
It is more than 15 years since DNA microar-
rays were developed, and in that time they have 
been adored, attacked and, in an effort to look 
beyond the hype, appraised. One outcome of 
this ‘soul searching’ has been the realization that 
the flaws inherent to gene-expression arrays are 
similar to those of other high-throughput plat-
forms. “I don’t think microarrays are different 
from other technologies in that respect, and it’s 
important for people to keep that in mind,” says 
Janet Warrington, vice-president of molecular 
diagnostics and emerging markets research and 
development for Affymetrix, based in Santa 
Clara, California. “I try to point out ‘microar-
ray exceptionalism’ wherever I find it.”
John Quackenbush, a computational biolo-
gist at the Harvard School of Public Health, sees 
several fundamental errors in the way many 
researchers tackle microarray gene-expression 
studies. “People tend to go out blindly and do 
experiments, then go back and try to analyse 
them and figure out what the question is after-
wards. I think that’s the first thing you have to 
avoid,” he says. “It’s also important to make 
sure you remove confounding factors from the 
experiment wherever possible.” 

Systematically sorting out sources of 
error can be a daunting process, but 
a recent series of investigations by 
people such as Quackenbush 
into cross-experimental, 
cross-platform and 
cross-laboratory vari-
ability between array 
experiments has helped 
clarify some issues that 
were preventing comparisons 
being made between experiments. 
Several multi-institutional projects are 
now under way to develop more reli-
able experimental protocols and con-
trols (see ‘Standards and practices’). 
Meanwhile, many scientists, manufacturers and 
programmers are working to develop practical 
tools that could help eliminate unwanted vari-
ability from experiments and analyses.
The biggest problems often occur early on. 
Existing kits for RNA preparation are effective, 
but many are designed for a ‘best-case sce-
nario’: large amounts of fresh biological source 
material. Many researchers are now interested 
in studying gene expression in a small number 

of cells, necessitating efficient 
systems that can work with 
limited samples. 
Various systems have 
been developed, many 
of which are based on 
a linear-amplification 
procedure known 
as the Eberwine 
method. Labelling 
strategies typically 
fall into two main 
categories: direct 
and indirect. Direct 
methods, used in 
systems such as 

CyScribe, available from GE Healthcare Life 
Sciences of Little Chalfont, UK, and Chip-
Shot, from Promega of Madison, Wisconsin, 
typically involve the incorporation of fluores-
cent-dye-conjugated nucleotides during com-
plementary DNA (cDNA) synthesis. 
One favoured indirect-labelling strategy 
involves incorporating an aminoallyl-modi-
fied nucleotide into cDNA or amplified RNA 
transcripts, and then labelling these with 
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Doubt is often cast on the reliability of DNA microarrays, but resources are becoming available to help 
researchers overcome many of the problems inherent in this technology. Michael Eisenstein reports.

Leming Shi of the US Food and 
Drug Administration (FDA) in 
Rockville, Maryland, is unabashed 
in his affection for microarrays. 
But he was disconcerted by the 
recent publication of several 
papers challenging the reliability 
of gene-expression microarray 
experiments. One article, 
for example, reported such 
disagreement that an analysis of 
185 genes using three different 
technologies revealed concordant 
readings for only four transcripts 
(P. K. Tan et al. Nucl. Acid Res. 31, 
5676–5684; 2003).
Subsequently, Shi and his 
colleagues found that an 
alternative analytical approach 
greatly improved cross-platform 
concordance for these data sets 
(L. Shi et al. BMC Bioinformatics 
6 (Suppl. 2), S12; 2005). But the 
lingering climate of uncertainty, 
and concerns about the potentially 
serious implications for the use 
of microarray data in the FDA 

drug-approval process, led them 
to launch the MicroArray Quality 
Control (MAQC) project. The 
MAQC brought together research 
leaders from government, 
academia and industry to 
establish tightly controlled 
‘gold standard’ comparisons of 
microarray systems. They began 
by identifying commercially 

