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History
Plant development and the development of the human nervous system share many 
concepts and mechanisms. The general processes of growing new neurons and 
growing new parts of plants follow the same general steps.  Due to the large amount of 
similarities between these two processes, I am going to merge plant growing 
mechanisms with the biological process of neurogenesis, or creation of new neurons. 
This could have extremely important implications for the field of neuronal plasticity and 
adult neurogenesis. This could potentially be used as therapies for traumatic brain 
injuries, strokes, mental disorders, substance use disorders, developmental 
disabilities and neurodegeneration due to aging.1 Adult neurogenesis has been highly 
studied and only recently were scientists able to prove that new neurogenesis is 
happening in a mature brain. 

In addition to creating new neurons in the brain, I altered the brain to be sensitive to the 
signaling pathways and molecules that plants use to communicate with one another 
and within a single plant. These modifications allow us to introduce specific messages 
into the nervous system. I was also able to interpret the brain’s signals with much 
higher accuracy and can therefore understand the communication in the brain much 
better.



Topic
This concept centers around the importance of plants. When we visited the UCLA 
Mildred E. Mathias Botanical Garden, I was impressed at the ability of the bamboo 
plants to grow and the speed in which they grow. When we were exploring the 
gardens it struck me how different plants develop distinct structures and life 
cycles. Every plant had developed characteristics that made it more evolutionarily 
viable and able to exploit certain ecological niches. However, a lot of different 
plant species are able to survive in the Botanical Gardens as well as in natural 
landscapes, so despite their differences, there are similarities with how they 
survive and grow. Additionally, in Paul Stamets’ talk on mycelium he made 
connections to neurons. The intricate network of mycelium has a similar 
organization and complexity as neurons. The movement of mycelium nuclei shown 
by Stamets looks almost identical to the propagation of action potentials in the 
brain and the process that neurons take to migrate from their birthplace to their 
final location. As a neuroscience major, I wanted to incorporate my knowledge of 
the extensive neuronal networks that are present in everyone's’ brain and the 
elaborate process that leads to the generation of neurons. 
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Context
Plant growth is regulated by a series of biochemical processes that lead to shoot and 
root development, germination and flowering. Light and ethylene are the signals that 
initiate plant growth. In order to ensure that the correct pathway is enacted by light, 
plants have three photoreceptors: UV, blue light, and red light photoreceptors. Once a 
certain pathway is activated, G proteins (which are also integral for biological 
systems) translate the external signals into transcription factors that alter gene 
expression. The transcription factors could cause the plant to develop flowers, grow 
more leaves or extend the roots deeper as well as many other adjustments. Plants 
use auxins, cytokinins, abscisic acid, gibberellic acid, ethylene, phytohormones, and 
salicylic acid as signaling molecules to convey external and internal changes.2

Neurons, as with all the other cells that make up a human, originate from a zygote. Once the zygote undergoes many divisions, 
three layers are formed. Each layer gives rise to specific parts of the human body and the ectodermal layer develops into the 
nervous system as well as the skin. The ectoderm has to differentiate into neuronal precursor cells if it is eventually going to 
become a neuron. The neuronal precursor cells give birth to neurons, which then migrate to their correct location. Finally, the 
neurons form synapses, or very close connections where communication will occur, with other neurons.3 Neurons use 
neurotransmitters to communicate with other neurons. 



Growth
First I focused on the developmental process of neurons. I engineered human cells that instead of responding to 
biological signals, detect light and ethylene early in development, like plants. In response to being exposed to light and 
ethylene, the neural differentiation process is started and ectodermal tissue differentiates into neuronal precursors. 
These cells will then continue with the normal nervous system developmental process. To do this I took the light 
photoreceptors and ethylene receptors in plants and implanted them on human ectodermal cells that will develop into 
neuronal precursor cells. 

+ ethylene



Neuroplasticity

Another goal was to utilize the mycelium’s ability to 
grow quickly and respond resiliently to physical damage 
to find a solution for any injury or disease that results in 
neuronal death.4 When part of the mycelial network is 
broken, it leads to the formation of two new branches 
of the network, strengthening and expanding the 
network. I introduced DNA from the mycelium into 
neurons so I was able to culture neuronal networks that 
resemble mycelial colonies that were able to survive 
outside of the human body. I was able to take pieces of 
my cultured transgenic mycelium neurons and insert 
them into a damaged or underdeveloped part of the 
brain and it will form connections with existing neurons 
to repair the injury.

http://www.youtube.com/watch?v=ocnYFZIip8M


Neurotransmitter release
In order to integrate the communication system that 
plants use into brain tissue, I faced two challenges: I 
had to get neurons to release the molecules and 
chemicals that plants use and I had to develop neurons 
that could detect and respond to these specific 
molecules. In order to introduce the plant signaling 
molecules auxin and cytokinins, I extracted vesicles 
from neurons that neurotransmitters are usually 
packaged in. Then I removed the neurotransmitters and 
replaced them with auxin and cytokinins. I injected the 
new vesicles back into the neurons that I originally 
removed them from. Since the exterior of the vesicles 
wasn’t changed, I saw that the neurons released the 
auxin and cytokinins just as they would have released 
neurotransmitters. 



Auxin and cytokinin as neural messengers
I then turned my attention to the issue of how neurons are going to 
interpret the auxin and cytokinin as signals and then convert these 
chemical signals back into electrical signals. For background, in 
communication between neurons, in response to an electrical 
event called an action potential in one neuron, that neuron releases 
neurotransmitter. Then another neuron recognizes and binds the 
neurotransmitter and sends its own action potential to transmit the 
message.5 So in order to have neurons respond to the plant 
signaling molecules auxin and cytokinin, I inserted proteins into 
neurons that would bind auxin and cytokinin. When these molecules 
bind to the receptors, ion channels are opened which leads to the 
neuron firing an action potential. 

Auxin

cytokinin



Auxin as a promoter for adult neurogenesis
This artificial communication system that I developed also provided 
another avenue for replacing neurons that are lost or damaged in 
the adult brain. Because auxins are an important growth hormone 
for plants6 I want to utilize this molecule to promote neuronal 
growth in the nervous system. In order to do this I would have to 
insert a receptor for auxin in neuronal precursor cells in the brain. 
Currently, neuronal precursor cells are only found in the 
subventricular zone and the hippocampus of adult brains because 
these are the only locations where adult neurogenesis is found to 
occur.7 I would also have to make the auxin receptor activate the 
biological pathway that leads to growth of the axon of neurons.  

Neurons generated by adult neurogenesis



Conclusion

For centuries plants have been used for their medicinal properties. I have leveraged this concept to 
create a botanical human. The techniques plants use to grow and communicate with their environment 
as well as within their own organism were well suited to be adapted to the human brain. The 
modifications that I have designed have far reaching clinical applications that can help brain injuries or 
developmental defects. There are also potential clinical applications outside of the brain. For example, 
the ability of mycelium to grow can be used to regrow any tissue that is damaged. This technology has 
the potential to complete transform medicine.
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