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Hunting for Memory Circuits----English Story Script

The memory system in the human brain is still a place full of mysteries even today.

Brains from the fruit fly (Drosophila) share many basic genetic principles and functional
mechanisms with human brains, regardless of great differences in structures and size.

Fruit flies have 8 chromosomes, compared to 46 chromosomes in humans. In order to
understand the complicated human brain, a good starting point is to investigate the relatively
simple nervous systems of the fly.

Each chromosome contains many genes and each gene carries information of a protein with
specific functions. In order to understand the actual function of these genes, we need to know
when and where the characteristics of these proteins are expressed.

To study the complicated interactions among.genesand proteins in a living organism, the
Flybrain Neurogenomics project has developed a novel three dimensional imaging system to
reveal gene expressions and circuit connections at the subcellular level in the whole brain
tissue.

We have developed a series of image techniques, of which one of them is called “Focus
Clear”. This technique makes a biological tissue transparent. We can thereby see where a
neural gene is expressed in the network without tissue sectioning, and the image resolution is
10 thousand times better than as seen by X-ray or MRI.

Brain Research Center]

The Flybrain Neurogenomics project is one of the top ranking research programs in the Brain
Research Center of the University System of Taiwan

The Brain Research Center in the National Tsing Hua Unversity raised its curtain today. The
people from the famous Cold Spring Harbor Laboratory in America also came to sign a
memorandum of collaboration. The Cold Spring Harbor Laboratory is led the Nobel Prize
laureate James Watson; he had discovered the DNA double helix.

How do we establish a database on the internet for the Flybrain Neurogenomics project,
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together with a 3D image presentation? The principle investigator of the project, Professor
Ann-Shyn Chiang said....

There are two major parts in the content of the FlyBrain Neurogenomics project: the
interactive gene connection database and the 3D image database for the neural networks of fly
brains. The key technology that makes the brain tissue transparent has obtained a patent from
the American and French government for the next 20 years.

Hunting for Memory Circuit]

Do flies have memory?

Dr. Tim Tully invented a fly training machine in which flies were electrically shocked in the
presence of odor A and were refrained from being administered the shock with odor B. The
fly learned to avoid odor A due to its association with the unpleasant shock. The experience of
receiving electric shocks associated with the odor A was somehow built into the fly’s long
term memory in its brain.

There are at least three forms of memory --the short term, middle term and long term --each
regulated through specific genes:in different cells. In other words, there are different kinds of
memory working out in different’parts of the-brain through different cellular networks.

There have been 51 genes identified by the Cold Spring Harbor Laboratory, which is involved
in research  regarding the long term memory in the fly brain.

But what we really want to know is how these genes are interacting to one another and in
what neural networks so that long term memory is achieved. Let’s take a look at an example
from previous research.

There is a gene called Radish, which takes part in a specific form of memory, the
anesthetic-resistant memory. The Radish gene is express in about 30-40 cells in the fly brain.
Researchers now have the technique to label its expression and then see how neurons with
such an expression are distributed in the fly brain. We can selectively observe the interactions
among these cells, as long as we have each cell expressing Radish separated and stored in a
standard brain model. In this way, we may examine which cells with the Radish expression

are actually participating in the formation of the anesthetic-resistant memory.
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The image technique in the Brain Research Center atNational Tsing Hua University is unique
in the world given that the gene expression is presented in a 3D format. In this image, the
expression of the Radish gene is shown in green, the large granules are the neurons and the
tiny dots are the locations of the synapses, where neurons communicate to one another.

The reason we can have images with such a fine resolution is because our team here in
Taiwan invented a technique to make to the whole brain tissue transparent.

At present time, the Flybrain Neurogenomics project has accomplished construction of a
standard mushroom body, which will be used as a landmark in our future 3D fly brain.
According to this landmark, neural circuits from different fly brains can be installed into the
same standard brain with the help of some nonlinear distortion correcting calculation
programs.

Accordingly, a 3D neural network databasecan be constructed to reveal every gene, protein
and cellular profile presented in thesfly brain. Hypothetical memory circuit candidates can be
selected and the progression of signal transmission. can be tested, together with some
computational simulations, in the future. Research at such a scale shall result in a great
contribution to the understanding.of the development and functions of the brain circuit.
Further benefit will be on the computational brain function simulation and therapeutic drug
research for the brain diseases.

There are approximately 9000 genes expressed in the fly brain. But the real intrigue is how
the neural circuit is formed in its brain and what enables the fruit fly to recollect its past
experiences? These are just some of the grand puzzles waiting along the long journey of our
brain research.

The 3D neural circuit image will greatly help us to better understand how the brain works.
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