
Genetic & genomic strategies 
for studying human musicality              

Simon E. Fisher 

@ProfSimonFisher 













AUGAUGCAGGAAUCUGCGACAGAGACAAUAAGCAACAGU 

Asn Met Met Glu Gln Ser Ser Ala Thr Glu Thr Ile Ser 



DNA 



AUGAUGCAGGAAUCUGCGACAGAGACAAUAAGCAACAGU 

messenger RNA 



Asn Met Met Glu Gln Ser Ser Ala Thr Glu Thr Ile Ser ... ... 

polypeptide (string of amino acids) 



protein 





AUGAUGCAGGAAUCUGCGACAGAGACAAUAAGCAACAGU 

Asn Met Met Glu Gln Ser Ser Ala Thr Glu Thr Ile Ser 



AUGAUGCAGGAAUCUGCGACAGAAACAAUAAGCAACAGU 

Asn Met Met Glu Gln Ser Ser Ala Thr Glu Thr Ile Ser 

synonymous 



AUGAUGCAGGAAUCUGCGACAAAGACAAUAAGCAACAGU 

Asn Met Met Glu Gln Ser Ser Ala Thr Lys Thr Ile Ser 

non-synonymous 

(missense) 



AUGAUGCAGGAAUCUGCGACAUAGACAAUAAGCAACAGU 

Met Met Glu Gln Ser Ala Thr Stop 

stop-gain 

(nonsense) 
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 Chromosomal rearrangements: 
 Translocations, deletions, duplications, inversions 
 Submicroscopic “copy number variants” (CNVs)  

 Single nucleotide variants: 
 Variants changing sequences of encoded proteins 
 Regulatory variations affecting transcription, splicing, 

translation, stability/breakdown of transcripts 

 Range of frequencies: highly rare to very common 

 Range of effects: severe to completely benign 
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Is the trait influenced by 
genetic variation? 
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#HeritabilityIsNotWhatYouThinkItIs 

• It is a statistical description of a particular group 
of individuals; proportion of phenotypic 
variability accounted for by genetic variations 

• It is not a property of a single person 

• It does not map directly to biology 

• Heritability of the same measured trait can vary 
in different (sets of) environments & depending 
on developmental timepoint of group 
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 9 families (n = 71) with an amusic proband, 
39% of first-degree relatives were also affected 

 In 10 control families (n = 75), the prevalence 
was only 3% 

       => Sibling recurrence risk of ~10.8 



Peretz & Vuvan (2017) 
 Eur J Hum Genet 25: 625-30 

214 pitch-based amusia cases from 16,625 adults screened online 



Peretz & Vuvan (2017) 
 Eur J Hum Genet 25: 625-30 

214 pitch-based amusia cases from 16,625 adults screened online 
457 cases of “time-based” amusia 



N = 89,000 



Gordon et al. (2015) 
 Dev Sci 18: 635-44 

25 typically developing 
6 year old children 
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Athos et al. (2007) PNAS 104: 14795-800 Baharloo et al. (1998) AJHG 62: 224-31 

Absolute Pitch 

(self-report) 

N=2,213 
(online test) 





Sibling recurrence risk of ~7.5 – 15.1 
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45 European families 

19 East-Asian families 



Gregersen et al. (2013) Hum Mol Genet 22: 2097-104 

49 European, 4 Asian families 



36 European families 

Gregersen et al. (2013) Hum Mol Genet 22: 2097-104 



Gregersen et al. (2013) Hum Mol Genet 22: 2097-104 



Molecular windows 
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Lai et al. (2001) Nature 413: 519-23 



Unaffected 

Affected 

Lai et al. (2001) Nature 413: 519-23 
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Watkins et al. (2002) Brain 125: 452-64 

Childhood Apraxia of Speech 
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Musicality in the population 

Measure 
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Families 



Ukkola et al. (2009) PLoS ONE 4: e5534 



15 families (n = 234) 

42% heritability 

57% heritability 

21% heritability 
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Ukkola et al. (2009) PLoS ONE 4: e5534 19 families (n = 343) 

Used two methods, three different modes 
of inheritance, and analysed multiple 

polymorphisms from five different genes. 
Results of one method were reported. 



Ukkola-Vuoti et al. (2013) PLoS ONE 8: e56356 

+ 172 unrelated people 5 families (n = 170) 



Ukkola-Vuoti et al. (2013) PLoS ONE 8: e56356 
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Unrelated people 

Families 





76 families (n = 767) 
660,000 SNPs 



76 families (n = 767) 





No replication of prior studies of musical 
(endo)phenotypes 

None of the top linkage regions contained 
polymorphisms that showed robust evidence 
of association 

No support for findings from prior targeted 
studies on candidate genes (e.g. AVPR1A) 



Molecular windows 



• Complex traits typically involve many genetic 
factors, each with tiny effect size 

• Need very large samples in order to provide 
sufficient power to reliably detect these 

• Importance of consistent replication, involving 
directly matching genetic markers and traits 

• Small samples, multiple testing and (unintended)     
p-hacking increases susceptibility to false positives 

• Distinguishing signals from noise is crucial 

• Huge search space for plausible candidate genes 
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Great responsibility to ensure great power.... 



 PGC (2014) Nature 511:421-7 

Schizophrenia GWAS meta-analysis: 
 34,241 cases; 45,604 controls & 1,235 

parent affected-offspring trios  





• Definition of (endo)phenotype is crucial 

• Complementary approaches target disorders, 
exceptional abilities, or general population 

• Family clustering & twin studies => evidence of 
heritability, without pinpointing particular genes 

• Linkage in families maps rough locations of genes, 
association studies can point to specific variants 

• Insights might also be gained from observing 
altered musicality in known genetic syndromes 

• Robust scalable phenotyping could transform field 



Thank you for listening! 

Email: simon.fisher@mpi.nl 

Twitter: @ProfSimonFisher 




