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processes in plants = to learn about gene function

Study of the most simple organisms = faster discovery of gene functions

l

Model plants needed



2) What is Arabidopsis and why is so
attractive as a model plant?

Arabidopsis thaliana (L.) Heynh.

\kd.
b /
\

a) Produces thousands of seeds on one plant
b) It has fast life cycle: 6-8 weeks

c) Itis autogamous (self-fertile) and diploid

d) Itis ashortplant: 10 — 30 cm

e) Easy to be mutated and transformed

f) It has low number of chromosomes and

small genome

1907 Friedrich Laibach, Bonn, Germany — first who worked on Arabidopsis
thaliana: 5 chromosomes
1943 proposed Arabidopsis as a model plant




High number of seeds is convenient for study of mutations
and for genetic tests.

b) It has fast life cycle: 6-8 weeks

Arabidopsis grows for full year and it has several
generations. Short life cycle allows fast genetic analysis.

c) It is autogamous (self-fertile) and diploid

Flowers do not produce nectar => little attractive for insect =>
— plants developed the autogamy => they are homozygous
lines.

Thanks to the diploidy recessive characters can be easily identified.



e) Easy to be mutated and transformed

Thanks to a large number of mutants and transformed
plants, the identification of genes, gene cloning
and study of their function is faster.

f) It has low number of chromosomes and small genome

Arabidopsis has 5 chromosomes; DNA is formed by 100-120
x108 bp (base pairs).

Small genome results from small amount of repetitive DNA:
90% nuclear DNA codes for proteins => fast saturation of
the genome by mutations and fast identification if genes.
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Cytoplasm

Chioroplast

Mutated gene is involved in

Unmutated Mutated elongation in some way.

(normal) plant plant
(wild-type)
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1965 1st Arabidopsis
symposium in Gottingen,
Germany, 25 participants.
Physiology and genetic studies
= . of mutants, 1st report about
’ | ~genetic mapping and methods

4
&k R B et of mutagenesis.

70th — decline in interest in Arabidopsis
Interest turned to other types of plants, the research of which was easier to get
funding for.




David Meinke (USA)

These groups generated and selected a number of

mutants and distinguished real importance of Arabidopsis
as a model plant.

1983 —1st genetic map of Arabidopsis thaliana published by
Prof. Marteen Koornneef (Netherlands, Wageningen)

|

Interest in Arabidopsis

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



Fred Ausubel (USA)

Elliot Meyerowitz (USA)

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

Basic discoveries to turn of 70th and 80th:

> Ability of Agrobacterium tumefaciens to transfer its DNA into nuclear genome
of higher plants => turn in possibilities to investigate gene functions

> Confirmation of size of Arabidopsis nuclear genome =70 x 108 bp => faster
gene cloning



Gerry Fink (USA)

1987 Elliot Meyerowitz — a vision of investigation of Arabidopsis
genome — gene cloning using positional cloning; research strategy

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

Meyerowitz and Goodman established genomic sources (RFLP maps, YAC libraries,
etc.), which makes gene cloning easier and faster.

d

1992 First genes were cloned using positional cloning — the work lasted 2 years



MM [Kan® | [Basta® )|

Unknown gene, which we wish to TiPlasmid
clone (= to find its sequence) Opine

1989 First gene from this collection was cloned during several months

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

New era of molecular biology in Arabidopsis



1988 Formation of first electronic group = Information Arabidopsis Service;
today substituted by databases
TAIR a GARNET

The Arabidopsis Information Resource Genomic Arabidopsis Resource Network

http://www.arabidopsis.org http://www.garnetcommunity.org.uk/



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

resulted in identification and cloning of homeotic flower genes AG, PI, AP2, APS.

l

Laboratory of E. Meyerowitz:
elegant model of development
of flower genes:
ABC model

/

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

Marteen Koornneef (Holandsko)




Ron Davis b

Gerry Fink

Elliot Meyerowitz > Strategy of the 1th Arabidopsis project, shielded by Watson
Chris Somerville and supported by National Science Foundation (NSF)

Ken Feldman J

1990 Formation of National and Multinational Arabidopsis
Steering Committees — call for laboratories around the world
for work on Arabidopsis.

Aim of the project: To sequence the whole Arabidopsis
genome by 2003.