available, trustworthy ‘standard’ 
RNA samples. But this was just 
the start. “The MAQC’s main goal 
is to generate a vast reference 
data set,” says Shi. “We have 
conducted more than 1,000 array 
hybridizations with these reference 
samples, plus we’re using three 
alternative technologies and we 
requested that each system be 
evaluated at three testing sites.” 
The MAQC recently completed 
a review of its final data, and will 
present its findings in a series of 
articles to be published in Nature 
Biotechnology next month.
In the meantime, many in the 
field are awaiting the outcome of 
a complementary initative: the 
External RNA Controls Consortium 
(ERCC). This evolved from a 
2003 meeting headed by the US 
National Institute of Standards 
and Technology in Gaithersburg, 
Maryland. It aims to identify and 
help make commercially available a 
collection of reliable RNA ‘spike-in’ 

controls, which can be included 
in any microarray experiment to 
assess variables such as labelling 
and hybridization efficiency. 
Participation has grown rapidly, and 
ERCC leader Janet Warrington, who 
is a vice-president at Affymetrix 
in Santa Clara, California, finds 
the early progress promising. “A 
number of organizations that were 
already using their own controls 
have donated these — no strings 
attached — for testing,” she says. 
“So we have a collection of 100 
to 150 controls that will be tested 
across platforms and we have eight 
sites that have volunteered to carry 
out the testing.”
Both projects have benefited 
from collaborative environments 
that have allowed even direct 
competitors to work together 
towards a shared goal. “We all 
share the belief that if we’re 
successful, we’ll expand the 
marketplace for everyone,” says 
Warrington. M.E.

STANDARDS AND PRACTICES

Affymetrix’s tiling and exon arrays: 

two alternatives for in-depth 

screening of the human genome. 

Leming Shi hopes to improve the 

reproducibility and comparability of 

microarray work.
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chemically functionalized fluorescent dyes. 
EPICENTRE Biotechnologies in Madison, 
Wisconsin, has incorporated this approach 
into its TargetAmp kits for RNA amplification. 
The company says these kits can deliver up to 
5-million-fold amplification, and even allow 
the study of single cells. “We can get down to 
10 picograms of starting RNA,” says Shervin 
Kamkar, a technical-sales specialist at the firm, 
“so it’s really useful for people doing stem-cell 
work or laser capture.”

Designer labelling
Genisphere of Hatfield, Pennsylvania, uses a 
unique labelling approach for its 3DNA kits 
that is based on fluorescently tagged DNA-
based dendrimers. These contain sequences 
complementary to ‘capture’ sequences added to 
cDNA during sample amplification. Different 
dendrimers are available with varying quanti-
ties of linked fluorophore molecules that deter-
mine the limits of detection, down to less than 
a microgram of starting material. Detection 
can be further augmented with the company’s 
SenseAmp kits, which use one or two rounds of 
a non-Eberwine amplification strategy to pro-
duce sense-strand RNA. “We’ve gone as low as 
0.1 nanograms of total RNA,” says Bob Getts, 
Genisphere’s director of research and develop-
ment, “which is typically from ten cells.”
Another problem is posed by the increas-
ing use of microarrays for analysis of clinically 
prepared formalin-fixed paraffin-embedded 
(FFPE) samples, such as tumour biopsies. 
These may have been in storage for anything 

from months to decades, and the resulting 
RNA degradation is a serious challenge for 
reagent designers. 
Several companies, including EPICENTRE 
and Genisphere, are working on this. Accord-
ing to Getts, SenseAmp is well-suited to FFPE 
work. “We routinely use samples that have been 
degraded to between 50 and 250 bases long,” he 
says. Array manufacturer Illumina of San Diego, 
California, offers an alternative with the DNA-
mediated annealing, selection, extension and 
ligation (DASL) assay. This is an adaptation of its 
GoldenGate genotyping technology that takes 
advantage of a universal array consisting of large 
numbers of specific tag sequences in order to 
quantify PCR-amplified primer-extension prod-
ucts. “It’s been shown to work on samples 
as old as 20 years,” says Shawn Baker, 
Illumina’s scientific product man-
ager for gene expression.
Still further optimization 
will be needed as research-
ers continue to target smaller 
and more biologically relevant 
specimens. “There’s just so 
much variation in the material 
that you’re given,” says Kamkar, 
“and it’s hard to know how effective 
a technology is until people have tried your 
approach on their own samples.”
When asked about concerns regarding 
microarray experimental reliability, many in 
the field are quick to defend the hardware. “The 
microarray instrument itself, if used correctly, 
is precise and accurate,” says Rafael Irizarry, a 

biostatistician at the Johns Hopkins University 
in Baltimore, Maryland. “The quality of com-
mercial arrays is improving, whereas their price 
is dropping, so commercial arrays are supplant-
ing the ‘home-brew’ approach more and more,” 
says Quackenbush. Different manufacturers 
have opted for various strategies to improve 
experimental quality and to minimize oppor-
tunities for human error (see ‘Hands off!’).
John Blume, vice-president of assay and 
application product development at Affyme-
trix, cites ever-increasing probe density and 
genome coverage as a secret of Affymetrix’s 
success. Their Human Genome U133 Plus 2.0 
GeneChip microarrays feature 11 different oli-
gonucleotide probes for each transcript, which 

