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Optimizing
Procedures
One of several approaches that scientists
use to identify the genes that influence a
particular behavior is to measure that behav-
ior in large numbers of mice and screen
for individuals that differ from the norm.
When an outlier is found, its genes are
examined to see where they differ from
those of the remainder of the population. 

To use this approach most effectively,
researchers must have a ‘high-throughput’
method of measuring the behavior of
interest. Hence, Tordoff and collaborator
Alexander Bachmanov applied for and
received funding from the NIH to develop
efficient methods of screening taste
acceptance in mice.

Tordoff recounts, “We were trying to
find ways to have a factory-like produc-
tion line and test as many mice as quickly
as we could. Mouse in, mouse out, next  

Like many scientists today, Michael
Tordoff is on a hunt for genes. In Tordoff’s
case, he’s looking for genes that influence
taste preferences. But when he embarked
on his quest several years ago, Tordoff
realized that he first needed to do some-
thing else. Something he and everyone else
thought they already knew how to do.

He needed to learn how to measure
taste preferences. 

Hence the Monell Mouse Taste
Phenotyping Project –– MMTPP for short ––
was born. 

And what started out as a series of
“really dull, boring parametric experi-
ments” (Tordoff ’s own description) soon
developed into a field of scientific 
gold mines.  

Behavioral tests 
help researchers 
find taste 
genes ––
and more...
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genetic analysis, Tordoff, Bachmanov, and
their collaborators systematically looked
at various factors that might influence
results of the test; factors such as the cage
dimensions, how far apart the drinking
spouts are placed, the number of bottles
on the cage, the test duration, the type of
food the mice were fed, and the age of the
mice when tested.

“We found all kinds of things that
made our tests more efficient and reliable,
so that now we can –– and do –– test 
several thousand mice a year. But much
more interestingly, there were a bunch of
unexpected findings that took us in new
directions,” notes Tordoff. 

One unforeseen research venture
stemmed from an experiment designed to
ask if the number of bottles used in a pref-
erence test influenced the results. Tordoff
and Bachmanov found that when mice
were given two bottles containing the same
taste solution and one providing water, the
mice drank more of the taste solution than
when they received a standard two-bottle
test, even though the bottles were never
allowed to empty. As the number of bottles
containing the taste solution increased
from two to three to four, taste preference 

mouse –– over and over and over again.
To do that, we needed to optimize how we
conduct a standard two-bottle preference test.”

For over 70 years, the two-bottle test has
been the most common method of evaluating
taste acceptance in mammals. In the test’s
simplest form, the animal is given two
drinking tubes, one containing water and
the other a taste solution. Preference –– or
avoidance –– is determined by comparing
the amount of taste solution consumed over
a given period to the amount of water ingest-
ed over the same period, typically 48 hours.

Information on taste preferences can
lend insight into how food and beverage
consumption contribute to diseases such
as obesity, hypertension and diabetes.
“These tests can identify mice with abnor-
mal abilities to perceive particular tastes,
as well as those with normal taste abilities
but abnormal needs for specific nutrients or
minerals,” says Tordoff. Information on taste
acceptance and perception also aids indus-
try efforts to develop more acceptable
foods and beverages. 

To maximize the ability to quickly
screen large numbers of mice while also
maintaining the sensitivity needed to iden-
tify aberrant responders as candidates for
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A phenotype is an observable
characteristic of an organism.
Preference for sweet taste is an
example of a phenotype and is
indicated by preferential intake of
sucrose solution over water.

Examples of inbred mouse strains
used by the MMTPP. An inbred
strain is the result of at least 20
generations of brother to sister
matings. Except for sex differences,
mice within a given inbred strain
are as genetically alike as possible.
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for the solution increased accordingly.
“So, we found that a two-bottle test doesn’t
really tell you much, because you get 
different results with a three-bottle test 
or a six-bottle test,” notes Tordoff.

Obesity 
by Choice
This observation led Tordoff and his 
colleagues to examine other situations
involving access to multiple sources of
nutrients. In one study, Tordoff found 
that the amount of sugar rats consume is
markedly influenced by the number of sugar
containers provided. “In humans, the
equivalent would be that someone given
two pizzas will eat more than when given
only one pizza,” notes Tordoff. He hopes to
obtain funding to study this phenomenon
as a potential model for human obesity, in
which the availability of food can override
physiological controls of ingestion. 

In similar fashion, Tordoff and
Bachmanov found that alcohol consumption
of rodents is strongly related to availability,
increasing as a function of the number of
bottles provided. “Mice that are considered
as virtually tee-totallers based on the
results of two-bottle tests appear more like
guzzlers when given five bottles of alcohol,”
Tordoff says. These findings provide an
animal model that might be useful for
understanding the influence of alcohol
availability on human alcohol consump-
tion. Bachmanov comments, “This is an
example of how parametric methodological
studies of the MMTPP resulted in discov-
ery of a novel mechanism of regulation 
of alcohol consumption by demonstrating
the role of environment.”

