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Abstract
Plants are essential for life as we know it on Earth. They oxygenate the atmosphere, regulate the climate, and comprise much of the 
primary producers underpinning complex food systems. In the 1980s, a multinational group of plant scientists chose the small 
angiosperm—Arabidopsis thaliana—to serve as the model flowering plant for genetic and molecular studies that would be leveraged to 
produce vast new datasets, resources, and tools. The rationale they used to persuade funding agencies to make significant 
investments and focus intense effort on this single plant species was to produce a deep fundamental knowledge of the biology of 
plants and to apply this knowledge to valuable, but typically less tractable, plant species. Over the past 40 yr, Arabidopsis has 
emerged as the most powerful and versatile plant model to uncover core biological principles and served as a prototyping system to 
test advanced molecular and genetic concepts. We argue that the emerging challenges of accelerating climate instability and a 
rapidly growing global population call for renewed and robust investments in fundamental plant biology research. Leveraging the 
power of Arabidopsis research, resources, datasets, and global collaborative community is more important than ever. This 
commentary lays out a vigorous defense of foundational, i.e. “basic,” plant science research; describes that often, Arabidopsis is 
preferable to working directly in crops; highlights several transformative applications generated from basic plant research; and makes 
the argument that plant science is vital to the survival of humanity.
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Deep knowledge of plants is essential for our 
future: sustainable agriculture, climate 
change, and ecosystem services
Plants form the foundation of human civilization, providing nu
merous essential ecosystem services (e.g. oxygen via photosyn
thesis, aiding pollinators, regulating climate through carbon 
sequestration, mitigating soil erosion, and serving as a direct or in
direct food source for all animal life) and enabling the production 
of food, feed, and fiber through agriculture. This has underpinned 
cultural achievements for millennia and sustains our modern so
cieties. However, we are at a pivotal moment in history, facing 2 
unprecedented challenges: accelerating environmental change 
and a rapidly growing global population (United Nations 2022; 
IPCC 2023). Climate instability is increasing at an unprecedented 
pace, with critical tipping points either already crossed or likely 
to be crossed within the lifetimes of a large fraction of this reader
ship (McKay et al. 2022; IPCC 2023). Meanwhile, population projec
tions estimate that the global human population will reach 10.3 
billion people in the mid-2080s (United Nations 2024), requiring 
drastic changes in food consumption, production, management, 
and storage; otherwise, global agriculture must produce twice as 
much food as was produced at the beginning of the century. 
Even with significant changes in food management, agricultural 
production will need to increase substantially and will need to 

occur in a fundamentally altered environment. Whereas applied 
research is undoubtedly valuable in this pursuit, the fundamental 
discoveries made through basic plant biology research will lay the 
foundation for long-term, sustainable solutions.

By 2060 to 2080, an estimated 1.5 billion hectares of land previ
ously unsuitable for agriculture are predicted to become available 
for cultivation, primarily in northern latitudes as climate zones 
shift (Franke et al. 2022). Concurrently, however, 2.2 billion hec
tares of land currently suitable for farming are projected to be
come less viable for agricultural production by 2071 to 2100, 
particularly in regions affected by desertification, extreme heat, 
salinization, sea level rise, or water scarcity (Hannah et al. 2020). 
At the same time, agriculture will face growing competition for 

land use, with increasing conflicts between food production and 
timber production, as rising temperatures and shifting precipita
tion patterns alter global forestry and agricultural landscapes 
(Bousfield et al. 2024).

How can we address these challenges? Much of our hope rests 
on the ability to engineer crops and optimize breeding strategies 
with far greater precision and speed than ever before. While the 
processes of breeding or gene editing, and the pipeline of testing 
and developing new crop varieties itself might not fundamentally 
change, there are crucial aspects that can be significantly acceler
ated by research in model species. This includes, foremost, a deep 
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and reliable understanding of the biology of plants, gene function, 
and molecular pathways. In addition, model plants can serve for 
rapid prototyping of new technologies, as it is nearly impossible 
to develop such innovations directly in crops due to the high 
cost and time required for iterative cycles of designing, testing, 
and improving. Model plants can therefore enable not only the 
testing of engineering and breeding concepts but also the genera
tion of essential data to support regulatory approval of novel traits 
and trait engineering approaches. Fundamental plant research, 
therefore, will continue to provide the foundation for agricultural 
innovation. Such innovation is needed to enable us to unravel 
complex genetic networks, develop climate-resilient crops, and 
accelerate breeding and genetic engineering efforts. For decades, 
Arabidopsis thaliana (“Arabidopsis”) has been the workhorse of 
plant biology, providing groundbreaking insights into plant gene 
function, cellular processes, and biological pathways (Provart 
et al. 2016; Yaschenko et al. 2024). Given current and future chal
lenges, leveraging the power of Arabidopsis research is more vital 
than ever. The foundational discoveries made in Arabidopsis have 
allowed us to understand some of the most important plant proc
esses, such as plant hormone signaling, stress responses, epige
netics, and plant architecture, laying the groundwork for 
applications in crop improvement, reforestation, and ecosystem 
management (Yaschenko et al. 2024). In addition, Arabidopsis re
search has contributed to our fundamental understanding of bio
logical processes in humans. Most importantly, gene and pathway 
annotation, which is essential for genetic discovery and engineer
ing in crops, is largely dependent on foundational research per
formed in Arabidopsis (Wimalanathan and Lawrence-Dill 2021; 
Yaschenko et al. 2024). Investing in Arabidopsis research is, there
fore, not merely an academic pursuit to understand important bi
ological processes that shape our (plant) world; it is an essential 
strategy for ensuring global food security, mitigating climate 
change impacts, and ensuring the sustainability of both agricul
tural and natural ecosystems.

The role of Arabidopsis moving forward— 
Why not just work directly in crop plants?
The case for Arabidopsis as a genetically amenable organism was 
made strongly in the 1940s by Laibach (1943), due to its small size, 
short generation time, production of large numbers of progeny, 
and small chromosome number; these desirable genetic traits 
are augmented by its tendency to self-fertilize. As mutagenesis 
techniques were developed and improved, many mutants were 
generated (particularly auxotrophic mutants), which gave rise to 
information and seed-sharing communities (Rédei 1975). 
Interest in Arabidopsis continued at a slow but steady pace until 
plants entered their molecular era with the advent of molecular 
biology, and the invention of DNA isolation techniques that en
abled phage library screening and gene cloning (see Somerville 
and Koornneef 2002). Interest was greatly renewed in 
Arabidopsis with the reporting that its small genome size enabled 
molecular approaches and highlighted the potential for map- 
based cloning; these advances rapidly led to the characterization 
of many genes initially identified through genetic studies 
(Meyerowitz 1987). In parallel, methods were developed to stably 
introduce foreign DNA into plant cells using Agrobacterium tumefa
ciens, further enhancing the molecular biologist’s toolbox (Chilton 
et al. 1977). The elucidation of the complex pathway of homeotic 
genes controlling flower development demonstrated that 
Arabidopsis is also a good tool for developmental biologists 
(Coen and Meyerowitz 1991). The development of the floral dip 

technique greatly facilitated Agrobacterium-mediated transfor
mation of Arabidopsis and led to the easy generation of plant mu
tants, thus rapidly facilitating genetic studies (Clough and Bent 
1998). A further boost of Arabidopsis to model plant status came 
from coordinated funding by multinational science agencies of 
an ambitious collaborative project to sequence the Arabidopsis 
genome, and the landmark paper was published 25 yr ago by the 
Arabidopsis Genome Initiative (2000) on the “Analysis of the 
Genome Sequence of the Flowering Plant Arabidopsis thaliana.” 
This was the first plant genome sequenced and the third multicel
lular eukaryote, following Caenorhabditis elegans and Drosophila 
melanogaster.

Twenty-five years later Arabidopsis is arguably still the most 
powerful plant model organism and continues to underpin inno
vative plant research, as illustrated by many of the articles in 
this focus issue, as well as others (e.g. Provart et al. 2016; 
Yaschenko et al. 2024). However, with the sequencing of more 
plant genomes and the advent of genome editing technology 
that allows altering of gene function in other plant species, there 
has been a strategic shift away from prioritizing Arabidopsis re
search. Based on multiple lines of evidence, which we outline 
here, we argue that Arabidopsis remains a critically important re
search organism for the advancement of plant sciences and for 
solving important societal challenges of our time. First, all of the 
scientifically practical and attractive features identified by 
Laibach in the 1940s still hold true (Laibach, 1943). It is a small, 
rapidly developing plant that can be grown quickly and cheaply 
in small spaces; genetic lines can be readily propagated with little 
effort because it has a very high rate of self-fertilization, and its 
compact, diploid genome facilitates most genetic approaches 
and techniques, from GWAS to assay for transposase accessible 
chromatin sequencing. Additionally, the significant research in
vestment over the past several decades means that for many 
loci, there are multiple mutant alleles available, augmented by 
the increasingly tractable natural genetic diversity of this species; 
these provide a wealth of information about gene and protein 
functions (Leventhal et al. 2025). Furthermore, as described 
(Roeder et al. 2025, this issue), the plant fortuitously has a floral 
structure that makes it almost uniquely amenable to transforma
tion by the simple, fast floral dip method, facilitating 
gain-of-function studies, and closing the loop on hypothesis test
ing. Arabidopsis continues to be the premier angiosperm for fast, 
testable, reproducible research into fundamental plant processes.

