
METHODS

Comparison of different approaches for comparative genetic
analysis using microarray hybridization

Carmen Pin & Mark Reuter & Bruce Pearson &

Lorna Friis & Karin Overweg & József Baranyi &
Jerry Wells

Received: 24 April 2006 /Revised: 6 June 2006 /Accepted: 7 June 2006 / Published online: 25 August 2006
# Springer-Verlag 2006

Abstract A robust analysis of comparative genomic micro-
array data is critical for meaningful genomic comparison
studies. In this paper, we compare our method (imple-
mented in a new software tool, GENCOM, freely available
at http://www.ifr.ac.uk/safety/gencom) with three common-
ly used analysis methods: GACK (freely available at http://
falkow.stanford.edu), an empirical cut-off value of twofold
difference between the fluorescence intensities after
LOWESS normalization or after AVERAGE normalization
in which the fluorescence intensity is divided by the average
fluorescence intensity of the entire data set. Each method
was tested using data sets from real experiments with prior
knowledge of conserved and divergent genes. GENCOM
and GACK were superior when a high proportion of genes
were divergent. GENCOM was the most suitable method
for the data set in which the relationship between the
fluorescence intensities was not linear. GENCOM has
proved robust in an analysis of all the data sets tested.
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Introduction

Complete genome sequences are now available from a large
number of bacterial species. A comparative analysis of
these sequences provides important insights into the genetic
basis of bacterial diversity, evolution, and pathogenesis
(Andersson and Dehio 2000; Fleischmann et al. 2002;
Ivanova et al. 2003; Parkhill et al. 2003; Pearson et al.
2003). DNA microarrays have an important application in
comparative genomics as they can be used to compare
whole genomes of different bacterial isolates for the
presence or absence of genes (Behr et al. 1999). This
technique can provide information on the genetic diversity
of isolates in natural populations and/or on the genome
variation for environmental adaptation (Riehle et al. 2001).
It can also be used to investigate strains with different
virulence or physiological properties (Israel et al. 2001;
Mira et al. 2002; Perrin et al. 2002; Tettelin et al. 2002).
The genomic comparisons between non-pathogenic and
pathogenic strains of the same species can reveal putative
virulence factors for further investigation (Ivanova et al.
2003). Interspecies microarray hybridization can rapidly
identify thousands of genes in uncharacterized genomes as
described for Salmonella bongori, several serovars of
Salmonella enterica (Chan et al. 2003; Porwollik et al.
2002), various species of Shewanella (Murray et al. 2001),
and Klebsiella pneumoniae (Dong et al. 2001). The use of
DNA microarrays has also been evaluated for multilocus
sequence typing (Swiderek et al. 2005). In addition, mixed-
plasmid microarrays have been used to evaluate the genetic

Appl Microbiol Biotechnol (2006) 72:852–859
DOI 10.1007/s00253-006-0536-x

C. Pin (*) :M. Reuter :B. Pearson :K. Overweg : J. Baranyi
Institute of Food Research, Norwich Research Park,
Coloney Lane,
Norwich NR4 7UA, UK
e-mail: carmen.pin@bbsrc.ac.uk

Present address:
L. Friis
Department of Medical Microbiology and Immunology,
University of Alberta,
Edmonton, Alberta T6G 2H7, Canada

Present address:
J. Wells
Swammerdam Institute for Life Sciences,
University of Amsterdam,
Nieuwe Achtergracht 166,
Amsterdam 1018 WV, Netherlands

http://www.ifr.ac.uk/safety/gencom
http://falkow.stanford.edu
http://falkow.stanford.edu


diversity in plasmids from Escherichia coli and S. enterica
(Call et al. 2006).

A comparative genomic analysis can be carried out on
custom-designed DNA microarrays with probes specific to
all open reading frames (ORFs) of a sequenced reference
genome. Fluorescently labeled genomic DNA from a
reference strain is hybridized with labeled DNA from a
test strain. For each gene in the reference strain, one can
determine if this gene in the test strain is conserved or
divergent (Shalon et al. 1996).