Multitudes 
of Mice
Another approach often used by geneticists
is to compare genes from two strains of
mice that differ with regard to a particular
trait. Thus a researcher interested in the
genetics of salty taste acceptance might
look for differences in the DNA of FVB/J
mice, which love the taste of sodium 
chloride solutions, and CBA/J mice, which
reject the same solutions. 

One of the goals of the MMTPP is to
help scientists from the global research
community select the appropriate strains
to study by providing information on taste
sensitivities and preferences of many
inbred mouse strains. Monell geneticist
Danielle Reed, PhD, who collaborates
with Tordoff on several projects, explains,
“The trend in science is for laboratories
that are truly expert in a particular area to
collect large datasets and share it freely
with other interested scientists.” 
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Using the testing methods defined in the
first part of the project, more than 1,500
mice from over 50 strains have been tested
with varying concentrations of over 30
different sweet, salty, sour, and bitter com-
pounds. Some of these strains have known
taste deficits; others were selected because
existing information made them good 
candidates for genetic mapping studies.
Data on food and water intake and body
weight are also collected. 

All these mice drinking all these solu-
tions obviously generate a huge amount of
data. And obviously, recording so many
measurements takes a lot of work. “Right
now, we have ten people in the lab, including
the student interns,” Tordoff notes. “Most of 

The Tordoff Troop
Back row: Marcus Willis, high
school student intern; Mohamed
Eldakkak, undergraduate student
intern; Fred Ollinger, research tech-
nician; Maureen Lawler, research
technician. Front row: Hongguang
Shao, PhD, research associate;
Angela Athanasoula, undergradu-
ate student intern; Michael Tordoff,
PhD; Laura Alarcón, senior research
technician; Sara Lehmann,
research technician.



environment,” explains Tordoff. If you
take several hundred genetically identical
mice and measure their preference for a
specific taste at a specific concentration, that
preference should ––  at least in theory –– 
be the same in every mouse. But that’s not
the case. There actually are pronounced
differences among individual mice, mak-
ing it difficult for researchers to spot that
one ‘deviant’ mouse that may provide the
genetic clue they’re hoping to find.

“That’s a fundamental issue that the
MMTPP addresses,” notes Tordoff. “How
can you find an outlying mouse when the
variation is so broad?” 

He continues, “This is the kind of basic
research that Monell is built on. It doesn’t
have a direct application for humans and it’s
not going to immediately sell more products,
but it’s going to help us do the science of
finding genes more efficiently.” 
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the tongue and also of activity in taste-
associated regions within the brain. 

Benefiting from information provided
by the MMTPP, Tordoff now is moving
forward to explore the genetic basis of
calcium appetite, “One of the nice things
about doing the huge strain surveys was
that we were able to find the absolutely
best strains for doing genetic work. We
were able to take advantage of a huge
diversity among mouse strains in calcium
intake.” Using these models, Tordoff was
awarded a large NIH grant to pursue the
genetics of calcium intake.

Moving 
On
The original MMTPP grant was funded in
1999, with four more years of additional
NIH funding approved in 2005. Tordoff
says, “We’re still looking for factors that
cause variability in taste preferences.” He
notes that even traveling on a truck when  
mice are shipped from the breeder to the
lab contributes to this variability. 

Why should traveling in a truck matter
to studies of taste genetics? 

“To find genes we need to control the 

them spend a good part of the day measuring
intakes and refilling drinking tubes.” 

Details of the methodology and 
much of the data collected are posted on
the publicly-available MMTPP website
(www.monell.org/MMTPP). “The website
is a service to the scientific community,”
comments Tordoff. “It’s the rightful place
for Monell to be as a leader of taste genetics;
we provide practical information for
novice taste testers, as well as the theoret-
ical background.”

Eat Your 
Calcium
Data from the MMTPP have allowed
Tordoff and other Monell scientists to 
further their own research interests. 
To date, several Monell publications have
demonstrated differences in preference 
for sweet taste solutions that correspond
to variations in genes coding for the sweet
taste receptor. The goal is to understand
how genes contribute to taste likes and
dislikes by identifying those genes and
how they exert their influences. 

“We’re doing all kinds of exciting things
related to taste genetics,” says Tordoff, who
is a recognized authority on the regulation
of mineral intake. Although he studies
sodium and magnesium, there’s one mineral
he finds especially interesting, and he readily
acknowledges that “calcium’s my baby.” 

Although essential for many aspects 
of physiological function and the principal
component of bone, little attention has
been paid to the role of calcium intake in
contributing to how the body regulates
calcium levels. Over the past 15 years, 
Tordoff has focused on elucidating a
behavior known as calcium appetite, the
motivation to ingest calcium-containing
items. In over 25 papers on the topic, he
has described many of the physiological
controls of calcium appetite, including how
perturbations of bodily calcium levels change
responsiveness to the taste of calcium.
Subsequent experiments demonstrated that
these perceptual changes are accompanied
by altered responding of taste nerves from  

Drinking tube placement has little
effect on the results of two-bottle
tests. However, varying the 
number of bottles of taste solution
and water has a profound influ-
ence on taste solution intake and
preference. 