It can be argued that Arabidopsis sits squarely as a hub for 
comparative studies across plant species. Its wealth of genetic re
sources and databases (e.g. The Arabidopsis Information 
Resource, www.arabidopsis.org) provides a starting point for com
parative studies in any plant, whether another model species such 
as Marchantia polymorpha or a crop species (Provart et al. 2020). 
As artificial intelligence (AI)/machine learning is transforming 
the future of biological research, we speculate that the wealth of 
data in Arabidopsis is essential to train new AI models of many 
plant processes (Brady et al. 2025). Similarly, Arabidopsis is widely 
used for comparative studies beyond the plant kingdom, for ex
ample with yeast (Saccharomyces cerevisiae) or animal models (e.g. 
D. melanogaster, C. elegans) (Meyerowitz 2002; Nürnberger et al. 
2004; Millar and Waterhouse 2005; Avin-Wittenberg et al. 2012). 
As compared with crops, studies using Arabidopsis are often 
less expensive, thus enabling larger experiments, such as assess
ing GxE (gene-environment) interactions on hundreds to thou
sands of genes in different genomic backgrounds, and across 
different environments. Unlike crops, Arabidopsis has not gone 
through severe domestication bottlenecks enabling evolutionary, 
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ecological, and GxE research (1001 Genomes Consortium 2016; 
Gross and Olsen 2010; Platt et al. 2010). Additionally, the wealth 
of data from natural populations is without precedent; although 
many crops have recognized wild relatives (e.g. Glycine soja, teo
sinte, wild tomato), far fewer resources are available for compara
tive studies (see Arana and Pico 2025).

It is true that many of these advantages are not unique to 
Arabidopsis; for example, optimization of growth conditions 
both indoors and in the field can lead to rice generation times of 
just 2 months (Kabade et al. 2024; Sandhu et al. 2024). The 
Nicotiana benthamiana system is excellent for quick and easy 
gain-of-function studies through transient expression via agroin
filtration, but less amenable to classic genetic studies, and such 
studies are mainly limited to leaves (Ranawaka et al. 2023; 
Golubova et al. 2024). Likewise, somatic genetic transformation 
of hairy roots provides the ability to study gene function in crop 
species (Cheng et al. 2021) but is limited to roots in tissue culture. 
Additionally, new model systems have been developed for non
vascular bryophytes (Physcomitrium patens and Marchantia polymor
pha) that are small and easy to manipulate in the laboratory, and 
that provide insights into land plant evolution.

As highlighted in one of the articles in this focus issue (Uauy 
et al. 2025), the plant kingdom is quite diverse, considering its re
cent origins, and perhaps there is no such thing as a “typical” 
plant. However, as an angiosperm with widespread geographic di
versity, Arabidopsis ticks most of the “typical plant” boxes. In fact, 
most of the processes studied in Arabidopsis are found in most 
other plants (Yaschenko et al. 2024; Brady et al. 2025). Some con
served cellular processes include mechanisms of gene expression 
spanning chromatin, small RNAs, gene networks, transcription, 
translation, and protein transport and processes. Conserved phys
iological processes include primary plant metabolism, photosyn
thesis and (C3) carbon fixation, and the responses to biotic and 
abiotic conditions. Developmental processes, from cell division 
and patterning to gene regulatory networks and morphogens, 
are also largely conserved, at least in principle. Nevertheless, no 
single model species can represent all plants. Not only does 
Arabidopsis lack the otherwise widely abundant mycorrhizal as
sociations, it is also not suitable for studying C4 or CAM photosyn
thesis, symbiotic nitrogen fixation, perennial growth and wood 
formation, fleshy fruit development, or monocot-specific traits 
(see also Roeder et al. 2025).

The strong global community of Arabidopsis researchers, 
whose genesis was the multinational coordinated Arabidopsis ge
nome sequencing project in the early 1990s, is sustained via the 
International Conference on Arabidopsis Research (ICAR), which 
rotates between North America, Asia/Pacific Rim, and Europe 
and is organized by local community volunteers. ICAR is the pre
mier annual international conference for Arabidopsis researchers 
and attracts ∼500 to 1,500 participants annually, including 
non-Arabidopsis researchers, due to its reputation for featuring 
cutting-edge research and for facilitating interactions between 
scientists of all career stages. The success of this research field 
has been greatly facilitated by ICAR, the major stock centers 
that distribute seed and DNA resources, the annotated genome 
sequences, and the sharing of community-generated datasets, 
tools, techniques, and resources. Finally, we should point out 
that Arabidopsis has proven to be a highly accessible plant for 
teaching and training at both the K-12 school and college levels 
(Woodward and Bartel 2018). For example, the ABRC and NASC 
stock centers distribute hundreds of educational seed stocks to 
schools every year, as well as educational kits with seeds and proto
cols that were developed by, and in collaboration with, researchers 

(https://abrc.osu.edu/educators/education). Arabidopsis database 
resources and wealth of publications and seed stocks provide stu
dents with an unparalleled, authentic exposure to plant molecular 
biology research.

Need for basic research in all plants, 
including crops
For decades, Arabidopsis has served as a bedrock model system in 
plant biology, providing a simplified yet powerful platform to dis
sect evolutionarily conserved pathways with genetic precision. 
However, mounting pressures to address climate change, popula
tion growth, and soil degradation have increasingly redirected 
plant biology toward applied research in crops and species of im
mediate agronomic value. While this practical shift is important, 
it risks undervaluing the foundational role of curiosity-driven ba
sic science. History repeatedly demonstrates that transformative 
agricultural breakthroughs are often rooted in fundamental dis
coveries. As highlighted by the National Research Council, over 
70% of agricultural advancements trace back to research in model 
organisms or noncrop species (National Research Council 2008). 
Simultaneously, after 40 yr of research in the Arabidopsis model 
system, we appreciate how limited our mechanistic understand
ing still is. For 70% of predicted Arabidopsis genes, we still need 
to confirm experimentally their Gene Ontology Molecular 
Function or Biological Process annotations (Gene Ontology 
Consortium 2010), and the ability to functionally annotate crop 
genes largely depends on such functional data from Arabidopsis.

Genes identified in Arabidopsis, such as homologs of 
FLOWERING LOCUS T, have enabled breeders to tailor 
photoperiod-sensitive crops such as rice and soybean to diverse 
latitudes and climate zones (Xue et al. 2008; Jung and Müller 
2009). Beyond genes, methodologies such as multiomics ap
proaches, now integral to molecular breeding, were also first pio
neered in model species (Rhee and Mutwil 2014). Yet long before 
Arabidopsis became prominent, foundational discoveries in di
verse plant species laid the groundwork for agricultural revolu
tions. Darwin’s 1880s experiments on phototropism in canary 
grass (Phalaris canariensis) and subsequent auxin isolation in oat 
coleoptiles revolutionized our understanding of plant growth reg
ulation (Darwin and Darwin 1880; Went 1928). Deciphering aux
in’s roles in development and stress adaptation later yielded 
tools ranging from synthetic herbicides to techniques for optimiz
ing fruit set under suboptimal pollination conditions (e.g. auxin- 
induced parthenocarpy in greenhouse tomatoes) (Gustafson 
1936; Grossmann 2010). Similarly, the Green Revolution, which 
reshaped global agriculture, was built on decades of basic studies 
on stem elongation, plant architecture, and gibberellin responses 
(Peng et al. 1999). These examples reveal a common pattern: 
applied solutions often begin with fundamental discoveries aris
ing from curiosity-driven research. Even for discoveries initially 
made in crops—like Barbara McClintock’s identification of the 
first transposable element in maize—later research elucidating 
how these elements function, how they are regulated, and their 
role in genome evolution and biotechnology was largely con
ducted in Arabidopsis.

