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UVODNI SLOVO K 6. METODICKYM DNUM

Vazené kolegyné, vazeni kolegové,

dostalo se mi milé prileZitosti napsat par slov Gvodem a pfivitat Vas na 6. Metodickych dnech.

Nechci pfipravovat o moment prekvapeni, presto mi dovolte, abych Vés seznamil s tim, co
Vas v nejblizsich tfech dnech ceka. Program je opravdu hodné nabity. Hned prvni den na nas
zaUtocf sofistikované technologie odehravajici se prevazné v Sumu pocitacovych obvodi a lustici
s neomylnou presnosti tajemstvi chromosom( a genom. Vedle statického popisu sekvenci DNA
se seznamime s metodami, které umoznuji jako poprvé v historii cilené opravit nase poskozené
geny. Dostanou se k Vam poznatky o zpUsobu desifrovani epigenetické informace skryté ve formé
slozitych nukleoproteinovych komplext. Tim se konference zvolna prehoupne do druhého dne,
kdy bude pojednano o soucasnych moznostech analyzy protein(i a enzymd. Treti den ndm pak
poodhali tajemstvi mikroskopickych struktur bunék, organel a molekularnich komplext.

Historie Metodickych dn se zacala psat jiz v tehdejsim Ceskoslovensku kolektivem nadsenych
tricatnikd, ktefi byli motivovani snahou nabidnout pohled na co mozna nejsirsi spektrum metod
experimentalni prace s zivymi burikami, molekulami DNA, RNA, proteind a biologicky aktivnimi
latkami. Prvni konference se konala pred vice nez 15 lety ve Vranovské Vsi nedaleko rakouskych
hranic. Pfednések bylo tehdy jen par a fada vysledkd byla presentovana mladymi zacinajicimi védci
nebo studenty. Je potésitelné, Ze z mnohych se béhem casu staly vyznacné védecké osobnosti,
z nichz néktefi ,metody” pojali jako hlavni soucast svého celozivotniho badani. Prvni konference
v roce 1997 se zGéastnilo 60 Géastnikd, zatimco dnes v Se¢i je nas 150. Ze by zakon inflace nebo
Ze by snad $lo dnes vice penéz do védy nez tehdy? Chyba lavky, ani jedno ani druhé. Vétsi zajem je
jednoduse dan skutecnostf, Ze véda a vyzkum jsou stale vice hnany kupredu novymi technologiemi.
Tento trend se da vysledovat i nazpét v case. Milnikem se v tomto sméru staly Metodické dny 2003
na Cervenohorském sedle, kde poprvé zaznély prednasky z bioinformatiky, tehdy jesté pfijimané
zavilymi experimentatory s rozpaky. Dnes in silico metody tvoff vice nez 30 % programu. Proto
slozenti sekcf je takové, jaké je, a ja jen doufam, ze se Vam narocna tématika bude libit. Rovnéz je
mym skromnym pranim, aby se ndm biologie z prednaskovych sald tak Gplné nevytratila. | proto
jsou do programu tradi¢né zafazovany prednasky ,Z jinych svét(i”. Jejich poslanim je nejenom
zpestreni odborného programu, ale i uvédomént, ze technologie jsou pouze nastrojem pro
ziskavani poznatkd vyuzitelnych dale v praxi. Samotné prostredi ,Metodickych dni” je peclivée
vybirano, tak abyste mohli relaxovat uprostred prirody, na nékterém z alternativnich vyletd nebo
pfi dvojce moravského vina.

Vzdy je co zlep3ovat, vzdy je mozné délat véci jinak. Mnoho dobrych népadt vzniklo na podkladé
kritiky z fad Gcastnikd. Proto nés ani letos neSetrete, zpétna vazba je ddlezita.

Preji Vam krasny pobyt na letosnich Metodickych dnech a dobrou zébavu.

V Sedi, 19. fijna 2014

Ales Kovarik
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= prednashy

JAN CALABEK / VEDA, FILM A UMENI K POTESE VCEL, BASNIKU A BOTANIKU

PAVLINA VOGELOVA'

T Narodni muzeum, Vinohradska 1, 110 00 Praha 1
E-mail: pavlina_vogelova@nm.cz, tel.: +420 723 935 138

Fotografie a film obecné se od svého vzniku staly nedilnou
soucasti védeckych vyzkum, experimentovani a jejich do-
kumentovani. Profesor Jan Calabek (1903-1992), brnénsky
védec, botanik, pedagog, filmar a experimentator v jedné
osobé, se fadi k prakopnikdm védecké kinematografie
svétového vyznamu. Jeho osobnost je propojena nejen
s regionalnf historii Brna a brnénskymi stfednimi a vysokymi
Skolami, na kterych pusobil, ale i s d&jinami ceské védy a ve-
decké kinematografie, a to v tzkém propojeni s Akademif Pavlina Vogelovd

véd Ceské republiky a Kratkym filmem. Caldbkav tviirci 4
filmovy pristup k védeckému pojeti fyziologie rostlin dava
prilezitost nahlédnout do Gplnych pocétkd vyvoje védecké
kinematografie ve svété i u nds. Otevira diskusi o aplikaci

filmu pro védecké, skolnf, vzdélavaci a osvétové tcely, stejné
tak nahlizi na fenomén védeckého obrazu z pohledu vizudlni
kultury, experimentélniho filmu a umént.

Calabkova casosbérnd metoda nataceni Zivota rostlinné
fise ziskala vyznamné mezindrodni renomé. Odkazuje
na provazanost se svétovymi osobnostmi déjin védecké
kinematografie a pfirodnich véd jako byli napf. francouzsti
védci a experimentétofi Etienne-Jules Marey, Lucien Bull
a Jean Painlevé nebo v Némecku Wilhelm Pfeffer ¢i Gotthard
Wolf. V ¢eském prostfedi navazuje na Jana Evangelistu Purkyné, Bohumila Némce nebo Vladimira Ulehlu. Paralelné s fil-
movou tvorbou se dotkame okruht botanického zajmu Jana Caldbka. Byla to napfiklad problematika bobtnénf agar-agaru,
analyza vykonu rostouci tkdné, aspekty ristu kliénich kofend, fenomén autonomnich pohyb rostlin nebo vyzkum vlivu
giberelinu na autonomni a ovijivé pohyby rostlin. BEhem tvarci filmové prace se Calabkovi dostalo fady ocenénti jak doma,
tak i v zahranicf a jeho jméno bylo v roce 2003 zapsano na seznam vyznamnych kulturnich vyro¢i UNESCO v Pafizi.

Calabkovu tvorbu vymezuiji ve tfech kli¢ovych obdobich. Prvni je spojeno spolupraci s jeho predchidcem Viadimirem
Ulehlou v letech 1922-1947, tedy dobou experimentovéni a formovani nejen ceského védeckého filmu s botanickou profilaci.
Léta 1948-1973 mapuji samostatnou tv(irci rovinu védeckého vyzkumu Jana Caldbka, jeho pedagogické pfistupy k vyuce
filmem, Gspéchy a pronikani ceského védeckého filmu do zahraniéi. Treti obdobi mapuje posledni Calabkovu tviiréf i Zivotn{
etapu do roku 1992, kdy se jeho aktivity koncentruji pfedevsim na aplikaci védeckého filmu pro vzdélavaci a popularizaéni
pofady pro Ceskou televizi. Skala filmové tvorby Jana Calabka z let 1928-1988 ¢t asi 55 filmd. Zahrnuje filmy védecké,
populdrné-védecké, skolni, vzdélavaci i televizni. K nejvyznamnéjsim bezesporu patfi Stary smrk vypravuje (1947), Povrchové
napéti (1949), Pohyby rostlin (1955), Autonomni pohyby (1960), Vliv giberelinu na rist a pohyb rostlin (1961), Jak rostliny
rostou (1963) nebo Rostlina a tize zemskd (1972). Originalita a vysoka védeckd, ale i umélecka hodnota ¢asosbérné filmové
tvorby Jana Caldbka je podtrzena védeckou presnostf, didaktickou pfistupnosti a obrazovou atraktivnosti a sdélnosti.

Vystavni a knizni projekt vénovany Janu Caldbkovi byl realizovan za grantové podpory Ministerstva kultury Véda a vyzkum.
V Moravské galerii v Brné byla realizovana vystava ,Jan Caldbek: Véda, film a uméni k potése vcel, basnik( a botaniki”
(26. 4.-28. 7. 2013) a ve spoluprdci s Nakladatelstvim Akademie mdzickych uméni v Praze byla vyddna publikace ,Jan
Caldbek” (2013).
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VYUZITI BIONANO MAPOVANI PRO ANALYZU A SEKVENOVANI ROSTLINNYCH
GENOMU

HANA SIMKOVA', ALex HAsTIE?, HELENA STARKOVA, JAN VRANAT, PauL VISENDI?, SATOMI HAYASHI*, JACQUELINE BATLEY?,
DaviD EbwaArDS?, JaROSLAV DOLEZEL'

! Ustav experimentalni botaniky AV CR, v.v.i., Slechtitel 31, 783 71 Olomouc, CR

2 BioNano Genomics, 9640 Towne Centre Drive, San Diego, CA 92121, USA

3 Australian Centre for Plant Functional Genomics, University of Queensland, Brisbane, QLD 4072, Australia
4 School of Agriculture and Food Sciences, University of Queensland, Brisbane, QLD 4072, Australia

E-mail: simkovah@ueb.cas.cz, tel.: +420 585 238 715

Nastup sekvenacnich technologii nové generace (NGS) umoznil rychlé a cenové dostupné sekvenovani celych genomda.
Nevyhodou vétsiny NCS technologii je v3ak relativné kratka délka ctenf (zpravidla nékolik stovek pér bazi), coz komplikuje
sestavovani celogenomovych sekvenci, zvlasté u genomi s vysokym podilem repetitivni DNA. To vyvolalo potrebu najit
technologii, ktera by umoznila usporadat kratké sekvenénf kontigy v ramci delSich Gsek’ DNA a preklenout tak problematické
oblasti repetic. Toho mize byt dosazeno parovym sekvenovanim obou konct fragmentd DNA o délce nékolik kilobazi (tzv.
long mate-pair sequencing) nebo vyuzitim sekvenacnich technologii, které ¢tou tseky DNA o délce 10 kilobazi a vice (napt.
Pacific Biosciences nebo Moleculo). Tyto technologie jsou viak pomérné nakladné a v piipadé PacBio zatizené vy3si chybovosti.

Alternativnim a cenové dostupnym fesenim je vytvareni map kratkych sekvencnich motivii (6—8 bp) v rdmci Gsekd DNA
o délce stovek tisic az milionl parC bazi, které poskytuji voditko pro usporadavani sekvencnich kontigd. Tento pfistup,
vyuzivajici analyzy jednotlivych dlouhych molekul DNA, je obecné zndm pod nazvem optické mapovanf (shrnuli Neely et al.
2010). V soucasné dobé jsou vyuzivany tfi enzymatické piistupy pro vizualizaci kratkych sekvenénich motiva: 1) stépenft
DNA fixované na mikroskopickém sklicku (Cipu) restrikéni endonukledzou, 2) stépeni nicking enzymem a fluorescencni
znaceni jeho rekogni¢niho mista a 3) znaceni DNA pomoci metyltransferdzy.

Technologie firmy BioNano Genomics (Lam et al. 2012) vyuziva druhého zmifovaného pfistupu. DNA s fluorescencné
znac¢enym sedminukleotidovym motivem je analyzovéna pfi pohybu sofistikovanym systémem nanokandlkd na mikrocipu.
Dilezita je dokonala linearizace molekul DNA. Vysoce citlivd kamera pak umoznuje velmi pfesné zméreni vzdélenosti
mezi rekognicnimi misty pouzitého nicking enzymu. Vysledna genomova (chromozémova) mapa rekogni¢nich mist méize
byt vyuzita k de novo sestavovani genomové sekvence, ale také napf. ke studiu distribuce tandemovych repetic v ramci
genomu nebo pro porovnavani struktury vice genomd, tedy zejména identifikaci inzerci, delect, inverzi nebo translokaci.

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

Podporovéno grantem GACR P501/12/2554.
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PRECISE GENOME EDITING IN PLANTS

VoyTecH HubzIECcZEK

Institute of Biophysics, Kralovopolska 135, CZ-61200 Brno, Czech republic
E-mail: hudzieczek@ibp.cz

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.

GeneMarke1

The Biologist Fiiendly Software

CarolinaBiosystems

Produkty pro molekularni
biologii

Nabizime kvalitni pfistroje, chemii
a software vyzkousené v nasich
laboratofich za rozumnou cenu.

* pipety

o elektroforézy

® PCR thermocyklery

e izola¢ni RNA, DNA kity
e chemii pro klonovéani

e spotiebni material pro DNA
sekvenatory

e anayticky software

Carolina Biosystems, s.r.o.
Drnovska 1112/60
161 00 Praha 6

SOFTGENET www.carolinabiosystems.com
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POUZITI PROGRAMOVATELNYCH NUKLEAZ PRO CILENOU MUTAGENEZI

MicHAL ZUROVEC!

1B.C. AV CR, v.v.i., Brani$ovskd 31, 370 05 Ceské Bud&jovice
E-mail: zurovec@entu.cas.cz

Zavedeni metod editace genomu u celé fady modelovych a nemodelovych organismi v poslednich nékolika letech otevielo
cestu vyuziti obrovského mnozstvi genetickych informaci k terapeutickym a biotechnologickym aplikacim. Klicem pro
zavedeni téchto metod jsou programovatelné nukledzy (PN), coz jsou umélé nukledzy vytvorené na zakazku, schopné vytvaret
dvojretézcové zlomy v molekuldch DNA na pozadovanych mistech. Existuje nékolik hlavnich typ( téchto enzym( — nukleazy
na bazi zinkovych prstd (ZFN), TAL efektorové nukleazy (TALENy) a nukledzy zaloZené na adaptivnim prokaryotickém imunitnim
systému CRISPR/Cas (Clustered Regularly Interspaced Short Palindromic Repeats — CRISPR). Pii opravach nehomolognich
konct, vzniklych pisobenim nukledz dochézi ¢asto ke vzniku chyb (mutaci), pfipadné se mutace vytvareji pomoci homologni
rekombinace s donorovou DNA, jez funguje jako Sablona pro opravy DNA. Timto zplisobem je mozno oznacit mutaci
dominantnim markerem, pfipadné zaménovat jednotlivé aminokyseliny, vytvaret kondicionalni alely atd.

Prednaska bude obsahovat popis jednoduchych aplikaci programovatelnych nukleaz, sestavovani specifickych ZFN
a TAL moduld, in vitro syntéza TALENové RNA, pFiprava CRISPRovych konstruktd, mikroinjikace a detekce mutaci pomoci
PCR analyzy. Nékteré postupy umoznuji ziskat mutace jiz v generaci G1.

Takasu Y, Tamura T, Sajwan S, Kobayashi I, Zurovec M (2014) The use of TALENs for nonhomologous end joining mutagenesis in silkworm and fruitfly.

Methods 69: 46-57

Takasu Y.,, Sajwan S., Daimon T., Osanai-Futahashi M., Uchino K., Sezutsu H., Tamura T., Zurovec M. (2013) Efficient TALEN construction for Bombyx mori
gene targeting. PLoS ONE 8: 73458

Takasu Y, Kobayashi I, Beumer K, Uchino K, Sezutsu H, Sajwan S, Carroll D, Tamura T, Zurovec M. (2010) Targeted mutagenesis in the silkworm Bombyx mori
using zinc finger nuclease mRNA injection. Insect Biochem Mol Biol. 40: 759-765

Podporovano grantem GACR P305/10/2406.
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FUNKCNI GENOMIKA PRO STUDIUM BUNECNEHO JADRA

K. RitA

CEITEC, Masarykova univerzita, Brno
E-mail: karel.riha@ceitec.muni.cz

Metody sekvenovani nové generace vyraznym zplsobem zménily styl prace mnoha vyzkumnych tymd. Relativné snadna
produkce milion(i sekvenovanych DNA tsekd dava nové moznosti v kvantitativnim mérenf biologickych parametrdi. Vice
méné kazdy fenotyp, ktery mize byt pfeveden na DNA sekvence, je nynf piistupny velice citlivé detekci a snadné kvantifikaci.
Ve své prednasce zminim nékolik konkrétnich prikladl pouziti metodiky hlubokého sekvenovant ke studiu struktury a funkce
bunécného jadra.

Get phenotyping up to speed

Plant phenotyping is a rapidly evolving concept aiming at elucidating the
functional role of gene networks under natural conditions. How do the in-
teractions between the genome and the environment evolve, with respect
to both quality und quantity? Introducing the new high throughput and high
content plant phenotyping platform LemnaTec provides the technology to

meet the challenge.

‘I-e I\-A/]\:\/]vven?atec.com

fully automated 3D plant phenotyping

visual light, chlorophyll fluorescence,
near infra red and infra red imaging

standardized growth conditions with
the LemnaTec moving field concept

automated weighing, watering and
spraying of up to 4000 plants per day
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REPRESENTATIVE AMPLIFICATION OF DNA FROM SINGLE PLANT CHROMOSOMES

PeTr CAPAL, JAN VRANA, MARIE KUBALAKOVA, JAROSLAV DOLEZEL

Institute of Experimental Botany, Centre of the Region Hand for Biotechnological and Agricultural Research,
Slechtitel(i 31, CZ-78371 Olomouc, Czech Republic
E-mail: capal@ueb.cas.cz, tel.: +420 585 238 714

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 I (LO1204).
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,,CHROMATIN CONFORMATION CAPTURE“ JAKO NASTROJ PRO STUDIUM
STRUKTURY A FUNKCE CHROMATINU

TomAS BeseDA, PETR CAPAL, JAN VRANA, HANA SIMKOVA, JAROSLAV DOLEZEL

Centrum Strukturni a funkéni genomiky rostlin, Ustav experimentalni botaniky AV CR, v.v.i., Slechtitel 31,
783 71 Olomouc
E-mail: beseda@ueb.cas.cz, tel.: +420 585 238 728

Vyzkum struktury jadra a chromatinu zaznamenal v poslednim desetileti velky rozmach, a to zejména diky zjisténi, ze
DNA nenf ndhodné kondenzovana molekula v jadre, ale jeji uspofadani ma své funkénf opodstatnénf na vsech Grovnich —
od nukleosomi az po celé chromosomy. Pfi studiu vyssich struktur chromatinu jak na lokalnf, tak celogenomové drovni se
stale vice uplatriuje metoda Chromatin Conformation Capture (3C) a r(izné jeji varianty (Wit and Laat 2012).

Metoda 3C je zaloZend na statistické analyze kontakt(i jednotlivych lokust v populaci jader. Tyto kontakty jsou zachyceny
diky fixaci chromatinovych struktur in vivo. DNA v intaktnich jadrech je fixovana formaldehydem, stépena restrikénf
endonukledazou a nésledné ligovana za zfedénych podminek. Takto je vytvofena 3C knihovna ,spojd“, které pochdzeji
z kontakt( jednotlivych lokusti v rdmci dané populace jader.

Podle Gcelu a rozsahu studie rozeznavame nékolik variant ,C* metod, lisicich se predevsim druhem analyzy vytvorené
knihovny a rozlisenim; ¢im vétsi Gsek analyza zahrnuje, tim je rozliseni mensi. Pri klasické 3C analyze (nejvyssi rozlisent)
pouzivdame PCR a studujeme funkéni konformaci daného lokusu v zavislosti na testovanych podminkéch, tedy porovnavame
dva funkcni stavy. Nejcastéji se jedna o strukturné-funkéni vlastnosti vzdalenych enhancert. Alternativou je 4C (Chromosome
conformation capture-on-chip), kdy porovname frekvenci kontakt(i zplisobem ,jeden se viéemi“ a vysledkem je panel
znazornujici frekvenci kontaktd vsech mist v genomu viici zvolenému cilovému lokusu. | zde jde obvykle o porovnani
konformace dvou ¢i vice rtiznych fyziologickych stavi nebo pletiv. V pfipadé, Ze si zvolime vice vychozich bodi analyzy
po celém genomu, mliZzeme z dat vyvozovat zékladni strukturni vlastnosti genomu (napf., které oblasti interaguji obecné
Castéji se zbytkem genomu a které méné). Dalsi z metod, 5C (chromosome conformation capture carbon copy) analyza, je
zalozena na sekvenovani. Zde porovnavame frekvenci interakci stylem ,mnoho vs. mnoho” v rdmci daného Gseku genomu
(stovky kb). Z této analyzy jiz mizeme odvozovat celkovou strukturu daného Gseku a opét porovnavat konformaci mezi
jednotlivymi fyziologickymi stavy i pletivy. Pro studium struktury chromatinu v ramci celych genomd ¢i chromosomt slouzi
Hi-C analyza, ktera umoziuje analyzovat prakticky vechny zachycené kontakty. Tento pfistup predpoklada znalost kompletni
sekvence daného genomu (chromosomu), jelikoz tyto kontakty musi byt zpétné prifazeny k piislusné genomové sekvenci.
Pomoci Hi-C pak mizeme vytvaret modely chromatinové struktury v rdmci celych genomd.

3C techniky jsou tedy universalnim nastrojem pro studium strukturné-funkénich vlastnosti chromatinu na vsech drovnich,
od funkéni dynamiky kréatkych lokust az po strukturni modely celych genomd a chromosomd.

Na posteru bude prezentovana aplikace metod 3C a Hi-C na jadra ryze purifikovana pritokovou cytometrif.

de Wit, E. and de Laat, W.: A decade of 3C technologies: insights into nuclear organization., Genes Dev., 26, 11-24., 2012

Podporovéno grantem GACR P501/12/2554.
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ZALOZENI A ZIVOT BIOTECHNOLOGICKE FIRMY V CECHACH

Prednasky

JAN ZASTERA

Genomac International, s.r.o0., Drnovska 1112/60, Praha, 161 00
E-mail: jzastera@genomac.cz

Spole¢nost Genomac byla zaloZzena v roce 2001 sourozenci RNDr. Markem Minarikem, Ph.D. a RNDr. Lucii BeneSovou,
Ph.D., pfednimi ¢eskymi odborniky v oblasti genetiky a DNA analyz. Genomac se od svého vzniku profiluje jako laboratof
molekularni genetiky a onkologie a zaméfuje se na genetické testovani pro poteby urcovani otcovstvi, identifikace, piibuznosti
aanalyz DNA. V neposledni fadé provadi testovanf geneticky podminénych druh& onemocnént a predikci tcinnosti jejich 1écby.

V roce 2006 spolecnost v Ceské republice zavedla genetické testy predkii pro Gcely genetické genealogie a stala se
dominantnim poskytovatelem genetickych test(i v rdmci nového dynamického oboru tzv. rekreacni genetiky. V nasledujicich
letech pribyly dalsi testy zaméfené na prikaz vloh ovliviiujici vlastnosti testovanych osob (fyzicka vykonnost, sklony
k zavislostem apod.)

O rok pozdéji byl spolecnosti udélen statut Znaleckého Gstavu pro obor zdravotnictvi s rozsahem opravnéni pro genetiku
a analyzy DNA vcetné urcovani genetické identity.

V roce 2010 bylo v ramci vyzkumu provadéného spolecnosti Genomac s podporou Evropského fondu pro regionalni
rozvoj zalozeno Centrum aplikované genomiky solidnich nadord (CEGES).

V roce 2012 se spolec¢nost Genomac prestéhovala do novych laboratornich a kancelarskych prostor administrativni
budovy Carolina centrum v Praze 6 — Ruzyni.

Genomac je v soucasnosti jednim z nejvétsich soukromych center pro aplikovany medicinsky vyzkum v Ceské republice.
Vysledky analyz provadénych laboratofemi Genomac se Fidi standardizovanym systémem pro zdravotnické laboratore SO/
IEC 15189.

15 years of solutions for life science

LABORATORY EQUIPMENT:

pipettes, balances, pH meters

centrifuges, cleaners, pumps

bathes, shakers, thermoblocks,
sterilization, decontamination (ClO,)
refrigerators, freezers, deep freezers
laminary flow and biosafety cabinets
plantgrowth and climate chambers
bioreactors, fermentors, water purification

REAGENTS:

molecular biology
fluorescence detection
microarray, cloning
proteomics and genomics
PCR, gPCR, RT-PCR
expression systems

SPECIAL DEVICES:

freeze dryers, concentrators
PCR devices, cell counters
electrophoresis and blotting
power supplies, microscopes
nucleid acid isolators

detection of mutation, microarray
spectrophotometers

in-vivo imaging, software

OLIGONUCLEOTIDES SYNTHESIS:

primers and assays

probes and quenchers
DNA/RNA synthesis
modifications and freedom dyes
custom gene synthesis

gBlocks gene fragments

www.krd.cz

LABORATORY PLASTIC:

general laboratory plastic
tissue culture plastic

gloves, tips, PCR plastic,
special plastic for microscopy

SERVICES:

service and validation

preventive maintenance
decontamination (CLO,)
post-warranty service

service laboratory

gene expression, PCR, microarrays
bioinformatics, gene profiling

KRD - obchodni spolecnost, s.r.o. | Pekarska 12, 155 00 Praha 5| Email: krd@krd.cz | Tel: 257 013 400 | Fax: 257 013 405
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METODY ZOBRAZENI ROSTLIN V MIKRO A MAKROMERITKU

PETR JAN JURACKA'

! katedra ekologie, Pfirodovédecka fakulta UK v Praze, Vini¢na 7, 128 44 Praha 2, CR
E-mail: juracka@natur.cuni.cz, tel.: +420 723 119 339

Velké mnozstvi pifrodovédeckych pozorovani, at jiz experimentalniho, terénniho nebo ¢isté ndhodného pivodu, je spjato
s vizudlnim vnimanim svéta. Barvy, tvary, ale i ¢as anebo zména perspektivy tak mohou vyrazné ovlivnit dojem z pravé
pozorovaného jevu. Béhem své prednasky se pokusim nastinit, jaké moznosti skyta cenové dostupna fotograficka technika —
od skladané makro a mikrofotografie s plsobivou hloubkou ostrosti, pres elektronovou skenovaci mikroskopii a metody
Casosbérné, az po leteckou fotografii umoznujici analyzu obrazu celych spolecenstev z ptaciho pohledu za pomoci radiem
fizenych drond (multikoptér). Pfednaska bude doprovazena praktickymi ukdzkami pfimo na podiu.

.
p I . i Q i i
4 - ~ €
09:32a.m. 10:39 am.

07:10am. 08:56 a.m.
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NARODNI E-INFRASTRUKTURA CESNET — KOMPLEXNI INFORMATICKE NASTROJE
PRO POTREBY CESKE VEDY, VYZKUMU A VYVOJE

TomAS KosNAR, Davib ANTOS, ToOMAS ReBOK

CESNET, zajmové sdruzeni pravnickych osob, Zikova 13a, 160 00 Praha 6
E-mail: kosnar@cesnet.cz, rebok@ics.muni.cz

Narodni e-infrastruktura poskytuje celou fadu sluzeb pouzitelnych pro feseni problém( z obord, jez se neomezuji na pfirodni
védy, jako je matematika, fyzika, chemie ¢i informatika, ale zahrnuje i védy humanitni ¢i uméni. S pokracujici digitalizact
nejriznéjsich materiall a rostoucim vyznamem komunikacnich technologif Ize v soucasnosti jen stézi najit obor, kterému by
e-infrastruktura neméla co nabidnout. Nejde zdaleka jen o komunikacnf infrastrukturu a sitové sluzby (az na vyjimky postavené
na optickych vldknech, ktera umozuji dosahovat nejvyssich prenosovych rychlosti), ale také velkokapacitni datova dlozisté
pro zalohovani, archivaci a sdileni rozsahlych dat (v¢etné sluzeb FileSender pro zasilani velkych soubort nebo OwnCloud
pro ukladani a synchronizaci dat pro individudlnf uzivatele). Vyuziti vypocetnich zdrojli pro feseni velmi narocnych dloh, jez
presahuje mozZnosti samostatného pracoviité v CR, umoziiuje gridova vypocetni infrastruktura (MetaCentrum). Vzajemnou
spolupraci a komunikaci distribuovanych tymu, jejichz ¢lenové pochazeji z rznych instituci, mést, pripadné statli, umoznuiji
nastroje pro virtualni setkavani, obrazovou a zvukovou komunikaci a sdileni podkladi v redlném case (video konference,
web konference, streaming, pfenosy v kvalité HD, 2K, 4K, 3D).

7/ Professional Instruments
Photon / for Plant Science
Systems . Biotechnology and Agriculture
Instruments

Since 20 years PSI (Photon Systems Instruments), founded in 1994 in Brno, Czech
Republic, has been specializing in the design and manufacture of sophisticated, high-
end instrumentation for research in biological sciences.

Our products based on the latest techniques and components are used in scientific w
programs in many countries throughout the world. ' =

The main product lines are: (1) devices for chlorophyll fluorescence measuring and

advanced imaging; (2) high-tech photobioreactors and other algal cultivators; (3) intelligent growth chambers; (4) customized
PlantScreen Phenotyping Systems; (5) wide range of hand-held instrumentation. Example of instrumentation developed for
plant biotechnological research are chlorophyll fluorometers, fluorescence imaging devices, compact hand-held instruments
based on various optical signals, LED panels, growth chambers, large automated screening devices with integrated
fluorescence, thermal and hyperspectral imaging and advanced micro-imaging and micro-manipulating devices.

