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Defining plant cell biology—especially in multicellular organ-
isms—is not an easy task as it encompasses diverse tissues,
organs, and ultimately the whole organism and its interac-
tion with the environment. Events taking place at cellular
scale are a consequence of molecular mechanisms that drive
myriad processes occurring within and between single cells
and their compartments. Perhaps, for this reason, it is fitting
that The Plant Cell publishes in a broad range of topics. In
this Focus Issue, we go back to the “roots” of the journal,
that gave it its name, and turn our attention to the many
fascinating facets of plant cell biology. The 11 review papers
and 11 original research articles in this issue exemplify the
breadth of the field and highlight both established concepts
and recent achievements.

Much has changed in the 33 years since The Plant Cell
was founded in 1989. Although molecular techniques were
well established, researchers still largely studied one gene at
a time, using relatively crude assays such as RNA blots to
quantify gene expression. Arabidopsis research was gaining
traction, but researchers still lacked a complete genome se-
quence or knock-out libraries. Imaging tools and probes
were, by today’s standards, relatively limited; a further 5
years would pass before GFP was developed as a fluorescent
protein reporter. Today’s research tools provide extraordi-
nary insights into cell structure and function that were un-
imaginable in 1989, but also have opened new research
avenues such as the ability to view cellular dynamics in real
time in living cells and address questions about the roles of
stochasticity and emergent properties in cell biology. Thus,

we felt it was time to provide readers with an up-to-date
view of plant cell biology.

This Focus Issue has two types of review papers: a set of
eight traditional review papers, as well as three reviews that
each are a collection of vignettes contributed by several
authors. In the first of the vignette-style reviews, Kang et al.
(2022) offer visual insight into the structures that compose
plant cells, and present open questions related to plant cell
structure. In the Cheung et al. (2022) review, seven eminent
plant cell biologists offer first-hand narratives of several sem-
inal discoveries that helped shape the field. Lastly, in Roeder
et al. (2022), experts in a range of areas within the field of
plant cell biology formulate important outstanding ques-
tions to inspire future investigation.

The remaining reviews cover a broad range of topics at
both subcellular and supracellular scales. Gu and Rasmussen
(2022) provide an extensive overview of the cell biology un-
derlying primary cell wall biosynthesis. Codjoe et al. (2022)
focus on how plant cells sense and respond to physical
forces through the mechanobiology of the walls, plasma
membrane, and protoplast. Plant cells consist of many inter-
nal membrane structures, and Aniento et al. (2022) discuss
the endomembrane trafficking processes that organize,
maintain, and remodel these internal membrane structures.
A notable aspect of the organization of plant cells and their
membranes is the ability to define polar membrane
domains. Ramalho et al. (2022) present an overview of the
processes underlying plant cell polarity and its evolution. For
any multicellular plant, cell division must be connected to
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growth and cell identity. Sablowski and Gutierrez (2022) de-
scribe the mechanisms that control cell cycle progression,
cell growth, and cell fate. Zuch et al. (2022) integrate many
of the elements in each of these reviews in a developmental
context: the leaf epidermis. They discuss how cell division
plane, cell cycle, cell polarity, and growth are coordinated to
arrive at an organized multicellular structure. Since the de-
velopment of molecular biology, genomics, and transgenesis,
many cell biology studies have used flowering plant models
such as tobacco and Arabidopsis. However, many of the de-
velopmental processes in flowering plants are derived from
ancestral processes in early land plants. Naramoto et al.
(2022) discuss the insights gained and open questions in us-
ing the bryophytes Physcomitrium patens and Marchantia
polymorpha as models. The plant cell biology field has devel-
oped with the advent of methodologies that allow visualiz-
ing molecules and structures, and their dynamics. Colin
et al. (2022) discuss the development of methodologies that
enable present and future plant cell biologists to obtain a
quantitative and dynamic view of plant cells.