Advances in genetic and transformation techniques now ena
ble crops themselves to serve as platforms for basic research. In 
recent years, more and more translation of basic research has 
been performed directly in crop species. In tomato, studies on ge
netic redundancy, gene dosage, and epistasis in development, 
evolution, and domestication have redefined innovative strategies 
for crop improvement (Soyk et al. 2017; Hendelman et al. 2021; 
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Aguirre et al. 2023). Tomato plants are strictly self-pollinating, a 
process enabled by cleistogamous flowers that remain stigma un
exposed during pollination. A recent study identified HD-Zip 
genes as the key regulators of the anther cone formation critical 
for tomato’s self-pollination (Wu et al. 2024). In rice, the 
tissue-specific brassinosteroid signaling has been shown to fine- 
tune the balance between panicle branching and grain size—a dis
covery with direct yield implications (Zhang et al. 2024). Maize re
search has unveiled a HY5–COOL1–CPK17 regulatory module 
integrating light signaling and calcium-dependent kinase activity 
in maize cold tolerance, offering clues for adapting crops to higher 
latitudes (Zeng et al. 2025).

Crop-centered studies also address specialized traits that are 
absent in Arabidopsis. Tomato serves as a model for fruit ripening, 
providing insights into postharvest quality, while rice and 
Medicago have advanced our understanding of plant–microbe in
teractions, such as arbuscular mycorrhizal symbiosis and nitro
gen fixation—knowledge critical for engineering sustainable 
cereals (Giovannoni 2004; Parniske 2008). Similarly, research on 
C4 photosynthesis in maize or salt-secreting quinoa explores evo
lutionary adaptations that could inspire climate-resilient crops 
(Langdale 2011; Adolf et al. 2013). These systems remind us that 
nature’s diversity often holds untapped solutions for pressing 
agricultural challenges. While these are excellent examples of 
questions that can only be addressed in specific plants or crops, 
studying many conserved fundamental processes in such systems 
is often less practical. For instance, investigating highly conserved 
processes such as transcription, splicing, DNA repair, or transla
tion in a complex crop system rather than in Arabidopsis would 
likely be more expensive, time-consuming, and even impractical 
due to limited tools and resources. Ultimately, the answers ob
tained would probably be the same as those achievable more effi
ciently using the model organism.

In the pursuit of addressing the challenges of the future, we 
must remember that today’s applied breakthroughs often emerge 
from yesterday’s fundamental discoveries. Arabidopsis remains 
indispensable for foundational insights, similar to D. melanogaster 
and C. elegans. However, the next frontier of plant biology lies in 
bridging model systems and agriculture through translational re
search in crops and ecologically unique species. By closely inte
grating curiosity-driven science in crops and other nonmodel 
plant species with traditional model species such as 
Arabidopsis, we ensure that the seeds of basic discovery continue 
to bear fruit for future agricultural innovations.

Transformative applications arise 
from fundamental research
With so many dire and pressing problems to be solved, it could be 
argued that scientists should direct all research efforts into ad
dressing these problems. Many scientists are doing just that. 
However, a singular focus on solving today’s problems would be 
a mistake. We argue that in addition to research that has an ob
vious direct application, it is vital for scientists to continue re
searching fundamental plant science questions, for which the 
applications may not currently be obvious, and whose full value 
may be realized decades in the future. The importance of basic re
search to breakthrough applications was described by Dr. Laurie 
Glimcher, M.D., President and CEO of the Dana-Farber Cancer 
Institute and Richard and Susan Smith Professor of Medicine at 
Harvard Medical School: “There is a famous story of a drunk look
ing for his lost keys under a streetlight because the light is better 
there … if we only look for cures where the light has already 

shone, we will make few, if any, new discoveries. Basic research 
shines a light into the dark corners of our understanding, and by 
that light we can find wonderful new things” (Bergman 2018). 
This principle applies equally to improving agriculture as it does 
to medicine.

Although fundamental research is often spurred by an element 
of curiosity, generally these research projects are done with the 
idea of some eventual potential application in mind. However, 
the most transformative and impactful applications are often 
those that were not foreseen at the time the research was started. 
Many such breakthroughs open up new avenues that were not 
even contemplated before the discovery. Often such break
throughs are built on decades of basic discoveries from several dif
ferent labs working on different angles of a question and 
exchanging information at scientific conferences and meetings. 
For example, CRISPR was first detected as a puzzling repeat se
quence in the Escherichia coli genome by scientists studying the 
gene responsible for isozyme conversion of alkaline phosphatase 
in 1987; at the time it was not possible to predict their biological 
function (Ishino et al. 1987, 2018). Even after the biological func
tion of CRISPR in bacterial immunity against viruses was discov
ered by 3 labs in 2005 (Bolotin et al. 2005; Mojica et al. 2005; 
Pourcel et al. 2005; Lander 2016), it took 3 yr for the speculation 
that CRISPR could be used for genome editing in a heterologous 
system (Marraffini and Sontheimer 2008). The motivation of the 
scientists who contributed these early discoveries was under
standing repeat sequences in salt-tolerant microbes, defending 
against biological warfare, and improving yogurt production, not 
editing genomes (Lander 2016). From 2008 on, many other scien
tists and additional basic research discoveries were involved in 
developing the revolutionary genetic engineering technology in
troduced in 2012 and 2013 that has transformed nearly every 
area of biology from basic research to applications in engineering 
crop plants and human medicine (Lander 2016; Ledford 2016; Zhu 
et al. 2020).

Of the 28 most transformative medicines that the FDA ap
proved between 1985 and 2009, 80% could be traced to a basic re
search discovery (Spector et al. 2018). The first basic research 
discovery leading to these drugs occurred an average of 31 yr be
fore FDA approval, long before any druggable target was identified 
(Spector et al. 2018). Fundamental research in Arabidopsis has al
ready contributed to our understanding of human health. 70% of 
human cancer genes have a related gene in Arabidopsis (Jones 
et al. 2008). For example, the COP9 signalosome was first discov
ered and studied in Arabidopsis, which contributed to under
standing regulation of the P53 tumor suppressor gene in 
mammals (Dornan et al. 2004; Jones et al. 2008). Similarly, re
search on the NLR receptors in plants has contributed to advanc
ing our understanding of the innate immune system in humans 
and its contribution to autoimmune diseases such as Crohn’s 
(Jones et al. 2016; Chou et al. 2023). Likewise, the blue light recep
tor (CRY1) was first found in plants and later the related gene was 
found in mammals (Thresher et al. 1998; Jones et al. 2008). CRY1 
regulates circadian rhythm and a mutation in human CRY1 leads 
to sleep disruption and “night owl” behavior (Patke et al. 2017). 
Further fundamental work on how plants sense light in 
Arabidopsis, algae, and other plant species led to the identification 
of the molecular mechanisms of light receptors (Möglich et al. 
2010; Galvão and Fankhauser 2015). This basic research led to 
the development of optogenetic tools in which a scientist or clini
cian can use light to turn various proteins on and off (Emiliani 
et al. 2022). Optogenetics has been employed for research in ani
mals and plants and is just beginning to be employed in human 
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medicine; optogenetic therapies are being developed now to treat 
diabetes, heart disease, and cancer (Ye and Fussenegger 2019; 
Yaschenko et al. 2024).

Likewise, basic plant science research leads to unanticipated 
applications in agriculture. For example, decades of research on 
glucosinolates and the myrosinase enzymes that break them 
down in Arabidopsis and other Brassicaceae plants (Halkier and 
Gershenzon 2006) was the basis for Pairwise to develop better tast
ing, nutritious Conscious Greens. Pairwise used CRISPR to knock 
out the myrosinase genes in mustard greens, making them less 
bitter, so that consumers will eat these highly nutritious leaves 
in salads instead of less nutritious lettuce (Grinstein 2023). 
Similarly, using extensive knowledge from Arabidopsis research, 
pennycress (Thlaspi arvense), a closely related brassica, has been 
rapidly domesticated through breeding and genomics-enabled 
mutagenesis into a winter annual oilseed crop marketed by 
CoverCress (Chopra et. al. 2018, 2020; Phippen et al. 2022). 
CoverCress can be grown in corn and soy fields between crops in 
the winter acting as a cover crop to reduce nutrient leaching 
and soil erosion. The harvested oil can be used for bioenergy 
and the remaining meal can be used for animal feed, making it 
economically viable for farmers. In addition, research on develop
ment of the Arabidopsis fruit led to the discovery of the 
INDEHISCENT gene which controls pod shatter, the opening of 
the seed pod to disperse the seeds (Lilijegren et al. 2004). 
Seedpod shatter causes canola farmers to lose substantial yield 
when the valuable seeds fall, contaminating the field for the 
next growing cycle. Using this knowledge from Arabidopsis, 
BAYER developed the PodGuard trait in canola, which is now dis
tributed to canola farmers by BASF in all of their hybrid seeds 
(Liljegren and Yanofsky 2006; Vancanneyt et al. 2010; Aguilera 
2019). Farmers have said this is “game-changing” technology be
cause it: (i) increases yield at harvest; (ii) allows them to leave 
the canola standing in the field (because they will not lose seed) 
while they harvest other crops such as soybeans, thus giving har
vest flexibility; and (iii) it protects them against the huge seed 
losses that often occur if high winds of hail storms occur near 
the time of harvest.

