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Reasons why human genetics does
not work: not enough samples

Go get 20,000 families




Power Of Linkage To Detect A
Moderate Genetic Effect

Genotypic Risk  Frequency of No of Families

Ratio disease allele Required
4 0.01 4,200
0.50 300

Genotypic Risk Ratio: the increased chance that an individual with a particular
genotype has the disease

Risch and Merikangas, Science, 273: 1516, 1996
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Moderate Genetic Effect

Genotypic Risk  Frequency of No of Families

Ratio disease allele Required
4 0.01 4,200
0.50 300
2 0.01 296,700
0.50 2,500
1.5 0.01 4,620,800
0.50 18,000

Genotypic Risk Ratio: the increased chance that an individual with a particular
genotype has the disease
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type 2 diabetes. By analysing over 3,000 individuals, we
found a modest (1.25-fold) but significant (P=0.002) increase
in diabetes risk associated with the more common proline
allele (-85% frequency). Moreover, our results resolve a con-
troversy about common variation in PPARy. An initial study
found a threefold effect'Z, but four of five subsequent publi-
cations¥-22 failed to confirm the association. All six studies
are consistent with the odds ratio we describe. The data
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analysis: in a case such as ProlZ2Ala, the risk allele will typically be
transmitted from both parents, requiring a genome scan of
roughly 3 million sib pairs to obtain a lod score of 3. Thus, the
genetic dissection of common diseases will surely involve associa-
tion studies performed on large population samples.



Table 2 | Approximate sample sizes needed to detect a significantly increased allelic odds ratio*

Disease allele Marker allele Allelic odds ratio of disease gene
frequency frequency
3.0 20 1.3
No.cases No. cases: No. cases No.cases: No.cases No.cases:
(= no. no. controls (=no. no. controls (= no. no. controls
controls) (=1:4) controls) (= 1:4) controls) (=1:4)
0.05 0.05 360 210:840 1110 B650:2600 9500 5E00:22400
0.1 600 350:1400 2000 1200:42800 19000 11500:46000
0.2 1170 7002800 4150 2500:10000 40000 25000:100000
0.3 1800 1200:4800 £800 4300:13200 70000 43000172000
0.5 4200 2700:10800 15000 2500:38000 160000 100000:400000
0.2 0.05 710 420:1680 1900 1090:4360 14000 8500:34000
0.1 350 200:800 200 500:2000 6600 A400:13600
0.2 150 85:340 360 220:880 2000 1750:7000
0.3 210 130:520 530 360:1440 4800 3000:12000
0.6 430 271080 1250 800:3200 11000 6950:27800
0.5 0.05 3150 1870:7480 E800 4000:16000 40000 25000:100000
0.1 1500 200:3600 3200 2000:8000 19000 12000:48000
0.2 640 380:1560 1350 B50:3400 8500 5300:21200
0.3 360 220:880 800 500:2000 5000 3100:12400
05 140 Q0360 320 200:800 2100 1300:5200

*Ising diallelic markers with varying allele frequency and allowing linkage disequilibrium between marker and diseass allele down to 0= 0.7, odds ratio (power = B09%; o0 =0.001),

Zondervan and Cardon, Nat Rev Genet 5: 89, 2004



Go sample a continent
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Reasons why human genetics does
not work

e There are not enough people on the planet

 \We have been looking in the wrong place
for the genetic effect
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Fig. 1. Means on the composite index of anti-
social behavior as a function of MAOA activity
and a childhood history of maltreatment (27).
MAOA activity is the gene expression level
associated with allelic variants of the functional
promoter polymorphism, grouped into low and
high activity; childhood maltreatment is
grouped into 3 categories of increasing severi-
ty. The antisocial behavior composite is stan-
dardized (z score) toaM = 0 and SD = 1; group
differences are interpretable in SD unit differ-
ences (d).



G X E Iinteractions

12.80 -

ACL0D 4

.20 o

2.50

Salf raported depression symploms

0 1' 2 3 at
MNumber of stressful life events

D
0 16
ﬁ .14 .E
'EE’ 012+ 25
Ly R 53
7§ o is
= a
E% 0.0 4 = =
2%
%E .04 =
& oce{
'JCC-;_

