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Year Location Type #Faculty # Students

TC1 1987 Leuven Introductory 10 24

TC2 1989 Leuven Introductory 11 41

TC3 1990 Boulder Introductory 11 28

TC4 1991 Leuven Introductory 14 49
Advanced 12 55

TC5 1993 Boulder Introductory 13 49

TC6 1994 Boulder Introductory 16 43

TC7 1995 Helsinki Introductory 10 29

TC8 1996 Boulder Introductory 10 49

TC9 1997 Boulder Introductory 10 55

TC10 1998 Boulder Introductory 12 57

TC11 1998 Leuven Introductory 10 55
Advanced 13 62

TC12 1999 Boulder Advanced 12 37

TC13 2000 Boulder Introductory 12 63

TC14 2001 Boulder Advanced 18 65

TC15 2002 Boulder Introductory 18 95

TC16 2003 Boulder Advanced 15 82

TCE1 2003 Egmond Introductory 15 65

TC17 2004 Boulder Introductory 18 90

TCE2 2004 Egmond Advanced* 16 64

TC18 2005 Boulder Advanced 18 64

TCE3 2005 Egmond Advanced* 13 55

TC19 2006 Boulder Introductory 15 93

TCE4 2006 Egmond Advanced 12 48

TC20 2007 Boulder Advanced 21

TC21 2007 Leuven Anniversary



Frequency of attendance of faculty and students

Frequency 1 2 3 4 5 6 7 8 9 10 11 16 18 19 20 21

Faculty 8 4 4 3 5 2 4 1 2 2 1 1 1 1 2 3 44

Student 585 169 36 14 4 5 1 # of 'Unique' Students 814

Introductory Workshop # of Students 920

Advanced Workshop # of Students 365

Total 1185



Complex Trait Model
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Using genetics 
to dissect 
metabolic 
pathways: 
Drosophila eye 
color

Beadle & 
Ephrussi, 1936



Beadle and Ephrussi, 1936



Finding QTLs

Linkage

Association



First (unequivocal) 
positional cloning of a 
complex disease QTL !



Linkage analysis



Thomas Hunt Morgan – discoverer of linkage



Linkage = Co-segregation

A2A4

A3A4

A1A3

A1A2

A2A3

A1A2 A1A4 A3A4 A3A2

Marker allele A1
cosegregates with
dominant disease 



Linkage Markers: microsatellite / SNP/ …
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IDENTITY BY DESCENT
Sib 1

Sib 2

4/16 = 1/4 sibs share BOTH parental alleles  IBD  
=  2
8/16 = 1/2 sibs share ONE parental allele  IBD  
=  1
4/16 = 1/4 sibs share NO parental alleles  IBD  
=  0



For disease traits (affected/unaffected)
Affected sib pairs selected
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2IBD = 
1IBD = 
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For continuous measures
Unselected sib pairs
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Twin 1 
mole 
count
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Linkage for mole counts in Australian twin families



Linkage for mole counts in UK DZ twins

Genome-wide search for nevus density shows linkage to two melanoma loci on chromosome 9 and identifies a new QTL on 5q31 
in an adult twin cohort.Falchi M, Spector TD, Perks U, Kato BS, Bataille V.  Hum Mol Genet. 2006 Oct 15;15(20):2975-9



Flat mole count: chromosome 9 linkage in Australian and UK twins

Australia

UK



Linkage for MaxCigs24 in Australia and Finland

AJHG, in press
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Effect of multivariate analysis on linkage power

Am. J. Hum. Genet., 
72:561-570, 2003

Use of Multivariate 
Linkage Analysis for 
Dissection of a 
Complex Cognitive Trait

Angela Marlow, Simon 
Fisher, Clyde Francks, 
Laurence MacPhie, 
Stacey  Cherny, Alex 
Richardson, Joel  
Talcott, John  Stein, 
Anthony  Monaco, and 
Lon Cardon

Multivariate and univariate linkage analysis of six 
reading-related measures on chromosome 18
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Ridge count
The size of prints can be 
measured by counting the 
number of ridges from the 
triradii to the core 

Ridge count can be summed 
over all fingers to give a 
total ridge count      Diagram from 
Holt, 1968

Highly heritable:
MZ r = .94 CI .89 - .96 

DZ r = .42 CI .34 - .50

A .82 CI .56 - .95

D .11 CI .00 - .37

E .07 CI .05 - .10



TRC vs Multivariate (-LOG10p)

(Univariate           , Multivariate           )
2
1χ

2
5χ

Univariate
Multivariate



Chromosome 1
Similar ‘drop chi-squares’
for pleiotropic QTLs

Resulting in a very 
conservative test



Chromosome 7 …

Evidence of 
developmental fields?



