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AUGAUGCAGGAAUCUGCGACAGAGACAAUAAGCAACAGU
messenger RNA



... MetMetGlnGluSerAlaThrGluThrIleSerAsnSer. ..

polypeptide (string of amino acids)
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AUGAUGCAGGAAUCUGCGACAGAAACAAUAAGCAACAGU

MetMetGlnGluSerAlaThrGluThrIleSerAsnSer

synonymous



AUGAUGCAGGAAUCUGCGACAAAGACAAUAAGCAACAGU

MetMetGlnGluSerAlaThrLysThrIleSerAsnSer

non-synonymous
(missense)



AUGAUGCAGGAAUCUGCGACAUAGACAAUAAGCAACAGU

MetMetGlnGluSerAlaThrStop

stop—-gain
(nonsense)
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e Chromosomal rearrangements:
Translocations, deletions, duplications, inversions
Submicroscopic “copy number variants® (CNVs)

e Single nucleotide variants:
Variants changing sequences of encoded proteins

Regulatory variations affecting transcription, splicing,
translation, stability/breakdown of transcripts

e Range of frequencies: highly rare to very common

e Range of effects: severe to completely benign
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Is the trait influenced by
genetic variation?
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HeritabilitylsNotWhatYouThinkltls

* 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
* |t 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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The Genetics of Congenital Amusia (Tone Deafness):
A Family-Aggregation StUdy [sabelle Peretz, Stéphanie Cummings, and Marie-Pierre Dubé
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The Genetics of Congenital Amusia (Tone Deafness):
A Family-Aggregation StUdy Isabelle Peretz, Stéphanie Cummings, and Marie-Pierre Dubé

e 9 families (n = 71) with an amusic proband,
39% of first-degree relatives were also affected

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

=> Sibling recurrence risk of ~10.8

Am. J. Hum. Genet. 2007;81:582-588. © 2007 by The American Society of Human Genetics.



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

Peretz & Vuvan (2017)
Eur J Hum Genet 25: 625-30
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Dysrhythmia: a specific congenital rhythm perception

deficit

Jacques Launay’, Manon Grube? and Lauren Stewart? *
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Edited by:
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N = 89,000

Why do some people have problems “feeling the beat”? Here we Iinvestigate participants
with congenital impairments in musical rhythm perception and production. A web-based
version of the Montreal Battery of Evaluation of Amusia was used to screen for difficulties
with rhythmic processing In a large sample and we identifled three “dysrhythmic”
Individuals who scored below cut-off for the rhythm subtest, but not the pitch-based
subtests. Follow-up testing in the laboratory was conducted to characterize the nature of
both rhythm perception and production deficits in these dysrhythmic individuals. We found
that they differed from control participants when required to synchronize their tapping to an
external stimulus with a metrical pulse, but not when required to tap spontaneously {with
no external stimulus) or to tap in time to an isochronous stimulus. Dysrhythmics exhibited
a general tendency to tap at half the expected tempo when asked to synchronize to the
beat of strongly metrical rhythms. These results suggest that the individuals studied here
did not have motor production problems, but suffer from a selective rhythm perception
deficit that influences the ability to entrain to metrical rhythms.



25 typically developing
6 year old children

Gordon et al. (2015)
Dev Sci 18: 635-44
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Absolute Pitch
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Absolute Pitch: An Approach for Identification of Genetic and Am. J. Hum. Genet. 62:224-231, 1998
Nongenetic Components

Siamak Baharloo,"® Paul A. Johnston,” Susan K. Service,® Jane Gitschier,'**>
and Nelson B. Freimer"*®
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Am. |. Hum. Genet. 65:911-913, 1999 PETER K. GREGERSEN,' ELENA KOWALSKY,'
NmvA KoOHN,? AND ELIZABETH WEST MARVIN?
Division of 'Biology and Human Genetics and

