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Genetic influences can be direct or indirect

= Mendelian trait: 
a single gene with a 

large effect

Hamer, 2002; Dr. Ursula M. D’Souza

= Complex trait: 
many genes, each with a 

small effect



coding coding
Exon1 Exon2 Exon3Intron 1 Intron 2

promoterenhancer 5’UTR 3’UTR

5’Flanking Region

ATG

The generalized structure of a gene 

Exon1 Exon2 Exon3Intron 1 Intron 2
silencer

TSS

Adapted from Dr. Ursula. M. D’Souza



coding coding
Exon1 Exon2 Exon3Intron 1 Intron 2

promoterenhancer 5’UTR 3’UTR

5’Flanking Region

ATG

The structure of a gene can be compared to a book

Promotional comments 
on inside sleeve The End

Exon1 Exon2 Exon3Intron 1 Intron 2
silencer

TSS
Sentences (exons)

Punctuation (introns)A bad review

A friends 
suggestion Chapter 1



coding coding
Exon1 Exon2 Exon3Intron 1 Intron 2

promoterenhancer 5’UTR 3’UTR

5’Flanking Region

ATG

5HTTLPR 43 bp ins/del
MAOA- 30 bp uVNTR

DAT 1 40 bp VNTR
DRD2 TaqIA

Exon1 Exon2 Exon3Intron 1 Intron 2
silencer

TSS
DRD4 exon 3
48 bp VNTR

For AddHealth we analyze loci across the entire gene



DNA in the Cell

chromosome

cell nucleus

Target Region for PCRTarget Region for PCR
Double stranded 
DNA molecule

Individual 
nucleotides

from John Butler - NIST



Nucleotides
• Nucleotides are the building 

blocks of nucleic acids
• ribose + base + 5' phosphate
• 5 different bases

• adenine (A)

DNA vs RNA
2' oxygen

thymine (T) uracil (U)
double 

stranded
single 

stranded

DNA = deoxyribonucleic acid
RNA = ribonucleic acid

• adenine (A)
• guanine (G)
• cytosine (C)
• thymine (T)
• uracil (U)

from Mark F. Wiser - Tulane



• nucleic acids are polymers 
of nucleotides

• nucleotides linked through 
phosphate bonds

Nucleic Acid 
Structure

phosphate bonds
• strand has polarity—5'-PO 4

and 3'-OH ends
• order of the nucleotides 

defines a sequence
• 4 letter alphabet (T or U)

from Mark F. Wiser - Tulane



• specific base pairing
• A and T
• G and C
• hydrogen bonds

Double Strands

• anti-parallel (5'-3')
• complementary strands
• template for synthesis

from Mark F. Wiser - Tulane



DNA Replication
• the DNA strands are separated
• each strand serves as template
• complementary strands are 

synthesized (5'® 3')
• yields 2 identical DNA 

molecules
• semi-conservative replication• semi-conservative replication

• carried out by cellular 
proteins (= enzymes)

• DNA polymerase
• complex process 

involving many proteins

from Mark F. Wiser - Tulane



Types of genetic differences between people

Any differences in DNA segments between any two persons can be used 
as genetic markers.
Fragments of DNA can be distinguished from one another because of 
differences in their nucleotide sequences. 

Types:

1.   Single Nucleotide Polymorphisms SNPs.  A single base pair change 
one strand of DNA.   The most prevalent form of differences between 
any two individuals. 

2.   Minisatellites 10-100 nucleotides repeated several times in tandem; 
bordered by unique DNA sequences.  Variable Number Tandem 
Repeats (VNTR) is an example.  There are about 50,000 VNTRs in 
the human genome.