Science 268: 1584-1589 (1995)
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Genotypes available on EDAC plus others
Phenotyped for Neuroticism    

Extreme Discordant Concordant Genotyped 
Design EDAC plus

# QISPs Neuroticism QISPs share
Phenotyped >300 markers

Concordant Hi 556 343 62%
Concordant Lo 717 497 69%
Discordant 726 463 64%
The rest 8482 858 10%
Total 10481 2161



Linkage scan EDAC sample – CIDI interview
Depression traits - OZ



Limits of fine mapping a quantitative trait
Attwood LD & Heard-Costa NL. 
Genetic Epidemiology 24:99-106, 2003

Information for marker density 0.5, 1, 2, 10cM scan







Linkage

Doesn’t depend on “guessing gene”
Works over broad regions (good for getting 
in right ball-park) and whole genome 
(“genome scan”)
Only detects large effects (>10%) 
Requires large samples (10,000’s?)
Can’t guarantee close to gene



Association
Looks for correlation between specific 
alleles and phenotype (trait value, 
disease risk)



Association
More sensitive to small effects
Need to “guess” gene/alleles 
(“candidate gene”) or be close enough 
for linkage disequilibrium with nearby 
loci
May get spurious association 
(“stratification”) – need to have genetic 
controls to be convinced



Variation: Single Nucleotide Polymorphisms



Differences 
(between subjects) 
in DNA sequence 
are responsible for 
(structural) 
differences in 
proteins.



Human OCA2 and eye colour

Zhu et al., Twin Research 7:197-210 (2004)



LD blocks in OCA2

Association with eye color



Eye colour explained



Comparison of Affymetrix 10k, 100k, 500k SNP chips



SNP Genotyping Platforms

Sequenom MassARRAY

Illumina BeadStationTaqMan 7900

Throughput (SNPs Per Assay)

1? 25 1536

Flexibility in Project Design

Cost Per Assay
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Unprecedented Call Rates of >99%

A total of 219,577,497 unique genotype calls were 
made and the average call rate across all samples 
was 99.6%.

FROM FUNG AND SINGLETON ET AL. NEUROLOGY THE LANCET



GWAS for Inflammatory Bowel Disease



GWAS for Inflammatory Bowel Disease



Stage 1: Illumina 100k+300k
Stage 2: Sequenom Iplex





Case DNAs Control DNAs

Cutting costs of GWAS by DNA pooling



Affy 500k chip
Pools of Hi/Lo memory Ss



Stuart Macgregor, QIMR

Case-control allele frequency differences: individual genotyping vs pools (Hap300)



Pooling error for 15,000 SNPs using Illumina Hap300 and Affy 50k arrays

Illumina arrays extract 80% information as IG vs ~30% with Affy: need ~10x Affy arrays

Stuart Macgregor, QIMR



Illumina Hap300 versus Affy 50k array-specific error plots

Stuart Macgregor, QIMR



Role of miRNA (binding sites) in disease ?



and in quantitative traits



Even for “simple” diseases
the number of alleles  is large

Ischaemic heart disease (LDR)   >190
Breast cancer (BRAC1)  >300
Colorectal cancer (MLN1) >140



[Science 2004]

Complex disease: common or rare alleles?

Increasing evidence for 
Common Disease – Rare Variant 

hypothesis (CDRV)
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Product Portfolio and Application Areas

WGA with ~90% genomic 
coverage in Caucasians and 
Asians AND 67% genomic 
coverage in Yoruban

Hap650Y

WGA with ~90% genomic 
coverage in Caucasians and 
Asians

Hap550

WGA with 80% genomic coverage 
in CaucasiansHap300

Gene centric association studiesHuman-1

The most comprehensive chip that 
allows whole genome DNA 
analysis with industry leading SNP 
coverage in genes, CNV regions 
and indels