To err is human. Scientists are 
keenly aware of this, and the 
multistage nature of microarray 
experiments provides ample 
opportunity for the human aspect 
of experimental error. Robotics 
could offer a solution, as well as 
potential for greater experimental 
efficiency.
“It used to be that the only people 
who thought about automation 
were the drug screeners, the 

diagnostic folks, people who had to 
do things hundreds of thousands 
of times,” says John Blume, vice-
president of assay and application 
product development at Affymetrix 
of Santa Clara, California. “But a 
lot of early-stage discovery-type 
work now happens at the level of 
hundreds of things at a time.” 
Affymetrix uses a modular 
approach, developing units that 
automate individual experimental 

stages. Several other companies 
have taken a similar path after 
finding that many customers had 
already taken matters into their 
own hands. “A lot of them have 
already adopted automation 
infrastructure,” says Kevin 
Meldrum, director of genomics 
marketing at Agilent Technologies, 
Santa Clara, California. “They don’t 
want to have to go out and buy a 
completely new system.” 
San Diego-based array 
manufacturer Illumina offers an 
‘arrays of arrays’ format inherently 
designed for higher-throughput, 
and so further automation is 
a lower priority, although the 
company offers an AutoLoader 
that can process the scanning of up 
to 32 BeadChips — containing up 
to 256 arrays in total — in 24 hours.
Chip-builder and service provider 
NimbleGen Systems, based in 
Madison, Wisconsin, has taken an 
opposing approach. “Our mission 
is to make everything automated,” 

says Emile Nuwaysir, vice-
president of business development. 
“So that analysis is monitored and 
quality controlled by humans, but 
not run by humans.” He projects 
near-complete automation of the 
full process by the end of the year.
febit Biotech in Heidelberg, 
Germany, brings this philosophy 
to the benchtop with the GENIOM, 
a system that fully automates 
most processes, including array 
synthesis, hybridization and 
analysis. Current GENIOM arrays 
are limited to 6,000 features 
but will soon expand to 15,000, 
and Peer Stähler, vice-president 
of marketing and sales at febit, 
believes that the instrument’s 
speed and flexibility offer benefits 
for rapid experimental probe 
design and optimization. “You 
can easily import and synthesize 
the results of other people’s 
bioinformatics,” he says, “and you 
can export any capture probe that 
you have evaluated.” M.E.

HANDS OFF!

febit’s GENIOM automates many steps of microarray experiments.

Super-sensitive: high-density arrays of long 

probes are offered by NimbleGen Systems.

TECHNOLOGY FEATURE MICROARRAYS

1068

NATURE|Vol 442|31 August 2006

Nature  PublishingGroup ©2006



confer a number of benefits. “As annotation 
shifts, people’s bets on which sequence is useful 
for a gene can prove wrong,” says Blume. “This 
design philosophy of multiple sequence probes 
per gene provides a buffer that single sequences 
cannot.” It also protects against unexpected 
glitches at the hybridization stage. In addition, 
Affymetrix offers broadened coverage through 
its genomic-tiling arrays and, more recently, 
new exon arrays that allow users to assemble 
detailed, genome-wide exon-usage profiles for 
human, mouse and rat studies.