3.   Microsatellites or Short Tandem Repeats (STRs).  Smaller sequence 
repeats than minisatellites.   Di- and tetra-nucleotide sequence 
repeats are common.
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DISC Format

OG-250
TUBE Format

OG-300
VIAL Format

OG-100

Oragene ®-DNA Self Collection Products

Compact & robust 

for easy mailing
Standardized format for 

high-throughput processing
Improved classic 

format

Courtesy of DNA Genotek, Inc. www.dnagenotek.com



Oragene®•DNA Self-Collection Kit User Instructions (OG-300 Tube Format)

Spit until  
liquid saliva 

reaches the fill 

Close funnel. 
Liquid in big 
cap will mix 

Unscrew 
funnel from 

tube.

Close tube 
with small 

cap.

Mix 5 times.
Throw out funnel 

and big cap.reaches the fill 
line.

cap will mix 
with saliva.

tube. cap. and big cap.

Mail or FedEx          Laboratory           Extract DNA

Courtesy of DNA Genotek, Inc. www.dnagenotek.com
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A 3 stage process that 
is temperature dependent:

Step 1:  with heat, the two 
DNA stands separate

Step 2:  with cooling, 
primers bind to the DNA in
the desired location

Step 3:  with more heat, 
new nucleotides are added 
at the ends of the primers
making 2 new DNA strands

http://allserv.rug.ac.be/~avierstr/principles/pcr.html
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Wow !  That’s a lot of copies

http://allserv.rug.ac.be/~avierstr/principles/pcr.html



�����
	�������!� "�����
�
�	���#���	
	����������	
������

�����	��������
��������	����	��	��
��������


�� ��
� � 

$% &%'���$% ()$) '* * * * +

�� �� �� ��
� � � � 

$% ()$) , $% &%,���* * * * +

http://allserv.rug.ac.be/~avierstr/principles/pcr.html



�����������
����������������������
- ����

�����	
������������
- .�������������	
��
���	��
��/���	����

���	������
�	�����������������	/��0�

����	��
��!�1���	�������


�

��
���	�
��	��	�.���	���
��������


�
���������

�
���������

DNA fragments are visualized by staining with ethidi um bromide and UV light



Types of genetic differences between people

Any differences in DNA segments between any two persons can be used 
as genetic markers.
Fragments of DNA can be distinguished from one another because of 
differences in their nucleotide sequences. 

Types:

1.   Single Nucleotide Polymorphisms  SNPs.  A single base pair change 
one strand of DNA.   The most prevalent form of differences between 
any two individuals. 

2.   Minisatellites  10-100 nucleotides repeated several times in tandem; 
bordered by unique DNA sequences.  Variable Number Tandem 
Repeats (VNTR) is an example.  There are about 50,000 VNTRs in 
the human genome.

3.   Microsatellites or Short Tandem Repeats (STRs).  Smaller sequence 
repeats than minisatellites.   Di- and tetra-nucleotide sequence 
repeats are common.
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Fluorescent Dyes are used to visualize 
DNA fragments in automated sequencers

FAM (Blue) JOE (Green)FL

TAMRA (Yellow) ROX (Red)NED CXR

from John Butler - NIST



ABI Prism 310 Genetic Analyzer

capillary

Syringe with 
polymer solutionpolymer solution

Autosampler 
tray

Outlet 
buffer

Injection 
electrode

Inlet 
buffer

from John Butler - NIST



Close-up of ABI Prism 310 Sample Loading Area

Electrode

Capillary

Autosampler Tray

Sample Vials

Capillary

from John Butler - NIST
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Amelogenin

Amelogenin

D2S1384

D2S1384

D13S796

D13S796

D1S1679

D1S1679

D8S119

D8S119

D4S301

D4S301

D9S301

D9S301

D3S1766

D3S1766

D20S481

D20S481

D7S1808

D7S1808

D15S652

D15S652

D6S1277

D6S1277

IBG-Hvar1

MZ-1

MZ-2

Amelogenin

Amelogenin

D2S1384

D2S1384

D13S796

D13S796

D1S1679D1S1679

D1S1679
D1S1679

D8S119

D8S119

D4S301

D4S301

D9S301

D9S301

D3S1766

D3S1766

D20S481

D20S481

D7S1808

D7S1808

D15S652

D15S652

D6S1277

D6S1277

DZ-1

DZ-2



IBG-Hvar1 (a zygosity panel)

