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INTRODUCTION

Most analyses of two-color microarray
data are based on point estimation of the log-
ratio of the two channels intensities. These es-
timates, commonly named M values, are con-
ventionally obtained from some location mea-
sure of the pixel intensities of each channel, ig-
noring any imprecision. It is well known that
the microarray technology is associated with
many noise sources, and it has been shown
that improved inferences can be obtained by
including the inaccuracies involved and prop-
agating them to downstream analysis. Using
multivariate delta method, we propose new
estimators for the mean and the variance of
the M values, which take into account the
probe-level inaccuracies in the analysis.

IMPROVED ESTIMATION

Classical estimators for the mean of the
M and A values of the ¢-th probe of the j-th
slide:
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M;; = logy(E(R;j)) — logy (E(Gyj));
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Improved point-estimator for the mean of
the M and A values of the i-th probe of the 3-
th slide, which are derived not only from the
classical mean but also from the variance of
the pixel intensities of both channels:
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INTERVAL DATA APPROACH

We derived VAar(Mz-j), an estimator for

the -th probe log-ratio variance, in the j-th
slide:
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From this estimator, we can determine the
100(1 — ) confidence interval for M;; and use
it to summarize the relative gene expression
combined with its imprecision.

IMij — (M"LJ — Eij, Mz’j - 51’3’) ] Where,

L — VAELI'(MM) .
® &y tl—a/2,N—1 N ;
® t1_n/2,N—1 18 the critical point of the t dis-

tribution with N — 1 degrees of freedom; and
e /V is the number of pixels of the probe.

APPLICATION

We analyzed data from 90 two-color mi-
croarray slides, in which the same channel has
been used for the common reference and the
test samples are from 35 subjects with type II
intestinal metaplasia and 55 healthy subjects.
These experiments are part of the project [1].
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PREPROCESSING RESULTS

(a) M-A Plot using classical estimators

(b) M-A plot using improved estimators
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(c) M-A plot using interval estimators
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In order to extend the conventional microarray data analysis to deal with interval-data, we
propose to adapt the LOWESS method with the techniques of |2| for regression on interval data

in the normalization process.

Lowess fitted values and ranges

o Lowess fitted values
Al | 95% C.I. of the fitted values
—— Top 20 largest original error ranges
—— Top 20 largest smoothed error ranges
o Top 20 largest accumulated errors
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COMPARISONS

For identifying differentially expressed
genes, we conducted an ANOVA F-test after
fit a linear model to the data. In the data in-
terval approach, as the gene sample consists of
the corresponding interval values of each slide,
we fit a linear mixed-effects model using the
slide as a random variable and heteroskedas-
tic within-group errors. The variance function
used maps different values for each slide. The
replicates were obtained from the discretized
intervals assuming the normal distribution.
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FDR corrected
p-value < 0.05

FDR corrected
p-value < 0.001

CONCLUSION

We propose two improved estimation pro-
cedures for the relative expression of genes
which consider the probe-level variances and
covariances. The results showed that by in-
cluding additional information from the im-
precisions in the analysis it is possible to im-
prove inferences and prevent misleading con-
clusions. Besides, the results were consistent
with the literature data.
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Lowess normalized values and ranges

RESULTS

Identified differentially expressed genes
which are in the ‘Pathways in Cancer’:

Interval Estimator
A_23 P155335 (PLD1)

p-valor: 6.504e-05 FC: 1.01 p-valor: 6.522e-05 FC: 1.01  p-valor: 6.416e-05 FC: 1.01
A_23 P1594 (VEGFB) A_23 P1594 (VEGFB) A_23 P1594 (VEGFB)

p-valor: 0.0002885 FC: -0.905 p-valor: 0.0002708 FC: -0.905 p-valor: 0.0002307 FC: -0.92
A_23_P502464 (NOS2) A_23_P502464 (NOS2) A_23 P502464 (NOS2)

p-valor: 0.0004816 FC: 1.39  p-valor: 0.0004949 FC: 1.39 p-valor: 0.0004867 FC: 1.39
A_24 _P360674 (CDKN2B) A_24 P360674 (CDKN2B) A_24 P360674 (CDKN2B)

p-valor: 0.0005366 FC: 0.999 p-valor: 0.0005359 FC: 0.999 p-valor: 0.0005276 FC: 1

Classical Estimator
A_23_P155335 (PLD1)

Improved Estimator
A_23_P155335 (PLD1)

Identified differentially expressed genes which
are associated with intestinal metaplasia of
the stomach in the literature data:

Interval Estimator Improved Estimator Classical Estimator
A_23 P71017 (CLDNB3) A_23_P71017 (CLDN3) A_23 P71017 (CLDN3)

p-valor: 3.311e-08 FC: 2.79 p-valor: 3.36e-08 FC: 2.79 p-valor: 3.402e-08 FC: 2.79
A_23_P256784 (MUC2) A_23_P256784 (MUC2) A_23_P256784 (MUC2)

p-valor: 9.754e-08 FC: 1.78 p-valor: 1.012e-07 FC: 1.78 p-valor: 9.624e-08 FC: 1.78
A_23_P58788 (CDX1) A_23_P58788 (CDX1) A_23_P58788 (CDX1)

p-valor: 5.456e-07 FC: 2.19 p-valor: 5.373e-07 FC: 2.19 p-valor: 5.404e-07 FC: 2.19
A_23_P76312 (GUCY2C) A_23_P76312 (GUCY2C) A_23 _P76312 (GUCY2C)

p-valor: 1.774e-06 FC: 2.34 p-valor: 1.776e-06 FC: 2.34 p-valor: 1.79e-06 FC: 2.33
A_23_P111947 (CDH17) A_23 P111947 (CDH17) A_23 P111947 (CDH17)

p-valor: 2.25e-06 FC: 2.71 p-valor. 2.219e-06 FC: 2.71 p-valor: 2.231e-06 FC: 2.71
A_23_P76654 (CDX2) A_23_P76654 (CDX2) A_23_P76654 (CDX2)

p-valor: 2.593e-06 FC: 1.03 p-valor:. 2.577e-06 FC: 1.03 p-valor: 2.663e-06 FC: 1.02
A_23_P112086 (DEFA5) A_23_P112086 (DEFAS5) A_23_P112086 (DEFA5)

p-valor: 2.408e-05 FC: 3.35 p-valor: 2.411e-05 FC: 3.35 p-valor: 2.428e-05 FC: 3.35
A_24 _P115183 (CLDN4) A_24 P115183 (CLDN4) A_24 P115183 (CLDN4)

p-valor: 0.0001195 FC: 1.22 p-valor: 0.0001182 FC: 1.22 p-valor: 0.0001189 FC: 1.22
A_24 P58673 (REG4) A_24 P58673 (REG4) A_24 P58673 (REG4)

p-valor: 0.0002818 FC: 2.53 p-valor: 0.0002792 FC: 2.53 p-valor: 0.0002759 FC: 2.53
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I'he source code and other related works

are available at http://goo.gl/7soGTR [w]



