Update 2008

Jones AM et al. (2008) The impact of Arabidopsis on human health: diversifying our portfolio.
Cell 133: 939-943

Studies of the model plant Arabidopsis thaliana may seem to have little impact on advances in medical research, yet a survey of the

scientific literature shows that this is a misconception. Many discoveries with direct relevance to human health and disease have been
elaborated using Arabidopsis, and several processes important to human biology are more easily studied in this versatile model plant.

Update 2010

Koornneef M, Meinke D (2010) The development of Arabidopsis as a model plant.
Plant Journal 61: 909-921
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Potfeba zefektivnit zemédélstvi, aby bylo mozno uzivit svét ?

Nutnost poznat zakladni molekularni a fyziologické procesy
@ v rostlinach = poznat funkce genu

Studium co nejjednodussich organismu = rychlejSi nalezeni funkce genu

l

Potreba modelovych rostlin
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2) Co je Arabidopsis a proc je tak atraktivni,
ze se stala modelovou rostlinou?

Arabidopsis thaliana L.

ifin /

a) Produkuje tisice semen na jedné rostliné

b) Ma rychly Zivotni cyklus: 6-8 tydnu

c) Je autogamni (self-fertile) a diploidni

d) Je mala vzrustem: 10 — 30 cm vysoka

e) Snadno se mutuje a transformuje

f)  Ma nizky poCet chromozomu a maly genom

1907 Friedrich Loribal, Bonn, Némecko — prvni pracoval na Arabidopsis
thaliana: 5 chromozomi
1943 navrhl Arabidopsis jako modelovou rostlinu
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Sance uspésné mutageneze

Vysoky pocCet semen je vyhodny z hlediska studia mutaci
a genetickych testa.

b) Ma rychly zivotni cyklus: 6 — 8 tydnu

Arabidopsis roste cely rok a ma nékolik generaci.
Kratky zivotni cyklus umoznuje rychlou genetickou analyzu.

c) Je autogamni (self-fertile) a diploidni

Kvéty neprodukuji nektar => malo atraktivni pro hmyz =>
=> rostliny vyvinuly autogamii => jsou homozygotnimi liniemi

Diky diploidii se snadno identifikuji recesivni znaky




e) Snadno se mutuje a transformuje

Diky velkému poc¢tu mutantt a transformantu je identifikace
genu, jejich klonovani a studium jejich funkce rychlejsi

f) Ma nizky pocet chromozomu a maly genom

Arabidopsis ma 5 chromozomu; DNA je tvofena
100-120 x 10 bp (base pairs).

Maly genom je disledkem malého mnozstvi repetitivni
DNA: 90% nuklearni DNA koduje proteiny => rychla
saturace genomu mutacemi a relativné rychla moznost
gen identifikovat.

Arabidopsis thaliana L.




1965 1. Arabidopsis symposium V Gottingenu, Némecko, 25 tucastniku.
Fyziologické a genetické studie mutantu, prvni zprava o genetickém mapovani
a metodach mutageneze

70. Léta — pokles zajmu o Arabidopsis
Zajem se obratil na jiné typy rostlin, na jejichz vyzkum bylo snadnéjsSi ziskat
finance.



http://plantbionet.okstate.edu/faculty/meinke/dmeinke.html

Tyto skupiny generovaly a izolovaly celou fadu
mutantl a rozpoznaly opravdovy vyznam Arabidopsis
jako modelove rostliny.

1983 — Publikovana 1. geneticka mapa Arabidopsis thaliana
Prof. Marteen Koornneef (Holandsko, Wageningen)

' David Meinke (USA) @

Opravdovy zajem o Arabidopsis

ttp://www.gen.wur. nI/UK/Staff/Solent|f|c+Staff/Maarten+Koornneef/




Fred Ausubel (USA)

M http://www.its.caltech.edu/~plantlab/

Zasadni objevy na prelomu 70. a 80. let:

»Schopnost Agrobacterium tumefaciens prenaset DNA do jaderného genomu
vySSich rostlin => pfelom v moznostech zkoumani funkce gent

»Potvrzeni velikosti jaderného genomu Arabidopsis = 70 x 108 bp => rychlejsi
klonovani genu



Gerry Fink (USA)

1987 Elliot Meyerowitz — vize vyzkumu Arabidopsis genomu
— klonovani gentl pomoci metody positional cloning; strategie

vyzkumu
Meyerowitz EM (1987) Arabidopsis thaliana. Annu Rev Genet 21: 93-111

Meyerowitz a Goodman zalozili genomickeé zdroje (RFLP mapy, YAC knihovny,
atd.), které usnadnuji a urychluji klonovani genu.
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1992 Prvni geny klonované pomoci positional cloning — prace trvala 2 roky



http://www.cbs.umn.edu/plantbio/faculty/MarksDavid/ Neznamy gen, ktery chceme
klonovat

1989 Prvni gen z této kolekce byl klonovan béhem nékolika mésicu

Marks D, Feldman K (1989) Plant Cell 1: 1043-1050
Feldman K et al. (1989) Science 243: 1351-1354