Everyday contacts with researchers are the base of our policy of continuous development.

For more information please refer to our webpage www.psi.cz or contact us directly via email info@psi.cz.
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VYUZITi METACENTRA PRO ANALYZU BIOLOGICKYCH DAT

PetR NoVAK!

T BC AV CR, v.v.i., Brani$ovska 31, 370 05 Ceské Budé&jovice, CR
E-mail: petr@umbr.cas.cz

MetaCentrum je virtualni organizace Narodni Gridové Iniciativy, ktera je volné dostupnd vsem akademickym pracovnikdm
i studentim. V dobé rychle narustajictho objemu dat a Siroké dostupnosti novych technologii sekvenovani, je vypocetni
kapacita MetaCentra hojné vyuzivana praveé k fesenf biologickych problémd. To je usnadnéno tim, ze na MetaCentru je jiz
k dispozici velké mnozstvi predinstalovanych aplikacf vyuzitelnych v siroké spektrum biologickych obort. Jak a jaky software
Ize na MetaCentru vyuZivat v rostlinné biologii bude predstaveno v predndsce.

p. 'vd | I specialista v oblasti

T mikrotitracnich produktu

* Plasty pro tkanové kultury * Ostatni produkty
Kultivacni lahve, desticky a misky Filtracni desticky
Sérologické pipety Zdasobniky pro automatizaci
Syringe filtry SPE desticky

Evapordtory

* Plast pro molekuldrni biologii Svarecka foli

PCR zkumavky, stripy a desticky

* Skladovani vzorkd
Skladovaci desticky Deep Well
Centrifugaéni zkumavky

N\

M.G.P. spol. s r.o. E-mail: mgp@mgp.cz
\, \ Kvitkova 1575 Zelend linka: 800 125 890
760 01 Zlin www.mgp.cz
MGP Czech Republic WWww.porvair-sciences.com



PONDELI 20. 10. 2014

= dPrednasky

GENE REGULATORY NETWORKS IN THE STUDY OF PLASTIC CELL DIFFERENTIATION
IN ARABIDOPSIS LEAVES

ANDREA DOMINGUEZ"" 3, MARIANA BENiTEZ' 2

! Instituto de Ecologia, Universidad Nacional Auténoma de México, Mexico City, Mexico

2 Centro de Ciencias de la Complejidad, Universidad Nacional Auténoma de México, Mexico City, Mexico
3 Posgrado en Ciencias Bioldgicas, Universidad Nacional Auténoma de México, Mexico City, Mexico
E-mail: andreacb17@gmail.com, mbenitez@iecologia.unam.mx

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.

6. METODICKE DNY 19.-22.10. 2014 43



PONDELI 20. 10. 2014
= prednashy

GENOMICKE PRISTUPY KE STUDIU FYLOGENEZE A MAKROEVOLUCE (NEJEN) RAS
A ROSTLIN

MaRek ELIAS

! Ostravska univerzita v Ostravé, Piirodovédeckd fakulta, Katedra biologie a ekologie, Chittussiho 10, 710 00 Ostrava, CR
E-mail: marek.elias@osu.cz, tel.: +420 597 092 329

Genomy organism jsou v prvé fadé nesmirné slozité bunécné struktury nesouci vétsinu dédicné informace, ktera podminuje
cyklické epigenetické ,povstavani zivého tvaru” (tj. ,realizaci fenotypu”). Proto jsou genomy prfedmétem intenzivniho zajmu
funként biologie se snahou pochopit, jak se ktery element genomu na vyse uvedenych procesech podili. Vedle toho jsou
vsak genomy historicky vzniklymi strukturami, jejichZ soucasna podoba odrazi nepredstavitelné komplexni sled evolu¢nich
udalosti v priibéhu miliard let existence Zivota. Obrovskou vyzvou pro biology nyni je pokusit se co nejpresnéji zrekonstruovat
historii genomi a pochopit, jak tato souvisi s evoluci samotnych organism(. Tento vyzkumny program se snazi realizovat
prekryvajici se védecké discipliny oznacované jako srovnavaci genomika, evoluéni genomika ¢i fylogenomika. Zakladem
soucasného prudkého rozvoje téchto obor( je rapidné se rozristajici databadze genomovych sekvenci z fylogeneticky
rozmanitych organism(, coz je samo o sobé vysledkem nesmirné rychlého pokroku v technologiich sekvenovani DNA
v poslednich letech (viz ,next-generation sequencing technologies”). Studium evolu¢ni historie na genomové drovni se
ovsem potykd s fadou teoretickych a metodologickych probléma, které vyrazné limituji nase moznosti vycist z dnesnich
sekvenci DNA udalosti ddvno minulé. Ve své predndsce se pokusim strucné shrnout soucasny stav srovnavaci genomiky
(fylogenomiky) a na vybranych prikladech z oblasti studia evoluce eukaryot(, pfedevsim fas a rostlin, demonstrovat nékteré
vy3e zminéné problémy a oteviené otazky.
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THE COMPARATIVE STUDIES OF PLANT TRANSCRIPTOMES GENERATED BY RNA-SEQ

HELENA STORCHOVA', DAGMARA SIROVA?, JIRi BARTA?, JamES D. STONE'

! Institute of Experimental Botany AS CR, Rozvojova 263, CZ-16500 Prague 6, Czech Republic
2 University of South Bohemia, Faculty of Science, BraniSovska 31a, 370 05 Ceské Budéjovice, Czech Republic
E-mail: storchova@ueb.cas.cz

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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IDENTIFIKACE CENTROMERICKYCH DNA SEKVENCi POMOCi METODY CHIP-SEQ
A KLASTROVACI ANALYZY

PaveL NEUMANN

Biologické centrum AV CR, v.v.i., Branidovskd 31, 370 05 Ceské Budéjovice, CR
E-mail: neumann@umbr.cas.cz, tel.: +420 387 775 513

Centromera je oblast chromozému, kde se pfi délenf buriky vytvari kinetochor a pfipojuji mikrotubuly déliciho vreténka.
Morfologicky je centromera rozpoznatelna jako zaskrcenf, neboli primarnf konstrikce. S kinetochorem je ovSem asociovana
jen ¢ast chromatinu, ktery se nachazi v primarni konstrikci. Modernf definice proto zuzuje centromeru pouze na tu oblast
DNA, ktera je v pfimém kontaktu s kinetochorovymi proteiny. Jednim z takovych proteind 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. Centromerickd DNA je mezidruhové
velmi variabilni na Grovni primarni sekvence, avsak spole¢nym rysem centromer vétSiny dosud studovanych druh( je
piitomnost vysoce repetitivni DNA s tandemovym uspofadanim monomerd, tzv. satelitni DNA. Prekazkou pro detailni
zkoumant slozenf a funkce centromerické DNA je jednak velmi omezeny pocet druhd, u kterych byly centromery alespon
Castecné osekvenovdny, a jednak problémy spojené s analyzou sekvenci vysoce repetitivni DNA.

Centromerickou DNA je mozné izolovat metodou imunoprecipitace chromatinu (ChIP) s vyuZitim protilatky specifické pro
histon CenH3. Analyza vzorki DNA pfipravenych metodou ChIP se dnes témér vyhradné provadi sekvenovanim (ChIP-seq)
nékterou z modernich, tzv. ,next generation”, sekvenacnich technologii umoznujicich ziskat desitky milion sekvenci
v jediné reakci. Mapovanim sekvencf ziskanych pomoci ChIP-seq na referenéni genom daného druhu je mozné centromeru
identifikovat jako oblast s vyrazné vyssim 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 c¢astecné nebo Gplné chybi. Referencni genomové sekvence jsou navic dostupné pro pomérné maly pocet druhd.

Velmi silnym nastrojem pro vytvorent referencnich sekvenci repetitivni genomové DNA a néslednou analyzu dat ziskanych
metodou ChIP-seq je klastrovaci analyza na principu grafi 2. VyuZiti této metody u hrachu (Pisum sativum L.) vedlo k objevu
neobvykle slozitych centromer slozenych ze tif az péti jasné oddélenych domén obsahujicich histon CenH3 a tvorenych
tfindcti riznymi rodinami satelitni DNA3.

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

2 Neumann, P, Navrétilova, A., Schroeder-Reiter, E., Koblizkova, A., Steinbauerova, V., Chocholova, E., Novak, P, Wanner, G., Macas, J.: 2012 — PLoS
Genetics 8: e1002777

Podporovano granty GACR P501/11/1843 a P501/12/G090.
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GENEMARKER® — UNIKATNI SOFTWAROVY NASTROJ PRO GENOTYPIZACI —
PREDSTAVENI A APLIKACE

JAN ZASTERA

Carolina Biosystems, s.r.0., Drnovska 1112/60, Praha, 161 00
E-mail: jzastera@genomac.cz

GeneMarker® software je jedinecny ndstroj pro genotypovou analyzu. Integruje nové technologie zvy3uijici rychlost, pfesnost
a snadnost analyzy. Vyznacuje se uzivatelsky velmi pratelskym prostfedim a je vynikajicf alternativou k softwartim od Applied
Biosystems jako je Genotyper®, GeneScan® nebo GeneMapper®; SAGA od Licor, MegaBACE® Genetic Profiler a Profiler
Fragment, SeqencePilot® nebo Coffalyser.Net software MRC Holland. Software je kompatibilni s vystupy ze viech hlavnich
sekven¢nich systémdi, tj ABI®PRISM, Beckman-Coulter® nebo MegaBACE® . Je postaveny na operacnim systému Windows
a tedy kompatibilni s XP, Vista 7 a 8. Je vyraznym zjednodusenim aplikacf jako napf. Amplified Fragment Length analyza
(AFLP®), t-RFLP, SSR a mikrosatelitnich analyz a genotypiza¢nich aplikaci obecné. GeneMarker zahrnuje integrované
moduly pro MLPA®, MS-MLPA, LOH, SNapShot®, SNPlex®, SNPWave®. TILLING® (cilené indukované mistnich poskozent
v genomU), mikrosatelitovou nestabilitu (MSI), Haplotypovou analyzu. Obsahuje rovnéz nastroje pro analyzu p¥ibuzenstvi
volné Zijicich populaci; Fylogenetického klastrovani; porovnavani projekta.
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S3 CELL SORTER: JEDNODUCHE AUTOMATIZOVANE SORTOVANI BUNEK

SARKA RUZICKOVAT, JANA NOVAKOVA?

! Biotechnologicky Gstav AV CR, V. V. i.
2BIO-RAD spol. s . o.
E-mail: jana_novakova@bio-rad.com

S3 Cell Sorter je automatizovany stolni pritokovy cytometr se sortovacim modulem, plné srovnatelny se zndmymi bunéénymi
sortery. Na rozdil od standardné pouzivanych systémdl, které maji vysoké naroky na prostor a vyzaduji pfitomnost zkuseného
operatora, S3 umoziuje uzivateli tridit buriky nebo bunéc¢né populace bez asistence ve vlastni laboratofi. Je to ddno zejména
zplsobem tvorby kapek a kontroly jejich kvality pomoci sofistikovaného softwaru. Navic Ize buriky jednoho a téhoz typu
sortovat do vice zkumavek najednou, za kontrolované teploty (do 37 °C), akvizice dosahuje 100 000 udalosti za sekundu.
Zatizeni je vybaveno bud jednim nebo dvéma lasery (488 nm anebo 488 nm plus 642 nm), az ctyfmi fluorescencnimi
detektory, detektory celntho a bo¢niho rozptylu (FSC a SSC) a tzv. ,drop delay” je softwarové vypocitan.

Pristroj je vhodny na tfidéni jednotlivych bunék nebo bunéénych populaci do zkumavek, a to v nezavislém rezimu,
do stript a také na mikroskopicka sklicka. Sortovanf Ize provadét pfi pouZziti specialniho nastavce za sterilnich podminek,
aniz by byl zapottebi specialni biohazard box.

s3™ cell Sorter

SIMPLE
SETUP
SORT

VyuZijte tréninkové centrum k proméreni vlastnich
vzork{ - Biotechnologicky Gstav AV CR v.v.i., Praha

Vice se dozvite na prednasce Dr. Sarky Rizickové:

20. fijna 2014 — Metodické dny

www.bio-rad.com/cellsorter

Jakékoliv dotazy Vam radi zodpovime: cz@bio-rad.com, +420 241 430 532
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MODELOVANI STRUKTUR PROTEINU A JEJICH VYUZITI (NEJEN) V ROSTLINNE
BIOLOGII

MaRTIN PotockY”, RomaN PLeskot 2, VIKTOR ZARsky '3

T UEB AV CR, v.V.i., Rozvojové 263, 165 00 Praha 6, CR

2 JOCHB AV CR, v.V.i., Flemingovo ndm. 2, 166 10 Praha 6, CR

3 Katedra experimentdlni biologie rostlin PfF UK, Vini¢nd 5, 128 00 Praha 2, CR
E-mail: potocky@ueb.cas.cz, tel.: +420 225 106 457

Pfi studiu role proteind ve viech odvétvich biologie predstavuje znalost jejich tercidlni struktury ¢asto zasadnf informaci k urcenf
¢i pochopeni molekuldrnich detaild mechanismu jejich funkce. V poslednich 15 letech doslo diky pokroku v metodach
rentgenové krystalografie a nuklearni magnetické rezonance, které umoznuiji uréeni 3D struktur biomakromolekul, k rapidnimu
narGstu experimentalné vyresenych struktur, které ale v naprosté vétsiné pochazi z obratlovcd, kvasinek i prokaryotnich
organismd. Z celkového poctu vice nez 102 000 zndmych struktur jich napf. na Arabidopsis thaliana pfipada pouhych 817.
Rostlinny biolog, jehoz zajimaji strukturni aspekty biologie, je tak v podstaté odkazan na predikénf techniky, v nichz prim
hraji metody homologniho modelovani. Princip homologniho modelovani vychézi z predpokladu, Ze proteiny s podobnou
sekvenci a spole¢nym evolu¢nim pivodem maji i podobnou tercidlni strukturu. V piipadé, Ze studovany rostlinny protein
md homologa s experimentalné uréenou strukturou, miize se i rostlinny biolog pokusit o konstrukci 3D modelu a jeho
naslednou analyzu.

Prednaska strucné shrne vyvoj, ktery prodélaly techniky predikce proteinovych struktur v poslednich letech, ukdze mozné
metodické pfistupy a na piikladech bude demonstrovat slasti a strasti homologniho modelovani v podanf rostlinnych biologti.

Podporovéno grantem GACR 13-19073S.
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MOLEKULOVA DYNAMIKA JAKO NASTROJ MODERNI BIOLOGIE

RomaAN PLeskoT

Ustav Experimentalni Botaniky AV CR, v.v.i. a Ustav organické chemie a biochemie AV CR, v.v.i., Praha, CR
E-mail: pleskot@ueb.cas.cz

Simulace molekulové dynamiky se v poslednich letech stava standardni metodou studia proteini a membran s vysledky
velice obtizné ziskatelnymi (v nékterych pfipadech nedosazitelnymi) experimentalnim pfistupem. Soucasné nar(ist vypocetn{
kapacity pocitact, zlepsent algoritm( pouzivanych pfi vypoctech a specialni vypocetni postupy umoznily simulovat a popsat
detaily chovani protein( a lipid( v biologicky relevantnich ¢asovych skalach. V prednasce se zaméfim na obecny popis
simulace molekulové dynamiky a kratce zminim zdklady pouZitych postupt. Nejvétsi ddraz bude vsak v prednasce kladen
na konkrétni piiklady a jejich pfinos k pochopeni struktury a funkce proteind a lipidovych membran. Simulace molekulové
dynamiky pomohly objasnit otevirdni a zavirani mechanosensitivnich kanal(, transport iontd iontovymi kanaly, mechanismus
pUsobeni antimikrobidlnich peptidd a vazbu mnoha perifernich membranovych proteind na lipidovou dvojvrstvu. Hrubozrnné
(coarse-grained) modely lipid-lipid a lipid-protein interakci umoznily simulovat sebeusporadant lipidovych dvojvrstev, agregaci
membranovych komponent do domén a fizi vackd. Na zavér prednasky v kratkosti popiSu vyzkum v nasi laboratofi zaméreny
na interakci protein( se signdlnimi lipidy v regulaci poldrniho rdstu rostlinnych bunék.

Podporovano grantem GACR 13-19073S.
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STRUCTURAL BIOLOGY IN USE: NMR, X-RAY AND MOLECULAR DYNAMICS
MODELING IN STUDY ON MULTISTEP PHOSPHORELAY SIGNALING IN PLANTS

OxsaNA DEGTARIK!2*, RADKA DOPITOVA'2*, BLANKA PEKAROVA'*, ToMAS KLUMPLER', JakuB HORAK', PETRA BORKOVCOVA',
Euska NpEDLA!, DAVID REHA?, SANDRA PUEHRINGER?, OLGA OTRUSINOVA', SEVERIN JANSEN!, MicHAL KuTY?,

MANFRED S. WEIsS®, VLADIMIR SKLENAR!, JAROMIR MAREK!, VERONIKA PAPOUSKOVA!, LUKAS ZiDEK!, IVANA KUTA-SMATANOVA?,
LuBOMIR JANDA! AND JAN HEjATKO!

' Central European Institute of Technology (CEITEC), Masaryk University, Brno, Czech Republic

2 Academy of Sciences of the Czech Republic, Inst. of Nanobiology and Structural Biology GCRC, Nové Hradly,
Czech Republic

3 Helmholtz-Zentrum Berlin for Materials und Energy BESSY-II, Berlin, Germany

* Contributed equally

E-mail: hejatko@sci.muni.cz

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 (CKl1gp) is necessary and sufficient for this specificity. We determined the structure of CKl1rp using X-ray
crystallography. By NMR measurements we described the dynamic rearrangement of active center of CKlTrp upon its
phosphorylation and binding of Mg?*, the cofactor necessary for MSP signaling, both of which affect the relative affinity of
CKITrp 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-CKl1rp interaction revealing strong protein-protein binding were identified
via molecular dynamic simulations for 100 ns. The AHP2-CKl1gp interaction was confirmed via NMR measurements and
resulting chemical shifts agree with the model. Comparison of the AHP2-CKI1rp model with the recently published structure
of AHP1-AHK5Rp suggests that the interacting surfaces differ between both complexes, particularly in the amino acid residues
mediating hydrophilic interactions. Detailed structural comparison between AHP2-CKl1zp and AHP1-AHK5gp allowed
us to determine the individual amino acid residues responsible for the specific recognition of subset of AHPs via CKI1rp.
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 AHKgrps 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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THE APPLICATION OF IMMUNOMODULATION APPROACH IN THE CYTOKININ
SIGNALING RESEARCH

ZuzanA GELOVA!, MATE) ZABRADY?, PETRA TEN HOOPEN?, VAcLAV MOTYkA*, UDO CONRAD?, LUBOMIR JANDA? AND
JaN HeATkO!

! Functional Genomics and Proteomics of Plants, Central European Institute of Technology, Masaryk University,
Kamenice 5/A2, Brno, CZ-62500, Czech Republic

2 NMR Spectroscopy, Central European Institute of Technology, Masaryk University, Kamenice 5/A2, Brno, CZ-62500,
Czech Republic

3 Leibniz Institute of Plant Genetics and Crop Plant Research, Corrensstrasse 3, Gatersleben, D-06466, Germany

4 Institute of Experimental Botany, Academy of Sciences of the Czech Republic, Rozvojové 263, Prague 6, CZ-16502,
Czech Republic

E-mail: zuzana.gelova@email.cz

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+] 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 355: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 (¢kAHP3_scFvs),
the member of CK signaling pathway were cloned from mice hybridomas producing anti-AHP3 monoclonal antibody. We have
shown the ability of kAHP3_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 kAHP3_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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PRODUKCE REKOMBINANTNICH PROTEINU A JEJICH VYUZITI V EXPERIMENTALNI
BIOLOGII ROSTLIN

MicHAL HALA

UEB AV CR, v.v.i., Rozvojové 265, Praha 6
KEBR PfF UK, Vini¢na 5, Praha 2
E-mail: hala@ueb.cas.cz

P¥i studiu protein-proteinovych nebo protein-lipidovych interakci se velmi ¢asto vyuziva technika rekombinantnich proteint.
Tyto proteiny vznikaji jako produkt exprese (transkripce a translace) rekombinantni DNA v nerostlinnych expresnich systémech,
zejména prokaryotickych.

Podoba rekombinantni DNA zavisi na tcelu rekombinantniho proteinu, jeho rozpustnosti a dalsich vlastnostech (toxicita
apod.). Zejména je dulezita volba vhodného promotoru, sila exprese Casto ovliviiuje spravné sbaleni proteinu do nativni
konformace. Zisk proteinu v nedenaturované nativni konformaci je vétsinou hlavnim cilem produkce. Pokud se nedaff ziskat
protein v nativni konformaci, Ize vyuzit chaperony, které mohou byt koexprimovany s pfipravovanym proteinem a usnadnit
tak spravné sbalenf proteinu. Podobné v pfipadé napr. komplext Ize koexpresi vice podjednotek dosdhnout jejich sbalent
do nativniho stavu a vytvoreni nativniho komplexu.

V piipadé, Ze protein ma byt purifikovan, je vhodné polozit si otdzku, jakou metodou. Kromé béznych separacnich
metod (SEC, ionexy) se hlavné vyuzivd afinitni chromatografie. K rekombinantnimu proteinu je pfidana afinitni znacka, jejiz
pomoci mdze byt protein purifikovan a ktera mlize byt posléze odstranéna.

Vyse uvedené aspekty budu demonstrovat na produkci rekombinantni protilatky proti GFP v bakteriich.

Podporovéno grantem GACR P305-11-1629.

6. METODICKE DNY 19.-22.10. 2014 54



UTERY 21.10. 2014
= dPrednasky

HMOTNOSTNI SPEKTROMETRIE V MEMBRANOVE PROTEOMICE

PETRA JUNKOVA, LUCIE MARSALOVA, RADOVAN HYNEK, OLGA VALENTOVA

Ustav biochemie a mikrobiologie, Vysoka kola chemicko-technologicka v Praze, Technikd 5, 166 28 Praha 6, CR
E-mail: junkovap@vscht.cz, tel.: +420 220 443 216

Proteomika je védni obor, ktery se zabyva studiem kompletni proteinové sité v burice za definovanych podminek. Ambicemi
tohoto oboru v3ak neni jen pouha identifikace a kvantifikace proteint, ale téz objasnénf jejich funkcnich ci strukturnich
zavislosti v bunice. Zasadnim predpokladem pro analyzu takto komplexniho souboru proteini je pouziti postupd, které
umoznujf jejich G¢innou separaci, purifikaci a detekci. Standardni postupy, vhodné pro analyzu rozpustnych protein, vak
nemohou byt vyuZity pro analyzu hydrofobnich proteini membranovych. Pravé hydrofobni charakter téchto proteind
znesnadniuje jejich studium. Presto bylo vynaloZeno znac¢né Gsili na modifikaci stavajicich postupd, a to hlavné kvdli
nespornému vyznamu téchto proteind pro funkéni chod buriky. Membranové proteiny se totiz nachazeji na rozhranf
vnitfniho a vnéjsiho prostredi bunék, a proto prave ony zodpovidaji za reakce buriky na vnéjsi podminky. Hraji roli napriklad
v mezibunécné komunikaci, specifickému transportu latek pfes membrénu ¢i jako receptory vnéjsich signald spousti signalni
drahy uvnitf buriky. Bioinformatické analyzy navic prokazaly, ze primérné 30 % otevienych ctecich ramct organism0 nalezi
membranovym proteinim.

Vynélezem mékkych ionizac¢nich technik u hmotnostné spektrometrickych analyzatort, které umoznily analyzu
biomakromolekul, doslo k masivnimu rozvoji proteomickych pfistupl a hmotnostni spektrometry se za velmi kratkou
dobu staly analyzatory prvni volby v proteomice. Na poli membranové proteomiky doslo nejprve ke sprazeni tradi¢né
vyuzivanych elektroforetickych technik, slouzicich k separaci membranovych proteind, s hmotnostné-spektrometrickymi
technikami umoznujicimi identifikaci téchto proteinli ze souboru jejich tryptickych $tépa extrahovanych piimo z gelu.
Vzhledem k nizkému vytézku predevsim hydrofobnich peptidi z gelu se viak membranovi proteomici v poslednich letech
snazi o zavedeni tzv. gel-free postupd. Ty vyuZzivaji moznost predrazeni multidimenzionalni chromatografické separace
peptidd ziskanych tryptickym Stépenim komplexniho souboru proteinl pifimo v roztoku pfed samotnou hmotnostné-
spektrometrickou koncovkou. Nejcastéjsi prekazkou, se kterou se pfi pouziti téchto pfistupd mizeme setkat, je nutnost
rozpousténi membranovych proteind v ¢inidlech jako jsou organicka rozpoustédla, kyseliny, detergenty ¢i chaotropni ¢inidla,
ktera vétsinou nejsou kompatibilni s tryptickym $tépenim proteind v roztoku, chromatografickou separacf ¢i samotnou
hmotnostné-spektrometrickou detekci. Dalsi komplikaci muze byt nizké zastoupeni zkoumanych membranovych proteind,
které vyzaduje jejich nabohaceni oproti vysoce abundantnim rozpustnym proteiniim. | pfes tato Gskali jiz dnes existuje
celd rada protokol, které ndm umoziuji nejen ziskat informaci o zastoupeni az stovek membranovych protein(i béhem
jedné analyzy, ale soucasné poskytuji téz informaci o jejich mnoZstvi. Metody umoziujici studium konkrétnich proteinovych
komplext nachazejicich se na membrané navic mohou pfispét k pochopent jejich bunéc¢né funkce.

Financovéno z tcelové podpory na specificky vysokoskolsky vyzkum (MSMT ¢&20/2014) a grantu GACR 14-09685.
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PROTEOMIC ANALYSIS OF BARLEY CELL NUCLEI PURIFIED BY FLOW SORTING

BeATA PETROVSKA!, HANA JERABKOVA!, IVO CHAMRAD?, JAN VRANAT, RENE LENOBEL?, JANA URINOVSKAZ, MAREK SEBELAZ,
JarosLAvV DoLezeL!

! Institute of Experimental Botany, Centre of the Region Hana for Biotechnological and Agricultural Research,
Slechtitelu 31, CZ-78371 Olomouc, Czech Republic

2 Department of Protein Biochemistry and Proteomics, Centre of the Region Han4 for Biotechnological and Agricultural
Research, Faculty of Science, Palacky University, Slechtitelu 11, CZ-78371 Olomouc, Czech Republic

E-mail: petrovska@ueb.cas.cz, tel.: +420 585 238 721

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/C090), the National Program of

Sustainability I (LO1204), the European Social Fund (Operational Program Education for Competitiveness CZ.1.07/2.3.00/20.0165),
and Internal Crant Agency of Palacky University, Olomouc (Prf/2013/003).
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APLIKACE MODERNICH BIOCHEMICKYCH A MOLEKULARNE-BIOLOGICKYCH
METOD NA STUDIUM INTERAKTOMU TELOMERASY Z ARABIDOPSIS THALIANA

LabistAv DokLADAL'?, Eva BenkovAZ3, STANTON BRuCE GELVINY, EvA SYKOROVA'+2

! BiofyzikdIni Gstav AV CR, v.v.i., Krélovopolskd 135, 612 65 Brno

2 Pirodovédecka fakulta a CEITEC Masarykovy univerzity, Kamenice 5/A2, 625 00 Brno

? Institute of Science and Technology Austria, Am Campus 1, 3400 Klosterneuburg, Rakousko
4 Department of Biological Sciences, Purdue University, IN-47907, West Lafayette, USA
E-mail: Idokladal@volny.cz

Telomerasa je ribonukleoprotein s reverzné transkriptasovou aktivitou zodpovédny za prodluZzovani telomer v tkdnich
a pletivech s vysokou proliferacni potfebou. Jeji spravné fungovani a zapojeni do fady bunécnych procest je regulovano
rfadou protein-proteinovych, protein-RNA a protein-DNA interakci.

Obsahem pfispévku je ukazka a srovnani réiznych molekularné-biologickych pfistupli pro studium interaktomu telomerasy
z A. thaliana, jako napt. bimolekularnf fluorescen¢ni komplementace (screen cDNA knihovny a pfimé studium interakci),
kvasinkovy jedno-, dvou- a trojhybridni test, koimunoprecipitace ¢i electromobility shift assay. Déle jsou prezentovany vysledky
charakterizace T-inzer¢nich mutantd v genech At4g33945 a At5g10350, jejichz produkty jsme identifikovali jako proteiny
interagujici s C-termindlni doménou proteinové podjednotky telomerasy z A. thaliana.

