Don’t fear the reaper: Tracing the organized breakdown
of dying cells in the lateral root cap
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Is there life after death? The answer is a resounding yes for
the developing Arabidopsis root cap. Although death might
seem like the polar opposite of growth, the timely demise
and subsequent removal of older cells at the lateral root
cap (LRC) is an essential part of root growth and differenti-
ation. When it is time to die, the terminally differentiated
cell prepares itself by transcriptionally activating relevant
genes. The transcription factor SOMBRERO controls pro-
grammed cell death (PCD) as a part of the LRC differenti-
ation program to maintain proper root cap size (Fendrych
et al. 2014). After preparation at the genetic level, a “death
sentence” trigger initiates a cascade of events for the execu-
tion of PCD. Internal structures like the vacuole collapse,
caustic enzymes are released, the cytosol acidifies, and the
plasma membrane (PM) becomes more permeable. Finally,
the leftover cellular debris is cleared to make room for differ-
entiating cells (Huysmans et al. 2017). When older LRC cells
that have served their purpose do not undergo PCD, they
hinder developing cells from differentiating and alter LRC
size (Fendrych et al. 2014).

We have only scratched the surface of this highly intricate
process, and many outstanding questions about developmen-
tal PCD (dPCD) at the LRC remain unanswered: What is the
triggering stimulus that initiates the cascade of dPCD
events at the LRC in the first place? Is there a specific order
in which the cellular components decompartmentalize?
Which of these events are under the control of SMB?
Using a combination of live-cell imaging, transmission elec-
tronic microscopy, and pharmacological manipulation of
wild-type, mutant and transgenic lines, Jie Wang and col-
leagues (Wang et al. 2024) connect the dots and map the

spatio-temporal sequence of events that occur during
dPCD at the LRC (Figure).

Rapid calcium (Ca®*) influx into the cytosol and its acidifica-
tion is a prerequisite to dPCD (Wilkins et al. 2015). Using ratio-
metric biosensors, the authors find that transient increases in
cytosolic protons (H") and Ca®* levels are necessary and suffi-
cient to trigger death in LRC cells. By subsequently tracing
the diffusion of markers out of their cellular compartments,
the authors find that the first organelle to disintegrate is the
mitochondria, followed by the near simultaneous collapse of
the endoplasmic reticulum and nuclear envelope. Rupture of
the hydrolase-rich vacuole occurs several minutes later followed
by the clearance of post-PCD debris by extracellular vesicles
(Wang et al. 2024). Each sequential decompartmentalization
process is impaired or delayed in the smb-3 mutant, which un-
derscores the importance of SMB as an upstream regulator of
dPCD and LRC differentiation.

Fendrych et al. (2014) previously noticed that cellular acid-
ification is followed by increased permeability of the PM.
Now, Wang et al. (2024) note that although the PM is modi-
fied and sheds membrane-bound proteins from its cytosolic
side, its permeability is selective and partial even after late-
stage vacuolar collapse. They go on to posit that the intact
plant PM during PCD might serve to quarantine caustic en-
zymes away from healthy cells. The observation of an imper-
meable PM during plant PCD akin to the maintenance of
animal apoptotic PM is surprising and exciting in the light
of controversies on how PCD differs between the two king-
doms (Minina et al. 2021).

The Arabidopsis LRC is the site of an important
dPCD-based differentiation program that can be easily

Received December 12, 2023. Accepted December 18, 2023. Advance access publication December 23, 2023
© The Author(s) 2023. Published by Oxford University Press on behalf of American Society of Plant Biologists.

Open Access

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and

reproduction in any medium, provided the original work is properly cited.

$20Z ey €0 uo Jasn jasieAluNsynIqiueT] seblLaAg AQ 888261 //66./7/9E/a1on4./|182]1d/wod dno olwapeoe//:sdny wol) papeojumod


https://orcid.org/0000-0001-7040-0913
mailto:sonhita.chakraborty@slu.se
https://creativecommons.org/licenses/by/4.0/

800 THE PLANT CELL 2024: 36; 799-800

Chakraborty

| o e ) e et IR

— _::—-__
cell clearance zone

g gf% —®Nliation  PCD buildup PCD
ige
Preparation < Trigger

Execution =

i~

Clearance «~

Transcriptional Mitochondrial ER and NE
control and PCD leakage, ion flux leakage
prepardness by and cytosolic
SMB acidification
- hours - 3 minutes + 0 minutes

@ Propidium
- iodide enters @

the nucleus

Selective PM Vacuolar PM maintence and
permeabilization collapse and PM  corpse clearance by
maintenance extracellular
vesicles
+ 10 minutes + 12 minutes + hours

Figure. An overview of the events that occur during PCD at the LRC. (1) PCD preparation starts with transcriptional control by SMB. (2) lon flux
from unknown sources serves as a trigger for the execution of PCD and is accompanied by mitochondrial leakage. (3) Concurrent leakage of the
endoplasmic reticulum and nuclear envelope is followed by (4) selective PM permeabilization and entry of nonmembrane permeable propidium
iodide. (5) Vacuolar collapse within an intact PM gives way to (6) post-PCD corpse clearance by blebbing extracellular vesicles. Adapted and modi-
fied from Fendrych et al. (2014), Graphical Abstract & Wang et al. (2024), Figure 8.

manipulated, imaged, and studied. After much systematic ex-
perimentation of root cap cells, Wang et al. (2024) put forth a
simple yet elegant model for dPCD at the LRC that is initiated
by cytosolic acidification, progresses with gradual and or-
dered cellular decompartmentalization within an intact
PM, and ends with postmortem clearance (Figure). These
dPCD events are genetically under the control of the tran-
scription factor SMB. The discovery of genetic regulators
that work in concert with SMB will provide a more compre-
hensive understanding of the molecular mechanisms and
timing of each decompartmentalization event. Needless to
say, this work brings us closer to the “root” of dPCD signaling
by disentangling the myriad of cellular events.
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