Trends in Plant Science 19: 212-221

Provart NJ et al. (2015) 50 years of Arabidopsis research: highlights and future directions
New Phytologist 209: 921-944

Woodward AW, Bartel B (2018) Biology in bloom: a primer on the Arabidopsis thaliana model
system. Genetics 208: 1337-1349

Provart NJ et al. (2021) Anno genominis XX: 20 years of Arabidopsis genomics. Plant Cell 33:
832-845

Martin Fellner
Laborator rastovych regulatoru

P#F UP v Olomouci a UEB AVCR






v rostlinach = poznat funkce genu

Studium co nejjednodussich organismu = rychlejSi nalezeni funkce genu

)

Potreba modelovych rostlin

Hydepark civilizace: rozhovor s Prof. Jaroslavem Dolezelem (UEB AVCR, Olomouc)
(24.9. 2016)




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

Arabidopsis thaliana (L.) Heynh.

\kd.
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1588 Johannes Thal: Pilosella siliquata

1753 Carl Linné: Arabis, na pocCest
Thala: Arabis thaliana

Arabidopsis thaliana
(Holl and Heynhold 1842)

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 Laibach, Bonn, Némecko — prvni pracoval na Arabidopsis
thaliana: 5 chromozomi
1943 navrhl Arabidopsis jako modelovou rostlinu




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.




Hana Martinkova (LRR)
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Mutovany gen je néjakym
VemlEEra e zplsobem zapojen v prodluzovani

rostlina rostlina
(wild-type)
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1965 1. Arabidopsis
symposium v Gottingenu,
Némecko, 25 ucastniku.
Fyziologickeé a geneticke studie
= : mutantu, prvni zprava o

: ) | ~genetickem mapovani

k N B -~ a metodach mutageneze
v “ _ Ny -- 0 X

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

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

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

_David Meinke (USA) @

Opravdovy zajem o Arabidopsis




Fred Ausubel (USA)

Center for Computational and Integrative Biology

Elliot Meyerowitz (USA) (harvard.edu)

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

Zasadni objevy na prelomu 70. a 80. let:

» Schopnost Agrobacterium tumefaciens pfenaset 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.

4

1992 Prvni geny klonované pomoci positional cloning — prace trvala 2 roky



TN (Kan® |  [Basta® f|

http://www.cbs.umn.edu/node/1864

Neznamy gen, ktery chceme

Ti Plasmid
GUS — gen pro B-glukuronidazu (hydrolaza) klonovat (= zjistit jeho sekvenci) o o
KANR — gen pro rezistenci ke kanamycinu oy
BASTAR — gen pro rezistenci ke herbicidu BASTA Eeon R:’p'm?:ﬂ

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.garnetcommunity.org.uk/



https://www.arabidopsis.org/weedsworld/\VVol2ii/pelletier.html

identifikovany a klonovany homeotické kvétni geny AG, PIl, AP2, AP3.

l

Laboratof E. Meyerowitz:
Elegantni model vyvoje
kvétnich organu:
ABC model

/

Marteen Koornneef (Holandsko)



Ron Davis b

Gerry Fink

Elliot Meyerowitz > Koncept 1. Arabidopsis projektu, zastitén Watsonem
Chris Somerville a financovany National Science Foundation (NSF)
Ken Feldman J

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

Cil projektu: Osekvenovat cely Arabidopsis genom
Chris Somérville (USA) do roku 2003

http://pmb.berkeley.edu/profile/csomerville
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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



AR

ESSA Kkazusa Francii

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

1996 Dohodnut mechanismus koordinace a kooperace

Vznika Arabidopsis Genome Initiative



Arabidopsis
thaliana

Publikovano ve specialnim Cisle BBl <Jlcnce
casopisu Nature:

Nature 408: 796 — 826, 2000 e

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.



