systému. Timto nedochazi k Uplnému uzavieni reakénich center a podhodnoceni
parametru ETR.

Je zfejmé, ze chybné stanoveni parametru ETR vede k nepfesnému stanoveni mezofylové vodivosti
ptipadn¢ dalSich parametrti, jejichz vypocet je zaloZzen na soucasném méfeni gazometrickych a
fluorescencnich parametrt.

Tzv. multifaizovy saturaéni pulz (Loriaux et al., 2013) je alternativou ke klasickému satura¢nimu
pulzu, ktery umoziuje extrapolovat maximalni hodnotu fluorescence i pfi pouziti nedostatecné intenzity
saturacniho pulzu, coz je typické pro vétSinu gazometrickych systému s integrovanym modulem pro
méfeni modulované fluorescence. Pomoci gazometrického systému Li-6400 s listovou komorou s
integrovanym fluorescenénim modulem 6400-40, byly sledovany rozdily v hodnotach vypocitané
mezofylové vodivosti pti pouziti klasického jednofazového a multifazového satura¢niho pulzu. Byla
testovéna variabilita stanoveni mezofylové vodivosti a byla provedena citlivostni analyza parametri ETR
na jeji vypocet.

Loriaux SD, Avenson TJ, Welles JM, McDermitt DK, Eckles RD, Riensche B, Genty B: 2013 - PCE, doi: 10.1111/pce.12115
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Telomeres are nucleoprotein structures at the ends of eukaryotic chromosomes. They are
synthesized and maintained by the telomerase enzyme, a ribonucleoprotein complex which is important
for genome stability and totipotency of plant cells. Telomerase is developmentally regulated, active
enzyme was detected in meristematic tissues while in leaves and other organs formed by terminally
differentiated cells, telomerase activity is abolished. Telomerase consists of two essential components -
the telomerase RNA (TR) that provides a template for telomeric DNA synthesis, and the catalytic
telomerase reverse transcriptase (TERT) protein. Both telomerase subunits have been characterized in
many model organisms. Telomerase activity in plant tissues is dependent on the expression of the TERT,
despite of intensive studies the principles of TERT expression regulation are not well understood.

Our recent study using the collection of Arabidopsis thaliana mutant plants with T-DNA insertions
in the AtTERT gene and in the upstream region revealed putative minimal promoter and putative
regulatory elements providing perspective background for subsequent studies (Fojtova et al., 2011).

Next, we focused on subcellular localization and function of the full-length and truncated variants of
AtTERT in planta. Our results suggest a more complex telomerase regulation in plant cells than would be
expected based on results of similar experiments in mammalian model systems (Zachova et al., 2013).

Currently we focus on (i) searching for a minimal AtTERT gene region necessary for telomerase
function and telomerase reconstitution in planta, (ii) identification of elements involved in regulation of
telomerase expression, and (iii) investigation of the pattern of telomerase expression using a set of
promoter::GUS or GFP constructs.

For the reconstitution/complementation experiments, we prepared constructs covering various parts of
putative AtTERT promoter region upstream of the start codon and a full length AtTERT sequence.
Reconstitution of telomerase activity is monitored in mature leaves of wild type A. thaliana plants and in
tissues of AtTERT mutant plants.

We hope our results will bring new pieces of knowledge about the basic principles of the plant
telomerase regulation and will represent the basis for further functional studies.

The research is supported by Czech Science Foundation (13-06943S), and by the project “CEITEC -
Central European Institute of Technology” (CZ.1.05/1.1.00/02.0068) from the European Regional
Development Fund.
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