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Mi
roarray experiments
Some basi
s:�Measurement of abundan
e of mRNA trans
ripts in giventissue.� Simultaneously, for up to 20 000 genes.�Question: Whi
h genes are di�erentially expressed (\in-du
ed") if we 
ompare two 
lasses of tissue, disease, pa-tients?
From a statisti
al point of view. . .�Compare mean gene expression of 
lasses.) Compute Wil
oxon's ranksum s
ore for ea
h gene and
he
k for signi�
an
e.

S
ore distributions
�Wil
oxon s
ore distribution of only non-indu
ed genes is uni-modal and symmetri
al.� Indu
ed genes show s
ores in distributional margins.�Observed s
ore distributions are mixtures of indu
ed andnon-indu
ed s
ores.
Shown below are two s
ore distributions where a 
ertain fra
-tion of genes is upregulated. Left side: Indu
ed s
ores form asmall hill easily separable by eye from the bulk of non-indu
edgenes. Right side: Genes are slightly indu
ed and thus arehidden in a twilight zone only re
ognizable as a subtle ele-vation.
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Figure 1: Two mixtures of indu
ed and non-indu
ed s
ores.

Re
onstru
ting
mixtures

�Twilight zones are informative for biologi
al resear
h.�Not possible to dete
t indu
ed genes hidden among non-indu
ed, but. . .�Possible to estimate the per
entage of indu
ed and non-indu
ed genes in s
ore intervals (bins) with theory of FalseDis
overy Rates (FDR).) Re
onstru
tion of mixture in ea
h bin.) Re
onstru
tion of overall mixture using narrow bins.

FDR 
on
epts
Classi
al FDR:�Due to multiple testing situation in mi
roarray experiments,see e.g. Benjamini and Ho
hberg (1995), Storey and Tibshi-rani (2001), Reiner et al. (2003).�Given s
ore threshold, genes with s
ore ex
eeding thresholdare 
alled indu
ed.� FDR is de�ned as per
entage of falsely 
alled indu
ed genesamong all genes 
alled indu
ed, given extremal s
ore thresh-old above.) FDR is proportion of non-indu
ed genes and thus re
on-stru
ts the mixture in given reje
tion area.
Bin-wise FDR:� Extension of FDR 
on
ept by dividing range of s
ores intobins.�De�ne ea
h bin separately as reje
tion area.) Bin-wise re
onstru
tion of overall mixture (see Figure 2 asillustration).
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Figure 2: Re
onstru
ted mixture with bin-wise FDR = per-
entage of non-indu
ed genes (bla
k) and resulting per
entageof indu
ed genes (red), illustration.

Simulation study
�Advantage of simulated data: Knowledge of true s
ore dis-tributions.�Generate log expression data by using a lognormal modelwith normal errors and 
oregulation stru
ture (
lumpy de-penden
e).� Indu
e fra
tion � of genes in one 
lass by adding a normallydistributed o�set with mean value �.
Estimation:�Use bins with approx. equal bin frequen
y as reje
tion areas,here 20 bins.� Estimate bin-wise FDR by using 
lass permutation andextending 
lassi
al FDR estimate as given in Tusher etal. (2001)

Results
Shown below are stairplots of a simulation where 15% of geneswere indu
ed with mean o�set 0.5 (slight indu
tion) or 0.7(moderate indu
tion). The height of ea
h stair denotes av-eraged per
entage of non-indu
ed genes after 10 simulations,the width 
orresponds to bin width.
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Figure 3: Bin-wise true (bla
k) and estimated (red) per
ent-ages of non-indu
ed genes for simulation with � = 15% and� = 0:7.
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Figure 4: Bin-wise true (bla
k) and estimated (red) per
ent-ages of non-indu
ed genes for simulation with � = 15% and� = 0:5.
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Figure 5: Bin-wise true per
entages (bla
k) of non-indu
edgenes for simulation with � = 15% and � = 0:5. Red linedenotes moving average of estimated per
entages (window size5).

Referen
esBenjamini, Y., Ho
hberg, Y. 1995. Controlling the False Dis
overy Rate: a Pra
ti
al and Powerful Approa
hto Multiple Testing. Journal of the Royal Statisti
al So
iety B, 57(1):289{300.Reiner, A., Yekutieli, D., Benjamini, Y. 2003. Identifying di�erentially expressed genes using false dis
overyrate 
ontrolling pro
edures. Bioinformati
s, 19(3):368{375.Storey, J. D., Tibshirani, R. 2001. Estimating False Dis
overy Rates Under Dependen
e, with Appli
ationsto DNA Mi
roarrays, Stanford University: Stanford Te
hni
al Report.Tusher, V. G., Tibshirani, R., Chu, G. 2001. Signi�
an
e analysis of mi
roarrays applied to the ionizingradiation response. Pro
eedings of the National A
ademy of S
ien
es, 98(9):5116{5121.