Chris Somerville (USA)

http://epmb.berkeley.edu/facPage/dispFP.php?1=1417
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Europe — more focused on particular sequencing - BRIDGE project =
collaboration of 33 laboratories in 9 countries

- UK - separate project = connection of 41 laboratories in 9 countries

1993 - ESSA project = 19 laboratories — focused on sequencing of continuous
2500 kb regions on chromosomes lll, IV and V.

1993 — Established Kazusa DNA Research Institute in Japan = involvement
of Japan to sequencing of Arabidopsis genome.



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

ESSA Kkazusa Francii

1996 Mechanism of coordination and cooperation settled

Formation of Arabidopsis Genome Initiative



Arabidopsis
thaliana

Published in special issue of Nature: B scoucnce

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.



He proposed a new project.

Joe Ecker (USA)

Project mission: To determine function of all Arabidopsis genes

jg:nEg:g’y In 2000, the project was developed and
Detlev Weigel published in Science:

Science, Vol 290, Issue 5499, 2077-2078 ,
15 December 2000

http://www.sciencemagq.org/cqgi/content/full/290/5499/2077
Joan Chory (USA)

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




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

The Multinational Coordinated
Arabidopsis thaliana

technologies of the development, which allow Functional Genomics Project
. o . . Annual Report 2009

general scientific public to perform functional

genomic research on Arabidopsis.

2) To identify function of genes of whole system:
gene expression, protein analysis, dynamics of
metabolites, molecular interaction, comparative
genomics.

::::::

3) To expend role of bioinformatics

4) To develop community and human resources

MiRN,

5) Improvement of international collaboration

Regular annual reports 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
2) Prediction of number of protein coding genes: 26 207 WGy Ll

Functional Genomics Project

Annual Repor
3) Number of protein coding genes, of which port 2006

transcripts were identified : 19 117

Natural Variation

4) Number of proteins: 27 855

5) Number of genes with the inserts in exon
and intron region: 24 589

Current main objective: use of project results for
identification of developmental relations among
plants, specifica"y crops The Multinational Arabidopsis Steering Committse  June 2006

Currently - investigating genetic interactions => understanding the relationship
between genotype and phenotype — Project ,,1001 genomes* — started in 2008:

1st publication: The 1001 Genomes Consortium (2016) Cell 166: 481-491



NSF Award Search: Award # 1518280 - RCN: Arabidopsis
Research and Training for the 21st century (ART-21

Database ARAPORT: https://www.araport.org/

General goal:

Engage the scientific community, identify and facilitate new directions for
educating the next generation of Arabidopsis scientists

Sub-goals of the project:

1) Identify new technologies (e.g. network modeling, digital image analysis)
necessary for 21st century biology

2) ldentify new skills across all research institutions, including non-academic
ones



Arabidopsis Sorghum
13,144 gene tamilies 16,378
22 813 genes 28,375

common for these for
plant species.

2,403 634 229 542
196 9,503 25
631 139

96

Comparative genomics of Arabidopsis thaliana, Populus trichocarpa (poplar),
Sorghum bicolor (sorghum) and Oryza sativa (rice).



accnaromyces cerevisiae

Drosophila melanogaster

Caenorhabditis elegans

+
Arabidopsis thaliana

Comparison of human
genome with genomes
of model organisms

Xu H et al. (2010) System’s Biology and Medicine 2: 708-733



67% genes (Drosophila)
41% genes (Saccharomyces)

Human Disease Plant process Human Disease

i )

ICF syndrome High blocd
pressurea
onn memteon Jl —aproer
Rett syndrome

Leaucine-Rich
Circadian clock receptor kinases
Stress resistance
Alzheimer o

Innate immunity clegradation ’I;r:::::"t
Autoimmune

disease
——

Friedreich ataxia Xu XM, Mgller SG (2011) Current Opinion
X J in Biotechnology 22: 300-307

Currant Opinion in Biotechnology

Inflam mation

MNeuronal
disorders

AL

JI{




) ) accumulation
disfunction

Membrane AB Reactive oxygen axons
protein accumulation species

APP — Amyloid Precursor Protein;
expressed in neurons, function
unknown

Gross M (2012) Current Biology 22: R381-R384



Neurological disease gene orthologs found in Arabidopsis
Arabidopsis ortholog

Human disease genes E-values Function in Arabidopsis

Adrenoleukodystrophy-ABCD 1 At4g39850 9.6e-86 Peroxisomal ATP binding cassette
protein (PXA1)

Alzheimer-APP At5g59390 8.7e-03 XH/XS domain-containing protein AXR 1-like
Alzheimer-APP-BP1 At1g05180 1.2e-113 Auxin-resistant 1 (AXR1)