Tato prdce byla podporena granty Evropského socidlniho fondu (CZ.1.07/2.3.00/20.0189), MSMT CR (projekt Interaktom,
LH10352) a GACR (13-069435).
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OPTICAL SECTIONING OF PLANT SAMPLES WITH FLUORESCENCE MICROSCOPY

JAN PETRASEK'2

! Charles University, Faculty of Science, Department of Experimental Plant Biology, Vini¢nd 5, CZ-12844 Praha 2,
Czech Republic

2 Institute of Experimental Botany, AS CR, Rozvojova 263, CZ-15202 Praha 6, Czech Republic

E-mail: petrasek@ueb.cas.cz, tel.: +420 221 951 692

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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ADVANCED FLUORESCENCE MICROSCOPY TECHNIQUES INVESTIGATING
MEMBRANE ORGANIZATION AND DYNAMICS

JANA HUMPOLICKOVA

J. Heyrovsky Institute of Physical Chemistry, Academy of Sciences of the Czech Republic
E-mail: jana.humpolickova@jh-inst.cas.cz

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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SUPERRESOLUTION STRUCTURED ILLUMINATION LIVE IMAGING OF PLANT
CORTICAL MICROTUBULE DYNAMICS AND ORGANIZATION

GeoRGE Komis'*, MARTIN MISTRIK?, OLGA SAMAJOVA!, ANNA DoskocILovA!, MiRosLAY OVECKA!, PETER ILLEST,
JiRI BARTEK?? AND JOZEF Sama)’

! Centre of the Region Hana for Biotechnological and Agricultural Research, Department of Cell Biology,
Faculty of Science, Palacky University Olomouc, CZ-78371 Olomouc, Czech Republic

2 Institute of Molecular and Translational Medicine, Faculty of Medicine and Dentistry, Palacky University Olomouc,
CZ-77900 Olomouc, Czech Republic

3 Danish Cancer Society Research Center, DK-2100 Copenhagen, Denmark

*E-mail: georgios.komis@upol.cz, tel.: +420 585 634 734

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 Han

for Biotechnological and Agricultural Research (grant no. LO1204 NPU ), and by European Community project Biomedreg
(CZ.1.05/2.1.00/01.0030).
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IN VIVO FLUORESCENCE PROBES FOR PLANT BIOLOGY

KATERINA SCHWARZEROVA

Department of Experimental Plant Biology, Faculty of Science, Charles University Prague, Vini¢na 5, CZ-12844 Praha 2,
Czech Republic
E-mail: schwarze@natur.cuni.cz

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.

eppendorf

Eppendorf Tubes® 5.0 mL

Chybejici meziclanek

5 ml zkumavka ma vSechny vyhody svych mensich pribuznych ,,eppendorfek”.
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IN VIVO FLUORESCENCE MACROSCOPY IN PLANTS

MARKETA PERNISOVA, JAN HEJATKO

FGPP, CEITEC, Masaryk University, Kamenice 5/A2, Brno, CZ-62500, Czech Republic
E-mail: pernisov@sci.muni.cz, tel.: +420 549 496 470

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 14-30004F
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IMAGING PLANT CELL UTRASTRUCTURE BY FIELD EMISSION SCANNING ELECTRON
MICROSCOPY

INDRISKA FISEROVA!, MARTIN W. GOLDBERG?

T UMG AV CR, v.v.i., Videfiska 1084, CZ-14000 Praha 4, CR
2 School of Biological and Biomedical Sciences, Durham University, South Road, DH1 3LE, UK
E-mail: jindriska.fiserova@img.cas.cz, tel.: +420 241 063 161

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.
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KDYZ SE KULTURY STRETNOU.
SACHS, DARWIN A DISCIPLINA ROSTLINNE FYZIOLOGIE

MARCO STELLA

Katedra filosofie a dé&jin pfirodnich véd, PfF UK v Praze
E-mail: marco.stella@email.cz

Prispévek pojednavd o disciplinaci rostlinné fyziologie a rostlinnych fyziologti v poslednich dvou desetiletich 19. stoleti. Pro
ni byl konstitutivni spor Julia Sachse a Charlese Darwina, nespornych dobovych védeckych velikan(. Ten je pojednan nikoliv
jako spor osobnit, ale jako stfetnuti dvou velmi odlisnych védnich kultur, tj. rozdilnych tradic toho, jak a jakymi prostredky
se déla véda. Tento spor ostatné i dobové rezonoval s tzv. , krizi darwinismu” mezi roky 1880—1930. To je obdobim Gpadku
ortodoxné darwinistickych interpretaci, které nasledovalo po prvotnim nadsent a Sirokém pfijeti Darwinovych tezi po jeho
vystoupeni v roce 1859. Dochézelo k hledanf jinych vysvétlovacich mechanismd pro pfirodni fenomény a procesy a také
ke snaham o (znovu)ukotveni charakteru védy na jinych nez darwinistickych zékladech, které byly v ¢im dél vétsi mife
chapany jako spekulativni. Jako jednu ze svych poslednich vétsich praci publikoval Charles Darwin v roce 1880 Power of
Movement in Plants, ve které publikoval vysledky svych dlouhodobych domacich experimentti s vlivem zemské pfitazlivosti
a svétla na rdst rostlin. Jeho vysledky byly v prikrém rozporu s pozorovanimi které proved| Julius Sachs a které sepsal ve své
praci Lehrbuch der Botanik (1868), ktera se dockala i anglického prekladu. Mezi obéma doslo ke sporu a stupriujicimu
se vzajemnému neporozumeéni — Sachs Darwinovou praci doslova opovrhoval. Ve Vorlesungen tiber Pflenzenphysiologie
(1882) podrobil Darwinovu praci ostré kritice. Pfispévek shrne diivody Sachsova odmitnuti vysledk Darwinova experimentu
na pozadi Sachsovy vlastni recepce darwinismu a pocinajiciho obdobi pocitované ,krize darwinismu“ po roce 1880
a analyzuje jej jako pfipad stfetu védeckych kultur.
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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 zacinaji i na nasich skolach objevovat riizné moderni vyukové pomdicky. Pfedevsim v piirodnich
védach mazeme dnes vyuzivat takové prostfedky, o kterych se nam pred ¢asem skutecné ,ani nesnilo”. A nent to jen doména
stfednich 3kol, situace je obdobna i na skolach zakladnich. Prirodnf védy jsou védami experimentalnimi. Experiment, ktery
si zak v ramci vyuky sdm provede, je nejlepsi cestou k ,poznani”. Tendence, které se snazily pokusy ze skol vytlacit pomoci
videa a réiznych simulaci na pocitaci, jsou jiz davno pryc.

Mezi pomUcky pifimo podporujici experimentalni cinnost mGZzeme zaradit riizné laboratorni méfici pfistroje, predevsim
pak ucelené méfici systémy — skolni experimentdlni systémy. A pravé na tyto systémy se zaméfime v prvni ¢asti i my. Ukdzeme
si, jak takovy systém vypada a jaké je jeho vyuziti pfi vyuce. Zrealizujeme si par skolni experimentl zamérenych na studium
rostlin. A to nenf vse... Podivdme se jesté na jednu velice univerzalni vyukovou pomdcku. Urcité znate stavebnici LEGO.
Neni ovsem LECO jako LEGO. Stavebnice LECGO Mindstorms obsahuje riizné aktivni komponenty a da se programovat.

sz Nz

Ve druhé casti vystoupenti si ukazeme, jak déti vyuzily stavebnici pfi poznavanf rostlin a péci o né.
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NOVA METODA PRO STANOVENI AFINITY VAZBY PERIFERNIHO PROTEINU
K PLASMATICKE MEMBRANE

STANISLAY VOSOLSOBE', KATERINA SCHWARZEROVA', JAN PETRASEK! 2

1 KEBR, P¥F UK, Vini¢n4 5, 128 44 Praha 2, CR
2 UEB AV CR, Rozvojova 263, 165 02 Praha 6, CR
E-mail: vosolsob@natur.cuni.cz, tel.: +420 728 460 417

Vazba perifernich membranovych protein( k plasmatické membrané byva zpravidla reversibilni a protein se mtize vyskytovat jak
na membrané, tak v cytoplasmé. Tato zména lokalisace proteinl v ramci buriky byva podstatou regulace aktivity fady protein(i
a prenosu signall v regulacnich kaskadach. Prehlizenym problémem je vsak exaktni stanovovani poméru cytoplasmatické
a membranové frakce zkoumaného, fluorescencné znaceného proteinu. Bud jsou vazebné parametry zjistovany sofistikovanymi
postupy (napf. FRAP a pod.), které viak nejsou praktické pro pfipady, kdy je potieba rychla metoda, nebo se Ize setkat
s prostym konstatovanim poméru intenzity fluorescence v cytoplasmé a v oblasti membrany, ktera je urcena kolokalisaci se
styrylovou membranovou sondou FM4-64. Tento zjednoduseny pohled na véc miize vést ke zkreslenym vysledkiim, zejména
pokud je intenzita signalu v cytoplasmé srovnatelnd, ¢i vyssi, nez na membrané. S ohledem na fakt, ze signal bodového
zdroje v konfokdlnim mikroskopu detekujeme jako difrakéni strukturu Airyho diskd, snimdme membranovy signal jako pas
Sitky 500—1000 nm, coZ je vice nez o fad vice, nez je redlnd tloustka membréany. Navic cerveny signal membranového
markeru FM4-64 poskytuje kvili odlisné vinové délce sirsi pas nez zeleny signal GFP. Obdobné i u cytoplasmatického
signalu pozorujeme pozvolny nabéh signalu se zacatkem vné burky a maximem, kterého je dosazeno az zhruba 500
nm od plasmatické membrany. Vysledny pozorovany signél je tedy v oblasti membrany souc¢tem jak membranové, tak
cytoplasmatické slozky a dosahuje maxima v jiném misté nez signal FM4-64 odpovidajici poloze plasmatické membrany.
Tento piispévek navrhuje exaktni postup, kterym Ize urcit pfesny pomér membranové a cytoplasmatické frakce na zakladé
kolokalisace GFP signélu se sondou FM4-64. Viychazi z experimentalné modelované kfivky pribéhu cytoplasmatického
signdlu (pomoci sledovani distribuce signalu ryze cytoplasmatického proteinu) a modelovaného membranového signdlu,
ktery je odvozen ze zméreného priibéhu signalu FM4-64 s pouZzitim prepoctu difrakénf kivky mezi cervenym a zelenym
svétlem. Pozorovany signél vySetfovaného proteinu je potom fitovan diléimi modelovymi kiivkami a z jejich poméru je
odvozen pomér membranové a cytoplasmatické frakce proteinu. Metoda byla pouzita k analyze zptsobu 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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HIGH-RESOLUTION CELL-SPECIFIC ANALYSIS OF PHYTOHORMONES

ONDRE) NOVAK'?, LENKA PLACKOVAT, IOANNA ANTONIADI??, BILJANA SIMONOVIK?, ALES PENCIK"2, EvA HENYKOVA',
Karer DoLezal!, Couin TURNBULL?, MIROSLAV STRNAD!, KARIN LjUNG?

TLRR, CRH, UEB AV CR, v.v.i., & P¥F UP Slechtitelti 11, CZ-78371 Olomouc, CR
2 UPSC, Dept. of Forest Genetics and Plant Physiology, SLU, Umed, Sweden

3 Dept. of Life Sciences, Imperial College London, UK

E-mail: novako@ueb.cas.cz, tel.: +420 585 634 853

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., Hauserovd, E. Amakorova, P, Dolezal, K., Strnad, M.: 2008 — Phytochem, 69:2214-2224
Svacinovd, )., Novak, O., Plackova, L., Lenobel, R., Holik, J., Strnad, M., Dolezal, K.: 2012 — Plant Methods, 8:17
Novak, O., Hénykovd, E., Sairanen, 1., Kowalczyk, M., Pospisil, T, Ljung, K.: 2012 — Plant J, 72:523-536

Péncik A., Simonovik B., Petersson S.V., Hénykovd E., Simon S., Greenham K., Zhang Y., Kowalczyk M., Estelle M., Zazimalova E., Novék 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 | Nr. LO7204 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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IDENTIFIKACE KANDIDATNICH GENU SIGNALNICH DRAH STRIGOLAKTONU
U MODELOVE ROSTLINY ARABIDOPSIS THALIANA S VYUZITIM METODY GWAS

NELA DARKOVA', RADKA SLOVAK?, VILEM REINOHL'

" CEITEC - Central European Institute of Technology, Mendel University in Brno, Zemédélska 1, CZ-61300 Brno,
Czech Republic

2 GMI — Gregor Mendel Institute of Molecular Plant Biology, Dr. Bohr-Gasse 3, 1030 Vienna, Austria

E-mail: NellaDankova@email.cz

Metoda GWAS - genom-wide association studies, dfive vyuzivana primarné ve vyzkumu lidskych chorob, se v soucasné
dobé stava velmi rozsifenou technikou pro studium pfirozené fenotypové variability viech organizm( véetné Arabidopsis
thaliana jakozto idealniho modelového objektu pro oblast obecné genetiky i molekuldrni biologie. Podstatou této metody
je uréeni genetického lokusu na chromozomu, ktery je zodpovédny za pfirozenou variabilitu u rostlin Arabidopsis thaliana.
Na zakladé bézné genetické variability jednotlivych rostlin se vyhodnocuje, jak je urcita genetickd zména asociovana se
zkoumanym znakem - tedy jak vyznamné jsou SNPs — single nucleotide polymorphisms — asociovany se studovanymi
vlastnostmi Arabidopsis thaliana.

Provedend studie byla zaloZena na sledovéni vlivu neddvno objeveného rostlinného hormonu strigolaktonu na kofenovou
architekturu rostlin Arabidopsis thaliana, kdy bylo sledovéno a s vyuzitim GWAS metody stanoveno, jak strigolakton ovliviiuje
fenotypovou variabilitu vybranych ekotypl. 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 souvisejicf
s utvafenim cytoskeletu buriky. V rdmci experimentu byly na sterilnich agarovych deskach péstovany vybrané ekotypy
Arabidopsis thaliana na médiu s pridavkem strigolaktonu, respektive na médiu kontrolnim a skenovany po dobu 3 tydnd.
Snimky byly vyhodnoceny pocitacovym programem BRAT pro ziskani parametr(i 16 znakd 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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HIGH-THROUGHPUT PHENOTYPING - A BOOST FOR GENOMICS
IN THE 215T CENTURY

MARCUS JANSEN*, MATTHIAS EBERIUS, DIRK VANDENHIRTZ, LEMNATEC GERMANY

LemnaTec, 59 Pascalstr., Aachen 52076, Germany
E-mail: marcus.jansen@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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CHLOROPHYLL FLUORESCENCE IMAGING AS A POWERFUL TOOL FOR HIGH
THROUGHPUT PHENOTYPING OF EARLY STRESS RESPONSES IN PLANTS

KLARA PANZAROVA-SIMKOVA, ZUZANA BENEDIKTY, MIROSLAVA SUCHOMELOVA, RADKA MEZULANIKOVA AND MARTIN TRTILEK

Photon Systems Instruments, Ltd., Drasov 470, CZ-66424 Drasov, Czech Republic
E-mail: panzarova@psi.cz

Chlorophyll fluorescence is popular technique in plant physiology used for rapid non-invasive measurement of photosystem
Il activity. PSII activity is very sensitive to range of biotic and abiotic factors and therefore chlorophyll fluorescence technique
is used as rapid indicator of photosynthetic performance of plants in different developmental stages and/or in response to
changing environment.

Here we used automated high-throughput chlorophyll fluorescence imaging technique together with other non-invasive
imaging techniques in order to quantify and visualise early stress response of plants to nonselective, broad-spectrum,
postemergence herbicide glyphosate. The herbicide glyphosate reduces plant growth and subsequently causes plant death
by inhibiting the biosynthesis of aromatic amino acids. The aim of this study was to quantitatively investigate the time course
of glyphosate mode of action in Arabidopsis thaliana and identify signatures informative of early onset of stress by using
multi-factorial analysis approach as hyperspectral image analysis, morphometric analysis and in-depth analysis of chlorophyll
fluorescence kinetics. These signatures can be used to quantify early effect of the herbicide prior any visual damage on plants
can be observed by eye. To perform time-course analysis we used automated high-throughput phenotyping platform, which
incorporates imaging technologies for RGB and morphometric analysis, thermal analysis, hyperspectral analysis and, critically,
in-depth analysis of chlorophyll fluorescence kinetics. The latter technique, as a rapid tool for monitoring photosynthetic
processes, is key to the identification of early onset of stress, and recovery from stress after amelioration.

Results of our chlorophyll fluorescence kinetic analysis demonstrate that already 3 hours after glyphosate application
fluorescence decline ration (Rfd) used to asses plant vilality is reduced. Interestingly maximum photosynthetic efficiency (Fv/
Fm) of the plants, which is parameter often used for monitor early onset of stress was affected only 6 hours after spraying.
Normalized Difference Vegetation Index (NDVI), analysed by hyperspectral imaging, is an important indicator of chlorophyll
content in plants. NDVI was reduced around 13 hours after glyphosate application, which is around 10 hours before any
visual damage of the plants can be observed. Further we show that as result of glyphosate application growth dynamics of the
plants is impaired within first 20 hours after spraying. We demonstrate that our in-depth analysis of chlorophyll fluorescence
kinetics can be used to rapidly identify early markers of stress and can serve as robust tool for non-invasive high-resolution
investigation of early changes in plant performance, here induced by glyphosate application.

Automated multi-factorial high-throughput phenotyping approaches for non-invasive capturing and interpreting of plant
structural and functional phenotypes offer powerful tool for accelerating crop breeding process and for selection of desired
phenotypic traits in relevant environment.
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HIGH-THROUGHPUT BIOLOGICAL TESTING AND COMPLEX PLANT PHENOTYPING
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CZ-78371, Olomouc, Czech Republic
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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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POROSTOU VAM VASE ROSTLINY | POD LEDEM?

MARTIN JANDA'2, OLDRICH NAVRATIL', DANIEL HEISEL!, BARBORA JINDRICHOVA!, LENKA BURKETOVA!, NOEMI CEROVSKA',
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T UEB AV CR, Rozvojova 263, Praha 6 , CR
2 UBM VSCHT, Technickd 3, Praha 6 , CR
E-mail: moravec@ueb.cas.cz, tel.: +420 225 106 822

Nedjilnou soucasti moderniho vyzkumu na poli rostlinné biologie jsou zafizeni umoznujici celorocni péstovani pokusnych
rostlin za regulovanych podminek. Nejcastéji pouzivanym zdrojem osvétleni v téchto zafizenich jsou fluorescencnf zarivky.
Jsou snadno dostupné v rdznych velikostech, barevnych teplotach a cenovych hladindch, nevyzafuii tolik tepla jako zarovky
nebo sodikové vybojky. Ovsem pokrok nezastavime ani na poli umélého osvétleni, a tak se v posledni dobé stale castéji
setkavame se zdroji svétla zalozenymi na malych plochych elektronickych ¢ipech tzv. LED diodach. Oproti zafivkam nabizeji
jesté nizsi vyzafované odpadni teplo a moznost zakoncentrovat vyzafovanou energii a to jak prostorové tak i vybérem
v podstaté jakychkoliv vinovych délek. V této préci jsme pouzili LED cipy, které byly zabudovany do jinak standardnf zarivky
s paticf G13. Pouzité LED cipy nebyly monochromatické, ale poskytovaly spojité svételné spektrum se zvysenym podilem
modrych a cervenych vinovych délek vhodnych pro rist rostlin. Porovnali jsme rist nékolika béznych modelovych rostlin
jakoz i dtlezitych zemédélskych plodin péstovanych pod témito LED trubicemi s béznymi zéfivkami. Kromé parametrdi
samotného rdstu jsme béhem experimentu porovnali i odolnost rostlin k napadeni pathogeny. Véfime, Ze data naméfend
v priibéhu tohoto pilotniho experimentu budou uzite¢na i pro celou komunitu rostlinnych biologti jako odrazovy mistek
pro vstup do svéta studeného svétla.

Podporovdno granty GACR501/11/1654; 501/12/1942; 501/12/1761, MSMT & 21/2014; a OPPK 16/3.1.00/24014.

Dékujeme za zaptjceni: LED osvétleni (Restore One), méFic chlorofylu SPAD (Radomira Varikovd, UEB); USB datalogger
(Jan Martinec, UEB) a Li-Cor Quantum Photometer (Helena Synkovd, UEB).
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VYUZITI NGS SEKVENOVANI PRO URCENI STRUKTURY A PUVODU
CHROMOZOMU B KUKURICE

MARTINA BEDNAROVA, NicOLAS BLAVET, JAN BARTOS, JAROSLAV DOLEZEL

Centrum regionu Han4 pro biotechnologicky a zemédélsky vyzkum, UEB AVCR, Slechtitelti 31, 783 71 Olomouc-Holice
E-mail: bednarova@ueb.cas.cz, tel.: +420 585 238 713

B chromozomy jsou nadpocetné chromozomy, jejichz pritomnost byla pozorovana u zastupct vsech skupin eukaryot. Vyznacujt
se tim, Ze jsou postradatelné a az na vzacné vyjimky na nich nebyly nalezeny aktivni geny. Nerekombinuji s zddnym ze zékladni
sadky autozom( a nevykazuji mendelovskou dédi¢nost. B chromozomy kukufice jsou malé a vysoce heterochromatické.
V populaci se akumuluji procesem nondisjunkce béhem druhé pylové mitézy. Vajicko je nasledné oplodnéno prednostné
spermatickou burkou nesouci B chromozomy. Zatim neni mnoho zndmo o jejich plvodu ani molekularnim usporadant.
Studium B chromozomli Zita naznacuje, Ze rostlinné B chromozomy obsahujf sekvence odvozené z autozomd, ale také velké
mnozstvi specifickych repetivnich sekvenci a inzerci péivodem z dalsich bunécnych organel nesoucich vlastni genetickou
informaci ve formé DNA. V nasi praci jsme se zaméfili na strukturu a pdvod B chromozom( kukufice. B chromozomy byly
tiidény pomoci pratokové cytometrie, jejich DNA byla amplifikovana a sekvenovana platformou Illumina. Kratkd ctenf
byla nasledné skladana pomoci programu MaSuRCA za Gcelem ziskani delsich sekvenci z B chromozom(i pro dals analyzy.
Pomoci analyzy kédujicich sekvencf 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 autozom( na vzniku B chromozomd bude ovéfen pomoci PCR.

Tento projekt je podporovén grantem LO1204 v rémci Nérodniho programu udrzitelnosti I. (MSMT) a interni grantovou
agenturou Univerzity Palackého (grant IGA Prf/2012/00).

ANALYZA ACETYLACNIHO STAVU ROSTLINNYCH HISTONU

Sviva BRABENCOVA', GABRIELA LOCHMANOVA', ZBYNEK ZDRAHAL!, JIRi Fajkus'2, MILOSLAVA FOITOVA'

T CEITEC (Central European Institute of Technology) a Pfirodovédecka fakulta MU, Kamenice 5, 625 00 Brno
2 Biofyzikalnf dstav, Akademie véd Ceské republiky, v.v.i., Kralovopolskd 135, 612 65 Brno
E-mail: sylva.brabencova@seznam.cz

Acetylace rostlinnych histont (i histont obecné) je jednou z prvnich zndmych posttranslacnich histonovych modifikact
ovliviujicich expresi gen(. Acetylace jsou spojovany se zménami kondenzace chromatinu smérem k dekondenzované
euchromatinové strukture a se zvySenou pfistupnosti transkripcnich faktord k DNA. Nejcastéji acetylovanou aminokyselinou
je lyzin. Zmény hladiny acetylace a s nimi spojené zmény exprese gen( jsou soucasti epigenetického systému umoznujictho
rostliné adaptaci na zménu Zivotnich podminek (zména teploty, svétla, stres).

Acetylaci histon( katalyzuji enzymy histon acetyltransferdzy — HAT. Plisobenim histon deacetylaz pak dochézi k odstranéni
acetylové skupiny. Histon acetyltransferdzy jsou rozdéleny do dvou kategorii, podle distribuce v burice. HAT typu B je
cytoplasmaticky enzym acetylujici histony pred zaclenénim do nové syntetizovaného chromatinu. Tento enzym se vyskytuje
i v jadre a predpoklada se tedy, ze ma i pridatné jaderné funkce. HAT typu A je zodpovédna za acetylaci histon( v jadre a Fidi
tak sestaveni chromatinu a transkripci gen(. Histon deacetylazy délime do 4 t¥id pficemz ¢tvrtd tfida zahrnuje 4 proteiny,
které jsou pravdépodobné specifické pro rostliny.

Nasim cilem je studium acetyla¢nich stava rostlinnych histont za uziti rliznych podminek pomoci hmotnostni
spektrometrie. Pro studium acetylaci je prvnim krokem izolace a nasledna purifikace histont. Oba tyto kroky jsou zavedené
pro zivocisné histony, v piipadé rostlinnych histon( je nutné provést optimalizaci, a proto je tento krok nyni nasim primarnim
zamérfenim. Optimalizace postupu izolace a purifikace histon( z listi modelové rostliny Arabidopsis thaliana (husenicek
rolnf) vede k odstranéni nezadoucich kontaminant, které by interferovaly pfi vlastni analyze a zahrnuje odmyti Tritonu X-100,
ktery je soucasti izolacniho pufru, vdZe se na histony a brani tak jejich dalsi purifikaci i analyze a odstranéni jadernych
a cytoplasmatickych protein(, které jsou v extraktu oproti histondm v nadbytku. Pro izolaci i purifikaci bylo pouzito vice
raznych metod (napf. BIO-PROTOKOL s krokem pro odmyti Tritonu X-100, SP Sepharosa, srézent, 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 podporena Grantovou agenturou Ceské republiky (P501/11/0596), v rémci 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 socidlniho fondu.
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GENOMIC CONSTITUTION OF BLUE GRAINED WHEAT GENOTYPES

VERONIKA BURESOVA!, DAvID Kopecky', JAN BARTOS!, PETR MARTINEK?, NOBUYOSHI WATANABE®, TOMAS VYHNANEK?,
JarosLAv Dovezet!

! Centre of the Region Hana for Biotechnological and Agricultural Research, Institute of Experimental Botany,
Slechtitelti 31, CZ-78371, Olomouc-Holice, Czech Republic

2 Agrotest Fyto, Ltd., Havlickova 2787, CZ-76701 Kroméfiz, Czech Republic

3 College of Agriculture, Ibaraki University, 3-21-1 Chuo, Ami, Inashiki, Ibaraki 300-0393, Japan

4 Mendel University in Brno, Zemédélska 1, CZ-61300 Brno, Czech Republic

E-mail: kopecky@ueb.cas.cz

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 Blaukorniger 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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RIZENE UMLCOVANI GENU V BUNECNE LINII TABAKU BY-2
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Mechanismus RNA interference (RNAi) ndhodné objeveny pred nékolika desitkami let u rostlin a jeho nasledné popsant
Firem a kol. 1998 znamenal velkou revoluci v molekulérni biologii. Kli¢ovou slozkou tohoto procesu jsou malé RNA (sRNA),
které umoznuji proteinu Argonaut (AGO) rozeznat cilové misto na zakladé sekvencni komplementarity. Vlastni regulace
pak mtze probihat budto na tGrovni posttranskripcni (PTGS — degradace mRNA ¢i blokovani translace) a nebo na drovni
transkripéni (TGS — epigenetické modifikace v regulacnich oblastech daného genu). Jako prekurzor pro tvorbu sSRNA u rostlin
slouzi dvouvlaknova RNA (dsRNA). Skutecnost, ze RNAi je mozné navodit takto relativné jednoduchym zplsobem z ni déla
atraktivni a vyuzivany ndstroj pro navozeni zmén genové exprese jak v zakladnim, tak i aplikovaném vyzkumu. DaleZitou
roli hraje zejména v pripadech, kdy u daného modelového organismu nejsou dostupni T-DNA insercni mutanti, a nebo
v pripadech, kdy je napfiklad potreba inaktivovat funkci vybraného genu pouze v konkrétnim vyvojovém stadiu rostliny.

V nasi laboratofi se zabyvame nékolika rliznymi problematikami tykajicimi se RNAI, jejichz cilem je prispét k lepsimu
pochopeni dynamiky a prabéhu tohoto procesu. Ziskané poznatky pak mohou byt i zhodnoceny pii navrhovéani experimentd,
které RNAI vyuZivaji. Vytvorili jsme systém umoznuijici tento proces snadno sledovat na bunécné linii tabaku BY-2 s vyuZitim
GFP a promotoru, jehoz exprese je aktivovana estradiolem. Po indukci vznika dsRNA (komplementarni k umlc¢ovanému GFP),
ktera slouzi jako prekursor SRNA. Byly zvoleny tfi rGizné zpasoby produkce dsRNA, jez tak mohou byt navzdjem porovnavany:
exprese vlasenky (dsRNA vznikd v ramci jedné molekuly), exprese antisense RNA (dsRNA vznikd parovanim s jinou molekulou
RNA) a exprese RNA bez pouziti terminatoru (dsRNA vznika rozpoznanim aberrantni RNA pomoci RNA-dependentnich
RNA polymerdz). Pouziti GFP umozriuje snadné sledovanfi pribéhu umlcovani's vyuzitim fotodokumentacniho systému pro
hodnoceni velkého mnozstvi klonti a nebo s vyuZitim pratokové cytometrie detailnéjsi analyzu nékterych jiz vyselektovanych
klond. Indukovatelny promotor pak dovoluje sledovat cely proces od samého pocatku umlcovant.