Besides insightful and inspiring review papers, the Focus
Issue contains 11 original research articles, of which two are
Breakthrough Reports. These two Breakthrough Reports pre-
sent crisp, shorter studies that are of exceptional novelty, or
that open new avenues of investigation. Duncombe et al.
(2022) describe the use of structured illumination micros-
copy (SIM) to track Arabidopsis Cellulose Synthase A
(CESA) particle movement in the plasma membrane. This
super-resolution approach provides new insight into the
particle density and velocity, as well as their variation.
Hacker et al. (2022) used a strategy revolving around
CRISPR/Cas mutant analysis to identify the proteins in
Arabidopsis that mediate the repair of DNA breaks and
DNA-protein crosslinks induced by stalled topoisomerase 2
cleavage complexes. While this mechanism was suspected to
exist in plants, its components had not yet been discovered.

The nine regular original research articles in this Focus
Issue span a range of topics at different levels of cellular or-
ganization. Noack et al. (2022) describe the identification
and characterization of a protein complex that acts as a
scaffold to target the Arabidopsis PI4 kinase alpha1 to mem-
brane nanodomains. Genetic analysis demonstrates a central
role of this complex, which thus controls local membrane
composition, in gametophyte and sporophyte development.
Chang et al. (2022) present an extensive cell biological and
genetic analysis of the Physcomitrium family of COPII coat
proteins belonging to the Sec23 and Sec24 families. Within
the Sec23 family, different isoforms have unique localization
and functions related to endomembrane trafficking, secre-
tion, and growth and development. The same COPII coat
protein complex is linked to PI3P and autophagy in
Arabidopsis by Kim et al. (2022). In this study, the FYVE2
PI3P-binding protein is found to interact both with the
COPII regulator SAR1, and with the ATG18A autophagy
protein. Ma et al. (2022) report the formation of membrane

nanodomains compartments containing Remorin proteins
upon pathogen perception in Arabidopsis. Remorin in these
clusters appears to undergo condensation, an example of
liquid–liquid phase separation. Through interaction,
Remorin concentrates the Formin protein, which causes lo-
cal Actin nucleation. In a second paper from the same
team, Minh Tran et al. (2022) report that outer membrane
vesicles from the pathogenic bacterium Xanthomonas cam-
pestris can fuse with the plasma membrane in Arabidopsis,
thus modifying host cell membrane properties. To complete
a set of papers on organelles and endomembrane compart-
ments, Liu et al. (2022) report an analysis of the FtsZ protein
which is involved in chloroplast division. The authors show
that weak membrane association through a newly identified
protein motif, coupled to protein polymerization, is suffi-
cient for membrane tethering and function. De Jaeger-Braet
et al (2022) used live imaging of male meiocytes in
Arabidopsis under normal and heat stress conditions to fol-
low progression of meiosis. Their study revealed the exis-
tence of a previously unknown checkpoint that is sensitive
to heat stress. Finally, two papers report on aspects of sto-
matal development and function. Yang et al. (2022a) reveal
an interesting link between cuticle formation and stomatal
patterning in Arabidopsis. Analysis of the transcription factor
MYB16 revealed that its downregulation by the SPCH tran-
scription factor is necessary to prevent excess cuticle forma-
tion and clustering of stomata. Yang et al. (2022b) describe
the analysis of the Arabidopsis stomatal closure-related
Actin-binding protein1 (SCAB1). This protein binds the
membrane phospholipid PI3P and thereby controls its ability
to oligomerize. As such, membrane PI3P influences Actin
bundling during ABA-induced stomatal closure.

Beyond this set of papers in the Focus Issue, a larger col-
lection of papers in the area of cell biology, published �1
year before or after this issue, will be bundled into a Focus
Collection. This Focus Issue, together with the Focus
Collection, showcases past and present insights, victories,
and successes in this research field. The field has progressed
immensely in the past decades, and we wonder what the
next 33 years have in store. If one thing has become clear, it
is that scientific progress, and thereby the development of a
research field, is difficult to predict. Who would have pre-
dicted the concepts and findings reported in this Focus
Issue 33 years ago? A key element of surprise is the develop-
ment of new technologies that bring new boundaries into
view, and challenges of which previously we were unaware.
It seems biology has gotten much more complex, and yet
we are also increasingly able to manage this complexity
through computational approaches, including artificial intel-
ligence. This latter development is also removing the
shackles inherent to the limitations of the human mind in
grasping complexity and thinking non-linearly. Perhaps the
field of cell biology will be revolutionized by the computer
sciences? We leave it to future Focus Issues to tell that
story.
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