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1 Introduction

Many oligonucleotide arrays contain spatial flaws. Standardisation methods such as quantile
scaling make no reference to the spatial nature of the flaws. However, the spatial compactness
of such flaws can be exploited to provide the basis for corrections that are quite independent of
any subsequent chip-wide correction procedure (such as quantile scaling).

With three or more replicate arrays, visualisation of defects is a simple matter. WithLklr

denoting the logarithm of the signal intensity at location(k, l) in arrayr, an effective procedure
involves calculating and plotting the values ofdklr given by:

dklr = Lklr − Mkl (1)

whereMkl is the logarithm of a reference value for location(k, l).

Figure 1: Illustration of typical flaws in three technical replicates of the spiked
GeneChip®Human Genome U133 arrays. The upper row shows the locations of unusually
large values and the lower row the locations of unusually small values.

2 Two spatial adjustments

2.1 Complementary probe pair (CPP) adjustment

Oligonucleotide microarrays comprise pairs of “perfect match” (PM) and “mismatch” (MM)
probes. Each probe consists of a string of 25 bases, with a PM/MM pair differing only in their
central base. The intention of the chip manufacturers was that each MM probe would provide
a measure of the background value resulting from the outer 24bases, so that the difference
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between the PM and MM expression values would provide information concerning the extent
of the occurrence of a particular gene.

Suppose that cells(k, l) and (k, l + 1) are the locations of the PM and MM probes, re-
spectively. WriteLklr as the logarithm of the signal intensity at location(k, l) in arrayr and
write Mkl as the logarithm of the median of the values at this location in theR replicates. We
calculate the standardised differenced∗

klr
given by:

d∗

klr
= dklr /Skl (2)

whereSkl is the standard deviation of theLklr values. The replicate in need of correction is
indicated by thed∗-value with the greatest absolute magnitude.

Suppose that the values in replicater have been identified for correction. Denote the loga-
rithms of the adjusted values in locations(k, l) and(k, l + 1) by La

klr
andLa

k(l+1)r, respectively.
The adjustment at cell(k, l) is calculated from the initial values in the cells(k, l + 1)and the
adjustment at cell(k, l + 1) is calculated from the initial values in the cells(k, l) using:

La

klr
= Lklr +

Skl

Sk(l+1)

(Mk(l+1) − Lk(l+1)r) (3)

La

k(l+1)r = Lk(l+1)r +
Sk(l+1)

Skl

(Mkl − Lklr) (4)

Replicate
1 2 3

(a) Observed values
PM 165 116 138
MM 114 94 101

(b) Lklr values
PM 5.11 4.75 4.93
MM 4.74 4.54 4.61

(c) d∗-values
PM 1.01 -0.99 0
MM 1.26 -0.72 0

(d) Adjusted values
PM 132 116 138
MM 103 94 101

Table 1: Example of the adjustment of replicate PM and MM values. (a) The observed values
(R = 3). (b) The logarithm of the observed valuesLklr. (c) The correspondingd∗-values. (d)
The adjusted values.

Table 1(a) shows a typical set of paired PM and MM values for a case whereR = 3.
Table 1(b) shows their logarithms from which we determine the median valuesMkl = 4.93 and
Mk(l+1) = 4.61, and the standard deviationsSkl = 0.18, andSk(l+1) = 0.10. These lead to the
d∗-values in Table 1(c) (for example,d∗

kl1 = (5.11 − 4.93)/0.18 = 1.01) and to the adjusted
values in Table 1(d).

2.2 Local probe effect (LPE) adjustment

The procedure begins, as previously, with the calculation of the d-values using Equation (1).
We now defineIkl andGkl as follows:
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Ikl The identifier of the replicate corresponding to the case where dklr takes its largest abso-
lute value.

Gkl This takes the value 1 if thed-value with the largest magnitude (at this location) was
positive, and is otherwise equal to−1.

