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Francis Galton (1869):
m Hereditary Genius:

An Inquiry into Its Law
and Consequences
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2 zakladni oblasti
studia genetiky lidského chovani

m schopnosti, pocity, nalady, inteligence,
osobnostni charakteristiky, komunikacni
schopnosti, ovladani stavu stresu a hnévu

m choroby a patologické stavy:

mentalni retardace, neurodegenerativni
poruchy, schizofrenie, autismus, fobie,
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koureni, drogy), zmény nalady




Metodologie studia genetiky lidského chovani

m Analyza mutaci u jedinct s neobvyklym chovanim
m Asociacni studie (molekularni markery)

m Familialni vyskyt urcitého typu chovani
(genealogicka analyza)

m Studium dvojcat




Obsah prednasky

m Vybrané metodickeé pristupy ke studiu
genetiky chovani:

klasicka analyza mutaci
studium dvojcat

m Dedicnost agresivity
m Dédicnhost sexuélniho chovani

=
= Dedicnost inteligen

f\
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KLASICKA ANALYZA MUTACI

Gitl.

"I've found it, I've found it!f
The gene which makes peaple believe
anything scientists tell them!"
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" A
Huntingtonova choroba (HD)

AD neurodegenerativni onemocneni

m pocatek priznakl mezi 35.-45.
rokem

= mimovolni pohyby, kognitivni

deficit, psychické poruchy, uplna

zavislost nemocného na okoli

smrt v priméru béhem 15 let

A

bt/ fkobiliglmeu.cdy




'Y '%IT - : " Nancy Wexler (¥1945)
. | F:-:J. o P

®

e
m PhD - klinicka

psychologie (1974)

= podpora vyzkumu HD,
zeJmena genetlckeho
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Vyvoj testovani na HD:

m 1981 - expedice Maracaibo (Venezuela)
(1860: Marie Conception Sota)

= od r.1983 vazebna analyza (95-98%):
4p: fragmenty A, B, C, D (lokus D4510)
USA: A ; Venezuela: C

= od r.1993 prima DNA diagnostika (~100%b):
expanze trinukleotidd
42 - 100 tripletd CAG (normalné 11 - 34)




" A
Numerické aberace gonosomii:

Poor beard — Characteristic
growth xhx\x@ facial features
Braast Web of skin Hmm
development ~— 8 Constriction —
| ' of aorta D
Poor ——
breast
/" development 7
> /
tU n?er—developed Under-developed
estes .
ovaries

XXY (zvysena citlivost k socialnimu stresu), X0 (MR)
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STUDIUM DVOJICAT
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"
m DZ (dizygotni; fraternal)
m MZ (monozygotni; identical)

Dichorionic/Diamniotic Dichorionic/Diamniotic M .. .
e T inds onochorionic/Monoamniotic P
{Separate Placenta) (Fused Placenta) MonochorionicDiamniotic Conjoined
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REGULAR
SIBLINGS

50%
- —
' SIMILAR '
SIBLING 1 SIBLING 2

Regular siblings are
concelved during different
pregnancies.

FRATERNAL
(DIZYGOTIC)
TWINS

0%
A—— :
. ' SIMILAR '
TWIN 1 TWIN 2

Fraternal twins are also the
product of two different
sperms and eggs, but are

concelved during the same

pregnancy

IDENTICAL
(MONOZY GOTIC)
I'WINS

1004
GENETICALLY
SIMILAR
TWIMN 1 TWIN 2

Identical twins are conceived
during the same pregnancy,
with only one sperm and one
egg that split apart to form
separate embryos.
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Konkordance

m podil poctu part dvojcat, u kterych znak nesou
obé dvojcata, z celkového poctu pard, kde znak
nese alespon jedno z obou dvojcat
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" A
Rozstép rtu a patra:
diskordance u MZ dvojcat a genealogicka analyza

Fiqure 3 | Twin discordance. Twin sbc-maonth-oid
MoNCZyJotic twins that are discordant for cleft lip and
palate, The asterisks in the pedigree indicate the other
patients in the father's family. Orange circles, females; pink
squares, males; green circles, female twins (pictured), The
large symbols represent four daughters and seven sons,
Reproduced from REF 66.
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Priklady analyzy konkordance u dvojcat:
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" J
Odhad heritability - ACE model:

A (additive genetics) {(M2) = 1.0.{(DZ) = 5
C (common environment)

E (unique environment) ° o o
Korelace u MZ/DZ dvojcat: i a CS o\ d e
., =A+C
I‘dz = 1/2A + C o .