Amelogenin

D2S1384

D2S1384

D13S796

D13S796

D1S1679

D1S1679

D8S1119

D8S1119

D4S1627

D4S1627

D9S301

D9S301

D3S1766

D3S1766

D20S481

D20S481

D7S1808

D7S1808

D15S652

D15S652

D6S1277

D6S1277
Amelogenin

IBG-Hvar2 (a CODIS panel)

Amelogenin

Amelogenin

D3S1358

D3S1358

D5S818

D5S818

VWA

VWA

THO1

THO1

D13S317

D13S317

D21S11

D21S11

D7S820

D7S820

D8S1179

D8S1179

TPOX

TPOX
FGA

D16S539

D16S539

CSF1PO

CSF1PO

D18S51

D18S51
D18S51



Determination of Individual Identity

Locus Expected Probability for sharing both alleles, P(IBS=2)

Name Heterozygosity (Hexp)      0.1013 + 2.1431*Hexp - 4.7086*Hexp2 +2.4723*Hexp3

D3S1358 0.789 0.075241909
D5S818 0.698 0.143816331
VWA 0.810 0.061699124
THO1 0.756 0.098507981
D13S317 0.786 0.077262116D13S317 0.786 0.077262116
D8S1179 0.816 0.058034202
D21S11 0.835 0.047082087
D7S820 0.816 0.058034202
TPOX 0.637 0.194814466
D16S539 0.754 0.099986311
D18S51 0.880 0.025603386
CSF1PO 0.724 0.122943202
FGA 0.857 0.035746410



Determination of Individual Identity

Probability of a random match
(2 unrelated individuals sharing both alleles at all markers) = 
0.000000000000023472

Percent of unrelated individuals expected to share
both alleles at all markers =    
0.000000000002347173

Odds against one random individual being mistakenly identified 
as another = 
42,604,448,465,045

or more than 1 in 42 trillion. 

This far exceeds the population of the earth, 

which is somewhere around 6.5 billion persons.



Types of genetic differences between people

Any differences in DNA segments between any two persons can be used 
as genetic markers.
Fragments of DNA can be distinguished from one another because of 
differences in their nucleotide sequences. 

Types:

1.   Single Nucleotide Polymorphisms  SNPs.  A single base pair change 
one strand of DNA.   The most prevalent form of differences between 
any two individuals. 

2.   Minisatellites 10-100 nucleotides repeated several times in tandem; 
bordered by unique DNA sequences.  Variable Number Tandem 
Repeats (VNTR) is an example.  There are about 50,000 VNTRs in 
the human genome.

3.   Microsatellites  or Short Tandem Repeats (STRs).  Smaller sequence 
repeats than minisatellites.   Di- and tetra-nucleotide sequence 
repeats are common.



Amelogenin
(male)

Amelogenin
(male)

Caspi
DRD4-4R

DRD4-4R

5HTTLPR-L

5HTTLPR-L

DAT1-9R

DAT1-10R

DAT1-10R

5HTTLPR-S

DRD4-7R

Caspi

A Panel of Four Candidate Genes that will be Genotyped for AddHealth

5HTTLPR-L
Caspi

Caspi

Amelogenin
(female)

Amelogenin
(female)

DRD4-4R

DRD4-4R

5HTTLPR-L
5HTTLPR-S DAT1-9R

DAT1-10R

DAT1-10R



DRD4 Exon-3 48 bp VNTR

2R
379 bp

4R
475 bp

5R
523 bp

6R
571 bp

3R
427 bp

523 bp
7R

619 bp

8R
667 bp



I    CCCTAC TGCA GCCCCCCC AGCAT  
II   CCCCCC TGCA ACCTCCC  AGCA
III  ACTCCC TGTA CCCCTCCT AGGAT
IV   CGCTCC TGCA TCCCCC   ATTATC
V    CCCCCC TTCA CCCCTCGC GGCAT
VI   CCCCCC TGCA ccccc agcat
VII  cccccc tgca gccccccc agcat
VIII ctcccc tgca CCCCC    AGCAT     

