
Současné možnosti hledání genetických
příčin komplexních neuropsychiatrických

nemocí a poruch osobnosti

Stanislav Kmoch & Jan Vevera

Ústav dědičných metabolických poruch & Psychiatrická klinika

1.Lékařská fakulta, Univerzita Karlova v Praze

&

Biotechnologické a biomedicínské centrum Akademie věd a Univerzity Karlovy
(BIOCEV)



Genetic architecture of complex traits

• Several key concepts of human genetics
– Inheritance, variability, mutation rate

• 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









22 pairs of chromosomes + X+Y+Mt
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Our genomes are passed in blocks  
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NEW MUTATIONS

Mutations are source of variability
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125 M newborns/year => 7.5 x109 variants/year

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

All non-lethal variants must exist !!!!!!!
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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?

Twins heritability studies Pedigree analysisFamily aggregation studies



Twin concordance rates

Plomin et al. 1994, Science 264: 1733-9)





Genetic concepts of complex traits



Particular individual can be thought of as having inherited ancestral contributions 
from generations in an exponentially decreasing fashion

Francis Galton

Determination of the heritability of phenotypic traits by the regression method

haploblocs



Biometric Mendelian debate : how to explain genetics

of complex traits

Mendel’s heritable factors could be 

utilized to justify the theory of 

discontinuous variation. 

Variation in discrete characters is due to 
mutations with large efects

Mendel’s principles might be, at best, only 

a special case of the more general 

ancestral law.

Variation  is continuous, due to mutations 
of small effects  

Wiliam BatesonKarl PearsonWalter Weldon



Threshold model of the complex disease, 

disease liability  

Is the variance continuous or discontinuous ?

Common or rare variants ? 
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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.



Family studies

Population



Hematologic studies in psychotics

Jan Janský, 1907

No association of psychosis with blood groups

Blood group Psychotics
n= N1

Controls
n=N2

P value

I (0) 0,35 0,32 n.s

II (A) 0,31 0,36 n.s.

III (B) 0,21 0,18 n.s

IV (AB) 0,13 0,14 n.s



Janský study from today perspective ? 

ABOChr 9
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Association studies today

compare frequencies of polymorphic alleles between affected and controls

(case-control studies)

affected controls

SNP

rs125896

C/G
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Χ2=12,8
P= 0,0003

-log10P=3,52



plot -log10P value vs chromosomal position of the SNP 

rs125896

3,52





plot -log10P values vs chromosomal positions of many SNPs 

Manhattan plot
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genome mutability (de novo) 
+

explosive population growth
+

migration
=

Increase load of rare variants 
which is likely to play a role in the individual or familiar genetic burden of complex 

disease risk

miliard



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

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

Selection

Family based studies
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NGS sequencing; genome vs exome



Single variant association vs aggregative testing

single variant variants/region,  pathway

patients

controls



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 small 
fraction of the genetic variation (eg. MAOA, HTR2B, 
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

• ................................................









CNVs



De novo variants ?



Load of de novo variants increases 
with paternal age !

Kong A., Nature 488, 471–475 (2012)



MAOA, CDH13