- A=2(rmz_rdz)
» C=r,,—A=2 ry,— 1,

-
1l 1l

- E=1-r,,
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Females Males
Lipoprateinga) (17 )
SMoking <no. clgdday: (18]
Alconol use <yasinoe: (18]
HOL-cholesterch [<-1)
LOL-chokesterd (44) ——
Fespiration rate (44) I
Sparts participation (12) I [ |
Heart rate (17)
Testosterana (17)
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| BiIrtn welght {0}
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Disinnibiion (1) M
Mewrcticism (18]
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Somatic complaints (1)
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Odhad heritability sledovanych znakii

r8c

0.22 0.50 0.52
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" A
Priklad behavioralni studie na dvojcatech:

m Saudino KJ, Carter AS, Purper-Ouakil , Gorwood P:
The etiology of behavioral problems and
competencies in very young twins.

Journal of Abnormal Psychology 117, 48-62, 2008

m 1950 parl dvojcat ve véku kojencli/batolat (primeérny
vek = 23,8 mésice)

m Infant-Toddler Social and Emotional Assessment (ITSEA)
(hodnoceno rodici)

m vyznamna heritabilita prokazana ve vSech hodnocenych

ob
m be

astech/domeénach
navioralni problémy — vyssi heritabilita

m be

havioralni kompetence — nizsi heritabilita, vyssi viiv C
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ITSEA/BITSEA Response Format

Rodice hodnotili chovani svych déti v popsanych situacich

s 7 Vv

pomoci nasledujici skaly:

1 = "Rarely/Not True"
2 = "Somewhat or Sometimes

o ] = o=
n et O et
':_..."""“:.-—-"""'.-.: -
.-r--i"'-._..-.u-""" e - r
e o JRITSEA
- Lo =
T i e o g "SR
. — ‘..} Toddlar

3 = "Very True or Often True" i
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ITSEA Domains, Scales & Sample Items

Externalizing
m Aggression/Defiance

+ "Has temper tantrums"

+ "Hits, bites, or kicks you (or other parent)"
m Activity/Impulsivity

+ "Is restless and can't sit still"

+ "Gets hurt so often that you can't take your
eyes off him/her"




lable 2

Fwin Intraclass Correlations (With 95% Confidence Imiervals in Parventheses)