Srovnani jednotlivych variant populaci klont po indukci umlceni vedlo ke zjisténi, Ze vlasenka je pro indukci RNAi
nejacinnéjsi, coz bylo mozné ocekavat na zékladé jiz publikovanych praci. Nejacinnéjsi pfitom byla ve viech sledovanych
aspektech — pocet reaguijicich klond, rychlost nastupu umléovanf i schopnost dosahnout nejvyssi miry umléent (fluorescence
GFP mtiZe klesnout az k Grovni pozadi). Jako méné efektivni se jevila exprese antisense RNA. Umlcovani u varianty s expresi
RNA bez pouziti termindtoru nemélo rovhomérny priibéh.

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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OPTIMALIZACE DE-NOVO SESTAVOVANI TRANSKRIPTOMU ZIiSKANYCH
SEKVENOVANIM DALSI GENERACE (NGS)

JANA DRABESOVA!, JamEs D. STONE', MANUELA KRUGER!, HELENA STORCHOVA'

! Ustav experimentdIni botaniky AV CR, v.v.i., Rozvojova 313, 165 00 Praha 6, Ceska republika
E-mail: drabesova@ueb.cas.cz

V soucasné dobé se stava sekvenovani dalsi generace stale dostupnéjsim a Ize tedy celkem snadno ziskat velké mnoZstvi dat.
Zakladem dobrych vysledk, ale nenf jen ziskani téchto dat, ale predevsim jejich dobré zpracovani. De-novo sestavovani
transkriptomd je vhodnym feSenim pro transkriptomové analyzy organism, pro které neni zatim dostupny referencni
genom. Vystup z de-novo assembly viak m(ize ovliviiovat mnoho faktord, od kvality dat po nastavenf jednotlivych parametrd
v programech. Dosud nebyl popsan jednotny a optimalnf postup, jak pfi takové analyze postupovat. Proto jsme pfistoupili
k porovnanf jednotlivych program(i pro sestavovanf transkriptomd a optimalizaci postupu pro nase konkrétni data, pochazejict
z lllumina sekvenovani 12 transkriptomd Chenopodium rubrum. Vybrali jsme celkem ¢tyfi volné dostupné a v soucasné dobé
pouzivané programy pro sestavovani transkriptomda (Trinity, SPAdes, SOAPdenovo-Trans, ABySS). Testovali jsme programy jak
v single k-mer, tak multi k-mer nastaveni. Porovnavali jsme také schopnost programi sestavit kvalitnf transkriptom s pouzitim
vsech dostupnych dat (300 mil. parC readd), stejné tak za pouZiti pouze ¢asti dat. Sledovali jsme, jak se méni parametry
kvality sestaveného transkriptomu (pocet a prdmeérna délka contigti, N50) s rostoucim poctem readd. Cilem bylo ziskat
kvalitné sestaveny transkriptom, ktery bude mozné pouzit pro dalsi analyzy, predevsim pak pro hodnoceni exprese velkého
mnozstvi gend za rGznych podminek (napf. riizné fotoperiodé).

Tato prace byla podporena projektem GACR P506/12/1359 a projektem evropského socialniho fondu (EFS) a stétniho 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.

COMPUTATIONAL IDENTIFICATION OF HUMULUS LUPULUS (HOP) MIRNA
AND THEIR TARGET PREDICATIONS

GANESH SELvARA] DURAISAMY!, AJAY KUMAR MISHRA!, JERNE) JAKSEZ, AND JAROSLAV MATOUSEK'®

! Biology Centre AS CR, v.v.i, Institute of Plant Molecular Biology, Branisovska 31, Ceské Budéjovice, CZ-37005,
Czech Republic

2 University of Ljubljana, Biotechnical Faculty, Agronomy Department, Jamnikarjeva 101, 1000 Ljubljana, Slovenia

* Corresponding author

E-mail: jmat@umbr.cas.cz, tel.: +420 387 775 525, fax: +420 385 310 356

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 miRNA'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 (BAKT-interacting receptor-like
kinase 1). bZIP class of TFs was identified to be involved in regulation of lupulin biosynthesis in hop (Matousek et al., 2010)
and C3HCA4 class in know to regulate plant flowering. Conventional expression analyses were used to verify those miRNAs.

Matousek, J., Kocabek, T., Patzak J., Stehlik, J., Fussy, Z., Krofta K., Heyerick, A., Roldan-Ruiz I., Maloukh L., De Keukeleire D., (2010). Cloning and Molecular
Analysis of HIbZip1 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.
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A DRAFT GENOME OF THE RECENTLY DISCOVERED PEAT BOG CYANOBACTERIUM

Perr DvoRrAK!, DALE A. CASAMATTA?, PETR HASLER!, ALoisiE PouLickovA!, Viaban ONDRE)' & REMO SANGES?

! Department of Botany, Faculty of Sciences, Palacky University Olomouc, CZ-78371 Olomouc, Czech Republic
2 University of North Florida, Department of Biology, 32224 Jacksonville, Florida, U.S.A.

3 Stazione Zoologica Anton Dohrn, Villa Comunale, 80121 Napoli, Italy

E-mail: p.dvorak@upol.cz

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 Il CZ.1.07/2.3.00/30.0041.

MIKROSKOPICKA DETEKCE POLYFENOLICKYCH LATEK VE ZRALYCH
SOMATICKYCH EMBRYICH SMRKU PO OZARENI UV-B

KATERINA ELIASOVA, ZUZANA VONDRAKOVA, MILENA CVIKROVA

UEB AV CR, 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 pfised|é organismy musi vyporadat s celou fadou abiotickych stresti véetné kratkovinné slozky
jinak pro rostliny Zivotné dlilezitého slunecniho svitu — ultrafialového zareni (UV-B). MnoZstvi UV-B zafent, které dopada
na Zemi, je velmi proménlivé. Nizkd droven UV-B radiace plsobi jako pfirozeny reguldtor genové exprese, bunécnych
a metabolickych aktivit, ovlivituje rist a vyvoj rostlin. Zivotni prostfedi na Zemi je oviem vyrazné ohroZeno ztencovanim
ozbnové vrstvy ve stratosfére, které vede ke zvyseni UV-B radiace. Ve vysokych davkach ultrafialové zafenf poskozuje DNA,
proteiny i membrany, narusuje fotosyntézu a rst rostlin. Klicovym faktorem UV-B stresu je stres oxidativni, vyvolany produkcf
reaktivnich forem kysliku (ROS). Rostliny odpovidaji na UV-B zéreni syntézou Sirokého spektra sekundérnich metabolitd,
véetné latek s antioxida¢nimi vlastnostmi a fenylpropanti s UV-B ochrannym charakterem.

Soustiedili jsme se na stanoveni zmén v lokalizaci kondenzovanych tanin(, derivatl kyseliny skoficové a flavonoidi
ve zralych somatickych embryich smrku ztepilého (Picea abies L. (Karst.)), linie AFO 541, ktera byla 10 dni desikovana.
Embrya byla ozafena UV-B v intenzitéch 0,1, 0,6 a 6 W/m?2. Vzorky byly analyzovany 3. a 7. den po ozareni. Kondenzované
taniny byly detekovany histochemicky na podélnych cerstvych fezech embryi pomoci HCl-vanilinového testu a Hoepfner-
Vorsatzova testu. Oba tyto testy prokdzaly pfitomnost kondenzovanych tanind v povrchovych vrstvach predevsim kofenové
Cepicky embryf ve viech variantach. Mnozstvi kondenzovanych tanind se po ozafeni mirné zvysilo. K nejvyraznéjsi zméné
doslo u embryf vystavenych UV-B o intenzité 6 W/m?. U této varianty jsme pozorovali zvy3ené mnoZzstvi kondenzovanych
tanind nejen v oblasti kofenové cepicky, ale i hypokotylu a déloh.

Na absorpci UV-B zareni se podileji predevsim derivéty kyseliny skoficové (napf. kyselina ferulova), které jsou vazany
v bunécnych sténach. Flavonoidy, lokalizované prevazné ve vakuolach, maji vyznamné antioxidacni 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 derivat( kyseliny skoficové a 488 nm (BP 530—-600 nm) — pozorovani flavonoidd. Pfirozena autofluorescence
byla zvysena aplikaci 0,1% 2-aminoethyl difenylborindtu (Naturstoffreagenz A ve fosfatovém pufru, pH 6,7; zasobni roztok
2,5% v ethanolu) na Cerstvé podélné fezy embryi. Embrya vystavend UV-B zareni o rGzné intenzité vykazovala zvyseni
fluorescence v modré (derivéty kyseliny skoficové v bunécnych sténach epidermis) i zelené oblasti (flavonoidy ve vakuolach
epidermis a svrchni vrstvy kortexu). Nejvyraznéjsi zvyseni autofluorescence flavonoidl jsme pozorovali v oblasti kofenové
Cepicky; po ozafeni o nejvyssi intenzité také na povrchu déloh a hypokotylu.

Podporovéno grantem MSMT LD13057.
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KOMPARATIVNI ANALYZA TELOMER A TELOMERAZY U HYBRIDU
PLANYCH x KULTIVOVANYCH ODRUD BRAMBORU

Petr Fajkus'?, Eva SYKOROVA'?, ikl PTACEK?, JIRT Fajkus'2

! Biofyzikalnf dstav AV CR, v.v.i., Kralovopolska 135, CZ-61265 Brno

2 Mendelovo centrum genomiky a proteomiky rostlin, CEITEC, Masarykova univerzita, Kamenice 5, CZ-62500 Brno
? Vyzkumny Gstav bramborarsky Havlickdyv Brod, s.r.0., Dobrovského 2366, CZ-58001 Havlickdv Brod

E-mail: fajkuspe@seznam.cz

VetSina rostlin, ackloliv se jedna casto o rlizné paleopolyploidy, si udrzuje jednu variantu genu pro katalytickou podjednotku
enzymu telomerdzy (TERT). Zda se, Ze béhem evoluce v genomech rostlin funguje néjaky neznamy mechanismus limitujici
pocet genl pro TERT. Nedavné vysledky sice odhalily, Ze nékteré druhy z celedi Solanaceae maji vice variant TERT gen
vcetné psedogentl — coz mohou byt i pavodni knockoutované varianty od jednoho z genomovych donor( pfi hybridizaci.
Je mozné, ze zastupci Celedi Solanaceae jsou tolerantnéjsi k pritomnosti vice variant TERT gen, avsak trend je zde podobny
jako u vétsiny ostatnich rostlin s telomerdzou — tedy zachovavat jednu variantu TERT genu. Vyzkum telomer a telomerazy
na nové vzniklych mezidruhovych hybridech Solanum tuberosum ma za cil odhalit, co se déje po hybridizaci genom(
s rodicovskymi telomerdzami u hybridnich rostlin, tak jak tomu mohlo byt v minulosti u fady jinych druhd béhem jejich
evoluce, a jaky ma vliv pfitomnost obou rodicovskych systém( udrzujicich telomery na syntézu telomer. Pro experimentalni
vyzkum byly pouzity metody pro: méfeni délek telomer — TRF (Terminal Restriction Fragment analysis), analyzu hybridnosti
genomu ziskanych hybrid(i — RAPD (Random Amplified Polymorphic DNA) a GISH (Genomic In Situ Hybridisation), analyzu
aktivity telomerdzy a jeji exprse — TRAP (Telomere Repeat Amplification Protocol) a qPCR. Zde jsou prezentovany nejnovéjsi
poznatky z oblasti kompatrativni analyzy telomer a telomerazy u hybridd planych X kultivovanych odrdd brambor ziskané
uvedenymi metodami.

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

IMAGING OF LIVING AND MOVING SAMPLES
BY CONFOCAL MICROSCOPY

MATYAS FENDRYCH , ROBERT HAUSCHILD, JIRI FRIML

Institute of Science and Technology (IST) Austria, 3400 Klosterneuburg, Austria
E-mail: fajkuspe@seznam.cz

For many biologists, confocal microscopy is the principal source of data. While imaging of fixed samples is pretty straightforward,
imaging of living samples for longer periods of time poses several inherent challenges — including phototoxicity, mechanical
stress, light availability and movement of the sample. Here | want to sum a few approaches and tricks we use to overcome
these issues when imaging Arabidopsis and moss samples. We use the vertical confocal setup with illumination mimicking
the growthroom conditions; and we employ several approaches to correct the movement of samples both after imaging,
and also an automatic object tracking system operating during the imaging process. | will show several examples of data
acquired using our setup.
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ROSTLINNA FOSFOPROTEOMIKA

JAN Fita'?, ANDREA MATROS?, SONIA RADAU#, RENE PEIMAN ZAHEDI?, VERA CAPKOVA!, HANS-PETER Mock?, Davib Honys!

! Laboratof biologie pylu, Ustav experimentalni botaniky AV CR, v.v.i., Praha 6, Ceska republika

2 Katedra experimentalni biologie rostlin, Pfirodovédecka fakulta Univerzity Karlovy v Praze, Praha 2, Ceskd republika
3 Skupina aplikované biochemie, Oddélenf fyziologie a buné¢né biologie, IPK Gatersleben, Gatersleben, Némecko

4 Leibniz-Institut fir Analytische Wissenschaften-1SAS-e.V., Dortmund, Némecko

E-mail: fila@ueb.cas.cz, tel.: +420 225 106 452

Fosforylace protein(i predstavuje velmi dynamickou posttranslacni modifikaci. Navazanf fosfatové skupiny na protein vyrazné
méni jeho vlastnosti. Dojde k posunu isoelektrického bodu do kyselejsi oblasti, diky ¢emuz zpravidla dochézi ke zméné
konformace dané domény i mezidoménovych interakci. V jinych proteinech mize fosfatova skupina navdzana do aktivniho
mista blokovat aktivitu daného enzymu.

Fosforylace miaze mit regulacni nebo signalizacni funkci v mnoha bunécnych procesech, reguluje napiiklad bunécné
délentf, transkripci, translaci, dynamiku cytoskeletu a umoznuje pfenos signalu z plazmatické membrany do nitra bunék.

Navzdory své vyznamné roli byvaji fosfoproteiny v burice mélo koncentrované a navic mohou v burice byt spolu se
svou plivodni, nefosforylovanou formou. Kromé toho jsou fosfopeptidy ve smési s nativnimi peptidy hire identifikovatelné
pomoci hmotnostni spektrometrie, protoze se v pozitivnim skenovacim médu hife ionizuji. Z téchto ddvodi byva nutné
zbavit se ve vzorku nefosforylovanych proteind (nebo peptiddi), a ziskat tak k frakci obohacenou o fosforylované proteiny
(nebo peptidy).

K obohacenf vzorku se obvykle pfistupuje bud na trovni celych fosfoproteind, anebo na Grovni proteinli nastépenych
specifickou proteazou (typicky trypsinem) na peptidy. Obecné vyuzivaji obohacovaci techniky jednoho ze tif principd. Prvni
moznosti je vyuziti protilatek, jejichZ epitopem jsou jednotlivé fosforylované aminokyseliny. Tento piistup nasel nejvétsiho
uplatnéni pfi obohacovani fosfotyrosinovych mist. Fosforylovany serin nebo threonin se pomoci protilatek neobohacuiji pfilis
efektivné, protoze 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
iontd navazanych na nosi¢ nebo kovovych iontd vazanych v oxidech) pak mohou byt vychytany na pevnou fazi a uvolnény
do pfislusného pufru. Poslednf okruh metod spada do vyuzitf specifické chemické modifikace fosforylovanych aminokyselin
a jejich obohacovani za vyuziti pravé takto modifikovanych skupin.

Tento pfispévek bude zaméren na vyhody a limitace riiznych obohacovacich protokold uzivanych ve fosfoproteomice.
Jako pfiklad budou vyuZity nase experimenty na zralém pylu tabaku a pylu aktivovaném in vitro 5 min nebo 30 min.

Vyzkum byl financné podporen granty GACR (P501/11/1462, P305/12/2611).
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LARGE SCALE ORGANIZATION OF CHROMATIN IN PEA CENTROMERES

IvaA FukoVA, PaveL NEUMANN, JIRi MACAS

Biologické centrum AV CR, Branisovska 31, CZ-37005 Ceské Budéjovice, CR
E-mail: ifukova@umbr.cas.cz, tel.: +420 387 775 511

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, Navrdtilova A., Schroeder-Reiter E., Koblizkova A., Steinbauerova V., Chocholovd E., Novék P, Wanner G., Macas J.: 2012 — PLoS Genet 8(6):
e1002777.

Neumann P, PoZédrkové D., Vrana J., Dolezel )., 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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VYVOJ METODY IRAP PRO HODNOCENI GENETICKE DIVERZITY MAKU SETEHO
(PAPAVER SOMNIFERUM L.)

JIRi HORACEK, MICHAELA PAVELKOVA

AGRITEC, vyzkum, Slechténti a sluzby, s.r.0., Zemédélska 2520/16, 787 01 §umperk
E-mail: horacek@agritec.cz, tel.: +420 583 382 127

Mk sety je po Fepce nasf nejdiilezitéj olejninou. Ceska republika je nejvétsim producentem a urcujicim nositelem evropskych
i svétovych cen semen maku. Pro efektivni vybér vhodnych genotypt jako vychozich genetickych zdroji pfi slechténi maku je
tcelné zavést postupy molekularni genetiky. V pripadé genomicky malo prostudovanych organismt s minimem dostupnych
sekvenci, jako je pravé i mak sety, je dosud mozno vyuZzit jen univerzalnich, sekvencné nespecifickych technologif, jako je
RAPD, ISSR ¢i AFLP V piipadé RAPD a ISSR se jiz jedna o technologicky zastaralé metody, trpici fadou nedostatkd (predevsim
nizkou reprodukovatelnosti, nizkou mirou polymorfismu a $patnym pfenosem mezi laboratoremi). V pfipadé AFLP se jedna
o technicky dosti narocnou metodu s vysokymi naroky na optimalizaci a vybaveni laboratore. Proto byla vyvinuta metodika
zalozena na modernéjsi, ale stale jesté univerzalni technologii vyuZzivajici repetetivnich sekvenci. Pfi pouziti metody iPBS
(inter-primer binding site) je pomoci PCR amplifikovan tsek mezi primery a PBS (primer binding site) doménami. Z ni odvozena
je technologie IRAP (Inter Retroelement Amplified Polymorphism), fungujici v piipadé vysoce abundantnich elementd, kdy je
oblast mezi jednotlivymi elementy mozno PCR amplifikovat a detekovat ve formé DNA fragmentd (Kalendar et al. 2010). Pravé
metoda IRAP byla vyuzita pro potieby analyzy genetické struktury kolekce méku. Pro vyvoj a optimalizaci metody bylo vybrano
16 geograficky a pasportné vzdélenych odrid méku. Pomoci sady univerzalnich primer( nasedajicich na konzervativni oblasti
retrotranspozon( byl na tomto souboru sledovan polymorfismus amplifikovanych fragment DNA. Celkem bylo testovano
82 univerzalnich primer(. Fragmenty s nejvyssim stupném polymorfismu byly klonovany a osekvenovény. Bylo ziskano celkem
66 sekvenci, ve kterych byly vyhledavany oblasti LTR (Long Terminal Repeats). Na zakladé sekvenci bylo navrzeno celkem
45 IRAP primerd, specifickych pro LTR oblasti maku. Tyto primery byly testovany jednotlivé i v kombinacich. Vybrané IRAP

primery s nejvy3sim stupném polymorfismu byly dale vyuzity pfi hodnocenf 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 TA CR ¢. TAOT1010375.
Podékovéni: Mgr. Vrbovskému ze spoluresitelského pracovisté OsevaPro za dodani vzorkd rostlin maku setého, Dr. Petru
Smykalovi z Univerzity Palackého a Dr. Ruslanu Kalendarovi z University of Helsinky za pomoc pfi ndvrhu primer( IRAP

CHARACTERIZATION OF CYTOKININ METABOLISM KINETICS
IN ARABIDOPSIS THROUGH EXPERIMENTAL AND COMPUTATIONAL TECHNIQUES

Hosexk P2, Hoverova K.', Kiran N. S.3, Dosrev P 1.7

! Institute of Experimental Botany, the Academy of Sciences of the Czech Republic, Rozvojova 263, CZ-16502 Prague 6,
Czech Republic

2 Department of Biomedical Informatics, Faculty of Biomedical Engineering, Czech Technical University in Prague,
nam. Sitna 3105, CZ-27201 Kladno 2, Czech Republic

3 Department of Molecular Biology and Radiobiology, Faculty of Agronomy, Mendel University in Brno, Zemédélska 1,
CZ-61300 Brno, Czech Republic

E-mail: hoyerova@ueb.cas.cz

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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KOMUNIKACE LISTU S PROSTREDIM — METODY STUDIA

MaRriE HRONKOVA'2, DANA WIESNEROVA!, MARIE SIMKOVA!, MARTINA VRABLOVA?, PETR SkPA®, PETRE |. DOBREV?,
Eva ZAZIMALOVA® A JIRi SANTRUCEK' 2
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Ve

List je zakladnim fotosyntetizujicim organem rostliny. V priibéhu svého vyvoje reaguje na podnéty z vnéjsiho prostredi
a jeho podoba je vysledkem interakce geneticky dané informace s vlivem vnéjsiho prostiedi. Nejddlezitéjsimi vnéjsimi
podminkami, ovliviiujicimi hustotu priducht na listu jsou svétlo, dostupnost vody a CO; (Casson, Hetherington, 2010).
Studium hustoty a uspofadani praduchd, jez zprostfedkuji vyménu vodni pary a CO; s okolnim prostfedim, umoznuje
i hlubsi pochopeni obecnéjsich mechanisma déleni, prodluzovant, diferenciace a komunikace bunék. Meristemoid, z néjz
praduch v epidermis prevazné vznika, je nediferencovana ,kmenova” burika, uprostfed bunék jiz diferencovanych (hotové
praduchy a dlazdicové epidermalni burky).

Svétlo podporuje vyvoj priiduchd v epidermis listu u Arabidopsis thaliana patrné také diky stomagenu (Sugano et al.,2010,
Kondo et al., 2010), malému proteinu — epidermalnimu faktoru, ktery se syntetizuje v mezofylu a pozitivné plsobf na vyvoj
priduchi v epidermis. Chceme ukazat, ze se tak déje v interakci s dalsimi proteiny vétSinou syntetizovanymi v epidermis
(TMM, ERECTA - soucast komplexu receptoru na membrané a SDD1 — subtilasa ne zcela objasnéné funkce).

Roli ve zméné hustoty priduchd (zjisténé pomoci Image ) softwaru pro analyzu obrazu ze snimkd ziskanych optickym
mikroskopem z otisk( list& do bezbarvého laku na nehty ¢i dentalni hmoty a laku) hraje patrné vnitini koncentrace CO,
v listu (Santricek et al., 2014). Tu Ize urcit za pouziti analyzy diskriminace stabilniho izotopu "*C v suginé listti na zékladé
modelu odvozeného Farquharem et al. (1982). Svou roli patrné hraje i hladina ,klasickych” rostlinnych hormon(i (ABA
a IAA), stanovené v listech pomoci LC-MS.

Relativni mira exprese protein( Gcastnicich se vyvoje praduchd, ovlivnéna vnéjsim prostfedim ¢i zménou genetické
informace u mutantd (tmm, sdd7) poskytnutych prof. Sackem z USA a linif (St-RNAi, St-Ox- umlceni a zvysend exprese
STOMAGENu), z provenience laboratofe prof. Hara-Nishimura z Japonska, byla stanovena pomoci Real-time RT-PCR
s vyuzitim Tag-Man sond firmy Life Technologies — Applied Biosystems.

In situ byla pozorovéna exprese STOMAGENU pomoci konfokalni fluorescenéni mikroskopie v mezofylu a epidermis
listG A. thaliana linie ST-Venus, s fluorescenénim markerem (,Venus” — Zluta modifikace GFP), kterou ndm rovnéz poskytla
prof. Hara-Nishimura z Univerzity v Kyoto (Sugano et al.,2010). Burky byly zviditelnény pomoci fluorescen¢niho barviva
FM 4-64, které se vaze na plasmatickou membranu.

Casson SA, Hetherington AM. 2010. Environmental regulation of stomatal development. Cur Opin Plant Biol 13, 90-95

Farquhar GD, Oleary MH, Berry JA. 1982. On the relationship between carbon isotope discrimination and the inter-cellular carbon-dioxide concentration in
leaves. Aust ) Plant Physiol 9, 121-137.

Kondo T, Kajita R, Miyazaki A, Hokoyama M, Nakamura-Miura T, Mizuno S, Masuda Y, Irie K, Tanaka Y, Takada S, Kakimoto T, Sakagami Y. 2010. Stomatal
Density is Controlled by a Mesophyll-Derived Signaling Molecule. Plant Cell Physiol 51, 1-8

Santrucek J, Vrablova M, Simkova M, Hronkova M, Drtinova M, Kveton J, Vrabl D, Kubasek J, Mackova J, Wiesnerova D, Neuwirthova J, Schreiber L. 2014.
Stomatal and pavement cell density linked to leaf internal CO, concentration. Annals of Botany 114, 191-202.

Sugano S, Shimada T, Imai Y, Okawa K, Tamai A, Mori M, Hara-Nishimura I. 2010. Stomagen positively regulates stomatal density in Arabidopsis. Nature 463,
241-24

Podporovano grantem GACR P501/12/1261.
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STUDIUM EVELOCE RDNA POLYPLOIDNICH ROSTLIN SPARTINA MARITIMA
A SPARTINA ALTERNIFLORA POMOCI 454 SEKVENOVANI

DALIBOR HUskA!, JULIE FERREIRA DE CARVALHO?, ANDREW LEITCH?, ILIA LETCH®, MALIKA AINOUCHE?, ALES KOVARIK'
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Ribozomdlni DNA (rDNA) patii mezi d(ilezité genetické markery, jez vyuZivaji mnohé fylogenetické studie. U vétSiny rostlin
se nachazeji v mnoha kopiich. Kazda kopie nese geny pro 18S, 5,85 a 26S rRNA, které jsou oddéleny nekddujicimi oblastmi
(intra- a intergenové mezerniky: ITS a IGS). Kodujici oblasti genu jsou evoluc¢né konzervovany, zatimco intra a intergenové
mezerniky diverguji podstatné rychleji. Navzdory tomu, Ze hybridni a allopolyploidni organismy dédi alely od svych rodica,
v mnohych pfipadech dochazi ke ztratdm homeolognich rDNA ¢i zméndm pomeéru jednotlivych gent v ramci, doposud
ne zcela objasnéného procesu, homogenizace rDNA jednotek. Kvili existenci vysoce multikopiovych paralognich gent
neni snadné urcit stupen homogenizace pomoci klasickych pfistupt sekvenovani. V této praci ukazujeme intragenomickou
variabilitu rDNA jednotek u dvou hexaploidnich druhd S. alterniflora a S. maritima, které divergovali pfed ~3 mil. let, pomoci
tzv. ,deep” sekvenovani PCR amplikond.

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

Konsensni sekvence ITS1 jednotlivych druht vykazovaly 32 (12 %) konzervovanych polymorfnich mist. Nejfrekventovanéjsimi
polymorfizmy byly tranzice (CeT/GeA). Vysoké zastoupeni SNPs bylo prekvapivé nalezeno i v kédujici oblasti 185 genu.
Vétsina téchto SNPs se nachazi v potenciondlné methylovatelnych sekvencnich motivech. Co se tyce poctu variant rDNA, S.
alterniflora obsahuje jeden prevazuijici ribotyp, jak pro ITST tak i 18S gen, zatimco S. maritima ma dvé dominantnf varianty
ITST i 18S genu. Dalsi analyza ukdzala, 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 oblastech 18S genu u obou druhd, muze
byt zapfic¢inéno deaminaci cytosinu na thymin. Proces homogenizace rDNA jednotek (mozna i celého genomu) je vysoce
akcelerovany u S. alterniflora, kdezZto u S. maritima probiha relativné pomalu.
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STUDIUM ORGANIZACE JADERNEHO GENOMU U KOSTRAV (FESTUCA SP.)
POMOCI FISH

ANNA CHMELAROVA, Eva HRIBOVA, DAVID KoPECKY, JAROSLAV DOLEZEL

Centrum regionu Hana pro biotechnologicky a zemédélsky vyzkum (Centrum strukturni a funkéni genomiky rostlin),
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Velka cast jaderné DNA vétsiny rostlinnych druht je slozena z riznych typl repetitivnich DNA elementt. Na zékladé
distribuce repetic v genomu odlisujeme dvé skupiny: tandemové a rozptylené repetice, jejichz studium nam miize pomoci
v porozuméni evoluci a organizaci rostlinnych genomd. Rozptylené repetice se v riizné mite vyskytuji po celém genomu a pfi
fluorescencni in situ hybridizaci (FISH) davaji typicky disperznf signal, zatimco tandemové repetice (TR) jsou lokalizovany
v tzv. klastrech, které mohou poskytnout signdl specificky jen na urcitych ¢astech chromozom(. Tandemové organizované
repetice se obvykle vyskytuji v centromerickych nebo subtelomerickych oblastech. Nékteré TR jsou proto vyuzivany jako
cytogenetické markery napft. pAs1, pSc119.2 nebo GAA pouzivané k identifikaci jednotlivych chromozom u obilnin; jiné
TR mohou byt genomoveé specifické. U rodu kostfava (Festuca sp.) byly dosud cytogeneticky zamapovany pouze 5S a 455
rDNA genové lokusy, které kéduji strukturni RNA ribozomd; organizace dalsich repetitivnich DNA sekvenci nebyla dosud
zkoumana.