Navrhl novy projekt

Joe Ecker (USA)
Mise projektu: Urcit funkci vSech genu Arabidopsis

Joe Ecker -
Rozpracovali projekt na workshopu

Joan Ghory 2001. Projekt publikovan v Sci :

Detlev Weigel J V¢ 2Bl oL lovan cience:

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




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

The Multinational Coordinated
VVyvinout genetické nastroje, vCetné novyc ,i-;;~,;/,f,/a,u-i-{ thalizn |
., , . y v s vs y v ” ‘unctional Genomics Projec
technologii vyvoje, které umozni Siroké védecké S Begort 5909 o
verejnosti provadét funkéni genomicky vyzkum na

Arabidopsis

2) ldentifikovat funkce genu celého systému: genova A
exprese, analyza proteinl, dynamika metabolitd, 2
molekularni interakce, srovnavaci genomika

3) RozSifit roli bioinformatiky
4) RozSifit komunitu a lidské zdroje

5) Zdokonalit mezinarodni spolupraci

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

3) Poéet genti kédujicich proteiny, u nichz e

Functional Genomics Project

byly identifikovany transkripty: 19 117 Annual Report 2006

4) Pocet proteinti: 27 855

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

Cil projektu byl z velké ¢asti splnén. Zbyva:

- definovat ontologii biologickych procesti u 7540 genti
- definovat ontologii molekularnich procesu u 5944 genu

V souéasné dobé — zkoumani genetickych interakci => porozumeéni vztahu mezi
genotypem a fenotypem — Projekt ,,1001 genomes* — zacal v roce 2008:

Prvni publikace: The 1001 Genomes Consortium (2016) Cell 166: 481-491



NSF Award Search: Award # 1518280 - RCN: Arabidopsis

Committee) a finacovan NSF (National Science Foundation).

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

Obecny cil:
Zaangazovat vedeckou komunitu, urcCit a usnadnit nové smery
vychovy nastupujici generace védcu zabyvajicich se Arabidopsis.
Diléi cile projektu:

1) Identifikovat nové technologie (napf. sitové modelovani, analyza digitalniho
obrazu) nutné pro biologii 21. stoleti

2) |ldentifikovat nové dovednosti napfi¢ vSemi vyzkumnymi organizacemi, a to
| neakademickymi



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

spolecné pro
druhy rostlin

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

96

Srovnavaci genomika Arabidopsis thaliana, Populus trichocarpa (topolu),
Sorghum bicolor (Ciroku ) a Oryza sativa (ryze).



Drosophila melanogaster

Caenorhabditis elegans

Arabidopsis thaliana

y

ani genomu

Porovn

¢lovéka s genomy
modelovych organizmu

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



Human Disease
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Rett syndrome

Innate immunity

Inflammation

MNeuronal
disorders

Human Disease

High blood
pressura
DMNA methylation
Parkinson's

disaasa
Laucine-Rich
Circadian clock receptor kinases
Stress resistance
Light signaling Alzheimer disease
Protain |
dagradation Fragile X
syndrome
Innate immun ity
ANA silencing

Autoimmune
disease
Xu XM, Mgller SG (2011) Current Opinion
in Biotechnology 22: 300-307

Plant process

41% genu (Saccharomyces)

-
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Currant Opinion in Bictechnology



. . umulace R ToT .
Membranovy Akumulace mitochondrii Reaktivni VYbeZku

protein plakii z AB kyslikové radikaly

APP — Amyloid Precursor Protein;
exprimovan v neuronech, funkce
neznama

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-ABCD1 At4g39850 9.6e-86 Peroxisomal ATP binding cassette
protein (PXA1)

Alzheimer-APP At5g59390 8.7e-03 XH/XS domain-containing protein AXR1-like
Alzheimer-APP-BP1 At1g05180 12e-113 Auxin-resistant 1 (AXR1)

At2g32410 23e-114 AXR1-like (AXL)
Alzheimer-PSEN1 At2g29900 1.7e-386 Presenilin family protein
Alzheimer-PSEN2 At1g08700 9.2e-36 Presenilin family protein
Alzheimer-APOE At2g38370 1.4e-03 Unknown protein

Alzheimer-CLU 3.1e-01 Unknown protein
Alzheimer-PICALM 3 4.3e—-25 ENTH domain-containing protein

