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Zduavodnéni Navrhovany projekt je zaméfen na pochopeni vyznamu auxinového transportu v modelech

vedlejsSiho panelu charofytnich fas, evoluénich ptedchidcl suchozemskych rostlin. Je podavan v ramci panelu
501, diky zaméfeni na evolu€ni aspekty vyvoje rostlin v§ak zapada téz ¢aste¢né do tematiky
panelu 506.

Abstrakt ¢esky Auxin plsobi u rostlin jako vyznamny morfogen a tato jeho uloha je sdilena u v8ech

suchozemskych rostlin. Zatimco auxinem-fizeny vyvoj u kvetoucich rostlin vykazuje
porovnatelnou slozitost, pochopeni jeho role u primitivnéjSich rostlin zacalo byt podrobné
feSeno teprve nedavno. Suchozemské rostliny pochazeji z tzv. ,charofytnich® zelenych fas a
jsou spolu s nimi nazyvény ,streptofyta“. Uloha auxinu v faséch je v&ak stdle malo znam4.
Zatimco jaderné lokalizovana auxinova signaini draha, jak ji zname z vyssich rostlin, u
charofytnich fas neexistuje, fas a suchozemské rostliny sdili homology gend kddujicich
transportéry auxinu. V ramci tohoto projektu budeme testovat zastupce vSech streptofytnich fas
na jejich reakci na auxin. Identifikujeme a budeme klonovat a testovat funkci a lokalizaci téchto
transportér(l auxinu v homolognim i heterolognim systému. Vysledky tohoto projektu pomohou
odhalit evoluéni vznik auxinového morfogenniho pisobeni a evolu¢niho vyznamu transportu
auxing.

Cile projektu ¢esky Tento projekt ma dva hlavni cile:

1. Odhalit evoluéni plvod morfogenniho ucinku auxinu.
2. Odhalit evoluéni vyznam transportu auxinu.

Abstrakt anglicky Auxin acts as an important morphoregulatory compound within plants and its role is shared in
whole land-plants group. While the developmental pathways of advanced angiosperm bodies
show comparative complexity in auxin regulation, more basal plants began to be addressed in
detail only recently. Land plants originated from so-called “charophyte” green algae, and
together they are called “streptophytes”. However, the role of auxin in algae is still enigmatic.
While canonical nuclear auxin-sensing pathway is lacking in charophyte algae, but algae and
land plants share homologous genes coding for auxin transporters. Within this project, we will
screen representatives of all streptohyte algae for their reaction to auxin. We will identify, clone
and test function and localization of streptophyte algae auxin transporters in both homologous
and heterologous systems. Results of this project will help to reveal the evolutionary origin of
auxin morphogenic action as well as evolutionary significance of auxin transport.

Cile projektu anglicky There are two aims of this project:

1. To reveal the evolutionary origin of auxin morphogenic action.
2. To reveal the evolutionary significance of auxin transport.

Klasifikace CEP

Zatazeni do CEP EB - Genetika a molekulérni biologie
EF - Botanika

Obory OECD

Plant sciences, botany

Pfihlaseni se k prioritam
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Cast B - Finanéni prostiedky celkem

Céstky jsou uvadény v K&.

Celkové zptsobilé naklady na feseni projektu ze véech zdroja financovani

1.rok [2.rok [3.rok [Celkem

Celkova dotace poskytovatele na projekt 2 981 tis(2 981 tis|2 981 tis|8 943 tis
Podpora z ostatnich vefejnych zdroji (tuzemskych i zahrani¢nich) |0 tis 0 tis 0 tis 0 tis
Podpora z nevefejnych zdroju (vlastni prostfedky, soukromé dotace)|0 tis 0 tis 0 tis 0 tis
Zpusobilé naklady ze v§ech zdroja financovani 2 981 tis|2 981 tis|2 981 tis|8 943 tis
Mira podpory u poskytovatele 100,00 %
Rozdéleni dotace na feSeni projektu Rozdéleni ostatnich zdroji na feSeni projektu

1.rok [2.rok [3.rok [Celkem 1. rok|2. rok|3. rok|Celkem

Vécné naklady |1 170 tis|{1 170 tis|1 170 tis|3 510 tis|Vécné naklady |0tis |0tis |0 tis |0 tis
Osobni naklady |1 811 tis|1 811 tis|1 811 tis |5 433 tis|Osobni ndklady |0 tis |0tis [0 tis |0 tis
Investi¢ni néklady|O tis 0 tis 0 tis 0 tis Investiéni naklady|0 tis |0 tis |0 tis [0 tis
Celkem 2 981 tis(2 981 tis|2 981 tis[8 943 tis|Celkem 0 tis (0 tis |0 tis |0 tis

Uchazeé - Cast B - finanéni prostfedky

Jméno a pfijmeni RNDr. Jan Petrasek Ph.D.
Organizace Ustav experimentalni botaniky AV CR, v.v.i.
Castky jsou uvadény v Ké&.

Celkové zpusobilé naklady na feseni projektu ze vSech zdroja financovani

1.rok [2.rok [3.rok [Celkem

Celkova dotace poskytovatele na projekt 1 943 tis|1 943 tis(1 943 tis|5 829 tis
Podpora z ostatnich vefejnych zdroja (tuzemskych i zahrani¢nich) [0 tis 0 tis 0 tis 0 tis
Podpora z nevetejnych zdroja (vlastni prosttedky, soukromé dotace)|0 tis 0 tis 0 tis 0 tis
Zpusobilé naklady ze vSech zdroja financovani 1 943 tis|1 943 tis{1 943 tis|5 829 tis
Mira podpory u poskytovatele 100,00 %
Rozdéleni dotace na feseni projektu Rozdéleni ostatnich zdrojli na feseni projektu

1.rok [2.rok [3.rok [Celkem 1. rok|2. rok|3. rok|Celkem

Vécné naklady |768tis (768 tis |768tis |2 304 tis|Vécné naklady |0tis |0tis |0 tis |0 tis
Osobni naklady |1 175 tis|1 175 tis|1 175 tis |3 525 tis|Osobni naklady |0 tis |0tis [0 tis |0 tis
Investiéni néklady|0 tis 0 tis 0 tis 0 tis Investi¢ni naklady|0 tis |0 tis |0 tis |0 tis
Celkem 1 943 tis|1 943 tis(1 943 tis|5 829 tis|Celkem 0 tis [0 tis |0 tis [0 tis
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Uchazeé - Cast B - rozpis finanénich polozek

V této &4sti navrhu se vypliiuje pozadovana dotace od GACR

Dotace na vécné naklady

1.rok |2.rok [3.rok [Celkem

Materidlni néklady 250 tis |250 tis [250 tis 750 tis
Cestovni naklady 50 tis |50 tis |50 tis [150 tis
Ndklady na ostatni sluzby a nemateridlni naklady|80 tis |80 tis |80 tis [240 tis
Doplrikové (rezijni) naklady 388 tis |388 tis [388 tis |1 164 tis
Celkem 768 tis|768 tis(768 tis|2 304 tis
Dotace na osobni naklady (souhrn)

1.rok [2.rok [3.rok [Celkem
Mzdy odbornych pracovniku 798tis |798tis (798 tis |2 394 tis
Mzdy dal$ich (tech.) pracovniki 66tis |66tis [66tis  |198 tis
Odmény z DPP/DPC 0 tis 0 tis 0 tis 0 tis
Socidlni a zdravotni pojisténi a SF (FKSP)|311 tis (311 tis [311 tis [933 tis
Celkem 1175 tis|1 175 tis{1 175 tis|3 525 tis
Dotace na pofrizeni investic

1. rok 2. rok 3. rok

Investice Pof. cena PoF./Odp.|Vyu2it|’ Pot./Odp.|Vyuziti|PoF./Odp.|Vyuziti
Celkem dotace na investice|0 tis 0 tis 0 tis

Rozpis mzdovych naklad(i a odmén DPP/DPC hrazenych z dotace pro vSechny roky feseni

Kat. Jméno Uvazek/1. |Uvazek/2. |Uvazek/3.
rok rok rok

Napl prace / popis €innosti Dotace Dotace Dotace
Jan |Petragek 0,30 0,30 0,30

- Resitel/koordinace projektu 162 tis 162 tis 162 tis
Roman |Skokan 0,60 0,60 0,60

postdok |Clen tymu/analyzy fasovych linii 252 tis 252 tis 252 tis
Karel |MUIIer 0,20 0,20 0,20

- Clen tymu/ptiprava genovych konstruktti 96 tis 96 tis 96 tis
Adriana Welinkové 0,20 0,20 0,20

- Clenka tymu/mikroskopicka analyza 96 tis 96 tis 96 tis
Martina |Lankova 0,20 0,20 0,20

- Clenka tymu/biochemicka a mikroskopicka analyza 96 tis 96 tis 96 tis
Milada |Covanové 0,20 0,20 0,20

- Clenka tymu/fenotypova analyza v heterolognich systémech |96 tis 96 tis 96 tis
Dalsi spolupracovnici (technici) 0,20 0,20 0,20

- Laborantské prace/kultivace materialu 66 tis 66 tis 66 tis

Uchazeé - Cast B - finanéni prostfedky

Specifikace a zdivodnéni nakladu pro 1. rok feSeni

4/29
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Materialni naklady

Materialni ndklady vzniklé vyhradné v pfimé souvislosti s feSenim projekiu budou pfedstavovat pfedevsim naklady na
chemikalie, experimentalni material (fasové linie), drobny spotfebni laboratorni material a drobny hmotny majetek.
Planované techniky jsou v navrhovatelské laboratofi zavedené, proto je mozné odhadnout naklady jednotlivych polozek
vcelku pfesné, naklady vychazi z cen nami pouzivanych chemikalii a materidlu a ze znalosti objemu préace navrhované v
tomto projektu.