The approaches applied to analyze microarray data for
genetic composition studies can be divided into two
groups. The approaches in the first group transform the
data to minimize the experimental error associated with
each specific hybridization and this transformation is
called data normalization. A common normalization
method applied to microarray data divides the fluores-
cence intensity for each gene by the average fluorescence
intensity calculated from the entire hybridization or a
subsection of the data set (Quackenbush 2002). Another
extensively applied normalization method is the so-called
LOWESS normalization (Luu et al. 2001). The method
applies the LOWESS non-parametric regression (Cleveland
1979) to describe the relationship between the difference
(M) and the average (A) of the logarithm of the intensities,
i.e., on MA plots. The LOWESS scores are used as
normalization factors and they are generated locally with
the values of consecutive subsections of the MA plot. In this
first group of approaches, after data normalization, a
constant ratio cut-off value usually combined with a
statistical test is used to classify genes as conserved or
divergent. The cut-off for assignment of variable genes is
usually inaccurately determined by comparison of the
reference strain to a similar strain with known deletions or
arbitrarily based on other published cut-off values (Hatfield
and Baldi 2002; Kim et al. 2002). The approaches in the
second group analyze each hybridization data set according
to its intrinsic experimental variability and do not neces-
sarily normalize explicitly the data. The two techniques
belonging to this group are the GACK method (freely
available at http://falkow.stanford.edu) published by Kim et
al. (2002) and GENCOM (GENetic COMposition analysis;
freely available at http://www.ifr.ac.uk/safety/gencom) de-
scribed in Pearson et al. (2003). The GACK method finds
the conserved genes by fitting the normal density function
to the difference of the log intensities with the highest
frequencies, thereby enabling the variable genes to be
identified in the tails of the density function. GENCOM
implements a convergence algorithm to find the conserved
genes using the properties of the relationship between the
two fluorescence intensities in each hybridization. In both
methods, the boundary between conserved and variable
genes is dynamically determined for each microarray.

In this paper, we present a new software tool,
GENCOM, that implements the algorithm described in
Pearson et al. (2003) and we compare it with other analysis
techniques using experimental hybridization data sets,
particularly data sets in which the relationship between
the fluorescence intensities is not linear or where variable
genes predominate.

Materials and methods

Bacterial strains and growth

Campylobacter jejuni strains NCTC11168, NCTC12547,
NCTC11828 (also known as 81116) (Nuijten et al. 1989),
81–176 (pTet+ pVir+), and DB179 (pTet− pVir+) (Bacon et
al. 2002) were grown at 37°C under microaerophilic
conditions (10% CO2, 5% O2, 85% N2; relative humidity
80%) on Skirrow agar plates or in Mueller Hinton broth
using a MACS-MG-1000 controlled atmosphere worksta-
tion (DW Scientific, UK). Streptococcus pneumoniae
strains TIGR4 (also called JNR7/87) and R6 were grown
at 37°C in tryptic soy broth or on tryptic soy agar plates
supplemented with 5% horse blood.

Construction of DNA microarrays

The following three DNA microarrays were used: (1) a
microarray representing one replicate of all open reading
frames from the S. pneumoniae strains TIGR4 and R6
(Dagkessamanskaia et al. 2004), (2) a sub-microarray
representing four replicates of all open reading frames from
the campylobacter plasmids pVir (43 genes) and pCC31 (33
genes) and 16 campylobacter chromosomal genes that are
conserved in both strains, and (3) a microarray representing
one replicate of all open reading frames from C. jejuni
NCTC11168 (Pearson et al. 2003).

The microarrays were stabilized and pre-hybridized, and
DNA fluorescent labeling (red and green fluorescent dye)
and hybridization were carried out as previously described
(Pearson et al. 2003). The microarrays were scanned using
an Axon 4000A microarray scanner and data were acquired
using GenePixPro 3.0 software (Axon).

