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Expression and phenotype
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Expression variation between yeast strains
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Mapping expression variation
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log2(expression)

Gene expression as a mappable trait
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Variant affects its own expression: feedback
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How common is feedback and why?
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Feedback and quantitative behaviors

Genetic switch
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Cé;&,_ A screen for feedback across yeast TFs

Charles Denby



Cé;&,_ A screen for feedback across yeast TFs
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Cé&,_ Widespread evidence for feedback

I = negative feedback
I = positive feedback

rich media
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pack is direct

ﬁw
(s

i —_—

80
|

60

40

20
|

rank of predicted auto-regulatory binding

_

null  pass don't

screen  pass
screen Charles Denby



% cells

Eg;&,_ Positive feedback and stress

YAP3: nutrient starvation
| HOGI: osmotic stress

T oF CINS: osmotic stress
I URC2: uracil catabolism
INO4: phospholipid metabolism

200

YAP3-GFP fluorescence
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i . Confirming a novel feedback loop: MOT3
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Cis-acting variant
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Adaptation via cis-acting variation!?
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Sign imbalance across genes of a pathway




Adaptation via cis-acting variation!?
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Expression variation between yeast
species
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Expression variation between species
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% Allele-specific transcript profiling

AVAYAAV VAV anaaa
— /M\WAAAAA > T ——
NWW AXAA ey F—

Yulia Mostovoy



read name

HWI-EAS105 3 8 1 881 610
HWI-EAS105 3 8 1 881 610

HWI-EAS105 3 8 1 890 283
HWI-EAS105 3 8 1 331 398
HWI-EAS105 3 8 1 331 398
HWI-EAS105 3 8 1 461 139
HWI-EAS105 3 8 1 461 139
HWI-EAS105 3 8 1 531 314
HWI-EAS105 3 8 1 529 361
HWI-EAS105 3 8 1 529 361
HWI-EAS105 3 8 1 886 349
HWI-EAS105 3 8 1 259 961

AAAAA

AAAAA

_>/\/VV\/\/\/

strand

+ 4+ o+

ﬁ

Allele-specific transcript profiling

| — ey F— |

Solexa sequencing

ORF

sbay ¢671-g59.1
sbay ¢589-gl5.1
sbay ¢c600-gl18.1
sbay ¢571-g5.1
sbay c672-g24.1
sbay ¢639-g33.1
YLR300W

sbay ¢658-gl10.1
YGL103W

sbay ¢557-gll.1
sbay c667-9g33.1
YPL217C

position

351
300
250
1371
1371
720
720
2234
135
135
358
2249

read

TACAAGGAAATTAGAGA
TACAAGGAAATTAGAGA
TACCCAATTATATCAAG
ATCAGATGGGGTTTGAA
ATCAGATGGGGTTTGAA
GATAAAATGAAGAATGA
GATAAAATGAAGAATGA
GTACGAATTACAAAAGG
GATAAATACCATCCAGG
GATAAATACCATCCAGG
TTTACGAGATAGCCAAG
GTATGAACTACAGAAGG

mismatches

colrHokRrrRrRrHORR

Jim Bullard



Jim Bullard
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Solexa sequence dependence
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(>
@ Solexa sequence dependence

GC-rich stretch in S. cer

— S cer — Expression fold-
change

confounded
J\ with sequencing
biases!?

m— S. bay e

# reads

# reads




Assess differential expression

Observed read counts

n(A) = .35, n,(C)=.18, n,(G)=.23, n,(T)=.24
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S. cerevisiae Jim Bullard



Assess differential expression

Observed read counts Resampled read counts

|||| || I sum read counts

null fold-change

pasition © M sum read counts

S. bayanus
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Assess differential expression

Null distribution of

Observed read counts Resampled read counts
fold-change

n(A) = .35, n,(C)=.18, n,(G)=.23, n,(T)=.24
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5
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Assess differential expression

Null distribution of

Observed read counts Resampled read counts
fold-change

n(A) = .35, n,(C)=.18, n,(G)=.23, n,(T)=.24

P, sum read counts
- observed
M l : f°|d{héﬁgei B @
g= 3
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; 3
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postion
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n (A)=.37, n(C)=.17, n
2

read counts

n.(A)=.35, n,(C)=.18, n, [(G)=.23

Observed read counts

Assess differential expression

Resampled read counts

Null distribution of

postion

S. cerevisiae

fold-change
Result: a p-value =
assessing significance of |
difference between ot
species, in the face of GC
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Adaptation via cis-acting variation!?

Sign imbalance across genes of a pathway




http://genomebiology.com/2002/3/1 | /RESEARCH/0059

Use pre-defined gene clusters
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HIS1

HIS4

HIS6

HIS7

HIS3

HIS5

HIS2

Sign imbalance

5-phosphoribosyl-1-phyrophosphate

N'-[S'phosphoribosyl]-ATP

l
|

Phosphoribosyl formimino-5-amino
imidazole carboxamide ribonucleotide

Phosphoribulosyl formimino-5-amino
imidazole carboxamide ribonucleotide

Imidazole glycerol phosphate
N/S
Imidazole acetol phosphate

L-histidinol phosphate

L-Histidinol

in a pathway

Sign sum over
genes = -/



Significance of sign

imbalance

|87 total

groups

tested

Name Sign sum Group p Annotation
Cluster_ Histidine -7 0.00007 Histidine biosynthesis
Cluster NRG1 -7 0.0011 Stress-induced transport
Node 73 70 0.0016 Ribosome biogenesis
Cluster adata-Respiration -8 0.0057 Respiration
Cluster Lysine -5 0.0059 Lysine biosynthesis
Node 45 -9 0.0072 Respiration
Cluster RTG1 -7 0.015 Ribosome and osmotic stress
Cluster FKH1 8 0.018 Cell cycle
Cluster RCS1 -5 0.028 Iron transport
Node 67 -6 0.031 Redox and secretion
Node 80 -4 0.044 AA biosynthesis
Node 68 -5 0.050 Proteasome

Jim Bullard



Significance of sign

imbalance

Name Sign sum Group p Annotation
Cluster_ Histidine -7 0.00007 Histidine biosynthesis
Cluster NRG1 -7 0.0011 Stress-induced transport
Node 73 70 0.0016 Ribosome biogenesis
Cluster adata-Respiration -8 0.0057 Respiration
Cluster Lysine -5 0.0059 Lysine biosynthesis
Node 45 -9 0.0072 Respiration
Cluster RTG1 -7 0.015 Ribosome and osmotic stress
Cluster FKH1 8 0.018 Cell cycle
Cluster RCS1 -5 0.028 Iron transport
Node 67 -6 0.031 Redox and secretion
Node 80 -4 0.044 AA biosynthesis
Node 68 -5 0.050 Proteasome

|87 total
groups
tested,
expect ~|
false

Jim Bullard



Repeat with Gene Ontology

Name Sign sum Group p Annotation
G0O:00042254 78 0.000001 Ribosome biogenesis
GO:0006725 -9 0.0074 Aromatic compound metabolism
G0:0016070 124 0.011 RNA metabolic process
GO:0006996 114 0.050 Organelle organization

38 total
groups
tested,

expect
~(0.2 false

Jim Bullard



Adaptive tuning of gene expression
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