Chemikalie pro molekularné biologické postupy budou zahrnovat kity pro izolace a ¢isténi rostlinné DNA a RNA (30 tis),
plazmidy, polymerazy, oligonukleotidy a restrikéni enzymy pro klonovani a PCR (35 tis), potfeby pro DNA elektroforézu
(agardza, fluorescenéni barveni geld) a kity pro qRT-PCR analyzu (40 tis). Dale budou potizovany chemikalie pro kultivaci
baktérii a pro tabakové kultury v&etné jejich stabilni a transientni transformace a regenerace (agar, sachardza, smési soli,
vitaminy, mikro a makro prvky, fytohormony, selekéni antibiotika, zlaté partikule a spermidin pro biolistiku), celkem za 50
tis. Dle potfeby budou zakoupeny radiochemikalie (3H-znacené 2,4-D, NAA a |AA), scintilacni koktejl pro vodné vzorky a
scintilaéni lahvi¢ky pro stanoveni kinetiky akumulace auxin( v burikdch (40 tis). Chemikalie pro mikroskopickou analyzu
jsou na pracovisti k dispozici, budou proto jen doplnény nékteré potfebné, jako jsou fixacni €inidla (paraformaldehyd,
glutaraldehyd) a inhibitory membranového transportu a cytoskeletalni dynamiky (brefeldin A, oryzalin, latrunculin), celkem
za 25 tis.

Drobny spotfebni material bude zahrnovat laboratorni plastik (8picky do pipet, sterilni plastik, sterilizacnf filtry, kultivacni
desticky, mikrozkumavky, scintila¢ni lahvi¢ky, parafilm, atd.), sklo (bariky, odmérné valce, kadinky, atd.), drobné nastroje
(pinzety, $pachtle, michadla, atd.) a ochranné pomucky (rukavice), celkem za 30 tis.

V prvnim roce neni planovan nakup drobného hmotného majetku.

Cestovni naklady

V prvnim roce projektu je planovana aktivni ucast fesitele i ¢lena tymu na pravidelném setkani zaméfeném na vyzkum
fytohormonu auxinu, Auxin 2020 (4 - 8.10. 2020, Cavtat, Chorvatsko) a na pravidelném EMBO workshopu zaméfeném na
evoluci suchozemskych rostlin (EMBO Workshop, minuly ro¢nik 20-23.6. 2018, Lisabon, Portugalsko), hrazeny budou
cestovni naklady ¢€i jejich ¢ast ve vysi 35 tis. Hrazeny budou téz cestovni naklady (15 tis) spojené s kratSimi
koordinacnimi navstévami (1-2 dny) na spolupracujicich zahrani¢nich pracovistich, v€etné vymény experimentalniho
materidlu (Univerzita v Osnabricku, SRN, Prof. Henrik Buschmann; IST Austria, Rakousko, Prof. Jifi Friml; Univerzita v
Hamburgu, SRN, Prof. Klaus von Schwartzenberg).

Naklady na ostatni sluzby a nematerialni naklady

Naklady na sluzby ptedstavuji vydaje spojené se sekvenaci DNA (20 tis), produkci oligopeptidt pro ptipravu protilatek (15
tis), imunizaci zvitat a tvorbu polyklonalnich protilatek (25 tis), Uhradu konferenénich poplatkd a nakladd tisténi postert a
placeni poStovného (15 tis). Publikaéni naklady (poplatky za publikace, jazykové korektury) jsou planovany az od druhého
roku navrhovaného projektu. Déle budou prostfedky vyuzity k uhradé faktur za drobné opravy a servis laboratorniho
vybaveni a pfistroju (5 tis). Doplfikové (rezijni) naklady jsou ve shodé se zaddvaci dokumentaci navrhovany ve vysi 25%
veskerych neinvesti¢nich nakladu.
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Osobni naklady

Na feSeni planovaného projektu se budou podilet tito ¢lenové odborného tymu:

RNDr. Jan Petrasek, Ph.D. - feSitel, 30%, 162 tis

- vedeni a koordinace projektu v€etné spoluprace se spolufesitelem, planovani experimentt, hodnoceni ziskanych dat,
prezentace projektu navenek, pfiprava publikaci, experimentalni ¢innost v oblasti mikroskopie tabakovych i fasovych kultur
Mgr. Roman Skokan - €len tymu, post-doktorand, 60%, 252 tis

- planovani experimentl a hodnoceni dat, pfiprava publikaci, experimentalni ¢innost v oblasti molekularni biologie
fasovych organismu, pfiprava genovych konstruktl, analyza genové exprese, studium transportu v homolognich a
heterolognich modelech, biolisticka transformace fas.

Ing. Karel Muller, Ph.D. - ¢len tymu, 20%, 96 tis

- experimentalni ¢innost v oblasti klonovani, pfiprava a koordinace efektivniho postupu pfipravy genovych konstruktt a
analyza exprese pomoci qRT-PCR.

RNDr. Adriana Jelinkova, Ph.D. - ¢lenka tymu, 20%, 96 tis

- experimentalni ¢innost v oblasti mikroskopické analyzy dynamiky fasovych auxinovych pfenasecl v tabakovych liniich
RNDr. Martina Lankova, Ph.D. - €lenka tymu, 20%, 96 tis

- experimentalni ¢innost v oblasti analyzy transportu v liniich tabaku, nesoucich indukovatelné geny pro homology
auxinovych pfenasecu z fas

Ing. Milada Covanova, Ph.D. - ¢lenka tymu, 20%, 96 tis

- experimentalni ¢innost v oblasti analyzy mikroskopické analyzy v fasovych kulturach, testovani a optimalizace pouziti
protilatek

Dalsi spolupracovnici (technici):
Technik - 20%, 66 tis
- technické zajisténi kultivace tabakovych buné&nych linii, pfiprava transgennich linii, analyza exprese vnesenych genu.

Planované osobni naklady odpovidaji navrhované pracovni kapacité jednotlivych €lend tymu a jsou v souladu s vnitfnim
mzdovym predpisem UEB AVCR. Socidini a zdravotni pojisténi a SF (FKSP) ve vysi 358 tis. K& na prvni rok bylo
vypocteno jako 36 % z hrubych mezd odbornych a technickych pracovnika.

Investi¢ni naklady

Nejsou pozadovany zadné finanéni prostfedky.

Uchazeé - Cast D2 - bibliografie

Uplné bibliografické tGidaje o nejvyznamnéjsich vysledcich védecké a vyzkumné éinnosti definovanych
v Metodice hodnoceni vysledkd vyzkumu a vyvoje
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Vysledek

Kéd vysledku‘Databaze|CitaC|’|Impaktn|’ faktor
Podil na publikaci

ry

Petrasek, J., Mravec, J., Bouchard, R., Blakeslee, J., Abas, M., Seifertova,
D., Wigniewska, J., Tadele, Z., Covanova, M., Dhonukshe, P., Skipa, P.,
Benkova, E., Perry, L., Kfe¢ek, P., Lee, OR., Fink, G., Geisler, M.,
Murphy, A., Luschnig, C., Zazimalova, E., Friml, J.: PIN proteins perform a
rate-limiting function in cellular auxin efflux. Science 312: 914-918, 2006.

Jimp lscopus|sa7 [30,927

J.P. is the first author, designing and
performing majority of experiments on
tobacco cells and contributing substantially
to processing and interpretation of all data
measured, as well as in writing and editing
of the manuscript.

N

Petrasek, J., Friml, J.: Auxin transport routes in plant development.
Development 136: 2675-2688, 2009.

Jimp lscopus|sss [6,812
J.P. wrote the whole text and generated
figures of this review.

w

Zadnikova, P., Petragek, J., Marhavy, P., Raz, V., Vandenbussche, F.,
Ding, Z., Schwarzerova, K., Morita, M.T., Tasaka, M., Hejatko, J., Van Der
Straeten, D., Friml, J., Benkova, E.: Role of PIN-mediated auxin efflux in
apical hook development of Arabidopsis thaliana. Development 137: 607-
617, 2010.

Jimp IscoPus|147 7,194
J.P. contributed with important experiments
and preparation of the manuscript.

4/Vandenbussche, F., Petragek, J., Zadnikovd, P., Hoyerova, K., Pesek, B.,
Raz, V., Swarup, R., Bennett, M., Zazimalova, E., Benkova, E., Van Der
Straeten, D.: The auxin influx carriers AUX1 and LAX3 are involved in
auxin-ethylene interactions during apical hook development in Arabidopsis
thaliana seedlings. Development 137: 597-606, 2010.

Jimp lscopus|izs 7,194
J.P. contributed with important experiments
and preparation of the manuscript.

a

Leitner, J., Petrasek, J., Tomanov, K., Retzer, K., Pafezova, M., Korbei,
B., Bachmair, A., Zazimalova, E., Luschnig, C.: Lysine63-linked
ubiquitylation of PIN2 auxin carrier governs hormonally controlled
adaptation in Arabidopsis root growth. Proceedings of the National
Academy of Sciences of the United States of America 109, 8322-8327,
2012.

Jimp lscopuslss  [9,681
J.P. contributed with important experiments
and preparation of the manuscript.

Celkové pocty vysledku definovanych Metodice hodnoceni vysledk( vyzkumu a vyvoje za poslednich 5

roky (podle RIV)

Jimp - ¢lanek v odborném periodiku impaktovaném
Jsc - €lanek v odborném periodiku obsazeném v databazi Scopus
Jost - €lanek ostatni

B - odborna kniha

C - kapitola v odborné knize

D - ¢lanek ve sborniku

P - patent

F - uzitny nebo primyslovy vzor

Z - poloprovoz, ovéfena technologie, odrlda, plemeno
G - prototyp, funkéni vzorek

H - poskytovatelem realizovany vysledek

L - specializovana mapa

N - certifikovand metodika a postup

R - software

V - vyzkumna zprdva obsahujici utajované informace podle zvlastniho pravniho

predpisu

Celkovy pocet citaci véetné autocitaci a H-index WOS
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Pocet citaci v€éetné autocitaci na vSechny

prace podle

Navrh Standardniho projektu 20-13587S

SCOPUS4 085

Metodika pouzita pro pocet citaci dle "jiné

metodiky"

H-index podle Web of Science

27,00

Uchazeé - Cast E - souvisejici projekty

Bézici projekty (uvadeéji se i zahrani€ni projekty)

Poskytovatel

Nazev programu

Role v projektu

Cely nazev projektu
Dotace pro prijemce
Pocatek feSeni
Pfijemce - nazev
instituce

Vztah k podavanému
navrhu

Poskytovatel
Nazev programu
Role v projektu

Cely nazev projektu
Dotace pro pfijemce
Pocatek feseni
Pfijemce - nazev
instituce

Vztah k podavanému
navrhu

Poskytovatel
Nazev programu
Role v projektu

Cely nazev projektu
Dotace pro pfijemce
Pocatek feSeni
Pfijemce - nazev
instituce

Vztah k podavanému
navrhu

MSM - Ministerstvo Skolstvi, Kategorie CEP EA - Morfologické obory a
mladeze a t&lovychovy (MSMT) cytologie
LO - Narodni program . L

R t | LO1417
udrzitelnosti | (2013 - 2020) egistracni cislo
y Panel (pouze GACR a

len tv

Clen tymu AZV)
Centrum experimentalni biologie rostlin UK
48 075 tis Pracovni tvazek 0,50
1.1.2015 Ukongéeni feSeni 31.12.2019

Univerzita Karlova / Pfirodovédecka fakulta

J.P. je ¢lenem tymu tohoto projektu, ktery konéi na konci roku 2019. Vysledky tohoto projektu
jsou podkladem navrhovaného projektu.