. . . o g0 *Biostatistics, North Shore University Hospital,
Absolute Pitch: Prevalence, Ethnic Variation, and Manhasset, NY: and *Department of Music Theory,

Estimation of the Genetic Component Eastman School of Music, Rochester, NY
Prevalence of AP in Asian Music Students, Stratified by Prevalence of AP in Non-Asian Music Students, Stratified
Type of Music Program by Type of Music Program
Type of Music Program No. (%) of Students Type of Music Program No. (%) of Students
(No. of Students Surveyed) with AP (No. of Students Surveyed) with AP
Conservatory (73) 6 (49.3) Conservatory (276) 0 (18.1)
University music program (152) 9 (25.7) University music program (1,844) 107 (5.8)
Liberal arts college (12) 1 (8.3) Liberal arts college (350) 6 (4.5)

All programs combined (237) 76 (32.1) All programs combined (2,470) 173 (7.0)

Sibling recurrence risk of ~7.5 - 15.1
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Genome-wide Study of Families with Absolute Pitch
Reveals Linkage to 8g24.21 and Locus Heterogeneity

45 European families

19 East-Asian families

The American Journal of Human Genetics 85, 112-119, July 10, 2009



49 European, 4 Asian families

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



36 European families

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



Gregersen et al. (2013) Hum Mol Genet 22: 2097-104
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(A)musicality in Williams syndrome: examining
relationships among auditory perception, musical
skill, and emotional responsiveness to music
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Willlams syndrome (WS), a genetic, neurodevelopmental disorder, 1s of keen interest
to music cognition researchers because of its characteristic auditory sensitivities and
emotional responsiveness to music. However, actual musical perception and production
abilities are more variable. We examined musicality in WS through the lens of amusia
and explored how their musical perception abilities related to their auditory sensitivities,
musical production skills, and emotional responsiveness to music. In our sample of 73
adolescents and adults with WS, 11% met criteria for amusia, which is higher than the 4%
prevalence rate reported in the typically developing (TD) population. Amusia was not related
to auditory sensitivities but was related to musical training. Performance on the amusia
measure strongly predicted musical skill but not emotional responsiveness to music, which
was better predicted by general auditory sensitivities. This study represents the first time
amusia has been examined In a population with a known neurodevelopmental genetic
disorder with a range of cognitive abilities. Results have implications for the relationships
across different levels of auditory processing, musical skill development, and emotional
responsiveness to music, as well as the understanding of gene-brain-behavior relationships
In individuals with WS and TD individuals with and without amusia.
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Lai et al. (2001) Nature 413: 519-23



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



Correct

Childhood Apraxia of Speech

Non-words: simple Non-words: complex
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Number of syllables Number of syllables

Watkins et al. (2002) Brain 125: 452-64



Pitch and Timing Abilities in Inherited Speech and
Language Impairment

Katherine J. Alcock, Richard E. Passingham, Kate Watkins*, and
Faraneh Vargha-Khadem*

B Affected family members B Affected family members

Brain and Language 75, 34—46 (2000)
doi:10.1006/brln.2000.2323, available online at http://www.idealibrary.com on |||E%|.'"tL
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Genetic Correlates of Musical
Pitch Recognition in Humans

Dennis Drayna,'* Ani Manichaikul,” Marlies de Lange,?
Harold Snieder,? Tim Spector?

duals

ivi

We used a twin study to investigate the genetic and environmental contribu-
tions to differences in musical pitch perception abilities in humans. We ad-
ministered a Distorted Tunes Test (DTT), which requires subjects to judge
whether simple popular melodies contain notes with incorrect pitch, to 136
monozygotic twin pairs and 148 dizygotic twin pairs. The correlation of DTT
scores between twins was estimated at 0.67 for monozygotic pairs and 0.44 for
dizygotic pairs. Genetic model-fitting techniques supported an additive genetic
model, with heritability estimated at 0.71 to 0.80, depending on how subjects
were categorized, and with no effect of shared environment. DTT scores were
only weakly correlated with measures of peripheral hearing. This suggests that
variation in musical pitch recognition is primarily due to highly heritable dif-
ferences in auditory functions not tested by conventional audiologic methods.