5HTTLPR showing the repeat structure

VIII ctcccc tgca CCCCC    AGCAT     
IX   CCCCCC TGCA GCCCTTCC AGCA
X    TCCCCC TGCA CCTCTCCC AGGAT
XI   CTCCCC TGCA ACCCCC   ATTAT
XII  CCCCCC TGCA CCCCTCGC AGTAT
XIII CCCCCC TGCA CCCCCC   AGCATC
XIV  CCCCCA TGCA CCCCC    GGCAT
XV   CCCCCC TGCA CCCCTCC  AGCAT
XVI  TCTCCT TGCA CCCTACC  AGTAT



��
��
�����������	��
�����	���
!�� �34� �


�� �� �� �� �� �� �� ��
� � � � � � � � 

�� �� ��
� � � 

- ����	�	�����������	
� � ����	���
��������


- 4� �5�
�
��	
��3����	
������������

�
�
(%����	��(%%����6���������	7

8��	�����	�
�#�������
��������
9



 ���

:�����	��������	�
	
����������	���		���
 �������	
�����������	
�������
����	��	

Position of polymorphism could have effects when in:

1.   Regulatory regions : influences the type of protein made.

2.   Coding regions : influences the type of protein made.

Non-synonymous
Nonsense mutations: causes premature stop signal

Missense mutations: changes in protein sequence

Synonymous “silent” Mutation does not alter protein, could affect 
mRNA stability & translation
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Types of genetic differences between people

Any differences in DNA segments between any two persons can be used 
as genetic markers.
Fragments of DNA can be distinguished from one another because of 
differences in their nucleotide sequences. 

Types:

1.   Single Nucleotide Polymorphisms SNPs.  A single base pair change 
one strand of DNA.   The most prevalent form of differences between 
any two individuals. 

2.   Minisatellites  10-100 nucleotides repeated several times in tandem; 
bordered by unique DNA sequences.  Variable Number Tandem 
Repeats (VNTR) is an example.  There are about 50,000 VNTRs in 
the human genome.

3.   Microsatellites  or Short Tandem Repeats (STRs).  Smaller sequence 
repeats than minisatellites.   Di- and tetra-nucleotide sequence 
repeats are common.



TCTCCCGCCTGGCGTTGCCGCTCTGAATGCCAGCACCTAACCCCTAATGT

I    CCCTACTGCAGCC CTCCCAGCAT
II   CCCCCCTGCAACCTCCCAGCA
III  ACTCCCTGTACCCCTCCTAGGAT
IV   CGCTCCTGCATCCCCCATTATC
V    CCCCCCTTCAC CCCTCGCGGCAT
VI   CCCCCCTGCACCCCCRGCAT
VII  CCCCCCTGCAGCCCCCCCAGCAT
VIII CTCCCCTGCA CCCCCAGCAT
IX   CCCCCCTGCAGCCCTTCCAGCA
X    TCCCCCTGCACCTCTCCCAGGAT
XI   CTCCCCTGCAACCCCCATTAT

Sequence of the 5HTTLPR

R = SNP rs25531  (A/G)
Restriction site = 152 bp

CCAG or CCGG

Error in original sequence - this was T, not C.