GACR Kategorie CEP E'B - C-?uenetika a molekularni
biologie
Standardni projekt Registracni ¢islo 19-23773S
Slen tymu Panel (pouze GACRa 305
AZV)
Auxinové sinky transportérd PIN ve vyvoji rostlin
7 398 tis Pracovni Gvazek 0,40
1.1.2019 Ukonéeni feSeni 31.12.2021
UEB AVCR, v.v.i

Tento projekt nema 2adny vztah k navrhovanému projektu.

Kategorie CEP JA - Elektronika a optoelektronika,

ACR

GAC elektrotechnika

Standardni projekt Registracni cislo 19-03909S
Panel (pouze GACRa P102

Xl 1
Clen tymu AZV)

Simulace interakci elektron(l s plynem pro vysoce ucinnou detekci sekundarnich elektronu pfi
1 824 tis 0,10

1.1.2019 31.12.2021

Pracoviété hl. fesitele Ustav pristrojové techniky AV CR, v.v.i. J.P je &lenem tymu spolufesitele
na Univerzita Karlova / P¥irodovédecka fakulta

Tento projekt nema zadny vztah k navrhovanému projektu.

Pracovni Gvazek
Ukonceni feSeni

Navrhované projekty (uvadéji se i zahrani€ni projekty)

V soucasné dobé nejsou zadné projekty navrhované.

8/29
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Ukoncené projekty

Poskytovatel
Nazev programu

Role v projektu

Cely nazev projektu
Dotace pro prijemce
Podatek feSeni
Pfijemce - nazev
instituce

Vztah k podavanému
navrhu

Hodnoceni

Navrh Standardniho projektu 20-13587S

GACR
Standardni projekt

CE - Biochemie
GA14-09685S
Panel (pouze GACRa 501

Kategorie CEP
Registraéni ¢islo

Clen tymu AZV)

Flotillin: novy hrac stresové signalizace u rostlin

4 312 tis Pracovni tvazek 0,05
1.1.2014 Ukongéeni feSeni 31.12.2018

HI. feSitel: Vysoka Skola chemicko-technologicka v Praze / Fakulta potravinafské a biochemické
technologie. J.P byl &lenem tymu spolutesitele na UEB AVCR.

Tento projekt nema zadny vztah k navrhovanému projektu. Navrhovateli neni znamo hodnoceni
tohoto projektu, pokud je jiz k dispozici.

dosud nehodnoceno

Spoluuchazeé - Cast B - finanéni prostiedky

Jméno a pfijmeni
Organizace

Mgr. Stanislav Vosolsobé
Univerzita Karlova, Pfirodovédecka fakulta

Céstky jsou uvadény v Ké&.

Celkové zpusobilé naklady na feseni projektu ze v§ech zdroja financovani

1.rok [2.rok [3.rok [Celkem
Celkova dotace poskytovatele na projekt 1 038 tis|1 038 tis|1 038 tis[3 114 tis
Podpora z ostatnich vefejnych zdroja (tuzemskych i zahrani¢nich) [0 tis 0 tis 0 tis 0 tis
Podpora z nevefejnych zdroju (vlastni prostfedky, soukromé dotace)|0 tis 0 tis 0 tis 0 tis
Zpusobilé naklady ze vSech zdrojt financovani 1 038 tis(1 038 tis|1 038 tis3 114 tis
Mira podpory u poskytovatele 100,00 %

Rozdéleni dotace na feseni projektu

Rozdéleni ostatnich zdrojli na feseni projektu

1.rok [2.rok [3.rok [Celkem 1. rok|2. rok|3. rok|Celkem
Vécné ndklady |402tis |[402tis |402tis |1 206 tis|Vécné ndklady |0tis |0tis [0tis |0 tis
Osobni naklady |636tis (636 tis |636 tis |1 908 tis|Osobni naklady |0 tis |0tis |0 tis |0 tis
Investi¢ni nakladyl0 tis 0 tis 0 tis 0 tis Investi¢ni naklady|0 tis |0 tis |0 tis |0 tis
Celkem 1 038 tis|1 038 tis|{1 038 tis|3 114 tis|Celkem 0 tis |0 tis |0 tis [0 tis

GRIS ORBEON 1.3.2.2-SNAPSHOT
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Navrh Standardniho projektu

20-13587S

Spoluuchazeé - Cast B - rozpis finanénich polozek

V této &4sti navrhu se vypliiuje pozadovana dotace od GACR

Dotace na vécné naklady

1.rok |2.rok [3.rok [Celkem
Materidlni néklady 150 tis|150 tis [150 tis (450 tis
Cestovni naklady 25 tis |25 tis |25 tis |75 tis
Ndklady na ostatni sluzby a nemateridlni naklady|20 tis |20 tis |20 tis |60 tis

Dopliikov

€ (rezijni) naklady

207 tis

207 tis [207 tis

621 tis

Celkem

402 tis

402 tis{402 tis

1 206 tis

Dotace na osobni naklady (souhrn)

1.rok |2.rok |3.rok |Celkem
Mzdy odbornych pracovniku 402 tis |402 tis |[402 tis |1 206 tis
Mzdy dal$ich (tech.) pracovniki 66 tis |66 tis |66 tis [198 tis
Odmény z DPP/DPC Otis [0tis |[0tis |0tis
Socidlni a zdravotni pojisténi a SF (FKSP)|168 tis|168 tis|168 tis [504 tis
Celkem 636 tis|636 tis|636 tis|1 908 tis

Dotace na pofrizeni investic

1. rok

2. rok

3. rok

Investice

Pof.cena  |Pof./Odp |Vyuziti

Pof./Odp.|Vyuziti

Pof./Odp.|Vyuziti

Celkem dotace na investice|0 tis

0 tis

0 tis

Rozpis mzdovych naklad(i a odmén DPP/DPC hrazenych z dotace pro vSechny roky feseni

Kat. Jméno Uvazek/1. |Uvazek/2. |Uvazek/3.
rok rok rok
Napl prace / popis €innosti Dotace Dotace Dotace
Stanislav [Vosolsobé 0,60 0,60 0,69
postdok [Spolufesitel/koordinace fesent, in silico analyzy 252 tis 252 tis 252 tis
St 1 0,50 0,50 0,50
st.anon. |Clen tymu/analyza charofytnich fas 150 tis 150 tis 150 tis
Dalsi spolupracovnici (technici) 0,20 0,20 0,20
- Udrzovani kultur fas, ptiprava médii, laborantska podpora experiment(|66 tis 66 tis 66 tis

10/29
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Spoluuchazeé - Cast B - finanéni prostfedky

Specifikace a zdlivodnéni nakladu pro 1. rok feseni

Materialni naklady

Materialni ndklady vzniklé vyhradné v pfimé souvislosti s feSenim projektu budou pfedstavovat pfedevsim naklady na
chemikalie, drobny spotfebni laboratorni materidl a drobny hmotny majetek. Planované techniky jsou v navrhovatelské
laboratofi zavedené, proto je mozné odhadnout naklady jednotlivych polozek vcelku ptesné, néklady vychazi z cen nami
pouzivanych chemikalii a materidlu a ze znalosti objemu prace navrhované v tomto projektu.

Chemikalie pro molekularné biologické postupy budou zahrnovat kity pro izolace a ¢isténi rostlinné DNA a RNA (30 tis),
polymerazy, oligonukleotidy a restrikéni enzymy pro klonovani a PCR (35 tis), potfeby pro DNA elektroforézu (agaréza,
fluorescenéni barveni geld) a kity pro qRT-PCR analyzu (40 tis). Dale budou pofizovany chemikalie pro kultivaci baktérii a
fas a pro experimenty s jejich ovlivnénim auxinem (agar, smési soli, vitaminy, mikro a makro prvky, fytohormony,
antibiotika), a dal$i bézné chemikalie (etanol, kapalny dusik, atd.), celkem za 25 tis.

Drobny spotfebni materidl bude zahrnovat laboratorni plastik (SpiCky do pipet, sterilni plastik, sterilizaénf filtry, kultivaéni
desti¢ky, mikrozkumavky, atd.), sklo (banky, odmérné vélce, kadinky, atd.), drobné nastroje (pinzety, Spachtle, michadla,
atd.) a ochranné pomucky (rukavice), celkem za 20 tis.

V prvnim roce neni planovan nakup drobného hmotného majetku.

Cestovni naklady

V prvnim roce projektu je planovana aktivni ucast spolufesitele na konferenci €i seminafi zaméfeném na evoluci rostlin a
molekularni fylogenezi. jako napf. na EMBO workshopu zaméfeném na evoluci suchozemskych rostlin (EMBO Workshop,
minuly ro¢nik 20 - 23.6. 2018, Lisabon, Portugalsko), hrazeny budou cestovni naklady ¢&i jejich ¢ast ve vysi 15 tis.
Hrazeny budou téz cestovni néklady spojené s kratSi koordina¢ni navstévou (1-2 dny) na spolupracujicim zahranié¢nim
pracovisti véetné vymény experimentélniho materidlu (Univerzita v Marburgu, SRN, Prof. Stefan Rensing), celkem za 5
tis. Téz bude podpofena uc¢ast studenta zapojeného v projektu na domacich konferencich (5 tis).

