
Statistics for Microarrays: a one day tour

15 August 2007

Lab 2: Further Design Issues

1. A microarray experiment with 3 dual channel slides is designed in the following way:

Condition 3 Condition 2

Condition 1

microarray

Cy3 Cy5

There are several important features of this experiment:

• For condition 1 there is only 1 animal available, so we have to use technical
replicates in order to perform this experiment. For condition 2 there are 2 ani-
mals available, so each slide with condition 2 contains a biological replicate. For
condition 3, 8 biological replicates are available, so each slide with condition 3
contains an RNA pool of 4 animals. In other words, the following hybridization
scheme was used:

Array Dye Condition RNA source
1 Cy3 1 Sample 1

Cy5 2 Sample 1
2 Cy3 2 Sample 2

Cy5 3 Pool 1
3 Cy3 3 Pool 2

Cy5 1 Sample 1

• Each sample is assumed to have a biological variation of 0.5σ2
b . Each microarray

is assumed to have an associated technical variation of σ2
t .

(a) What is the design matrix of this experiment?

(b) Could you write down the variance-covariance matrix of the design shown above?

(c) It was known that biological and technical variation are approximately equal,σt =
σb. Given that the log-ratio data (Cy3 minus Cy5) for the 3 arrays are given as,

y1 = 2, y2 = −1.2, y3 = −0.9,

and estimation can be done via weighted least squares:

δ̂ = (X tΣ−1X)−1X tΣ−1y



2. Byrne et al. “Gene expression profile for growth in cattle,” 2005, JAS 83:1-12

The objective in this study was to find expression differences in three muscle tissues
of bull calves following three different types of diet. Eleven bull calves were randomly
allocated to HIGH, MEDium and LOW quality forage diets for 27 days.

Chosen microarray design:

• RNA from HIGH animals is pooled into a single hybridization mix.

• 4 individual MED animals are hybridized against HIGH pool — 4 arrays.

• 3 individual LOW animals are hybridized against HIGH pool (one randomly
selected animal is repeated) — 4 arrays.

• Dye swap of pooled MED is compared to pooled HIGH — 2 arrays.

• Dye swap of pooled MED is compared to pooled LOW — 2 arrays.

• Dye swap of pooled LOW is compared to pooled HIGH — 2 arrays.

The main question we would like to ask here is how good this design is. What do you
think of the pooling in this design? Can you think on any alternatives? Answering
the following questions is not necessary, but they can be done when you have time.

(a) What is the design matrix of this experiment?

(b) Assume for the moment that the biological variation of a single log-ratio is 1
(i.e. the variance for each log expression value equal to 0.5) and that there is no
technical or measurement variation at all. Could you write down the variance-
covariance matrix of the design shown above?

(c) Write a function that calculates the variance-covariance matrix Σ for any relative
ratio of the biological and technical variation, assuming that the total variation
for a single log ratio of two non-pooled samples is always equal to 1.

(d) What is total sum of the variances of all three contrasts δij (1 ≤ i < j ≤ 2) of
the Byrne design, IF all the samples were non-pooled and independent?

(e) However, several samples are pooled and therefore also induce dependence be-
tween the samples. Use Weighted Least Squares, i.e.,

δ̂ = (X tΣ−1X)−1X tΣ−1y

V (δ̂) ∝ (X tΣ−1X)−1

for the case that (i) there is 100 times more biological variability than technical
variability (ii) there is the same amount of biological and technical variability
and (iii) there is 100 times more technical variability than biological variability.
In each case find the total variability for the three contrasts.