Using these two quantities, define the identifierEkl by:

Ekl = Ikl × Gkl (5)

so that, withR replicates,Ekl takes one of the values{−R,−(R− 1), ...,−2,−1, 1, 2, ..., (R−
1), R}. In an area with no spatial flaws, a location will be equally likely to be associated with
any of these2R possible identifiers.

To determine whether a flaw affects location(k, l), we consider the identifiers of the loca-
tions in the5 × 5 window centered on this location. If a majority of the locations display the
sameE-value, (corresponding to replicater, say) then we consider adjusting the value in cell
(k, l, r). With replicater identified for correction, we calculate thed∗-values for each location
with the majorityE-value and denote their average asd̄∗. This value will be used to correct the
original value in location(k, l, r) providing the signs of̄d∗ andd∗

klr
are the same. Working with

logarithms, as before, the adjusted value,La

klr
, is given by

La

klr
= Lklr − Skld̄

∗ (6)

(a) Observed replicate values

165 116 138

(b) E-values

-2 -2 -2 -2 -2
-2 -2 -2 -2 -2
-1 -2 1 1 1
2 -2 -2 -2 -2
3 -2 -2 -2 -2

(c) d∗-values

-1.41 -1.48 -1.53 -1.49 -1.42
-1.69 -1.57 -1.62 -1.14 -1.15

-1.72
-1.38 -1.65 -1.32 -1.04
-1.27 -1.49 -1.61 -1.59

(d) Adjusted replicate values

165 150 138

Table 2: Example of the adjustment of a probe. (a) The observed values(R = 3) at cell(k, l).
(b) TheE-values for the5 × 5 window centered on location(k, l). (c) Thed∗-values for the
locations affected by the spatial bias. (d) The results of the local probe effect adjustment.

Table 2(a) shows a set of observed values (withR = 3) at location(k, l), which is the
location of the PM probe considered in Table 1(a). The logarithms of these values were reported
in Table 1(b) and thed∗-values in Table 1(c), where we see that thed∗-value with the largest
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value is that for replicate 1. For that reason, the central entry in Table 2(b) is a 1. This example
was chosen because it refers to a case where the identifier of the central location is not that
of the majority (which identify unusually small values in replicate 2 as needing adjustment).
Referring again to Table 1(c), we see that at that location the value in replicate 2 is indeed a
small one (and can note that there is little difference between 0.99 and 1.01).

In this case 19 locations have value−2. The individuald∗-values are given in Table 2(c).
Their average,̄d∗, is−1.45. We have seen that thed∗ for the central cell has the same sign, so
that the adjustment can be made with the revised value being given by:

La

kl2 = ln(116) − (0.18)(−1.45) = 5.01.

Exponentiating gives the revised value shown in Table 2(d).

3 Assessing the efficiency of the adjustments

The Harshlight package (Suárez-Fariñaset al, 2005) is a tool for the identification and correc-
tion of spatial biases in microarrays. This package analyses a set of replicate data and produces
a report with details about the type of flaws found. The Harshlight procedure also attempts
a repair of locations identified as being flawed by replacing the reported value by the median
value at that location.

The adjustment procedures were tested on the arrays illustrated in Figure 1. The revised
replicates were then analysed by the Harshlight package, aswere the original replicates. For
comparison, the data as ‘repaired’ by Harshlight were also considered. Table 2 reports the
results.

Replicate 1 2 3
Observed 15.0 6.6 5.7
CPP 3.7 1.6 0.4
LPE 9.3 1.4 4.7
Harshlight 5.3 1.7 4.1

Table 3: Percentages of defects as reported by the Harshlight package for three replicate ar-
rays of the spiked GeneChip®Human Genome U133 (E=‘Extended’ defects and D=‘Diffuse’
defects).

The Harshlight procedure is generally less effective than the new procedures introduced
here (and its ‘correction’ amounts to replacing one replicate value by another, thus invalidating
the independence of the replicates).
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