Naklady na ostatni sluzby a nematerialni naklady

Naklady na sluzby ptedstavuji vydaje spojené se sekvenaci DNA (10 tis), ihradu konferenénich poplatki (8 tis), naklad(l
tisténi poster( a placeni postovného (2 tis). Publika¢ni naklady (poplatky za publikace, jazykové korektury) jsou
planovany az od druhého roku navrhovaného projektu. Dopliikové (rezijni) naklady jsou ve shodé se zadavaci
dokumentaci navrhovany ve vysi 25% veSkerych neinvesti¢nich nakladd.

Osobni naklady

Na feSeni planovaného projektu se budou podilet tito Elenové odborného tymu spolufesitele:

Mgr. Stanislav Vosolsobé - spolufesitel, 60%, 252 tis

- koordinace projektu s hlavnim FeSitelem, in silico analyzy fylogenetickych pfibuznosti studovanych gend, planovani
experimentl, hodnoceni ziskanych dat, prezentace projektu navenek, pfiprava publikaci, experimentalni ¢innost v oblasti
analyzy fenotypu rodu Chara

Student S1 - ¢len tymu, 50%, 150 tis

- analyza fenotypu rodu Chara po aplikaci auxind, klonovani gent pro auxinové prenasece z rodu Chara

Dalsi spolupracovnici (technici):
Technik - 20%, 66 tis
- technické zajisténi kultivace fasovych organism(, pfiprava médii, laborantské prace

Planované osobni naklady odpovidaji navrhované pracovni kapacité jednotlivych ¢lent tymu a jsou v souladu se
mzdovym predpisem a pravidly odménovani PfF UK. Socidlni a zdravotni pojisténi a SF (FKSP) ve vysi 168 tis. K& na
prvni rok bylo vypocteno jako 35,8 % z hrubych mezd odbornych a technickych pracovnikd.

Investi¢ni naklady

Nejsou pozadovany zadné finanéni prostfedky.

Spoluuchazeé - Cast D2 - bibliografie

Uplné bibliografické tGidaje o nejvyznamnéjsich vysledcich védecké a vyzkumné éinnosti definovanych
v Metodice hodnoceni vysledkd vyzkumu a vyvoje
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P ANTOYA

Navrh Standardniho projektu

20-13587S

Vysledek

Kéd vysledku‘Databaze|CitaC|’|Impaktn|’ faktor
Podil na publikaci

ry

Nishiyama, T., Sakayama, H., de Vries, J., Saint-Marcoux, D., Ullrich, K.
K., Haas, F.B., Vanderstraeten, L., Becker, D., Lang, D., Vosolsobg, S.,
Rombauts, S., Wilhelmsson, P.K.1., Janitza, P., Kern, R., Heyl, A.,
Rumpler, F., Calderén Villalobos, L.I.A., Clay, J.M., Skokan, R., Toyoda,
A., Suzuki, Y., Kagoshima, H., Schijlen, E., Tajeshwar, N., Catarino, B.,
Hetherington, A.J., Saltykova, A., Bonnot, C., Breuninger, H., Symeonidi,
A., Radhakrishnan, G.V., Van Nieuwerburgh, F., Deforce, D., Chang, C.,
Karol, K.G., Hedrich, R., Ulvskov, P., Gléckner, G., Delwiche, C.F.,
Petrasek, J., Van de Peer, Y., Friml, J., Beilby, M., Dolan, L., Kohara, Y.,
Sugano, S., Fujiyama, A., Delaux, P.M., Quint, M., Thei3en, G.,
Hagemann, M., Harholt, J., Dunand, C., Zachgo, S., Langdale, J.,
Buschmann, H., Maumus, F. Van Der Straeten, D., Gould, S., Rensing, S.
A.: The Chara genome: secondary complexity and implications for plant
terrestrialization. Cell 174, 448-464, 2018.

Jimp lscopuslis 31,398

S.V. assembled and annotated homologs of
PIN genes from Chara. He also edited most
of the final materials and supplementary
materials of the manuscript.

N

Vosolsobg, S., Petrasek, J., Schwarzerova, K.: Evolutionary plasticity of
plasma membrane interaction in DREPP family proteins. Biochim Biophys
Acta - Biomembranes 1859, 686-697, 2017.

lscopuslz 3,498
S.V. performed all experiments and wrote
the manuscript.

Jimp

3[Krtkova, J., Havelkova, L., Kfepelova, A., Fiser, R., Vosolsobg, S.,
Novotna, Z., Martinec, J., Schwarzerova, K.: Loss of membrane fluidity
and endocytosis inhibition are involved in rapid aluminum-induced root
growth cessation in Arabidopsis thaliana.

Plant Physiology and Biochemistry 60, 88-97, 2012.

lscopus|ia  |2,838
S.V. performed important experiments and
statistical treatments.

Jimp

N

Singh G, Retzer K, Vosolsobé S, Napier R. Advances in understanding the
mechanism of action of the auxin permease AUX1. International Journal of
Molecular Sciences 19: 9-11, 2018.

Jimp lscopuslo 3,687
S.V. performed phylogenetic analysis of
AUX sequences and contributed to the
editing of the manuscript.

)]

Feraru, E., Vosolsobég, S., Feraru I. M., PetraSek, J., Kleine-Vehn, J.:
Evolution and structural diversification of PILS putative auxin carriers in
plants. Frontiers in Plant Science 3, 12 October, 2012.

Jimp lscopuslze 3,637
S.V. performed phylogenetic analysis of
PILS sequences and contributed to the

editing of the manuscript.

Celkové pocty vysledku definovanych Metodice hodnoceni vysledk( vyzkumu a vyvoje za poslednich 5

roky (podle RIV)

Jimp - ¢lanek v odborném periodiku impaktovaném
Jsc - €lanek v odborném periodiku obsazeném v databazi Scopus
Jost - €lanek ostatni

B - odborna kniha

C - kapitola v odborné knize

D - ¢lanek ve sborniku

P - patent

F - uzitny nebo primyslovy vzor

Z - poloprovoz, ovéfena technologie, odrlda, plemeno
G - prototyp, funkéni vzorek

H - poskytovatelem realizovany vysledek

L - specializovana mapa

N - certifikovand metodika a postup

R - software

V - vyzkumna zprdva obsahujici utajované informace podle zvlastniho pravniho

predpisu
Celkovy pocet citaci véetné autocitaci a H-index WOS

12/29
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Pocet citaci v€éetné autocitaci na vSechny

préce podie SCOPUS92
Metodika pouzita pro pocet citaci dle "jiné

metodiky"

H-index podle Web of Science 5,00

Spoluuchazeé - Cast E - souvisejici projekty

Bézici projekty (uvadeéji se i zahrani€ni projekty)

Poskytovatel MSM - Ministerstvo Skolstvi, Kategorie CEP EA - Morfologické obory a
mladeze a t&lovychovy (MSMT) cytologie
Nazev programu LO - Narodni program Registraéni &islo LO1417

udrzitelnosti | (2013 - 2020)
Panel (pouze GACR a

Role v projektu Clen tymu AZV)

Cely nazev projektu Centrum experimentalni biologie rostlin UK

Dotace pro prijemce 48 075 tis Pracovni tvazek 0,20

Pocatek feSeni 1.1.2015 Ukonéeni feSeni 31.12.2019

Pfijemce - nazev Univerzita Karlova / Pfirodovédecka fakulta

instituce

Vztah k podavanému  S.V. je ¢lenem tymu tohoto projektu, ktery kon&i v roce 2019. Vysledky tohoto projektu jsou
navrhu podkladem navrhovaného projektu.

Navrhované projekty (uvadéji se i zahrani¢ni projekty)

V soucasné dobé nejsou zadné projekty navrhované.

Ukoné&ené projekty

V soucasné dobé nejsou zadné projekty ukoncéené.

Cast C2 - odhad predpokladanych vysledku

Odhad predpokladanych vysledkl projektu

Slovni popis typu vysledk, jejichz publikovani se o¢ekava v ramci feseni projektu (¢lanky v mezindrodnich védeckych

Casopisech, monografie, mezinarodni sborniky apod.).

Ocekavané vysledky  Ocekavame vysledky v podobé plvodnich sdéleni v kvalitnich impaktovanych ¢asopisech typu

projektu Jimp (3) a pfipadné téz prispévek ve formé vystupu typu C, tj. kapitoly v odborné knize.
Publikaéni strategie bude téz zahrnovat prezentace na konferencich a prace bude téz tvofit
soucast diplomni prace zapojeného studenta.
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Pfilohy

Navrh projeku ma pfipojeny vSechny povinné ptilohy.

Zivotopisy (€ast D1)

Uchazec¢|{Jméno souboru [Velikost

{0} CV_Petrasek.pdf [488kB

{0} CV_Vosolsobe.pdf491kB

Ostatni pFilozené prilohy

Typ prilohy

Jméno souboru

Velikost

kopie specidlnich
opravnéni podle
zvlastniho pravniho
predpisu podle &lanku
3.2. odst. 3 pism. i)
zadavaci dokumentace

GMO_PrFUK.pdf

88kB

kopie specialnich
opravnéni podle
zvlastniho pravniho
predpisu podle ¢lanku
3.2. odst. 3 pism. i)
zadavaci dokumentace

35a_Rozhodnuti_Povoleni_Rozvojova263_Statni_urad_pro_jadernou_bezpecnost_2013./1986kB

pdf

kopie specialnich
opravnéni podle
zvlastniho pravniho
predpisu podle ¢lanku
3.2. odst. 3 pism. i)
zadavaci dokumentace

GMO_B1;_B2;_Slechtitelu_31_- 2018.pdf

118kB

cast C

C1_Petrasek_2019.pdf

1400kB

14729
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Prohlaseni

Podanim navrhu projektu uchazeg stvrzuje, ze se seznamil se zadavaci dokumentaci a zavazuje se dodrZovat jeji
ustanoveni, zejména Ze:

® navrhovatel je v pracovnépravnim poméru k uchazeci nebo tento vztah vznikne nejpozdéji ke dni zahdjeni fe$eni
projektu;

® zavazuje se, Ze po uzavieni smlouvy o podpofe projektu bude plnit v8echny povinnosti ptijemce vyplyvajici ze zékona
¢. 130/2002 Sb., zadavaci dokumentace a uzaviené smlouvy nebo vydaného rozhodnuti o poskytnuti podpory;

