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(1) Long-term goal of laboratory and research background 
Many plants can continue growing throughout their lifetimes. Stem cells play a crucial role in plants' 
continuous growth, with cambium stem cells in particular serving as the driving force behind secondary 
growth, contributing to the gigantism of terrestrial plants. Cambium stem cells perform remarkably diverse 
functions by maintaining themselves while differentiating into various cell types, coordinating with 
surrounding cells to modulate their activity in response to environmental factors such as the seasons. 
However, many underlying mechanisms remain unexplained. Our research unit aims to elucidate these 
mechanisms, thereby understanding the plant-specific nature of growth at the cellular level and exploring 
the differences in survival strategies between plants and animals. 

 

(2) Current research activities (FY2024) and plan 
(A) Elucidation of a novel molecular mechanism governing secondary growth in plants 
This unit has previously studied the secondary 
growth process in plant hypocotyls (Figure 1) from a 
developmental biology perspective. In October 2024, 
we relocated from the University of Potsdam, 
Germany, to the RIKEN Centre for Sustainable 
Resource Science (Yokohama Office). 
Previously, using single-nucleus RNA-seq analysis, 
we elucidated cell type-specific gene expression 
patterns during secondary growth in Arabidopsis 
thaliana hypocotyls and reported these findings in a 
preprint (Zhao et al., bioRxiv, DOI: 
10.1101/2023.04.05.535530, 2023). This year, we 
also presented these findings at an international 
conference (Research achievements 3). 
 

Future plan, 1) Single-cell RNA-seq analysis has identified a novel xylem-specific CLE gene. The CLE 
peptide family comprises over 30 genes identified in Arabidopsis thaliana, reported to perform various 
functions. While CLEs expressed in the phloem have been shown to regulate secondary growth, the 
function of xylem-expressed CLE genes remains unknown. Future work aims to elucidate the function of 
this CLE gene during secondary growth. By combining a localised gene manipulation system with 
immunostaining to visualise peptide localisation within tissues, we seek to quantitatively determine 
peptide dynamics in vivo and deepen our fundamental understanding of peptide hormone signalling. 

 

(B) Further development of single-cell RNA-seq analysis technology in plants  
Single-cell analysis is a high-resolution analytical technique that enables the acquisition of gene expression 
information, previously only studied at the tissue level, at the single-cell level. It is a powerful tool for 
tissues where various cell types are intermingled and cannot be isolated by dissection. Our unit reported 
the findings revealed using single-cell analysis in the aforementioned preprint. However, single-cell 
analysis in plants faces inherent technical obstacles, and its application remains limited at present. This 
year, we published a review summarising key considerations for performing single-cell analysis in plants, 
alongside technical introductions (Research achievements 1 and 2), thereby sharing the insights and 
techniques gained to date. 

Future plan, One reason why single-cell analysis remains challenging across various plant species is the 
high cost involved. By advancing technological developments such as multiplexing, we aim to reduce the 
cost per analysis while simultaneously developing techniques that enable single-cell analysis across 

 

Figure 1 Schematic diagram of secondary growth of 
Arabidopsis thaliana hypocotyl 



diverse plant species and tissues. 

 

(C) Control mechanisms of the cambium in Trees 
In trees, cambial stem cells are the most abundant stem cells present throughout the plant body. However, 
much remains unclear about how these stem cells coordinate their self-renewal and differentiation 
throughout the seasons to generate functional tissues. 

Future plan, Using poplar as a model tree species, research will be conducted to elucidate the control 
mechanisms of the cambium.  
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