In another example, there was no obvious agricultural appli
cation when Arabidopsis researchers began investigating how 
the shoot apical meristem maintains its size throughout devel
opment despite constantly losing cells into organ primordia. 
They identified the CLAVATA-WUSCHEL feedback loop as the 
mechanism that maintains this balance (Fletcher et al. 1999; 
Schoof et al. 2000; Yadav et al. 2011). Since then, CLAVATA sig
naling has been found to be widely conserved for the mainte
nance of proper meristem size from the moss Physcometrium 
patens to tomatoes and maize (Xu et al. 2015; Somssich et al. 
2016; Whitewoods et al. 2018). In tomatoes, fruit size is a conse
quence of floral meristem size, which is regulated by the 
CLAVATA pathway. During domestication, fruit size increased 
largely due to QTLs at 2 loci: a promoter inversion in the tomato 
CLAVATA3, and mutations in a regulatory site in the 3′UTR 
of tomato WUSCHEL (Muños et al. 2011; Xu et al. 2015; 
Bennett et al. 2025). In maize, mutations in the CLAVATA 
pathway increase the number of kernel rows around the ear, 
suggesting that mild decreases in CLAVATA signaling may in
crease yield (Je et al. 2016). Now, CRISPR promoter mutations 
are being deployed to modify CLAVATA signaling to select ben
eficial traits such as increased yield (Liu et al. 2021). Thus, fun
damental research on the maintenance of the meristem in 
Arabidopsis is having practical applications on yield in many 
crop plants.

Because plants are primary to human life, 
it is essential that we humans understand 
them
In the face of mounting pressure from climate change, food inse
curity, and population growth, increased investment in plant sci
ence research will be essential to meet future food production 
needs. Climate change affects not only plant growth, but also 
plant disease and insect pressure, considerably reducing crop 
yield, pre- and postharvest (Deutsch et al. 2018; Chaloner et al. 
2021; Gerken and Morrison III 2022). Climatic changes also nega
tively affect agricultural practices and food distribution systems, 
significantly disrupting food security (Bezner Kerr et al. 2022). 
Thus, the need to understand the fundamentals of plant biology 
has never been more urgent.

Research in Arabidopsis can lead plant sciences in the discov
ery of new strategies for efficient carbon capture, as well as 
ways to engineer plants with climatic resilience, helping to signifi
cantly reduce the effects of climate change in agricultural and 
natural ecosystems. Investment in basic research fuels new ideas 
to transform translational approaches. Further, investment in 
plant science research will also be essential for the restoration 
of ecosystems, soils, and degraded environments, which are ex
pected to increase due to intensified anthropogenic activity.

Over the past decade, research on Arabidopsis has been pro
gressively deprioritized by major US funding agencies, including 
the Department of Energy, the US Department of Agriculture’s 
National Institute of Food and Agriculture, and the National 
Science Foundation (NSF), particularly within the Plant Genome 
Research Program. In some cases, proposals centered on 
Arabidopsis are no longer eligible for submission. Given the foun
dational role of Arabidopsis in advancing plant biology and serv
ing as a critical training platform for emerging scientists, this 
shift in funding priorities has led to a marked decline in both sci
entific advancement within the field and the development of the 
next generation of plant researchers. We therefore strongly urge 
the United States and global funding agencies to strengthen and 
sustain robust funding for Arabidopsis and fundamental plant 
research.

Due to the magnitude of the challenges ahead, collaboration 
between plant scientists of all countries will therefore be more im
portant than ever. Given the unequal access to scientific, genetic, 
and personnel resources in different parts of the world, significant 
progress will only happen through the combined effort of scien
tific communities, and the exchange of knowledge. Rather than 
competition amongst research groups, collaboration and data 
sharing should be the model, to allow for faster progress on the 
significant challenges facing our societies. This shift is especially 
urgent in light of a troubling global trend: the rise of antiscience 
sentiment and the reduction of public funding for research in 
many countries. These developments threaten to erode scientific 
capacity at precisely the moment when it is most needed. 
Mitigating this will require new strategies, perhaps including a sig
nificant change in the way scientists are rewarded for their efforts, 
moving from a system of recognition for high-impact publica
tions, to recognition for scientific collaborations, societal and en
vironmental impact (Allen 2025), a change that would have to be 
adopted and fostered by funding agencies, universities and scien
tific societies.

Together, we issue a call to all plant scientists and citizens to 
defend investment in Arabidopsis and fundamental plant science 
research worldwide through outreach to funding agencies, scien
tific societies and governments, and the education of the general 
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public about the importance of plants and plant science research 
to secure a healthy and sustainable future for our civilization and 
our planet.

Acknowledgments
We thank Dan Kliebenstein, Erich Grotewold, Siobhan Brady, and 
Blake Meyers for helpful discussions.

Funding
Research in the Roeder lab is funded by National Institutes of Health 
(NIH) National Institute of General Medical Sciences R01 GM134037, 
National Science Foundation (NSF) MCB-2203275, NSF EF-2222434, 
and NSF DBI-2320251. Research in the Argueso lab is funded by 
NSF MCB-181811. Research in the Strader lab is funded by NIH 
R35 GM136338 and NSF PGRP BIO-2112056. Research in the 
Hamann lab is funded by NFR315325 and ERC10118769. J.F. is funded 
by the North American Arabidopsis Steering Committee (NAASC). 
Research in the Busch lab is funded by gifts to the Salk Institute’s 
Harnessing Plants Initiative (HPI) from the Bezos Earth Fund, the 
Hess Corporation, and through the TED Audacious Project.

Conflict of interest statement. L.S. is on the Science Advisory Board 
of Prose Foods. W.B. is a co-founder of Cquesta, a company that 
works on crop root growth and carbon sequestration. All other au
thors declare no conflicts of interest.

Data availability
No new data were generated or analyzed in support of this 
commentary.

References
1001 Genomes Consortium. 1,135 genomes reveal the global pattern 

of polymorphism in Arabidopsis thaliana. Cell. 2016:166(2):481–491. 
https://doi.org/10.1016/j.cell.2016.05.063

Adolf VI, Jacobsen S-E, Shabala S. Salt tolerance mechanisms in qui
noa (Chenopodium quinoa willd.). Environ Exp Bot. 2013:92:43–54. 
https://doi.org/10.1016/j.envexpbot.2012.07.004

Aguilera MC. Shatterproof: The Seeds of a Blockbuster Discovery. UC 
San Diego Today; 2019 [accessed 2025 Apr 5]. https://today.ucsd. 
edu/story/shatterproof_the_seeds_of_a_blockbuster_discovery.

Aguirre L, Hendelman A, Hutton SF, McCandlish DM, Lippmanl ZB. 
Idiosyncratic and dose-dependent epistasis drives variation in to
mato fruit size. Science. 2023:382(6668):315–320. https://doi.org/ 
10.1126/science.adi5222

Allen K-A. Move beyond ‘publish or perish’ by measuring behaviours 
that benefit academia. Nature. 2025:638(8052):861. https://doi. 
org/10.1038/d41586-025-00563-9

Arabidopsis Genome Initiative. Analysis of the genome sequence of 
the flowering plant Arabidopsis thaliana. Nature. 2000:408(6814): 
796–815. https://doi.org/10.1038/35048692

Arana, Pico X. Translational insights from eco-evolutionary research 
in Arabidopsis: implications for plant model and non-model sys
tems. Plant Cell. 2025. Submitted manuscript (this issue).

Avin-Wittenberg T, Honig A, Galili G. Variations on a theme: plant 
autophagy in comparison to yeast and mammals. Protoplasma. 
2012:249(2):285–299. https://doi.org/10.1007/s00709-011-0296-z

Bennett MR, Bhosale SA, Boden TC, Ito T, Li H, Mehra P, Østergaard L, 
Otsuka N, Pandey B, Poethig S, et al. Developmental pathways in 
plants: lessons from Arabidopsis for crop innovation. Plant Cell. 
2025. Accepted manuscript (this issue).