0 1 2 53 4+
MNumber of stressful lite events

Probability of major
depression episode

o 1 4 3 ar
Mumber of stressiul life events

2.00
1.75 4
1.50
1.25

1000 ~

0.75
050
025

0.0 + : - -
1 1 2 3 4+
Humber of stressful life events



Fig. 1. Results of multiple regression analyses estimating the association between number of
stressful life events (between ages 21 and 26 years) and depression outcomes at age 26 as a
function of 5-HT T genotype. Among the 146 s/s homozygotes, 43 (29%), 37 (25%), 28 (19%), 15
(10%), and 23 (16%) study members experienced zero, one, two, three, and four or more stressful
events, respectively. Among the 435 s/l heterozygotes, 141 (32%), 101 (23%), 76 (17%), 49 (11%),
and 68 (16%) experienced zero, one, two, three, and four or more stressful events. Among the 264
I/l homozygotes, 79 (29%), 73 (28%), 57 (21%), 26 (10%), and 29 (11%) experienced zero, one,
two, three, and four or more stressful events. (A) Self-reports of depression symptoms. The main
effect of 5-HTTLPR (i.e., an effect not conditional on other variables) was marginally significant
(b =-096,SE = 0.52,t = 1.86, P = 0.06), the main effect of stressful life events was significant
(b= 1.75 5E =023t = 745, P < 0.001), and the interaction between 5-HT TLPR and life events
was in the predicted direction (b = —0.89, SE = 0.37,t = 2.39, P = 0.02). The interaction showed
that the effect of life events on self-reports of depression symptoms was stronger among
individuals carrying an s allele (b = 2.52, SE = 0.66, t = 3.82, P < 0.001 among s/s homozygotes,
and b = 1.71, SE = 0.34, t = 5.02, P < 0.001 among s/l heterozygotes) than among U/l
homozygotes (b = 077, SE = 043, t = 179, P = G.{}EE (B) Probability of major depressive
episode. The main effect of 5-HTTLPR was not significant (b = -0.15,SE = 0.14,z = 107, P =
0.29), the main effect of life events was significant (b = 0.37, SE = 0.06,z = 5.99, P <~ 0.001), and
the G x Ewas in the predicted direction (b =-0.19, SE = 0.10,z = 1.91, P = 0.056). Life events
predicted a diagnosis of major depression among s carriers (b = 0.52, SE = 0.16,z7 = 3.28 F =
0.001 among s/s homozygotes, and b = 0.39, SE = 0.09, z = 424, P < 0.001 among s/l
heterozygotes) but not among I/l homozygotes (b = 0.16, SE = 0.13,z = 1.18, P = 0.24). (C)
Probability of suicide ideation or attempt. The main effect of 5-HT TLPR was not significant (b =
-0.01, SE = 0.28,z = 0.01, P = 0.99), the main effect of life events was significant (b = 0.51, SE =
0.13,z = 3.96, P < 0.001), and the G x E interaction was in the predicted direction (b = -0.39,
SE = 0.20,t = 1.95, P = 0.051). Life events predicted suicide ideation or attempt among s carriers
(b = 048, SE = 0.29,z = 167, P = 0.09 among s/s homozygotes, and b = 0.91, SE = 0.25,z =
3.58, P < 0.001 among s/l heterozygotes) but not among I/l homozygotes (b = 0.13, SE = 0.26,
z = 0.49, P = 0.62). (D) Informant reports of depression. The main effect of 5-HT TLPR was not
significant (b = -0.06, SE = 0.06, t = 0.98, P = 0.33), the main effect of life events was significant
(b =023, SE =003t =847, P < 0.001), and the G X E was in the predicted direction (b =
—0.11, SE = 0.04,t = 2.54, P < 0.01). The effect of life events on depression was stronger among
s carriers (b = 0.39, SE = 0.07, t = 5.23, P < 0.001 among s/s homozygotes, and b = 0.17, SE =
0.04,t = 4517, P < 0.007 among s/l heterozygotes) than among I/l homozygotes (b = 0.14, SE =
0.05,t = 2.69, P < 0.01).



Reasons why human genetics does
not work

e There are not enough people on the planet
« Genetic effect Is hidden In epistasis

e Genetic effect Is hidden in a (small) gene
by environment interaction







Mouse model of anxiety
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Elevated Plus Maze
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Reasons why human genetics does
not work

e There are not enough people on the planet
« Genetic effect Is hidden In epistasis

e Genetic effect Is hidden in a (small) gene
by environment interaction




Genetic architecture of complex
traits

e Effect sizes and number of loci
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QTL Mapping: single marker
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Table 4. QTL estimator. D is the estimate of additive genetic etfects, calculated as halt the ditterence between parental
phenotypes. The mean QTL effect and minimum QTL effect are the additive ettects (not the percentage variation
explained by the locus), derived from univariate analyses of each phenotype. The estimated number of QTL is from
equation 6, and the 95% confidence intervals (95% CI) are from equation 9 of Otto and Jones (2000). An exponential
distribution of etfect sizes was assumed