Amyotrophic Lat Sclero-SOD1 28e-45 CwZn superoxide dismutase-like protein

(CSD2)
Angelman-UBE3A At1955w0: 1.5e-48 Putative ubiquitin-protein ligase 1 (UPL1)
Aniridia-PAX6 At4g36740 2.7e-05 HOMEOBOX PROTEIN 40 (ATHB40)
Ceroid-Lipofuscinosis-PPT Atag17470” 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-TIMMBSA At5g50810° 1.2e-10 Transmembrane transporter (TIMS)
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-P112 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 (ATDEK1)
Limb Girdle MD+2B-YSF At5g11100° 7.5e-08 C2 domain-containing protein
Lowe Oculocerebroren-OCRL At1g34120° 3.9e-51 Inositol trisphosphate phosphatase
(AtIPSP1)
Machado-Joseph-MJD1 At3g54130° 1.1e-39 Josephin family-like protein
Miller-Dieker Lissen-PAF At3g49660° 29e-34 WD-40 repeat family protein
Myotonic Dystrophy-DM1 At2g20470° 48e-72 Kinase
Myotubular Myopathy 1-MTM1 At3g10550° 1.8e-65 Phosphatase
Oculopharyngeal MD+-PABPN1 At5951120° 3.1e-30 PABP family protein (AtPABN1)
Oguchi Type 2-RHKIN At3g08730° 1.9e-51 Putative ribosomal-protein S6 kinase
(ATPKSE)
Parkinson-SNCA (PARK1=PARK4) At3g05620 2.9e-01 Pectinesterase family protein
Parkinson-Parkin (PARK2) M1g€5890' 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 ucH2
Parkinson-PINK1 (PARKG) At1g73660 1.3e-08 Protein kinase family
Parkinson-DJ-1 (PARKY) At3g14990 6.9e-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 (PARKS) At5g23630° 4.6e-51 ATPase E1-E2 type family protein
Parkinson-GIGYF2 (PARK11) At5g42950 2.0e-07 GYF-domain containing protein
Parkinson-HTRAZ2 (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 (UVRS)
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-CACNA1A At4g03560 1.1e-09 Two-pore channel 1 (AfTPC1)
A 0 Stargardt's-ABCA4 At2g41700 2.7e-170 ATPase
Biotechnology 22: 300- Tay-Sachs-HEXA At1965590° 1.6e-72 BETA-HEXOSAMINIDASE (AtHEX1)
307 Thomsen-CLCN1 At5g26240° 51e-34 Chloride channel protein (AtCLC-D)

Wilson-ATP7B At5g44790° 74e-181 ATP dependent copper transporter (RAN1)



atprep1 atprep2

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

Dvojity mutant atprep1 atprep2 ukazuje PreP degraduje teréové peptidy:
chlorézu a retardovany rust.




Semi-finished protein
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Tranzitni peptid

/

\

Signalni peptid
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Semi-finished protein
(prekurzor)

Podle Xu XM, Mgller SG (2011)
Current Opinion in Biotechnology
22: 300-307

Tranzitni peptidy a signalni peptidy jsou toxické pro chloroplasty a mitochondrie.

v

Peptidy jsou likvidovany proteinem PreP



PITRM1
PITRM1

Lidsky protein PITRM1 o neznamé funkci

- PITRM1
Protein AtPreP u Arabidopsis o znamé funkci identicky s AtPreP

v

savcl, ktera likviduje B-amyloidni peptidy
(B amyloidy)

}

Prejmenovany na hPreP

N\
A"AVA" B amyloidy




APP  Tranzitni peptid

\

Mitochondrialni Podle Xu XM, Mgller SG (2011)

alkoholdehydrogenaza Current Opinion in Biotechnology
22: 300-307

Tranzitni peptidy a B amyloidy jsou pro mitochondrie toxickeé.

v

Tranzitni peptidy a B amyloidy jsou zni¢eny proteinem hPreP



Klicové udalosti ve vyzkumu modelové rostliny Arabidopsis thaliana L.