® zajisti, aby fesitel po uzavieni smlouvy o podpofe projektu plnil v8echny své povinnosti, zejména odpovidal za
odbornou uroven feseni projektu; nastane-li situace, Zze podminky na strané fesitele ¢i pfijemce znemozni fesiteli
pokracovat v feSeni projektu v navrhovaném terminu a nedojde-li k ukon&eni projektu, pfijemce zajisti se souhlasem
poskytovatele jiného tesitele, pokraCovani feSeni projektu a jeho dokonc€eni v souladu s uzavienou smlouvou;

® vSechny Udaje uvedené v navrhu projektu jsou pravdivé, Uplné a nezkreslené a jsou totozné s udaji viozenymi do
navrhu projektu pomoci aplikace, a Ze navrh projektu byl vypracovan v souladu se zaddvaci dokumentaci, Ze osoby
uvedené v navrhu projektu splfiuji a po celou dobu, po kterou se budou podilet na feSeni projektu, budou splfiovat
podminky uvedené v zaddvaci dokumentaci;

® vsichni spoluuchazedi, navrhovatel, spolunavrhovatelé a odborni i dal$i spolupracovnici uvedeni v navrhu projektu byli
seznameni s vécnym obsahem ndvrhu projektu i s finanénimi pozadavky v ném uvedenymi a se zaddvaci dokumentaci;

® pred podanim navrhu projektu zajistil souhlas vy$e uvedenych osob s Uéasti na fe$eni projektu uvedeného v navrhu
projektu;

® najiny projekt s totoZnou nebo obdobnou problematikou nepfijal, nepfijima a nepfijme podporu z jiného zdroje;

® obsah navrhu projektu, jehoz se v jinych grantovych nebo programovych projektech téastni stejny navrhovatel nebo
spolunavrhovatel, je rozdilny od tohoto navrhu projektu a navrzené rozsahy praci umozni navrhovateli nebo
spolunavrhovateli fesit vSechny jejich projekty;

® souhlasi, aby tdaje uvedené v navrhu projektu byly pouzity pro vnitini potfebu poskytovatele a uvetejnény v rozsahu
stanoveném zakonem ¢. 130/2002 Sb. a zadavaci dokumentaci;

® v pfipadé uzavieni smlouvy nebo vydani rozhodnuti o poskytnuti podpory na feseni projektu se bude pfi jeho Fegeni
Fidit podminkami pro feseni projektl uvedenymi v zadavaci dokumentaci;

® po uzavfeni smlouvy o podpofe projektu zajisti spolufinancovani daného projektu v souladu s podanym navrhem
projektu.

Uchaze¢ zaroveri potvrzuje, Ze byly dodrzeny podminky uvedené vySe a Ze byla zkontrolovana uplnost a spréavnost udajl
v navrhu projektu.

Pro vyhodnoceni navrhu bude do soutéze pfijata pouze posledni verze navrhu projektu, ktera bude doru¢ena do datové
schranky GA CR vyhrazené pro systém GRIS (ID datové schranky:ntq92qgs) v fadném terminu soutéze.
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Curriculum vitae

Name, titles: RNDr. Jan Petrasek, Ph.D.

Sex: Male

Date of Birth: August 1, 1972

Place of Birth: Prague, Czech Republic

Nationality: Czech

E-mail: petrasek@ueb.cas.cz

Researcher ID: http://www.researcherid.com/rid/C-8240-2009
ORCID ID: http://orcid.org/0000-0002-6719-2735

Education:
1990-1998  Charles University, Faculty of Science, Prague, Czech Republic
2007 Ph.D. in Plant Physiology and Anatomy, Charles University, Faculty of Science,

Prague, Czech Republic

Professional experience:

1998-2007  Research assistant, Academy of Sciences of the Czech Republic, Institute of
Experimental Botany, Laboratory of Hormonal Regulations in Plants, Prague

2007 Postdoctoral fellow, Ghent University, Department of Physiology, Unit Plant
Hormone Signalling & Bio-Imaging, Belgium

Since 2003  Assistant professor, Charles University, Faculty of Science, Department of Plant
Experimental Biology, Laboratory of Plant Cell Biology and Biotechnology,
group leader within the laboratory from 2015.

Since 2007  Scientist, Academy of Sciences of the Czech Republic, Institute of Experimental
Botany, Laboratory of Hormonal Regulations in Plants, Prague, Head of the
laboratory from 2017, Head of the IEB CAS Imaging Facility from 2015.

Teaching and other experience:

Co-supervisor and supervisor of bachelor, diploma and Ph.D. students, lecturer and examiner,
from 2019 member of Ph.D. study board, Faculty of Science, Charles University, Prague.
Member of BIO2PD Functional Biology evaluator panel of FWO Belgium, referee for grant
proposals (DFG Germany, FWO Belgium, ISF Israel, BARD US-Israel, ERC EU), opponent of Ph.D.
theses (Charles University, Prague, Czech Republic; Masaryk University, Brno; Czech Republic,
Ghent University, Belgium; SLU Uppsala, Sweden) and reviewer of papers in scientific journals
(PNAS, Plant Cell, Plant Journal, Plant Physiology, Nature Communications, New Phytologist,
Plant Science, Molecular Plant, PLoS One, Protoplasma, Plant Cell Reports, Trends in Plant
Science, Scientific Reports, Journal of Experimental Botany and many others).

Associate editor of ,Frontiers in Plant Transport and Traffic” journal, 1 topic of Frontiers in
Plant Cell Biology 2015 and 1 special issue of IJMS 2018.

Pl and co-PI of grant projects from Czech Science Foundation, Academy of Sciences of the
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Member of the organizing committee of several international meetings.

Research activities:

Original contributions and reviews on plant hormones, hormonal crosstalk, cell polarity,
cytoskeleton dynamics, auxin action, auxin transport, regulation of auxin carrier's activity and
localization and mechanisms, auxin transport inhibitors.

Number of citations: 4087 (Scopus)

H index: 27 (Scopus)
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Articles in impacted journals (original/review/other): 50 (43/4/3), e.g. 3x Nature; 1x Science,
1x Cell, 1x Developmental Cell; 3x PNAS; 1x Current Biology; 1x Current Opinion in Plant
Biology; 1x Nature Communication; 1x New Phytologist; 2x Plant Journal; 4x Development; 1x
Cellular and Molecular Life Sciences, 5x Journal of Experimental Botany, etc.

Editor of 1 monograph: 1; Co-author of 11 book chapters and other 5 papers.
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endocytosis in tobacco cells. BMC Plant Biology 15, 272, 2015.
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Petrasek, J., ZaZimalova, E.: Characterization of transmembrane auxin transport in
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plasma membrane in plants, evolution of auxin signalling and transport. Laboratory and in silico skills
include gene cloning techniques, tagging of proteins with fluorescence tags, stable and transient
plant and suspension-cultured cells transformation, bioinformatics, R and Bash scripting, Grid
computing and genome assembly procedures.

Number of citations: 91 (Scopus)
Hindex: 5 (WQOS)
Articles in impacted journals (original/review/other): 11 (10/1)
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Nishiyama, T., Sakayama, H., de Vries, J., Saint-Marcoux, D., Ullrich, K.K., Haas, F.B., Vanderstraeten,
L., Becker, D., Lang, D., Vosolsobé, S., Rombauts, S., Wilhelmsson, P.K.I., Janitza, P., Kern, R., Heyl,
A., Rimpler, F., Calderdn Villalobos, L.I.A., Clay, J.M., Skokan, R., Toyoda, A., Suzuki, Y., Kago-
shima, H., Schijlen, E., Tajeshwar, N., Catarino, B., Hetherington, A.J., Saltykova, A., Bonnot, C.,
Breuninger, H., Symeonidi, A., Radhakrishnan, G.V., Van Nieuwerburgh, F., Deforce, D., Chang,
C., Karol, K.G., Hedrich, R., Ulvskov, P., Glockner, G., Delwiche, C.F., Petrasek, J., Van de Peer, Y.,
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Czech Science Foundation - Part C1

Project Description

Applicant: Jan Petrasek, IEB CAS

Co-applicant: Stanislav Vosolsobé, DEPB FS CU

Name of the Project: The evolutionary origin and significance of auxin transport

1 The present state of the art: The origin of the auxin communication in plant lineage

A mutually interacting transcription regulation networks and epigenetic chromatin modulators drive
development of complex bodies of plant gametophytes and sporophytes. Within the three dimensional plant
bodies, these networks are co-ordinated via mobile substances, including small RNAs, signalling peptides and
plant hormones. More than a century of exploration evidenced that auxin (represented mainly by indole-3-
acetic acid, IAA) acts as an important morphoregulatory compound within plant body and its role is shared in
whole land-plants group. In sporophytic tissue of angiosperms, auxin-regulated cell division and elongation is
of crucial importance for patterning processes during shoot and root development, as well as in growth-based
tropisms (Vanneste and Friml, 2009; De Smet and Beeckman, 2011). While the developmental pathways of
advanced angiosperm bodies show comparative complexity in auxin regulation, the presumably more modest
origins of auxin action in bodies of simpler, more basal plants began to be addressed in detail only recently. In
bryophytes, the sister group of vascular plants, auxin is involved in the induction and development of three-
dimensional gametophore bodies from two-dimensional protonemal filaments, a key evolutionary novelty in
transition to life on land (Moody et al., 2018). To trigger specific response, the formation of auxin gradients
on both cellular and tissue level is important (Leyser, 2018). These gradients specifically regulate auxin
signalling and are finely tuned by auxin biosynthesis, metabolism and transport, all of which were shown to
be conserved from the most advanced land plants (angiosperms) all the way to the basal-most bryophytes
(Thelander et al., 2018).

Land plants originated from so-called “charophyte” green algae, and together they are called
“streptophytes”. Recent studies evidenced that components of auxin signalling are also present in charophyte
algal species, but the role of auxin in algae is still enigmatic. IAA biosynthesis is widespread among many
unrelated organismal lineages, including bacteria and fungi (Fu et al., 2015), therefore it could be expected
that its signalling activity in plants could be based mainly on the presence of key protein components involved
in auxin perception and transport, rather than the molecule itself. Core machinery involved in auxin reception,
conserved across land plants, consists of F-box auxin receptor proteins of TIRL/AFB family (Kepinski and
Leyser, 2005; Dharmasiri et al., 2005), which upon auxin binding interact with and induce proteasome
degradation of Aux/IAA family proteins, which act as repressors of ARF transcriptional factors (Ulmasov et
al., 1999). Recently, homologues of ARF genes were found in land-plant-relative charophyte algae (Mutte et
al., 2018), but they lack any well-conserved homologues of Aux/IAA and TIR1/AFB proteins. Notably, algal
Aux/IAA homologs only contain an ARF-interacting domain, so the evolutionary acquisition of auxin-binding
domain and utilization of streptophyte ARF-Aux-1AA in auxin signalling possibly post-dates transition to land.
The F-box protein homologues also lack an auxin-binding pocket (Mutte et al., 2018). Altogether, canonical
nuclear auxin-sensing pathway is lacking in charophyte algae, many genes are differentially expressed after
auxin treatment, but overall regulatory pattern is different from land plants.