Hybridization data sets analyzed in this study

Data set I consists of four independent microarray hybrid-
ization of DNA from S. pneumoniae strains TIGR4 and R6
to the pneumococcal microarray described in “Construction
of DNA microarrays”. DNA hybridization included a dye
swap, i.e., TIGR4 DNA was labeled with Cy3 (green
fluorescent dye) and Cy5 (red fluorescent dye) and
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combined with R6 DNA labeled with Cy5 and Cy3,
respectively. The dye swap had no effect on the results
(not shown). This data set contains a large number of spot
signals, the majority of the genes are conserved between
both DNA samples, and there is a linear relationship
between the fluorescence intensities of both DNA
samples.

Data set II is a microarray data set of DNA from C.
jejuni strains 81–176 (pTet+ pVir+) and DB179 (pTet−

pVir+) on the sub-microarray described in “Construction of
DNA microarrays”. This data set contains a small number
of spot signals; an important proportion of the genes,
though not the majority, is missing in one of the DNA
samples, and there is a linear relationship between the
fluorescence intensities of both DNA samples.

Data set III represents a microarray hybridization of
DNA from C. jejuni strains 81–176 (pTet+ pVir+) and
NCTC11828 (pTet− pVir−) on the same sub-microarray
used to generate data set II. This data set contains a small
number of spot signals; the majority of the genes are
missing in one of the DNA samples, and there is a linear
relationship between the fluorescence intensities of both
DNA samples.

Data set IV consists of a microarray hybridization of DNA
from C. jejuni strains NCTC11168 and NCTC12547 to the
Campylobacter microarray described in “Construction of
DNA microarrays". This data set contains a large number of
spot signals, the majority of the genes is conserved between
both DNA samples, and there is a nonlinear relationship
between both fluorescence intensities (all four data sets are
provided at http://www.ifr.ac.uk/safety/gencom).

Microarray data analysis methods

GENCOM This method is described by Pearson et al.
(2003). It assumes a linear relationship between the
logarithm of the red and green fluorescence intensities of
the conserved (p=present) genes, denoted as Rp and Gp,
respectively, i.e., ln Rp=αp+βp ln Gp with σp as the standard
error of the regression. The parameters αp, βp, and σp are
estimated using exclusively the intensities of the conserved
genes by means of a convergence algorithm. The parameter
αp takes a value different from 0 if one of the fluorescence
intensities is systematically exp (αp)-folds greater than in
the other fluorescence intensity. A βp value other than 1
means that the relationship between the green and red
fluorescence intensities is not linear but should be described
by a power function. Thus, both αp and βp are correcting
factors for individual microarray data sets. The parameter
σp is the error when fitting the regression line to the
intensities of the conserved genes and is used to establish
the 3σp boundary between the conserved and variable genes

in each hybridization data set. The potentially variable
genes lie outside the 3σp boundary. Their classification is
statistically tested using an F test according to their average
intensities and the variability between replicates. This
method is implemented in a Visual Basic add-in for Excel
and is available at http://www.ifr.ac.uk/safety/gencom. To
analyze data set I, GENCOM was run in each of the
four hybridization data sets. Normalization was carried
out by comparing the three parameters describing the
features of the conserved genes: αp, βp, and σp. The
standard error of the conserved genes to the regression
line, σp, was fairly constant in all of the hybridization data
sets, but some discrepancies were noticed in αp and βp.
For each data set, the intensities were transformed to
obtain αp=0 and βp=1. The transformed intensities from
each array were unified in one single data set, data set I,
and analyzed by GENCOM. The analysis of data set III
required the initial values of −2, 1.3, and 0.005 for the
parameters αp, βp, and σp, respectively. Data sets II and
IV were analyzed using GENCOM without initial
normalization or other requirements.

