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The Brain
Activity Map:

Answers for Alzheimer’s and More?

In his state of the union address President Obama put 
his weight behind the goal of building a comprehensive 
map of the brain’s activity, a Brain Activity Map or BAM. 
The administration is hoping to announce as soon as this 
spring how it plans to bring the plan together, including 
perhaps its most challenging aspect: funding.

How that plays out remains to be seen, but the term 
“brain mapping,” as it’s being referred to in this project, 
really refers to developing tools and strategies to be able 
to monitor activity of all the neurons of the brain simul-
taneously, according to Rajiv R. Ratan, MD, PhD, Executive 
Director, Burke Medical Research Institute. This is so, “one 
can determine which areas of the brain are activated when 
humans are doing different actions, such as they’re think-
ing of something pleasant or their walking,” he says. 

Arriving Here
Historically, researchers, scientists, and physicians have 
conceptualized specific areas of the brain as serving spe-
cific functions. For example, a localized area of the brain is 

considered to be involved in speech, while another area is 
involved in motor function. “I think that there is a hypoth-
esis that that  sort of simple idea of anatomical functional 
correlates within different areas of the brain is overly sim-
plistic,” Dr. Ratan said.

At the heart of the matter is a conflict between a static 
versus dynamic model: Where we are with our current 
wiring diagram that charts how neurons interconnect, 
and where we hope to be, Dr. Ratan suggests. A popu-
lar analogy Dr. Ratan says, is to look at a map of West 
Chester, NY. Scarsdale is south of White Plains and north 
of Bronxville. That’s the static view. A dynamic view might 
show where all the residents of Scarsdale are at any one 
time in West Chest county. “So, you can see Scarsdale as 
not a geographical representation of where it is, but rather 
a representation of the people who live there.”

Writing for the technology web site io9.com, Robert 
Gonzalez observed: “Creating such a map will require 
nothing short of a technological revolution in the field of 
neuroscience. It is currently possible to insert electrodes 

An ambitious new research goal seeks to better understand how the brain works. 

Will the project succeed, and what will it actually show?
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into the brain that can both monitor and induce brain 
activity. But the resolution offered by these and less inva-
sive techniques is poor. That means the first step toward a 
BAM will be to develop tools that can actually record the 
individual activity of every neuron in a brain circuit. The 
second step will be to create tools that can influence the 
activity of individual neurons.”

All of this brings somewhat of a natural, if often times 
unwanted, comparison to the Human Genome Project, 
which also serves as one of the two arguments against 
BAM: its conceptual goals remain less well-defined than 
those of the Human Genome Project.

“I think the conceptual goals are less clear but it’s still 
worthwhile,” Dr. Ratan insists. “The current estimates are 
that the number of people with AD will go to almost 14 
million people in 2050 and it will cost the United States, 
annually, $1.1 trillion.” Stroke and other neurological 
disorders will skyrocket as well. “These costs are going to 
bankrupt the United States. In some ways we would argue 
that an investment in a project like this is not an option, 
that it’s a necessity.”

tHe neceSSAry toolS
The BAM project certainly has catching up to do. The 
technology to accomplish the Human Genome Project was 
available and was largely a matter of implementing the tech-
nology, distributing the effort among multiple different labo-
ratories, and then just getting the job done, to put it simply.

“BAM’s first aspiration is to develop technology that 
allows us to have the appropriate spatial temporal and 
temporal resolution to be able monitor the activity of all 
neurons in the brain,” Dr. Ratan explains. “Currently we use 

methods like EEG—not very sensitive, and it doesn’t have 
good spatial resolution. You can’t distinguish one neuron 
from another neuron because, essentially, the measurement 
integrates many thousands of neurons,” he adds.

“The dream would be to have a technique that allows us 
to simultaneously sample the billions and billions of neurons 
that exist in all the different regions of our brain so that we 
can have an understanding of when we do a complicated 
or simple task, what regions of the brain are actually being 
activated and have other techniques that allow us to under-
stand if that activity is causally related to the task or is it just 
unrelated,” Dr. Ratan says.

PAying tHe WAy
And then there’s the matter of cost—the major second 
issue critics have with BAM. Something as large scale as 
BAM could cause a major diversion of existing neurology 
funds, siphoning research capital away from smaller proj-
ects and making it difficult for scientists to get their non-
BAM projects funding, critics charge.

“It’s like the moon shot of President Kennedy saying, 
‘we’re going to get the moon within the decade,’ despite 
not having all the technological problems solved. If they 
could fund this like the HGP, where they can find addition-
al money on top of what is invested in research through 
the NIH, and it doesn’t compete with those resources than 
I would say this is a fantastic idea because I think that from 
the stand point,” Dr. Ratan said.

What’s further troubling is how we spend on health care 
in the United States, he adds, particularly how dispersal of 
our almost $2 trillion yearly budget. Currently, the US is 
spending less than $30 billion on the NIH budget, mean-
ing the government is spending less than two percent 
on research and development in health. And part of that 

“Now, if we want to make the best products, we also have 

to invest in the best ideas. Every dollar we invested to map 

the human genome returned $140 to our economy—every 

dollar. Today, our scientists are mapping the human brain 

to unlock the answers to Alzheimer’s. They’re developing 

drugs to regenerate damaged organs; devising new material 

to make batteries 10 times more powerful. Now is not the 

time to gut these job-creating investments in science and 

innovation. Now is the time to reach a level of research and 

development not seen since the height of the Space Race. 

We need to make those investments.”