Nastava éra molekularni biologie u Arabidopsis



1988 Vznik prvni elektronické skupiny = informacni Arabidopsis servis;
dnes nahrazen databazemi
TAIR a GARNET

The Arabidopsis Information Resource Genomic Arabidopsis Resource Network

http://www.arabidopsis.org http://www.york.ac.uk/res/garnet/garnet.htm




http://weedsworld.arabidopsis.org.uk/Vol2ii/pelletier.html

|dentifikovany a klonovany homeotické kvétni geny AG, PI, AP2, AP3.

l

Laboratof E. Meyerowitz:

Elegantni model vyvoje A

kvétnich orgénf’J: Marteen Koornneef (Holandsko)
ABC model

/T~

| Bowman JL et al. (1991) Development 112: 1-20




Ron Davis

Gerry Fink

Elliot Meyerowitz
Chris Somerville
Ken Feldman

Chris Somerville (USA)

> Koncept 1. Arabidopsis projektu, zastitén Watsonem
a financovany National Science Foundation (NSF)

/

. 1990 Vznik National and Multinational Arabidopsis Steering
Committees — vyzva laboratofim ve svété k praci na Arabidopsis.

Cil projektu: Osekvenovat cely Arabidopsis genom
do roku 2003
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Evropa - spiSe zamérena na vlastni sekvenovani - BRIDGE projekt =
spojeni 33 laboratori v 9 zemich sveta

- UK - oddéleny projekt = spojeni 41 laboratori v 9 zemich sveta

1993 - ESSA projekt = 19 laboratofi — zacilen na sekvenovani souvislych
regiont 2500 kb na chromosomech I, IV a V.

1993 — Zalozen Kazusa DNA Research Institute v Japonsku = zapojeni
Japonska do projektu sekvenovani Arabidopsis genomu
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ESSA Kkazusa Francii

http://www-biology.ucsd.edu/faculty/ecker.html

1996 Dohodnut mechanismus koordinace a kooperace

Vznika Arabidopsis Genome Initiative



nature

RMA transpart
in dewelopment

Publikovano ve specialnim Cisle
casopisu Nature:

Nature 408: 796 — 826, 2000

Analysis of the genome sequence of the flowering plant Arabidopsis thaliana

THE ARABIDOPSIS GENOME INITIATIVE

Authorship of this paper should be cited as "The Arabidopsis Initiative"

The Institute for Genomic Research, 9712 Medical Centre Drive, Rockville, Maryland 20850, USA
Kazusa DNA Research Institute, 1532-3 Yana, Kisarazu, Chiba 292, Japan

The flowering plant Arabidopsis thaliana is an important model system for identifying genes and determining their functions. Here we report the analysis of the genomic
sequence of Arabidopsis. The sequenced regions cover 115.4 megabases of the 125-megabase genome and extend into centromeric regions. The evolution of
Arabidopsis involved a whole-genome duplication, followed by subsequent gene loss and extensive local gene duplications, giving rise to a dynamic genome enriched
by lateral gene transfer from a cyanobacterial-like ancestor of the plastid. The genome contains 25,498 genes encoding proteins from 11,000 families, similar to the
functional diversity of Drosophila and Caenorhabditis elegans— the other sequenced multicellular eukaryotes. Arabidopsis has many families of new proteins but also
lacks several common protein families, indicating that the sets of common proteins have undergone differential expansion and contraction in the three multicellular
eukaryotes. This is the first complete genome sequence of a plant and provides the foundations for more comprehensive comparison of conserved processes in all
eukaryotes, identifying a wide range of plant-specific gene functions and establishing rapid systematic ways to identify genes for crop improvement.



Joe Ecker (USA)
Navrhl novy projekt

Mise projektu: Urcit funkci vSech genu Arabidopsis

Joe Ecker : .
Rozpracovali projekt na workshopu
o Cluely v roce 2001. Projekt publikovan v Science:
Detlev Weigel - FTOJext P '
Science, Vol 290, Issue 5499, 2077-2078 ,
15 December 2000
Lk ‘ Joan Chory (USA) http://www.sciencemag.org/cgi/content/full/290/5499/2077

= r http://www.salk.edu/faculty/chory.html




http://www.arabidopsis.org/portals/masc/2009 MASC Report.pdf

The Multinational Coordinated

\lyvinout geneticke nastroje, v€etné novyc Arabidopsis thaliana
., , . , v s v- , v y ‘unctional Genomics Projec
technologii vyvoje, které umozni Siroké védeckeé e oo e

verejnosti provadét funkéni genomicky vyzkum na
Arabidopsis
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2) ldentifikovat funkce genu celého systému: genova
exprese, analyza proteinl, dynamika metabolitd,
molekularni interakce, srovnavaci genomika

3) RozSifit roli bioinformatiky

4) Rozvoj komunity a lidskych zdroju

[_miRN.