At2g32410 23e-114 AXR1-like (AXL)
Alzheimer-PSEN1 At2g29900 1.7e-36 Presenilin family protein
Alzheimer-PSEN2 At1g08700 9.2e-36 Presenilin family protein
Alzheimer-APOE At2g38370 1.4e-03 Unknown protein

Alzheimer-CLU At3g15550 3.1e-01 Unknown protein
Alzheimer-PICALM . 600" 4.3e-25 domain-containin

protsin

superoxide dismutase-like protein
(Csb2)

Amyotrophic Lat Sclero-SOD1 28e-45

Angelman-UBE3A At1955830' 1.5e-48 Putative ubiquitin-protein ligase 1 (UPL1)
Aniridia-PAX6 At4g36740° 2.7e-05 HOMEOBOX PROTEIN 40 (ATHB40)
Ceroid-Lipofuscinosis-PPT At4g17470° 1.3e-40 Palmitoyl protein thioesterase family
Choroideremia-CHM At5g09550° 6.7e-38 GDP dissociation inhibitor (RAB)
Deafness, Hereditary-MYO15 At2g31900° 8.5e-146 Motor (AtXIF)
Deafness, X-Linked-TIMMSA At5g5081 o 1.2e-10 Transmembrane transporter (TIM8)
Diaphanous 1-DIAPH1 At1g3181 0 2.0e-31 Actin binding
Dementia, Multi-Infarct-NOTCH3 At5g20350° 1.3e-08 Tip growth defective 1 (TIP1)
Duchenne MD+-DMD At5g41790° 1.6e-23 COP1-INTERACTIVE PROTEIN 1 (CIP1)
Emery-Dreifuss MD+-LMNA At5g16730 64e-7 Putative protein
Familial Encephalopathy-PI112 At2g25240° 6.4e-39 Putative serpin
Friedreich Ataxia-FXN At4g03240 8.4e-21 FRATAXIN HOMOLOG (ATFH)
Limb Girdle MD+2A-CAPN3 At1g55350 1.4e-54 Cysteine-type endopeptidase (ATDEK?1)
Limb Girdle MD+2B-YSF At5g11100° 7.5e-08 C2 domain-containing protein
Lowe Oculocerebroren-OCRL At1g34120° 3.9e-51 Inositol trisphosphate phosphatase
(ALIPSPI)
Machado-Joseph-MJD1 A¢3954130: 1.1e-39 Josephin family-like protein
Miller-Dieker Lissen-PAF At3g49660 29e-34 WD-40 repeat family protein
Mpyotonic Dystrophy-DM1 At2g20470° 4.8e-72 Kinase
Myotubular Myopathy 1-MTM1 At3g10550° 1.8e-65 Phosphatase
Oculopharyngeal MD+-PABPN1 At5g51120° 3.1e-30 PABP family protein (AtPABN1)
Oguchi Type 2-RHKIN At3g08730° 1.9e-51 Putative ribosomal-protein S6 kinase
(ATPKE)
Parkinson-SNCA (PARK1=PARK4) At3g05620_ 29e-01 Pectinesterase family protein
Parkinson-Parkin (PARK2) At1g05890 21e-12 Putative RING zinc finger protein
Parkinson-SFXNS5 (PARK3) At5g12400 2.6e-01 Putative PHD finger transcription factor
Parkinson-UCHL1 (PARKS) At4g17510 4.3e-40 Ubiquitin thiolesterase (UCH3)
At5g16310 1.6e-12 UCH1
At1g65650 33e-10 uCcH2
Parkinson-PINK1 (PARKS) At1g73660° 1.3e-08 Protein kinase family
Parkinson-DJ-1 (PARKT7) At3g14990 69e-26 AtDJ-1a
At1g53280 1.2e-28 AtDJ-1b
At4g34020 6.7e-23 AtDJ-1c
Parkinson-LRRK2 (PARKS) At4g39400° 4.0e-30 Protein kinase (AtBRI1)
Parkinson-ATP13A2 (PARK9) At5923630° 4.6e-51 ATPase E1-E2 type family protein
Parkinson-GIGYF2 (PARK11) At5g42950 2.0e-07 GYF-domain containing protein
Parkinson-HTRA2 (PARK13) At5g27660° 8.1e-55 Endopeptidase
Parkinson-PLA2G6 (PARK14) At2g03430° 1.8e-18 Ankyrin repeat family protein
Parkinson-FBXO7 (PARK15) At1g23780 4.5e-11 F-box family protein
Retinitis Pigmentosa-RPGR At5g63860° 5.0e-39 Guanyl-nucleotide exchange factor (UVRE)
Retinitis Pigmentosa 2-RP2 At4g39920 7.3e-15 POR
Xu XM, Mgller SG (2011) SCA” 2-SCA2 At1g54170° 1.56-09 CTC-Interacting Domain 3 (CID3)
Current Opinion in SCA” 6-CACNAIA At4g03560 1.1e-09 Two-pore channel 1 (AfTPC1)
: . - Stargardt's-ABCA4 At2g41700 2.7e-170 ATPase
Biotechnology 22: 300 Tay-Sachs-HEXA At1g65590" 16e-72 BETA-HEXOSAMINIDASE (AtHEX1)
307 Thomsen-CLCN1 At5g26240° 5.1e-34 Chiloride channel protein (AtCLC-D)