V predchozi studii (Kopecky et al., 2013) jsme ziskali lllumina sekvence z chromozomu 4F kostfavy lu¢ni (F. pratensis)
vytfidéného pomoci priitokové cytometrie. V sekvenacnich datech bylo identifikovdno 15 pravdépodobnych TR a rizné
skupiny retroelementd a DNA transpozondl. V této praci jsme se zaméfili na vyuzitf repetitivnich DNA sekvencf identifikovanych
v lllumina datech chromozomu 4F ke studiu struktury a organizace jaderného genomu kostravy lu¢nf.

Tandemovy charakter in silico identifikovanych TR byl potvrzen pomoci Southernovy hybridizace s genomovou DNA
izolovanou z rdznych druhd kostfav. Na zékladé vysledkd hybridizace bylo vybrano 5 TR, které poskytly dobfe viditelny
sladder-like” patern a pouzito pro mapovani na metafdzni chromozomy kostfavy lucni cv. ,Fure’ pomoci vicebarevné FISH.
Razné kombinace téchto 5 TR spolecné se sondami pro 55 a 455 rDNA umoznily zfetelné odliseni vsech 7 chromozomidi
kostravy luénf cv. ,Fure’. Tyto sondy fungovaly také u dalsich odrdd kostravy luéni, ackoli mezi nejmensimi 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
sekvenovdny pomoci Sangerovy technologie. Na zakladé Sangerova sekvenovani byly vybrany klony s nejvyssi homologif
kin silico kontiglim jednotlivych druhd mobilnich elementti a nasledné pouzity jako sondy pro mapovani jaderného genomu
pomoci FISH. Vétsina sond poskytla typicky disperzni signél 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
lokalizovéan v subtelomerickych oblastech vsech chromozomi. Obdobné, specifickou lokalizaci do oblasti centromer poskytl
klon CL38/72, ktery obsahuje ¢asti LTR oblasti a nebylo mozné ho blize charakterizovat.

Vysledky této prace umoziuji karyotypovanf a identifikaci chromozom kostfavy luéni pomoci 5 tandemovych repetic
nalezenych v lllumina sekvenacnich datech z chromozomu 4F. Ovérili jsme, Ze mobilni DNA elementy identifikované
v datech specifickych pro chromozom 4F jsou pfitomny i na ostatnich chromozomech. Pfevazna ¢ast mobilnich DNA
elementd je v jaderném genomu druhu kostrava lucni lokalizovéna rozptylené, nékteré z nich viak poskytly specifickou
lokalizaci v subtelomerické a centromerické oblasti.

Kopecky D., Martis M., Cihalikova J., Hiibova E., Vrana J., Bartos J., Kopeckd J., Cattonaro F., Stoces S., Novak P, Neumann P, Macas J., Simkové H., Studer
B., Asp T., Baird J. H., Navratil P, Karafiatova M., Kubaldkova M., Safar J., Mayer K., DoleZel J.: 2013 — Plant Physiol, 163: 3

Tato préace byla podporena projektem Ministerstva skolstvi, mlddeZe a t&lovychovy CR & LO1204 a grantem Grantové agentury
Ceské republiky ¢. P501/11/0504.
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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 Ceskd 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 30cM region of long arm of 3B chromosome and designated Qft.cri-3B.7. 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.7 region. To acquire more markers we flow sorted
and sequenced 3B chromosome from Ceskd presivka. Obtained sequences were assembled and QFt.cri-3B.1 region was refined.

27,388 SNPs (Single Nucleotide Polymorphisms) specific for the QFt.cri-3B.7 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.7 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).

INTERAKCE ARABIDOPSIS THALIANA A PSEUDOMONAS SYRINGAE
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Bez efektivni obrany by rostliny v neustélém 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 zndmy pro
svou hostitelskou specifitu, pficemz rizné kmeny jsou schopné infikovat rdzné hostitelské rostliny.

P syringae byla v osmdesatych letech dvacétého 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 zékladnich mechanism( rozpoznani patogena
rostlinou, popsani signdlnich drah kontrolujicich obrannou odpovéd rostlin, ¢i faktort virulence a avirulence.

V soucasnosti se ukazuje, Ze pfi zkoumanf interakce mezi rostlinou a patogenem mohou byt vysledky ovlivnény mnoha
zdanlivé nepodstatnymi faktory, které je tfeba vzit v Gvahu. Bylo zjisténo, Ze se odezva rostlin lisi v zavislosti na case osetfeni
rostliny (je rozdil, zda je rostlina infikovana réno, ¢i odpoledne), podstatné je i staff rostlin, koncentrace inokula a metoda
oSetfeni patogenem. K objasnéni, cemu viemu je tfeba vénovat pozornost pfi pldnovani experimentt, vyrazné pfispélo
i studium patosystému A. thaliana a P, syringae.

Tato préce byla podporena GACR ¢.501/11/1654, GACR & 501/12/1942, MSMT & 21/2014.
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THE RELATIONSHIP BETWEEN AURORA KINASES AND TPX2 PROTEIN IN PLANTS
AS REVEALED USING MULTIDISCIPLINARY APPROACHES
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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 AtAurorat.

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 Aurora1, 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/C090), the National Program of
Sustainability I (LO1204), the European Social Fund (Operational Program Education for Competitiveness CZ.1.07/2.3.00/20.0165),
and Internal Crant Agency of Palacky University, Olomouc (Prf/2013/00 and IGA_PrF_2014001).

SEKVENCNI VARIANTY GENU PRO TELOMERAZ(?VOU REVERZNI
TRANSKRIPTAZU (TERT) V MODELOVE ROSTLINE NICOTIANA TABACUM
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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
chromosomti. Sklada se z telomerové RNA (TR) a z proteinové podjednotky TERT s reverzné transkripcni aktivitou, ktera
provadi prodluzovani telomer podle TR. Gen kéduijici katalytickou podjednotku je vyvojové regulovanym genem a jeho
transkripce odrazi aktivitu telomerdzy v rostlinnych pletivech.

Nicotiana tabacum, allotetraploidni modelova rostlina, je v soucasné dobé jedinou rostlinou, u které bylo identifikovano
vice sekvencnich variant genu TERT (Sykorova et al., 2012). Predky N. tabacum jsou diploidni Nicotiana sylvestris a Nicotiana
tomentosiformis. Dvé sekvencni varianty NtTERT: NtTERT-C/s and NtTERT-D, byly zdédény od N. sylvestris a jedna varianta
NETERT: NtTERT-C/t od N. tomentosiformis. V nasi studii byl pomoci qPCR analyzovan podil kopif jednotlivych variant NtTERT
v genomu N. tabacum a qRT-PCR stanovena Groven transkripce variant TERT v tkdnich s rozdilnou 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), Grantovd agentura CR (13-06943S) a projekt ,CEITEC — Central
European Institute of Technology” (CZ.1.05/1.1.00/02.0068) z Evropskych zdroji pro regiondlni rozvoj.
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OPTIMALIZACE METODY PRO IDENTIFIKACI PROTEINU ASOCIOVANYCH
S ROSTLINNYMI TELOMERAMI

KATERINA JUZOVA, PETRA PROCHAZKOVA SCHRUMPFOVA, JIRI FAJKUS, MILOSLAVA FOJITOVA

CEITEC (Central European Institute of Technology) a Pfirodovédecka fakulta Masarykovy univerzity, Kamenice 5,
625 00 Brno
E-mail: 380301@mail.muni.cz

Telomery jsou nukleoproteinové struktury lokalizované na koncich linedrnich eukaryotickych chromozomti, kde zastavaji dveé
zakladnf role. Prvni z nich je ochrana koncti chromozom pred opravnymi mechanismy vytvorenim komplexu s proteiny,
tzv. Cepicky. Druhou funkci sehrava telomera pfi feSenti tzv. problému replikace koncd, kdy DNA polymerédza neni schopna
pIné replikovat opozdujici se viakno DNA.

Nedilnou soucasti telomer jsou proteiny asociované s telomerovou DNA, které jsou v poslednich letech cilem fady
vyzkum. Tyto proteiny se zasadné podileji na spravné funkci telomer a reguluji pfistup enzymu telomerdzy k telomeram.
U savci byly popsany dva komplexy protein( asociovanych s telomerovou DNA, komplex CST a shelterin. Shelterin sestava
ze Sesti zakladnich proteinl (TRF1, TRF2, POT1, TIN2, Tin2, RAP1). U rostlin byl popsan protein homologni s TRF a jeho
vazba na telomery a telomerazu a proteiny POT1.

K identifikaci rostlinnych telomerovych proteind 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 sekvencné specifické hybridizaci komplexu DNA s proteiny na magnetické kulicky. Proteiny krosslinkované
s cilovou DNA jsou nasledné charakterizovany hmotnostnf spektrometrif.

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

Préce byla podporena Grantovou agenturou Ceské republiky (13-06943S), v ramci projektu ,CEITEC — Central Furopean

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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FYZICKA MAPA CHROMOZOMU 4A PSENICE SETE

BARBORA KLOCOVA!, MicHAEL ABROUK!, ZEEv FRENKEL?, AJAY KUMAR?, SHAHRYAR F. KIANIAN®#, HANA SIMKOVA', JAN SAFAR',
YuQIN HU?, MINGCHENG LuO?, JAsON CARLING®, ANDRZE) KILIAN®, ABRAHAM KOROL2, SHICHEN WANG’, EDUARD AKHUNOV/,
JarosLAv DoLEZEL!, MIROSLAV VALARIK!

' Centre of the Region Hand for Biotechnological and Agricultural Research, Institute of Experimental Botany,
Slechtitelu 31, Olomouc, CZ-78371, Czech Republic

2 Institute of Evolution, University of Haifa, Haifa 31905, Israel

3 Department of Plant Sciences, North Dakota State University, Fargo, ND 58108, USA

4 USDA-ARS Cereal Disease Laboratory, University of Minnesota, St. Paul, MN 55108, USA

> Department of Plant Sciences, University of California, Davis, CA 95616, USA

© Diversity Arrays P/L, 1T Wilf Crane Crescent, Yarralumla, Canberra, ACT 2600, Australia

7 Department of Plant Pathology, Kansas State University, Manhattan, KS 66506-5502, USA

E-mail: klocova@ueb.cas.cz, tel.: +420 585 238 717

Prestoze sekvenacni technologie nové generace (Next Generation Sequencing, NGS) zaznamenaly v posledni dobé velky
pokrok, sekvenovanf velkych a komplexnich genom(i stale z{istavd vyzvou. Typickym piikladem je genom psenice. PSenice
seta (Triticum aestivum L.) je alohexaploidni druh s velkym a komplexnim genomem s vysokym obsahem repetitivnich
sekvenci. Rozdéleni p3eni¢ného genomu na jednotlivé chromozomy nebo ramena chromozomd je vyznamnym néstrojem,
jak obejit problémy spojené s velkou komplexitou pseni¢ného genomu. Jako soucast mezindrodniho konsorcia pro
sekvenaci pseni¢ného genomu (International Wheat Genome Sequencing Consortium, IWGSC) jsme zkonstruovali fyzické
mapy pro dlouhé a kratké rameno chromozomu 4A s vyuzitim knihoven dlouhych inzert (BAC knihovny) specifickych
pro dana ramena. Ofingerprintované BAC klony byly poskladany do fyzické mapy pomoci programu LTC (Linear Topology
Contig). Na dal3i prodluzovani a propojovani kontigl takto vzniklé mapy byl pouZzit jeden z nastroji LTC — superclustering.
Knihovna pro kratké rameno chromozomu 4A (4AS) byla poskladana do 250 super-contigli a bylo vybrano 4422 klond
predstavujicich minimdlni pocet klonl reprezentujici celou fyzickou mapu (Minimum Tilling Path, MTP). Knihovna pro
dlouhé rameno chromozomu 4A (4AL) byla slozena do 924 super-contigt a 8 369 klonl bylo vybrano jako MTP. Fyzicka
mapa pro 4AS predstavuje 86% pokryti ramene a mapa 4AL 89% pokryti dlouhého ramene. Z klon& MTP obou ramen
byly pfipraveny tfidimenzionalni smésné vzorky (3D pooly), které pak byly osekvenovany a pouZity pro in silico ukotvovani
kontigli na chromozom. Celkem 1780 DArT markert bylo pouZito na vytvofeni GenomeZipperu z 4AS a 4AL survey sekvenci
(sekvence ziskané celochromozomovym neusporadanym sekvenovanim). Déle bylo identifikovano 54 125 nizko-kopiovych
markerG pro 4AS a 62 656 marker( pro 4AL ze survey sekvenci. V3echny tyto zdroje usnadnily ukotveni 100 % 4AS kontig(
a 99 % 4AL kontigt fyzickych map na GenomeZipper. Pro ukotveni a orientaci kontigli v centromerické a pericentromerické
oblasti chromozom byl vyvinut panel radiacnich hybridd, ktery byl genotypovan pomoci pseni¢ného 90 K SNP Infinium ¢ipu.

Podporovéno granty: LO1204 Nérodni program udritelnosti I, IGA PrF-2014-002, GACR 14-07164S, Estonskym ministerstvem
pro zemédélstvi.
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MODIFIED METHOD FOR LATERAL ROOTS DETECTION

KARIN KOLLAROVA, DANICA KUCEROVA, ZUZANA VATEHOVA, IVAN ZELKO, DESANA LISKOVA

Institute of Chemistry, Slovak Academy of Sciences, Dibravska cesta 9, 845 38 Bratislava, Slovakia
E-mail: Karin.Kollarova@savba.sk, tel.: +421 259 410 291

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.

Liskovd D., Auxtova O., Kdkoniova D., Kubackova M., Kardcsonyi S., Bilisics L.: 1995 — Planta, 196: 425
Kolldrova K., Liskova D., Capek P: 2006 — Biol. Plant., 50: 232

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

Kolldrova K., Richterové D., Slovdkova L., Henselova M., Capek P, Liskova D.: 2009 —Plant Sci., 177: 324
Richterové-Kucerova D., Kollarovéd K., Zelko 1., Vatehova Z., Liskova D.: 2012 — Plant Physiol. Biochem., 57: 154
Kakosovd A., Digonet D., Liskova D.: 2013 — Plant Cell Rep., 32: 479

Kakoniova D., Hlinkova E., Liskova D., Kollarova K.: 2010 — Cent. Eur. J. Biol., 5: 353

Ivanchenko M.G., Napsucialy-Mendivil S., Dubrovsky J.G.: 2010 — Plant J., 64, 740

Lewis D.R., Negi S., Sukumar P, Muday G.K.: 2011 — Development, 138, 3485

Vuylsteker C., Dewaele E., Rambour S.: 1998 — Ann. Bot., 81: 449

This study was supported by the Slovak Grant Agency for Science (No. 2/0083/14).
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VALIDACE REFERENCNi GENU PRO RT-QPCR U NEMODELOVYCH ROSTLIN

PaviA KOLOUSKOVA!, HELENA STORCHOVA'

! Laboratof reprodukce rostlin, Ustav experimentalni botaniky AVCR, v.v.i. , Rozvojové 313,
165 02 Praha 6 — Lysolaje,CR
E-mail: kolouskova@ueb.cas.cz

U rodu Chenopodium jsou dlouhodobé v oblasti zajmu geny ovliviujici kveteni a rozmnozovani stejné jako u gynodioecické
Silene vulgaris, které je dobrym modelem pro studium cytoplasmatické pylové sterility a exprese genti s ni spojenych (Storchova
et al., 2012). Velice zajimavy je homolog genu MSH1, ktery mize fidit rekombinaci mitochondrialni DNA a nésledné tak
ovliviiovat produkci pylu hermafroditnich rostlin. Zakladnim krokem v méfeni exprese je nalezeni vhodnych referencnich genti
se stdlou expresi napfic rostlinnymi pletivy, pohlavnimi formami, v ramci jednotlivych populaci a jejich blizkymi i vzdalenymi
kfizenimi. K nalezeni vhodnych referen¢nich gen Silene vulgaris bylo vybrano 10 kandidatd z fad obvykle pouzivanych gend.
Exprese byla testovdna na reprezentativni sadé vzork(i RNA (poupata, listy, kofeny, pyl, hermafroditni a samici rostliny) z nichz
byla syntetizovana cDNA pomoci Oligo dT a ndhodnych primerd. Stabilita kandidatnich gen( byla statisticky provérena
v programech geNorm a NormFinder. Z vysledk( vyplyvd, zZe nejvhodnéjsimi jsou, pro soubor viech studovanych pletiv
a cDNA syntetizovanou Oligo dT primery, geny CAPDH (glyceraldehyde-3-phospate dehydrogenase), ELF (Elongation factor)
aACT (Actin). V piipadé cDNA syntetizované ndhodnymi primery je to kombinace genti GAPDH, ACT, COG (Complex golgi
component) a 18S rRNA (Small ribosomal subunit). Geny ACT a 18S rRNA jsou vhodnymi referen¢nimi geny pro méfeni
exprese mitochondrialnich gent rovnéz u rodu Chenopodium.

Storchova H, Miiller 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: Préce byla financovana z projektu GACR P506/12/1359.

PROC CHYBI NEKTERE MOBILNi ELEMENTY NA CHROMOZOMU Y?

ZDENEK KUBAT, JiITKA ZLOVOVA, IvAN VOGEL, VIERA KOVACOVA, ROMAN HOBZA, BORIs VyskoT, EDUARD KEjNOVSKY

Biofyzikalni dstav AV CR, Kralovopolské 135, Brno 61200, Ceskd republika
E-mail: kubat@ibp.cz

Mobilni elementy, transpozony, vykazuji neobycejnou variabilitu v pfitomnosti na pohlavnich chromozomech rostlin. Zatimco
nékteré transpozony jsou homogenné rozprostfeny v genomu, jiné chybi na pohlavnim chromozomu Y. Abychom zjistili
pric¢inu takového rozlozenf transpozon( v genomu, studovali jsme tfi blizce pifbuzné rodiny LTR retrotranspozonl Ogre. Dvé
rodiny jsou pFitomny na véech chromozomech a jedna chybi na chromozomu Y u sameck dioecické rostliny Silene latifolia.
Fylogenetické analyzy ukazaly, Ze se vSechny tfi rodiny Ogru rozsifily v genomu teprve nedévno, aZ po vzniku pohlavnich
chromozomd, coz indikuje pFitomnost mechanizmu, ktery brani inzerci jedné z rodin Ogra do chromozomu Y. Strukturni
podobnost Ogrii a absence pozitivni selekce uvnitf Ogre element(i naznacuje, Ze se tyto tfi rodiny nelisi ani v mechanizmu
retrotranspozice, vybéru mist pro inzerci nebo interakcich s hostitelem. Naopak studium transkriptomu ukézalo, ze Ogre
chybici na chromozomu Y produkuje asi 10X vice 24 nukleotidl dlouhych malych RNA (siRNA) nez ostatn Ogry. Molekuly
siRNA dlouhé 24 nukleotid( ridi metylaci DNA a tim umlcuji transkripénf aktivitu transpozond. Analyzy metylace v réiznych
tkdnich potvrdily rozdilnou miru metylace tif rodin Ogrd v kritickych fazich tvorby zarode¢nych bunék a v embryogenezi,
coZ ma za nasledek, Ze se jeden z Ogr(i Sifi jen v matefské linii, a tudiz se nemiize vclenit do chromozomu Y. Ukazuje se
tak, Ze je mezigeneracni prenos nékterych transpozont regulovan epigenetickymi mechanizmy rozdilné v sam¢i a samict
zarodecné linii a béhem ¢asné embryogeneze.

Kubat Z, Zluvova J, Vogel I, 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

Podporovéno 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

IRENA KURASOVAT2, VACLAV KARLICKY'2, ZUZANA MATEROVA!, VIADIMIR SPUNDA'2

! University of Ostrava, Faculty of Science, Department of Physics, Chittussiho 10, CZ-71000 Ostrava 10, CZ
2 Global Change Research Centre, Academy of Sciences of the Czech Republic, Bélidla 986/4a, CZ-60300 Brno, CZ
E-mail: Irena.Kurasova@osu.cz, tel.: +420 597 092 160

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 (Fv/Fu), 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. llluminated
tBMs of barley in reaction medium (pH 7.5) enriched by methylviologen (artificial electron acceptor from photosystem
1) 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 umolm~2s~"). 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 Fv/Fym 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 (Hold 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., Hlizové E., Fridrichova L., Lhotdkova Z., Albrechtova J.: 2012 — Photosynthetica 50(2): 291-304

Supported by the Crant Agency of the Czech Republic No. 13-28093S/P501.
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ANALYSIS OF GENERAL AND SPECIFIC 5'P-RNA DEGRADOMES AND THEIR
APPLICATION TO INVESTIGATE POSPIVIROID TARGETS AND NETWORK OF HOP
TRANSCRIPTION FACTORS INVOLVED IN LUPULIN BIOSYNTHESIS
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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 bioinformatic means (e.g.Cerman 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, CVdIV 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, SSWAT1 factor as a target of PSTVd from tomato, and
anticancerogenic plant nuclease TBN1 during molecular farming. Recently we characterized degradation of the H/'WRKY1
transcription factor involved in the molecular regulatory network driving lupulin biosynthesis (e.g. Matousek et al., 2012).
Three zones of degradation were identified in H'WRKY1 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, PJ. 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.I., and Chen, H.M. 2014. Beyond cleaved small RNA targets: unraveling the complexity of plant RNA degradome
data. BMC Genomics 15:15

Matousek, J., Kocdbek, T., Patzak, J., Fiissy, Z., Prochazkovd, 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.) , Piernikarczyk, R.J.J., Tycovd, A., Ganesh S.Duraisamy, G.S., Kocdbek, 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

The project was supported by the Alexander von Humboldt Foundation, Research Group Linkage Programme, by the Czech

Science Foundation (GACR 13-030375), 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 INTERAGUJICICH S MEMBRANOU S VYUZITIM
KONFOKALNI A , SPINNING DISK“ MIKROSKOPIE

JINDRISKA MATOUSKOVA, JAN ANDREJCH, OLGA VALENTOVA

VSCHT Praha, Technické 3, Praha 6 — Dejvice, CR
E-mail: jinmat@centrum.cz; andre.j@email.cz

Neocenitelnou pomtckou pro studium bunéénych déji jsou fluorescencni barviva nebo proteiny pro specifické znacenf
bunécnych struktur nebo jednotlivych proteind a jejich nasledna vizualizace.

Ke snimanfi obrazu se vyuZiva fada réiznych usporadani, mezi néz patii laserovd skenovaci konfokélni mikroskopie
a spinning-disk mikroskopie. Laserovd skenovaci konfokalni mikroskopie je zaloZzena na postupném ozafovéni casti
preparatu po jednotlivych fadcich, a nasledné integraci do obrazu pomoci pocitace. Tato sestava je doplnéna konfokalnf
clonou, ktera odstinuje svétlo vyzafené mimo zaostfenou rovinu preparatu, ¢imz je umoznéno snimani obrazu bez rusivych
viemU pochézejicich z oblasti mimo rovinu ostrosti. Spinning-disk mikroskop vyuziva namisto konfokalni clony soustavu
dvou rotujicich Nipkowovych diskd a velmi citlivé kamery s vysokou snimkovou frekvenci, ¢imz je umoznéno velmi rychlé
snimanf obrazu v tenké vrstvé preparatu, a tim se zkracuje doba ozareni vzorku laserem a omezuiji se problémy s postupnym
vyCerpavanim fluoroford a sldbnutim ziskavaného signalu.

Obé metody maji sva specifika a vyhody, jichZ se da riznym zplisobem vyuZzit. Jednou z nejvétsich obecnych vyhod je
moznost sledovanf fluorescencné znacenych proteind in vivo (tzv. live imaging) a tedy i moznost sledovat jejich interakce
nebo lokalizace v realném case bez nutnosti fixace preparatu.

Obé metody byly pouzity pro studium lokalizace fosfolipasy D& (PLDS), ktera se Gcastni fady fyziologickych i stresovych
pochodu a je také povazovéna za spojovaci mlstek mezi plazmatickou membranou a mikrotubularnim cytoskeletem.
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STANOVENI REZISTENCE HOUBOVYCH PATOGENU ROSTLIN K FUNGICIDUM
POMOCI TECHNIK MOLEKULARNI BIOLOGIE

PAVEL MATUSINSKY, LuDVik TVARUZEK, TOMAS SPITZER

Agrotest fyto, s.r.o., Havlickova 2787, 767 01 KroméFiz, CR
E-mail: matusinsky@vukrom.cz, tel.: +420 573 317 113

Zemédeélci témér na celém svété pouzivaji pesticidni latky na ochranu drody pred skidci a chorobami. Pfi opakovaném
pouzivani téchto latek vsak mtize v nékterych pripadech dojit ke ztraté nebo poklesu Gcinnosti pesticidu. Jednou z pficin
maze byt rozsifeni rezistentnich populaci patogent. K laboratornimu stanovent rezistence slouzi bud biotest, kdy za pomoci
expozice odstupiiovanych dévek pesticidu stanovujeme nejcastéji tzv. ED50 (efektivni davku, pfi které dochazi k 50%
redukci rdstu organismu) nebo molekularni techniky. Zde pak zélezi na Gcelu 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 prikladu pdvodce onemocnéni listd jecmene, u néjz v nedavnych letech
vznikl v Ceské republice problém s rezistenci ke strobilurinovym fungicidim. Zminénym pavodcem je houba Ramularia
collo-cygni (dale jen RCC), kterd napada jarni i ozimy je¢men. Strobilurinové fungicidy vykazovaly v prvnich letech
po objevenf se ramulariové skvrnitosti velmi dobrou Gc¢innost, ovéem velmi brzy se u RCC vyvinula rezistence k fungicidtim
z této skupiny. U strobilurin-rezistetnich izolatti RCC je pfitomna bodova mutace mitochondrialniho genu cytochromu b
v kodonu 143 vedouci ke zméné 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 zakladé téchto sekvenci, byla navrzena sada primerd a oznacena jako RCCcytobF/R
(Matusinsky et al. 2010). Nejprve bylo nutno pomoci standardni PCR amplifikovat ¢ast cytochromu b a poté specifickou
restrikéni endonukledzou tento Gsek 3tépit. Vysledné fragmenty restrikéni analyzy byly separovany metodou horizontaln{
elektroforézy v 1,7% agar6zovém gelu. Po PCR s primery RCCcytobF/R byl ziskan amplikon o velikosti 406 bp. Tento
amplikon byl po inkubaci s restrikéni endonukledzou Alul u strobilurin-senzitivnich izolatd RCC rozstépen na 3 fragmenty
(249, 102 a 55 bp), zatimco u strobilurin-rezistentnich izolat(i byl rozstépen na 4 fragmenty (144, 105, 102 a 55 bp). Pomocf
primer( RCCcytobF/R |ze tedy amplifikovat ¢ast cytochromu b RCC, ktery po nasledném rozstépeni specifickou restrikéni
endonukleazou indikuje standardni (G143) ¢i mutantni (A143) alelu. Tato metoda umoziiuje rozlisit senzitivni a rezistentni
izolaty RCC ke strobilurinovym fungicidim.

Fountaine ] & 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

Podporovano grantem RO0211.
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SROVNANI RUZNYCH ZPUSOBU STABILIZACE ROSTLINNYCH VZORKU
PRI TERENNICH ODBERECH K ANALYZE FYTOHORMONU

Lucie DOLEZALKOVA!, LENka ZAvEskA DRABKOVA?, PETRE |. DoBREV?, VACLAV MOTYKA®

! Univerzita Karlova v Praze, Ovocny trh 3-5, 116 36 Praha 1, CR

2 Botanicky Gstav AV CR, v.v.i., Zamek 1, 252 43 Prahonice, CR

3 Ustav experimentélni botaniky AV CR, v.v.i., Rozvojova 263, 165 02 Praha 6, CR
E-mail: vmotyka@ueb.cas.cz, tel.: +420 225 106 437

Jednou ze zakladnich ¢innosti pfi provadéni terénnich odbért rostlinnych vzorkl pro analyzy rostlinnych hormond
(fytohormond) je jejich stabilizace, jejimz cilem je zastavenf viech fyziologickych pochodti v rostliné. Bézné 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 narocné, hledajf
se Casto alternativni stabiliza¢ni postupy, které by odbér rostlinného materialu v terénu usnadnily a zjednodusily.

Pro analyzu RNA rostlin i Zivocichl se bézné pouziva specidlni vodné a netoxické stabiliza¢nf ¢inidlo, RNAlater®, které
po aplikaci rychle prostupuje pletivy/tkdnémi a zabranuje degradaci bunécné RNA v odebranych vzorcich. Jeho pouzitf je
Casové i finan¢né dsporné, navic RNAlater® ani vzorky RNA v ném uchovévané nejsou naro¢né na skladovani a mohou
byt bézné ulozeny pfi laboratorni teploté.

