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Empirical Bayes and Mixed Linear 
Models for Assessing Differential 
Expression in cDNA Microarray 

Experiments

Gordon Smyth
Walter and Eliza Hall Institute
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Designs Linear Models
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Linear Model Estimates
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Parallel Inference for Genes

10,000-40,000 linear models
Curse of dimensionality:
Need to adjust for multiple testing, e.g., 
control family-wise error rate (FWE) or 
false discovery rate (FDR)
Boon of parallelism:
Can borrow information from one gene to 
another
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Hierarchical Model

Normal Model
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Reparametrization of Lönnstedt and Speed 2002 

Normality, independence assumptions are wrong but 
convenient, resulting methods are useful
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Posterior Statistics
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Moderated t-statistics

Posterior variance estimators

Eliminates large t-statistics merely from very small s

Marginal Distributions
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The marginal distributions of the sample variances
and moderated t-statistics are mutually independent 

Degrees of freedom add!

Known result?
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Estimating Prior Parameters
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Marginal moments of log s2 lead to estimators of
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Estimate d0 by solving
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Simulations
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Posterior Odds
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Posterior probability of differential expression for 
any gene is

Reparametrization of Lönnstedt and Speed 2002 

Monotonic function of 2t� for constant d

Quantile Estimation of c0

Let r be rank of | |gt� in descending order, and let F(;)
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be the distribution function of the t-distribution. Can
estimate c0 by equating empirical to theoretical 
quantiles:

Get overall estimator of c0 by averaging the individual
estimators from the top p/2 proportion of the | |gt�
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Duplicate spots

Replicate spots of each gene on same 
array, assume duplicates at regular 
spacing
Assume spatial component of correlation 
between duplicates is same for each gene
Estimate spatial correlation from 
consensus estimator across genes
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Posterior F-tests
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F-Tests as Classification Problem

-4 -2 0 2 4

-4
-2

0
2

4

t-stat 1

t-
st

at
 2

both upboth up

one up



4

19

A
: A

M
L1

C
: C

B
F

b
R

: E
R

G
T

: E
T

S
2

S
tem

m
ed H

eat D
iagram

s

T
op genes for A

M
L1

A
 

R
 

T 
A

C
 

R
A

C
 

TA
C

 
A

C
-A

 
A

C
-R

 
A

C
-T 

R
A

C
-A

C
 

TA
C

-A
C

 

35G6 
AI668906 

48F8 
AA872383 
AA400234 

W96058 
H77597 
N51614 
H72723 
N80129 
H53340 

AA447781 
AA464983 
AA421230 

T65736 
AA936799 

41G9 
AA702254 

R75635 
T59334 

AA402879 
AA458884 
AA428627 

T72089 
T69273 

AA425655 
AI923531 

AA598578 
AA669545 
AA457133 
AA454585 

R42630 
H91056 

AI214177 
H78039 

40E10 
W87714 

AA156031 
AA844124 

H58873 
AA487064 
AA453300 

R91396 
AA452256 
AA448402 

H85355 
AA279680 
AA397824 

R43576 
AA454673 
AA397813 
AA398352 

R88247 
AA598965 
AA983462 
AA463924 
AA976063 
AA281731 
AA878391 

T65786 
AA136500 
AA043228 

N47717 
AA045180 

H65734 
AA449753 
AA453765 
AA678021 
AA459868 
AA706968 

N70794 
AA443547 

R43360 
W72693 

AA001897 
AA191426 

AW005795 
AA683050 
AA136707 
AA608548 
AA133577 
AA488622 

T51539 
AA111999 
AA488676 

T59417 
AI989348 

AA600217 
H03346 

AA400128 
AA447761 
AA488433 
AA425666 

H29897 
N94487 

AA496691 
AW028846 

R91550 
AA676404 

T86983 
AA598526 

R74253 
N53380 

AA022886 
T53298 

AA171899 
AA411814 
AA521434 
AA706987 
AA936757 
AA434403 

T96083 
AA875933 
AA278759 
AA055835 
AA111969 
AI014487 

AA115877 
R08935 
H63077 
R07296 
W81371 

AI935290 
H26426 

AA149095 
AA424833 
AA450123 
AA457123 
AA856874 

N77931 
W73874 

AA187351 
H23124 

AA478543 
AA995282 

AW028467 
AA610004 

H22445 
AA598794 
AA620433 

W72207 
AA398237 

R77252 | R77251 
AI985398 

AA599145 
AA464861 
AA936757 
AA448656 

R40400 
AA169469 
AI023541 

AA598601 
R09561 

AA446103 
R09561 

AA495790 
H45668 

AA455157 
AA598601 
AA677403 

A
 

R
 

T 
A

C
 

R
A

C
 

TA
C

 
A

C
-A

 
A

C
-R

 
A

C
-T 

R
A

C
-A

C
 

TA
C

-A
C

 

AA984728 
AA936799 
AI142842 

T73440 
69H11 

T65739 
AA455338 
AA447781 
AA425655 
AA464600 
AA872402 

T59334 
AA482067 

40E10 
AI923531 

AA251800 
AA400234 
AA989257 
AA424743 
AA428627 

R46787 
AA464983 
AA485865 

H17513 
H53865 

AA598965 
AA485151 
AA452823 
AA457253 
AA702254 
AA171606 
AI253261 

AA427934 
AA774983 

T81103 
AA115919 
AA630800 
AA293571 

T61866 
AA700604 
AA663884 
AA173981 

T72089 
AA629808 
AA045180 

N75581 
AA115186 

H94944 
N34372 

AA045180 
W81124 
T68440 
N52496 

AA922326 
AA127100 
AA216528 
AA444051 
AA504852 

N55205 
AA040170 
AA235002 

R39861 
H29897 
H57494 

AA043228 
N66177 

AI989344 
R48587 
T96083 

AA441930 
AI681849 

AA520999 
W55964 
H03346 

AA455067 
T63521 
T51539 

AA126982 
T77733 
R40897 
R92124 

W33161 
AA479933 
AA045192 

H98666 
AA936757 
AA400128 
AA406613 

H59861 
H69335 

AA633835 
AA411814 

N47099 
12B3 

N51278 
AA995282 

R74253 
W73874 

AA447797 
AA426212 
AA775091 

N53380 
AA875933 

R08935 
N25352 
T69273 

AA035637 
AA664389 
AA706987 

W49619 
AA453749 
AA457717 
AA464256 

W72207 
N59270 

AA424824 
H60549 

AA430032 
AA280692 
AA521434 
AA775803 
AA482119 
AA398237 
AA456571 
AA455925 
AA488676 
AA406020 
AI340905 

AA487575 
AI825519 

H27864 
AA873060 
AA434397 
AA425947 
AA488406 
AA610004 
AA459654 
AI311391 

H26426 
AA115877 
AA025819 
AI985398 

H08820 
AA455365 
AA425102 

T53298 
AA450123 

R40400 
AA677687 

T53298 
AA495790 
AA424833 

R09561 
R09561 
N64508 

AA677403 
AA292226 

H45668 
AA486728 

R77252 | R77251 
AA292226 
AA936757 

T
op genes for E

T
S

2/A
M

L1/C
B

F
b

20

A
ckn

ow
led

g
em

en
ts

W
E

H
I B

ioinform
atics

T
erry S

peed
Ingrid Lönnstedt
M

att R
itchie

W
E

H
I S

cott Lab

Joelle
M

ichaud
H

am
ish S

cott

A
G

R
F

S
teve W

ilcox
C

athy Jensen