It is now well accepted that the setting of auxin gradients in higher plants depends largely on the activity
and localization of its influx and efflux plasma membrane transporters AUX1/LAXes, PINs and ABCBs
(Reemmer and Murphy, 2014) and ER-residing transporters from PILS family (Scheuring and Kleine-Vehn,
2014). Indeed, algae and land plants share homologous genes coding for auxin transporters (Fig. la and
Nishiyama et al., 2018). PIN auxin efflux carriers are present throughout streptophytes, usually containing one
PIN gene copy, the trait typical also for common ancestor of all land plants. Interestingly, our recent in-silico
analyses showed a unique radiation of PIN gene family in newly sequenced Chara braunii, probably reflecting
the very complex body plan in contrast to other streptophyte algae (Nishiyama et al., 2018). For PILS putative
auxin efflux carriers, mediating auxin transport from cytoplasm to ER (Barbez et al., 2012), we placed their
origin to root of all plants of Archaeplastida group (Feraru et al., 2012 and Fig. 1b). In contrast, we found the
LAX family of auxin influx carriers well-conserved only in land plants and the very rare sequence evidence in
algal species can be parsimoniously explained by horizontal gene transfer (Singh et al., 2018 and Fig. 1c).
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Figure 1: Phylogeny of auxin transporters. (a) Variable radiation of auxin transporters in two algae species,
compared to radiations known in mosses or higher plants (Nishiyama et al., 2018). (b) Phylogeny of PILS sequences with
the origin at the basis of Archaeplastida. (c) Phylogeny of LAX sequences with very little evidence from green algae
(Singh et al., 2018).

While above-mentioned findings are based mainly on in silico analyses, experimental evidence on the auxin
role in algae is so far very sparse and provides no clear picture. Auxin effects on cell division and growth has
been described in several charophyte species (Wood and Berliner, 1979; Ohtaka et al., 2017). Auxin transport
capacity was found in Chara corallina internodal segments (Boot et al., 2012) and in the same genus, putative
PIN homologue was localised on plasma membrane of male gametangia using heterologous antibody against
PIN2 of Arabidopsis thaliana (Zabka et al., 2016), yet no relation of PINs to auxin transport in Chara has been
demonstrated. Additionally, circadian changes in endogenous IAA levels in Chara have been observed (Beilby
et al., 2015), as well as some effects on growth (Umen, 2014). While the Characeae group provides the most
auxin-related evidence in charophytes, the group likely post-dates the appearance of land plants (Beilby et al.,
2018) and therefore is of limited use for evolutionary research. Taking this likely independently evolved
complexity, models from other charophyte branches are required to get a clearer picture on basal evolution of
auxin response, including auxin transport and its possible significance. Only then, the hypothesis proposed by
sequence analysis could be addressed in practice.

2 Objectives and methodology of the project

2.1 Objectives and work packages

There are two main objectives of this research project:

1. To reveal the evolutionary origin of auxin morphogenic action

2. To reveal the evolutionary significance of auxin transport

These two objectives will be investigated in the following four work packages:
WHP1: Establishment of streptophyte algal models.

WHP?2: Testing the effect of auxin on algal growth and morphology.

WHP3: In silico identification and cloning of ancestral auxin carrier homologs.
WHP4: Functional testing and localization of ancestral auxin carrier homologs.
2.2 Methodology

Work package 1: Establishment of streptophyte algal models
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Rationale: There are few to no practical studies into streptophyte evolution that utilize a desirable taxon
sampling. An effort should be promoted to find suitable fresh water algal strains and establish a molecular
biology toolbox for functional testing of auxin transporters.

Background: Streptophyte algae are a very diverse group, both morphologically and physiologically
(Domozych et al., 2016; Delwiche 2016; Umen 2014). For a thorough understanding of evolutionary patterns,
it is imperative that for the comparative effort, at least one member per each of the six streptophyte taxonomical
groups is represented, following the approach of de Vries et al. (2018). Here, we aim to choose at least two
strains per group with variable morphology, or one per group where all representatives follow a uniform body
plan, as follows:

. Mesostigmatophyceae (1 strain): monotypic group, unicellular. Currently in use is the strain
Mesostigma viride (NIES-995) with transcriptome data from Ju et al. (2015).
o Chlorokybophyceae (1 strain): monotypic group, few-celled clusters. Selected strain Chlorokybus

atmophyticus SAG34.98 (Culture Collection of Algae at Gottingen University) with transcriptome data from
de Vries et al. (2018).

° Klebsormidiophyceae (2 strains): unicellular or forming Chlorokybus-like clusters, both Interfilum
spp. or possess filament-type multicellularity without apical growth (Klebsormidium spp.) (Mikhailyuk et al.,
2014). Selected strains are Interfilum paradoxum SAG 338-1 (unicellular) and Klebsormidium nitens (NIES-
2285) with fully sequenced genome (Hori et al., 2014).

. Charophyceae (1 strain): the most complex streptophytes with macroscopic plant-like bodies,
differentiated cell types (including rhizoids), oogamous sexual reproduction. The selected strain is Chara
braunii S277 (National Science Museum, Japan) with published whole genome sequence (Nishiyama et al.,
2018).

. Coleochaetophyceae (2 strains): microscopic algae with differentiated cell types and oogamy. Selected
strains are Coleochaete nitellarum (NIES-3719) with branched filaments and Coleochaete scutata (NIES-
4262) with multi-layered discoidal thallus.

o Zygnematophyceae (3 strains): unicellular, so-called desmids, or filamentous multicellular, with the
possibility of rhizoid-like apical growth in some strains (Ikegaya et al., 2008). Selected strains are Closterium
peracerosum-strigosum-littorale complex (NIES-68), unicellular with stable transformation protocols (Abe et
al., 2011), including CRISPR-mediated mutagenesis (Kanda et al., 2017), Mougeotia scalaris (SAG 164.80)
with transient transformation protocol (Regensdorff et al., 2018) and rhizoid-forming Spirogyra sp. (SAG
170.80).

Selected algal strains may change based on continual enrichment of available sequence evidence (e.g. a full
sequence is known in a certain strain) or availability.

Experimental strategy:

1) We will optimize algae growth conditions, with desired unification of the strains to the least necessary
different types of culture media. The laboratory already holds numerous of the above-listed strains in culture
(Mesostigma, Klebsormidium, Chara, Closterium, Mougeotia, Spirogyra) and manage to culture them
efficiently using just two types of media, i.e. “C” (Ichimura, 1971) and BBM (Bischoff & Bold, 1963). Other
desired strains (e.g. both Coleochaete species) have been selected with this optimization in mind. Successful
optimization of the culture conditions for remaining strains will allow to perform screening for auxin effects
planned in WP2.

2) We will optimize RNA and DNA extraction and subsequent PCR, RT-PCR and gRT-PCR. These will be
used for isolation of genes coding for auxin transporter homologs that will be needed in cloning effort planned
in WP3. These techniques have been already optimized in the laboratory of applicant for Klebsormidium, and
Closterium (Fig. 2a, b) and in the laboratory of co-applicant for Chara.

3) We will optimize gene transfer technology in selected algae strains. Laboratory of the applicant optimized
gene delivery into Closterium p-s-1 complex using PDS-1000/He™ System (Biorad). In collaboration with
Prof. Sekimoto (Japan Women's University, Tokyo), we have introduced control constructs (Abe et al., 2008)
containing a translational fusion of bleomycin gene and algae-optimized version of GFP (Fuhrmann et al.,
1999). We have expressed it either under the heat shock protein 70 (HSP70) promoter (Fig 2d) or chlorophyll
a/b-binding protein (CABL) promoter, both endogenous from Closterium p-s-1 complex (Abe et al., 2008). For
stable transformation via particle bombardment (Abe et al., 2011), we have cloned gene construct via
restriction or Seamless cloning into the pSA0104 vector (Hirano et al., 2015), which allows for stable
expression of the transgene under the HSP70 promoter (Fig. 2d). Using this technique, in collaboration with
Henrik Buschmann (Osnabrick University, Germany), we successfully expressed actin marker lifeAct:GFP
cloned into pSA0104 (Fig. 2e). We have also already optimized stable gene transformation using pSA0104
carrying PIN homolog from Closterium p-s-1 complex in a cassette carrying hygromycin resistance gene under
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CABL1 promoter, allowing for antibiotic selection under constant light conditions (Fig. 2c). Transformants are
now being selected, however, we have already verified PM-localization of its product using CpPIN:eGFP
transient expression in tobacco BY-2 cells under 35S promoter (Fig 2f). Moreover, CRISPR-Cas-mediated
mutagenesis is now available in our laboratory for Closterium p-s-I complex, using the pSA6009104 vector
(Kanda et al., 2017), containing a HSP70 promoter for the expression of guide RNA, an algal-optimized
version of Cas9 gene and the same cassette for hygromycin selection as described above for pSA0104. Biolistic
method of transformation will be optimized also for other streptohyte algae. We will also try alternative
methods for gene delivery, e.g. Agrobacterium-mediated transformation, described in Penium (Sorensen et al.,
2014). Gene cloning and delivery will be necessary to perform functional assays planned in WP4.

4) We will optimize auxin transport assays using *H-labeled IAA, 1-NAA and 2,4-D according to (Petrasek et
al. (2006), based on our existing experience with auxin transport assays in Spirogyra sp. (Skokan, 2014),
Klebsormidium nitens (Skokan et al., in review in Nature Plants) and Closterium p-s-I complex. In Chara, we
will follow the protocol using internodal sections (Boot et al. 2012) and will try to optimize auxin transport
assays in its generative tissues.