Cilem nasi prace bylo posouzeni mozného vyuziti cinidla RNAlater® i pro stabilizaci vzorki z terénnich odbérd urcenych
k analyzam fytohormond. K tomu tcelu 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 pomérné vzdalenych druhd rostlin (zastupci radd
Poales, Sapindales, Ericales, Lamiales a Asterales), k jejichzZ stabilizaci bylo pouzito bud’, klasické” metody (pomoci suchého
ledu) nebo metody vyuZivajici RNAlater®. Koncentrace stanovenych fytohormont i profily jejich metabolitti po pouZiti obou
stabilizacnich metod byly porovnany a vysledky vyhodnoceny. Dosavadni pfedbézna data ukazuji, ze zatimco pfi stabilizaci
pomoci suchého ledu skute¢né dochézi k zastaveni viech fyziologickych pochodi v rostling, RNA/ater® tyto Gc¢inky ma
zfejmé jen v omezené mite a v rostlinnych pletivech patrné vyvolava urcitou formu stresu projevujici se zménou hladin
nékterych fytohormon, u cytokinindi navic zménou pomérného zastoupent jejich jednotlivych derivath (nérdst aktivnich
forem na tGkor forem deaktivacnich a zasobnich).

Ziskané poznatky jsou v soucasné dobé pfedmétem dalsiho ovéfovani a na konferenci budou demonstrovany a diskutovany
s ohledem na mozné snizeni narocnosti a pracnosti terénnich odbérd rostlinnych vzorkd pro analyzy fytohormonda.

[1] Dobrev PI., Kaminek M.: 2002 - Journal of Chromatography A, 950: 21
[2] Dobrev PI., Varikova R.: 2012 — Methods in Molecular Biology, 913: 251
[3] Djilianov D.L., Dobrev Pl., Moyankova D.P, Varikové R., Georgieva D.Ts., GajdoSové S., Motyka V.: 2013 — Journal of Plant Growth Regulation, 32: 564

Préce vznikla v rdmci projektu Oteviend véda Il a s finan¢ni podporou grantu GACR (P506/11/0774).
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GENOME INSTABILITY IN PLANT CAF1 MUTANTS STUDIED BY @-PCR AND
TRF ANALYSIS

VERONIKA MUCHOVA"? AND MICHAL JEZ22, IvA MOzZGOVA'2, MARTINA DVORACKOVA" %3, JIRi Fajkus'23

" Mendel Centre for Plant Genomics and Proteomics, CEITEC, Masaryk University, Kamenice 5, CZ-62500 Brno,
Czech Republic

2 Faculty of Science, Masaryk University, Kotldfska 2, CZ-61137 Brno, Czech Republic

3 Institute of Biophysics AS CR, Krélovopolska 135, CZ-61265 Brno, Czech Republic

E-mail: veronika.muchova@gmail.com

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 participating in nucleosome assembly after DNA replication or repair.
This highly conserved complex is composed of three subunits: FASCIATA 1 (FAST), FASCIATA 2 (FAS2) and MULTICOPY
SUPPRESSOR OF IRAT (MSI1) but only fas7 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 expressing FAS cDNA but no recovery of telomere of rDNA repeats was observed. On
the contrary, additional loss of rDNA continued.

Mozgova I, Mokros P, Fajkus J (2010) Dysfunction of chromatin assembly factor 1 induces shortening of telomeres and loss of 455 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 NAIDEKROVA!, MiLOSLAVA FOITOVA!, DAGMAR ZACHOVA', JIRki Fajkus'+2

! Central European Institute of Technology (CEITEC) a Piirodovédecka fakulta Masarykovy univerzity, Kamenice 5,
CZ-62500 Brno

2 Biofyzikélni dstav, Akademie véd Ceské republiky, v.v.i., Kralovopolska 135, CZ-61265 Brno

E-mail: lucie.najdekrova@gmail.com

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 R 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 qRT-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 (pprad50, ppmre11, ppnbs1, 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 (13-065955).
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SHADED ROOTS: A NOVEL ROLE OF CYTOKININ IN PHOTOMORPHOGENESIS?

JAN NOVAK, MARTIN CERNY, JAROSLAV PAVLU, JANA ZEMANKOVA, JAN SKALAK, BRETISLAV BRZOBOHATY

Laboratory of Plant Molecular Biology, Institute of Biophysics AS CR, v.v.i. and CEITEC — Central European Institute
of Technology, Mendel University in Brno, Zemédélska 1, CZ-61300 Brno, Czech Republic
E-mail: jan.novak@mendelu.cz, tel.: +420 545 133 374

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 CO»-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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PROTEINOVE EFEKTORY V INTERAKCI REPKY OLEJKY S LEPTOSPHAERIA MACULANS

Mirostava NovAkovA'?, Lucie TRDA!, MONIKA BARESOVA?, OLGA VALENTOVA?, LENKA BURKETOVA!2

T UEB AV CR, v.v.i., Rozvojova 263, 165 02 Praha — Lysolaje, CR
2 VSCHT Praha, Technickd 6, 160 00 Praha 6 — Dejvice, CR
E-mail: mirnov@ueb.cas.cz

Askomyceta Leptosphaeria maculans se jako rostlinny patogen specializuje na celed brukvovitych, pficemz hospodarsky
vyznamné skody pusobi zejména na repce olejce. Zpusobuje tzv. fomové ¢ernani stonkd fepky, které se projevuje zprvu
nekrézami na listech a pozdéji na kofenovém krcku a stonku, coz vede ke zvysené lamavosti stonku a usychdni rostlin.
L. maculans se chova jako hemibiotrof. Nejdfive roste asymptomaticky a Cerpa Ziviny z Zivého rostlinného pletiva (biotrofni
faze) a pozdéji usmrcuje rostlinné bunky a tvoii nekrézy (nekrotrofni faze). Avsak jiz béhem biotrofni faze probiha intenzivni
souboj mezi rostlinou a patogenem, jehoz se Gcastni stovky molekul. O zavaznosti infekce pfitom ¢asto rozhoduje pfitomnost
nebo absence jediné molekuly. To je pfipad efektoru AvrLm4-7 produkovanym L. maculans. Nejobecnéji Ize efektory
definovat jako proteiny nebo malé molekuly, které zasahuji do struktury nebo funkce hostitelské buriky (Hogenhout et al.,
2009). Efektor AvrLm4-7 vyznamné prispiva k agresivité L. maculans, avsak jeho funkce, mechanismus nebo cil jeho pisobeni
nejsou dosud znamy.

Dvojici izolatd L. maculans, které se lisi pouze pritomnosti efektoru AvrLm4-7, jsme transformovali reportérovym genem
pro B-glukuronidasu (B-GUS), abychom mohli sledovat priibéh infekce a kvantifikovat jej. Vyuzili jsme fluorescencni metody
stanovent aktivity f-GUS pomoci B-D-glukuronidu 4-methylumbilliferonu (MUQ). Specifita a senzitivita stanoveni umoznuji
sledovat rozristani viaken houby jiz v rané fézi infekce, dlouho pfed objevenim prvnich pfiznakd. Hlavni vyhodou je rychlost
provedeni metody, coz umoznuje rozhodnout se, zda je jiz vhodny okamzik pro sledovanf interakce na molekularnf Grovni.
Navic tato metoda velmi dobfe koreluje s kvantifikaci patogenu pomoci RT-qPCR.

Pfi screeningu p-GUS transformant( jsme navic nalezli jeden izolat L. maculans s vyrazné snizenou patogenitou. Pro
identifikaci mista integrace T-DNA do genomu transformovaného izolatu byla Gspésné pouzita TAIL-PCR (z angl. thermal
asymmetric interlaced PCR) podle Liu et al. (1995) zalozena na vyuziti degenerovanych primerd. Vysledky sekvenace
naznacuji, Ze T-DNA narusila skupinu gent nejspiSe souvisejicich s biosyntézou cysteinu. Fyziologické dasledky integrace
T-DNA jsou v soucasnosti pfedmétem 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

Podporovéno grantem GACR 13-26798S.
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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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! Institute of Virology, Slovak Academy of Sciences, Dubravska cesta 9, 845 05 Bratislava, Slovak Republic

2 Institute of Microbiology, Academy of Sciences of Czech Republic, Videnska 1083, CZ-14220 Prague, Czech Republic
3 Research Institute of Crop Production, Drnovska 507, CZ-16106 Praha 6—Ruzyne, Czech Republic

*E-mail: viruslno@savba.sk, tel.: +420 259 302 447

Cucurbita pepo (family Cucurbitaceae), is an important food plant widely cultivated around the world. In the cucurbit-
growing areas, Zucchini yellow mosaic virus (ZYMYV, 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 ZYMV 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).
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VLIV HYGROMYCINU A KANAMYCINU NA REGENERACI NEZRALYCH ZYGOTICKYCH
EMBRYI JECMENE A PSENICE

LubmitA OHNOUTKOVA!, ZuzanA KUCEROVA!, JANA VASKOVA!, MENTEWAB AYALEV?

! Prirodovédecka fakulta Univerzity Palackého v Olomouci, CHR, Slechtitela 11, 783 71 Olomouc, CR
2 Spelman College, 350 Spelman Lane SW, Atlanta, USA
E-mail: ludmila.ohnoutkova@upol.cz

Je¢men a psenice patii mezi obtizné transformovatelné druhy rostlin. Kultivace v in vitro podminkach, indukce kalusu
a regenerace kalusu je také odriidové velmi specificka. Jednim z predpokladti Gspésné transformace je Gcinna selekce bunék
po transformaci. Nejcastéji pouzivanymi selekénimi geny s rezistenci k antibiotikiim jsou hpt a ntpll.

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

Gen ntpll kédujici enzym neomycin fosfotransferaza Il poskytujici rezistenci transgennich rostlin k antibiotiku kanamycinu
je selekénim markerem bakteridlniho pdvodu. Kanamycin je aminoglykosidové antibitotikum izolované z bakterie
Streptomyces kanamyceticus. Neomycin fosfotransferaza Il katalyzuje ATP-dependentni fosforylaci 3'-hydroxylové skupiny
urcitych aminoglykosidd 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 Gcelem dosazeni vysoké tGrovné selekce transformovanych bunék byly testovany rozdilné koncentrace antibiotik
hygromycinu a kanamycinu. V in vitro podminkach byla hodnocena regenerace rostlin z izolovanych nezralych zygotickych
embryf odrady jarniho je¢mene Golden Promise a odridy jarni prenice Bob White. Sledovana byla i moZnost selekce
transgennich rostlin T1 generace na médiu s antibiotiky.

Binka A., Orczyk W., Nadolska-Orczyk, A.: ). (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

Podporovéno grantem MSMT LH13069.
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POROVNANI DOSTUPNYCH PCR MIXU PRO KVANTITATIVNI REAL-TIME ANALYZU
EXPRESE GENU

Joser PaTzAK, ALENA HENYCHOVA

Chmelarsky institut s.r. 0., Kadanska 2525, 438 46 Zatec, CR
E-mail: patzak@chizatec.cz, tel.: +420 415 732 109

Pro analyzu exprese gen(i v pletivech rostlin na trovni mRNA Ize pouzit nékolik metod. Jsou to metody jednak zalozené
na molekularni hybridizaci nebo na polymerazové retézové reakci (PCR). Kvantitativni Real-time (qRT) PCR je dnes
nejpouzivanéjsi metodou.

Metoda qRT-PCR je zaloZena na principu klasické PCR, kdy na rozdil od ni dovede simultanné amplifikovat a kvantifikovat
sledovany tsek DNA. Jeho detekce probihd v redlném case bez nutnosti elektroforetické analyzy. K detekci jsou pouZivana
nespecificka fluorescencnf barviva (napf. SYBR green), specifické fluorescenéni hydrolyza¢ni (Tagman) nebo hybridizac¢ni (FRET,
Dual-labelled) sondy a specifické fluorescen¢ni primery (Amplifluor). Vysledky analyzy pak Ize 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 mixd pro nespecifickou fluorescenéni (SYBR green
a alternativy) detekci amplifikovanych produktd. Specifické primery pro referencni geny glyceraldehyd-3-fosfat dehydrogenazy
(GAPDH) a DEAD-box RNA helikazy 1 (DRH1) byly pouzity v qRT-PCR reakcich na fedici fadé cDNA z Zateckého chmele
(Maloukh et al. 2009; Matousek et al., 2012). Amplifikacni reakce byly provadény v Real-time PCR cykleru CFX Connect
(Bio-Rad Laboratories, Hercules, CA, USA) podle firemnich protokold v dvou nebo tii krokovém cyklu bez nebo s pocatecni
teplotni aktivaci polymerazy.

V analyzach byly sledovany efektivita amplifikace, specifita amplifikovanych produktd, pribéh reakce a mira fluorescence.
V celkovém porovndni pak byla do hodnoceni zahrnuta i cena reakce, aby byly vybrany RT-PCR mixy s nejvyhodnéjsim
pomérem kvalita/cena. V celkovém hodnoceni se jako nejvhodnéjsi ukdzaly RT-PCR mixy iTaq universal SYBR green supermix
(Bio-Rad Laboratories), FastStart universal SYBR green master (Roche Diagnostics), Xceed qPCR 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., Rolddn-Ruiz, I.: 2009 — ] Plant Biochem Biotech., 18: 53-58
Matousek, J., Kocabek, T., Patzak, )., Fuissy, Z., Prochdzkovd, J., Heyerick, A.: 2012 — BMC Plant Biol, 12: 27

Podporovéno grantem GACR 13-03037S.
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POROVNANI METOD IZOLACE DNA ZE SUCHYCH A ZPRACOVANYCH HLAVEK
CHMELE

Joser PaTzAK, ALENA HENYCHOVA

Chmelarsky institut s.r. 0., Kadanska 2525, 438 46 Zatec, CR
E-mail: patzak@chizatec.cz, tel.: +420 415 732 109

Vyuziti molekularné genetickych metod studia DNA je v poslednich letech nejvyhodnéjsi nastroj hodnocent jednotlivych
genotypd. Moderni molekularni metody ndm umozniuji co nejlépe sledovat zmény zplisobené kombinacemi rodict, chybami
v pfenosu, mutacemi a selekénim tlakem a zhodnotit tak pribuznost jednotlivych genotypl nebo variabilitu (diverzitu)
v ramci populace. Velmi vyhodné je vyuzit molekularné genetické metody pro genotypizaci a identifikaci jednotlivych druhd
a odrdd rostlin. V neddvné dobé jsme vyvinuli G¢inny markerovaci systém pro kontrolu autenticity ceskych odriid chmele
(Patzak a Matousek, 2013), ktery jsme zavedli do systému identifikace genotyp chmele a kontroly odridové cistoty sadby.

Pro molekularné genetickou analyzu je nezbytné vyizolovat z rostlin dostate¢né mnozstvi DNA v kvalité vhodné pro
polymerazovou retézovou reakci (PCR). Pro kontrolu odriidové cistoty na nasem pracovisti izolujeme DNA z mladych list(
cetyl trimetylammonium bromid (CTAB) izola¢ni metodou nebo DNeasy Plant mini kitem (Qiagen, Hilden, FRG). Komerénim
produktem chmelovych rostlin jsou susené chmelové hlavky a chmelové produkty (pellety, extrakty), kde je DNA sice
uchovéna, avsak v rizném stavu poskozeni. Presto ovéfeni autenticity odrid chmele pfi prodeji ma vysoky ekonomicky dopad.

V nasich experimentech jsme proto otestovali celkem 11 rdznych metod izolace DNA na vzorcich ze suchych hlavek
chmele a lisovanych pellet. Z téchto metod byly tfi modifikace CTAB izola¢ni metody, dvé modifikace dodecylsiran sodny
(SDS) izola¢ni metody, pét kolonkovych izola¢nich kitd a jeden kit, vyuZzivajici magnetické partikule. Izola¢ni metody byly
hodnoceny podle vytézku DNA, priibéhu a kvality specifické PCR. Nejvétsiho vytézku bylo dosazeno nasi standardni CTAB
izola¢ni metodou. Zddnd DNA nebyla ziskdna jednou modifikaci CTAB izola¢ni metody a obéma modifikacemi SDS izola¢nf
metody. Pomoci magnetickych partikuli byl dosazen dostatecny vytézek DNA, ale na vzorcich neprobihala PCR. Vytézek
z kolonkovych izolacnich kitt byl srovnatelny a vzorky byly vhodné pro PCR analyzu. Nejvyhodnéjsi byly Qiagen DNeasy Plant
Mini Kit (Dynex), Omega EZNA SP Plant DNA mini kit (VWR International) a Machery-Nagel NucleoSpin Plant Il kit (Biotech).

Patzak )., Matousek J: 2013 — Certifikovand metodika, 40 s., ISBN 978-80-86836-94-2
Patzak J., Matousek J: 2013 — UZitny vzor, ¢. 25678

Podporovéno centrem kompetence TACR TE02000177.

MODIFICATION OF LINSEED OIL COMPOSITION USING CONSTRUCT
TO INDUCE GENE SILENCING

MicHAELA PaveLkovA, PaveL HANACEK?, MIROSLAY GRIGA'

" AGRITEC Ltd., Plant Biotechnology Department, Zemédélskd 16, CZ-78701, Sumperk, Czech Republic
2 Mendel University, Department of Plant Biology, Zemédélska 1, CZ-61300, Brno, Czech Republic
E-mail: pavelkova@agritec.cz

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.

Acknowledgement: This work was financially supported by Ministry of Education CR research project LH12226.
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LABEL-FREE IMAGING OF POLLEN GRAIN HYDRATION:
MODULATION RELIEF-CONTRAST MICROSCOPY

Rapek PeLc’ 234, Zpenek HosToUNskY? & CHAN-Soo Kim?
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2 The Stentor Institute, Hostivice-Palouky 614, CZ-25301 Praha-Zapad, Czech Republic
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E-mail: radek.pelc@seh.oxon.org

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. 7) 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 um 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.

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.

STANDARD MODULATION
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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
% 10/0.30 (all other images). Raw-image ID: 2009-08-29 _*
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OPTIMALIZACE DETEKCE VIRU TUMV A TYMV METODOU RT PCR
S JEJICH POTVRZENIM SEKVENACI

ELiSkA PENAZOVA, ALES EICHMEIER

Zahradnick4 fakulta, Mendelova univerzita v Brné, Valtickd 337, 691 44 Lednice, CR
E-mail: eliska.penazova@mendelu.cz, tel.: +420 519 367 247

Virus mozaiky tufinu (TuMV) spolu s virem Zluté mozaiky tufinu (TYMV) patii mezi ekonomicky vyznamné patogeny
infikujicf pletiva zelenin celedi Brassicaceae. Cilem prace byla optimalizace jejich detekce metodou RT-PCR a porovnani
miry napadent testovanych odrdd.

V ramci studie jednotlivych vird byla nejprve provedena inokulace odrid pekingského zeli izolaty TuMV a TYMV. Virulence
pouzitého inokula¢ntho materialu byla soucasné ovérena na indikatorovych rostlindch merliku (Chenopodium quinoa Willd.)
a tabaku (Nicotiana tabacum L., ‘White Burley’). Celkova RNA byla izolovdna za pouziti komercniho kitu, pro RT-PCR
byly pouzity specifické primery TU 8705-8726 a TY T09NO-109M9. Pfi optimalizaci detekce pak byly porovnany dvé
vyuzivané polymerazy — Taq DNA Polymerase (NEB) a GoTaq G2 Flexi DNA Polymerase (Promega). Ziskané PCR produkty
byly purifikovany a sekvenovany.

Podporovano grantem IGA & 4/2014/591. PouZité izolaty pochazeji ze sbirek VURV, v.v.i. a referatu virologie UKZUZ.
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STUDIUM METYLACE TELOMEROVYCH CYTOSINU ROSTLIN

PaviA PoLanskA!, Eva MAJEROVA!, MiLosLAvA FOTOVA', Jiki Fajkus'2
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E-mail: polanskapavla@gmail.com

Telomery jsou nukleoproteinové struktury na koncich linearnich eukaryotickych chromozomti, skladajici se z kratkych
repetitivnich sekvenci, které jsou nezbytné pro stabilitu geonomu. Telomery byly povazovany za typicky heterochromatinové
oblasti s heterochromatinovymi epigenetickymi znackami. Aviak neddvna studie ukézala 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 cytosind v telomerovém motivu CCCTAAA je metodicky problematickou
zalezitosti, jelikoz nelze vyuzit konvecnich pfistupl: i) telomery neobsahuji cilové misto pro zddnou metylacné citlivou
restrikéni endonukledzu, ii) repetitivni sekvence nelze analyzovat PCR po modifikaci bisulfitem. V préci (Vrbsky et al., 2010)
byl navrZen pfistup analyzy metylace telomerovych cytosint za pomoci bisulfitové konverze DNA, kdy dochazi ke konverzi
cytosinu na uracil, zatimco metylcytosin zlstavd nezménén. Konvertovand DNA je pfenesena na nylonovou membranu
a hybridizovana s radioaktivné znacenymi telomerovymi oligonukleotidy, které jsou navrzeny tak, aby hybridizovaly
s telomerovymi repeticemi obsahujicimi metylované/nemetylované cytosiny. V nasi praci (Majerovd et al., 2011) byl navrh
primeru detekujictho frakci metylovanych telomerovych repetic zpfesnén na zékladé informace o rozlozeni metylovanych
cytosinl v telomerach A. thaliana (Cokus et al., 2008).

Studovali jsme metylaci cytosinG v telomerdch rostlin Arabidopsis thaliana kli¢icich a bunék kultury Nicotiana tabacum BY-2
péstovanych v pfitomnosti hypometyla¢nich latek zebularinu a DHPA (dihydroxypropyladenin). V semenéccich A. thaliana
klicicich v pfitomnosti hypometylacnich latek a v burikdch BY-2 byla vyrazné snizend metylace cytosind v telomerovych
a centromerovych repetitivnich oblastech. V dospélych rostlindch A. thaliana, které jiz nerostly v pfitomnosti zebularinu ¢i
DHPA, byla metylace témér srovnatelna s kontrolnimi rostlinami. Telomery v hypometylovanych rostlinach A. thaliana byly
vyrazné zkracené (Ogrockd et al., 2014), zatimco délka telomer hypometylované tabékové kultury BY-2 se nezménila (Majerova
etal., 2011), coz ukazuje na moznou rozdilnou epigenetickou regulaci délky telomer v rGznych rostlinnych modelech.

Finan¢ni 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 socidlniho fondu.
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ZPUSOB PREHLEDNEHO ZOBRAZENI VELKEHO MNOZSTVI DAT
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Zobrazenf hodnot jedné nebo vice spojitych proménnych v zavislosti na vice kategorickych proménnych (napfiklad
koncentrace rdiznych hormont ve vzorcich vystavenych riznym podminkdm pokusu) pomoci sloupcového grafu byva casto
neprehledné. Obvykle je nutné pouzit vétsi pocet grafti nebo seskupovani sloupct k vizualizaci hodnot pro viechny kategorie,
coz porovnatelnost dat mezi sebou znac¢né ztéZuje a ve vysledku zaujima velkou plochu. V pfipadé 3D sloupcovych grafl
muize zase dojit k zakryti nizkych sloupct témi vyssimi. Z téchto dlivodd jsme vytvorili program CircleGraph, ktery vizualizuje
data do kruha usporadanych v prehledné matici.

Program CircleGraph v1.14 vznikl v systému MATLAB. U koncového uZivatele nenf nutna instalace pIné verze MATLABU,
spousténi programu probiha v prostfedi MATLAB Compiler Runtime (MCR). Vstupni data a parametry zobrazenf jsou nacteny
z Xlsx souboru (MS Excel). Hodnota hlavni ¢iselné proménné je znazornéna pomoci préiméru ¢i obsahu kruhti (uzivatel vybira
mezi témito dvéma maédy) usporadanych v prehledné matici podle dvou kategorickych proménnych. Obsah kruhu roste
s kvadratem priiméru, coz dovoluje na omezeném prostoru zobrazit a porovnat i veli¢iny s Sirokym rozsahem namérenych
hodnot. Dalsi spojité hodnoty (nejcastéji smérodatné odchylky, mezikvartilova rozpéti apod.) se daji znazornit pferusovanymi
kruznicemi v pomérné vzdalenosti od obvodu kruhu. DovnitF kazdého kruhu mize byt uveden jakykoli text, tedy ¢iselnd
hodnota hlavni ¢i dalsi spojité proménné nebo popisek dalsi kategorické proménné. Poslednf kategorickou proménnou je
mozné jesté vyjadrit pomoci barvy kruhu, kterd se zadévé v datovém souboru v Hex formatu. Obvod kazdého kruhu Ize
nezavisle zvyraznit pomoci tu¢né linky, ¢imz se da zobrazit navic jedna bindrni proménna (napfiklad statisticka vyznamnost
hodnoty hlavni proménné). Pomoci parametrt definovanych ve zdrojovém souboru mize byt upraven také finalni vzhled
matice. Vyslednou matici Ize exportovat do rastrovych i vektorovych grafickych formatd.

Program CircleGraph umoziuje rychle a flexibilné porovnat velkd mnozstvi dat a prehledné je prezentovat na mensi

plose, nez by tomu bylo u standardnich graft.

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

DAGMAR PrROCHAZKOVA'2, RADOMIRA STRALKOVA!, TEREZA MISTOVA!, ONDRE) SKALAT, MARIE KOZAKOVA?,
ALENA HETMANKOVA®, JAROMIR LACHMAN?
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2UEB AV CR, V.V.i., Rozvojova 263, 161 06 Praha, CR
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Ny

Polyfenolické latky jsou ve vyssich rostlinach pritomny jako sekundarni metabolity. Majf nezastupitelnou tlohu v ochrané proti
chorobdm, infekcim, parazitim a hraji téZ vyznamnou roli pfi ochrané rostlin proti nadmérnému slune¢nimu zérent. Jejich
koncentrace v rostlindch zavisi na mnoha faktorech, z nichz nejdtilezitéjsi jsou faktory genetické (druh a odriida rostliny),
stupen zralosti, faktory klimatické a konecné pilisobeni nejriiznéjsich abiotickych a biotickych strest.

Polyfenolické latky predstavuji mnoho typi sloucenin, které miizeme rozdélit do péti zakladnich skupin: kyseliny
fenolkarboxylové, flavonoly, flavan-3-oly, proantokyanidy a antokyanidy. V posledni dobé je témto latkdm vénovana znacna
pozornost ze strany nutri¢nich specialist(i, nebot jejich pfijem v potravé je davan do souvislosti se snizenim vyskytu zavaznych
civiliza¢nich nemoci, jako je rakovina a kardiovaskularni choroby (Zendulka, 2008).

Doposud zavedené postupy extrakce polyfenolickych latek ve svété se zabyvaji zpracovanim pouze celych semen. Pfedchozi
studie ukdzaly, Zze vyznamnym zdrojem polyfenolickych latek jsou téz pokrutiny révy vinné Vitis vinifera L. (Lachman et
al. 2013). Ovéili jsme, Ze pokrutiny zlstavaji velice hodnotnym zdrojem polyfenolickych latek pdvodem ze semen révy
vinné i po vylisovani oleje. Jejich zpracovani by tak déle navysilo moznosti extrakce biologicky aktivnich latek z odpadd
pochézejicich z vyroby vina. Zjistili jsme, Ze dllezitym rozdilem v extrakci polyfenolt z pokrutin oproti intaktnim semendm
je pfitomnost oleje v hrubém extraktu. Bude tak vyzadovéna optimalizace celého procesu.

Pokrutiny pochazejici ze semen révy vinné jsou velmi tvrdym a kiehkym materialem. Pro Gcely extrakce byly zvoleny dva
zplisoby jejich zpracovani, a to 1) mechanické drcenf a 2) rozmoceni vodou. Jako solvent béhem extrakce byla vzhledem
k nizké ekonomické narocnosti a pripadné potravinarské bezpecnosti zvolena voda. Dale byly testovany moznosti pryskyfice
Amberlite XAD-7HP a etanolu ve vyuZiti pro precisténi a zakoncentrovanf ziskaného produktu. Uvedenym postupem bylo
ziskdno cca 10 % polyfenolickych latek obsazenych v pokrutinach.

AMBERLITE XAD7HP (Rohm and Haas Company) je neiontovy alifaticky akrylovy polymer. Sorpéni schopnosti tohoto
materidlu jsou odvozeny z jeho sitovité struktury (obsahuje souvislou polymernf porézni fazi), a z velikého povrchu alifatické
povahy. Tato struktura dava tomuto adsorbentu vybornou fyzikalni a termdlnf stabilitu. Diky své alifatické povaze muze
AMBERLITE XAD7HP adsorbovat nepolarni slouceniny z vodnych roztokd a polarni slouceniny z nepolérnich rozpoustédel.
Jeho adsorp¢ni vynos u polyfenold je 70,4 %; ¢as adsorpce je 20 min (Soto at al., 2012).

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

Primérné vysledky byly ziskany ze 3 opakovani. Sledovanf probihalo u vybranych odrid révy vinné, a to Miiller 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., Hejtmankova A., Hejtménkové K., Hornickova S., Pivec V,, Skala O., Dédina M., Pfibyl J.: 2013 — Ind. Crop. Prod., 49: 445-453
Lachman J., Pivec V., Orsak M., Hosnedl V., Prokinova E., Lapcik O.: 1999 — Agrarni www portal http://www.agris.cz/clanek/111118

Zendulka O.: 2008 — Polyfenoly ve vyZivé jako mozna prevence nadorovych onemocnéni. Disertacni prace, Masarykova univerzita v Brné: 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 ziskdvani a vyuZiti biologicky aktivnich latek (BAL) ze semen vinnych hroznu
pro zlepseni metabolismu hospodarskych zvirat jako podklad pro navrh nejlepsi dostupné techniky (BAT)”.
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N6-ADENOSYL METHYLATION REGULATES VASCULAR DEVELOPMENT AND
HORMONAL RESPONSE IN ARABIDOPSIS

Kamit RUZi¢ka'?, SEDEER EL-SHOWK, ANA CAMPILHO, VASSILIKI ZACHARAKI, DOMINIQUE EECKHOUT, MUHAMMAD KASHIF,
JAN HejAtko, GeerT DE JAEGER, MIKKO FRILANDER, GORDON SIMPSON, RUPERT FRrAY, YKA HELARIUTTA?