number of ind
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DTT scores

sciencemag.org SCIENCE

The perception of pitch requires both the ear,
which receives auditory signals, and the
brain, which performs substantial processing
of auditory signals to produce a perceived

"National Institute on Deafness and Other Commu-
nication Disorders, National Institutes of Health, 5
Research Court, Rockville, MD 20850, USA. “Twin
Research and Genetic Epidemiology Unit, St. Thomas’

pitch (/-3). Although the general features of
human pitch processing have been well de-
scribed, the precise cellular and molecular
mechanisms involved remain largely ob-
scure. One approach to understanding the
mechanisms of pitch perception is to use
genetic methods that exploit naturally occur-
ring variation in pitch perception ability (4).
If such variability is due to genetic factors,
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ine the genetic contributions to musical pitch

1969



Families




Families

L c
50 & ¢ 508




yrawe, jrunw? jraa
w DOL. B, mT@a tjé.,c‘a ﬁiifﬂ.‘iﬂl‘ O] da-,@ dawoﬁada.b ” "o%?i i‘c’hé m&m’adadaﬁ
M.7..9..8.9. 0159600000

Family 19

757 we o
9 B8 OO T B T B, B
BORE 0B, 0B,

1.5, 8. 5%

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




Genome-wide linkage scan for loci of musical 40 —
aptitude in Finnish families: evidence for a major ,, | 57% heritability
locus at 4g22

K Pulli,’ K Karma,? R Norio,® P Sistonen,* H H H Goring,® | Jarveld"®

J Med Genet 2008;45:451-456. doi:10.1136/jmg.2007.056366
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J Med Genet 2008;45:451-456. doi:10.1136/jmg.2007.056366



J Med Genet 2008;45:451-456. doi:10.1136/jmg.2007.056366



19 families (n = 343) Ukkola et al. (2009) PLoS ONE 4: 5534



Used two methods, three different modes
of inheritance, and analysed multiple
polymorphisms from five different genes.
Results of one method were reported.

19 families (n = 343) Ukkola et al. (2009) PLoS ONE 4: 5534



Genome-Wide Copy Number Variation Analysis in
Extended Families and Unrelated Individuals
Characterized for Musical Aptitude and Creativity in
Music

5 families (n = 170) + 172 unrelated people
Ukkola-Vuoti et al. (2013) PLoS ONE 8: €56356



Genome-Wide Copy Numbe

r Variation Analysis in

Extended Families and Unrelated Individuals
Characterized for Musical Aptitude and Creativity in

Music
Chr 8q24

Absolute pitch

128,978,326

LOD 3.46
rs3057
131,329,837

/

134,519,616

Theusch et al. 2009 I
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Ukkola-Vuoti et al. (2013) PLoS ONE 8: €56356
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Genome-Wide Copy Number Variation Analysis in
Extended Families and Unrelated Individuals
Characterized for Musical Aptitude and Creativity in

Music
Families
freq. in the Event
phenotype Chr region Chr: start-end type Genes Families
High COMB music test scores 67% 1921.2 1:149039031-149388389 Loss FCGRI1C, LOC388692 6, 14
Low COMB music test scores 54% 5q31.3 5:140225908-140237548 Loss Protocadherin alpha gene cluster 14, 15

Unrelated people

High COMB Low COMB Event

(N=40) (N=28) Chr region Chr: start-end type Genes p-value
8 (20%) 13 (46%) 3p14.1 3: 65191847-65214685 loss - 0.0322
6 (15%) 0 (0%) 12p11.21 12: 31266287-31409778 gain - 0.0385

Ukkola-Vuoti et al. (2013) PLoS ONE 8: €56356






660,000 SNPs
76 families (n = 767)



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....



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

PGC (2014) Nature 511:421-7






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