Same-sex boys

Same-sex girls

Domain or subscale MZ Dz MZ D Opposite-sex DEF
Jonain
Externalizing Bl .76-85) A6 (49-.62) B3 (. T6-8T) 4 (L59-70) S0 (44-35)
Internalizing 79 (.73-.83) A% (41-.55) 51 (.76-.86) 51 (.43-.58) 56 (.51-.61)
Dysregulation 79 (74— 84) 50 (42-.57) B2 (.T7-86) 55(47-61) 52 (47-5T)
Competence 94 (,92-95) 84 (BI-8T) 03 (.91-95) 85 (82— 88) 79 (.76-.81)
subscale
Externalizing
Activity Impulsivity TRT-83) 41 (.32-48) 79 (. T2-83) A8 (40— 55) 37 (,30-43)
Aggression/Defiance B2 77-86) 56 (A49-62) A1 T6-.86) B0 (.53-.66) S3(A48-58)
Peer Aggression S0 B8-93) T2 (67-T6) B4 (.79-88) JTLT2-81) &4 (60-.68)
Internalizing
Depression Withdrawal J00L63-7T) B0 (L53-.65) J6(L69-81) A3 (.35-51) ST (51-61)
General Anxiety J5(.689-81) 52 (45-.50) JE(LT1-83) A5 (.37-53) 53 (48-.58)
Separation Distress B4 (B0-.88) B (L 58-.60) A6 (8]1-89) OB (63-73) BT (63-T1)
Inhibition to Novelty T8 72-83) a7 [ 28-435) 76 (,69-81) w2 {(43-58) A3 (,39-51)
Dwvsregulation
Sleep Problems B4 (.79-8T) 52 (45-50) B0 (. 75-.85) ST (.50-.64) 59 (.54-.63)
Negative Emotionality 68 (.60-.75) J7(.29-45) T35 (.68-81) A5 (.37-.53) 39 (.33-45)
Eating B0 61-73) 27 [ 1B=.36) 0 O0=E1) S 25-43) 28 (21=-34)
Sensory Sensitivity JTT1-82) 54 (47-.60) A7 (83-90) 65 (59-T70) 61 (.57-.66)
Competence
Compliance 93 (.9]-.94) 77 (.72-.80) 00 (.87-.92) B0 (.76-.84) 75 (.72-.78)
Altention AT(T71-82) 60 (.53-.66) B2 (.T7-86) 52 (.44-.59) 52 (47-5T)
Imitation/Play 93 (.91-95) £2 (.79-85) 04 (.92-35) B2 (.T9-85) 78 (75-81)
Mastery Maotivation B4 (7987 59 (.52-.65) T8 (. T2-83) 54 (.46-61) 59 (.54—.64)
Empathy 84(.93-96) £2(.79-85) 91 (.89—54) 85 (82— 88) 80 (.78-.83)
Prosocial Peer Relations 85 (.93-96) 80 (. 88-.92) 95 ( 94—96) B8 (_86-.90) 86 (B4—8T)
Problem Indices
Maladaptive Behaviors RO ( 86-92) £3 (80-86) 89 (.86-.92) 79 (.T5-82) T8 (T5-81)
Social Relatedness B2(.77-.86) 66 (60-T1) A2 (.76-.86) J0(.64-74) 62 (57-.66)
Atypical Index 90 (87-92) 74 (,70-73) A1 (.89-93) T .66-76) J3(70-7T)
¥o, of pairs of twins 204 412 189 390 155

Yere,  All correlations are significant at p < 05, MZ = monozygotic; DZ = dizygotic.
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DEDICNOST AGRESIVITY
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Season 5, Episode 20:
"The Boy Who Knew Too Much"

Dr. Hibbert:

Well, only one in two million people
has what we call the "evil gene".
Hitler had it, Walt Disney had it,
and... Freddy Quimby has it.
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Statistika zlocinnosti podle pohlavi pachatele

100

Percentage

Sex Difference in US
Crime Statistics

a0 -
a0 -
70 -
BO -
50 -
40 -
30 -
20 -
10 -

B Mal=

B Female

Simple Aggravated Murders
assaults assaults

Pozn.:
obracena barevna konvencel!!l ©
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GRAF C. |
Podil Zzen na trestné cinnosti
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Moulisova, M.
Vyvoj trestné cinnosti zen z pohledu policejni statistiky (Kriminalistika 3/2004)




Letters to Nature

Aggressive Behaviour, Mental Sub-normality
and the XYY Male

PATRICIA A. JACOBS, MURIEL BRUNTON, MARIE M. MELVILLE, R. P.
BRITTAIN & W. F. MCCLEMONT

1. Medical Research Council, Clinical Effects of Radiation Research Unit,
Western General Hospital, Edinburgh, 4.
2. State Hospital, Carstairs.

IT is well known that 1 per cent of males in institutions for . 1op
the mentally sub-normal are chromatin-positive and that the

majority of these have an XXY sex chromosome constitution. In

19632 Forssman and Hambert? reported on a survey of the nuclear
sex of 760 male patients in three Swedish institutions for criminal
and 'hard-to-manage’ males of sub-normal intelligence. They
found 2 per cent to be chromatin positive, but the chromosome
constitution of these patients was not reported. Casey (personal
communication) surveyed 942 males in two comparable
institutions in England, and found 2.2 per cent of them to be
chromatin-positive. He also studied the chromosomes of these 21
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" A
Syndrom XYY (syndrom Jacobsové):
m determinace ke kriminalnimu chovani?

m zvysena cetnost poprve Q}{\ ( C '\s
prokazana v napravnych A /
zarizenich pro mentalné '11 z 3
retardované K { 5(

m nepotvrdila se pfima E Ek :
souvislost s kriminalnim el i
chovanim QT

13 14 15

m horsi schopnost uceni,
poruchy soustredeni,
vybuchy hnévu
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B Open 2012;2:2000650 doi:10.1136/bmjopen-2011-000650

