
 

Wood formation can now be followed in real-
time—and possibly serve the climate of
tomorrow
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Visualization of cell wall patterns. Credit: Dr. René Schneider
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A genetic engineering method makes it possible to observe how woody
cell walls are built in plants. The new research in wood formation,
conducted by the University of Copenhagen and others, opens up the
possibility of developing sturdier construction materials and perhaps
more climate efficient trees.

The ability of certain tree species to grow taller than 100 meters is due to
complex biological engineering. Besides needing the right amounts of
water and light to do so, this incredible ability is also a result of cell walls
built sturdily enough to keep a tree both upright and able to withstand
the tremendous pressure created as water is sucked up from its roots and
into its leaves.

This ability is made possible by what are known as the secondary cell
walls of plants. Secondary cell walls, also known as xylem or wood, are
built according to a few distinct and refined patterns that allow wall
strength to be maintained while still allowing connecting cells to
transport water from one to the other.

How these wall patterns are built has been a bit of a mystery. Now, the
mystery is starting to resolve. For the first time, it is possible to observe
the process of woody cell wall pattern formation within a plant—and in
real-time no less. A team of international researchers, including
Professor Staffan Persson of the University of Copenhagen, has found a
way to monitor this biological process live, under the microscope. The 
scientific article for the study is published in the renowned journal, 
Nature Communications.

This opens up the possibility of manipulating the building process and
perhaps even making plant xylem stronger—a point that shall be
returned to.

A genetic trick makes it possible to observe wood
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formation in real-time

Because wood forms in tissue that is buried deep inside the plant, and
microscopes work best on the surfaces of objects, the wood-forming
process is difficult to observe. To witness it in action, researchers needed
to apply a genetic trick. By modifying the plants with a genetic switch,
they were able to turn on wood formation in all cells of the
plant—including those on the surface. This allowed them to observe the
wood formation under a microscope in detail and in real time.

Cell walls consist mainly of cellulose, which is produced by enzymes
located on the surface of all plant cells. Generally speaking, the process
involves the orderly arrangement of protein tubes—known as
microtubules—at the surface of the cells. The microtubules serve as
tracks along which the wall producing enzymes deposit construction
material to the wall.

"One can imagine the construction process as a train network, where the
train would represent the cellulose-producing enzymes, as they move
forward while producing cellulose fibers. The microtubules, or rails,
steer the direction of the proteins, just like train rails. Interestingly,
during the formation of woody cell walls these 'rails' need to change
their organization completely to make patterned walls—a process that
we now can follow directly under our microscopes" explains Staffan
Persson, of UCPH's Department of Plant and Environmental Sciences.

Taller trees and sturdier building materials

"We now have a better understanding of the mechanisms that cause the
microtubules to rearrange and form the patterns. Furthermore, we can
simulate the wall pattern formation on a computer. The next step is to
identify ways that allows us to make changes to the system. For example,
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by changing patterns," suggests Persson.

First author, Dr. Rene Schneider adds, "Changing the patterns can alter
the ways in which a plant grows or distributes water within it, which can
then go on to influence a plant's height or biomass. For example, if you
could create trees that grow differently by accumulating more biomass,
it could potentially help slow the increase in carbon dioxide in the
atmosphere."

In the longer term, Persson suggests that one of the most obvious
applications is to manipulate biological processes to develop stronger or
different woody construction materials.

"If we can change both the chemical composition of cell walls, which we
and other researchers are already working on, and the patterns of cell
walls, we can probably alter wood strength and porosity. Sturdier
construction materials made of wood don't just benefit the construction
industry, but the environment and climate as well. They have a smaller
carbon footprint, a longer service life and can be used for manifold
purposes. In some cases, they may even be able to replace energy-
intensive materials like concrete," says Persson, whose background as a
construction engineer compliments his plant biology background.

He also points to potential applications in the development of cellulose-
based nanomaterials. These are gaining ground in medicine, where
cellulose-based nanomaterials can be used to efficiently transport
pharmaceuticals throughout the body.

However, these applications would first require further knowledge in
how we can manipulate secondary walls and implementation of the
knowledge in trees or other useful crop plants as much of our research is
conducted in model plant organisms, such as thale cress, underscores
both Staffan Persson and Rene Schneider.

4/5



 

  More information: René Schneider et al, Long-term single-cell
imaging and simulations of microtubules reveal principles behind wall
patterning during proto-xylem development, Nature Communications
(2021). DOI: 10.1038/s41467-021-20894-1
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