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Coding sequence array

(b) The detection of DNA-cDNA hybridization.
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Expression effects of cancer
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Microarray and histopathological analysis
of tumours: the future and the past?

Diagnosis via transcriptional profile
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Linkage mapping of mRNA levels
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Looking for linkage (coinheritance) between
marker and mRNA level.

Marker is linked to polymorphism in
expression regulation cascade

Locally acting polymorphisms

~25% of varying mRNAs
are caused by locally
acting polymorphism

C5 major QTL

LOD score

400 600
Mouse genome (2 cM units)

Polymorphism responsible for mRNA difference is at the locus
of the gene itself

Nonlocal polymorphisms
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Nonlocal polymorphisms

One polymorphism in a key regulator can affect a
regulon: 100’s of related mRNAs.

Clinical applications
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LOD score

Clinical applications
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Clinical applications

Finding polymorphism responsible for
difference in macroscopic phenotype is hard

Clinical applications

Finding polymorphism responsible for
difference in macroscopic phenotype is hard

If mMRNAs change too, can learn mechanism
from known function of encoded proteins

Clinical applications

Glyoxalase 1 and glutathione reductase 1 regulate
anxiety in mice

liris Hovatta', Richard S. Tennant' ~

e Elen' e £ st | d atification of Abcc6 as the major causal gene
for dystrophic cardiac calcification in mice
through integrative genomics

Integrating genotypic and expression data in a segregating
mouse population to identify 5-lipoxygenase as a
susceptibility gene for obesity and bone traits

Margarcte Mehrabian', Hooman Allayee?, Jirina Stockton', Pek Yo Lum’, Thomas A Drake",

Lawrence W Castellani’, Michael Suh!, Christopher Armour’, Stephen Edwards’, John Lamb?,
Aldons J Lusis'S- & Eric E Schadt®
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Clinical applications

Genetic variants regulating ORMDL3 expression
contribute to the risk of childhood asthma

Miriam F. Moffatt"*, Michael Kabesch™, Liming Liang™*, Anna L. Dixon', David Strachan’, Simon Heath
Martin Depner’, Andrea von Berg’, Albrecht Bufe", Erst Rietschel”, Andrea Heinzmann'", Burkard Simma’
Thomas Frischer'”, Saffron A. G. Willis-Owen', Kenny C. C. Wong', Thomas lllig"", Christian Vogelberg'
Stephan K. Weiland"", Erika von Mutius’, Gongalo R. Abecasis’, Martin Farrall", Ivo G. Gut", G. Mark Lathrop
& William O. C. Cookson
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Clinical applications

Clinical applications
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Marker predicts quantitative expression level = association

Can we map expression traits
first, disease afterward?

Linkage of human transcripts
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Linkage of human transcripts

154869311 = 151230381
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Association of human transcripts

LRAP chromosome 5 _AAB227892 chromosome 20

15

0 50 100 150 0 10 20 30 40 50 60

IRF5 chromosome 7

0 10 20 30 40 50 60

Mapping inants of human gene
by regional and genome-wide ass

Association of human transcripts

LRAP chromosome 5 _AAB227892 chromosome 20

linkage
(families)
assoc

7 (unrelated)

15

0 50 100 150
CPNE1 chromosome 20

0 10 20 30 40 50 60
IRF5 chromosome 7

Association in multiple populations

European-Americans in Utah
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A new brand of genetic

variation
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PSI+ yeast read through STOPs
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PSI+ yeast read through STOPs
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Weird genetics of read-through
O )

Haploid PSI+ X Haploid psi-

Diploid PSI+




Weird genetics of read-through

Haploid PSI+ X Haploid psi-
Diploid PSI+

sporulate

Haploid PSI+ Haploid PSI+ Haploid PS/+ Haploid PSI+ .

Weird genetics of read-through

><
l S But why
wouldn't it get
Diploid PSH+ diluted over
many

divisions?

sporulate

Haploid PSI+)  (Haploid PS/+)  ( Haploid PSI+ Haploid PSI+

Cytoplasmic aggregates of Sup35

[psi] [PSI*]

Cytoplasmic aggregates of Sup35

[psi] [PSI*]

How would this explain the results?

Hard to make aggregate, easy to join
altered normal
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Protein inheritance

psr] haploids

Original from
[PSF) diploid PSI+
nucleates in all

progeny
3

(PSI] (Psr) (psr) psr]

haploids
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Nucleating prions in mad cow disease

Prions and their lethal journey
to the brain

PSI+ begets more PSI+

Ipsil @ Psr) haploids

“

Not due to dominant genetics in the usual way.

