
 

Study finds what gets plant roots to grow
strong
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To investigate the significance of autophagy, the researchers developed a mutant 
Arabidopsis (thale cress) plant in which it's autophagy was disabled which is
shown on the right. With an enzyme from fire flies the researchers made it
possible to distinguish the normal plant from the plant with it's autophagy
function disabled. The plant to the right hos fewer light areas and thereby fewer
potential places to grow new roots with it's autophagy function turned off.
Credit: Eleazar Rodriguez, Department of Biology, University of Copenhagen.
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A biological mechanism familiar to people who fast helps plant roots
grow strong. The discovery by University of Copenhagen scientists
provides an answer to a long-unanswered question and a deeper
understanding of the "mouths" of plants that can help to develop climate-
resilient crops.

Imagine eating with your feet and having half your body underground.
Such is the life of most plants, with roots as the mouths through which
they eat and drink. Roots also serve to anchor plants and keep them safe
in wind and rain. Indeed, roots are critical for a plant's life.

But many things remain unknown about the life of plants. How they
grow their roots big and strong has long been a question and there are
key pieces missing to the puzzle.

In a new study published recently, researchers from the University of
Copenhagen's Department of Biology share their discovery of how plants
control root growth.

It turns out that a beneficial clean-up mechanism in plant cells called
autophagy plays a key role. The same mechanism exists in humans and is
part of a popular health trend.

"Fasting has become popular as it seems to have a range of health-
promoting effects in humans, as periods without food cause the body to
activate a clean-up processes to dispose of various waste products in
cells. In our study, we have proven that the same mechanism, which also
exists in the plant kingdom, plays a vital role in the ability of plant roots
to grow and absorb water and nutrients for the rest of the plant," explains
Assistant Professor Eleazar Rodriguez from the Department of Biology,
who led the study.

Roots have a 'heartbeat'
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It has long been known that auxin, a plant hormone, controls plant
growth, root growth included. Auxin is a fuel for a kind of "heartbeat"
that beats in each and every root tip of a plant. Roughly every four to six
hours, auxin levels and the heartbeat in a plant's roots reach a maximum
that causes new roots to grow.

"The movement of a root is almost like watching a snake slithering
forward in search of water and nourishment in the soil. And we can see
that the heartbeat is strongest every time the root meanders forth," says
Rodriguez.

But how plants control their heartbeat so as to optimize root growth, has
remained an unanswered question. This is where the plant's internal
clean-up mechanism comes into the picture.

"In our experiments, we disabled the clean-up mechanism to understand
its significance. Imagine if every garbage collector in Copenhagen went
on strike—it wouldn't be long before trash filled the streets. The same
thing happened in the plant cells, as the heartbeats that drive root growth
became much weaker and went out of sync," explains Rodriguez.

Doing this allowed the researchers to conclude that the clean-up
mechanism helps keep levels of different biochemical components in
perfect balance to provide the most efficient root growth.
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Jeppe Ansbøl and Eleazar Rodriguez from Department of Biology. Credit:
Department of Biology.

Can help germinate new climate-resilient crops

According to the researchers, the new knowledge about plant roots may
prove important in the fight against climate change. Extended periods of
drought and floods are a new normal that place greater demands on food
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security. As such, the roots of the crops, which must be able to grow
even in these harsh conditions.

"Numerous methods to change the genetic characteristics of plants are
available today. These can be used to get plants to develop longer roots,
faster, and in doing so, become more resistant to droughts or floods. One
of the methods enlists the help of bacteria that live in symbiosis with the
plant and can cause the plant to change its growth pattern. Several
companies in Denmark are working on this right now," explains Ph.D.
student Jeppe Ansbøl who co-authored the study.

The new knowledge applies to all flowering plants and perhaps more,
according to the researcher. In principle, crops like tomatoes, potatoes,
rice, wheat and corn could be altered to grow more and denser roots,
because we now know how plants get their roots to grow.

"The more roots the plants have the more water and nutrients they can
take, so the plants grow better faster. We're heavily dependent on plants
because they feed us, extract CO2 from the atmosphere and produce the
oxygen we breathe. As such, it is extremely important to understand
them fully, to which end we have just taken a big step forward,"
concludes Rodriguez.

Causing the garbage collectors in cells to go on strike

Autophagy means "self-eating" and is a key mechanism when plants
develop roots. To investigate the significance of autophagy, the
researchers developed a mutant Arabidopsis (thale cress) plant in which
its autophagy was disabled.

At the same time, they made the ARF7 protein luminescent, which is the
protein that controls the auxin responses and which the plant cell's
garbage collectors clean up to provide optimal root growth. The plant's
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garbage collectors collect waste from cells and transport it to a kind of
recycling station in the plant called a vacuole.

"When we disrupted the plant's autophagy, there was waste everywhere,
and we were able to detect the ARF7 protein among the waste," says
Rodriguez.

  More information: Elise Ebstrup et al, NBR1-mediated selective
autophagy of ARF7 modulates root branching, EMBO Reports (2024). 
DOI: 10.1038/s44319-024-00142-5
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