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P\ttaad crdne 30 October 2008 | Nature | 8510.1038/ews 2009.1050

Lighter sentence for murderer with 'bad genes'

Erfelijkheid? Nature-Nurture
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Erfelijkheid? Nature-Nurture
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7. Welbevinden

8. Depressie

-> 80%
->70%

->males: 70-80%

->females: age 13: 38%; age > 13 70-80%
->60%

-> initiation: males: 37%; females: 55%

-> current: males: 59%; females: 46%
->50%

->40%
->30-40%

www.tweelingregister.org

8 Nederlands Tweelingen Register ==1
wol NIEUWS  INFORMA TWIN ONDERZON = TAS
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rlands Twin Register (NTR): Longitudinal Survey Study

(children, adolescents and adults)

YNTR: Young Twins and Sibs: ANTR: Adults Twins, Sibs, Parents & Spouses :
Parental, Teacher, Self-report on CBCL, TRF, YSR, CPRS-R:S, Self-Report on health, personality, wellbeing, 1991 (L1)
DCB, health, school, lifestyle, wellbeing, religion, psychopathology, lifestyle, religion, fertility, education,
ics, pe lati family ionil demographics, addiction

1993 (L2)

1995 (L3)

1997 (L4)

2000 (L5)

2003 (L6)

2005 (L7)

2009 (L8)

2011 (L9)

18+ year old twins and family members from
YNTR to ANTR survey collection

Psychiatric Interviews:
CIDI for adults / DISC for Children

LVS & CITO data |

Cardiovascular and autonomic function
(BP, ECG, ICG, RR, RSA, PEP)

Exercise & health

1Q testing & Neuropsychology (processing speed, memory,
executive function)

DNA collection (buccal cells) for
% 3 candidate genes, GWA and
w ] N epigenetic studies
<

NTR Biobank:
Serum, plasma, DNA (GWA), RNA ((un)challenged),
LCL cell lines, urine, stool -> biomarkers, metabolomics
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STAND VAN ZAKEN
Meerlinggeboorten in Nederland

Tina ). Glasner, Catharina E.M. van Beijsterveldt, Gonneke Willemsen en Dorret I. Boomsma
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Aantal een- (——) en t iig li (——) per 1000 bevallingen in Nederland in de periode 1904-2011 (bron: CBS).

NED TIDSCHR GENEESKD. 2013;157: A5962
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Meerlinggeboorten in Nederland
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FIGUUR 2 Aantal i per 1000 bevallingen (- ) (bron: (BS) en de gemiddelde leeftijd van de moeder bij de geboorte van het 1e kind. Bronnen
voor iddeld: derleeftijd: Historische Steekproef Nederland (-= = == - = ), Netherlands Kinship Panel Study (- — —=) en (BS ( ).

NED TIDSCHR GENEESKD. 2013;157: A5962
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Brain volume MZ twin pairs
(milliliter) in twin and co-twin

Brain volume DZ twin pairs
(milliliter) in twin and co-twin

Resemblance of MZ (‘identical’) and DZ twins (sibs)

MRI-based Brain volumes
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Eerste vragenlijst voor moeders van tweelingen V02

Voor et wachtwoord

1/21/14



Leeftijd 1

De onderstaande vragen hebben betrekking op de tweeling en op de geboorte van de tweeling
OUDSTE JONGSTE
1. Geslacht: Q. jongen Q. meisje Q. jongen Q. meisje
2. Geboortegewicht: gram gram
3. Geboortelengte: m m
4. Hoofdomtrek bij de geboorte: m m
5. Apgar scores direct na de geboorte: 1 mecig: 2 e [ 2 e
6. Hoeveel weken heeft de zwangerschap geduurd? weken en dagen
7. Hoeveel tijd zat er tussen de geboorte van de oudste en de jongste van de tweeling? uren on minuten
8. Hoeveel placenta’s (moederkoeken)
waren er bij de geboorte? Q. sén Q. tweo of twee tot 66n vergroeide placenta L. weot ik niet
9. Zaten de baby’s samen in één buitenste vlies? Q ja O nee O weet ik niet
10. Zaten de baby’s samen in één binnenste vlies? Q. ja Q. neo Q. oot ik niot
=0
2. Hoeveel siaapt uw tweeling?
oudste [y ergveel O veel D5 normaal O wenig  Os ergweinig
jongste Oy ergveel O, veel Os  normaal O wenig  Os ergweinig
3. Huiden de kinderen zonder duidelike oorzaak?
oudste  [1; zelden afen toe O vaak
jongste O, zelden O, arente [, vaak
4. Zjn de Kinderen lang ‘van streek als de normale dagelijkse gang van zaken verstoord is?
oudste [y ja O eenveete 3 nietof nauweliks

jongste [ ja

Wity door een arts en/of dat ze in een

[ eenbeetie (s niet of nauweliks

5. Heeft het kind sinds de geboorte één van de volgende Ziekten gehad? Of is er sprake van een andere (emstige) aandoening?
K

Ziekte/ aandoening gehad?