GACK This method is described by Kim et al. (2002).
The normal probability density function was fitted to the
highest frequency peak of the logarithm of the fluores-
cence intensity ratios between the average intensities by
the least squares method. When the probability, according
to the fitted distribution, of higher or smaller ratios than
the ratio measured in a gene was smaller than 0.05, that
gene was classified as absent. To unify the four data sets
of S. pneumoniae in data set I, the intensities of each of the
independent hybridization data sets were shifted so that
the distributions of the logarithm of the ratios were
centered in 0. The final analysis was carried out on the
average intensities of the four replicates in the unified data
set. In data set III, the normal density function was not
fitted to the highest frequency peak but to a smaller peak,
which represented the frequencies of the present genes.
Data sets II and IV were analyzed by GACK without
extra requirements.

LOWESS The LOWESS non-parametric regression (Cleveland
1979) was fitted on the MA plots [M=logarithm of the ratio
between intensities vs A=average of the logarithms of the
intensities; log (R/G) vs log (RG)]. In most cases, the
fraction of data used to determine the radius of each fitting
neighborhood was 0.2 as described by Luu et al. (2001).
After normalization, an empirical cut-off value equivalent
to twofold changes between the fluorescence intensities was
used to decide whether genes were conserved or variable.
Where replicates existed, a t test was carried out. The four
data sets of S. pneumoniae were normalized independently
before unifying them in data set I.
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AVERAGE The fluorescence intensities were normalized by
dividing them by the average intensity calculated from the
entire data set as explained by Quackenbush (2002). The
four data sets of S. pneumoniae were normalized indepen-
dently before unifying them, and an empirical twofold cut-
off value and a t test were applied to classify the genes.

Quantification of the sequence identity in the conserved
genes for S. pneumoniae

An identity indicator (IdentIn) was calculated for the probes
located in the boundary as:

IdentIn =
alignment length

amplicon length
� percent identity in the alignment

100
ð1Þ

Sequence identity and alignment length were determined
by BLAST searching using the genome sequences as
the query database. This indicator ranges from 0 to 1; if
the alignment length is equal to the amplicon length and the
sequence identity for that alignment/amplicon is 100%, this
value will be 1. An IdentIn value of 0.95 is equivalent to
95% identity over the entire length of an amplicon or gene.
This indicator is relevant for our study because it takes into
account both the length of the studied sequence and the
sequence identity and it can provide a good estimation of
the level of identity in the boundary between present and
absent genes.

Dot plot analysis

The DNA sequences of misclassified amplicons of S.
pneumoniae were concatenated and compared with the
published genome sequences of TIGR4 and R6 (window
size=16, mismatch=0) using DNAMAN software (Lynnon
BioSoft).

Results

We compared our method GENCOM with three commonly
used analysis methods, GACK, LOWESS, and AVERAGE
(see “Materials and methods”), on four distinct microarray
data sets. As the sequences of all DNA samples used in this
study are publicly available, we were able to identify
incorrectly classified genes.

Data set I represents a typical hybridization where
conserved genes predominate and hybridization and scan-
ning are optimal. Similar results were obtained with all four
analysis methods (Table 1) although GENCOM and GACK
gave slightly better results; only about 5% of the genes
were incorrectly classified by the latter two methods. A
large proportion of the misclassified genes (111 of 120)
were false positives or genes misclassified as conserved in
both strains while sequence-based analysis classified them
as R6 specific. Our sequence-based analysis is based on

BLAST searches using the full-length genes. However, a
dot plot analysis revealed substantial regions of identity
between the polymerase chain reaction products printed on
the microarray slide and the TIGR4 chromosome (89 out of
111). When these genes were omitted from the GENCOM
or the GACK analysis, the total error was 0.8%. The
incorrectly classified variable genes show fluorescence
intensity ratios that are characteristic for conserved genes
(Fig. 1). These genes were wrongly classified by all four
methods.