BM]
Genetics and genomics o en
Criminality in men with Klinefelter's syndrome and p

XYY syndrome: a cohort study

= ® ® OPEN ACCESS

Kirstine Stochholm’ Anders Emjeaenz. Anne Skakkebak Jensen', Svend Juul®,
Claus Hajbjerg Gravholt’

e kohorta: Dansko, 1978 — 2006
934 muzl XXY (= Klinefelterlv syndrom, KS)
161 muzl XYY
o kontrola:
88 979 muzl (pro XXY)
15 356 muzt (pro XYY)




" A
o Danish Cytogenetic Central Register (1967/1960)

o Statistics Denmark
o Danish Central Crime Register (1978)

sexualné motivovaneé trestné Ciny (vCetné znasilneni)
zabiti a vrazdy

nasilné trestné ciny

loupezna prepadeni, vloupani, kradeze

dopravni trestné Ciny a prestupky

trestné ciny souvisejici s drogami (ne nasilné)
zharstvi

ostatni

S U o

souziti/snatek, vzdélani, déti, dliichod




" A
XYY — podil odsouzenych (kromé "dopravy")

101 HR:2.00 (1.611t02.71)

<0. 47 XYY
0.8 p<0.001

0.6

el

0.4

Controls
0.2

0.0

20 30 40 50 60 70
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XYY — odsouzeni dle kategorii

Sexual abuse (12/108)
Homicide (1/11) : *

Violence (17/671) : ® :
Burglary (34/1,781) —e—
Traffic (49/5,132) | —e&—
Drug-related crime (9/5625) : ® /

Arson {4/36) : *
Others (30/1,702) —e—

1 10
HR, log scale
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" A
XXY — podil odsouzenych (kromé "dopravy")

1.0

0.8

0.6

0.4

0.2

0.0

A4

HR: 1.40 (1.23 to 1.59)
p<0.001

Klinefelter

Controls

20 30 40 50 60 70
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XXY — odsouzeni dle kategorii

Sexual abuse (26/592)
Homicide (1/55)

Violence (50/3,631)

Burglary (165/9,896)

Traffic (261/29,618)
Drug-related crime (23/2,676)
Arson (16/199)

Others (124/9,445)

Convictions Klinefelter syndrome

1
HR, log scale

10
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Analyza rodiny s vyskytem agresivniho chovani:

Am. |. Hum. Genet. 52:1032-1039, 1993

X-Linked Borderline Mental Retardation with Prominent
Behavioral Disturbance: Phenotype, Genetic Localization,
and Evidence for Disturbed Monoamine Metabolism

H. G. Brunner,* M. R. Nelen,* P. van Zandvoort,* N. G. G. M. Abeling,T A. H. van Gennip,t
E. C. Wolters, 1 M. A. Kuiper,t H. H. Ropers,* and B. A. van Oost*

*Department of Human Genetics, Nijmegen; tDepartments of Pediatrics and Clinical Chemistry, Academic Medical Center,
University of Amsterdam; and }Department of Meurology, Free University, Amsterdam

e familialni vyskyt X-vazané mentalni retardace bez
dysmorfii v kombinaci s agresivitou a nasilnym chovanim

e analyza polymorfisml na chromosomu X

biochemicke analyzy

e monoaminoxidaza A (MAOA): nizké hladiny
monoaminoxidaza B (MAOB): normalni hladiny

®
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Mutace v genu MAOA ("warrior gene"):

« monoaminoxidaza A:
odbouravani neurotransmitterll (serotonin, dopamin)

e CAG (glutamin) — bodova mutace — TAG (terminacni kodon)
o 'low-activity 3-repeat allele' (gen MAOA-L)

[ Storage  ©
\ vesicle

Serotonin Bl
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" JdE
MAOA-L: poulicni gangy a pouzivani zbrani

Beaver KM, DelLisi M, Vaughn MG, Barnes JC:

Monoamine oxidase A genotype is associated
with gang membership and weapon use.

Comprehensive Psychiatry 51, 130-134, 2010.