behandeld door arts?

hebben gelegen?
in ziekenhuis gelegen?

oudste Jongste oudste Jjongste oudste Jongste
we @ me @ me @ e @ | me i e R
a bronchis/
ongontsteking o, g O 0 0 0 O G| 0 G O G
b waterpokien 0 g 0O G 0 0 O G |0 G O G
c liesbreuk 0o 0 o &0 0 0 0 0 0 0 0O
d. grief o 0 0 O, 0, O, 0, O, o 0 0 0,
e Keebntsteking 0, 0 O 0 O 0 O 0|0 0 O 0
PRp— 0, 0 O 0 0 0 O 0|0 0 0O 0
g ozere 0, 0 O 0 O 0O O 0|0 0O 0O 0
h 6" ziekte 0 0 0 O, = O, 0, O, O, 0, 0, 0,
1. Hoe 200 u het welbevinden van het knd beschver? Leeft|1d3
oupsTe JonGsTE
O,  atjdorbina atja gelukiig [,  anjaorbina aiya gelukiig
[, vaker getukiag dan ongelutag O, vaker gelug dan ongelusiig
Oy even vaak gelukkg as ongelukkig O;  even vaak gelukiig ais ongelukkig
D, vaker ongelukiig dan geluig O, vaker ongelukiig dan geluig
Oy atya of bjna atyd ongelukiig Oy atya of bina aitya ongelukkig

Hieronder volgt een ljst met vragen over kinderen. Alle vragen gaan over hoe uw kind nu is of in de afgelopen 2 maanden is geweest.
Kuist u het vakje met een 2 aan als de vraag duidelj of vaak bj uw kind past. Kruis het vakle met een 1 3an als de vraag een bestje
of soms bij uw kind past. Als de vraag helemaal niet bj uw kind past, kruis dan het vakje met een 0 aan. Beantwoord alle wagen zo
‘goed als u kunt, ook al ljken sommige vragen niet bij w Kind te passen. /oordt u alstublieft eerst alle vragen voor de oudste
van de tweeling en daama alle vragen voor de jongste van de tweeling.

0= Helemaal Niet (voor zover u weet] 1= een Bestje of Soms 2= Duidelijk of Vaak

0=helemaal niet (voor zover u weet)

1= een beetje of soms.

2= duidelijk of vaak

N oA e

Doet te jong voor zii/haar leeftid

Drinkt dat Zijnhaar ouder -
oudste:

jongste:

Maakt veel ruzie

Maakt dingen waar hizij mee begint niet af

Eris heel weinig wat hijzj leuk vindt

Doet ontiasting (poept) buiten de we of in de broek

Schept op, doet stoer

Kan zich niet concentreren, kan niet lang de aandacht ergens bij houden

JONGSTE
L O O
0, 0 0
0, 0 0
0 0 0
0, 0 0
0, O 0O
0, 0 0
0O 0 0

OUDSTE JONGSTE
O, O, O, |1 Pinkiachten (zonder medische corzaak, geen buikpin of hoofdpijn) O, O, O,
o O, . |2 Doette jong voor zinhaar leeftid O, O O,
Oo Oy O |3 isbangomiets nieuws te proveren O, 0, O
b 00, O, |4 Vemidtanderen aan te kijen 0,
o Oy O |5 kan Kan niettang de nouden 0O,
Do O/ O |6 Kanrietstitten s onust of ryperacter. Oo| — ouDSTE
Oo O, 0. |7 Kanerniettegen wanneer dingen ergens anders staan O
e [0, [, |8, Kan niettegen alles moet nu gebeuren O O, O O
O 0O 0
Leeftijd 7, 10, 12
o 0 0
O O O
O O 0
0. O 0
O, O 0
.
g

Al de viasg helemaal nied bil jou past, Kik du

0= Helemasl niet (voor zover jo we

het vakie met de 0 23,

Beetie of Soms 2= Duidelik of Vask

D 1. Dk doe te g voor mia leefind D D: 32 Ik beb het gevoet dat &k pecfect moet o
O, O: 2 Ikdriok lcohol zondes da O, D: 3% Ikhed het gevoed dar semand vas o houds
goed vinde O, D: 3 Ikbeb het gevoel dat andesen mif te pakken
O O 3 Ikmsskveel naie willen nemes
4. Tk maak dingen waar i aan begin niet of 35, Tk vorl me wa —
Ex s el weinig wat ik lewk vind O, O: 3 Ikoask vask pes cogelak gewond
6 Ikhou vaa diesen O, O 37 Kvechveel
O, O 7 Kschepop o 38, Ik woed veel gepest
8 Tk vind het moeiik om me te concentresen C 39, Tk ga om met jongens en meivies de in

a ssostach exgenn bi te hosden

9. Ik kan bepaalde gedachien aiet it eximhoofd |

Leeftijd 14, 16
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Gedrags- en Emotionele Problemen tijdens de kindertijd
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Increase in Child Behavior Problems Resulting from
Maternal Smoking during Pregnancy