5) We will optimize light microscopy of auxin carriers following immunolocalization protocols for Chara
(Zabka et al. 2016), Klebsormidium (Skokan et al., in review in Nature Plants) and Closterium p-s-l1 complex.
Both in vivo microscopy for GFP-tagged transporters and their immunolocalizations (with help of slide module
of our automated immunolocalization station Intavis InSituProVSi) will be performed using our well-
established set of laser and spinning disk confocal microscopes. Generation of epitope-specific antibodies
against selected transporters will be outsourced (KE Biochem Co., China/IPHYS CAS, Czech Republic).

a KnPIN b CpPIN
(Klebsormidium nitens) (Closterium psl complex)
Ladder (bp) ~ Day 6 Day 14 Day 30 Ladder (bp) Day 11
a b a b a b a b
300 i 300
200 - - 200

Figure 2: Establishing molecular biology toolbox in streptophyte algae. Transcription of PIN auxin transporter
gene homologs in streptophyte algae. (a) RT-PCR of a PIN of Klebsormidium nitens (KnPIN) during an algae subculture
interval. (b) RT-PCR of a native PIN of Closterium p-s-1 complex (CpPIN) in the exponential phase of growth. a and b
represent different pairs of specific primers. PCR products were checked by sequencing. (c) Hygromycin-resistant
colonies appearing 6 weeks after transformation of Closterium p-s-1 complex with CpPIN-GFP. (d) HSP70::GFP
fluorescence (left) 2 days after transformation of Closterium p-s-1 complex. DIC, right. (e) Closterium p-s-I complex cell
2 days after transformation with a lifeAct: GFP gene construct for transient expression. (f) Transient expression of CpPIN-
GFP in tobacco BY-2 cells. CpPIN-GFP has been prepared by the insertion of optimized GFP into the cetral loop of the
protein. Scale bars 20 um (d, €), 10 pm (f).

Risks and their mitigation: The establishment of model freshwater algae for the purpose of molecular biology
studies is not an easy task and some strains appear to be quite recalcitrant. However, as documented above,
the laboratory of the applicant has now several years of experience of the introduction of several algae models
and at least for some of them, we managed to establish full set of methods including cloning, gene
transformation, their functional studies and microscopy approaches. In this effort, we are in continuous contact
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and share experience, effort, experimental material as well as plasmids with several laboratories, including Dr.
Henrik Buschmann (Osnabriick University, Germany), Prof. Hiroyuki Sekimoto (Japan Women University),
Prof. Stefan Rensing (Marburg University, Germany), Dr. Klaus von Schwartzenberg (Hamburg University,
Germany) and Prof. Jiri Friml (IST, Austria). If we fail to introduce full set of methods in all selected algae,
we will definitely concentrate on completion of planned screening of auxin effects in individual algae strains,
where we do not expect any problems. In addition, more effort will be invested into expressions in heterologous
systems (WP4).

Expected output: Optimized cultivation condition for selected freshwater algae that allow performing screen
for auxin effects (WP2), cloning of genes coding for auxin transporters (WP3) and functional assays and
localization studies in both algae and tobacco cells (WP4).

Work package 2: Testing the effect of auxin on algal growth and morphology.

Rationale: The knowledge on effects of exogenously applied auxins on streptophyte algae is very fragmentary
and lacks any consensus, resulting in the absence of common hypothesis for the putative significance of auxin
throughout streptophyte evolution.

Background: Exogenous auxin application into culture medium causes dramatic phenotypes in bryophytes,
the basal-most land plants, e.g. Marchantia polymorpha and Physcomitrella patens (Moody et al., 2018;
Sugano et al., 2014). In contrast, the evidence of auxin treatment in streptophyte algae is very fragmentary.
The most evidence comes from the complex stoneworts (Charophyceae), where auxin seems to be involved in
cell elongation and branching IAA biosynthesis during culture b IAA biosynthesis during culture
(Umen, 2014). In the desmid (Closterium psl complex) (Klebsormidium nitens)
Micrasterias (Zygnematophyceae), +
which is phylogenetically closer to
land plants, yet unicellular, auxin
has been reported to promote
culture growth (Wood & Berliner,
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reported in some much more
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scoring any effects in more complex bodies of Chara and Coleochaete, where we will include morphometric
analysis using deep learning algorithm for Fiji-based image analysis (Falk et al., 2019). We have shown
endogenous IAA production (Fig. 3a, b) and uncovered dramatic effect of IAA on morphology and growth of
the desmid Closterium (Zygnematophyceae), but these were not observed after treatments with synthetic auxins
(Fig. 3c-e). The effect of auxin on Closterium morphology suggests, if not native physiological function, then
at least toxicity to these algae. By contrast, the more basal streptophytes Mesostigma viride (Figure 3f) and
Klebsormidium nitens (not shown) showed no apparent growth reaction to auxin in our preliminary
experiments, as well as not in the case of other desmid with more complex cellualr shape Micrasterias.

2. We will perform fluorescence light microscopy-based characterization of cells showing morphological
changes after auxin treatments. We will detect changes in pH (BCECF-AM, Invitrogen), the intracellular
ratiometric pH indicator, production of ROSes with dichlorodihydrofluoresceindiacetate (DCFH-DA,
Invitrogen) and extent of endocytosis using staining with FM 1-43 (Invitrogen).

Risk and their mitigation: Based primarily on our preliminary results showing clear IAA effect in quite low
concentration used (1uM) in Closterium, we expect that a completion of whole screen in its full extent will
show clear radiation of auxin response in selected algae. We concentrate in this project on understanding of
IAA transport, however, in case that we will not find response in any other selected algae, we will employ tests
with other auxins PAA and IBA. We will also take advantage of LC/MS analytical unit available in the
laboratory to verify whether auxin was uptaken by cells efficiently.

Expected output: By sampling representatives of all streptophyte algal groups we will be able to gain a
thorough insight into the nature of auxin effects on algal growth and development and suggest how far these
organisms react to synthetic auxins.

Work package 3: In silico identification and cloning of ancestral auxin carrier homologs.

Rationale: An important step must be taken from just sequencing to cloning and expression of genes from
evolutionarily important taxa of streptophyte algae.

Background: As stated in the introduction, there are four main groups of auxin transporters for cell-to-cell or
intracellular auxin transport. For PIN-FORMED family (Bennett, 2015; Ju et al., 2015, Nishiyama et al., 2018),
we will examine relationship of homologues from streptophyte algae with other green algae homologues, non-
plant eukaryotes and fungi. Our preliminary blast result showed that PIN homologues are spread between many
isolated groups. Therefore, phylogenetic analysis will be performed with respect to hypothesis that the
occurrence of non-connected homologues within so broad spectrum of organism is a result of horizontal gene
transfer. With this in silico approach, we will try to resolve, if is eukaryotes acquired PINs from bacterial
ancestor, or vice versa. LAX family of auxin carriers is derived from large superfamily of amino acid
permeases and well-defined cluster could be shown only in land plant LAX homologues (Singh et al., 2018).
Other, less homologous LAXes are, similarly as PINs, spread over many isolated species. Our ambition will
be to find the branch of Amino Acid Permeases, which is the closest to LAX family and using this finding to
resolve a relationship between land-plants and other homologues. For PILS protein family, our preliminary
result showed that main lineages of PILS diverged within Zygnematophyceae. Detailed phylogenetic analysis
will allow, at least partly, answering a question on the evolutionary relationship between land plants and close
relative charophytes. For ABCB transporter family, only some members of the homologues present in
Arabidopsis have evidenced auxin transporting activity. Since the ABCB gene family is very large, the
thorough study, examining an evolutionary origin of individual ABCB lines and their relationship, is still
lacking. We will try to resolve an acquiring of individual transporting function of ABCB homologues during
evolution of streptophyta lineage using intensive phylogenetic analysis. Altogether, the effort in this WP3 will
be focused on thorough up to date in silico analysis of auxin transporter homologs and cloning of representative
sequences from 6 streptohyte algae groups, as well as some candidates from other organisms.

Experimental strategy:

1. For in silico identification of auxin carrier homologs, all sequences will be obtained from GenBank of NCBI
and several other specialized databases, including OneKP and Phytozome. In addition, thanks to our
involvement in the Chara sequencing effort, we are in contact with several collaborators from BGI-supported
10KP project (Cheng et al., 2018) and other individuals that hold yet unpublished genomes (Tomoaki
Nishiyama). In addition to the standard sequence similarity search and evaluation methods (BLAST search,
MAFFT multiple sequence alignment), we will also use a method HMMER using Markov models to find more
distant homologs. The evolutionary relationship between sequences will be investigated by maximum
likelihood methods of phylogenetic inference, using procedures used in our previous reports on auxin carrier
phylogeny (Singh et al., 2018, Nishiyama et al. 2018, Feraru et al., 2012). Sequence partitioning will be used
to find the best fitted substitution models for individual parts of alignments. This part of WP3 will be performed
by co-applicant with the help of computational resources supplied by the Ministry of Education, Youth and
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Sports of the Czech Republic under the Projects CESNET (Project No. LM2015042) and CERIT-Scientific
Cloud (Project No. LM2015085) provided within the program Projects of Large Research, Development and
Innovations Infrastructures (METACENTRUM computer cluster).

2. Cloning of auxin carrier homologs and preparation of gene constructs for both homologous (algae) and
heterologous (tobacco cells) expression systems will be performed using standard cloning procedures. For
algae, optimization of cloning procedures will be performed in WP1. Besides PINs, no other homologs of
auxin carriers from streptohyte algae are cloned to our best knowledge. Therefore, methods optimized in WP1
will be used to clone and prepare constructs for auxin influx and efflux homologs from streptohyte algae and
more distant organisms. For efficient preparation of gene constructs for expressions in tobacco BY-2 cells, the
GoldenBraid (GB) system is optimized in our laboratory, allowing generation of both fluorescent protein
translational fusions as well as transient and stable expression constructs. We will clone streptohyte algae
genes for auxin carriers into the GB-optimized system for B-estradiol-inducible expression, originally
described as pER8 (AF309825.2; Zuo et al., 2000).

3. Transformation of tobacco BY-2 cells will be performed according to Petrasek et al. (2006) and selected
algae will be transformed using biolistic method optimized in WP1. In addition to wild type BY-2 cells, we
will transform auxin carriers to lines carrying auxin response markers (DII-VENUS or DR5-GFP).

