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A
uditory pitch perception is an
ability that is pervasive in the
animal kingdom, but many fea-
tures of this ability are not un-

derstood. In humans, it is clear that
pitch perception is the result of sound
processing by the listener, and although
the perceived pitch of a sound is
strongly related to its frequency, careful
psychophysical studies have revealed
many surprising features of this auditory
function (1). One of the most remark-
able aspects of human pitch perception
is the phenomenon of absolute pitch
(AP), which is the subject of an article
by Athos et al. (2) in this issue of
PNAS.

The Nature of Absolute Pitch
AP is the ability to instantly and effort-
lessly identify the pitch of a tone with-
out the use of a reference tone. Most of
us who do not possess AP require some
sort of reference, such as a tone from a
pitch pipe, to start a melody on the cor-
rect note. However, most non-AP indi-
viduals can easily determine the relative
distance between two pitches. This abil-
ity is called ‘‘relative pitch’’ and is the
basis for our ability to recognize a mel-
ody, in which successive pitches (notes)
occur at specific distances from each
other (intervals) on the musical scale.
So, although [most of us can recognize a
wrong note in a melody], we cannot eas-
ily recognize the difference when a mel-
ody is played correctly but begins at a
higher or lower pitch. In other words, a
melody sounds quite similar to most of
us in many different musical keys.

Individuals with AP are unique in
that they can recognize the absolute
value of a musical tone. They can tell
whether a single isolated tone is an A or
a C#, for example, and can easily distin-
guish a melody in one key as opposed to
another. This remarkable ability exists
in a small fraction of the population and
appears to be the result of an innate
predisposition, combined with musical
exposure and training, probably within
a critical period during childhood (3).
An understanding of the neural basis of
AP would provide significant insights
into many aspects of neuroscience, in-
cluding audition, memory, development,
and cognition.

An important advance in this under-
standing came with the recognition that
the innate predisposition to AP has a
strong genetic component (3–6). This

opened the possibility of using human
genetic approaches that could ultimately
lead to the identification of molecular
and cellular mechanisms involved in AP.
However, despite familial clustering of
this ability, there has been no good evi-
dence for a simple Mendelian pattern of
inheritance of AP. This, combined with
the demonstrated need for musical ex-
posure and training in the expression of
AP, supported the view that AP is a
complex trait. In contrast to Mendelian
traits, complex traits have proven very
difficult to assign to individual genetic
variants in humans. Recent successful
approaches to this problem have used
very large populations and have identified
genetic variants that individually make
modest contributions to the trait (7).

A Distinct Group
Athos et al. (2) report results from an
unusually large group of AP subjects,
recruited and evaluated through an

interactive web site that provided infor-
mation on �2,000 individuals. Their re-
sults are both surprising and significant.
Their first observation was that, among
the population who took the web-based
AP test, scores were not distributed
continuously. Assuming that this is not
the result of an unknown ascertainment
bias, it means that AP individuals com-
prise a distinct outlier group that resides
beyond a clear discontinuity in the dis-
tribution. This is surprising because vir-
tually all human complex traits show a
continuous distribution, with the af-
fected individuals typically occupying
the tail of a bell-shaped curve. In con-
trast, the distribution of AP test scores
resembles that of a Mendelian trait,
where affected individuals are easily dis-
tinguishable from unaffected individuals
and definition of affection status does
not depend on assignment of an arbi-
trary cutoff value at some point in the
distribution. This finding suggests that
AP may not be the result of the cumula-
tive effects of many different genetic
variants in the population, each contrib-

uting a small fraction to the phenotype.
Instead, it suggests that single major gene
effects may be causative in AP and pro-
vides the prospect that identification of
these genes may be more straightforward.

The other surprise revealed in the
study is a curious anomaly regarding the
note A—classically defined as a fre-
quency of 440 Hz on the piano and fa-
mous as the note to which orchestras
tune. The authors found that AP indi-
viduals designated a much broader
range of frequencies as ‘‘A’’ than was
the case for other notes. Athos et al. (2)
suggest that this odd phenomenon may
be explained by the fact that not all
modern orchestras tune to 440 Hz.
Some, particularly in Europe, tune to
slightly higher frequencies, such as 442
or even 446 Hz. AP individuals, with
their exceptional pitch discrimination
abilities and unique auditory memory,
may have internalized this variability
and adjusted for it in their identification
of A. Further studies that proved this
hypothesis would provide an important
adjunct to our understanding of AP and
could help to quantify the role of neural
plasticity in pitch perception.

Individuals who possess AP frequently
comment on changes in pitch perception
with aging. To date, this phenomenon
has not been well characterized, but the
large sample size enrolled in this study
allowed the authors to investigate this
question on a population level. Indeed,
the authors confirmed that pitch per-
ception does shift in later life, with the
errors typically in the higher (sharp)
direction. This finding may have impli-
cations in audiology, where hearing
function is typically measured by using
pure tones at specific frequencies. The
vast majority of the population may well
experience alterations in pitch or fre-
quency perception in later life, but they
are likely unaware of this because they
do not possess AP.

Absolute pitch is an especially tanta-
lizing trait for genetic analysis. It has an
onset early in life, it occurs equally in
males and females, it is highly heritable,
it is rare in the population, and it ap-
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Most of us can
recognize a wrong
note in a melody.
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pears to be nonsyndromic, that is, unas-
sociated with other conditions. All of
these features bode well for the pros-
pects of gene finding. However, unlike
most inherited neurological conditions
for which affected individuals present

themselves to a medical specialist, AP
individuals and families have not been
easily ascertained. The demonstration by
Athos et al. (2) that a web site can be
an effective tool for identifying, testing,
and recruiting AP subjects is an impor-

tant development. The identification of
the genetic variation that leads to AP is
likely to tell us much about a part of
the auditory system that is currently ob-
scure, and the results of Athos et al. are
indeed encouraging in this quest.

1. Hartmann WH (1998) Signals, Sound, and Sensa-
tion (Springer, New York).

2. Athos EA, Levinson B, Kistler A, Zemansky J,
Bostrom A, Freimer N, Gitschier J (2007) Proc
Natl Acad Sci USA 104:14795–14800.

3. Baharloo S, Johnston PA, Service SK, Gitschier
J, Freimer NB (1998) Am J Hum Genet 62:224–
231.

4. Profita J, Bidder TG (1988) Am J Med Genet
29:763–771.

5. Drayna D, Manichaikul A, de Lange M, Sneider
H, Spector T (2001) Science 291:1969–1972.

6. Gregersen PK, Kowalsky E, Kohn N, Marvin EW
(1999) Am J Hum Genet 65:911–913.

7. Couzin J, Kaiser J (2007) Science 316:820–822.

14550 � www.pnas.org�cgi�doi�10.1073�pnas.0707287104 Drayna