Forward primer

Error in original sequence - this C was absent

Error in original sequence - showed 6 C’s, not 5
basis of the incorrect 44 bp deletionXI   CTCCCCTGCAACCCCCATTAT

XII  CCCCCCTGCACCCCTCGCAGTAT
XIII CCCCCCTGCACCCCCCAGCATC
XIV  CCCCCATGCACCCCCGGCAT
XV   CCCCCCTGCACCCCTCCAGCAT
XVI  TCTCCTTGCACCCTACCAGTAT

TCCCCC
GCATCCCGGCCTCCAAGCCTCCCGCCCACCTTGCGGTCCCCGCCCTGGCGTCTAGGT

Restriction site = 283 or 326 bp

Full length = 376 or 419 bp

Insertion/Deletion

Reverse primer

basis of the incorrect 44 bp deletion



5HTTLPR – “tri-allelic” determination of SNP rs25531

Step one –
amplify full length PCR product
of the 43 bp Insertion/deletion. Short Allele

376 bp

Long Allele
419 bp

152 bp fragment
from LG

326 bp fragment from LA

283 bp fragment from S

Step two – incubate the PCR products with MspI



Genotyping SNPs with the ABI Taqman® Assay



Allelic Discrimination assay for COMT val158met SNP

G/G, val/val G/A, val/met

A/A, met/met

Controls



Polymorphisms genotyped 
in the 

Add Health Data Sibling pairs data set.

(by the Smolen Laboratory)(by the Smolen Laboratory)



Sampling Structure for the 
National Longitudinal Study of Adolescent Health

Chantala, K & Tabor J, 1999

Carolina Population Center



National Longitudinal Study of Adolescent Health

Total Sample
Wave 1- 1995 (n=20,745)

Wave 2- 1996 (n=14,738)

Wave 3- 2001 (n=15,170)

Genetic supplemental sample (N = 5470, 4984, 4356)*

Wave 4- 2008 (n=17,000)

MZ pairs  =  298, 270, 237

DZ pairs  =  437, 393, 315

FS pairs  =  1049, 920, 779

HS pairs  =  332, 296, 233

Biometrical analysisAssociation analysis

DNA obtained at Wave 3 (N= 2612)

David Rowe

Genotyped for several VNTR and SNP

polymorphisms

Courtesy of David Timberlake



Polymorphisms genotyped in the 
Add Health Data Sibling pairs data set

Dopamine Transporter
Dopamine Receptor D4

Monoamine Oxidase A

DAT1
DRD4

MAOA

VNTR
VNTR

VNTR

Name Symbol Type

Monoamine Oxidase A
Dopamine Receptor D2

Cytochrome P450 - 2A6
Serotonin Transporter

MAOA
DRD2

CYP2A6
SLC6A4

VNTR
SNP

SNP
VNTR

Key point:   All of these polymorphisms have functi onal 
effects that effect gene levels and that may influe nce 

behavioral expression



Polymorphisms genotyped in the 
Add Health Data Sibling pairs data set

DAT1
DRD4

MAOA

Drug use/misuse, hyperactivity
Novelty seeking, risk taking behaviors

Aggression, depression, suicide, tobacco use, stress

Symbol          Previous behavioral Associations

MAOA
DRD2

CYP2A6
SLC6A4

Aggression, depression, suicide, tobacco use, stress
Drug use/misuse, inattention

Metabolizes nicotine
Depression, suicide, anxiety, violence, stress



Dopaminergic System

• Dopamine found in 
neurons of nigrostriatal, 
mesocortical and 
mesolimbic systems.

• Role in motor function, 
reward, reinforcement, 
emotional expression, 
neuroendocrine release 
and behavioural 
homoeostasis.

from Dr. Ursula. M. D’Souza



Dopaminergic Receptor System

ReceptorsTransporters &
Auto-transporters

D1-like (D1, D5)

D2-like (D2, D3 and D4)

Missale et al., 1998:  Physiology Reviews 78(1): 189-225



VNTR polymorphism of Dopamine 
Transporter

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

40 bp VNTR

AAA 3’5’

Variable number
of tandem repeats

3-13 copies

3’ - UTR

Adapted from Miller & Madras, 2002;  Fuke et al., (2001), Vandenberg et al., 1992



• 40 bp repeat, fragment sizes range from 400 - 520 bp
• 9R (440 bp) & 10R (480 bp) polymorphisms are most common 

in Caucasian, Hispanic, and African-American populations

DAT1 3’ VNTR Polymorphism

• Functional effects:

– Receptor densities
• SPECT – increased density of DAT in ADHD patients. Krause et al., (2000).