Jacob F. Orlebeke *, Dirk L. Knol * & Frank C. Verhulst ®

? Department of Physiological Psychology, Vrije Universiteit, Amsterdam, The Netherlands
b Sophia Children's Hospital, Rotterdam, The Netherlands

N=1377 twin pairs

To cite this article: Jacob F. Orlebeke, Dirk L. Knol & Frank C. Verhulst (1997): Increase in Child Behavior Problems Resulting
from Maternal Smoking during Pregnancy, Archives of Environmental Health: An International Journal, 52:4, 317-321

tlefed. There was a significant effect of maternal smoking on so-called externalizing behav-
ior problems (opposmonal aggresslve, overactive), but not on |ntemallzmg behavior prob-
lems (withd in both first- and second-born twins. The authors
zolmarily attributed the enhanced externalizing problems to increased aggression. Although

ys had higher externalizing (and aj ion) scores than girls, the effect of maternal smok-
ing was the same for boys and girls. The authors also discuss whether maternal smoking
causes externalizing behavior problems.

Prenatal smoking predicts offspring externalizing but not
internalizing problems at age three

Lot M Geels2¢, Jacqueline M Vinka?, Toos CEM van Beijsterveldt?, Michael C Neale®d,
Dorret | Boomsma? ¢ & Meike Bartels® ¢

N= 9,982 children

Maternal and paternal prenatal smoking were both related to offspring
externalizing problems. Maternal but not paternal smoking was related
to offspring internalizing problems. For externalizing problems,
maternal prenatal smoking was a stronger predictor than paternal
smoking. Offspring of mothers who continued to smoke during
pregnancy showed increased externalizing, but not internalizing
problems at age three. No differential effects of maternal smoking only
in the first or last trimester were observed.

Anesthesia and Cognitive Performance
in Children: No Evidence for a
Causal Relationship

Mok Bartels,” Robert R. Althofl.” and Dorree | Boomsma'

W
*ch v o ot vy 1 9 e

Possible Outcomes Under Two Hypotheses of Causality

C i i C
unexposed twins unexposed twins exposed twins exposed twins
Causal hypothesis (anesthesia causes
learning problems) Low Low High High
Non-causal hypothesis (medical
condition cause of learning problems) Low High High High
541 =4 MALES_under 3
—=—MALES_ever
540 [ FEMALES_under 3
. FEMALES_ever
539 - \l/’_.\
538 5
o . e |
= N .
5 537 T -
e
536
535
534
533 T T T
CON-NE DIS-NE DIS-E CON-E
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Pre-divorce problems in 3-year-olds: a prospective study
in boys and girls

Sylvana C. C. Robbers - Meike Bartels «
C. E. M. Toos van Beijsterveldt - Frank C. Verhulst -
Anja C. Huizink * Dorret I. Boomsma

H Getrouwd tot leeftijd 12

¥ Gescheiden tussen leeftijd 3-12

Meisjes: Int_age12 Jongens: Int_age12 Meisjes: Ext_age12 Jongens: Ext_age12

Pre-divorce problems in 3-year-olds: a prospective study
in boys and girls

Sylvana C. C. Robbers - Meike Bartels «
C. E. M. Toos van Beijsterveldt - Frank C. Verhulst -
Anja C. Huizink * Dorret I. Boomsma

= Getrouwd tot leeftijd 12

™ Gescheiden tussen leeftijd 3-12

4
2
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Meisjes: Int_age3 Jongens: Int_age3 Meisjes: Ext_age3 Jongens: Ext_age3
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nagure
_thehumangenome

HUMAN /7
GENOME £

Human genome project

aimed at determining the sequence of all base pairs which make up DNA and to
identify and map the approximately 25,000 genes of the human genome from
both a physical and functional standpoint.

The project began in 1990, initially headed by James D. Watson at the NIH. A
working draft of the genome was released in 2000 and a complete one in 2003,
with further analysis still being published. A parallel project was conducted by the
Celera Corporation (Craig Venter).

1/21/14
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First quarter 2008

s
s

|| ll‘llﬁl’ 180

Manolio, Brooks, Collins, J. Clin. Invest., May 2008 Ste

Published Genome-Wide Associations through 9/2009, 536 published GWA atp <5 x 10

NHGRI GWA Catalog
www.genome.gov/GWAStudies
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Published Genome-Wide Associations through 6/2010, 904 published GWA at p<5x10- for 165 traits

NN AN N
NHGRI GWA Catalog
www.genome.gov/GWAStudies
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Published Genome-Wide Associations through 06/2011,
g 1,449 published GWA at p<5x10* for 237 traits 2011 2nd quarter

NHGRI GWA Catalog
www.genome.gov/
GWAStudies
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O ]
@ Response to hepattis C treat