Probing for answers
Illumina also uses redundancy to maintain 
experimental quality control in its bead-based 
arrays. “Each of our arrays has about 30 repli-
cates of each probe,” says Baker. “Because these 
30 measurements are spread randomly across 
the chip, we don’t have to worry about little 
things like smudges on the array — any outlier 
measurements get removed.” These arrays also 
benefit from the combination of high probe 
density with the inclusion of multiple arrays on 
a given chip. This allows users to simultaneously 
profile a number of samples — up to 96 parallel 
arrays — in an ‘array of arrays’ format.
Agilent Technologies of Santa Clara, Cali-
fornia, touts the use of long probes — 60mers, 
compared with Affymetrix’s 25mers — as an 
advantage for enhancing sensitivity to low-
abundance transcripts, typically a weakness for 
microarray platforms. Agilent’s instruments 
incorporate a multiple-scan approach, further 
extending the sensitivity of detection. “You can 

look at a broader range of transcripts and still 
get linearity with regard to the signal recorded,” 
explains Kevin Meldrum, director of genomics 
marketing. Agilent has also incorporated propri-
etary ‘spike-in’ controls into its platform, which 
allow monitoring of experimental quality.
An efficient and cost-effective production 
process gives NimbleGen Systems of Madison, 
Wisconsin, particular flexibility in the gen-
eration of its arrays. These combine a maskless 
photolithography method with a proprietary 
chemical process for efficient and accurate in 
situ synthesis of high-density probe arrays. The 
company’s latest generation chips contain more 
than 2 million probes. NimbleGen also favours 
the use of long, typically 60mer, probes. “We are 
the only company that combines long oligomers 
with high density,” says vice-president of busi-
ness development Emile Nuwaysir. NimbleGen’s 
rapid production process also allows it to con-
tinually update its probe sequences to align with 
the latest genome-annotation data. Affymetrix 
is currently taking advantage of this process for 
the production of NimbleGen-manufactured 
NimbleExpress custom GeneChips.
A relatively recent entrant into the gene 
expression array field, Applied Biosystems 
of Foster City, California, has used years of 
experience in genomic work — and access to 
the proprietary genome databases of Celera 
Genomics, based in Rockville, Maryland — to 
good advantage in the design of its oligonucle-
otide arrays. “We’ve basically front-loaded all 
of the bioinformatics work,” says staff scien-
tist Chris Streck. “We do all the curation and 

annotation of these particular genes, and we 
make sure we have the most comprehensive 
and complete view of the genome to begin 
with.” Applied Biosystems also benefits from a 
chemiluminescence-based approach to detec-
tion, with considerably reduced background 
noise relative to standard fluorescent systems.

The number crunch
However, high-quality samples and high-tech 
instrumentation alone won’t save the microar-
ray experiment. Some of the most fundamental 
challenges lie in gleaning biological significance 
from mounds of data and designing experi-
ments with a statistically sound foundation.
David Allison, a biostatistician at the Uni-
versity of Alabama at Birmingham, remembers 
the early days of microarray work with horror. 
“The sample sizes were way too small, unjusti-
fied statements were made, and the analyses 
were primitive,” he says. Fortunately, he adds, 
“the field recognized this, and a lot of people 
started weighing in with their own methods”.
According to Irizarry, an important first step 
for good analysis is the effective pre-processing 
of raw data, using algorithms that accurately 
convert spot fluorescence to gene-expression 
estimates. “Changing those algorithms can 
make a difference,” he says, “and you can turn 
an experiment that looks so-so into something 
that looks powerful and precise.” Irizarry has 
also called attention to the importance of data 
normalization, and designed an online tool, 
Affycomp II, which allows users to benchmark 
their normalization methods using ‘known’ 

Many working with microarrays 
now recognize that one way 
uncertainty about experimental 
findings can be dispelled is by 
being more transparent about 
methodology and data. This 
realization has transformed the 
field. For instance, after some initial 
resistance, almost every major 
commercial vendor has made the 
sequences and annotations of 
their probes publicly available — to 
the considerable benefit of the 
community as a whole.
This awareness has also manifest 
itself in the drive to develop 
shared resources for pooling 
experimental data and systems 
for clearly defining how these data 
were obtained. A leading force 
in this regard is the Microarray 
Gene Expression Data (MGED) 
Society, which put forward a 
proposal in 2001 for experimental 
annotation standards known as 
minimum information about a 
microarray experiment (MIAME), 

designed to record key details 
about factors such as sample 
preparation and experimental 
design. These standards were 
embraced by many, and several 
leading journals, including Cell, The 
Lancet and Nature, demand MIAME 
compliance from all microarray 
research submissions. However, 
some aspects of MIAME have 
proved problematic.
“I think almost all academic 
biologists embrace the concept 
of openly sharing data,” says 
Catherine Ball of Stanford 
University in California, the current 
president of the MGED Society. 
“But embracing the process and 
actually taking part are very 
different, and it can be difficult 
to fully annotate your data.” 
According to Gavin Sherlock, 
also of Stanford and MGED, part 
of the problem was MAGE-ML 
(microarray and gene expression 
markup language), the XML-based 
language initially developed for 