• SPECT- individuals with 9/10 repeat had decreased DAT protein compared 
with 10-repeat (Heinz et al.,2000)



DAT1 expression by genotype in brain
(cerebellum and temporal lobe)

Mill et al., (2002), Am. J. Med. Genet. 114: 975-979



Functional & behavioral effects of the 40 bp DAT1 VNTR

– Transcriptional efficiency
• Michelhaugh et al., (2001)- 9 repeat enhances transcription in cells and also 
in dopamine neurons in neonatal rat midbrain slices. 

• Miller, GM & Madras, BK. (2002). 9 repeat shows significantly higher levels 
of luciferase production than 10 repeats in HEK293 cells. Cloned downstream

• Fuke et al., (2001) – 10 repeat showed higher expression than the other 
repeats in COS-7 cells and human glioblastoma A172 cells. 

• Mill et al., (2002) - 10 repeat showed higher expression than other commonly 
express genes (housekeeping genes)

– Behavioral associations
• Alcohol, tobacco, illicit drug use/misuse. 

• gambling

• conduct problems, violence, delinquency

• attention-deficit/hyperactivity



EX1 EX2 EX3 EX4 EX5

5’ 3’+1

Translation start site
48 bp VNTR

DRD4 VNTR Polymorphism in Exon 3

Adapted from: D’Souza; van Tol et al., (1992)

AAA 3’5’

Variable number
of tandem repeats

2-11 copies

Exon 3 VNTR



DRD4 VNTR Polymorphism of Exon 3

• DRD4 is A D2-like receptor
• Fragment lengths vary between 379 bp - 811 bp
• 4R (475 bp) & 7R (619 bp) alleles are most common 

(64.3% and 20.6%, respectively)
• Results in variation in the 3rd cytoplasmic loop of the receptor • Results in variation in the 3 cytoplasmic loop of the receptor 

affecting G-protein binding

• DRD4 is activated by dopmamine
• Inhibits adenylate cyclase and reduces cAMP levels

• 7R allele exhibits blunted ability to reduce cAMP levels
Wang et al., (2004); DiMaio et al., (2003); Anchordoquy et al., (2003)



Model of the DRD4 Receptor Protein

Cytoplasmic loops

1 2

3



Wang et al., (2004), Am. J. Hum. Genet. 74: 931-944



DRD4 VNTR Polymorphism of Exon 3

• Fragment lengths vary between 379 bp - 811 bp
• 4R (475 bp) & 7R (619 bp) alleles are most common (64.3% and 

20.6%, respectively)
• Results in variation in the 3rd cytoplasmic loop of the receptor • Results in variation in the 3rd cytoplasmic loop of the receptor 

(D2-like) protein, affecting G-protein binding
• 7R allele exhibits blunted ability to reduce cAMP levels
• Highly expressed in frontal cortex, amygdala, and hippocampus
• Behavioral associations:

– Novelty seeking
– conduct problems, hyperactivity

Wang et al., (2004); DiMaio et al., (2003); Anchordoquy et al., (2003)



Add Health Wave III Pairs Sample

Representative Genetic Association Studies Representative Genetic Association Studies 

from IBG Investigators



Twin Research and Human Genetics Volume 9 Number 6 pp. 988–997, 2006

This is a good summary of the 
design of the Add Health Study, 

and the data collected in 
Waves I, II and III



Question:Question:

Does the dopamine transporter polymorphism

affect whether people smoke?

Answer:

Yes. The 9 repeat form appears to be

protective against becoming a smoker .
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There are fewer than expected 9 repeat alleles in c hronic smokers
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Question:

Do the DRD2 TaqI, DRD4, dopamine transporter or serotonin 

transporter polymorphisms affect alcohol consumption?

Answer:

Yes. For DRD2 and DAT1 9 repeat. 