1M

+ Hap240S

Hap450S +
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1M Content 

Unsurpassed power and gene coverage for WGA 
and CNV studies

Denser coverage in high value regions/genes

Ensure complete coverage across the genome, 
enable new CNV discoveries

Higher tag SNP coverage of the genome

Higher tag SNP coverage of the genome

High density of SNPs and probes in CNV regions, 
including “nonSNPable” regions

High density of SNPs in coding regions of the 
genome

High genomic coverage

VALUE

555,000HumanHap550

>1MTOTAL

17,000ADME/MHC SNPs

90,000Even Spacing SNPs

100,000Additional African Tag SNPs

84,000Additional Caucasian and 
Asian Tag SNPs

110,000
SNPs and Probes in both 
reported and novel Copy 
Number Variant (CNV) Regions

400,000SNPs in Genes

NUMBERCONTENT
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Human 1M HapMap Coverage by Population

Human 1M CEU 
(mean 0.96 median 1.0)

Human 1M CHB+JPT 
(mean 0.95 median 1.0)

Human 1M YRI 
(mean 0.85 median 1.0)

GENOME COVERAGE ESTIMATED FROM 990,000 HAPMAP SNPs IN HUMAN 1M
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Copy Number 
Variation (CNV) in 
MZ twin pair







EPIGENETIC DISCORDANCE IN 
IDENTICAL TWINS

The missing “environment” ?





Discordant caudal duplication in MZ twins
1 2 3 4 5 6 7 8 9 10 11LTR

CpG
Island

308 bp

181 bp

Axin

Twin 1- unaffected < Twin 2 - affected > Controls [e.g.]

Emma Whitelaw, Suyinn Chong
Department of Biochemistry

University of Sydney



Other studies on MZ 
discordance

Epilepsy (with S. Berkovic, L. Vadlamudi)

Schizophrenia (with B.Mowry, N.Hayward)

Depression (with A. Petronis, D. Boomsma, P. McGuffin)

Asthma (with M.Ferreira, E.Whitelaw)



We also run two journals (1)

• Editor: John Hewitt
• Editorial assistant 

Christina Hewitt
• Publisher: Kluwer

/Plenum
• Fully online
• http://www.bga.org



We also run two journals (2)
Editor: Nick Martin
Editorial assistant + 
subscriptions: 
Marisa Grimmer
Publisher: Australian 
Academic Press
Fully online
http://www.ists.qimr
.edu.au/journal.html





Twin 1 
pheno-

type

Twin 2
pheno-

type

E
D

A

Q Q

A
D

E
rMZ = 1, rDZ = π̂

rMZ = 1, rDZ = 0.5

rMZ = 1, rDZ = 0.25

q q

a a

c c
e e



But why do we use the average sib 
values of 

ra = 0.5  
rd = 0.25

when we can estimate the (almost) 
exact values for each sib pair from 
marker data ?

Are there any advantages in doing so ?



Mean IBD sharing across the genome for the jth sib pair 
was based on IBD estimated from Merlin every 

centimorgan and averaged at all 3491 points
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Application

• Phenotype = height

Number of sibpairs with phenotypes
and genotypes

Adolescent cohort 931
Adult cohort 2444
Combined 3375



Mean and SD of genome-wide additive relationships 



Mean and SD of genome-wide dominance relationships 



Additive and dominance relationships  
correlation = 0.91 (n= 4401)



Models
F = Family effect
A = Genome-wide additive genetic
E = Residual

Full model F +       A + E
Reduced model F + E

)(ˆ jaπ



Cohort F+A (95% CI)

Adolescent 0.80 (0.36 – 0.90)
Adult 0.80 (0.61 – 0.86)
Combined 0.80 (0.62 – 0.85)
►Estimates of MZ correlation from fullsibs!

PLOS Genetics, in press

Sampling variances are large

And now for IQ! Anyone got sibpairs with IQ + genome scan?







Comparative Genomics
= differences in DNA sequence
Human-Human 1:1000 = 0.1%

Human-Mouse 1:8 = 15%

Human-Chimp 1:100 =  1%





Which genes have evolved fastest?





MERLIN-deviates vs. MERLIN-regress (LCA 2-class affection)
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MERLIN-deviates IHS Symptom Analyses
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MERLIN-deviates IHS Symptom Analyses
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ATP1A2 
(FHM2)

1q31 
MOA
FHM?

PHONOPHOBIA MA, IHS…