5) Zdokonaleni mezinarodni spoluprace

Pravidelné rocni zpravy MASC (The Multinational Arabidopsis Steering Committee): 2002,

=> http://www.arabidopsis.org == Functional Genomics => http://www.arabidopsis.org/portals/
masc/index.isp




http://www.nsf.gov/pubs/2002/bio0202/2010report.pdf

The Multinational Coordinated
Arabidopsis thaliana

2) Predpovézen pocet gentl kodujicich protein: 26 207 Functional Genomics Project
Annual Report 2006

3) Pocet genu kédujicich proteiny, u nichz
byly identifikovany transkripty: 19 117 Natura Variaion

4) Pocet proteinti: 27 855

5) Pocet genu s inserci v oblasti exonu a
intronu: 24 589

Hlavni cil v souc¢asné dobé: vyuziti vysledku
projektu k identifikaci vyvojovych vztaht mezi
rostlinami, predevSim hospodarsky vyznamnymi

The Multinational Arabidopsis Steering Committee June 2006



Klicové udalosti ve vyzkumu modelové rostliny Arabidopsis thaliana L.

Vznika prvni
Je odhalena e Navrzen ABC Vyroben 1st DNA chi
Prvni publikace o velikost genomu elektronické model vjvoje Dokoncena fyzicka ogsahujl’ci proby véec?h
Arabidopsis mutantech Arabidopsis mfotrmacnl kvatu mapa véech exprimovanych
indukovanych centrum Arabidopsis Arabidopsis geni
X-zéfenim 1st Arabidopsis . . . chromozomu
konference Klonovan prvni Klonovan prvni Dokon&eno
Arabidopis thaliana Géttingen, Vznika prvni Arabidopsis gen Arabidopsis gen sekvenovani
Poprvé pouzita v exp. Némecko Arabidopsis pomoci T-DNA pomoci positional celého Arabidopsis
transformant insertu cloning genomu

biologii

Vznika Arabidopsis

Publikovana 1st
Loribal poprvé zminil geneticka mapa Publikovana V USA a UK Zacgina
Arabidopis jako vhodny Arabidopsis prvni RFLP vznikaji prvni sekvenovani Functional Genomic
Arabidopsis EST Projekt; planovany konec

exp. model ve fyziologické mapa

genetice

stock centra

Vyvinuta Gginna

Je klonovan prvni
metoda

Zacina vychazet

Arabidopsis Arabidopsis gen

Information Zadina realizace transformace

Service (AIS) . . . Arabidopsis
prvniho Arabidopsis .

Newsletter . rostlin
projektu

Detailni chronologie Arabidopsis vyzkumu:

2010

Dokonéeno sekvenovani

Il. a IV. Arabidopsis
chromozomu; vznika

DNA microarray o 10 tisicich
EST klonech
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7) Databaze

Arabidopsis databaze
Eva Huala (USA) (TAIR)

Y

TAIR = The Arabidopsis Information Resource: http://www.arabidopsis.org

V této databazi jsou moznosti:

Obecné vyhledavani

Ziskani rostlinného materialu (semena, DNA,...)

Nottingham Arabidopsis Stock Center (NASC): http://arabidopsis.info/

Sean May (UK)
Arabidopsis Biological Resource Center (ABRC): http://abrc.osu.edu/ (NASC)

|

Nastroje

BLAST: http://www.arabidopsis.org/Blast/

SeqViewe: http://www.arabidopsis.org/servlets/sv

i _ | Randy Scholl (USA)
Spojeni na jiné stranky, dal$i informace, novinky, atd. (ABRC)
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Prehled Arabidopsis zdroju: JutsN/AMEIE lolsloSE Rl nE RISt (N atin]

The Arabidopsis Book: [/ B2 American Society
/7 of Plant Biologists

Online, free !!

This electronic book, The Arabidopsis Book (TAB), ISSN: 1543-8120, is an attempt at a new mode of
communication between researchers and a new model for scientific publishing. TAB in its initial stage is a
compilation of over 100 invited chapters, each reviewing in detail an important and interesting aspect of the
plant Arabidopsis thaliana, with reference to what is known in other plants and in other kingdoms.

TAB is available only via the Internet and will be available free of charge. The American Society of Plant
Biologists is providing funds for the mounting and maintenance of the book on the Internet as a public service.
View and search full-text at BioOne

22




Obecné databaze

GABI = Genome Analysis of the Plant Biological System: http:/www.gabi.de

PlaNet = A Network of European Plant Databases: http:/www.eu-plant-genome.net/

Udaje o genomech, informace o sekvencich, literarni zdroje, atd.

NCBI = National Center for Biotechnology Information: http://www.ncbi.nlm.nih.gov

TIGR = The Institute for Genomic Research:

http://www.bnet.com/company/the+institute+for+genomic+research

Kazusa DNA Research Institute: nttp://www.kazusa.or.jp/en/plant




as a model plant. Nature Reviews 3: 883 — 889.

The multinational coordinated Arabidopsis genomics project, MASC (2002).

Alberts B et al. (2004) Essential cell biology. 2nd ed., Garland Science Publishing.

Jones AM et al. (2008) The impact of Arabidopsis on human health: diversifying
our portfolio. Cell 133: 939-943

Koornneef M, Meinke D (2010) The development of Arabidopsis as a model plant.
Plant Journal 61: 909-921



