From the archives: Lignin chemistry and vascular cell
capacity, chromosome organization in rice meiosis,
and circadian clock setting by imbibition
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December 2022: Lignin chemistry and vascular
cell capacity

Lignin is a biopolymer in the cell walls of most land plants.
Besides its key role in structural support, it is required for
water conduction and serves as a physical barrier against
pathogens. Lignin is assembled from a wide variety of mono-
mers, and its composition greatly varies among plant species,
tissues, and cell types (Vanholme et al. 2019). Ménard et al.
(2022) demonstrated the importance of lignin biochemistry
in different tracheary element (TE) morphotypes in the plant
xylem. Because these cells die before becoming functional, it
was long believed that they were unable to adapt to develop-
mental and environmental constraints. However, the
authors demonstrated that TEs continue to accumulate lig-
nin for more than 40 days postmortem, resulting in en-
hanced cell wall stiffness and resistance against negative
pressure. All TE morphotypes had specific lignin biochemis-
tries, differing in the amount of lignin, the chemical compos-
ition of the lignin units, and their position in longer
monomers. Interfering with lignin levels and composition
through pharmacologic and genetic approaches resulted in
dramatic effects on sap conduction and the ability of plants
to recover from drought stress (see Figure). This work
showed that postmortem, dynamic fine-tuning of lignin bio-
chemistry is an essential aspect of plant responses to devel-
opmental and environmental cues. More recent work of the
same research group revealed that the cell type specificity of
lignin chemistry is determined by combinations of different
laccases (Blaschek et al. 2023).

December 2018: Chromosome organization

in rice meiosis

Meiosis is crucial for sexual reproduction in eukaryotes and con-
sists of 1 round of DNA replication followed by 2 rounds of
chromosome segregation, resulting in the formation of haploid
gametes. The first stage of meiotic prophase |, termed leptotene,
is characterized by the gradual loading of cohesin onto the chro-
mosomes to assemble them into thin, thread-structured units.
Furthermore, repair of double-stranded DNA breaks (DSBs) is in-
itiated during leptotene, enabling meiotic recombination. In
2018 Zhao et al. (2018) provided evidence for the key role of
OsRR24/LEPTOTENE1 (LEPTO1), a type-B response regulator,
in leptotene chromosome organization in rice. Response regula-
tors are proteins that regulate cellular responses to environmen-
tal cues as part of 2-component signal transduction systems
and are involved in a wide variety of cellular responses. The
authors revealed that recruitment of meiosis-specific proteins
and formation of meiotic DSBs was disturbed in the leptoT mu-
tant, resulting in the abolishment of meiotic recombination.
Furthermore, they showed that LEPTO1 is required for mega-
sporogenesis and that it likely functions as a transcriptional acti-
vator. Yeast 2-hybrid assays demonstrated that LEPTO1 interacts
with 2 authentic histidine phosphotransferase (AHP) proteins,
which are members of the heat shock protein family. As such,
AHP-mediated phosphorylation could be involved in regulating
LEPTO1 activity. A year later, another research group confirmed
these results in an independent study on another allelic sterile
rice mutant of the same gene, which they termed DEFECTIVE
LEPTOTENE CHROMOSOMET (DLCT) (Tao et al. 2019).
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Figure. Lignin structure of TEs is fine-tuned during the postmortem
maturation of TE morphotypes, enabling dynamic adjustment of their
conductive and load-bearing properties to changing developmental
and environmental conditions. Parenchymatic cells are collapsed by air
drying, which mimics drought by exposing the cells to large water poten-
tial differences (scanning electron micrograph, upper panel). During
postmortem lignification, there is a gradual increase in resistance to col-
lapse, with the majority of 50-day-old TEs remaining completely intact
(lower panel). Adapted from Ménard et al. (2022), Figure 2.

