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Brief Introduction 
Fiber cells are the main constituent of wood. These fibers provide the wood with mechanical strength to resist external sources of mechanical stress such a wind. They are also crucial to allow and support the growth in height of the trees. But more importantly, they have a high economic importance as they are the basic constituent of most of the wood derived products. Fibers are extracted from the wood by a process called pulping that separates all these cells into independent fiber cells. They can then be reassembled as paper, and fibers are increasingly used in new emerging applications such as in bio-composites, smart papers and new packaging and materials.
In this context, climate change forces us to rethink how we use and manage our resources. We need to move from a fossil-based to a bio-based economy, taking advantage of renewable biomass. Wood-based products contribute to mitigating climate change, forming a storage pool of wood-based carbon and substituting environmentally damaging sources of material and energy such as fossil fuels. At the same time, the demand for suitable wood production land is increasing, while this resource is not unlimited and there is also an ecological and societal need for natural preservation of unmanaged woodland. The proposed research will contribute to optimize the use of forest resources, by proposing an alternative in the long term for the generation of fibers cells in highly productive and dense production systems. Fibers produced in this manner would not require the energy costly extraction from actual wood and could be directly used to assemble materials with tunable properties.
Our ambitious aim in this project was to establish for the first-time in vitro plant cell cultures that can generate fiber cells through cell differentiation. Despite repeated effort we couldn’t reproduce some of the previously published work on wood-like cell differentiation and encountered issues when working with protoplast which led us to partially shift the focus of the project in studying wall regeneration after protoplasting on one end and studying cell differentiations on cell cultures on the other hand. Ultimately, we established a very useful pipeline to improve culture conditions for protoplast wall regeneration, new cell lines to study differentiation of vessels and fibers, new microfluidic devices to study the effect of applied mechanical constrains on differentiation and new imaging and processing workflow to track cells morphology before and during differentiation. Overall, this work significantly increases the toolset available for basic understanding of cell differentiation, fiber cell formation but also could lead to biotechnological applications.

Project management (key points):
· The grant serves to fund about half of a PhD student salary over 4 years (and running cost). 
· The rest of the PhD student salary and part of the overheads is covered by cofounding from the department of forest genetics and plant physiology of SLU, Umeå.
· A PhD student, Léa Bogdziewiez was recruited in December 2020.
· The PhD student dedicates half of her time to the Åforsk project (20-502).
· The PhD student took 9 months of parental leaves in 2022, moving the end date of the PhD to September 2025.
· This grant and the work it allowed us to develop also provided key preliminary results that were instrumental in recently obtaining a KAW research project grant (as co-applicant). In turn one post doc will join my group to continue and develop some projects building on the basis of what has been initiated by this Åforsk grant so far.

Updates 2024:
· The PhD student continues to provide key background work for the establishment of fiber cell culture.
· Part of the work is now carried out in collaboration with a postdoc recently recruited on the KAW grant.

Updates 2025:
- The work continued successfully with the publication of part of the work in the Journal Plant Direct
- PhD student successfully defended in October 2025.
- Additional work is ready for submission while other has been taken over by a postdoc in the group via the KAW project (as mentioned above).
- Results of this work, including the publication, led to multiples contacts with companies interested with the work we have developed, as well as request to join large network grant applications on this theme.

Results
The project embarked on ambitious goals, necessitating the development and optimization of various laboratory techniques. Several key components of the project faced challenges and required innovative problem-solving.
Isolation of Individual Cells: Initially, the plan was to isolate cells from the poplar vascular cambium. Unfortunately, sterile, healthy cells for in vitro cell culture proved difficult to obtain from greenhouse-grown trees. Despite intensive efforts to establish a sterile cell isolation protocol, we did not succeed in regenerating cell walls. This led us to explore alternatives, ultimately working with Arabidopsis habituated cell cultures. This system will allow us to investigate fiber cell differentiation under mechanical constraints, aligning with the project's original objectives.
Growth Conditions for Single Cell Wall Regeneration: Although existing literature provided guidance, we encountered difficulties in finding cell wall regeneration protocols that worked effectively in our specific laboratory conditions. Collaboration and adaptation of protocols were required to optimize the technique for our unique environment.
Sorting of Cells with Regenerated Walls: To address the relatively low yield of cells with regenerated cell walls after single cell isolation, we adopted Fluorescence-Activated Cell Sorting (FACS). This enabled us to isolate cells with regenerated cell walls while discarding other cells. The technique also allowed us to selectively choose cells by size or other characteristics of interest.