We used an identity indicator (IdentIn) to quantify the
sequence identity in the genes in the boundary between
conserved and variable genes (see “Materials and meth-
ods”) for data set I analyzed. The IdentIn takes into account
the total amplicon length and the proportion of that
amplicon that is identical to a region of genomic DNA.
The IdentIn had a value greater than 0.95 for all the genes
classified as conserved with one exception. This is
equivalent to 95% sequence identity over the entire length
of a gene. The variable genes showed values between 0.05
and 0.95 again with one exception. GENCOM calculated
the ratio between fluorescence intensities in the boundary
between variable and conserved genes as the interval from
1.54 to 1.46; the value 1.54 was the greatest ratio detected
for a conserved gene and 1.46 the smallest ratio for a
variable gene.

Data sets II and III are derived from arrays with a small
number of probes (92). In data set II, the conserved genes
represent ca. 64% of the total number of genes. While
GENCOM, GACK, and AVERAGE methods gave accurate
results, LOWESS normalization resulted in 37% wrongly
classified genes (Table 1; Fig. 2). In data set III, only about
17% of the genes were conserved in both DNA samples.
The GACK method classified all genes correctly while
GENCOM classified three genes incorrectly. The other two
approaches performed rather poorly (Table 1). Figure 3
shows the results when analyzing this data set with the
AVERAGE approach.

Data set IV is a genomic comparison experiment where
conserved genes predominate but where the relationship
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between the fluorescence intensities is not linear, i.e., the
regression slope between the logarithms of the intensities is
different from 1. This is an artefact from the microarray
experimental procedure. GENCOM misclassified only one
gene (Table 1). The algorithm found optimal values for the
slope (βp) and the intercept (αp) of the regression line for
the logarithm of the intensities of the conserved genes
(αp=1.76 and βp=0.78). The value of the slope, 0.78,
clearly shows the lack of linearity between the fluorescence
intensities. The GACK method wrongly classified 27 genes
as variable in the strain NCTC11168 (Fig. 4; Table 1). The
LOWESS and AVERAGE methods classified 215 and 135

genes incorrectly, respectively (Table 1). The erroneous
classification by the latter three methods shows the inability
of these approaches to analyze data sets in which the
relationship between intensities is not linear.

Discussion

We have studied the performance of four methods for
comparative genetic composition analysis based on typical
and atypical microarray data. As the annotated sequences of
all DNA samples used in this study are publicly available,

Table 1 Number of genes incorrectly classified in the data sets I to IV by the different analysis methods

Analysis Error Data set I (2,354
ORFs)

Data set II (92 ORFs) Data set III (92 ORFs) Data set IV (1,695 ORFs)

TIGR4 R6 81–176
(pTet+ pVir+)

DB179
(pTet− pVir+)

81–176
(pTet+ pVir+)

NCTC11828
(pTet− pVir−)

NCTC 11168

GENCOM False positives 7 111 0 0 0 3 –
False negatives 0 2 0 0 0 0 1
Total, n (%) 7 (0.3) 113 (4.8) 0 (0.0) 0 (0.0) 0 (0.0) 3 (3.3) 1 (0.1)

GACK False positives 5 110 0 0 0 0 –
False negatives 2 2 0 0 0 0 27
Total, n (%) 7 (0.3) 112 (4.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 27 (1.6)

LOWESS False positives 9 109 0 16 0 26 –
False negatives 0 9 19 1 11 0 215
Total, n (%) 9 (0.4) 118 (5.0) 19 (20.6) 17 (18.5) 11 (11.1) 26 (28.3) 215 (12.7)

AVERAGE False positives 8 138 0 3 0 9 –
False negatives 0 0 0 0 16 0 135
Total, n (%) 8 (0.3) 138 (5.9) 0 (0.0) 3 (3.3) 16 (17.4) 9 (9.8) 135 (8.0)

False positives variable genes misclassified as present, False negatives present genes misclassified as variable