Bergman MT. For new medicines, turn to pioneers: most transforma
tive medicines originate in curiosity-driven science, evidence 
says. The Harvard Gazette; 2018 [accessed 2025 Apr 5]. https:// 
news.harvard.edu/gazette/story/2018/04/most-transformative- 
meds-originate-in-curiosity-driven-science-evidence-says/

Bezner Kerr R, Hasegawa T, Lasco R, Bhatt I, Deryng D, Farrell A, 

Gurney-Smith H, Ju H, Lluch-Cota S, Meza F, et al. 2022: Food, fi
bre, and other ecosystem products supplementary material. In: 
Pörtner H-O, Roberts DC, Tignor M, Poloczanska ES, Mintenbeck 
K, Alegría A, Craig M, Langsdorf S, Löschke S, Möller V, Okem A, 
Rama B, editors. Climate change 2022: impacts, adaptation, and vul
nerability. Contribution of working group II to the Sixth Assessment 

Report of the Intergovernmental Panel on Climate Change. https:// 
www.ipcc.ch/report/ar6/wg2/about/how-to-cite-this-report

Bolotin A, Quinquis B, Sorokin A, Ehrlich SD. Clustered regularly in
terspaced short palindrome repeats (CRISPRs) have spacers of ex
trachromosomal origin. Microbiology. 2005:151(8):2551–2561. 
https://doi.org/10.1099/mic.0.28048-0

Bousfield CG, Morton O, Edwards DP. Climate change will exacerbate 

land conflict between agriculture and timber production. Nat Clim 
Chang. 2024:14(10):1071–1077. https://doi.org/10.1038/s41558-024- 
02113-z

Brady S, Auge G, Ayalew M, Balasubramanian S, Hamann T, Inze D, 
Saito K, Brychkova G, Berardini TZ, Friesner J, et al. Arabidopsis 
research in 2030: translating the computable plant. Plant J. 

2025:121(5):e70047. https://doi.org/10.1111/tpj.70047
Chaloner TM, Gurr SJ, Bebber DP. Plant pathogen infection risk tracks 

global crop yields under climate change. Nat Clim Chang. 
2021:11(8):710–715. https://doi.org/10.1038/s41558-021-01104-8

Cheng Y, Wang X, Cao L, Ji J, Liu T, Duan K. Highly efficient 
Agrobacterium rhizogenes-mediated hairy root transformation 
for gene functional and gene editing analysis in soybean. Plant 

Methods. 2021:17(1):73. https://doi.org/10.1186/s13007-021-00778-7
Chilton M-D, Drummond MH, Merlo DJ, Sciaky D, Montoya AL, 

Gordon MP, Nester EW. Stable incorporation of plasmid DNA 
into higher plant cells: the molecular basis of crown gall tumori
genesis. Cell. 1977:11(2):263–271. https://doi.org/10.1016/0092- 
8674(77)90043-5

Chopra R, Johnson EB, Daniels E, McGinn M, Dorn KM, Esfahanian M, 

Folstad N, Amundson K, Altendorf K, Betts K, et al. Translational 
genomics using Arabidopsis as a model enables the characteriza
tion of pennycress genes through forward and reverse genetics. 
Plant J. 2018:96(6):1093–1105. https://doi.org/10.1111/tpj.14147

Chopra R, Johnson EB, Emenecker R, Cahoon EB, Lyons J, Kliebenstein 
DJ, Daniels E, Dorn KM, Esfahanian M, Folstad N, et al. 

Identification and stacking of crucial traits required for the do
mestication of pennycress. Nat Food. 2020:1(1):84–91. https://doi. 
org/10.1038/s43016-019-0007-z

Chou W-C, Jha S, Linhoff MW, Ting JP-Y. The NLR gene family: from 
discovery to present day. Nat Rev Immunol. 2023:23(10):635–654. 
https://doi.org/10.1038/s41577-023-00849-x

Clough SJ, Bent AF. Floral dip: a simplified method for Agrobacterium- 

mediated transformation of Arabidopsis thaliana. Plant J. 1998:16(6): 
735–743. https://doi.org/10.1046/j.1365-313x.1998.00343.x

Coen ES, Meyerowitz EM. The war of the whorls: genetic interactions 
controlling flower development. Nature. 1991:353(6339):31–37. 
https://doi.org/10.1038/353031a0

Darwin C, Darwin F. The power of movement in plants. London: John 
Murray; 1880. https://doi.org/10.5962/bhl.title.102319

Deutsch CA, Tewksbury JJ, Tigchelaar M, Battisti DS, Merrill SC, Huey 

RB, Naylor RL. Increase in crop losses to insect pests in a warming 
climate. Science. 2018:361(6405):916–919. https://doi.org/10.1126/ 
science.aat3466

6 | The Plant Cell, 2025, Vol. 37, No. 5

https://doi.org/10.1016/j.cell.2016.05.063
https://doi.org/10.1016/j.envexpbot.2012.07.004
https://today.ucsd.edu/story/shatterproof_the_seeds_of_a_blockbuster_discovery
https://today.ucsd.edu/story/shatterproof_the_seeds_of_a_blockbuster_discovery
https://doi.org/10.1126/science.adi5222
https://doi.org/10.1126/science.adi5222
https://doi.org/10.1038/d41586-025-00563-9
https://doi.org/10.1038/d41586-025-00563-9
https://doi.org/10.1038/35048692
https://doi.org/10.1007/s00709-011-0296-z
https://news.harvard.edu/gazette/story/2018/04/most-transformative-meds-originate-in-curiosity-driven-science-evidence-says/
https://news.harvard.edu/gazette/story/2018/04/most-transformative-meds-originate-in-curiosity-driven-science-evidence-says/
https://news.harvard.edu/gazette/story/2018/04/most-transformative-meds-originate-in-curiosity-driven-science-evidence-says/
https://www.ipcc.ch/report/ar6/wg2/about/how-to-cite-this-report
https://www.ipcc.ch/report/ar6/wg2/about/how-to-cite-this-report
https://doi.org/10.1099/mic.0.28048-0
https://doi.org/10.1038/s41558-024-02113-z
https://doi.org/10.1038/s41558-024-02113-z
https://doi.org/10.1111/tpj.70047
https://doi.org/10.1038/s41558-021-01104-8
https://doi.org/10.1186/s13007-021-00778-7
https://doi.org/10.1016/0092-8674(77)90043-5
https://doi.org/10.1016/0092-8674(77)90043-5
https://doi.org/10.1111/tpj.14147
https://doi.org/10.1038/s43016-019-0007-z
https://doi.org/10.1038/s43016-019-0007-z
https://doi.org/10.1038/s41577-023-00849-x
https://doi.org/10.1046/j.1365-313x.1998.00343.x
https://doi.org/10.1038/353031a0
https://doi.org/10.5962/bhl.title.102319
https://doi.org/10.1126/science.aat3466
https://doi.org/10.1126/science.aat3466


Dornan D, Bheddah S, Newton K, Ince W, Frantz GD, Dowd P, 
Koeppen H, Dixit VM, French DM. COP1, the negative regulator 
of p53, is overexpressed in breast and ovarian adenocarcinomas. 
Cancer Res. 2004:64(20):7226–7230. https://doi.org/10.1158/0008- 
5472.can-04-2601

Emiliani V, Entcheva E, Hedrich R, Hegemann P, Konrad KR, Lüscher 

C, Mahn M, Pan Z-H, Sims RR, Vierock J, et al. Optogenetics for 
light control of biological systems. Nat Rev Methods Prim. 2022:2: 
55. https://doi.org/10.1038/s43586-022-00136-4

Fletcher JC, Brand U, Running MP, Simon R, Meyerowitz EM. 
Signaling of cell fate decisions by CLAVATA3 in Arabidopsis shoot 
meristems. Science. 1999:283(5409):1911–1914. https://doi.org/10. 

1126/science.283.5409.1911
Franke JA, Müller C, Minoli S, Elliott J, Folberth C, Gardner C, Hank T, 

Izaurralde RC, Jägermeyr J, Jones CD, et al. Agricultural breadbas
kets shift poleward given adaptive farmer behavior under climate 
change. Glob Chang Biol. 2022:28(1):167–181. https://doi.org/10. 
1111/gcb.15868

Galvão VC, Fankhauser C. Sensing the light environment in plants: 

photoreceptors and early signaling steps. Curr Opin Neurobiol. 
2015:34:46–53. https://doi.org/10.1016/j.conb.2015.01.013

Gene Ontology Consortium TGO. The gene ontology in 2010: exten
sions and refinements. Nucleic Acids Res. 2010:38(Database is
sue):D331–D335. https://doi.org/10.1093/nar/gkp1018

Gerken AR, Morrison WR III. Pest management in the postharvest 
agricultural supply chain under climate change. Front Agron. 

2022:4:918845. https://doi.org/10.3389/fagro.2022.918845
Giovannoni JJ. Genetic regulation of fruit development and ripening. 