Microfluidic Devices: In parallel with our biological efforts, we successfully developed custom-made microfluidic chips for cell culture and tracking. These chips facilitated long-term observation and provided the necessary conditions for experiments, contributing positively to the project's goals.
Microfluidic Devices for Cell Compression: Custom-made microfluidic chips were designed to enable both short-term and long-term compression experiments. These chips feature channels for cell growth, division, and self-compression as originally proposed in the project. Additionally, a 3D dual-chamber design was designed to allow for precise air-based cell compression. In parallel, we tested the "agar squeeze" device, developed by another research team, which showed promise in cell compression, despite its lower precision.
Despite challenges in the biological aspects of the project, substantial progress has been made in developing microfluidic devices. The issues related to cell wall regeneration are being addressed, and the project is now poised to test fiber differentiation and the effects of single cell compression with transcriptomic analysis

Updates 2024: 
A novel workflow for signle cell wall regeneration and signle cell applications: In previous years of the project we worked on finding proper growth condictions for cell wall regeneration (“Growth Conditions for Single Cell Wall Regeneration”) and finally turned to the use of facs sorting to sort the subset of cells with regenerated cell walls (“Sorting of Cells with Regenerated Walls”). While facs sorting works efficienlty we later on encountered issues with the facs instrument being out of order. We thus developed an alternative approach to quantify cell viability, cell wall regeneration and cell morphometric parameters. We used this new high throughput imaging and image processing worklow to screen several new growth conditions and finally identified a medium with high cell wall regeneration efficiency that allows us to obtain many more cells amenaeble for single cell differentiation studies. We also combined this approach with a novel approach to select cells with regenerated wall. We simply use a mild osmotic shock that leads to the bursting of protoplast while cells with a regenerated wall remain intact, effectively yeilding a population of cells with regenerated walls. We are now finalizing the publication reporting this novel approach, in which we also demonstrate use cases for single cells after protoplasting and wall regeneration.
Hormonal and transcription factor induced cell differentiation in cell cultures: In parallel to the purely single cell approach, we have now turned to use cell culture (micro cell clusters), to circumvent the issue with protoplast cell wall regeneration. We originally aimed to used a seemingly well established approach of cell type differentiation by hormonal treatment on auxin habutiated cell cultures. This treatment was previously shown to induce vessel like cell differentiation. We have attempted to reproduce this experiment several times but so far have not succeded to reproduce this work. It appear that our cell culture may have lost the ability to differentiate. We are in the process of regenerating it to obtain a cell culture that is pluripotent again. In parallel we have be generating new genetic construct and using previously designed ones, that allow the expression or activation of transcription factors that regulate cell fate. For either hormonal or TF induced differentiation we ultimately aim to initate the differetiation process and then use the microfluidic devices we designed to apply mechnical constraints that will influence cell fate towards fiber identity rather than vessel.
Updates 2025: 
The Q‐Warg Pipeline: A Robust and Versatile Workflow for Quantitative Analysis of Protoplast Culture Conditions:  https://doi.org/10.1002/pld3.70090
We have finalized and published the work on the cell wall regeneration pipeline which has proven extremely usefull for our lab but also other groups which are starting to use the tool.
Cell differentiation in cell culture:
We have continued the development of new transgenic lines for inducible vessel like differentiation and the project in now globally being continued by a postdoc within the KAW project.
4D tracking cell morphology before and during differentiation:
We have now established the imaging and high-throughput and AI-assisted pipeline for the accurate tracking of cell shape and differentiation. This will allow us to understand whether and of physical and geometrical signals contribute the to the cell fate acquisition (also now continued within the KAW project).
PhD student graduation:
The PhD student supported 50% by this project has successfully graduated thanks to the work carried out in the frame of this project as well as other work (Other 50% of the project) focusing on plant cell adhesion quantification methods.