Prvni publikace o

Arabidopsis mutantech
indukovanych
X-zéfenim 1st Arabidopsis
konference,
Arabidopis thaliana Gaottingen,
Poprvé pouZzita v exp. Némecko

biologii

Laibach poprvé zminil
Arabidopis jako vhodny
exp. model ve fyziologické
genetice
Zacina vychazet
Arabidopsis
Information
Service (AIS)
Newsletter

Publikovana 1st
geneticka mapa
Arabidopsis

Vznika prvni .
Je‘odhalena elektronické Navrzen’AI?,C
velikost genomu e model vyvoje
Arabidopsis centrum kvétu
Klonovan prvni
Vznika prvni Arabid?psis gen
Arabidopsis pomoci T-DNA
transformant insertu

Je klonovan prvni
Arabidopsis gen

Publikovana V USA a UK
prvni RFLP vznikaji prvni
mapa Arabidopsis

Zacina realizace
prvniho Arabidopsis
projektu

stock centra

Klonovan prvni
Arabidopsis gen
pomoci positional
cloning

Vyvinuta G¢inna

metoda
transformace
Arabidopsis
rostlin

Detailni chronologie Arabidopsis vyzkumu:

50 vears of Arabidopsis research: highlights and future directions

- Provart - 2016 - New Phytologist - Wiley Online Library

Vyroben 1st DNA chip

Dokoncena fyzicka obsahujici proby vSech

mapa vsech exprimovanych
Arabidopsis Arabidopsis gentl
chromozomu

Dokonéeno

sekvenovani

celého Arabidopsis

genomu

Zacina Vznika Arabidopsis
sekvenovani Functional Genomic
EST Projekt; planovany konec

2010

Dokonéeno sekvenovani

Il. a IV. Arabidopsis
chromozomu; vznika

DNA microarray o 10 tisicich
EST klonech

2015 - vic nez 50 tisic ¢lankl o Arabidopsis, mnoho z nich je citovano v ¢lancich tykajicich se

jinych organizmu
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Update 2018
Woodward AW, Bartel B (2018) Genetics 208: 1337-1349




8) Databaze

Arabidopsis databaze
Eva Huala (USA) (TAIR)

b .

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

ePlant: https://bar.utoronto.ca/eplant

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): https:/abrc.osu.edu/ (NASC)

L]

Nastroje

BLAST: http://www.arabidopsis.org/Blast/
SeqViewer: https://seqviewer.arabidopsis.org/

. . ~| Randy Scholl (USA)
Spojeni na jiné stranky, dal$i informace, novinky, atd. (ABRC)




The Arabidopsis Book: [/ o 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

38




Obecné databaze

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

PlaNet = A Network of European Plant Databases:

European plant genome database network (PLANET) | PLANET | Project | Results | FP5 | CORDIS |
European Commission (europa.eu)

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

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

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

Articles about The Center for the Advancement of Genomics (TCAG) (biospace.com)

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

Bioinformatické zdroje ( )

Arabidopsis bioinformatics: tools and strategies - Canto-Pastor - 2021 - The Plant Journal - Wiley
Online Library







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

Cederholm SN et al. (2009) Deletion of an organellar peptidasome PreP affects early development
in Arabidopsis thaliana. Plant Mol Biol (2009) 71:497-508

Alikhani N et al. (2009) Mitochondria and Alzheimer’s disease: amyloid-beta peptide uptake and
degradation by the presequence protease, hPreP. J Bioenerg Biomembr 41: 447-451



Harter K, Weber APM (2013) Arabidopsis 2010 and beyond — big science with a small weed.
Frontiers in Plant Science 4: 1

Rhee SY, Mutwil M (2013) Towards revealing the functions of all genes in plants. Trends in
Plant Science 19: 212-221

International Arabidopsis Information Consortium (2018) Arabidopsis bioinformatics resources:
The current state, challeges, and priorities for the future. Plant Direct. 3: 1-7

Provart NJ et al. (2021) Anno Genominis XX: 20 Years of Arabidopsis genomics. Plant Cell 32:
832-845