@ Abdominal aortic aneurysm @ Coftee consumption @ Hepatoceliutar carcinoma O Neuroblastoma © Response 1o interferon beta therapy
O Acute ymphoblastic leukemia @ Cognitive function Hirschsprung’s disease © Nicotine cependence @ Response to metaformin
@ Adnesion molecules O Conduct disorder O HIv-1 control © Obesity O Response to statin therapy
@ Adiponectin levels © Colorectal cancer © Hodgkin's lymphoma @ Open angle glaucoma O Restless legs syndrome
© Age-related macular degeneration O Comeal thickness O Homacysteine levels @ Open personality O Retinal vascular caliber
O AIDS progression O Coronary disease O Hypospadias O Optic disc parameters O Rheumatoid arthritis

O Alcohol dependence @ Creutzfeldt-Jakob disease @ Idopathic pulmonary fibrosis @ Ostecarthritis O Ribavirininduced anemia
@ Alopecia areata @ Crohn's disease @ |FN-reiated cytopeni O Osteoporosis O Schizophrenia

O Aizheimer disease © Crohn's disease and cellac disease @ IgA levels @ Otoscierosis O Serum metaboites

© Amyloid A levels @ Cutaneous nevi @ IgE levels O Other metabolic traits @ Skn pigmentation

O Amyotrophic lateral sclerosis @ Cystic fiorosis severity d Q o @ Smoking behavior

O Anglotensin-converting enzyme activiy @ Dermatits @ Insuiin-like growth factors @ Pancreatic cancer © Speech perception

@ Ankylosing spondyitis @ DHEAs levels @ Intracranial aneurysm @ Pain O Sphingolipid levels

@ Asterial stifiness @ Diabetic retinopathy @ Iris color © Paget's dsease @ Statin-induced myopathy
@ Asparagus anosmia @ Diated cardiomyopathy @ Iron status markers @ Panic disorder @ stoke

@ Asthma @ Drug-induced liver injury @ Ischemic stroke @ Parknson's dsease © Sudden cardiac arrest
@ Atherosclerosis in HIV © Drug-induced iver injury ¢ O Juvenile idiopathic artritis O Periodonttis @ Suicide attempts

@ Atrial fibrillation O Endometrial cancer @ Keloid @ Peripheral arterial disease © Systemic lupus erythematosus
@ Ateion defit hyperactvlydsorder @ Endometriosis @ Kidney stones O P s O Systemic scierosis

O Autsm @ Ecsinophil count @ LOL cholesterol O Phosphatidylcholine levels O T-aulevels

@ Basal cell cancer @ Eosinophilic esophagitis @ Leprosy @ Phosphorus levels O TauAB1-42levels

@ Behcet's disease [ ] treament © Lepti levels O Photic sneeze O Telomere length

© Bipolar disorder @ Erytvocyte parameters @ Liver enzymes @ Phylosterol levels O Testicular germ cell tumor
@ Bilary atresia © Esophageal cancer @ Longevity O Platelet count @ Thyroid cancer

@ Bilrubin @ Essential fremor @ LP(a) levels @ Polycystic ovary syndrome @ Thyroid volume

@ Bitter taste response © Exfoliation glaucoma O LpPLA(2) activity and mass @ Primary biary cimhosis @ Tooth development

© Birth weight © Eye color traits @ Lung cancer @ Primary sclerosing cholangitis @ Total cholesterol

@ Bladder cancer © F cell distribution O Magnesium levels @ PRinterval © Trigiycerides

@ Bleomycin sensitivity O Firinogen levels @ Vizor mood disorders O Progranuin levels @ Tuberculosis

@ Biond or brown hair @ Folate pathway vitamins @ Malaria @ Progressive supranuclear palsy O Type 1 diabetes

© Blood pressure © Follicular lymphoma © Mae pattern baldness © Prostate cancer @ Type 2 diabetes

© Blue or green eyes © Fuens ystrophy O Protein levels @ Ukceratve colitis

© BMI, waist circumference. O Freckles and buming @ Watrix metalloproteinase levels @ Pshlevels O Urate

O Bone density O Galistones O mcp- QO Psorizsis @ Urinary aibumin excretion
@ Breast cancer O Gastric cancer @ Melanoma QO Psoriatic arthritis © Urinary metabolites

@ C-reactive protein @ Gloma O Menarche & menopause @ Puimonary funct COPD @ Uterine fibroids

@ Calcium levels © Glycemic traits © Meningococcal disease @ QRS interval @ Venous thromboembolism
@ Cardiac structureffunction O Hair color O Metabolic syndrome @ QT interval @ Ventricular conduction
@ Cardiovascular risk factors © Hair morphology © Migrane @ Cuantitatve traits O Veriical cupdisc ratio
@ Canitine levels Handedness in dyslexia © Moyamoya disease © Recombination rate @ Vitamin B12leveis

© Carctenciditocopherol levels O HOL cholesterol @ Muitiple sclerosis © Red vs non-red hair @ Vitamin D insuffiency

O Celiac disease O Heart failure O Myeloproliferative necplasms. © Refractive error @ Vvitiigo

@ Celiac disease and theumatoid arthris O Heart rate O Myopia (pathological) O Renal cell carcinoma @ Warfarin dose