Kevin M. Beaver
Florida State University
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MAOA-L: debet na kreditni karte
De Neve J-E, Fowler JH (2010):
The MAOA Gene Predicts Credit Card Debt
nttp://ssrn.com/abstract=1457224

10 15 20 25 30
|

5
|

Change in Likelihood of Reporting
Credit Card Debt (%)

0
|

Two
Number of low MAOA alleles
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" JEE
MAOA-L:
spravné rozhodovani

Published online 8 December 2010 | Nature |
doi:10.1038/news.2010.659

Is good luck at gambling all in the
genes?

A gene associated with rash behaviour may in fact enable
shrewd decision-making in risky situations.

Tiffany O'Callaghan

The so-called 'warrior gene'
may give its carriers better
judgement when
confronted with financial
risk rather than make them
prone to impulsive
decisions.

Research published today in
the Proceedings of the

Royal Society B is a step
towards 3 more nuanced The MAOA-L gene variant could help
carriers make the optimal choice
when faced with a winning hand.

understanding of how
variants of the gene MAOA

— which specifies an Sergey Mironov/iStockphoto.com
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INTERAKCE MEZI MAOA-L A PROSTREDIM

0.75-

o
ik

0.25-

o
I

—0.25-

Composite index of
antisocial behavior (z scores)

:

B —= Low MAOA
activity, n= 163

= High MAQA
activity, n=279

None | ProbableI Severe
Childhood maltreatment

Peter J. Taylor
University of
Massachusetts
Boston

(2009)
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DEDICNOST HOMOSEXUALITY

4'- .-/f/

™ -TT.i“ R L fer ),
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" A
Geneticka determinace pohlavi

= biologické pohlavi
gonadalni pohlavi
somatické pohlavi
= pohlavni identifikace
transsexualita
= pohlavni orientace
neterosexualita
nomosexualita (1-5%, 2-10%, 4%)
nisexualita




"
Alfred Kinsey, Wardell Pomeroy et al.:

m Sexual Behavior in the Human Male (1948)
m Sexual Behavior in the Human Female (1953)

KINSEY

3 musie

4 5'“. oarter
burwell’ o W
BEHAVIOR & | ~-< - T ae e
rEsmsS T bw oil‘tex
_ nitme - was jMbux Tixs
s HUMAN tas i 2\ Dol o
5 MALE £ - pley LSux e )

L sexuallg
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_Rutinn Description
0 Exclusively heterosexual

1 Predominantly heterosexual, only incidentally homosexual

Asexual, Non-Sexual
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Exclusively heterosexual

2 3 4

Varying bisexual responses

|[enxasowoy AjaAISn|Ix]
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Kinsey Scores
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Table 57-5 Concordance for Homosexuality in Twins
_ Males" Females”
Monozygotic twins (29/56) 52% (34/71) 48%
Dizygotic twins (12/54) 22% (6/37) 16%
Adopted same-sex siblings  (6/57) 11% (2/35) 6%
Males® Females®
Monozygotic twins (22/34)65%  (3/4)75%
Dizvgobic twins
Male/male (4/14) 29%
Male/female (3,/9) 33%
'Bﬂl!}r and Pillard 1991,
"Bailey et al. 1993.
“Whitman, Diamond, and Martin, 1993,
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Studium genetické determinace homosexuality:

m Hamer DH, Hu S, Magnuson VL, Hu N, Pattatucci AM:

A linkage between DNA markers on the X
chromosome and male sexual orientation.

Science 261, 321-327, 1993.

m 114 rodin homosexualnich muzt
m analyza rodokment, vazebna analyza

m zvySeny vyskyt homosexuality u strycl a
bratrancll z matciny strany, ale ne u pribuznych

2 Nty ctranv
e UJULLUJUYV y Ul C11 Iy

m X-vazany typ dédicnosti




m 40 vybranych rodin (2 homosexualni
bratri, zadneé znamky nematernalniho
Drenosu)

m korelace mezi homosexualitou a
dédicnosti polymorfnich markertl na X
chromosomu u 64% rodin