MIAME data recording. “Nobody 
can look at it, nobody can read 
it, nobody can edit it,” he says. 
“It’s very difficult to use.” This is 
reflected in the uploading of data to 
public databases, another process 
strongly advocated by MGED. 
The ArrayExpress database of the 
European Bioinformatics Institute 
in Cambridge, UK, is strictly 

MIAME-compliant, and receives 
considerably fewer submissions 
than the non-MIAME-compliant 
Gene Expression Omnibus 
(GEO) of the National Center for 
Biotechnology Information in 
Rockville, Maryland. MGED is now 
poised to release a considerably 
simpler format for data submission, 
and Ball is hopeful that this, along 
with other user-friendly software 
tools, will make a difference. 
But, fundamentally, compliance 
comes down to the effort 
scientists can and will put in. All 
of the MicroArray Quality Control 
project’s data are being deposited 
into both GEO and ArrayExpress, 
and although this has proved an 
onerous task, Leming Shi of the 
US Food and Drug Administration 
sees clear rewards in the effort. 
“Depositing the data may be a 
painful process, but we have to do 
it for the sake of the community,” 
he says. “The more information we 
have in the future, the better.”  M.E.

SHARE AND SHARE ALIKE

Catherine Ball believes simpler 

software tools could encourage 

better MIAME compliance.
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data sets from Affymetrix GeneChip experi-
ments, and makes those benchmark results 
publicly available — extending an ongoing 
trend in the community of increasing data 
sharing (see ‘Share and share alike’).
Most major chip and instrument manufactur-
ers also market software packages with which 
to analyse raw microarray data. Agilent offers 
the GeneSpring suite, whereas Illumina has 
developed BeadStudio, which is spe-
cifically designed for its array format 
and can also interact with other ana-
lytical tools. Affymetrix distributes 
a variety of programs, and has also 
established its ‘GeneChip Compat-
ible’ program with various other 
companies. “It’s not practical for 
us to be experts at everything”, says 
Blume. “By working with our part-
ners, we can provide better solutions 
for a more diverse range of users.”
The open-source movement has 
also taken firm hold in this field, and 
a particularly strong contributor has 
been the Bioconductor program, 
now in its fifth year. Bioconductor 
was launched to make high-quality, 
community-developed and com-
munity-tested tools for statistical 
analysis freely available. The founda-
tion language for Bioconductor is ‘R’, an optimal 
choice for statistical analyses. “When a statis-
tician develops a method and wants people to 
use it, he or she will carefully create software for 
people to implement this method in R,” explains 
Irizarry. “And now, any method that’s good, that 
people like and want, will be implemented in R 
and made available in Bioconductor.”

Pathfinders
Unfortunately, Bioconductor can be difficult 
for scientists lacking programming skills to use 
effectively. In an effort to bring R’s analytical 
capabilities to these users, Quackenbush’s group 
has developed the TM4 suite. “These programs 
are the biologist-friendly version of what peo-
ple are doing at Bioconductor,” he explains. A 
user-friendly solution is also offered by Insight-
ful of Seattle, Washington, in the form of its 
S+ArrayAnalyzer software, which ports the 
complete set of Bioconductor statistical tools.
But this is just scratching the surface, and 
the variety of analytical tools available can be 
confusing. “We’re facing too many options for 
analysing the same data set,” says Leming Shi 
of the US Food and Drug Administration in 
Rockville, Maryland, “and there has not been 
adequate scientific vetting of the capabilities 
and limitations of available methods.” 
Scientists may cringe at the effective long-
term solution to this problem — acquiring a 
solid background in practical statistics. Many in 
the field recognize that biologists have an unfor-
tunate tendency to ‘plug and play’ in analytical 
methods without understanding the underlying 
principles, which results in misuse of otherwise 
effective strategies. Ultimately, good maths may 