Plant Cell. 2004:16(suppl_1):S170–S180. https://doi.org/10.1105/ 
tpc.019158

Golubova D, Tansley C, Su H, Patron NJ. Engineering Nicotiana ben
thamiana as a platform for natural product biosynthesis. Curr 
Opin Plant Biol. 2024:81:102611. https://doi.org/10.1016/j.pbi. 

2024.102611
Grinstein JD. Salad days: pairwise gene edits food to topple nutrition 

barriers. GEN Biotechnol. 2023:2(1):5–9. https://doi.org/10.1089/ 
genbio.2023.29078.jdg

Gross BL, Olsen KM. Genetic perspectives on crop domestication. 
Trends Plant Sci. 2010:15(9):529–537. https://doi.org/10.1016/j. 
tplants.2010.05.008

Grossmann K. Auxin herbicides: current status of mechanism and 

mode of action. Pest Manag Sci. 2010:66(2):113–120. https://doi. 
org/10.1002/ps.1860

Gustafson FG. Inducement of fruit development by growth- 
promoting chemicals. Proc Natl Acad Sci U S A. 1936:22(11): 
628–636. https://doi.org/10.1073/pnas.22.11.628

Halkier BA, Gershenzon J. Biology and biochemistry of glucosino
lates. Annu Rev Plant Biol. 2006:57:303–333. https://doi.org/10. 

1146/annurev.arplant.57.032905.105228
Hannah L, Roehrdanz PR, KBK C, Fraser EDG, Donatti CI, Saenz L, 

Wright TM, Hijmans RJ, Mulligan M, Berg A, et al. The environ
mental consequences of climate-driven agricultural frontiers. 
PLoS One. 2020:15(2):e0228305. https://doi.org/10.1371/journal. 
pone.0228305

Hendelman A, Zebell S, Rodriguez-Leal D, Dukler N, Robitaille G, Wu 

X, Kostyun J, Tal L, Wang P, Bartlett ME, et al. Conserved pleiotro
py of an ancient plant homeobox gene uncovered by cis- 
regulatory dissection. Cell. 2021:184(7):1724–1739.e16. https:// 
doi.org/10.1016/j.cell.2021.02.001

IPCC. Summary for policymakers. In: Core Writing Team; Lee H, 
Romero J, editors. Climate Change 2023: Synthesis Report. 

Contribution of Working Groups I, II and III to the Sixth Assessment 
Report of the Intergovernmental Panel on Climate Change. Geneva, 

Switzerland: IPCC; 2023. p. 1–34. https://doi.org/10.59327/IPCC/ 
AR6-9789291691647.001

Ishino Y, Krupovic M, Forterre P. History of CRISPR-Cas from encoun
ter with a mysterious repeated sequence to genome editing tech
nology. J Bacteriol. 2018:200(7):e00580-17. https://doi.org/10.1128/ 
jb.00580-17

Ishino Y, Shinagawa H, Makino K, Amemura M, Nakata A. Nucleotide 

sequence of the iap gene, responsible for alkaline phosphatase 
isozyme conversion in Escherichia coli, and identification of the 
gene product. J Bacteriol. 1987:169(12):5429–5433. https://doi.org/ 
10.1128/jb.169.12.5429-5433.1987

Je BI, Gruel J, Lee YK, Bommert P, Arevalo ED, Eveland AL, Wu Q, 
Goldshmidt A, Meeley R, Bartlett M, et al. Signaling from maize 

organ primordia via FASCIATED EAR3 regulates stem cell prolif
eration and yield traits. Nat Genet. 2016:48(7):785–791. https:// 
doi.org/10.1038/ng.3567

Jones AM, Chory J, Dangl JL, Estelle M, Jacobsen SE, Meyerowitz EM, 
Nordborg M, Weigel D. The impact of Arabidopsis on human 
health: diversifying our portfolio. Cell. 2008:133(6):939–943. 

https://doi.org/10.1016/j.cell.2008.05.040
Jones JDG, Vance RE, Dangl JL. Intracellular innate immune surveil

lance devices in plants and animals. Science. 2016:354(6316): 
aaf6395. https://doi.org/10.1126/science.aaf6395

Jung C, Müller AE. Flowering time control and applications in plant 
breeding. Trends Plant Sci. 2009:14(10):563–573. https://doi.org/ 
10.1016/j.tplants.2009.07.005

Kabade PG, Dixit S, Singh UM, Alam S, Bhosale S, Kumar S, Singh SK, 
Badri J, Varma NRG, Chetia S, et al. SpeedFlower: a comprehen
sive speed breeding protocol for indica and japonica rice. Plant 
Biotechnol J. 2024:22(5):1051–1066. https://doi.org/10.1111/pbi.14245

Laibach F. Arabidopsis thaliana (L.) Heynh. als Objekt für genetische 
entwickIungsphysiologische Untersuchungen. Bot Archiv. 

1943:44:439–455.
Lander ES. The heroes of CRISPR. Cell. 2016:164(1–2):18–28. https:// 

doi.org/10.1016/j.cell.2015.12.041
Langdale JA. C4 cycles: past, present, and future research on C4 pho

tosynthesis. Plant Cell. 2011:23(11):3879–3892. https://doi.org/10. 
1105/tpc.111.092098

Ledford H. The unsung heroes of CRISPR. Nature. 2016:535(7612): 
342–344. https://doi.org/10.1038/535342a

Leventhal L, Ruffley M, Exposito-Alonso M. Planting genomes in the 

wild: Arabidopsis from genetics history to the ecology and evolu
tionary genomics era. Annu Rev Plant Biol. 2025:76. https://doi. 
org/10.1146/annurev-arplant-071123-095146

Liljegren S, Yanofsky M. Control of fruit dehiscence in Arabidopsis by 
indehiscent genes; 2006. United States Patent. Patent No. 
6,998,517.

Liljegren SJ, Roeder AHK, Kempin SA, Gremski K, Østergaard L, 

Guimil S, Reyes DK, Yanofsky MF. Control of fruit patterning in 
Arabidopsis by INDEHISCENT. Cell. 2004:116(6):843–853. https:// 
doi.org/10.1016/s0092-8674(04)00217-x

Liu L, Gallagher J, Arevalo ED, Chen R, Skopelitis T, Wu Q, Bartlett M, 
Jackson D. Enhancing grain-yield-related traits by CRISPR–Cas9 
promoter editing of maize CLE genes. Nat Plants. 2021:7(3): 

287–294. https://doi.org/10.1038/s41477-021-00858-5
Marraffini LA, Sontheimer EJ. CRISPR interference limits horizontal 

gene transfer in staphylococci by targeting DNA. Science. 2008: 
322(5909):1843–1845. https://doi.org/10.1126/science.1165771

McKay DIA, Staal A, Abrams JF, Winkelmann R, Sakschewski B, 
Loriani S, Fetzer I, Cornell SE, Rockström J, Lenton TM. 
Exceeding 1.5 °C global warming could trigger multiple climate 

tipping points. Science. 2022:377(6611):eabn7950. https://doi.org/ 
10.1126/science.abn7950

In defense of funding foundational plant science | 7

https://doi.org/10.1158/0008-5472.can-04-2601
https://doi.org/10.1158/0008-5472.can-04-2601
https://doi.org/10.1038/s43586-022-00136-4
https://doi.org/10.1126/science.283.5409.1911
https://doi.org/10.1126/science.283.5409.1911
https://doi.org/10.1111/gcb.15868
https://doi.org/10.1111/gcb.15868
https://doi.org/10.1016/j.conb.2015.01.013
https://doi.org/10.1093/nar/gkp1018
https://doi.org/10.3389/fagro.2022.918845
https://doi.org/10.1105/tpc.019158
https://doi.org/10.1105/tpc.019158
https://doi.org/10.1016/j.pbi.2024.102611
https://doi.org/10.1016/j.pbi.2024.102611
https://doi.org/10.1089/genbio.2023.29078.jdg
https://doi.org/10.1089/genbio.2023.29078.jdg
https://doi.org/10.1016/j.tplants.2010.05.008
https://doi.org/10.1016/j.tplants.2010.05.008
https://doi.org/10.1002/ps.1860
https://doi.org/10.1002/ps.1860
https://doi.org/10.1073/pnas.22.11.628
https://doi.org/10.1146/annurev.arplant.57.032905.105228
https://doi.org/10.1146/annurev.arplant.57.032905.105228
https://doi.org/10.1371/journal.pone.0228305
https://doi.org/10.1371/journal.pone.0228305
https://doi.org/10.1016/j.cell.2021.02.001
https://doi.org/10.1016/j.cell.2021.02.001
https://doi.org/10.59327/IPCC/AR6-9789291691647.001
https://doi.org/10.59327/IPCC/AR6-9789291691647.001
https://doi.org/10.1128/jb.00580-17
https://doi.org/10.1128/jb.00580-17
https://doi.org/10.1128/jb.169.12.5429-5433.1987
https://doi.org/10.1128/jb.169.12.5429-5433.1987
https://doi.org/10.1038/ng.3567
https://doi.org/10.1038/ng.3567
https://doi.org/10.1016/j.cell.2008.05.040
https://doi.org/10.1126/science.aaf6395
https://doi.org/10.1016/j.tplants.2009.07.005
https://doi.org/10.1016/j.tplants.2009.07.005
https://doi.org/10.1111/pbi.14245
https://doi.org/10.1016/j.cell.2015.12.041
https://doi.org/10.1016/j.cell.2015.12.041
https://doi.org/10.1105/tpc.111.092098
https://doi.org/10.1105/tpc.111.092098
https://doi.org/10.1038/535342a
https://doi.org/10.1146/annurev-arplant-071123-095146
https://doi.org/10.1146/annurev-arplant-071123-095146
https://doi.org/10.1016/s0092-8674(04)00217-x
https://doi.org/10.1016/s0092-8674(04)00217-x
https://doi.org/10.1038/s41477-021-00858-5
https://doi.org/10.1126/science.1165771
https://doi.org/10.1126/science.abn7950
https://doi.org/10.1126/science.abn7950