= marker na Xq28

Y A
Aq& g
Born to be & Gay

Xp2

Xp21

Api

Xgi
X1z

xq13

Xg21

Xg2d
Xg23
Xn24

Xqz25
K26
Xqg27
¥qz8




Chromosome X

_— AVPR2 hY
— LI1CAM LCAP —1J Ar#GAP4 ARDI1 A
f__,-f*’fq - - A
— Deletion (11286bp) .
f-; x\
_— H“x
AVPR2-GAP4(expected size product, 386bp with
deletion )
' I
—HH =il Jilnnliili
AVPR2 \ ARHGAP4

Deletion point

— AVPR2exonl expected product size, 583bp
—  AVPR2exon2 expected product size, 600bp

Bi6170 Genetika II / 24.9.2014



Dean H. Hamer

DEAN HAMER / PETER COPELAND

y & 080hnost

Biologieké zaklady psvehiky éloveka

portal

L
\ :
’ 3
o
. L
\ {

. How Faith Is Hardwired £

Fthe

LOD

gene

mmto Our Genes

I S—

Bi6170 Genetika II / 24.9.2014




DEDICNOST INTELIGENCE




" A
Slozky celkové inteligence

m Apercepcni (rychle chape, dobry postreh)

s Reprodukcni (rychle a snadno se uci)

= Iniciativni (ma hodné podnétl a napadt, vse zaridi)
s Mnesticka (velmi dobra pamét)

m Expresni (vyjadreni myslenky slovem a pismem,
rychlé reakce, dobri recnici a diskutéri)

m Socialni (dobré jednani s lidmi)
m Abstraktni (pouzivani a prace se symboly)
m Prakticka (manipulace s rliznymi vécmi)




"
Females
Lipoprateinga) (17 )
SMoking <no. clgdday: (18]
Alconol use <yasinoe: (18]
HOL-cholesterch [<-1)
LOL-chokesterd (44)
Fespiration rate (44) I
Sparts participation (12) I [ |
Heart rate (17)
Testosterana (17)
Smoking <yesino: (18]
BiIrtn welght {0}
F‘ml:ulam banavlour <axtarmnalzing= () m
Frobiem tehaviour < intarmalzings ()
Thrill and adventure seeking (18]  —
Disinnibiion (1) M
Mewrcticism (18]
Experience secking (1)
Anxiety (18) I
Deprassion (1)
Boradom susceptbiity (1)
Cognitive rallures | 17)
Somatic complaints (1)

|

Cardiovascular risk factars

Irtelgence (5) I

Intellgence (7) I
Intellgence (10
Intalligence [16)
Intalligence (1)
Intalligence [27)

Cognitive and personality raits

0 20 40 60 80

100 0

F’Euua‘lagedum

ales

—

\N

80 100

&
e
]
(=5 ]
o

geneticke faktory (A) / spolecné vlivy prostredi (C) /
jedinecné vlivy prostredi (E) / vekove rozdily
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" A
Studium genetické determinace inteligence:
m Bouchard TJ Jr.

Genetic and environmental influences on adult
intelligence and special mental abilities.

Human Biology 70, 257-279, 1998.

Pramen MZS MZO DIZS DZ0O
Newman et al. 1937 0,71

Juel-Nielsen 1980 0,69

Shields 1962 0,75

Bouchard et al. 1990 0,83 0,75

Pedersen et al. 1992 0,80 0,78 0,22 0,32
Newman et al. 1998 0,47
Priumér 0,82 0,75 0,22 0,38

Korelacni koeficienty pro vysledky 1Q testu u MZ a DZ
dvojcat vychovavanych spole¢né (S) a oddélené (O)




" J
Studium genetické determinace inteligence:
m Davies G, Tenesa A, Payton A et al.:

Genome-wide association studies establish that
human intelligence is highly heritable and polygenic.

Molecular Psychiatry 16, 996-1005, 2011.

m 3 500 dospelych (18-90 let) — UK, Norsko

m IQ testy (slovni zasoba, rychlost reseni,
deduktivni schopnosti)

m maly efekt stovek az tisictl genl (50% podil)

m analy Za CCa 500 000 SNP polymorfisml = osoby
s vyssi inteligenci si byly "geneticky podobnéjsi"




"

OBJEVIL JSEM CEN ZoDFOVEDNY
Zp, SOLIDARITOD --.

PRAVE SE PERE § CECNEM Z0oDPOVEDNYM
Zp PREZIT ...
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