© Ceretral alrophy measures Height @ Neglycan levels O Renal functon @ Weight

@ Chrenic ymphocyte leukemia O Hemostasis parameters O Narcolepsy @ Response to antdepressants O White cell count

@ Chronic myeloid levkemia Hepatic steatosis O Nasopharyngeal cancer @ Response bantpsychot: therapy © White matter hyperintensity
O Ceetlipipalate O Hepatits O Natriuretic peptide levels O Resp @ YKL40 levels

Published Genome-Wide Associations through 07/2012, Published GWA at p<5X10° for 18 trait categories

1/21/14
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Published Genome-Wide Associations through 12/2012, Published GWA at p<5X10°¢ for 17 trait categories

@ Digestive system aisease
@ Cordiovmscuin aisense
@ Metsvolc disesse
© tmmune system disease
© Nervous system disease
@ Liver erayme measurement
@ Uipid or Wpoprotein messurement
© tfsmmatory marker messurement
© Hematokogical measurement
@ Booy measurement
@ Cortiovasauisr measurement
@ Other messurement
© Response to drug
© Biokgical process,
@ Cancer
1y National Human Other disease
*muu—n Oter et
Institute

It took 4 months, a handful of scientists and ~ US$1.5 mil
to sequence the genome of DNA pioneer James Watson

nature Vol 45217 April 2008|doi:10.1038/nature06884

LETTERS

The complete genome of an individual by massively
parallel DNA sequencing

David A. Wheeler'*, Maithreyan Srinivasan®*, Michael Egholm?*, Yufeng Shen'*, Lei Chen', Amy McGuire®,
Wen He?, Yi-Ju Chen? Vinod Makhijani®, G. Thomas Roth?, Xavier Gomes?, Karrie Tartaro’f, Faheem Niazi’,
Cynthia L. Turcotte?, Gerard P. Irzyk? James R. Lupski*>*, Craig Chinault*, Xing-zhi Song’, Yue Liu', Ye Yuan',
Lynne Nazareth', Xiang Qin', Donna M. Muzny', Marcel Margulies®, George M. Weinstock*, Richard A. Gibbs"*
& Jonathan M. Rothberg”f

The association of genetic variation with discase and drug res-
ponse, and improvements in nucleic acid technologies, have given
great optimism for the impact of ‘genomic medicine’. However,
the formidable size of the diploid human genome', approximately
6gigabases, has prevented the routine application of sequencing
methods to deciphering plete individual human

Ta realize the full natential af cenamice far human health thic

subject’s DNA, including single nucleotide polymorphisms (SNPs),
small insertions and deletions (indels), and copy number variation
(CNV).

The 454 base-calling software provides error estimates (Q values)
for each base. We developed a three-step filtering process using the

patterns of error and associated Q values from the 454 base-calling
cnfruara ta i tha AFQNID 4: Aninitial T4mil

1/21/14

19



Next Generation Sequencing
High-throughput sequencing

1000 Genomes

A Deep Catalog of Human Genetic Variation

Home About Participants Data a Wiki

v

PROJECT OVERVIEW

The 1000 Genomes Project is an international research consortium formed to create the most detailed and
medically useful picture to date of human genetic variation. The project involves sequencing the genomes of
approximately 1200 people from around the world and receives major support from the Wellcome Trust
Sanger Institute in Hinxton, England, the Beijing Genomics Institute Shenzhen in China and the National
Human Genome Research Institute (NHGRI), part of the National Institutes of Health (NIH)
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Genetic I oo
Testing Promises to
Reveal Your Child’s
Sports Aptitude

E’;& Lauren Davis — For $149 dollars, Atlas
Sports Genetics will test your child’s DNA
and send you a report listing the sports

where your child is likely to succeed. Some

parents see it as a way to steer their child
toward an activity that is a good match for their abilities. But psychologists and ethicists fear

that assigning your child a sports orientation will do more harm than good.

@ P9)|  Atlas Sports Genetics, a testing company in
Boulder, Colorado, analyzes children’s

ACTN3 gene, which has been linked with

athletic performance. Certain variants of the

mana cunnacadlis indianta uhathar an

PwwNE

Samenspel tussen Genen en Omgeving

Additief - Verschillen tussen mensen = genen + omgeving
Gen-omgevings correlatie

Gen-omgevings interactie

Epigenetica

1/21/14
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Gen-omgevingsinteractie

De omgeving beinvloedt de expressie van genen
Genen beinvloeden de reactie op de omgeving

Genen beinvloeden de gevoeligheid voor de omgeving
Genetic effects depend on the environment

Diathesis-stress model:

Individuals at genetic risk for psychopathology (diathesis
predisposition) are especially sensitive to the effects of
stressful Environments -> vulnerability genes

Differential Susceptibility Framework:
Individuals sensitive to both negative as well as positive
influences -> plasticity genes

1/21/14
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Influence of Life Stress on
Depression: Moderation by a
Polymorphism in the 5-HTT Gene

Avshalom Caspi,"? Karen Sugden," Terrie E. Moffitt,"2*
Alan Taylor," lan W. Craig," Honalee Harrington,?
Joseph McClay," Jonathan Mill," Judy Martin,?
Antony Braithwaite,* Richie Poulton®

In a prospective-longitudinal study of a representative birth cohort, we tested
why stressful experiences lead to depression in some people but not in others.
A functional polymorphism in the promoter region of the serotonin transporter
(5-HTT) gene was found to moderate the influence of stressful life events on
depression. Individuals with one or two copies of the short allele of the 5-HTT
promoter polymorphism exhibited more depressive symptoms, diagnosable
depression, and suicidality in relation to stressful life events than individuals
homozygous for the long allele. This epidemiological study thus provides ev-
idence of a gene-by-environment interaction, in which an individual's response
to environmental insults is moderated by his or her genetic makeup.