Fig. 1 Data set I: average of the natural logarithm of the fluorescence
intensities from DNA microarrays hybridizing genomic DNA of S.
pneumoniae strains TIGR4 and R6. The genes were classified with
GENCOM. ○, genes present in both strains; ●, genes variable in
TIGR4; ▲, genes variable in R6; +, genes variable in R6 misclassified
as conserved

Fig. 2 Data set II: a microarray hybridization of C. jejuni strains 81–
176 (pTet+ pVir+) and DB179 (pTet− pVir+) on the slide constructed
with the two plasmids, pTet (33 genes) and pVir (43 genes), plus 16
extra chromosomal genes present in both strains. The genes were
classified with the LOWESS approach. ○, genes present in both
strains; ●, genes variable in DB179; +, genes variable in DB179
misclassified as conserved; – genes present in 81–176 misclassified as
variable; ×, genes present in DB179 misclassified as variable
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the incorrectly microarray-based classified genes could be
identified. Data set I represents a typical comparative
genomic microarray; the number of conserved genes is
much greater than the number of divergent genes and the
relationship between the fluorescence intensities is linear.
This represents an optimal data set which should result in
robust results with any appropriate statistical analysis
method. All four methods indeed gave good results
(Table 1) although GENCOM and GACK performed
slightly better. This is because these methods base the
establishment of the boundary between conserved and
variable genes on the variability of the conserved genes
only. The derived cut-off value between divergent and
conserved genes was ca. 1.5-fold changes for data set I and

this represents a 95% nucleotide sequence identity over the
entire length of the probe. The correspondence between
fluorescence intensity ratio and sequence identity depends
on the analysis approach and the method for quantifying
sequence identity. Taboada et al. (2005) indeed reported a
percentage identity of ca. 90% between cDNA probe and
gene for a logarithm ratio equal to 1, while for the same
ratio other authors estimated a 70% sequence identity
(Gaudriault et al. 2006).

For data set I, the LOWESS scores used for normaliza-
tion were inaccurate for genes with low average intensities
(see Fig. 5). This would normally result in a noticeable
increase of wrongly classified genes. However, the distur-
bance in the data after LOWESS normalization was
compensated by the use of a broad twofold arbitrary cut-
off. This is why the LOWESS method resulted in only a
very slight increase of the number of wrongly classified
genes. For the AVERAGE method, the overestimation of
the number of conserved genes in data set I was due to the
use of the broad twofold cut-off.

When normalizing a microarray data set, the fluores-
cence intensities of the two DNA samples are assumed to
be functionally related,

R ¼ f Gð Þ ð2Þ
where R is the fluorescence intensity from DNA sample 1
(labeled with a red fluorescent dye) and G is from DNA
sample 2 (labeled with a green fluorescent dye). Distinct
methods identify f in different ways. For example,
AVERAGE (Quackenbush 2002) assumes that the majority
of the genes are conserved and that the relationship between
the fluorescence intensities is linear, i.e., f(G)=KG where K
is the constant of proportionality and estimated as the ratio
between the averages of the fluorescence intensities over
the entire data set. When the assumptions are not met, as in
data sets III and IV, AVERAGE results in a high number of
incorrectly classified genes. In data set III, only 17% of the
genes are conserved and K is calculated with the fluores-
cence intensities from mainly variable genes. In data set IV,
the relationship between the two fluorescent intensities is
not linear.