Wilson-ATP7B AtSQM?DD' 7.4e-181 ATP dependent copper transporter (RAN1)



atprep1 atprep2

Cederholm SN et al. (2009) Plant Molecular Biology 71:497-508

Double mutant atprep1 atprep2 shows PreP destroys target peptides:
a chlorosis and retarded growth.




Transit peptide Semi-finished protein
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Signal peptide
\ .
g

Semi-finished protein
(precurzor)

Based on Xu XM, Mgaller SG
(2011) Current Opinionin
Biotechnology 22: 300-307

Transit peptides and signal peptides are toxic for mitochondria and chloroplasts.

v

Peptides are digested by protein PreP



PITRM1
PITRM1

Human protein PITRM1 of unknown function

— PITRM1
Protein AtPreP in Arabidopsis of known function identical to AtPreP

v

mammals. It destroys p-amyloid peptides
(B amyloids)

}

Renamed to hPreP

N
WA\ g amyloids




APP  Transit peptide

\

Mitochondrial Based on Xu XM, Mgller SG (2011)

alcoholdehydrogenase Current Opinion in Biotechnology
22: 300-307

Transit peptides and B amyloids are toxic for mitochondria

v

Transit peptides and B amyloids are degraded by protein hPreP



Key events in Arabidopsis thaliana research.

1st electronic

o Arabidopsis informati ABC model of flower

Ist pybllcqtlon about genome size n otrm on development proposed

Arabidopsis mutants revealed center

Induced by

X-ray 1st Arabidopsis

conferencep 1st Cloning of 1st 1st Arabidopsis

Arabidopsis thaliana Géttingen, Arabidopsis Arabidopsis gene gene cloned
first used in exp. Germany transforﬁant using T-DNA using positional
biology made insert cloning

Laibach mentioned for the
1st time Arabidopsis as
convenient exp. model in

physiological genetics
Arabidopsis

Information

1st Arabidopsis
genetic map
was published

First Arabidopsis
Gen was cloned

Service (AIS)
Newsletter established

1st DNA chip made

Physical map of all containing probes of all

Arabidopsis expressed
chromosomes Arabidopsis genes
completed

Sequencing of
Arabidopsis
genome revealed

1st RFLP In USA and UK Starting of Arabidopsis

map was 1st Arabidopsis EST sequencing Functional Genomic

published stock centers Project developed; expected
developed ending in 2010

of Arabidopsis
transformation

Start of 1st was developed

Arabidopsis
project

Detailed chronology of Arabidopsis research

Effective method

Sequencing of Il. and IV. Arabidopsis
chromosomes was completed; creation of
DNA microarray with 10 thousands of
EST clones
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Woodward AW, Bartel B (2018) Genetics 208: 1337-1349




8) Databases

Arabidopsis databases
Eva Huala (USA) (TAIR)

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

Possibilities of these databases:

General search

Obtaining plant material (seeds, DNA,...)

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

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

Tools

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

SeqViewer: http://tairvm09.tacc.utexas.edu/servlets/sv

. . . Randy Scholl (USA)
Links to other webs, further information, news, etc. (ABRC)
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Overview of Arabidopsis sources: Bt WA e[S ERele il te et

The Arabidopsis Book: [/ 23\ American Society

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




General databases

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/

Information about genomes, information about sequences, literature
sources, etc.

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

TCAG = The Center for the Advancement of Genomics (previously TIGR):

http://www.jcvi.org/cms/home/

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







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