December 1998: Imbibition sets the circadian
clock

Rotation of the Earth induces cyclic variation of environmen-
tal factors such as light and temperature throughout the day.
An endogenous biological clock, also called circadian clock
(from the Latin circa diem), is found in virtually all kingdoms
of life and enables organisms to coordinate their growth, de-
velopment, and metabolism with these diurnal cycles. In hu-
mans, the circadian clock plays essential roles in the
regulation of sleep-wake cycles, and its dysregulation is linked
to multiple pathologies. In plants, correct functioning of the
clock is required to coordinate photosynthesis with light avail-
ability, but several other biological processes are also regulated
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by the clock. This is reflected by the observation that at least
30% of all plant genes show circadian expression patterns
(Johansson and Koster 2019). The catalase (CAT) gene family
in Arabidopsis is a well-known example. Whereas CATT tran-
scripts do not show rhythmic patterns throughout the day,
CAT2 and CAT3 mRNA levels peak at dawn and dusk, respect-
ively. In 1998, Zhong et al. (1998) investigated how the circa-
dian clock is initiated in Arabidopsis through kinetic
measurements of CAT2 expression. They found that CAT2
transcript levels were rapidly induced upon transfer of etiol-
ated seedlings to light and that the amplitude of this induc-
tion showed a circadian rhythm, which was synchronized
among individual seedlings. Further analyses revealed that
the onset and synchronization of the circadian clock were af-
fected by the timing of imbibition but not by the release from
stratification. Ten years later, a study by the same research
group showed that circadian expression patterns observed
in the first 2 days after imbibition depend on a set of 6 clock
genes. Furthermore, the authors demonstrated that light is
not required for initiation and synchronization of the clock
but that it does strengthen the amplitude of the rhythmic pat-
terns observed (Salomé et al. 2008). Not surprisingly, circadian
clock regulation is still the topic of many studies today and
continues to amaze us “time after time.”

Conflict of interest statement. None declared.

References

Blaschek L, Murozuka E, Serk H, Ménard D, Pesquet E. Different com-
binations of laccase paralogs nonredundantly control the amount
and composition of lignin in specific cell types and cell wall layers
in Arabidopsis. Plant Cell. 2023:35(2):889-909. https://doi.org/10.
1093/plcell/koac344

Johansson M, Koster T. On the move through time—a historical re-
view of plant clock research. Plant Biol. 2019:21(51):13-20. https://
doi.org/10.1111/plb.12729

Ménard D, Blaschek L, Kriechbaum K, Lee CC, Serk H, Zhu C,
Lyubartsev A, Nuoendagula BZ, Bergstrom L, Mathew A, et al.
Plant biomechanics and resilience to environmental changes are con-
trolled by specific lignin chemistries in each vascular cell type and
morphotype. Plant Cell. 2022:34(12):4877-4896. https://doi.org/10.
1093/plcell/koac284

Salomé PA, Xie Q, McClung CR. Circadian timekeeping during early
Arabidopsis development. Plant Physiol. 2008:147(3):1110-1125.
https://doi.org/10.1104/pp.108.117622

Tao Y, Chen D, Zou T, Zeng ), Gao F, He Z, Zhou D, He Z, Yuan G, Liu
M, et al. Defective Leptotene Chromosome 1 (DLC1) encodes a
type-B response regulator and is required for rice meiosis. Plant J.
2019:99(3):556-570. https://doi.org/10.1111/tpj.14344

Vanholme R, De Meester B, Ralph }, Boerjan ). Lignin biosynthesis and
its integration into metabolism. Curr Opin Biotechnol. 2019:56:
230-239. https://doi.org/10.1016/j.copbio.2019.02.018

Zhao T, RenL, Chen X, YuH, LiuC, Shen Y, Shi W, Tang D, DuG, Li Y,
et al. The OsRR24/LEPTOT1 type-B response regulator is essential for
the organization of leptotene chromosomes in rice meiosis. Plant
Cell. 2018:30(12):3024-3037. https://doi.org/10.1105/tpc.18.00479

Zhong HH, Painter JE, Salomé PA, Straume M, McClung CR.
Imbibition, but not release from stratification, sets the circadian
clock in Arabidopsis seedlings. Plant Cell. 1998:10(12):2005-2017.
https://doi.org/10.1105/tpc.10.12.2005

£20Z JaqWIBAON G| U0 Jasn Alsianiun 1esseH Aq Z9E62E//.9ZPeo)/1901d/S601°0 L /10p/a]o1ie-a0ueApe/||99|d/woo dno oiwapeose//:sdiy Woll papeojumoc]



