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Why natural genetic variation?

* Therapeutic targets
* Diagnostics
 Agricultural breeding

e Evolutionary theory

The challenge: genetic complexity




Genetically diverse yeast strains

ﬁ‘ RM, vineyard %Jb BY, lab

Differ at 1:100 nucleotides




Genetically diverse yeast strains

ﬁ‘ RM, vineyard %Jb BY, lab

Differ at 1:100 nucleotides

_Natural variation
in gene expression




Why expression, why yeast?

Medical genetics of
transcriptional reg.

Links 1n regulatory networks
Map loc1 of modest effect
Down to single SNPs
Tl R R Test hypotheses 1n vivo
1000s of QTLs
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[Local vs. nonlocal variation
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Linkage test for local variation
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Linkage test for local variation

Wilcoxon test
p-value;
permutations
for false
positive count
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1428 transcripts show evidence for local
variation at p < 0.0122

71 null transcripts by chance (FDR = 0.05)
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True prevalence of local variation ~50%
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QVALUE
estimate:
49% of
tests are
true
positives




Allele-specific expression




Allele-specific expression




Allele-specific expression

TagMan: transcript from each copy labeled with different dye




Non-allele-specific expression




Non-allele-specific expression




>50% of local variation 1s allele-specific

Tested

ASE p <0.05

Transcripts,
local variation

44 (57%)

Transcripts,
no local
variation

2 (13%)

James Ronald, Jackie Whittle




True prevalence of allele-specific effect ~80%

ASE data on self-linkers T
null expectation - - - -
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True prevalence of allele-specific effect ~80%
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ASE p-value

QVALUE
estimate:
78% of
tests are
true
positives




AMNI: local variation through feedback

H Genetic effect
O ASE
H Engineered D368
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AMNI: local variation through feedback
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AMNI: local variation through feedback
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Sequence analysis of local variation

Assemble genes with

local variation _f'“j ORF — _€M> ORF —

-20 30

Ahgn parent sequence accgaatata--cacacataATGGCATCAACCGATTTCTCCAAGATTGAA
aacgaatatattcacacataATGGCATCCACCGATTTCTCCAAGAATGAA

=20 30

Count polymorphisms afcgaatata@®cacacataATGGCATCEACCGATTTCTCCAAGANTGAA
a@cgaatata@icacacataATGGCATCEACCGATTTCTCCAAGAATGAA

=20 30

Find Spatia] distribution aflcgaatdta@BcacacatapTcGCATCHACCGATTTCTCCAAGARITGAA
a@cgaatata@icacacataATGGCATCEACCGATTTCTCCAAGAATGAA

James Ronald




SNP sites, transcripts under local variation

-950 -750 -550 -350 -150 coding +150 +350 +550 +750 +950
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SNP sites, transcripts under local variation
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SNP sites, transcripts under local variation

-950

-750

-550

-350

-150

coding

+150

+350

+550

+750

+950

TF sites

non-TF

sites

genes,
local
variation

121 SNPs

240 SNPs

genes, no
local
variation

1493 SNPs

OR =

3.73

» <0.0005

James Ronald




SNP sites, transcripts under local variation

not showing self-linkage)

genes

Mutations in 3° UTR
control transcript levels?
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Conclusions

* Local regulatory variation affects 25-50%
of yeast transcripts

*» Allele-speeific mechanism explains 50-
80% of these phenotypes

* Evidence strongest for noncoding; TF.site
variation
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