No. For DRD4 and SERT.
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Science. 2002 Aug 2;297(5582):851-4. 

Role of genotype in the cycle of violence in maltre ated children.

Caspi A, McClay J, Moffitt TE, Mill J, Martin J, Cr aig IW, Taylor A, Poulton R.

Medical Research Council Social, Genetic, and Developmental Psychiatry Research Centre, Institute 
of Psychiatry, King's College, London SE5 8AF, UK.

“the Caspi hypothesis….”

We studied a large sample of male children from birth to adulthood to 
determine why some children who are maltreated grow up to develop antisocial 
behavior, whereas others do not. A functional polymorphism in the gene 
encoding the neurotransmitter-metabolizing enzyme monoamine oxidase A 
(MAOA) was found to moderate the effect of maltreatment. Maltreated children 
with a genotype conferring high levels of MAOA expression were less likely to 
develop antisocial problems. These findings may partly explain why not all 
victims of maltreatment grow up to victimize others, and they provide 
epidemiological evidence that genotypes can moderate children's sensitivity to 
environmental insults.



Maltreatment before the age of 7

Behavioral consequences:
• Increased rates of conduct problems

Dodge et al. (1990).  Mechanisms in the cycle of violence.  Science 250: 1678- 1683.
• Substance misuse

Windsom, CS et al. Alcohol abuse in abused and neglect children followed-up:  Are they 
at increased risk?  Journal of Studies on Alcohol:, 58: 207-217.

• Depression
Brown, J. et al. (1999).  Childhood abuse and neglect:  Specificity of effects on
adolescent and young adult depression and sucidallity.  J. Am Acad Child Adolesc 

Psychiatry, 38: 1490 - 1496.Psychiatry, 38: 1490 - 1496.
• Poor academic performance

Shonk SM et al. Maltreatment, compentency deficits, and risk for academic and 
behavioral development. Dev. Psychopathology, 37:  3 -17.

Neurological consequences:
• Promotes adaptation in particular brain structures.

DeBillis, MD. (2001).  Developmental traumatology:  The psychobiological development 
of children and its implication..  Dev. Psychopathology, 13:  539- 564.

• Increased levels of neurotransmitters
Glaser, D. (2003).  Child abuse and neglect and the brain:  A review.  J. Chilc Psychol 

Psychiatry, 41: 91 - 116.



MAOA: Behavior and neurological effects

Prior evidence:

• Aggression
1.   Brunner HG, Nelen M, Breakefield XO, Ropers HH, van  Oost BA. (1993)

Abnormal behavior associated with a point mutation in the structural gene 
encoding monoamine oxidase A.  Science, 262: 578-580.

2. Cases, O., Seif, I., Grimsby, J., Gaspar, P., Chen,  K., Poumin, S., Muller, U., 
Aguet, M., Babinet, C., Shih, JC., et al. (1995) Aggressive behavior and 
altered amounts of brain serotonin and norepinephrine in mice lacking altered amounts of brain serotonin and norepinephrine in mice lacking 
MAOA.  Science, 268: 1763-1766.

• Increased neurotransmitter levels
1.   Deckert J, Catalano M, Syagailo YV, Bosi M, Okladno va O, Di Bella D, 

Nothen MM, Maffei P, Franke P, Fritze J, Maier W, P ropping P, 
Beckmann H, Bellodi L, Lesch KP.  (1999) Excess of high activity 
monoamine oxidase A gene promoter alleles in female patients with panic 
disorder.  Human Molecular Genetics, Apr: 8(4):621-4.

2. Sabol, SZ, Hu, S, Hammer, D. (1998) Functional polymorphism in the 
monoamine oxidase A promoter.  Human Genetics, 103(3) 273 - 279.



Dunedin Sample

Caspi A, McClay J, Moffitt TE, Mill J, Martin J, Cr aig IW, Taylor A, Poulton R.
Role of genotype in the cycle of violence in maltre ated children.
Science. 297: 851-854, 2002.
“…Maltreated children with a genotype conferring high levels of MAOA expression 
were less likely to develop antisocial problems…”



Question:Question:

Is there a gene-by-environment interaction between early 

abuse and monoamine oxidase-A (“the Caspi hypothesis”)? 

