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Genetic architecture of complex traits

e Several key concepts of human genetics

— Inheritance, variability, mutation rate

e When geneticists should get involved

— genetic epidemiology

* Genetic concepts of complex traits

— common Vs rare variants

* Genetic dissection of complex traits

— linkage , association

* Future of genetic studies in complex traits
— clan and personal genomics

* Genetic architecture of impulsive violence
— Our own experience
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22 pairs of chromosomes + X+Y+Mt
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original chromosomes

meiotic recombination ¢:

recombinant chromosomes

multiple generations
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individual 1
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individual 3 - .
WY I
individual 5 - .

Our genomes are passed in blocks




original chromosomes

meiotic recombination ¢:

\
multiple generations i NEW MUTATIONS

recombinant chromosomes

individual 1

]
individual 3 - .
WY I
individual 5 - .

Mutations are source of variability
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genetic diversity in humans

de novo mutation rate
per position in haploid genome
1.10-1.28 x10°8
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genetic diversity in humans

de novo mutation rate
per position in haploid genome
1.10-1.28 x10°8

eg. ~ 50 de-novo germline mutations/individual

125 M newborns/year => 7.5 x10° variants/year

Each base of human genome may mutate 1-2x/year

very rare

n
>

0,005 0,05

are low common

Allele frequency



evolutionary perspective
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deleterious alleles
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disease perspective

Mendelian traits

Apol1 and kidney disease
HBB and sickle cell disease
G6PDH and hemolytic anemia
LOXL1 and glaucoma

rare diseases

CFH and age-related macular
degeneration

Oligogenic or polygenic
disease

Modifying factors

n
>
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very rare ' rare low common

Allele frequency



Neuropsychiatric and behavioral
0o traits ?
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When geneticists should get involved ?
Key questions and answers of genetic epidemiology

Familial clustering ? Evidence for a genetic effect ?]| Particular genetic models?

Family aggregation studies Twins heritability studies Pedigree analysis
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Genetic concepts of complex traits



Francis Galton

Determination of the heritability of phenotypic traits by the regression method

RATE OF REGRESSION IN HEREDITARY STATURE.
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Particular individual can be thought of as having inherited ancestral contributions
from generations in an exponentially decreasing fashion




Biometric Mendelian debate : how to explain genetics
of complex traits

Walter Weldon Karl Pearson Wiliam Bateson
Mendel’s principles might be, at best, only Mendel’s heritable factors could be
a special case of the more general utilized to justify the theory of
ancestral law. discontinuous variation.
Variation is continuous, due to mutations Variation in discrete characters is due to
of small effects mutations with large efects




Threshold model of the complex disease,
disease liability

threshold threshold

Is the variance continuous or discontinuous ?

Common or rare variants ?



genetic variance of the trait

Do we need to explain genetic variation of particular trait at the population level ?
Yes, it defines genes, pathways, mechanisms and therapeutic targets.



Genetic Dissection of Complex Traits

Eric S. Lander® and Nicholas J. Schork

SCIENCE e« VOL. 265 < 30 SEPTEMBER 1994

Family studies
Linkage analysis Allele-sharing methods
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Hematologic studies in psychotics
Jan Jansky, 1907

‘' e - >
[ L] - %
® + = 3 .

L fl .
R
n=N1 n=N2

| (0) 0,35 0,32

Il (A) 0,31 0,36 n.s.
Il (B) 0,21 0,18 n.s
IV (AB) 0,13 0,14 n.s

No association of psychosis with blood groups



Jansky study from today perspective ?

Chr9 ABO

ABO variants

DBH

Hypotheses in the Life Sciences 1 1 ppI-8

ABO group B is associated with personality traits through
linkage disequilibrium with low activity dopamine beta
hydroxylase

Donna K. Hobgood'



Association studies today

compare frequencies of polymorphic alleles between affected and controls

affected
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plot -log,,P value vs chromosomal position of the SNP
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plot -log,,P values vs chromosomal positions of many SNPs

Manhattan plot



Neuropsychiatric and behavioral
0o traits ?
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Family based studies

From rare Mendelian traits to the general population
focus on diseases in families and ‘clans’

Selection
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Large
effect

New
De novo

Lupski JR; Cell 2011, 147:32-43.



