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Genome-wide linkage scan for loci of musical
aptitude in Finnish families: evidence for a major

locus at 4q22

K Pulli,” K Karma,? R Norio,® P Sistonen,* H H H Géring,> | Jarveld"®

ABSTRACT

Background: Music perception and performance are
comprehensive human cognitive functions and thus
provide an excellent model system for studying human
behaviour and brain function. However, the molecules
involved in mediating music perception and performance
are so far uncharacterised.

Objective: To unravel the biological background of music
perception, using molecular and statistical genetic
approaches.

Methods: 15 Finnish multigenerational families (with a
total of 234 family members) were recruited via a
nationwide search. The phenotype of all family members
was determined using three tests used in defining musical
aptitude: a test for auditory structuring ability (Karma
Music test; KMT) commonly used in Finland, and the
Seashore pitch and time discrimination subtests (SP and
ST respectively) used internationally. We calculated
heritabilities and performed a genome-wide variance
components-based linkage scan using genotype data for
1113 microsatellite markers.

Results: The heritability estimates were 42% for KMT,
57% for SP, 21% for ST and 48% for the combined music
test scores. Significant evidence of linkage was obtained
on chromosome 4q22 (LOD 3.33) and suggestive
evidence of linkage at 8q13-21 (LOD 2.29) with the
combined music test scores, using variance component
linkage analyses. The major contribution of the 4g22 locus
was obtained for the KMT (LOD 2.91). Interestingly, a
positive LOD score of 1.69 was shown at 18q, a region
previously linked to dyslexia (DYX6) using combined music
test scores.

Conclusion: Our results show that there is a genetic
contribution to musical aptitude that is likely to be
regulated by several predisposing genes or variants.

Music is an ancient and universal feature across all
human societies. The ability to appreciate music
requires no explicit training. The universality of
musical behaviour and validity of common rules
such as use of octave-based scale systems and
preference for consonance over dissonance in
nearly all types of music can be seen as evidence
for innateness. Rules have arisen independently in
isolated cultures, and some of them also apply to
the music perception of non-human species. This
implies that these rules have their basis in brain
organisation rather than in culture.!

Observations on fetuses and infants have
revealed that basic auditory abilities, such as pitch
discrimination and also more complex capabilities
such as melody recognition, are already present in
the early stages of development.” It has been
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suggested that this is partly due to prenatal
exposure to musical stimuli. However, adults’
abilities to perceive music is somewhat dependent
on culture, whereas infants seem to possess a more
generalised capability, which obeys the aforemen-
tioned universal rules of music.” This implies the
existence of an innate ability, which later in life
can be modified by environmental effects. A
fundamental question is whether, or at what level,
this ability is genetically determined.

Neuroimaging and neurophysiological studies
have shown that listening to and/or playing music
has multiple effects on brain structure and function,
suggesting a biological effect. Neurophysiological
studies have shown that musical stimuli activate
specific areas of the brain.®* Active training and
practising of music has been shown to enlarge some
areas of the brain,® and the role of genetic predis-
position to the morphological and neurophysiologi-
cal changes has also been discussed.* In investigations
using positron emission tomography (PET), listening
to music has been reported to cause physiological
changes in cerebral blood flow, cardiovascular and
muscle function.® However, the molecules mediating
these responses remain uncharacterised.

It has been observed that professional musician-
ship clusters in families. How much this aggrega-
tion is due to genetic or environmental factors has
been the subject of debate.” ® It has been shown
that a genetic component exists in exceptional
phenotypes of musical aptitude: absolute pitch
(the ability to name isolated pitches without a
reference pitch’) and more recently in congenital
amusia (tone deafness)."” Moreover, there has been
reported a difference between monozygotic and
dizygotic twin pairs in the ability to recognise
anomalous pitches in simple popular melodies
using the Distorted Tunes Test." To our knowl-
edge, no gene loci or genes for any of these traits
have been identified.

Musical ability varies between individuals, and
seems to be expressed at the population level in
such a way that both extremes (extremely capable
or incapable individuals) are rare, and hence most
individuals express moderate ability.” This is a
typical feature of a complex trait influenced by
several underlying genes, environmental factors
and their interactions. We hypothesised that
musical aptitude is an innate cognitive ability that
is partly under genetic regulation and serves as a
basis for musical expertise in a favourable environ-
ment. To investigate this hypothesis, we recruited
families and performed heritability analysis and
genome-wide linkage analysis.
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