Mean QTL Minimum QTL Observed Estimated
Phenotype D effect effect number QTL number QTL 95% CI
OF 1.8 0.3 0.1 4 6.4 2-13
Defecation 1.8 0.3 0.1 4 6.4 2-13
Total activity 362.5 62.1 25.8 7 8.6 4-15
Center activity 162.8 38.3 12.1 4 4.7 2-10
Center time 30.8 5.8 2.5 5 7.1 3-10
Latency 44.7 15.9 12.7 2 9.3 2-18
LD 35.0 6.1 2.5 5 8.1 3-16
Dark activity 35.0 6.1 2.5 5 8.1 3-16
Transitions 6.7 1.7 0.7 4 6.2 3-12
Light activity 50.5 15.0 6.9 5 5.0 2-10
Light time 24.1 8.7 6.5 7 9.0 2-14
Latency 96.3 18.3 10.1 5 9.8 1-19
EPM 3.1 1.4 1.1 5 7.6
Closed entries 3.1 1.4 1.1 5 7.6 1-10
Closed activity 10.6 5.7 4.0 5 4.9 3-11
Open entries 8.2 1.8 0.5 3 4.9 1-11
Open activity 34.1 2.9 0.6 5 8.4 4-25
Open latency 46.7 11.3 2.3 1 4.1 2-9
Open time 62.2 12.6 3.4 3 5.1 1-12
SQ 16.6 4.8 2.6 4 5.6
Closed entries 16.6 4.8 2.6 4 5.6 2-13
Closed activity 29.2 5.6 1.2 7 5.7 2-10
Open entries 35.4 9.1 4.7 4 6.0 2-14
Open activity 59.9 8.0 2.0 6 79 3-18
Latency 47.9 15.0 6.4 2 4.2 2-9
MR 9.2 3.9 2.8 4 6.2 2-14
Entries 9.2 3.9 2.8 4 6.2 2-14
Latency 45.8 9.6 5.7 3 7.7 1-20




Genetic architecture of complex
traits In mice

* Genetic effects are small (<5%) and they
are lots of them
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Epistasis In an F2 intercross

B

Genome-Wide Epistatic Interaction Analysis
Reveals Complex Genetic Determinants
of Circadian Behavior in Mice
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Table 3. Summary of Significant Marker Pair from Genome-Wide Interaction Analysis

Trait Marker1 Marker2 F-all F-int
Period D4Mit178 D5Mit188 6.57 1.78
D4Mit178 D12Mit236 5.54 1.36
D5Mit98 D12Mit236 5.73 3.06
Phase D7Mit30 D12Mit81 5.77 2.65
DEMItT 3 D12Mit263 5.23 5.89
D1 2Mit81 D18Mit17 6.21 2.43
D12Mit195 D18MIit17 547 2.22
Amplitude D1Mit33 D4aMit27 6.46 6.88
Activity D1a6Mit106 DXMit27 5.04 7.23
Dissociation D1 2Mit251 D15Mit28 5.90 8.80

Significance of F-all is assessed by permutation analysis. See text for threshold values.

The alpha = 0.01 critical value for F-int is 3.42.
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Genetic architecture of complex
traits In mice

* Genetic effects are small (<5%) and they
are lots of them

 The amount of epistasis depends on the
phenotype

e Epistatic effects are about the same size
as the main effects



Gene by environment interactions
are (probably) common
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Environmental Enrichment Reduces A3 Levels
and Amyloid Deposition in Transgenic Mice



Gene by environment interactions
are (probably) common
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Genotype—environment interactions in mouse
behavior: A way out of the problem

Neri Kafkafi*1¥, Yoav Benjamini™, Anat Sakoss, Greg I. Elmer®, and llan Golani?
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Genetic architecture of complex
traits In mice

Genetic effects are small (<5%) and they

are lots of them

The amount of epistasis depends on the
phenotype

Epistatic effects are about the same as
main effects

Gene by environment interactions are
probably common (in knock-outs)
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Genetic architecture at high
resolution

 Mapping in outbreds: heterogeneous stock
 Mapping in outbreds: MF1
e Gene knockout/QTL interaction test



Genetically Heterogeneous
Mice

AKR BALB C3H C57BL DBA RIN



HS provide Increased mapping

resolution

A AKR BALB C3H C5/BL DBA I R
Gp * ¥ W

Allal clljl ElF ElH



Genetically Heterogeneous Mice
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High resolution mapping (anxiety
phenotype, chromosome 1)
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Single marker mapping