Focus on individual genetic variance of the trait




NGS sequencing; genome vs exome

Genomespace Help
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Single variant association vs aggregative testing

patients

2 ol B B ks 5
1"

\

1

controls

AEEEL.

aadan

[

single variant variants/region, pathway



Violent behavior

Typical complex trait that results from interactions
between multiple genetic, biological, environmental,
and sociological factors

Violent crime runs in families (OR for sibs 4, for arson
22)

Twin and family studies have suggested that violence,
has substantial heritability, ranging from 44%-72%
High heritability implies genetic determination

Genetic studies (SVAS, GWAS) revealed only smalli
fraction of the genetic variation (eg. MAOA, HTR28B,
CDH13)



Candidate genetic factors

Y chromosome

Testosterone production
Androgen synthesis

Male determining factors (SRY)

Stress response components (GR, DBH, COMT, ADRB'’s,
NET1)

Serotonine pathway (MAOA, MAOB, SLC6A4, TPH1 and 2
Blood sugar levels

Brain glucose uptake

Nitric oxide synthase

Arginine vasopressin receptor
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CNVs

RESEARCH ARTICLE AMERICAN JOURNAL OF
medical genetics

Neuropsychiatric Genetics

Genomic Architecture of Aggression: Rare Copy
Number Variants in Intermittent Explosive Disorder

Tiffany H. Vu,' Emil F. IZE:JI.':::Elrn.2 Evan E. Eiu::hllar.i‘3 and Santhosh Girirajani“"



De novo variants ?

Dev Psychopathol 2012 August ; 24(3): 739-753. do1:10.1017/5095457941200034X.

Advancing paternal age and offspring violent offending: A
sibling-comparison study

Ralf Kuja-Halkola'2:3, Yudi Pawitan', Brian M D’Onofrio?, Niklas Langstrom'.2.2, and Paul
Lichtenstein’

Violent crimes
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Load of de novo variants increases
with paternal age !

+ Proband autistic .
* Proband schizophrenic "
¢ Proband parent of autistic case

100-

80-

60

MNumber of de novo mutations called

15 20 25 30 35 40 45

Age of father at conception of child (years)

Kong A., Nature 488, 471-475 (2012)



Molecular Psychiatry (2014), 1-7
© 2014 Macmillan Publishers Limited  All rights reserved 1359-4184/14

www.nature.com/mp

ORIGINAL ARTICLE
Genetic background of extreme violent behavior

J Tiihonen™**'°, M-R Rautiainen®'?, HM Ollila**, E Repo-Tiihonen?, M Virkkunen®, A Palotie”®®'%"" O Pietildinen?, K Kristiansson®,
M Joukamaa'?, H Lauerma®'3'%, J Saarela’, S Tyni'®, H Vartiainen'®, J Paananen'’, D Goldman'® and T Paunio®>®

In developed countries, the majority of all violent crime is committed by a small group of antisocial recidivistic offenders, but no
genes have been shown to contribute to recidivistic violent offending or severe violent behavior, such as homicide. Our results,
from two independent cohorts of Finnish prisoners, revealed that a monoamine oxidase A (MAOA) low-activity genotype
(contributing to low dopamine turnover rate) as well as the CDH13 gene (coding for neuronal membrane adhesion protein) are
associated with extreme homicides, attempted homicides or batteries). No substantial
signal was observed for MA OA CDHl 3 t offenders, indicating that findings were specific for violent
offending, and not large Y4 ocial personality disorder. These results indicate both low
monoamine metabolism anu neuronar memorane aysiuncuon as plausible factors in the etiology of extreme criminal violent
behavior, and imply that at least about 5-10% of all severe violent crime in Finland is attributable to the aforementioned MAOA and
CDH13 genotypes.

Nature. 2010 December 23: 468(7327): 1061-1066. doi:10.1038/nature09629.

A POPULATION-SPECIFIC HTR2B STOP CODON PREDISPOSES
TO SEVERE IMPULSIVITY

Laura Bevilacqua', Stéphane Doly?, Jaakko Kaprio®4 Qiaoping Yuan', Roope Tikkanen®,
Tiina Pauni07, Zhifeng Zhou1, Juho Wedenojassg, Luc Maroteauxz, Silvina Diazz, Arnaud
Belmer?, Colin A. Hodgkinson1, Liliana Dell’Osso1°, Jaana Suvisaari’, Emil Coccaro'!’,

Richard J Rose12, Leena Peltonen*~8’9, Matti Virkkunen6-13, and David Goldman'