become the key to good science. “Soon, you’re 
probably not going to be able to say that you’re 
a molecular biologist if you don’t understand 
some statistics or rudimentary data-handling 
technologies,” says Blume. “You’re simply going 
to be a dinosaur if you don’t.”
Of course, the objective of microarray experi-
ments is not to generate endless spreadsheets 
and scatter-plots, but to produce data that can be 

used to formulate an understanding of biological 
events. This requires a way to predict the impact 
of gene-expression shifts on networks of inter-
acting gene products, and this, in turn, requires 
detailed databases in which the function and 
behaviour of these individual gene products has 
been accurately defined and annotated.
Several such databases now exist, thanks to 
projects such as Gene Ontology (GO) and the 
Kyoto Encyclopedia of Genes and Genomes 
(KEGG). These resources serve as the foun-
dation for a number of different tools for ‘sec-
ond-order’ microarray analysis. Some of these, 
such as Gene Set Enrichment Analysis (GSEA), 
which attempts to identify significant shifts in 
sets of interacting or associated 
gene products, or GenMAPP, a 
software tool for the assembly 
of interactive, graphic maps 
of biological pathways based 
on gene-expression-array 
data, are academic in origin and freely avail-
able. Several others, such as Ingenuity Pathways 
Analysis, from Ingenuity Systems of Redwood 
City, California, PathwayStudio, from Ariadne 
Genomics of Rockville, Maryland, and Biblio-
Sphere, from Genomatix of Munich, Germany, 
have been commercially developed.
Ingenuity’s efforts at pathway assembly com-
plemented GO and KEGG with a large-scale 
‘knowledge base’ that was assembed, from 
scratch, for its Pathways Analysis software. “It 
took us about four and a half years to reach 
critical mass in terms of ontology and content,” 
says chief technology officer Ramon Felciano, 
“and then go through a decade’s worth of lit-
erature and manually structure millions of 

pathway relationships using those ontologies.” 
This knowledge base now incorporates defi-
nitional data from GO as well as a number of 
user-uploaded pathways defined from new or 
unpublished experimental data, and contin-
ues to be closely curated. “If you’re building 
pathways based on biological-data models, the 
quality, accuracy, richness of detail and breadth 
of coverage of the biological content are criti-

cal,” says Felciano.
BiblioSphere uses a multi-pronged 
approach for its analysis that, as its 
name indicates, starts in the library. 
“The program’s first line of analysis 
is literature” explains Martin Seif-
ert, vice-president of microarray 
business at Genomatix. “We build 
up a literature network from the co-
citation of genes in abstracts from 
PubMed.” This is followed by an 
overlay of other lines of evidence, 
including a curated pathway data-
base and information from ontol-
ogy databases such as GO and the 
US National Library of Medicine’s 
Medical Subject Headings. “The 
most important step,” says Seifert, 
“is finding the biological aspects that 
are buried in data from chips.” 
Effective pathway-building sys-

tems may offer the promise of making gene-
expression arrays a potent tool for performing 
detailed diagnostic analyses in fields such as 
toxicology and pathology. “Our customers see 
a lot of promise in generating de novo pathways 
that may not be exactly like the ones you see in 
your textbooks, but may be more specific to the 
disease or tumour stage that you are looking 
at,” says Felciano.
This approach may also serve as a model for 
further integration of microarray findings with 
other data collections, ranging from the com-
bination of different sets of chip data — such as 
associating genome-wide expression patterns 
with transcription-factor binding and DNA 

methylation — to more ambi-
tious syntheses with massive 
databases such as PubMed, 
OMIM and DrugBase. “The 
way to deal with the problem 
of big data is to beat it senseless 

with other big data,” says Quackenbush. “There’s 
a host of information out there on how biologi-
cal systems function that has been collected 
over the past 300 years. What we want to be in 
a position to do as a community is leverage that 
information, synthesize it and discover things 
that we couldn’t discover using any technology 
on its own.” ■

Michael Eisenstein is technology editor for 
Nature and Nature Methods.

Affycomp II ➧ affycomp.biostat.jhsph.edu

Bioconductor ➧ www.bioconductor.org

GenMAPP ➧ www.genmapp.org

GSEA ➧ www.broad.mit.edu/gsea

TM4 suite ➧ www.TM4.org

“We’re facing too many 
options for analysing 
the same data set.” 
— Leming Shi

Programs such as Ingenuity Pathways Analysis use extensive databases to 

assemble detailed pathway models.
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