T CEITEC Masaryk University, Kamenice 5, CZ-62500 Brno, CR
2 Inst. of Biotechnology, POB 65, 00014 University of Helsinki, Finland
E-mail: kamil.ruzicka@ceitec.muni.cz, tel.: +420 549 495 740

Neé-adenosine methylation (m6A) is the most common mRNA modification in eukaryotes. However, the physiological role
of m6A and the underlying molecular machinery remain practically unknown, and, despite recent significant progress, it is
very little known about its role in pattern formation, in plants, as well as in other eukaryotes.

Protein AHP6, a member of signaling cascade of a plant hormone cytokinin, plays a critical role during protoxylem
development and is the earliest known marker of protoxylem identity, which relies also on other phytohormone auxin.
We isolated mutant emb2076-6, which shows a reduced AHP6prom:GFP activity, accompanied with aberrant protoxylem
formation. In addition, emb2076-6 shows auxin related defects and resistance to synthetic auxin 2,4-D and ethylene. In
order to support this hypothesis, we made a transcriptional profiling of emb2076-6 mutant, searching for auxin synthesis
related genes with altered expression levels there.

emb2016-6 codes for a weak allele of an embryonically lethal gene involved in mRNA processing. In order to elucidate
the molecular function of EMB2016 complex, we performed two rounds of independent protein interaction hunts. We
co-purified m6A methylase and a protein homologous to EMB2016 interactors from Drosophila. We demonstrate that
knockdown lines of interactors of EMB2016 show similar defects to emb20176-6, including altered sensitivities to auxin 2,4-D
and vascular defects. Finally, we found that depletion of EMB2016 in Arabidopsis and its homolog in Hela cells leads to
strong depletion of m6A in mRNA and EMB2016 appears to be a novel functional member of a conserved m6A complex.

Supported by Czech Science Foundation (P501/12/0934) and by the European Social Fund (CZ.1.07/2.3.00/20.0189 and CEITEC).

CHARAKTERIZACE PROTEINU ASOCIOVANYCH S TELOMERAZOU

SARKA SCHOROVA ,PETRA PROCHAZKOVA SCHRUMPFOVA!, JANA MAJERSKA'3, LADISLAY DOKLADAL'? A JIRi FAjkus'+2

! Mendelovo centrum genomiky a proteomiky rostlin, CEITEC a Oddéleni funkéni genomiky a proteomiky, NCBR,
Prirodovédecka fakulta, Masarykova Univerzita, Kamenice 5, 625 00 Brno, Ceska republika

2 Biofyzikalni tstav, Akademie véd Ceské republiky, v.v.i., Kralovopolska 135, 612 65 Brno, Ceské republika

3 Swiss Institute for Experimental Cancer Research (ISREC), Ecole Polytechnique Fédérale de Lausanne, Station 19,
1015 Lausanne, Switzerland

E-mail: 376269@mail.muni.cz

Vyznamnym enzymem UGcastnicim se prodluzovani nedoreplikovanych linedrnich chromozomt eukaryotickych konct neboli
telomer je telomeraza, kterd je tvofena z katalytické 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-termindlni ¢ast domény zodpovédné
za vazbu jednoretézcové DNA pii translokacnim kroku a obsahujici NLS signal lokalizujici telomerazu do jadra. TERT podjednotka
mUZe asociovat s mnoha proteiny, které ovliviiuji jeji lokalizaci, funkci ¢i regulujf 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 Pot1b, ktery je homologem
lidského proteinu Pot1 véazajiciho se na jednovlaknovy presah telomer.

Avsak telomerdza neplni v organismu jen funkci spojenou s prodluzovanim telomer (telomerickou funkci), ale Gcastni se
i dalsich procesd, které nejsou propojeny s telomerami. Mezi netelomerické funkce telomerazy patii napriklad jeji Gcast pfi
tumorgenezi, kde ovliviiuje genovou expresi, opravuje poskozenou DNA nebo se uplatriuje pfi regulaci bunééného cyklu.

Pomoci metody Tandemové afinitni purifikace (TAP = Tandem Afinity Purification) byly ziskany kandidatni proteiny,
které by mohly potencialné interagovat s TERT podjednotkou. Nékolik kandidatnich proteinl a jejich interakce s TERT
podjednotkou byly ovéfovany tfemi metodami pro zjisténi protein-proteinovych interakci: Dvojhybridnim kvasinkovym
systémem (Y2H = Yeast two Hybrid systém), Bimolekularni fluorescen¢ni komplementaci (BiFC = Bimolecular Fluorescence
Complementation) a imunoprecipitaci.

Schrumpfova PP, Vychodilova I. Dvoréckova M., Majerska )., 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

Préce byla podporena Grantovou agenturou Ceské republiky (13-06943S), a projektu CZ.1.07/2.3.00/20.0043 z Evropského
socialniho fondu.
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ANALYSIS OF KINASE ACTIVATION OF HOP TRANSCRIPTION FACTOR HIWRKY1
AS A PART OF NETWORK REGULATING LUPULIN BIOSYNTHESIS

KRISTYNA SIGLOVA! , TOMAS KocABEK!, AJay KUMAR MisHRAT, GANESH SELVARA] DURAISAMY!, ANNA TYCOVA',
JAROSLAV MATOUSEK!

! Biology Centre AS CR, v.v.i, Institute of Plant Molecular Biology, Brani$ovska 31, CZ-37005 Ceské Budé&jovice,
Czech Republic
E-mail: kristyna@umbr.cas.cz

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 WRKYs 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 H/WRKY1
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 H/WRKY1
factor itself. In transient expression system, the interaction between H/IWRKY1 and HIWDRT 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 H/WRKY1
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 13-030375), by the cooperative project FP7-REGPOT-2012-2013-1
MODBIOLIN No. 316304 and by institutional support RVO:60077344.
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DYNAMIKA PROTEOMU ROSTLIN ARABIDOPSIS THALIANA PRI ODPOVEDI
NA TEPLOTNI STRES A ZMENU ENDOGENNICH HLADIN CYTOKININU
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Rostliny odolavaji v prabéhu svého Zivota mnoha stresujicim faktordim, které mohou hrat zcela zasadni roli v jejich rastu
a vyvoji. Mezi nejvyznamnéjsi abiotické faktory patii mimo jiné teplota, u které jsou nasledkem klimatickych zmén ¢im dal
Castéjsi a zavaznéjsi vykyvy. Soucasny matematicky model predpoklada, ze primeérna 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 pfipravu odolnéjsich kultivara'.

V prébéhu dne dochdzi k pfechodu pasobent teplotniho stresu z prytové na kofenovou ¢ast rostlin?. Proto byl sestaven
experiment simulujici tyto dennf vykyvy teplot (rozmezi 21-40 °C) pUsobici oddélené na prytovou (i) a kofenovou (ii) ¢ast,
i na celou rostlinu (iii). JelikoZ se v posledni dobé vyskytuji informace o dulezitosti rostlinnych hormon( cytokinin( v teplotnf
signalizaci rostlin®, byly soubé&zné s kontrolnimi ekotypy (Col-0) do experimentu zahrnuty transgennf linie Arabidopsis thaliana
s indukovatelnou expresi genu ipt (CaMV355>GR>ipt) kédujiciho enzym v biosyntéze cytokinind. Rostliny byly po aplikaci
odlisnych teplotnich podminek podrobeny analyze fluorescenéni kinetiky chlorofylu (FluorCam) a sesbirany pro naslednou
proteomickou (2D PAGE, MALDI MS) a hormonalni (LC-MS) analyzu.

Vysledky dokladaji, Zze endogenni navyseni hladin cytokinin(i zdsadné ovliviiuje reakci rostlin na aplikaci teplotniho
stresu a ve vétsiné piipad( vede zvysena hladina cytokinind spolecné s teplotnim stresem k opa¢nému Gcinku nez aplikace
samotného teplotniho Soku, a to jak na hormondlni, tak i proteomické Grovni. Na zékladé proteomické analyzy bylo
odhaleno 110 a 36 signifikantné regulovanych proteinli v prytové a kofenové casti. Celkové méla aplikace teplotniho
stresu za nasledek negativni regulaci u 61 % rozdilné regulovanych proteind, kdy nejcastéji dochdzelo k negativni regulaci
proteint po aplikaci teplotniho stresu na kofenovou ¢ast. Na zakladé shlukové analyzy (Cluster 3.0) bylo zjisténo, Ze zvysena
hladina cytokinind zpUsobuje opac¢nou odpovéd na teplotni stres, coz bylo pozorovdno i na samotném fenotypu rostlin
na zakladé odlisného vadnuti a teploty listd. Hormonalni analyza zahrnovala stanoveni hladiny 4 dulezitych rostlinnych
hormon a jejich prekurzori (cytokininy, kyselina abscisova, auxiny a gibereliny). Aktivni formy cytokininG klesaly v téch
Castech rostlin, které byly vystaveny aplikaci teplotniho stresu. Kombinace zvysené hladiny cytokinind a teplotntho stresu
vedla rovnéz k odlisné regulaci hladin kyseliny abscisové (ABA) v porovnéni se samotnou aplikacf teplotntho stresu. ABA
byla dfive pozorovana jako jeden z hlavnich hormont v odpovédi na abioticky stres. Je tedy zfejmé, Ze vysledna odezva
na teplotni stres, jako je regulace pohybu praduchd, ¢i aktivita fotosyntézy, je zavisld na interakci mezi rostlinnymi hormony
cytokininy a kyselinou abscisovou.

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

Tato préce 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 DAIT 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 Dpo1 (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.

Hammer K. (1984) Kulturpflanze 32: 11-34.

Hancock J.F. (2012) Plant Evolution and the Origin of Crop Species. CAB International

Smykal P et al. (2011) Plant Genet Res 9: 4-18.

Smykal P. et al. (2012) MDPI Agronomy 2: 74-115.

Smykal et al. (2014) Frontiers in Plant Sciences 5, 351. doi: 10.3389/fpls.2014.00351
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Competitiveness (project CZ.1.07/2.3.00/30.0041) — European Social Fund of the Ministry of Education, Youth and Sports
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IN VITRO BIOTESTY — APLIKACE

IvA SMYKALOVA', ELISKA ONDRACKOVA?

! Oddélenf Biotechnologif, Agritec Plant Research s.r.0., Zemédélskd 2520/16, 787 01 Sumperk, CR
2 Oddeéleni Ochrany rostlin, Agritec Plant Research s.r.0., Zemédélskd 2520/16, 787 01 Sumperk, CR
E-mail: smykalova@agritec.cz, tel.: +420 583 382 120

In vitro biotesty jsou pouzivany bézné pro screening biologické aktivity, interakcf rliznych organismd. V nasem piipadé jsou
pouZzivany in vitro biotesty pro vyhledanf organism( s inhibi¢nimi vlastnosmi. Zakladem jsou cisté kultury organism, sbirkovych
kment, jejich izolaty a extrakty hledanych organismd. Izolaty fytopatogennich hub jsou vyhodnymi testovacimi organismy
pro ziskani rychlé odpovédi na pfitomnost antagonistickych, inhibi¢nich eventuelné toxicky plsobicich latek p¥itomnych
v hrubych extraktech. Extrakce je zaloZena na jednoduchém principu, vychazejicim z drcenf zivé nebo lyofilizované biomasy
aktivni latky. Aplikace téchto extraktd pfimo k izolatlim hub, predstavuje snadno vyhodnotitelny test s rychlou odpovédi. Dalsi
aplikace in vitro biotest(i spociva ve vyhodnocenf tcinku vyhledané biologicky aktivntho hrubého extraktu. Determinace vlivu
na klicent, rdst a morfologii rostlin, které jsou dnes nezbytnou soucastf testt fytotoxicity. Vyhodnocenf téchto biotest je jiz
v soucasnosti mozné provadét spolehlivou automatizovanou metodou, obrazovou analyzou z fotodokumentace experimentu.

Podporovédno grantem MSMT — COSTAction1206 ¢.grantu LD141071, Mobility & grantu 7AMB14SK192.

IDENTIFIKACE ALEL ROSTLINNYCH ENZYMU V PLASMIDOVYCH
KNIHOVNACH ZALOZENA NA ALEL-SPECIFICKE REAL TIME PCR

PremysL SOUCEK!, ZuzanA MEDVEDOVA!, DUSAN TUREK!, Jiki VOLF?, Pavel KLIMES!, PAVEL MAZURA!

T Mendelova Univerzita v Brn&, Zemédélskd 1, 613 00 Brno
2 Vyzkumny Gstav veterinarntho 1ékafstvi, Hudcova 70, 621 00 Brno
E-mail: soucek@mendelu.cz, tel.: +420 545 133 454

Soucasné moznosti vytvaret cilené mutace ve zkoumanych proteinech véetné vybranych rostlinnych enzymd umoziuji
detailné studovat jejich funkci a podil na biochemickych a vyvojovych pochodech v Zivych organizmech. Mistné specificka
mutageneze na pfedem vytypovanych mistech téchto protein(i je uziteCnym nastrojem pro vytvareni nejen mistné specifickych
aminokyselinovych zamén, ale i pro vytvareni rozsahlych knihoven s pfedem navrzenou variabilitou. Velikost takto vytvofenych
knihoven vyzaduje identifikaci jednotlivych variant s minimem nédkladd a moznosti jeji automatizace. Pro tyto Gcely jsme
vyvinuli metodu zaloZenou na alel-specifické real time PCR, kterd umozriuje jednoznacné identifikovat jednotlivé genové
varianty mezi desitkami moznych.

Metoda byla testovana na knihovné variant kukufi¢né p-glukozidazy p60, ktera byla vytvofena metodou SLONOMAX
a obsahovala 20 nesynonymnich mutaci v kodonech 195, 202 a 463. Kromé toho byly do cilové sekvence zavedeny
synonymni mutace v kodonech 194, 196, 201, 203 a 464. Metoda byla navrzena tak, aby byla diskriminacni k nesynonymnim
mutacim v pozicich 195, 202 a 463 a necitliva ke viem ostatnim mutacim. Alel-specifickd PCR vyuzivd alel-specifickych
primer( v kombinaci s Tm analyzou pro diskriminaci jednotlivych alel a DNA vazebnych barev k detekci PCR produktu.
Dosud popsané aplikace se zamérovaly predevsim na identifikaci malého poctu alel, typicky 2 v piipadé SNP. Pfi nami
testovanych optimalizacich je mozné v jediné reakci rozlisit az 7 riznych alel v pfipadé, Ze cilova sekvence neni obklopena
dal$imi nesynonymnimi mutacemi. Jsou-li dal$i mutace pfitomny v oblasti, kde hybridizuje alel-specificky primer, jako je tomu
napfiklad v pozici 464, dochdzi sice ke zvy3enf variability efektivity amplifikace v zavislosti na pfitomnych nesynonymnich
mutaci, ale diskriminacni schopnost metody zlstava zachovéna. Bylo mozné rozlisit az 7 alel v kodonu 463 v jediné reakci,
resp. viech 20 ve 3 reakcich a to presto, Ze celkovy pocet moznych alel v genové oblasti je 60. Pfitomnost mutaci v 3' oblasti
smérem od alel-specifického primeru neovlinuje parovani templat — primer, ale ovliviiuje Tm vysledného produktu v zavislosti
na inkorporovanych nukleotidech, coZ znesnadriuje identifikaci jednotlivych mutaci. Nami zavedena modifikace metody
spocivajici v preskupeni primerovych kombinaci v jednotlivych reakcich umoznuje vyfesit i tento problém. Jsme schopni
rozlisit vsech 20 kodond 195 v 6 reakcich i presto, Ze celkovy pocet alel dosahuje poctu 80. Podobné v 8 reakcich je mozné
rozlisit vdech 20 kodon( 202 z celkového poctu 180 alel.

Vzhledem k vy3si narocnosti na optimalizaci je vyvinutd metoda vhodna pro identifikaci genovych variant ve velkych
souborech vzorkd jako jsou prave plasmidové knihovny. Jako jedna z mala PCR metod umoziiuje identifikovat velké mnozstvi
mutaci v relativné malém poctu reakci pfi zachovani presnosti a nendro¢nosti na kvalitu izolované DNA.

Préce byla podporovéna 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

HeLENA STAKKOVA!, MIROSLAV VALARIK!, NORA LAPITANZ, PAUL BERKMAN®, DAvID EDWARDS?, MING-CHENG Luo?,
ZuzaNA TuLPovA!, MARIE KUBALAKOVA!, NiLs STEIN®, JaROSLAV DoLEZEL!, HANA SIMKOVA'

! Centrum regionu Hand pro biotechnologicky a zemédélsky vyzkum, Ustav experimentélni botaniky, Slechtiteld 31,
783 71, Olomouc-Holice, Czech Republic

2 Department of Soil and Crop Sciences, Colorado State University, Fort Collins, Colorado, 80524, USA

3 Australian Centre for Plant Functional Genomics, University of Queensland, Brisbane, QLD 4072, Australia

4 Department of Plant Sciences, University of California, Davis, CA 95616, USA

5 Leibniz Institute of Plant Genetics and Crop Plant Research, Department Genebank, AG Genome Diversity, D-06466
Gatersleben, Germany

E-mail: stankovah@ueb.cas.cz

PSenice seta (Triticum aestivum L.) je jednou z ekonomicky nejvyznamnéjsich kulturnich plodin, poskytujicf zdroj potravy
pro 35 % obyvatel svéta. Jednd se o allohexaploidnim druh (2n = 6x = 42) s celkovou velikosti genomu téméF 17 x 10° bp.
Genom je tvofen tfemi homeolognimi subgenomy (A, B a D) a jeho podstatnou ¢ast (pres 80 %) tvofi repetitivni sekvence.
Vsechny vySe zminéné vlastnosti pSeni¢ného genomu znesnadnuji jeho analyzu, genetické i fyzické mapovani, sekvenovan{
¢i pozi¢niho klonovani. Tridénf jednotlivych chromozémii a jejich ramen pomoci pritokové cytometrie umoznuje rozlozit
tento obrovsky genom na malé a snadno analyzovatelné casti.

Na kratkém rameni chromozému 7D (7DS) p3enice se nachézi fada agronomicky vyznamnych genli, véetné genu Dn2401
pro rezistenci k msici zhoubné (Diuraphis noxia). Msice zhoubna je jednim z nejvyznamnéjsich skidc( psSenice a jecmene.
Chemické i biologické postupy hubenf nejsou v piipadé msice zhoubné dostatecné Gcinné. Z tohoto divodu se jevi jako
nejvyhodnéjsi zplsob ochrany péstovani odrid nesoucich geny pro rezistenci vici tomuto 3kidci.

Konstrukce vysokohustotni genetické mapy pokryvajici oblast zkoumaného genu je nezbytnd pro jeho nasledné pozi¢ni
klonovani, tedy izolaci genu na zakladé jeho pozice na genetické ¢i fyzické mapé. Za Gcelem konstrukce této mapy byla
vyvinuta metoda pro cilené odvozovani markert z Gzké oblasti genomu, a to v podminkach polyploidniho genomu. Tato
metoda vyuziva syntenie mezi p3enici a jejimi pfibuznymi druhy (jecmen, Brachypodium, ryze, cirok, Aegilops tauschii)
v kombinaci se sekvencemi jednotlivych chromozémii skupiny 7, ziskanymi celochromozémovym neusporadanym (shotgun)
sekvenovanim. Za pomoci genovych markerd vymezujicich oblast genu na rameni 7DS je mozno identifikovat orthologni
oblasti v genomech piibuznych druhd. Geny z téchto oblasti poté slouzi k nalezeni odpovidajicich sekvenénich kontigl
pochézejicich z chromozém(i 7A, 7B a 7D psenice. Na zakladé polymorfizmG mezi jednotlivymi homeolognimi chromozémy
je mozno designovat jednolokusové, genomové specifické markery. Popsanym postupem bylo odvozeno 11 novych vysoce
specifickych markert, které poslouzily k zahusténi mapy v okolf genu Dn2401. Skrining BAC knihovny z ramene 7DS
umoznil identifikaci kontigu v 7DS-specifické fyzické mapé, ktery kompletné preklenuje oblast genu. BAC klony z této oblasti
byly osekvenovéany a v soucasné dobé probiha jejich anotace. Sekvence BAC kloni mohou rovnéz poslouzit k odvozeni
dalsich marker( v blizkosti genu Dn2401. Prezentovand metodika vyvoje marker(i je obecné aplikovatelnd pro jakykoliv
chromozém psenice.

Tato préce je podporovana grantem GA CR P5071/12/2554, MSMT CR a EU (Operacni program Vyzkum a Vyvoj pro Inovace
ED0007/01/017) a Interni Grantovou Agenturou PiF 2014-001.
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TRANSCRIPTOMICS AND GENOMICS OF MALE STERILITY IN SILENE VULGARIS:
TECHNICAL CHALLENGES AND BIOLOGICAL INSIGHTS

AMES STONE', DAN SLOAN?, HELENA STORCHOVA®

! Institute of Botany, AS CR

2 Department of Biology, Colorado State University

3 Institute of Experimental Botany, AS CR

E-mail: james.stone@ibot.cas.cz, dbsloan@rams.colostate.edu, storchova@ueb.cas.cz

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

AGNIESZKA SZMITKOWSKA!, ZUZANA JASENAKOVA, BLANKA PEKAROVA!, LUKAS ZiDEK!, HIDEO IwaI2 AND JAN HEJATKO!

! Masaryk University Central European Institute of Technology (CEITEC), Kamenice 753/5, CZ-62500 Brno, CR
2 Institute of Biotechnology, Viikinkaari 1 (P O.Box 65) 00014, University of Helsinki, Finland
E-mail: agnieszka_szmitkowska@wp.pl

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, No.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 (CA13-252809).
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THE ROLE OF ALTERNATIVE SPLICING IN AUXIN AND CYTOKININ PATHWAYS

MONIka HRTYAN, Eva StikovA, JaN HEjATKO, KamiL ROZickA

FGPP — Central European Institute of Technology — Masaryk University, Kamenice 753/5, CZ-62500 Brno, CR
E-mail: eva.slikova@gmail.com, tel.: +421 915 738 963

Alternative splicing is a regulated process accompanying gene expression. It leads to multiple protein variants from the simple
primary transcipt. High throughput transcriptome sequencing revealed that > 60 % of Arabidopsis genes are alternatively
spliced (Marquez et al., 2012). This raises the question if all the identified isoforms have biologically functional relevance.
Our aim is to answer this question for three members of auxin and cytokinin signalling pathways: PIN4 (PIN-FORMED 4),
PIN7 and AHP6 (ARABIDOPSIS HISTIDINE PHOSPHOTRANSFER PROTEIN 6).

PIN4 and PIN7 are auxin efflux carriers. Their tightly regulated localization in specific domains of the plasma membrane
is crucial for auxin-related developmental processes. Their two annotated isoforms differ in 12 nucleotides at the end of
the first exon (arabidopsis.org).

AHP6 is expressed in developing protoxylem and its adjacent pericycle cells. It acts as inhibitor of cytokinin signaling
and promotes formation of protoxylem. It has two splicing variants which differ in the position of 3' site of the first exon
(Médhonen et al. 2006).

Marquez, Y. et al. (2012) Genome Res., 22: 1184-1195
Mihonen, A. P. et al. (2006) Science, 311: 94-98

Supported by the Czech Science Foundation (P501/12/0934) and by the European Social Fund (CZ.1.07/2.3.00/20.0189).

USING IN VITRO KINASE ASSAY FOR DETERMINING
ENZYME SPECIFICITY

Eva TOMASTIKOVA!, BEATA PETROVSKA!, JaROSLAV DOLEZEL!, ANDREAS HOUBEN?, DMITRI DEMIDOV?
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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 $28. Our kinase assay confirmed that both serine positions are phosphorylated
by both recombinant kinases in vitro, although phosphorylation of H3528 is much weaker than of H3S10. Phosphorylation
of H3528 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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FIRST PRELIMINARY SCREENING OF THE GENETIC DIVERSITY IN COCONA
(SOLANUM SESSILIFLORUM DUNAL) USING ISSR MARKER
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! Crop Research Institute, Czech Republic
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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 Crant Agency of the Czech University of Life Science Prague CIGA (Project
No. 20115004) and an Internal Crant Agency of Faculty of Tropical AgriSciences, Czech University of Life Sciences Prague
IGA (Project No. 20135119).

GENOVE MANIPULACE U VLAKNITE HOUBY LEPTOSPHAERIA MACULANS

Lucie TRDA, MiROSLAVA NoVAKOVA, MONIKA BARESOVA, HANA KRUTINOVA, VLADIMIR SASEK, LENKA BURKETOVA

Ustav Experimentalni Botaniky AV CR, v.v.i., Laboratof patofyziologie rostlin, Rozvojova 313, 165 02 Praha 6 — Lysolaje
E-mail: trdal@ueb.cas.cz

Heterotalicka askomyceta Leptosphaeria maculans je plvodcem choroby mnoha brukvovitych rostlin. Pro fepku olejku (Brassica
napus) je jednim z nejzavaznéjsich fungdlnich patogent, kde zapficinuje tzv. fomové Cernani stonkd. K napadenf rostlin
dochéazi hojné na podzim, kdy se ze zbytkd rostlinné masy v ptidé uvolriuji askospory. L. maculans kolonizuje mezibunécné
prostory v mezofylu listd. V infikovanych pletivech dochdzi k tvorbé nekroz a pyknid, které jsou zdrojem sekundérniho
inokula. Patogen dale kolonizuje cévnf svazky, proriistd do stonku a kofenového krcku, kde ke konci vegeta¢niho obdobf
vyvold nekrézu baze stonku a tim zplisobuje poléhant rostlin a jejich predcasnou zralost.

Pro studium interakce rostlina-patogen je nezbytna vizualizace a kvantifikace miry kolonizace rostlinného pletiva. Jednou
z velmi Gc¢innych a robustnich metod je vyuZiti transformantd s vloZenym reportérovym genem, jako je napf. gen pro zeleny
fluorescencni protein (GFP) nebo pro -glukurodinasu (GUS), umoziujicich detekci pomoci fluorescence nebo detekci
produktu enzymatické reakce. Takto pfipraveni transformanti jsou i vhodnym nastrojem pro sledovani kliceni a kinetiky
rGistu mycelia v axenické kultufe in vitro.

VIaknité houby, véetné L. maculans, |ze G¢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 piislusny expresni klon dorucen do hostitelskych buriek v T-DNA (transferovd DNA). Transformanti jsou déle selektovani
na mediu s piislusnymi antibiotiky a A. tumefaciens je odstranéno pomoci cefotaximu.

Metody pro genetické modifikace jsou také klicové pro funkéni genomiku a studium gen(i. Post-transkripcni umlcent
genu je jednou z metod reverzni genetiky. Testovali jsme vlasenkovy vektor pHYG-GS typu Gateway (Fox a kol., 2008),
ktery byl navrzen pro genové umlceni u L. maculans. Testovali jsme dva rdzné konstrukty pro utlumeni reportorového
genu GFP a ve dvou riiznych izolatech L. maculans. Mira genového umlceni byla vyhodnocena méfenim GFP fluorescence
a stanovenim relativniho mnoZstvi GFP mRNA pomoci qPCR.

Genom L. maculans byl nedavno sekvenovan, coz usnadnuje 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(l1)2Cyss 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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IZOLACE DNA Z TECHNOLOGICKY ZPRACOVANYCH POTRAVIN S VYUZITIM
MAGNETICKYCH NOSICU
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Vychozim krokem mnoha molekularné biologickych aplikacf je extrakce nukleovych kyselin v dostatecné kvantité a kvalité.
V soucasné dobé se vyviji nové postupy zalozené na magnetickych mikro a nanocasticich. Cilem prace bylo pouziti
magnetickych nosict pro izolaci DNA z technologicky zpracovanych potravin rostlinného piivodu.

Proces izolace rostlinné DNA je komplikovany vzhledem k pfitomnosti polyfenoll, polysacharidd a jinych metabolitd,
které jsou Casto koextrahovany s DNA. Uvedené latky pasobf jako inhibitory enzymatickych procesti, véetné PCR, coz je
nezadoucf pfi zjistovani autenti¢nosti potravin nebo detekci GMO v potravinach. Potraviny jsou pfi vyrobé ¢asto vystaveny
plsobenf riiznych faktord. Mechanické naméhant, vysoké teploty, kolisani pH, enzymatické zmény a fermentacni procesy
mohou ovliviiovat primarnf strukturu DNA (napf. hydrolyzou, oxidaci a deaminaci) a tim ztéZovat jeji naslednou analyzu.
Proto je stézejni zvolit vhodnou metodu izolace DNA.