Marker Position - LogP |Allele Size

(cM) (bp)

D1Mit423 64.84 6.4 127
135

D1Mit496 64.85 0.1 117

122




Progenitor strain origin of alleles

paNy  BUA WA RaNgpan

AKR BALB C3H C5/BL DBA RITI

LogP
6.4 135 127 127 135 127 127 127 127



Progenitor strain origin of alleles

paNy  BUA WA RaNgpan

AKR BALB C3H C5/BL DBA RITI

LogP
6.4 135 127 127 135 127 127 127 127

0.1 117 117 122 117 122 122 117 122



Relation Between Marker and Genetic Effect

G ey [y G

«— —p

Observable
effect



Relation Between Marker and Genetic Effect
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Relation Between Marker and Genetic Effect
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Strain distribution pattern indicates
QTL action

BALB/c, C57BL/6, DBA/2, RIII, I, AKR + Low anxiety

AlJ, C3H t High anxiety



Observed chromosome structure

Hidden Chromosome Structure
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Calculate the probability that an allele
descends from each progenitor

Observed chromosome structure

Hidden Chromosome Structure
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Analysis

Tr(5,t) = Y Tuca (8,80 (s, 8|8, )

s’ #

Probabilistic Ancestral Haplotype Reconstruction
(descent mapping): implemented in HAPPY

http://lwww.well.ox.ac.uk/~rmott/happy.html
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Gene identification

 Mapping in outbreds: heterogeneous stock
 Mapping in outbreds: MF1
e Gene knockout/QTL interaction test



MF1 Mice




Genetic analysis of MF1 outbred
mice

e Single marker association
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Relation Between Marker and Genetic Effect

Marker2  QTL  Marker 1
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Unknown progenitors

e Sometime In the 1970’s....

LACA x CF
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MF1 haplotype reconstruction

e Genotype 42 SNPs across QTL in 729
MF1 mice

e Construct haplotypes

 Reconstruct descent of each haplotype
using inbred strains as theoretical
progenitors



Haplotypes derived from inbred
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Mapping by descent
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World's Scientists Admit They Just Don’t Like Mice

ZURICH, SWITZERLAND—Mearly 700 scientists representing 27 countries convened at the University of Zurich Monday Advertisement
to formally announce that their experimentation on mice has been motivated not by a desire to advance human
knowledge, but out of sheer distaste for the furry little rodents.

"As a man of science, I deal with facts, and the fact is that mice are gross,”
said Dr. Douglas White, chair of the Oxford biogenetics department and lifelong
mouse-hater. "They're squirmy, scurrying little vermin, and they make my skin
crawl. I speak for all of my assembled colleagues when I say that the horrible
little things deserve the worst we can dish out.”

According to a 500-word statement, scientists hate mice for "their beady little
eyes," "their repulsive tails,” and "the annoying little squeaking sounds they
make."

At the press conference, several scientists detailed their involvement in the
centuries-long ruse of "conducting experiments” and "curing diseases."”

"Far years, I've used lab mice to research cell breakdown in living tissue—and

Oxford lab. I've been lucky enough to make some pretty important medical advancements
along the way," said researcher Ellen Gresham of the Harvard Institute for

Advanced Studies. "But even if there were no scientific benefit to the work I do, I'd still experiment on mice, just toe watch them suffer.”

"The truth is, mice are particularly ill-suited for our tissue study," Gresham added. "We could construct a computer model that would
yield more accurate results, but we don't care.”

According to Gresham, scientists have enjoyed dissolving mice in acid, spinning them in centrifuges, blowing them up in vacuum
chambers, and forcing them to navigate exit-free mazes for years—all the while towering above them, laughing.



Gene identification

e Quantitative complementation/QTL-
knockout interaction test
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Quantitative Complementation
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Quantitative Complementation

> fit < In( Faotye ~ Ooss * Bedgraud )
> anna(frt)
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Quantitative complementation

C3H

P-value # animals
OFA 92
Background 0.246
Cross 0.011

Background:Cross 0.003



Mapping by descent
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Genetic architecture of complex
traits In mice

Genetic effects are small (<5%) and they

are lots of them

The amount of epistasis depends on the
phenotype

Epistatic effects are about the same as
main effects

The molecular basis of complex traits can
lie In non-coding sequence
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Seqguence of KO strain
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Strain distribution pattern of QTL

BALB/C, DBA/2, RIII, I, AKR ¢ Low anxiety

AlJ, C3H t High anxiety



QTL-Knockout interaction

C3H

OFA

Background
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Background:Cross
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P-value

0.246
0.011
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