Meyerowitz EM. Arabidopsis Thaliana. Annu Rev Genet. 1987:21(1): 

93–111. https://doi.org/10.1146/annurev.ge.21.120187.000521
Meyerowitz EM. Plants compared to animals: the broadest compara

tive study of development. Science. 2002:295(5559):1482–1485. 

https://doi.org/10.1126/science.1066609
Millar AA, Waterhouse PM. Plant and animal microRNAs: similarities 

and differences. Funct Integr Genom. 2005:5(3):129–135. https://doi. 

org/10.1007/s10142-005-0145-2
Möglich A, Yang X, Ayers RA, Moffat K. Structure and function of 

plant photoreceptors. Annu Rev plant Biol. 2010:61(1):21–47. 

https://doi.org/10.1146/annurev-arplant-042809-112259
Mojica FJM, Díez-Villaseñor C, García-Martínez J, Soria E. Intervening 

sequences of regularly spaced prokaryotic repeats derive from 

foreign genetic elements. J Mol Evol. 2005:60(2):174–182. https:// 

doi.org/10.1007/s00239-004-0046-3
Muños S, Ranc N, Botton E, Bérard A, Rolland S, Duffé P, Carretero Y, 

Paslier M-CL, Delalande C, Bouzayen M, et al. Increase in tomato 

locule number is controlled by two single-nucleotide polymor

phisms located near WUSCHEL. Plant Physiol. 2011:156(4): 

2244–2254. https://doi.org/10.1104/pp.111.173997
National Research Council. Achievements of the national plant genome 

initiative and new horizons in plant biology. Washington, DC: The 

National Academies Press; 2008. https://doi.org/10.17226/12054
Nürnberger T, Brunner F, Kemmerling B, Piater L. Innate immunity in 

plants and animals: striking similarities and obvious differences. 

Immunol Rev. 2004:198(1):249–266. https://doi.org/10.1111/j.0105- 

2896.2004.0119.x
Parniske M. Arbuscular mycorrhiza: the mother of plant root endo

symbioses. Nat Rev Microbiol. 2008:6(10):763–775. https://doi.org/ 

10.1038/nrmicro1987
Patke A, Murphy PJ, Onat OE, Krieger AC, Özçelik T, Campbell SS, 

Young MW. Mutation of the human circadian clock gene CRY1 

in familial delayed sleep phase disorder. Cell. 2017:169(2):203–

215.e13. https://doi.org/10.1016/j.cell.2017.03.027
Peng J, Richards DE, Hartley NM, Murphy GP, Devos KM, Flintham JE, 

Beales J, Fish LJ, Worland AJ, Pelica F, et al. Green revolution’ 
genes encode mutant gibberellin response modulators. Nature. 

1999:400(6741):256–261. https://doi.org/10.1038/22307
Phippen W, Rhykerd R, Sedbrook J, Cristine H, Csonka S. From farm to 

flight: coverCress as a low carbon intensity cash cover crop for 

sustainable aviation fuel production. A review of progress to

wards commercialization. Front Energy Res. 2022:10:793776. 

https://doi.org/10.3389/fenrg.2022.793776
Platt A, Horton M, Huang YS, Li Y, Anastasio AE, Mulyati NW, Ågren J, 

Bossdorf O, Byers D, Donohue K, et al. The scale of population 

structure in Arabidopsis thaliana. PLoS Genet. 2010:6(2):e1000843. 

https://doi.org/10.1371/journal.pgen.1000843
Pourcel C, Salvignol G, Vergnaud G. CRISPR elements in Yersinia pes

tis acquire new repeats by preferential uptake of bacteriophage 

DNA, and provide additional tools for evolutionary studies. 

Microbiology. 2005:151(Pt 3):653–663. https://doi.org/10.1099/mic. 

0.27437-0
Provart NJ, Alonso J, Assmann SM, Bergmann D, Brady SM, Brkljacic J, 

Browse J, Chapple C, Colot V, Cutler S, et al. 50 years of 

Arabidopsis research: highlights and future directions. New 

Phytol. 2016:209(3):921–944. https://doi.org/10.1111/nph.13687
Provart NJ, Brady SM, Parry G, Schmitz RJ, Queitsch C, Bonetta D, 

Waese J, Schneeberger K, Loraine AE. Anno genominis XX: 20 

years of Arabidopsis genomics. Plant Cell. 2020:33(4):832–845. 

https://doi.org/10.1093/plcell/koaa038
Ranawaka B, An J, Lorenc MT, Jung H, Sulli M, Aprea G, Roden S, Llaca 

V, Hayashi S, Asadyar L, et al. A multi-omic Nicotiana benthamiana 

resource for fundamental research and biotechnology. Nat Plants. 

2023:9(9):1558–1571. https://doi.org/10.1038/s41477-023-01489-8
Rédei GP. Arabidopsis as a genetic tool. Annu Rev Genet. 1975:9: 

111–127. https://doi.org/10.1146/annurev.ge.09.120175.000551
Rhee SY, Mutwil M. Towards revealing the functions of all genes in 

plants. Trends Plant Sci. 2014:19(4):212–221. https://doi.org/10. 

1016/j.tplants.2013.10.006
Roeder AHK, Bent A, Lovell JT, McKay JK, Bravo A, Medina-Jimenez K, 

Morimoto KW, Brady SM, Hua L, Hibberd JM, et al. Lost in trans

lation: what we have learned from attributes that do not trans

late from Arabidopsis to other plants. Plant Cell. 2025. https:// 

doi.org/10.1093/plcell/koaf036. Accepted manuscript (this issue).
Sandhu N, Singh J, Pruthi G, Verma VK, Raigar OP, Bains NS, 

Chhuneja P, Kumar A. SpeedyPaddy: a revolutionized cost- 

effective protocol for large scale offseason advancement of rice 

germplasm. Plant Methods. 2024:20(1):109. https://doi.org/10. 

1186/s13007-024-01235-x
Schoof H, Lenhard M, Haecker A, Mayer KFX, Jürgens G, Laux T. The 

stem cell population of Arabidopsis shoot meristems is main

tained by a regulatory loop between the CLAVATA and 

WUSCHEL genes. Cell. 2000:100(6):635–644. https://doi.org/10. 

1016/s0092-8674(00)80700-x
Somerville C, Koornneef M. A fortunate choice: the history of 

Arabidopsis as a model plant. Nat Rev Genet. 2002:3(11):883–889. 

https://doi.org/10.1038/nrg927
Somssich M, Je BI, Simon R, Jackson D. CLAVATA-WUSCHEL signal

ing in the shoot meristem. Development. 2016:143(18):3238–3248. 

https://doi.org/10.1242/dev.133645
Soyk S, Lemmon ZH, Oved M, Fisher J, Liberatore KL, Park SJ, Goren A, 

Jiang K, Ramos A, van der Knaap E, et al. Bypassing negative 

epistasis on yield in tomato imposed by a domestication gene. 

Cell. 2017:169(6):1142–1155.e12. https://doi.org/10.1016/j.cell. 

2017.04.032
Spector JM, Harrison RS, Fishman MC. Fundamental science behind 

today’s important medicines. Sci Transl Med. 2018:10(438): 

eaaq1787. https://doi.org/10.1126/scitranslmed.aaq1787
Thresher RJ, Vitaterna MH, Miyamoto Y, Kazantsev A, Hsu DS, Petit 

C, Selby CP, Dawut L, Smithies O, Takahashi JS, et al. Role of 

mouse cryptochrome blue-light photoreceptor in circadian pho

toresponses. Science. 1998:282(5393):1490–1494. https://doi.org/ 

10.1126/science.282.5393.1490
Uauy C, Nelissen H, Chan RL, Napier JA, Seung D, Liu L, McKim SM. 