Risks and their mitigation: For in silico analyses, we expect that at least for six groups of stretophyte algae,
we will have no problem to identify, clone and prepare gene constructs. The question is to which extent we
will proceed in case of finding more distant homologs. Here, very important is our close collaboration with
Prof. Jiri Friml (IST Austria), who is now in the implementation phase of the ERC project focused on cloning
of distant PIN homologs with effort to understand their ability to function as auxin transporter in Arabidopsis.
We share sequences and prepared gene constructs. Another risk is that we will not be able to transform all
algae from the set in which auxin phenotypic screen will be performed (WP2). This is in particular probable
in Chara and Coleochaete, so if we will not succeed in their transformation, we will definitely be able to finish
comparative analysis at least in heterologous system of tobacco cell, where all methods are very well
established in our laboratory.

Expected output: In silico phylogenetic study on the evolutionary origin of auxin transport (Paper 1) and set
of cloned genes for auxin transporters from streptohyte algae, transformed tobacco and algae cells.

Work package 4: Functional testing and localization of ancestral auxin carrier homologs.

Rationale: Though sequence evidence of auxin transporter genes in streptophyte algae is now available, no
study has yet been published to characterize the proteins they code for, including their auxin transport
function. This is challenged here, employing both homologous(algae) and heterologous (tobacco) systems.
Background: Carrier-mediated auxin transport has only been suggested experimentally in the intermodal cells
of Chara (Boot et al., 2014), which was shown through the analysis of the co-applicant to contain six PIN
homologs (Nishiyama et al., 2018). It could be speculated that this radiation is reflected in the specific function
of individual PINs. Additionally, immunolocalization using anti-PIN2 antibody from Arabidopsis thaliana
revealed a plasma membrane signal in some Chara cells (Zabka et al., 2016). The connection between
localization and transport has not been determined. Our experiments on PIN homolog from Klebsormidium
flaccidum (KfPIN) indicated that its expression induced phenotypes indicative of defective auxin transport in
Physcomitrella, Arabidopsis and BY-2 (Fig. 4a, b and Skokan et al., in review in Nature Plants). KfPIN-GFP
localized at the plasma membrane and showed auxin transport function when expressed heterologously in BY -
2 cells (Fig. 4c, d). This indicates that Klebsormidium might contain functional auxin efflux carrier, thereby
hinting that the evolutionary occurrence of auxin transport may have predated signaling. Work is now also
underway to test the Closterium PIN in BY-2 in the same fashion. In the case of Closterium, as shown in the
description of WP1, we are on good way to utilize a homologous expression system. The main attention of this
WP4 will be focused on firstly, determination of auxin transporting function of the particular protein, secondly
on the localization of the protein product (PM/ER) and thirdly on finding correlation between auxin transport
function of particular auxin carrier with the response of algae from which it has been isolated to auxins (screend
in WP2).
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defined concentration of f-
estradiol (0.1-10 uM) and time
of the induction (hours to
several days). High-resolution CLSM microscopy will be performed using Zeiss LSM 880 with Airyscan
detector, both in vivo (for GFP-tagged proteins) and in immuno-stained preparations, using either anti-GFP
antibodies or epitope-specific antibodies generated in WP1. Combined methodology for the determination of
mobility of auxin carriers within the plasma membrane with RICS and FRAP will be utilized (Lankova et al.,
2016). Double-transformants carrying auxin response markers (DII-VENUS and DR5-GFP) together with
inducible auxin carriers will be analysed using image analysis on confocal images.

4. Localization studies in algae will be performed in transgenic lines obtained in WP3 using protocols
optimized in WP1.

Risks and their mitigation: We do not expect any risks in the analysis of tobacco cells having already very
long experience with this model. However, it is probable that testing the functionality of particular streptohyte
algae auxin carrier will be difficult thanks to technical issue, therefore, same like in WP3, we aim primarily to
finish comparison of set of streptohyte auxin carriers from all six clades in heterologous system of tobacco
cells. However, based on our preliminary data shown in this proposal, we are confident that at least for several
algae we will succeed as well.

Expected output: Information on auxin transport activities and localization for candidate proteins. The
correlation of auxin transport activity with the response of particular algae to applied auxins (WP2) will allow
to conclude on the importance of carrier-mediated transport for auxin in individual representatives of
streptohyte algae auxin transporters (Papers 2 and 3).

3. Technical readiness of the applicant and co-applicant

Laboratory of the applicant at the IEB CAS is fully equipped for the purpose of the proposed project. It shares
cultivation rooms and cabinets, laminar boxes, autoclaves, orbital shakers and has large capacity to propagate
both tobacco cells and cultures of algae. Standard equipment for molecular biology is available, including PCR
cyclers, Light Cyclers, termoblocks, centrifuges, DNA and protein electrophoresis units, western blot
machines, incubators for bacteria, etc. Plant hormone analytical unit of the lab is equipped with LC/MS and
GC-MS. Dedicated lab space is available for auxin transport assays using radiolabelled auxins, including teflon
vacuum plate and scintillation analyzer. Project team will have access to light microscope equipment of the
laboratory (Nikon Eclipse E600 with image analysis system) as well as several routine inverted microscopes.
Demanding confocal microscopy techniques will be performed using confocal microscopes of the Imaging
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facility of the IEB CAS, including Zeiss LSM 880 with AiryScan and spectral detectors and spinning disk
Yokogawa-Nikon. Intavis InSitu ProVSi automated station is available for immunolocalizations.

Laboratory of the co-applicant at the FS CU is equipped well for the project, having very similar setup of
machines as main applicant, but having in addition cultivation conditions for Chara and established access to
the computer bundle for in silico analyses.

4. Description of the research team

Teams of the applicant (2 FTE) and co-applicant (1.3 FTE) form together a collective of researchers having
diverse expertize ranging from in silico evolution studies, molecular biology, biochemistry of auxin transport,
functional assays and advanced light microscopy. In the team of the applicant, RNDr. Jan Petrasek, Ph.D.
(30%), expert in the field of cell biology of auxin transport (see CV), will co-ordinate the project, plan
experiments and perform microscopy. Roman Skokan (60%), finishing his Ph.D. on auxin role in algae in
winter 2019, expert in the establishment of algal models for their use in molecular biology studies. He is firmly
established in the international community on this topic (2 papers, including 1 co-authorship on Cell paper,
first author on the submission to Nature Plants, in review) and will be designing algae experiments as well as
perform cloning, auxin screening and functional assays in algae. Ing. Karel Miiller, Ph.D. (20%), expert in
molecular biology, including transcriptomics and RNAseq (200 citations, 19 papers). He will prepare gene
constructs and analyse gene expression with gRT-PCR. RNDr. Adriana Jelinkova, Ph.D. (20%), expert in the
intracellular trafficking of auxin transporters in cells lines and plant tissues (177 citations, 8 papers). She will
perform microscopy analyses in tobacco lines. RNDr. Martina Lanikova, Ph.D. (20%), expert in the function
of auxin transporters in tobacco cells (200 citations, 10 papers), she will perform auxin transport assays in
tobacco cells. Ing. Milada Covanova, Ph.D. (20%), expert in the role of ABP1 in its auxin-buffering function
(850 citations, 5 papers). She will perform immunofluorescence and in vivo microscopy of algae. The team
will be supported by technician (20%) that will maintain tobacco cell lines and generate new transgenics with
established protocol.

In the team of co-applicant, Mgr. Stanislav Vosolsobé (60%), expert in the phylogenetic analysis and plasma
membrane-associated proteins (see CV), finishing his Ph.D. in autumn 2019 (with 10 papers, including very
important contribution in Cell paper), will co-ordinate the project with the main applicant and perform all in
silico analyses. Together with one student (50%) and support technician (20%) he will also perform all work
planned to be done on Chara (including molecular biology), which is well-established in the laboratory of co-
applicant.

5. Work Plan: Individual WPs are specified for the applicant (yellow) and co-applicant (blue). Publication
lan (green) includes one review article on in silico analyses and phylogeny and two original contributions.
Description of work package | 2020 | 2021 | 2022
WP1 Establishment of streptophyte algal models
1. Optimization of algae growth conditions

2. DNA and RNA isolation and PCR

3. Gene transformation

4. Auxin transport assays

5. Immunofluorescence and in vivo microscopy
WP2 Testing the effect of auxin on algal growth and morphology
1. Screening for effects of exogenous auxins

2. Microscopy-based characterization of auxin effects
WHP3 In silico identification and cloning of ancestral auxin carrier homologs
1. In silico identification of auxin carrier homologs
2. Cloning of auxin carrier homologs

3. Transformation of tobacco cells and algae

WP4 Functional testing and localization of ancestral auxin carrier homologs
1. Auxin transport assays in tobacco cells
2. Auxin transport assays in algae

3. Localization studies in tobacco cells

4. Localization studies in algae
Publications 1| 2 | 3

6. International collaboration relevant to the proposed project
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As specified within this project proposal, the team of this planned research is in very frequent communication
on the topic with several collaborating laboratories abroad. We co-ordinate effort in the establishment of
streptophyte algae as model organisms with Dr. Henrik Buschmann (Osnabriick University, Germany), who
organizes satellite meeting on the occasion of SEB meeting in Seville, 2-5 July, 2019, where a member of our
team Roman Skokan will present his data. Together with other colleagues, we plan to establish on this occasion
“the molecular biology consortium for streptohyte algae”, which initiative was stimulated already during
research stay of Roman Skokan in the laboratory of Henrik Buschmann. We hold also very fruitful and long-
lasting collaboration with Prof. Hiroyuki Sekimoto (Japan Women University), who support our research with
Closterium unpublished sequence information and his plasmids and protocols for transformation of this algae.
Applicant and co-applicant collaborate also with Prof. Stefan Rensing (Marburg University, Germany), which
has been, besides sharing protocols for cultivation of algae, documented by our involvement in Chara
sequencing project. We also share effort with Prof. Jiri Friml (IST, Austria), long-lasting collaborator of the
applicant, who shares his constructs for the expression of ancient PIN homologs with us. We are also in
communication with Prof. Dolf Weijers (Wageningen University), who share with us his transcriptome
profiling capability and we plan short research stay of Roman Skokan in his laboratory. Among other
collaborators, we share protocols also with Prof. Klaus von Schwartzenberg (Hamburg University, Germany).
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