Simulation/theory

With modest
marker spacing
in a human
study, LOD of g o et 7T
3is 9% likely to
be a false
positive.

Expected number
of false positives

Fig. 1 Number of false positives expected in a whole genome
scan for a given threshold of lod score, Z score or pointwise P
value. Solid line represents asymptotic expectation for a perfect
genetic map, based on the theory described in the Box 1. Sym-
bols represent results for 100 sib pairs obtained from 100,000
simulations using genetic maps with markers spaced every 0.1
M (circles), every 1 cM (squares), and every 10 cM (triangles).
The genome is assumed to consist of 23 chromosomes, with
total length 3450 cM. Note the close correspondence between
the asymptotic theory and the 0.1 cM simulation. The dotted line
indicates the 5% genome-wide significance level.
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Unlike cystic fibrosis
and Huntington’s
disease, most traits
are not yes-or-no.

E.g. blood pressure.




Distributions

Genetic analysis of blood pressi C3H/HeJ and SWR/J mice
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Environment and error




What if...

Salt water

What if...

Exact same mouse, every day for 6 mo

What if...

Exact same mouse, every day for 6 mo

Time of day

Change in cage-mates
Age

Reproductive cycle

What if...

Many clones/identical twins




What if...

¢ “Experimental error’
i +
£ random variation

Many clones/identical twins

Imagine a cross:

AA x aa
Aa N
Aa x Aa
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Single-locus, dominant

Single-locus, dominant

75% 25%




Single-locus, dominant
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Single-locus, dominant
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A given genotype does not
guarantee exactly the same
phenotype every time.

More generally:

AA x BB
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AB x AB

AB

BB

1 locus, ?




1 locus, ?

1 locus, ?
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1 locus, incomplete dominance
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Remember? Fig. 3.2
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Another representation
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Effect of a B allele is the same regardless of genotype: additive




1 locus, complete dominance
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1 locus, complete dominance
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Dominance is a kind of epistasis: nonadditive

All these are examples of a
single locus controlling
variation in a quantitative trait.

But usually...more
complicated.




A real example
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Not 1-locus dominant, or 1-locus
incomplete dominance, or...
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Genetic analysis of blood pressi C3H/He] and SWR/J mice

Test for linkage to markers, to
find unknown genetic
determinants, as before.

Test for linkage to markers, to
find unknown genetic
determinants, as before.

Mechanics of test are
different.

Quantitative trait linkage test
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™ Inheritance at a marker

Genetic analysis of blood pressure in C3H/HeJ and SWR/J mice
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Quantitative trait linkage test
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Alleles are named after parent!

Genetic analysis of blood pressure in C3H/HeJ and SWR/J mice
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Quantitative trait linkage test
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Quantitative trait linkage test
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Locus effect vs. parents
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Alleles are named after parent!

Locus effect vs. parents
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Locus effect vs. parents

Each parent
strain
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Locus effect vs. parents

y ; Homozygotes
( | do not look like
\ parent.
What do you
infer?
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Locus effect vs. parents
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A single varying locus does not explain the data

>1 locus controlling trait

A (One mouse family)

B ﬁm’\ﬁwhv«}\,d\‘)‘\j\\.}\ ‘H'A
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Chromosome

Genetic analysis of blood pressure in C3H/HeJ and SWR/J mice

What if...

§ | Magnitude of
error bars
(spread within
group) has not
changed.
Locus effect is
weaker.
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Correct interpretation:

Difference
between S
and C at this
locus has a
causal role in
blood
pressure
¢ variation, but
c3H F2s, F2s, Fzs, swr effectis

parent C/Cat C/Sat S/Sat parent
marker marker marker modest.
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Correct interpretation:

“Effect of having an S allele’

Difference
between S
and C at this
locus has a
causal role in
blood
pressure
¢ variation, but
c3H F2s, F2s, F2s, swr effectis

parent C/Cat C/Sat S/Sat parent
marker marker marker modest.
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Correct interpretation:

“Effect of having an S allele’

g i
® Most loci
g ; underlying
s.i? B ¥ human
g~ disease look
- like this.
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LOD score

Complex traits

(one family, mouse model)
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Control Susceptibility to Experimental
Autoimmune Myocarditis'
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Complex traits

Complex traits

Genetic differenges at both loci affect the trait

Control Susceptibility to Expenmental
Autoimmune Myocarditis'

ns,* Yan Wang,* Michael Bianco,* Karl W. Broman," and

Mehmet L. Guler,* Davinna L
oses"

(one family, mouse model) _ - (one family, mouse model)
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Each locus responsible for half? Each locus responsible for half? Depends on the model.
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Complex traits

(one family, mouse model)

Genetic control of susceptibillty to infection with
Mycobacterium tuberculosis in mice

IR i

(one family, mouse model)

Complex traits

Genetic control of susceptibillty to infection with
Mycobacterium tuberculosis in mice

Each locus responsible for
a third?

Complex traits

If 5 loci, each responsible for a fifth? 10 loci? ...

The more loci, the smaller the effects and the
harder to detect.

Complex traits

One common result of a linkage study is no
significant linkage anywhere.

Genetic complexity is the rule; simple 1-
or 2-locus models are the exception
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We haven'’t talked about
humans lately...

With model organisms, can always study a
single cross/family with lots of progeny, so
better statistical power to detect weak loci.

And less chance of locus heterogeneity.

New York Times, Nov. 11,

Companies offering the service

Companies offering the service

Can knowing your inheritance
at SNPs predict your disease
risk?

17



