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A Language of  Behavior?

I
n a darkened lab  at Harvard Medi-
cal School, a mouse explores the bot-
tom of a black bucket. Nosing forward, 
it turns to the right, rears up, then cir-

cles in the opposite direction. Nearby, a 
researcher watching the electrical activity 
in the mouse’s brain can predict, based on 
the neural signals being generated onscreen, 
what the animal will do next.

Scientists led by associate professor of 
neurobiology Sandeep Datta have developed 
insights into behavior based on the under-
standing that animals’ movements are as-

sembled from small, constituent parts, each 
executed in milliseconds. Likening the con-
struction of physical behavior to the con-
struction of language, team members call 
these parts “syllables.” The brain, they say, 
strings these movement syllables together 
to assemble coherent actions that allow the 
mouse to forage for food, find a mate, or 
avoid predators. The human brain, they sus-
pect, constructs behavior in the same way.

If they are right—and they published in 
Cell late in June the first strong evidence sug-
gesting they are—their work could lead to 

earlier diagnoses of diseases that affect be-
havior, and to new methods for monitoring 
their progression. It could even aid in the de-
velopment of drugs to treat conditions such 
as Parkinson’s, autism, and schizophrenia.

The idea that behavior at the level of an en-
tire animal is constructed from a hierarchy of 
smaller constituent parts was first advanced 
in the 1950s by Nikolaas Tinbergen, a Dan-
ish scientist who in 1973 shared the Nobel 
Prize in physiology or medicine for his in-
vestigations of animal behavior. Tinbergen 
developed the theory from close observation.

But hard evidence that the brain builds 
behavior from parts has been lacking. That 
changed when Datta and his colleagues de-
veloped a tool called Motion Sequencing 
(MoSeq), which combines high-speed, three-
dimensional videography with artificial intel-
ligence to analyze animal behaviors in order to 
identify the smallest identifiable segments—
the syllables—that make up animal motion. 
“We believe,” says Datta, “that there are rules 
about how those parts are placed in sequence 
over time to construct behaviors that allow 
animals to interact with the world and po-
tentially to communicate with each other.”

To demonstrate a syllable, he plays a video 
that combines on one screen the behavior of 
30 different mice, all expressing the syllable he 
calls “turn to the right.” MoSeq has identified 
this movement, which takes place in a few 
hundredths of a millisecond, as a fundamental 
unit of mouse behavior. A red dot illuminates 
the back of each mouse at the moment it initi-
ates the specific move. Once the films of each 
mouse have been calibrated and combined 
so that the dot illuminates at precisely the 
same moment, the animals on screen appear 
to move in unison like synchronized swim-
mers. In the limited laboratory environments 
where Datta conducts his experiments, the 
researchers have identified a set of 40 to 60 
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unique syllables like this one (although they 
suspect mice may express thousands of sylla-
bles in more complex, natural environments). 

The team also wanted to know whether 
adding a new stimulus to the familiar envi-
ronment would lead to the expression of new 
syllables. They therefore put mice into square 
buckets, and blew air into each corner—and 
the mice explored each corner equally. Then 
they began blowing the scent of a fox into one 
corner, and the behavior of the mice changed 
dramatically: they sniffed, ran, and gravitat-
ed to the corner farthest from the unknown 
predator’s odor. But they did not display any 
new behavioral syllable: the units of move-
ment expressed before and after the intro-
duction of the fox scent were identical; what 
changed was the way those syllables were 
strung together. “What this means,” says 
Datta, “is that the brain has a kind of gram-
mar of behavior. Through grammatical chang-
es alone, the animal can run away from the 
fox and save its own life.” The brain, in other 
words, can string syllables together in differ-
ent ways to compose new behaviors.

Next, Datta and his principal collabora-
tor, Moorhead professor of neurobiology 
Bernardo Sabatini, an expert in neural cir-
cuit function, wanted to identify the place in 
the brain where this behavioral grammar is 
generated. Prior experimental evidence and 
studies of diseases that affect behavior sug-
gested exploring the striatum, a structure 
in the middle of the brain that is critical for 
motor learning and the execution of move-
ment. They began recording neural activity 
there and found they could correlate neural 
signals with specific behaviors, even predict-
ing what the animal would do next. 

Datta has recently begun collaborating 
with Justin Baker, director of functional 
neuroimaging and bioinformatics for the 
schizophrenia and bipolar disorder research 
program at Harvard-affiliated McLean Hos-
pital, to explore the use of MoSeq with hu-
man subjects. With appropriate permission 
and oversight, they are recording manic 
and schizophrenic patients, in an effort to 
characterize objectively how underlying 
patterns of behavior are altered by these 
diseases. They also hope to use the tool to 
assess how the drugs those patients are tak-
ing alter their patterns of behavior.

“Now that we have much more powerful 
genetic and neurobiological tools for under-
standing variation in our genomes,” Datta 
explains, “it has become a little bit of a crisis” 
to understand the outputs of the genome and 

the brain. “That output ultimately is behav-
ior. The brain evolved to help us find food, 
water, shelter, or a mate, and to avoid preda-
tion. Its goal is to generate behavior. But to 
understand what is meaningful in patterns 
of neural activity, and what is noise, what is 
helping the animal accomplish a goal, and 
what might be deleterious for an animal’s 

interaction with the world, you must have a 
much better understanding of how the brain 
constructs behavior.” This, he believes, is the 
path to understanding, finally, how the brain 
works. vjonathan shaw

sandeep datta website:
www.dattalab.org
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Gut Flora Fix for Fitness?
The  human gut microbiome—a world of 
bacteria that teems in your gut—profound-
ly affects health, but the exact mechanisms 
remain largely elusive. Now A. Sloan Devlin, 
an assistant professor at Harvard Medical 
School, and her team have discovered that 
altering a single gene in a single type of bac-
teria can even change the metabolism of the 
host organism.

Devlin focused on a specific known role 
of gut bacteria—the chemical transforma-
tion of bile acids, which help regulate di-
gestion (these acids surround fats and car-
bohydrates, allowing humans and mice 
to absorb and utilize these compounds). 
She first identified an 
abundant gut bacteri-
um that processes bile 
acids in a specific way, 
then located the gene 
that causes that bacte-
rium to chemically alter 
these nutrients.

The goal was to iso-
late the exact impact of 
the gene’s bile-acid-al-
tering function on its 
host, so she limited the 
number of variables by 
experimenting on ster-
ile, “germ-free” mice, 
which host no gut bacte-
ria, unlike either humans 
or mice in the wild. The 
team then “colonized 
these germ-free mice 
with either the normal 
bacterium” containing 
the bile-processing en-
zyme, or with an altered 
version of the bacterium, 
which lacked it. Both 

mouse populations were then “fed a high-
fat, high-sugar diet,” mimicking a “Western-
style human diet.”

The scientists, who published the work 
in eLife Magazine, could thus attribute any 
differences in host metabolism to the single 
genetic manipulation. Predictably, the mice 
populated with gene-deleted bacteria had 
more unprocessed bile acids than did mice 
with normal bacteria.

But other results were surprising. Dur-
ing the 32-day study, the mice that could 
not process bile, for instance, had more fat 
in the liver and gained weight much more 
slowly than the other group. They also used 

I l l u s t r a t i o n  b y  C h i a r a  Z a r m a t i / S a l z m a n  A r t Harvard Magazin e      9

Reprinted from Harvard Magazine. For more information, contact Harvard Magazine, Inc. at 617-495-5746