18 JULY 2003 VOL 301 SCIENCE
Influence of Life Stress on
Depression: Moderation by a
Polymorphism in the 5-HTT Gene
Avshalom Caspi,"? Karen Sugden," Terrie E. Moffitt,"2*
Alan Taylor," lan W. Craig," Honalee Harrington,?
Joseph McClay," Jonathan Mill," Judy Martin,?
Antony Braithwaite,* Richie Poulton®
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Measured Genotypes

Role of Genotype in the Cycle
of Violence in Maltreated
Children

Avshalom Caspi,"? Joseph McClay,’ Terrie E. Moffitt,"2*
Jonathan Mill," Judy Martin,? lan W. Craig,’ Alan Taylor,’
Richie Poulton?

2 AUGUST 2002 VOL 297 SCIENCE www.sciencemag.org

+  Sommige mishandelde kinderen vertonen op latere leeftijd agressief of
antisociaal gedrag

+  Erzijn ook mishandelde kinderen die later geen agressief of antisociaal
gedrag vertonen

Waardoor kan dit verschil verklaard worden?

Measured Genotypes

Role of Genotype in the Cycle
of Violence in Maltreated
Children

Childhood Maltreatment

-during the first decade of life (ages 3 to 11 years)
-behavioral observations
-parental reports

-retrospective reports by study members once they reached adulthood

1/21/14
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MAOA

Is een enzym dat gecodeerd wordt door een gen
gelokaliseerd op het X-chromosoom

Dit enzym metaboliseert neurotransmitters
(bijvoorbeeld norepinephrine NE, serotonine 5-HT
en dopamine DA)

Hierdoor worden deze neurotransmitters inactief
gemaakt >> tekort = meer AGG

MAOA en Agressie

Genetische tekorten in MAOA activiteit zijn gerelateerd aan agressiviteit bij
muizen en mensen (Rowe, 2001)

Muizen waarbij het MAOA-gen weg was gehaald, vertoonden meer
agressiviteit en hadden hogere levels van bepaalde neurotransmitters (NE,
5-HT, DA). Als de expressie van dit gen werd hersteld, nam de agressie weer
af (Cases, 1995; Shih & Thompson, 1999).

Het zeldzame geval van een ‘human knockout’, waarbij het MAOA-enzym
niet geproduceerd wordt, correleert met antisociaal gedrag bij mannen
(Brunner et al., 1993; Jorm et al., 2000; Parsian et al., 2001; Manuck et al.,
2000; Samochowiec et al., 1999).

Bij mensen is een verhoogde NE en 5-HT activiteit gerelateerd aan agressief
gedrag (Berman et al., 1997).

1/21/14
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Measured Genotypes

Low MAOA
genotype

High MAOA
genotype

—&— Low MAOA
activity, n = 183

—#— High MAOA

activity, n =279

None

Probable Severe

Childhood maltreatment

Er bleek geen hoofdeffect
te zijn voor MAOA
activiteit.

Er was wel een hoofdeffect
voor mishandeling

Er is een interactie-effect
tussen MAOA activiteit en
mishandeling.

Mishandelingseffecten op
antisociaal gedrag waren
significant zwakker bij
jongens met hoge MAOA-
activiteit, dan bij jongens
met lage MAOA-activiteit.

Gen-omgevingscorrelatie

Genetic control of exposure to the environment

Genetische controle van de blootstelling aan de omgeving

1/21/14
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Gen-omgevingscorrelatie

Passief: Quders dragen zowel genen als omgeving over aan
hun kinderen.

Reactief: Ouders en anderen creéren een omgeving in reactie
(evocatief) op het genotype van het kind.

Actief: Individuen selecteren of creéren een omgeving die
past bij hun genotype.

Levensgebeurtenissen / Life Events

Gebeurtenissen

13. Hieronder volgt een lijst van gebeurtenissen die wel of niet in jouw leven zijn voorgekomen.
Geef bij iedere gebeurtenis aan of het bij jou is voorgekomen.