Answer:

No. Early abuse leads to higher antisocial behavior in 

adulthood, but we found no interaction with MAOA.



Low MAO Activity

MAOA and Antisocial Behavior: Effect of Early Maltr eatment
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DNA Collection 
and 

Genotyping 
for Wave IV of Add Healthfor Wave IV of Add Health



DNA Collection and Genotyping
Function in Program Project

1)  Extract, catalogue, and store DNA from all subjects.
Buccal Cells.
17,000 individuals.17,000 individuals.

2)  Perform genotyping on all of the individuals.

3)  Provide DNA to other Add Health investigators.



Collection of DNA from Buccal Cells or Saliva
MAJOR ADVANTAGES

Simple, non-invasive and non-threatening
Requires no special training
Avoids blood-borne pathogen issues

Rub cheeks with cotton swabs
Rinse mouth with water
Swabs and water into lysis buffer

Oragene is even simpler

COLLECTION IS SIMPLE



Archiving the DNA

Samples arrive by post or overnight  carrier

Samples are visually inspected

Samples are scanned-in using barcode reader

Each sample is assigned a lab id number and

position in a storage box

DNA is extracted, quantified and stored.
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IBG LIMS - Sample Input Screen



IBG LIMS – Tool to Locate Archived Samples



Archiving the DNA

Samples arrive by post or overnight  carrier

Samples are visually inspected

Samples are scanned-in using barcode reader

Each sample is assigned a lab id number and

position in a storage box

DNA is extracted, quantified and stored.



Archiving the DNA
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Samples are scanned-in using barcode reader
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Plate Record for Ltd-06



Plate Record for Ltd-07

*  *  * *            *        *                        *  *



Wave IV DNA samples logged into database 

As of Friday, July 18, 2008:

11, 166 Samples

8,815 May be retained for further genotyping

2,045 Limited genotyping (19%)

306 unassigned



Genotyping

DAT1 40 bp VNTR  +10 SNPs
DRD4 48 bp VNTR +10 SNPs
SERT 43 bp ins/del +10 SNPs
DRD2 TaqIA SNP +10 SNPs
5HT2A -1438 G/A +10 SNPs

MAOA 30 bp VNTR  promoter
MAOA STR intron 2     
DRD5 5’UTR STR
COMT val158met SNP
IGF1 IGF1.PCR1 SNP

Genomic Control Panel
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SNP Genotyping

The original plan was to use Taqman Assays unless 
something better came along.

The Illumina Bead Xpress system is based on their 
Golden Gate Assay.Golden Gate Assay.

Allows for 96 or 384 plexes at relatively low cost.

Will be used for all of the SNP genotyping if possible.

Will be used for the genomic control panel.



Illumina Golden Gate Assay



Illumina Veracode Beads for Golden Gate Assay



Illumina Custom 384 SNP Plex



186 Ancestry Informative Markers
186 AIMs were selected:

– Based on HapMap reference allele frequencies 
(RAF) in Caucasians (CEU), Han Chinese (HCB), 
African (Yoruban, YRI):  

– On the population basis, there was at least one pair 
wise RFA difference (� RFA) >0.7wise RFA difference (� RFA) >0.7

– On the population basis, there was at least one pair 
wise RFA ratio > 10:1

– The panel was balanced to reveal ethnic origins for 
African, Caucasians and Asians. 

Courtesy of David Goldman, NIAAA Neurogenetics Labo ratory



Genotype Accuracy of  186 AIM 
Based on Replicated Genotypes

Population N Accuracy (%)

• Finns 9 0.9999
• Han Chinese 9 0.9999
• Plains Indians 10 0.9998
• African American 10 0.9996

Courtesy of David Goldman, NIAAA Neurogenetics Labo ratory
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