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10K Micr oarray Chip
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Processed. Coli Data (Source Newton,et. al.)
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Empirical Density Plots
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Samplingand Prior Distrib utions

Let andR, = greenintensity,

Newton et. al. modelledR 1 andR > asindependengiammavariableswith the same
shapeparameten but differentscaleparametersgly andpy respectely.
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i(a)j! ’

BothR1 andR > have thesamecoefcient of variation(lzp

a).
Theparameteof interestis 2= E(R1)=E(R2) = =4.

We assuma is aconstanbut 1 andpp arei.i.d. gamma(ao; °) (prior distribution).
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Maximum Lik elihood Estimation

P
Themamginaljoint densityof (R1; R2) ispa (r1;r2) = j1:0 G dj(ra;r2)

3 ’ .
i at+]j 1l
hered: (r- _ ¥ 1 ., @i®°
et T = B a0 90
i=1 ' =

at+j+ap

rj
1+ @ap

Theunknavn parameterga; ag; °; ) areestimatedy maximizingcompletedata
log-likelihood

X
I(a;ap0;£°) = log pa (ry, ;r2,)
k

Tablel. Maximumlik elihoodEstimates.

Microarray NA a aop 0
Control 37 0.967 65.310 1538.332 0.989
HeatShock-a 82 1.372 2.648 24.338 0.962
HeatShock-b 209 1.140 2.372 27.306 0.912
IPTG-a 207 0.816 40.186 1158.464 0.990
IPTG-b 149 0.687 27.783 921.891 0.992

I+
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BayesEstimation of %2

Theposteriordensityof Y2given(ry; r2) is
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BayesEstimation of %2

Theposteriordensityof Y2given(r; ro) is
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TheBayesestimatds the posteriormean

X d(rq M
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Top 20 up regulatedgenesranked by %
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Top 20down regulatedgenesranked by
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Latent Variable Model

Thismodelusesthefactthatonly fractionp of total genesarelik ely to be differentially
expressed.

We assumehatfor thekth gene thereis anlatentB ernoul li( p) variableZ suchthat
Zx = O0impliesnodifferentialexpression(i.e. g1 = W), in which casethe maginal
densityfor intensitiess

3 ’ .
atjj 1l

. M1y 2,
0 1kl 2k =0 ] |(a+J)2|( aO)(ll 1202 1+ r1k+r2k 2(a+j)+ ao
- arn

andZy = 1impliesdifferentialexpressiq:g(i.e. U1 & W), In which casethe mamginal

densityfor intensitiess pa (1,;r2,) = j=o G d (r1,;r2,)

’ atjij 1l
¥ 1 Li £)°
B(a+ j;a0)(li #)°

w

whered; (r1;rz2) =
i=1

Thereforethe completedatalog-likelihoodis:

X . .
l(a;a0;%;%p) = logfpa(ri, ;ra. ) po(ry, ;rz ) 2kp?k (1 p)ti *g
K
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EM estimation

We estimatethe unknavn parametersisingEM algorithm.Let (&; dy; ; %; p) betheinitial

estimate®f (a; ap;°; & p).

1. E-step:We estimatezy by its conditionalexpectation

PPA (r1,:r2,)

Zk = P(zkjry, irz.) =

PPa (r1,.5r2. )+ (i P)Po(ry, ;ra, )

2. M-step: Updateestimatega; & ; ®; ; p) by maximizingl(a; ag;°; %, p).

3. Repeastepsl and2 until corvergence.

Table2. EM estimates.

Microarray a aop 0 + p
Control 2.246 1.935 10.343 0.945 0.00006
HeatShock-a 2.240 1.498 6.075 0.322 0.08607
HeatShock-b 1.632 1.405 8.042 0.311 0.08417
IPTG-a 1.568 1.701 8.042 0.949 0.00016
IPTG-b 1.466 1.310 12.721 0.932 0.00014
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Mar ginal Density Plots . Red Intensity
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Mar ginal Density Plots . Red Intensity
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Results:ControlData
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Results:HeatShockA Data
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Results:HeatShockB Data
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Model Validation

For geneswith norealdifferentialexpressiorthe statisticB =

1i »°
B(a;a)

R
R+G

hasdensity

f(b) = P r1i b2 YL 4tb1 b)i (@ =2

Control

Fort Collins-2003-p.19



Summary

Numberof differentiallyexpressedjenes.

Dataset Ourmodel Newton's model

Control 0 7
HeatShockA 60 35
HeatShockB 42 8

IPTGA 1 11
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