Let op: Er zijn meerdere antwoorden mogelijk: iets kan meerdere korter dan 2 jaar langer dan 2 jaar

keren zijn voorgekomen, bijvoorbeeld korter én langer dan 2 jaar niet voor- geleden geleden

geleden. gekomen voorgekomen voorgekomen
a. Je bent naar een andere wijk of woonplaats verhuisd.... o001 O, 00n1 0, 0011

b. Een goede vriend/vriendin is verhuisd o001 [ 00011

c Je bent van school veranderd (niet van basis- naar [ Oyo0r1 O, 0011
vervolgonderwijs)..

d. Je bent ernstig ziek geweest of hebt een ernstig ongeluk Oo.o0r1 O, 0011 0, 0011
gehad...

e. lemand uit je nabije omgeving was of is ernstig ziek............ccoo...... Oo.o0r1 O, 0011 0, 0011

f. lemand uit je nabije omgeving is overleden...... o001 O, 001 O, 0011

g. Je ouders hebben serieuze conflicten/ ruzies. Oo-00f1 0,001 0,001

h Je moeder of vader is thuis weggegaan of je ouders zijn Oo-0f1 01001 0,001
gescheiden...

i. Een nieuwe partner van je vader of moeder is bij jullie komen Oo-0f1 01001 0,001
wonen

j. Je broer of zus is uit huis gegaan Oo-0f1 O.0011 O, 0011

k. Je moeder of vader is werkeloos geworden. Oo.ott [ Oa0011

I Je moeder of vader is weer gaan werken na een lange tijd Oo.o0r1 O, 001 0, 0011

m. oot [EAr a00r1
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Twin and Genetic Effects on Life Events

Christel M. Middeldorp,'? Danielle C. Cath? Jacqueline M. Vink,' and Dorret |. Boomsma'

"Department of Biological Psychology,Vrije Universiteit Amsterdam, the Netherlands
Department of Psychiatry,Vrije Universiteit Medical Center,Amsterdam, the Netherlands

Spouse lliness — lliness — Death — Divorce Accident Robbery
self significant significant in men
other other
2 drop A* 8531 1.419 001 1.637 3.185 1.684 420
52 drop C* 740 049 1.215 6.027 .000 001 .808
5 drop A and C# 128.255 20.297 73913 128.989 24.013 20811 24.060
A/C** 57/~ 3327 37 —/.48 .29/.23 55/.47 30/.25
E** 43 67/.73 63 .52 .77 45/53 70/.75

Note: *Critical value of % 3.841 at p =05 with 1 degree of freedom.

#Critical value of ;¢ 5.991 at p = .05 with 2 degrees of freedom.

**When it was not possible to decide whether familial resemblance was due to genetic or common environmental effects, the estimates of A and E in the absence of C and

the estimate of C and E in the absence of A are given.

A = Erfelijkheid (Additive genetic factors)

C = Gedeelde omgeving (Common / shared environment)
E = Unieke omgeving (Environment)

Genes, Brain
and Behavior

Genes, Brain and Behavior (2010) 9: 276-287

© 2009

Official publication of the International Behavioural and Neural Genetics Society

©2009 The Authors

Genetic influences on ‘environmental’ factors

A. A. E. Vinkhuyzen*', S. van der Sluis*, E. J. C.
de Geus', D. I. Boomsma' and D. Posthuma'**

the influence of environmental factors (such as socioeco-
nomic status or life events) on, for example, cognitive ability