Metody: byla optimalizovdna metoda izolace DNA z tepelné upravené brokolice (Brassica oleracea) zalozené na pouziti
neporéznich magnetickych castic poly(glycidyl methakrylat) (PGMA) a byla porovnana jeji G¢innost se standartnimi metodami
(CTAB a komeréni chromatografické kolonky). Déle byl zkouman vliv sterilizacnich podminek, kterym jsou potraviny (kukufice,
zeli, cervena fepa) vystaveny pfi prlimyslovém zpracovani, na stabilitu DNA a jeji amplifikovatelnost v polymerazové fetézové
reakci (PCR). MnozZstvi a cCistota DNA byly hodnoceny spektrofotometricky, integrita DNA gelovou elektroforézou. Pomoci
primerd specifickych pro oblast genu 265 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 radd, coz klade extrémni naroky na citlivost izolacnich postupl. Optimalizovand metoda
zalozena na adsorpci DNA na povrch polymerniho magnetického nosic¢e (PGMA) poskytovala dostate¢né mnozstvi templatu
pro provedeni PCR z r(izné upravenych potravin rostlinného plivodu (brokolice, kukufice, zeli, cervena fepa). V porovnani
s klasickymi metodami (CTAB) byla DNA izolovdna o polovinu v kratsim ¢ase. Odpadaji ¢asové i finan¢né narocné kroky,
jako je fenolova a enzymatickd deproteinace. Metody CTAB a magnetické castice, v porovnani s komercnimi kity, mély
rovnéz univerzalnéjsi pouziti. Umoziovaly izolaci DNA z vétsiho poctu potravinovych produktd.

Zavér: byla vyvinuta metoda izolace DNA kombinujici prvky klasické metody CTAB a magnetickych nosi¢i. MnoZstvi
a Cistota izolované DNA je srovnatelna s metodou CTAB a komerénimi kity. Mezi vyhody metody patfi rychlost a cena, ktera
je desetkrat nizsi oproti pouziti komerc¢nich kitli. Prepokladame vyuziti vyvinutého postupu pfi analyze Sirokého spektra
technologicky zpracovanych potravin obsahujicich vysoce degradovanou DNA v nizkych koncentracich (sterilizovana
zelenina, kompoty apod.).

6. METODICKE DNY 19.-22.10. 2014 118



= Plakatovatsdeleni 61

FYZICKA MAPA A SEKVENOVANI KRATKEHO RAMENE CHROMOZOMU 7D PSENICE
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PSenice seta (Triticum aestivum L.) je zdrojem potravy pro 35 % svétové populace, a je tak povazovana za jednu z nejdiilezitéjsich
plodin na svété. Vytvoreni fyzické mapy celého genomu psenice je nezbytnym krokem pro ziskanf jeho kompletni referencni
sekvence. Sekvenovani psenice je ztizeno znac¢nou velikosti jejtho genomu (17 Gb), jeho polyploidnim charakterem
(subgenomy A, B a D) a vysokym obsahem repetitivnich sekvenci (>80 %). Tyto prekazky je mozné prekonat, nebo aspon
zmirnit pomoci priitokové cytometrie, diky niz Ize tidit jednotlivé chromozémy nebo jejich ramena a tim snizit komplexitu
genomu psenice a vyrazné zjednodusit jeho analyzu. Sekvenovani psenice metodou klon po klonu na zakladé fyzickych map
zkonstruovanych pro jednotlivé chromozémy (ramena) se stalo klicovou strategii Mezinarodniho konsorcia pro sekvenovani
genomu psenice (IWGSC). Rozdéleni genomu na jednotlivé chromoz6émy umoziiuje zapojit do tohoto ambiciézniho projektu
fadu laboratoff z celého svéta.

Cilem nasi prace bylo vytvorit fyzickou mapu kratkého ramene chromozému 7D psenice (7DS), ukotvit ji na chromozém
a osekvenovat minimalni sestavu klon( z knihovny dlouhych inzert(, kterd 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 kontigd pomoci pocitacového programu FPC (Soderlund et al., 2000). Takto vznikla fyzicka mapa 7DS
byla integrovéna s fyzickou mapou Aegilops tauschii (donor D genomu p3enice), ktera se stala klicovym néstrojem pro
prodluzovani kontigli fyzické mapy 7DS. Spolehlivost takto sestavené mapy byla nakonec ovéfena pomoci pocitacového
programu LTC (Frenkel et al., 2010).

Pro ukotvovanf fyzické mapy 7DS na chromozém byly zvoleny rlizné pfistupy pfimého i reverzniho ukotvovéni. Pfimé
ukotvovanf zahrnovalo PCR skrinink BAC knihovny dostupnymi zamapovanymi markery, in silico ukotvovanf prostfednictvim
integrace s fyzickou mapou Ae. tauschii nebo s DArT mapou psenice. Reverzni ukotvovani spocivalo v odvozovani STS markert
ze sekvenci BAC klond a jejich mapovani na panel radiacnich hybridi. Celkové tak bylo prostfednictvim 713 markerd
ukotveno 404 kontigt, které reprezentuji 61% fyzické mapy. Jako nejefetivnéjsi se ukdzalo in silico ukotvovani, s jehoz
pomoci se podafilo ukotvit 659 markerd do 383 kontigg, tedy vice jak 90 % ukotvené casti mapy.

V soucasné dobé je dokoncovano sekvenovani klon( reperezentujicich MTP ramene 7DS pomoci platformy lllumina. Pro
sestaveni sekvencnich kontigli v ramci jednotlivych BAC klond je vyuZivan pocitacovy program Sassy. Na zakladé znalosti
sekvenci BAC klonl z MTP jsme byli schopni propojit i nékteré dosud nespojené kontigy fyzické mapy 7DS. Nové byla pro
7DS vytvorena BioNano genomova mapa, ktera je vyuZivana pro usporadani sekvencnich kontigti, ovéfeni sestavenych
sekvenci a uréenf velikost mezer.

Ukotvena fyzickd mapa a sestavend sekvence ramene 7DS psenice budou velice hodnotnym nastrojem pro genetické
mapovani a pozi¢ni klonovanf gen lokalizovanych na tomto chromozémovém rameni.

Frenkel at al. (2070): 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

Tato préce je podporovéna grantem GA CR P501/12/2554, MSMT CR a EU (Operacni program Viyzkum a Vyvoj pro Inovace
ED0007/01/01) a Interni Grantovou Agenturou PrF 2012-2013.
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BRASSINOSTEROIDY JAKO REGULATORY ZMEN NA BUNECNE UROVNI PRI ODEZVE
ROSTLIN NA NEDOSTATEK VODY — ANALYZA FOTOSYNTETICKYCH A OCHRANNYCH
PROCESU
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Brassinosteroidy jsou organické latky steroidnf povahy vyskytujici se pfirozené v rostlinach. Jsou znamy od roku 1978 a dnes
je fadime mezi fytohormony (dfive patfily k riistovym regulatordm). Cela skupina téchto latek se vyznacuje vysokou G¢innosti
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 Gc¢elem zvy3eni vynosti
plodin aplikuji uméle syntetizované brassinosteroidy nebo jejich analogy. Ucinek brassinosteroidd je dle mnoha pokust
musi vyporadat s nedostatkem vody. Na vystaveni vodnimu deficitu rostliny reaguji zménami na trovni celého organizmu
i jednotlivych organ, které jsou disledkem ¢i Gzce souvisi se zménami na Grovni bunék a jednotlivych bunécnych organel.
V diisledku sucha dochazi ke zméné sloZent intra- i extraceluldrntho prostfedi, méni se mira exprese genti pro fadu osmoticky
aktivnich a ochrannych latek aj., sucho také vyrazné snizuje rychlost ¢isté fotosyntézy. U rostlin vystavenych suchu se zd4, ze
brassinosteroidy ovliviiuji (pozitivné ¢i negativné) aktivitu antioxidativnich enzymd, syntézu rady latek s osmoprotektivnim
Gcinkem, syntézu ,heat shock” proteinti ¢i zastoupeni mastnych kyselin v membranovych lipidech, dost pravdépodobné
také omezuji negativni vliv sucha na fotosyntézu.

Béhem sklenikovych pokust provedenych v roce 2011 byl sledovan vliv aplikace rtiznych koncentraci (1072, 107°, 1078,
107%M) 24-epibrassinolidu (24-EPI) béhem 10denniho stresu suchem, v letech 2012 a 2013 vliv jedné vybrané (1078 M
24-EPI) u suchem stresovanych mladych rostlin kukufice seté (Zea mays L.) a bobu obecného (Vicia faba L.). Byly porovnavany
reakce dvou rliznych inbrednich linif kukufice (2023, CE704) a dvou kultivard bobu (Piestansky, Merkur) na vystavenf stresu
suchem, ktery byl navozen prerusenim zalévani v den osetrenf 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 méfenf piistrojem FluorPen FP100 (Photon System Instruments, Ceska republika) pro analyzu OJIP kiivky
indukce fluorescence chlorofylu a, ktera poskytla fadu informaci o G¢innosti primarnich fotosyntetickych procest. Pro
spektrofotometrické stanoveni obsahu fotosyntetickych pigmentt (chlorofyl a, chlorofyl b, celkové karotenoidy) a prolinu
(Pro) i aktivit obou enzym(i (katalasa CAT, askorbat peroxidasa APX) byl ve vhodnych c¢asovych intervalech odebiran jeden
list (méFeny list) u kazdé pokusné rostliny (u kukufice 3. ¢i 4. list, u bobu 3.-5. list), ktery byl v den postiku ne zcela
vyvinuty, ale zaroven dostatecné velky pro stanoveni sledovanych parametr. Pokusné rostliny byly rozdéleny do skupin
shodné inbrednf linie/kultivaru, péstovani (normdlné zalévané x stresované) a o3etfeni (oSetfené pouze vodou s pfidavkem
Tweenu X oSetfené vodnym roztokem 24-EPI s pfidavkem Tweenu). Osm mérenych listd z kazdé skupiny bylo zpracovano
bezprostfedné po odbéru na stanoveni obsahu fotosyntetickych pigmentd (Wellburn, 1994), zbylé listy byly az do stanovent
obsahu Pro (Bates, 1973) a aktivity CAT (Aebi, 1984; Bradford, 1976), APX (Nakano and Asada, 1981; Bradford, 1976)
uchovavany pfi —80 °C. Fotosyntetické procesy patfily mezi parametry, které byly ovlivnény vodnim deficitem nejdfive.
Parametry spojené s bunéénymi ochrannymi procesy se v priibéhu stresové periody také ménily, pfi delsSim vystaveni suchu
byly patrnéjsi rozdily mezi normdlné zalévanymi a stresovanymi rostlinami i rozdily mezi inbrednimi liniemi/kultivary.
Ve srovnani s literaturou byl vliv osetfeni 24-EPI méné vyrazny, coz by mohlo souviset s mezidruhovou variabilitou, ktera
v reakci na tyto rostlinné hormony u rostlin ziejmé existuje.

Aebi H.: 1984 — Meth Enzymol, 105: 121-126

Bates L.: 1973 — Plant Soil, 39: 205-207

Bradford M.M.: 1976 — Anal Biochem, 72: 248-254
Nakano Y., Asada K.: 1981 — Plant Cell Physiol, 22: 867-880
Wellburn A.R.: 1994 —) Plant Physiol, 144: 307-313

Préce byla financné podporena projekty Grantové agentury Univerzity Karlovy B/BIO/612672 a SVWW-2014-260081 a projektem
Grantové agentury Ceské republiky 501/11/1650. Dékujeme vSem skritkiim za pomoc béhem pokusti.
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MAPOVANI AGRONOMICKY VYZNAMNYCH ZNAKU U PSENICE TRITICUM
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PSenice setd (Triticum aestivum L.) tvofi 90 % svétové produkce psenice. Z hlediska vyZivy se jedna o druhou nejddlezitéjs
plodinu svéta, ktera 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 p3enice. Prekdzkou pfi lechténi psSenice je zejména jeji velky a komplexni
genom (2n = 6x = 42, AABBDD, 1C = 17 Gb) se tfemi homeolognimi subgenomy s velkym podilem repetitivnich sekvencf
(~ 80 % genomu) a intenzivnim slechténim omezené genové zdroje. Jednou z moznosti snizeni komplexity pSeni¢ného
genomu je vyuZziti blizce piibuznych druhd s niz$im stupném ploidie, které slouzi jako modely pro jednotlivé subgenomy
a zjednodusuji identifikaci agronomicky vyznamnych gent. Pro studium subgenomu A je vhodnym modelem diploidni
pSenice jednozrnka (Triticum monococcum L.), u které byla diky dostupnosti kultivovanych i planych forem zachovana
vysoka mfra genetické diverzity vyuZitelné pro obohaceni genomu hexaploidni psenice.

Cilem naseho vyzkumu bylo zamapovat 13 agronomicky vyznamnych kvantitativnich znakd (obsah proteind v zrnech,
hmotnost zrn, tvar zrn, pocet klaskd na klas, pocet obilek na klasek, délka klasu, rozpadavost klasu, hustota klasu, pocet
odnozi, rozkladitost trsu, vyska rostliny, chlupatost listG a doba meténf) u Triticum monococcum L. Fenotyp rostlin byl hodnocen
na F9 az F12 generaci RIL (Recombinant Inbred Line) mapovaci populace vzniklé z kiizenf kulturni formy jednozrnky
Triticum monococcum ssp. monococcum DV92 s planou formou jednozrnky T. monococcum ssp. aegilopoides G3116. Pro
identifikaci QTLs (Quantitative Trait Locus) byla pouZita vazebna mapa T. monococcum L. s celkovou délkou 830cM a 481
zamapovanymi markery. Na sedmi chromozémech jednozrnky bylo lokalizovano 58 lokusu.

PRIJEM A TRANSPORT FOSFATU — HORMONALNI INTERAKCE

GABRIELA KURESOVA!, MARIE TRCKOVA!, PETRE DOBREV?, SYLvA PREROSTOVA?, ALENA GAUDINOVAZ, RADOMIRA VANKOVA?
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2 Ustav experimentalni botaniky AV CR, v.v.i. , Rozvojova 263, 165 02 Praha 6, CR
E-mail: vankova@ueb.cas.cz, tel.: +420 225 106 427

Fosfor patfi spolu s dusikem k prvkam, které vyrazné ovliviiuji rist a vyvoj rostlin. Objasnénf molekuldrnich mechanism
regulujicich vnimanf hladiny fosfatu, jeho transport, véetné remobilizace v ramci rostliny, je nezbytnym predpokladem pro
zvyseni vyuZitelnosti fosfatli z pidy. Odezva rostlin na nedostatek fosfatu zahrnuje zménu morfologie kofenového systému,
sekreci latek uvoliujicich fosfor z nerozpustnych komplexti a zvyseni exprese gendi pro transportni proteiny. Rada téchto
procesli je regulovana hormony, zejména strigolaktony a auxiny, které ovliviiuji morfologii kofen(i a expresi transportérd.
Odezvy na nedostatek fosfatu se Gicastni také etylén, cytokininy, gibereliny a kyselina abscisova. Stupen deficience fosfatu
byl korelovan s hormonélnimi zménami v nadzemni ¢asti a kofenech Arabidopsis thaliana. Vliv modulace hladin hormont
na pifjem fosfatd byl sledovan prostfednictvim stanoveni rychlosti prijmu fosfatd z media. Koncentrace fosfatd byla
stanovovana spektrofotometricky. Zvyseni kapacity analyz bylo dosazeno pouZitim mikrotitracnich desticek. Objasnéni
vzajemnych vztahG mezi jednotlivymi hormony pomoci charakterizace dopadu exogenné aplikovanych hormont na hladiny
endogennich hormon a aktivitu jejich signalnich drah pfi nizké hladiné fosfatu umozni Iépe objasnit mechanismus odezvy
rostlin na nedostatek fosforu a stanovit strategii lepsiho vyuziti Zivin v ptdé.

Podékovani: Tato prace vznikla za podpory MSMT CR, projekt COST LD 14 120.
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SEPARATION OF NEUTRAL AND ACIDIC MONOSACCHARIDES BY HPAEC-PAD
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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 T00 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.

Kostédlova Z. et al 2014. Bioactive hemicelluloses alkali-extracted from Fallopia sachalinensis leaves. Carbohydr. Res. sent

Vatehovd 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
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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, sSRNA-seq). We used
described approach to perform a systematic survey of eORFs and microRNAs located within LTR retrotransposons in plants.

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-I, 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. PLoS 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) 1861318618

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 appreciated.
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VLIV TEPLOTY A VLHKOSTI NA PRUBEH DESIKACE SOMATICKYCH EMBRYi SMRKU
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Abiotické stresy indukuji nejenom zmeény na drovni fyziologickych a biochemickych procest, ale i zmény morfologie
rostlin. Zvysena produkce a akumulace reaktivnich forem kysliku (reactive oxygen species — ROS) je prvni odpovédi rostlin
na environmentalnf stres. Vysoké hladiny ROS pusobi jako primarnt elicitor, ktery spousti obrannou reakci rostliny. Zvysena
hladina ROS vsak miize byt soucasné ptvodcem oxidativniho poskozeni enzymovych komplexd a struktury DNA, a proto
je detoxifikace ROS pro rostlinu velmi ddlezitd. Mezi vysoce efektivni antioxidanty se fadi polyaminy (pfedevsim putrescin
(Put), spermidin (Spd) a spermin (Spm)). Jejich biologickd aktivita je podminéna interakci s negativné nabitymi molekulami
nukleovych kyselin, fosfolipidd, proteint apod., které jsou témito vazbami chranény pred oxidativnim poskozenim. Klicové
postavent ve stresové odpovédi rostlin zaujima téz kyselina abscisova (ABA), ktera ovliviiuje metabolické zmény souvisejici
s aktivacf biosyntetickych cest.

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

K testovanf stresového pusobenf vyuzivime somaticka embrya smrku. Na konci procesu somatické embryogeneze je
nutné vystavit zrald embrya plisobeni desikace, tj. embrya se pred klicenim kultivuji bez Zivného média; dochdzi u nich
k ¢aste¢nému snizeni obsahu vody a dokoncuji se biochemické procesy nezbytné pro Gspésné kliceni. Priibéh desikace
vyznamné ovliviuji vnéjsi podminky, predevsim vlhkost a teplota.

V experimentech jsme se zaméfili na porovnani vlivu rdizné vihkosti (90, 95 a 100%) a teploty (18, 25 a 30 °C) v pribéhu
desikace na metabolismus polyamind. Stanovené rozdily v kliceni somatickych embryi po ukonceni desikace dokumentuji
miru stresu, kterym byla embrya vystavena.

V priibéhu desikace embryi v kontrolnich podminkéch se celkova hladina polyamin( (ve srovnani s jejich obsahem
na konci maturace) snizuje. V embryich desikovanych pfi snizené vlhkosti a zvysené teploté je pokles predevsim obsahu
Spd mnohem vyraznéjsi. Stresova reakce embryf vystavenych zvysené teploté a snizené vlhkosti se v obsazich ABA projevila
pouze nevyznamné. Vyrazné snizeni hodnot MDA v embryich desikovanych v prostfedi se zvysenym osmotickym stresem
a zvysenou teplotou je pravdépodobné dasledkem poklesu metabolické aktivity stresovanych embryi. Inhibi¢ni piisobent
stresovych podminek v priibéhu desikace se vyrazné projevilo v kli¢enf somatickych embryi a v morfologii kli¢nich rostlin.

Préce je podporovéna grantem MSMT LD13050.
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TREHALOZA JAKO ZDRO)J ENERGIE A UHLIKU V ORCHIDEOIDNI MYKORHIZE

Stanistav VosoLsoBt!, KLARA CIHAKOVA!, HELENA LipavskA!, JAN PONERT! 2

! Katedra experimentdini biologie rostlin P¥F UK, Vini¢nd 5, 128 48 Praha 2, CR
2 Botanickd zahrada Hl.m. Prahy, Nadvorni 134, 171 00 Praha 7 — Troja, CR
E-mail: vosolsob@natur.cuni.cz, tel.: +420 728 460 417

Mykorhiza je rozsitena u vice nez 90 % vyssich rostlin. O pfenosu Zivin a signalizacnich latek je vsak stéle relativné malo
informaci. | kdyz existuji prace zabyvajici se Siroce rozsitenymi typy mykorhiznich asociaci autotrofnich rostlin, prakticky
chybi prace o mykorhizach rostlin mykoheterotrofnich. Pro takové rostliny je mykorhiznf asociace jedinym moznym zdrojem
energie a studium tohoto vztahu tak otevird zcela nové otdzky. Porozuméni mykorhiznim asociacim mykoheterotrofnich
rostlin je vsak ddlezité i pro Gvahy o evoluci vztahu mezi houbou a rostlinou.

Pro mykoheterotrofni rostliny je zasadni pifjem energie od houbové slozky symbiézy ve formé sacharidd. Informace
o tom, které sacharidy jsou prenaseny a jakou majf Glohu, viak prakticky chybi. V této praci jsme se zaméfili na otazku, které
sacharidy mohou byt pfenaseny z houby do rostliny a jakou mohou mit Glohu ve studované symbiéze. Jako modelovy druh
byla zvolena orchidej prstnatec méjovy (Dactylorhiza majalis). Orchideje jsou v ¢asnych fazich vyvoje zcela mykoheterotrofnf,
coz umoznuje porovnani Gplné a ¢astecné mykoheterotrofie u jediného druhu. Zaroven jsou orchideje zdaleka nejveétsi
skupinou mykoheterotrofnich rostlin na svété, coz dava dobry predpoklad pro zobecnénf ziskanych poznatka.

Nase experimenty ukazaly, Ze sacharéza, fruktéza, glukéza, rafindza, sorbitol a trehaléza mohou slouzit jako dobry
zdroj energie a uhliku pro rast protokorm(. Malt6za a manitol byly utilizovany pouze malou mérou a galaktéza nebyla
metabolizovana vibec. Jedno z nejzajimavéjsich zjisténi je schopnost orchideji utilizovat trehalézu. U naprosté vétsiny rostlin
se jedna o signdlni molekulu pfitomnou ve stopovych mnozstvich. Naproti tomu v houbach je trehaléza bézny sacharid
pritomny ve vysokych koncentracich. Jak se mohou mykoheterotrofni rostliny, které pfijimaji houbové sacharidy, vyrovnat
s trehal6zou, neni zndmo.

Predkladané vysledky ukazuji, Ze za utilizaci trehalézy je u orchideji odpovédny enzym trehaldza. Stejny enzym je zapojen
i v regulaci signaliza¢né aktivnich derivat( trehal6zy u ostatnich rostlin. U studovanych orchideji viak doslo k duplikaci
tohoto enzymu, coz miize souviset s jeho neobvyklou roli pfi utilizaci exogennt trehal6zy.

S podporou Grantové agentury Univerzity Karlovy (1598214) a SW 260076 / 2014.
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STUDIUM INTERAKCII PROTEINU P1 VIRUSU SARKY SLIVKY S PROTEOMOM
HOSTITELSKE] RASTLINY S VYUZITIM DVOJHYBRIDNEHO SYSTEMU

ZuzaNA VOZAROVA!, ZDENO SUBR'

! Virologicky Gstav SAV, Dabravska cesta 9, 84505 Bratislava, SR
E-mail: zuzana.vozarova@savba.sk, tel.: +421 59302447

Sarka sliviek predstavuje jedno z najviac devastujdcich, celostvetovo rozsirenych ochoreni kdstkovin s dolezitym socio-
ekonomickym dopadom. Etiologickym agensom tohto ochorenia je virus sarky slivky (PPV) patriaci do najvacsej celade
rastlinnych virusov (Potyviridae). Jeho RNA geném kéduje obmedzené mnozstvo virusovych proteinov a pre Gspesn
replikdciu a pohyb virusu st esencidlne interakcie medzi virusovymi a rastlinnymi faktormi pocas infekcie. Hostitelské
faktory, ktoré st nevyhnutné pre virusovi infekciu, ale nie pre samotnd rastlinu, sa preto mozu stat vychodiskom pre vyvoj
novych antivirusovych stratégii.

V tejto praci sme sa zamerali predovsetkym na vyhladavanie a analyzu interakcii medzi PPV proteinom P1 a hostitelskymi
proteinmi. Za tymto G¢elom bola pripravena cDNA kniznica z rastlin Nicotiana benthamiana infikovanych PPV, ktora
bola nésledne pouzita na detekciu interagujlcich partnerov pomocou bakterialneho dvojhybridného systému (BACTH).
Principom metédy je obnova regulacnej dréhy zévislej na cAMP [1]. V pripade interakcie medzi testovanymi proteinmi
dochédza k rekongtitdcii aktivity adenylatcyklazy a expresii reportérového génu (lac), ¢o umoziiuje detekciu pozitivnych
klonov $pecifického kmena E. coli na minimadlnom médiu. Ziskané klony sme analyzovali colony PCR s vyuzitim primerov
nasadajlcich na hrani¢né oblasti klonovanych fragmentov cDNA kniznice a naslednou sekvendciou.

Sekvencie boli podrobené BLAST analyze, ktorej vysledky mozu byt rozdelené do niekolkych kategérii. Prvi skupinu
tvoria vysoko abundantné rastlinné proteiny (RubisCO, kalmodulin) nasledované proteinmi so zndmou alebo potencialnou
funkciou pri odpovedi na stres, ako je translacne kontrolovany tumorovy protein, ktory je zdroven dolezitym regulatorom
rastu u rastlin [2]. Tretiu skupinu tvoria proteiny so zndmou funkciou (predovsetkym v chloroplastoch) a nakoniec proteiny
s neznamou funkciou alebo bez zistenej BLAST homolégie. Konkrétne vysledky budi 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 prdca bola podporend projektom APVV-0042-10.
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JEDNOFAZOVY VERSUS MULTIFAZOVY SATURACNI PULZ FLUORESCENCE
PRI STANOVENI MEZOFYLOVE VODIVOSTI PRO TRANSPORT CO, V LISTU

DANIEL VRABL!, MARTINA VRABLOVA?

T Piirodovédecka fakulta, Ostravska univerzita, 30. dubna 22, 701 03 Ostrava

2 Katedra experimentdlni biologie rostlin, Pfirodovédecka fakulta, Jihoceska univerzita, Branisovska 31,
370 05 Ceské Budé&jovice

E-mail: daniel.vrabl@osu.cz

Mezofylova vodivost, jako jedna z dominantnich diftiznich limitacf, je parametr, ktery Ize stanovit nékolika rozdilnymi
metodami. Jenou z téchto metod je soucasné méfeni gazometrickych parametrd a fluorescence chlorofylu a. Konkrétné
rychlosti asimilace CO; (An), koncentrace CO: v podpriduchové dutiné (Ci) a rychlost transportu elektront pres PSII (ETR).
Vétsina soucasnych gazometrickych systém( takové simultanni méfeni umoziuje, avsak podrobnéjsi analyza dat ukazuje
zasadni rozpory mezi teoretickou a mérenou stechiometrii asimilovaného CO, a mnozstvim elektront. P¥i soucasném
stanoveni AN a ETR za normaln{ koncentrace O; zjistime, ze k asimilaci jedné molekuly CO, je potfeba 4-5 elektron.
Tak nizké hodnoty jsou vsak vice pravdépodobné za nefotorespiracnich podminek nebo u C4 rostlin. Za fotorespira¢nich
podminek bychom predpokladali hodnoty 7-10 elektron(i na asimilaci jedné molekuly CO,. Tento rozpor je pravdépodobné
zpUsoben nedostatec¢nou intenzitou saturacniho pulzu u gazometrického systému. Timto nedochazi k Gplnému uzavieni
reakcnich center a podhodnoceni parametru ETR.

Je zfejmé, Ze chybné stanoveni parametru ETR vede k nepresnému stanoveni mezofylové vodivosti pfipadné dalsich
parametrd, jejichz vypocet je zaloZen na sou¢asném méreni gazometrickych a fluorescencnich parametrd.

Tzv. multifazovy saturacni pulz (Loriaux et al., 2013) je alternativou ke klasickému saturacnimu pulzu, ktery umoziuje
extrapolovat maximalni hodnotu fluorescence i pfi pouZiti nedostatecné intenzity saturacniho pulzu, coz je typické pro
vétSinu gazometrickych systém 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 pfi pouziti klasického jednofazového a multifizového saturacniho pulzu. Byla testovana
variabilita stanoveni mezofylové vodivosti a byla provedena citlivostni analyza parametr(i 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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IDENTIFICATION OF REGULATORY ELEMENTS OF ATTERT GENE

DAGMAR ZACHOVA!, MiLOSLAVA FOITOVA'2, TOMAS CRHAK!, IVANA ZVACKOVA® AND EVA SYKOROVA' 2

! Mendel Centre for Plant Genomics and Proteomics, Central European Institute of Technology, Masaryk University,
and Faculty of Science, Masaryk University Brno, Czech Republic

2 Institute of Biophysics, Academy of Sciences of the Czech Republic, v.v.i., Brno, Czech Republic

3 Faculty of Science, Masaryk University, Brno, Czech Republic

E-mail: dzachova@gmail.com

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, (i) 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.

Zachova D., Fojtova M., Dvorackovd M., Mozgova ., Lermontova 1., Peska V., Schubert 1., Fajkus J. and Sykorova E. (2013), Structure-function relationships
during transgenic telomerase expression in Arabidopsis. Physiologia Plantarum. doi:10.1111/ppl.12021

Fojtové M., Peska V., Dobsakova Z., Mozgova I., Fajkus J. and Sykorova E. (2011), Molecular analysis of T-DNA insertion mutants identified putative regulatory
elements in the AtTERT gene. Journal of Experimental Botany. doi:10.1093/jxb/err235

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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