(PSF] diploid

Is PSI+ the yeast analog of
mad cow or Alzheimer’'s?

If bad, would be lost
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Evolutionary conservation of prion-forming abilities of b@tsaw@
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If bad, would be lost
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(Pichia Pm 61- 120
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cerevisiae) Pm 21- 0
sc 51~ 106 -138
Pm 181~ 240
Sc 13- 1902
Pm za1- o298
Sc 193- K -236
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SG 236~ EQEEEVDDEVVNDM — SupdSC
Evolutionary conservation of prion-forming abilities of b@tsaw@
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PSI+ phenotypes
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PSI+ phenotypes

Why would aggregates result in so many
novel abilities and traits??




PSI+ phenotypes

Why would aggregates result in so many
novel abilities and traits??

Apparently does not happen in
Alzheimer’s...

The clincher

YPD Paraquat

[PSIY
[psi] :
[psi-] sup3scessn [ W &

Epigenetic regulation of translation
reveals hidden genetic variation to
produce complex traits

Meather L True, Hana St & Susan L Undauist

The clincher

The clincher

YPD Paraquat
[PSH] ;
[psi] :
[psi-] supascessn [ W &
(partial LOF)
Epigenetic regulation of transiation
reveals hidden genetic variation to
produce complex traits
The clincher
YPD Paraquat
[PSH] ;

[psi] :
[psi-] supascessn [ W &

(partial LOF)

Aggregates per se don’t
cause resistance.

Epigenetic regulation of translation
reveals hidden genetic variation to
produce complex traits

Heather L True, Hana St & Susan L. Undguist

YPD Paraquat
[PSI¥] -
[psi] :
[psi-] supascessn [ W &
(partial LOF)
What do you conclude?
A. Sup35 does not cause resistance
to paraquat.
B. Prions do not cause resistance to
paraquat.
Epigenetic regulation of translation C. Aggregation is not necessary to
reveals hidden genetic variation to cause resistance to paraquat.
mm:m D. Aggregation is not sufficient to
- - cause resistance to paraquat.
The clincher
YPD Paraquat
[PSI¥] -
[psi] :
[psi-] supascessn [ W &
(partial LOF)
Aggregates per se don’t
cause resistance.
Losing function of sup35
Epigenetic regulation of translation does.
reveals hidden genetic variation to
produce complex traits

Meather L True, Hana St & Susan L Undauist
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Aggregation = more read-through
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FiG. 3. Model for the [51°] phenotype. The black line denotes a messenger RNA with
a stop codon mutation in the coding sequence. In [psi-) cells (p), Sup35 (haiched
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1o Supi5 is greatly reduced. Consequently, ribosomes (gray spheres) are able to read
through nonsens. s at a low frequency (dashed arrow), leading to the production
of fulllength protein, which suppresses the effects of the mutation.

Aggregation = more read-through

il o
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forms of proteins
cause new traits.
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FiG. 3. Model for the [51°] phenotype. The black line denotes a messenger RNA with
a stop codon mutation in the coding sequence. In [psi-) cells (p), Sup35 (haiched
5 with black, crescent tails) is soluble and 0 Supts (black crescent). The
atall nonsense codons (stop)

- o op)
5 available for binding

spheres) are able to read
s at a low frequency (dashed arrow), leading to the production
of fulllength protein, which suppresses the effects of the mutation.

PSI+ allows epigenetic
change in protein sequence.

Genetically distinct S. cerevisiae strains

Genetic effects?

Benomy!

Phenotypes varied
between genetically
diverse PS/+ strains.

Genetically distinct S. cerevisiae strains

Genetic effects?

Bleomycin  Anisomycin  Benomyt

Phenotypes varied
between genetically
diverse PS/+ strains.

How can the cause be
genetic and non-genetic
(protein aggregates) at the
same time?

Aggregation = more read-through
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Aggregation = more read-through

UTR mutations
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Aggregation = more read-through

Sequence
ﬁ differences in read-
Fi i i é @ through region
AAAA .
[psi-] cause phenotypic
differences

between PS/+
strains.

of fulllength protein, which suppresses the effects of the mutation.

Cryptic variation: DNA
sequence differences between
individuals that are usually not

expressed

12



