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LINEAR MODELS

Log Ratio Models

ANOVA Models

Mixed-Effects Models

Different Types of Replication

• Determining appropriate error terms

Examples

Linear Models for Log Ratios
(Yang and Speed, 2003)
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α i: intensity (log scale) 
on treatment i.
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ANOVA Models for 
Microarray Experiments

Sources of variation (fixed and random effects)
to be considered:

Dye
Slide (array)
Patch or print-tip within slide
Spot within patch
Print batch of slides
Biological variability (individuals or pools)
Gene
Treatments (experimental groups)
Interactions between factors
Etc.

ANOVA Models for 
Microarray Experiments

(Kerr and Churchill, 2001)
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Array

Dye

Interaction 
Array × Dye

Gene
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Gene-specific 
Dye effect

Spot
Effects of interest!     
How trts change 

expression of each gene



3

ANOVA Models for 
Microarray Experiments

(Kerr and Churchill, 2001)

Comments:

The terms ADij indirectly account for overall treatment effects

Ai, Dj, and ADij refer to ‘global data normalization’

Gl, AGilm, and DGil refer to normalization at the level of 

individual genes 

Kerr and Churchill consider a fixed-effect model 

The variances are assumed constant, i.e. 2
ijklm ][Var σ=ε

Log transformation

They consider spots as the experimental units

EXAMPLE
Kerr et al. (2001)

Data available at: http://www.jax.org/research/churchill/

NZO/HlLt male mice (model of maturity-onset type II diabetes)

Gene expression in livers

Diets supplemented (or not) with 0.001% CL316,243

Two arrays, 78 genes

76 genes spotted four times (per array)

Two genes spotted 16 times (per array)

TreatmentControlArray 2

ControlTreatmentArray 1

Cy5 (Red)Cy3 (Green)
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MODEL and SAS CODE

OUTPUT



5

Objectives and 
statistical 

approaches

RANDOM AND FIXED EFFECTS

Willing to assume levels coming from a distribution ?

FIXED FACTOR

Estimation and 
comparison of factor 

levels

NO

Prediction of 
realized values

RANDOM FACTOR

Estimation of variance 
components

YES

RANDOM EFFECTS

Inferences to the population from which the levels

were sampled

Incorporation of correlation in the model

Accuracy of estimates

Estimation method

Observations that share the 
same level of the random effect 
are being modeled as correlated

Using random factors involves 
making extra assumptions but 
gives more accurate estimatesDifferent estimations methods 

must be used, e.g. BLUP
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Two-Step Mixed Effects Models 
for Microarray Experiments

(Wolfinger et al., 2001)
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1st Step: GLOBAL NORMALIZATION

Two-Step Mixed Effects Models 
for Microarray Experiments

(Wolfinger et al., 2001)
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Gene-specific 
treatment effects

2nd Step: GENE MODELS

)ŷy(ê ijklmijklmijklm −=Predicted Residuals:
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Two-Step Mixed Effects Models 
for Microarray Experiments

(some SAS code)

1st Step: Global Normalization

proc mixed data=adjusted covtest;

class array trt dye;

model y = dye trt / outp=pred;

random array; 

run;

log intensities

Two-Step Mixed Effects Models 
for Microarray Experiments

(some SAS code)

2nd Step: Gene-specific Analyses

ods listing close;

proc mixed data=pred covtest maxiter=20;

by Gene_Name;

class array trt dye;

model resid= dye trt;

random array;

lsmeans time / diff cl;

ods output diffs=tdiff lsmeans=estim tests3=Fvalues; 

run;

ods listing;

ijklmê
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Comments: Statistical Assumptions

The second approach models gene-specific variance components.

Why a two-step approach?
It is virtually impossible to fit all terms simultaneously in SAS.

Residuals from the normalization model are correlated by 
construction, and yet they are modeled with independent 
errors in the gene models.

Little to no difference in practice (Wolfinger et al, 2001).

Normality in the log-scale.
Usual assumption; but standard graphical and statistical checks 
using residuals from gene models should be performed.

MODEL and SAS CODE

EXAMPLE
Kerr et al. (2001)

MANMADA: More Details on SAS code

http://statgen.ncsu.edu/ggibson/Manual.htm
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OUTPUT

GLOBAL NORMALIZATION

NOTE: The global normalization step considers the assumption of no 
differential expression for most of the genes (otherwise some important 

effects would be removed from the data).

OUTPUT

GENE MODELS: LS Means

NOTE: The estimates (LSMeans) absolute values do 
not have a biological interpretation; the interpretation 

should be always relatively to other treatments.
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OUTPUT

GENE MODELS: Differences between Treatments

NOTE: Should use a correction 
for multiple testing.

EXAMPLE: 

log(trt1) - log(trt2) = log(trt1/trt2) = -0.3977

trt1/trt2 = 10-0.3977 = 0.4002

trt2 @ 2.5 µ trt1

LOESS + Mixed Effects Model

IS IT OKAY TO USE LOESS NORMALIZATION 
AND GLOBAL NORMALIZATION ?!

Loess: Array-specific dye intensity bias

Global Normalization (1st step): Spatial variability on the slide

Note: Array and Dye main effects will be non significant

on the 1st step of the mixed model methodology.