Challenges of translating Arabidopsis insights into crops. Plant 

Cell. 2025:koaf059. https://doi.org/10.1093/plcell/koaf059
United Nations. World Population Prospects 2024: Summary of 

Results. UN DESA/POP/2024/TR/NO. 9. New York: United 

Nations; 2024 [accessed 2025 Apr 5]. https://www.un.org/ 

development/desa/pd/content/World-Population-Prospects-2024
United Nations Department of Economic and Social Affairs, 

Population Division. World Population Prospects 2022: 

Summary of Results. UN DESA/POP/2022/TR/NO. 3. New York: 

United Nations; 2022 [accessed 2025 Apr 5]. https://www.un. 

org/development/desa/pd/content/World-Population-Prospects- 

2022
Vancanneyt G, Yanofsky M, Kempin S. Methods and means for delay

ing seed shattering in plants. United States Patent Number 

7,717,850; 2010.
Went FW. Wuchsstoffe und wachstum. Recueil des Travaux Botaniques 

Néerlandais. 1928:25(1):1–116. https://doi.org/10.1007/bf01506855
Whitewoods CD, Cammarata J, Venza ZN, Sang S, Crook AD, Aoyama 

T, Wang XY, Waller M, Kamisugi Y, Cuming AC, et al. CLAVATA 

was a genetic novelty for the morphological innovation of 3D 

8 | The Plant Cell, 2025, Vol. 37, No. 5

https://doi.org/10.1146/annurev.ge.21.120187.000521
https://doi.org/10.1126/science.1066609
https://doi.org/10.1007/s10142-005-0145-2
https://doi.org/10.1007/s10142-005-0145-2
https://doi.org/10.1146/annurev-arplant-042809-112259
https://doi.org/10.1007/s00239-004-0046-3
https://doi.org/10.1007/s00239-004-0046-3
https://doi.org/10.1104/pp.111.173997
https://doi.org/10.17226/12054
https://doi.org/10.1111/j.0105-2896.2004.0119.x
https://doi.org/10.1111/j.0105-2896.2004.0119.x
https://doi.org/10.1038/nrmicro1987
https://doi.org/10.1038/nrmicro1987
https://doi.org/10.1016/j.cell.2017.03.027
https://doi.org/10.1038/22307
https://doi.org/10.3389/fenrg.2022.793776
https://doi.org/10.1371/journal.pgen.1000843
https://doi.org/10.1099/mic.0.27437-0
https://doi.org/10.1099/mic.0.27437-0
https://doi.org/10.1111/nph.13687
https://doi.org/10.1093/plcell/koaa038
https://doi.org/10.1038/s41477-023-01489-8
https://doi.org/10.1146/annurev.ge.09.120175.000551
https://doi.org/10.1016/j.tplants.2013.10.006
https://doi.org/10.1016/j.tplants.2013.10.006
https://doi.org/10.1093/plcell/koaf036
https://doi.org/10.1093/plcell/koaf036
https://doi.org/10.1186/s13007-024-01235-x
https://doi.org/10.1186/s13007-024-01235-x
https://doi.org/10.1016/s0092-8674(00)80700-x
https://doi.org/10.1016/s0092-8674(00)80700-x
https://doi.org/10.1038/nrg927
https://doi.org/10.1242/dev.133645
https://doi.org/10.1016/j.cell.2017.04.032
https://doi.org/10.1016/j.cell.2017.04.032
https://doi.org/10.1126/scitranslmed.aaq1787
https://doi.org/10.1126/science.282.5393.1490
https://doi.org/10.1126/science.282.5393.1490
https://doi.org/10.1093/plcell/koaf059
https://www.un.org/development/desa/pd/content/World-Population-Prospects-2024
https://www.un.org/development/desa/pd/content/World-Population-Prospects-2024
https://www.un.org/development/desa/pd/content/World-Population-Prospects-2022
https://www.un.org/development/desa/pd/content/World-Population-Prospects-2022
https://www.un.org/development/desa/pd/content/World-Population-Prospects-2022
https://doi.org/10.1007/bf01506855


growth in land plants. Curr Biol. 2018:28(15):2365–2376.e5. https:// 
doi.org/10.1016/j.cub.2018.05.068

Wimalanathan K, Lawrence-Dill CJ. Gene ontology meta annotator 
for plants (GOMAP). Plant Methods. 2021:17(1):54. https://doi.org/ 
10.1186/s13007-021-00754-1

Woodward AW, Bartel B. Biology in bloom: a primer on the Arabidopsis 
thaliana model system. Genetics. 2018:208(4):1337–1349. https://doi. 
org/10.1534/genetics.118.300755

Wu M, Bian X, Huang B, Du Y, Hu S, Wang Y, Shen J, Wu S. HD-Zip pro
teins modify floral structures for self-pollination in tomato. Science. 
2024:384(6691):124–130. https://doi.org/10.1126/science.adl1982

Xu C, Liberatore KL, MacAlister CA, Huang Z, Chu Y-H, Jiang K, 
Brooks C, Ogawa-Ohnishi M, Xiong G, Pauly M, et al. A cascade 
of arabinosyltransferases controls shoot meristem size in toma
to. Nat Genet. 2015:47(7):784–792. https://doi.org/10.1038/ng.3309

Xue W, Xing Y, Weng X, Zhao Y, Tang W, Wang L, Zhou H, Yu S, Xu C, 
Li X, et al. Natural variation in Ghd7 is an important regulator of 
heading date and yield potential in rice. Nat Genet. 2008:40(6): 
761–767. https://doi.org/10.1038/ng.143

Yadav RK, Perales M, Gruel J, Girke T, Jönsson H, Reddy GV. 
WUSCHEL protein movement mediates stem cell homeostasis 

in the Arabidopsis shoot apex. Genes Dev. 2011:25(19):2025–2030. 

https://doi.org/10.1101/gad.17258511

Yaschenko AE, Alonso JM, Stepanova AN. Arabidopsis as a model for 

translational research. Plant Cell. 2024:koae065. https://doi.org/ 

10.1093/plcell/koae065
Ye H, Fussenegger M. Optogenetic medicine: synthetic therapeutic sol

utions precision-guided by light. Cold Spring Harb Perspect Med. 

2019:9(9):a034371. https://doi.org/10.1101/cshperspect.a034371
Zeng R, Shi Y, Guo L, Fu D, Li M, Zhang X, Li Z, Zhuang J, Yang X, Zuo J, 

et al. A natural variant of COOL1 gene enhances cold tolerance 

for high-latitude adaptation in maize. Cell. 2025:188(5):1315–

1329.e13. https://doi.org/10.1016/j.cell.2024.12.018
Zhang X, Meng W, Liu D, Pan D, Yang Y, Chen Z, Ma X, Yin W, 

NiuM, Dong N, et al. Enhancing rice panicle branching and 

grain yield through tissue-specific brassinosteroid inhibition. 

Science. 2024:383(6687):eadk8838. https://doi.org/10.1126/science. 

adk8838
Zhu H, Li C, Gao C. Applications of CRISPR–Cas in agriculture and 

plant biotechnology. Nat Rev Mol Cell Biol. 2020:21(11):661–677. 

https://doi.org/10.1038/s41580-020-00288-9

In defense of funding foundational plant science | 9

https://doi.org/10.1016/j.cub.2018.05.068
https://doi.org/10.1016/j.cub.2018.05.068
https://doi.org/10.1186/s13007-021-00754-1
https://doi.org/10.1186/s13007-021-00754-1
https://doi.org/10.1534/genetics.118.300755
https://doi.org/10.1534/genetics.118.300755
https://doi.org/10.1126/science.adl1982
https://doi.org/10.1038/ng.3309
https://doi.org/10.1038/ng.143
https://doi.org/10.1101/gad.17258511
https://doi.org/10.1093/plcell/koae065
https://doi.org/10.1093/plcell/koae065
https://doi.org/10.1101/cshperspect.a034371
https://doi.org/10.1016/j.cell.2024.12.018
https://doi.org/10.1126/science.adk8838
https://doi.org/10.1126/science.adk8838
https://doi.org/10.1038/s41580-020-00288-9

	In defense of funding foundational plant science
	Deep knowledge of plants is essential for our future: sustainable agriculture, climate change, and ecosystem services
	The role of Arabidopsis moving forward—Why not just work directly in crop plants?
	Need for basic research in all plants, including crops
	Transformative applications arise from fundamental research
	Because plants are primary to human life, it is essential that we humans understand them
	Acknowledgments
	Funding
	References