—State of the Union Address

February 2013

President Obama On the brain maP

“The dream would be to have a 
technique that allows us to 

simultaneously sample the billions and 
billions of neurons that exist in all the 
different regions of our brain so that 

we can have an understanding of when 
we do a complicated or simple task, 

what regions of the brain are actually 
being activated.” 

—Dr. Ratan
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reason is the failure to connect how that makes people 
healthier and reduces costs, Dr. Ratan said.

“Some people would argue with a R&D investment of 
less than two percent. You’re never going to impact the 
human bedside. And if you look at the pharmaceutical 
industry, they invest about 25 percent of their annual bud-
get in R&D. We have disproportionately small investment 
in research and development and one would argue that’s 
going to negatively impact the United States’ ability to be 
competitive,” he added.

neW develoPmentS
Brain mapping took a considerable step forward in March 
when researchers at the Howard Hughes Medical Institute 
published the first ever brain activity map of any creature. 
This achievement now suggests the possibility of recording 
larger animals, and even humans, as a real possibility.

For their study, Misha Ahrens, PhD, and Philipp Keller, 
PhD, started from the view that brain function relies on com-
munication between large populations of neurons across 

multiple brain areas.  “A full understanding of [this com-
munication] would require knowledge of the time-varying 
activity of all neurons in the central nervous system,” they 

NIH: The Human Connectome Project
http://www.humanconnectome.org/

“The consortium led by Washington University, 
University of Minnesota, and Oxford University (the 
WU-Minn HCP consortium) is comprehensively map-
ping human brain circuitry in a target number of 1200 
healthy adults using cutting-edge methods of noninva-
sive neuroimaging. It will yield invaluable information 
about brain connectivity, its relationship to behavior, 
and the contributions of genetic and environmental 
factors to individual differences in brain circuitry and 
behavior.”

Society for Brain Mapping and Therapeutics
http://worldbrainmapping.org/

“This society promotes the public welfare and improves patient care through the translation of new technologies/therapies 
into life saving diagnostic and therapeutic procedures. The society is committed to excellence in education, and scientific dis-
covery. The society achieves its mission through multi-disciplinary collaborations with government agencies, patient advocacy 
groups, educational institutes and industry as well as philanthropic organization.”

Brain Mapping Foundation
http://www.brainmappingfoundation.org/

“BMF is focused on translating state-of-the-art technologies from NASA, DOD and industry into neurosurgery in order to bring 
the most advanced medicine to wounded warriors.”

Online resOurces

“The current estimates are that the 
number of people with AD will go to 
almost 14 million people in 2050 and 

it will cost the united States, annually, 
$1.1 trillion…These costs are going to 
bankrupt the united States. in some 
ways we would argue that an invest-

ment in a project like this is not an 
option, that it’s a necessity.”

—Dr. Ratan
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speculated. They used light-sheet microscopy to record activ-
ity, which was previously used to image developing embryos.

They reported through the genetically encoded calcium 
indicator GCaMP5G, from the entire volume of the brain of 
the larval zebrafish—a small transparent fish—in vivo at 0.8 
Hz, capturing more than 80 percent of all neurons at single-
cell resolution. 

“Demonstrating how this technique can be used to reveal 
functionally defined circuits across the brain, we identify two 
populations of neurons with correlated activity patterns,” 
they wrote in their study published online March 18 in 
Nature Methods. “One circuit consists of hindbrain neurons 
functionally coupled to spinal cord neuropil. The other con-
sists of an anatomically symmetric population in the anterior 
hindbrain, with activity in the left and right halves oscillating 
in antiphase, on a timescale of 20 seconds, and coupled to 
equally slow oscillations in the inferior olive,” they wrote.

“We were pleased to find the two functional networks--the 
hindbrain oscillator and the spinal-hindbrain circuit,” Dr. 
Ahrens said in an interview with Practical Neurology. “These 
sort-of ‘popped out’ of the data in a very clear way. The 
other surprising finding was that brain areas which are ana-
tomically far away from each other (on the scale of the zebra 
fish brain) still have strongly correlated activity: communica-
tion in the brain really seems to span the entire distance of 
the brain, in some cases.”

Dr. Ahrens says the most general message to take away 
from the study would be that their ability to image almost all 
neurons in the brain opens up the possibility to study how 
neural networks across many brain areas process sensory 
input and produce behavior. In this model system, they are 
not limited anymore by having to study a few neurons in a 
few brain areas at a time; instead, they can look at the entire 
system and see how the parts interact.

Where we on the map, so to speak, is a matter of perspec-
tive, he says, but “we can now look at how large populations 
of neurons across multiple brain areas interact and work in 
concert to process information and produce behavior.”

tHe Future AWAitS
As a part of the popular TED (Technology, Education, 
Development) lecture series, Allan Jones, CEO of the Allen 
Institute for Brain Science, ended his talk on brain mapping 
with this note: “I’ll just close by saying that the tools are 
there, and this is truly an unexplored, undiscovered conti-
nent. This is the new frontier, if you will. And so for those 
who are undaunted, but humbled by the complexity of the 
brain, the future awaits.”

In the meantime, neurologists and patients wait to see 
if the BAM comes to fruition and to determine if it offers 
answers to the challenges of diagnosing and treating neu-
rological diseases. n

“The other surprising finding was that 
brain areas which are anatomically far 
away from each other (on the scale of 
the zebra fish brain) still have strongly 

correlated activity: communication 
in the brain really seems to span the 

entire distance of the brain, 
in some cases.” 

—Dr. Ahrens