LOWESS normalization assumes that the fluorescence
intensity ratios of the variable genes are homogenously
distributed on theMA plot, i.e., f(G)=KG, where the logarithm
of K represents the prediction calculated after applying
LOWESS regression to the MA plot. The LOWESS
method failed to analyze data sets II, III, and IV correctly
for the following reasons. The main reason is that, in DNA–
DNA hybridization, the logarithms of the ratios of the
absent genes on the MA plots are not distributed homoge-
neously, namely, they are biased to the lower average
intensities. The disturbance effect of the missing genes on
the LOWESS scores affects mainly the genes with low

Fig. 3 Data set III: a microarray hybridization of C. jejuni strains 81–
176 (pTet+ pVir+) and NCTC11828 (pTet− pVir−) on the slide
constructed with the two plasmids, pTet (33 genes) and pVir (43
genes), plus 16 extra chromosomal genes present in both strains. The
genes were classified with AVERAGE approach.○, genes present in
both strains; ●, genes variable in NCTC11828; +, genes variable in
NCTC11828 misclassified as conserved; –, genes present in 81–176
misclassified as variable

Fig. 4 A hybridization of C. jejuni strains NCTC11168 and
NCTC12547 on the microarray constructed with the whole genome
of the strain NCTC11168. The genes were classified with GACK.○,
genes present in both strains; ● genes variable in NCTC12547;
– genes present in NCTC11168 misclassified as variable
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fluorescence intensities. For this reason, in data set IV,
mainly the genes with low A values were wrongly
classified. The greater the number of absent genes, the less
homogeneous is the distribution of the ratios on the MA
plots and the LOWESS normalization becomes more
erroneous. Thus, the LOWESS normalization method is
more sensitive to the proportion of absent genes than the
AVERAGE method.

Normalization can be considered an intrinsic feature in
both the GENCOM and GACK methods. When analyzing a
data set derived from a unique microarray slide, explicit
normalization is not needed. Normalization must be carried
out explicitly only to unify data from different hybridization.

The GACK normalization assumes proportionality be-
tween intensities, f(G)=KG, and K represents the parameter
known as the mean of the normal distribution fitted to the
log intensity ratios of the conserved genes only. The
method fails if the assumption of normality for the log
intensity ratios is not met, as it does in data set IV. The
relationship between the fluorescence intensities in data set
IV is not linear, and for this reason the distribution of the
log intensity ratios is far from normal and not even
symmetric. As a consequence, when applying the GACK
method, genes were wrongly classified.

However, GENCOM can correctly analyze data sets in
which the relationship between the fluorescence intensities
is not linear. GENCOM assumes that the relationship
between intensities is:

f Gð Þ ¼ KGC ð3Þ

By taking logarithms, Eq. (3) can be transformed as
follows:

ln R ¼ a þ β ln G ð4Þ

where α and β are estimated by linear regression on the
intensities of the conserved genes. The relationship between
the parameters of Eqs. (3) and (4) is α=ln (K) and β =C.

GENCOM can satisfactorily analyze and/or normalize
data set IV, where the relationship between intensities is
nonlinear.

Both methods, GACK and GENCOM, give good results
independently of the proportion of variable genes. Howev-
er, the analysis of data set III, although satisfactory, was not
straightforward either for GENCOM or for GACK method.
The difficulty lies in the small number of conserved genes,
only 16. In the case of the GACK approach, the main
difficulty was to construct a histogram with this small
number of conserved genes to fit the normal distribution.
To analyze this data set with GENCOM, it was necessary to
search for optimal initial values for the parameters of the
conserved genes. One of the requirements of the algorithm
is that the initial values must ensure the selection of some
truly conserved genes in the first iteration.

We have shown the importance of normalizing compara-
tive genomic microarray hybridization data sets according to
conserved genes only. The normalization techniques that use
the entire hybridization data set may be successful only if the
proportion of variable genes is small. The analysis approach
must be able to accurately detect and analyze atypical data,
such as data sets in which absent genes predominate or the
relationship between the intensities is not linear. We showed
that the GACK and GENCOM methods accurately ana-
lyzed the data sets in which the majority of the genes were
absent. However, only GENCOM was able to correctly
analyze the data set in which the relationship between the
raw intensities is not linear. So, GENCOM performs best
for comparative genetic composition analysis based on
microarray hybridization.

Fig. 5 LOWESS fit on the MA
plot derived from data set I
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