1/21/14
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Table 2: Twin correlations (95% confidence intervals) for all measured environmental factors
rMZ (95% CIl rangs: rDZ (95% Cl) range: 67-€7 rSIB (96% CI range:
89-83 pairs pairs 275-315 pairs
Childhoed Emvircnment
Rearing style 0.65(0.46 10 0.78) 0.60 (0.3 t0 0.75) 0.3810.22 10 0.50)
Parental interest in school achievernant 057 (0.47 10 0.0 0.30(0.01 t0 0.59) 0.43(0.28 10 0.56)
School achievements discussad by parents 0.51(0.25 t0 0.69) 0.01(-0.37 t0 0.39) 0.04(-0.12t00.23)
—) 10 b2 read to 0.20 (0.58t0 0.92) 0.33(-0.03 to 0.65) 0451(0.25 10 0.62)
Reading books =12 years 0.72 (055 t0 0.83) 0.06 (-0.24 t0 0.35) 0.17 10.0310 0.31)
Reading books =13 years 0.73(0.57 to 0.83) 0.11(-0.22t0 0.41) 0.1510.02 10 0.29)
—)  Being bullied at primary school 0.74(0.54 10 0.88) 0.41 (0.06 to 0.67) 0.11 (-0.06 t0 0.29)
Being bullied at secondary school 0.52(0.22t0 0.73) 0.22(-0.15t0 0.58) 0.18(0.04 10 0.39)
Family conflict 0.89(0.52 10 0.77) 0.28 (0.03 to 0.45) 0.35(0.21 10 0.46)
Family functioning 0.64(0.51 to 0.73) 0.17 (-0.09t0 0.28) 0.13 (-0.02t0 0.28)
Relative height at primary schedl (O) 0.87(0.74 t0 0.95) 0.07 (-0.23t0 0.35) 0.2010.0310 0.37)
Relative height at secondary school (O) 0.24 (0.€6 to 0.53) 0.4010.11 10 0.63) 0.3010.13 10 0.45)
Relative weight at primary schooal (0) 0.57(0.32t0 0.74) 0.24 (-0.06 to 0.65) 0.23 (0.05 to 0.40)
Relative weight at secondary school (0) 0.65(0.45t0 0.81) 0.20(-0.20t0 0.54) 0.2110.04 10 0.37)
Sccial Environment and Behavior
Age leaving parental home 0.67(0.86t0 0.75) 0.2410.02 t0 0.46) 0.1110.00 10 0.23)
Level of education partner 0.44(0.14t0 0.63) 0.09(-0.24t00.41) 0.3510.17 t0 0.50)
Level of education friend** 0.35(0.06t0 0.58) 0.5510.24t00.73) 0.3110.04 10 0.52)
Children yes/no 0.75(0.42 to 0.91) 0.46 (0.02 0 0.77) 0.19 (-0.05t0 0.44)
Number of children 0.49(0.29t0 0.61) 032(0.11t00.48 0.17 (0.05 t0 0.30)
—)  Partner yes/no 0.75(0.45t0 0.92) 0.13(-0.40t0 0.61) 0.10(-0.12t0 0.35)
Duration relationship pertner 0.13(-0.05 to 0.30) 0.35 10.08 10 0.55) 0.15(-0.08t0 0.32)
Social support - numbers 0.30(0.09t0 0.47) 0.21 0.00t0 0.39) 0.4 (-0.10t0 0.19)
Social support - satisfaction 0.10 (-0.1210 0.31) 0.15(-0.23t0 0.39) —0.08(- 0.06 10 0.20)
Leisure Time Activities
Number of years music lessons 0.81(0.73 10 0.87) 062 0.46t00.72) 0.53 10.39 0 0.63)
Musical instrument/lesson current 0.85(0.57 t0 0.97) 0.50 (-0.13t0 0.25) 0.29 (-0.05t0 0.58)
Number of years sport participation 0.45(0.04 to 0.65) —0.05(-0.24100.19) -0.07(-0.18 10 0.08)
Number of years sport competition 0.67(0.53 10 0.76) 0.450.27 10 0.61) 0.3610.23 10 049)
Sport current 0.59(0.26 t0 0.75) 051 0.11t00.72) 0.17 10.0210 0.33)
Life Events
Life events positive (<18 years) 0.27(0.02t0 0.49) 0.14(-0.09t0 0.39) 0.1210.01100.34)
Life events nagative (=18 years] 0.50(0.26 to 0.65) 0.44 (0.30 t0 0.56) 0.08(-0.13t00.31)
Life events nautral (<18 years) 0.77(0.62t0 0.24) 067 05310 0.77) 04110.29100.52)
Life events positive 0.59(0.40to0 0.71) 0.30 (~0.15t0 0.58) 0.07 (-0.04 t0 0.20)
Life events nagative | 0.15 (-0.02 10 0.20) =0.01 (-0.21 t0 0.19) 0.08(-0.04100.23)
Life events nautral (=19 years) 0.44(0.24 t0 0.59) 0.21 (0.00to 0.40) 0.22(0.09 10 0.35)

Epigenetica

epigenetics is the study of changes in gene expression (DNA methylation), caused by
mechanisms other than changes in the underlying DNA sequence
(e.g. environmental influences)

Twee vormen:

1. Aanpassingen aan het DNA zelf (Methylering) [
2. Aanpassingen aan de Histonen waar DNA omheen gewikkeld '
it & Y
& .(':?<
& O
€ &

Ad. 1 aan de nucleotide cytosine (C) kan een methylgroep (-CH3)
toegevoegd zijn. We noemen die nucleotide dan gemethyleerd.

Als de promotor van een gen gemethyleerd is, is transciptie niet
mogelijk
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Case versus control (singletons)
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Association Between Promoter Methylation of Serotonin Transporter Gene

Key disadvantag

Key ad 9

Many cohorts exist

Can study
potential
inheritance

Can control for
genetics

Can establish
causality

Cannot easily control
for environmental and
genetic confounders

Few large cohorts
of this type exist

Few large cohorts
of this type exist

Slow and difficult
to establish

and Depressive Symptoms: A Monozygotic Twin Study

JINYING ZHao, MD, PuD, Jack GOLDBERG, PHD, James D. BREMNER, MD, anD Viora Vaccarwo, MD, PuD

Methylomic analysis of monozygotic twins discordant for autism

spectrum disorder and related behavioural traits

CCY Wong', EL Meaburn'?, A Ronald'?, TS Price’?, AR Jeffries', LC Schalkwyk', R Plomin’ and J Mill"*
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Samenvatting en Conclusies

Het Nature-Nurture debat is niet meer relevant

Genen en Omgeving doen er beide toe

De zoektocht naar genen is niet eenvoudig maar begint zijn vruchten af te werpen
Genetische en omgevingsinvloeden correleren en interacteren

Epigenetica is een relatief nieuw onderzoeksveld die genen en omgeving integreert
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