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Abstract
A fundamental goal of developmental biology is to define the
molecular mechanisms that control cell behavior during morphogenesis. A recent study in BMC Biology combines gene expression profiling, bioinformatics and functional analysis to identify
genes that shape the Drosophila embryo.
See related research article http://biomedcental.com/1741-7007/7/61

Morphogenesis of the Drosophila embryo requires the
three-dimensional organization of populations of cells
with characteristic shapes and behaviors that give rise
to the adult structure of the animal. Genetic screens
have been instrumental in identifying genes that specify
cell fate and cell behavior. Many of these include
transcription factors that are expressed in precise
spatial patterns and are required for distinct
morphological behaviors. However, the downstream
pathways that translate cell fate decisions into cell
shape and tissue structure are not fully understood.
Current advances in genome-wide expression profiling,
in vivo transcription factor binding site analysis and
high-throughput studies of gene-expression patterns
have made it possible to identify novel genes that are
expressed during morphogenetically active periods of
development.
Since the sequencing of the Drosophila genome, largescale expression studies using DNA microarrays have
been employed in diverse ways to reveal the genetic
networks that drive development. Time-course
experiments using DNA microarrays have identified
subsets of genes expressed at specific developmental
stages throughout Drosophila embryogenesis [1-5]. The
first few hours of embryogenesis are marked by active
changes in cell fate, cell shape and cell rearrangements
that are accompanied by dynamic changes in gene
expression. Recent studies have determined that more
than 2,000 genes, or approximately 15% of the genome,
display increased expression at these early stages [3-6].
These systematic genome-wide approaches provide a
global perspective on the dynamics of gene expression
during embryonic development.

http://jbiol.com/content/8/8/76

A major challenge now posed by these studies is how to use
the overwhelming amount of information from wholegenome studies to identify specific genes with key roles in
embryonic morphogenesis. The ability to integrate data
from stage-specific gene-expression studies, high-throughput spatial analysis of gene-expression patterns and
bioinformatics tools for protein sequence analysis is critical
to the process of candidate gene selection (Figure 1). The
paper published in BMC Biology by Cambiazo and
colleagues (Zúñiga et al. [7]) describes an integrated
genome-wide approach to finding genes that are
specifically upregulated during early Drosophila
development. The authors use differential gene-expression
profiling, bioinformatics, in situ analysis and functional
characterization to identify a novel gene that is required for
embryonic morphogenesis, as well as a number of
interesting candidate genes for future functional analysis.
Here, we discuss how these and other genomic datasets
have been coupled with targeted functional analysis to gain
insight into the molecular mechanisms underlying
morphogenesis.

An integrative approach to identify genes
required for morphogenesis
Gastrulation in the early Drosophila embryo is characterized by a wholesale reorganization of the embryo driven by
region-specific changes in cell shape and cell movement.
For these morphogenetic events to be properly executed
cells must communicate with each other to coordinate
their behavior with other cells and tissues in the embryo.
To elucidate the molecular mechanisms underlying these
processes, an essential step is to identify the extracellular
signals that mediate communication between cells and the
transmembrane receptors that detect and interpret these
signals and translate them into cell shape and behavior.
Using suppression subtractive hybridization (SSH) and
microarray analysis, Zúñiga et al. [7] isolated a set of transcripts that are differentially expressed between gastrulating
and blastoderm Drosophila embryos. The SSH technique
is able to circumvent the inability of most high-throughput
gene-expression profiling techniques to isolate transcripts
of low abundance [8]. Using this method, the authors
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Figure 1
Strategies for selecting candidate genes from expression studies for functional analysis. This schematic depicts various approaches to
selecting candidate genes for functional characterization. First, the temporal and spatial expression patterns of genes can be determined by
integrating information from experimental and available datasets. Second, genes can be prioritized on the basis of predicted or known
protein function. Finally, a subset of candidate genes can be functionally analyzed using genetic analysis, which can be labor intensive, or
high-throughput methods such as RNA interference.

identified 114 genes and 4 noncoding RNAs that are more
highly expressed in gastrulating embryos compared to the
earlier blastoderm stages. To validate their experimental
approach, the authors compared their gene list with the
approximately 2,000 genes found to be expressed in the
early embryo in other genome-wide expression studies
[1-6,9]. More than half of the genes identified were
previously reported to be expressed during gastrulation. In
addition, their list contains 55 genes that have not been
functionally characterized. Two of these genes are not
represented on commercially available gene-expression
chips, indicating that this technique is able to isolate
transcripts that were not previously predicted. Of note, 19
of the novel genes are predicted to encode secreted or
transmembrane proteins that may play a direct role in cellcell communication during morphogenesis. Using in situ
analysis the authors were able to determine that 12 out of
15 of these genes are expressed in a spatially restricted
pattern in regions undergoing distinct morphogenetic
processes.
This series of studies led to the identification of a novel
secreted protein with a putative transmembrane domain
that is specifically expressed in the dorsal region of the
embryo. Using an RNA interference (RNAi) knock-down
strategy, the authors provide evidence for a requirement
for this gene during germband retraction, a process that
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requires regulation of cell shape changes and cell death.
Consistent with these findings, this gene is a direct target
of Medea, a transcription factor required for dorsal
specification in the embryo [10,11]. It will be of interest to
determine whether other genes identified in this screen are
direct targets of the transcription factors that control
morphogenesis during development.

Genome-wide analysis to identify genes
downstream of cell fate
Given the extensive information from genetic studies about
the transcriptional regulators that direct the early morphogenetic events of embryogenesis, it is now possible to use
whole-genome comparative analysis to look for changes in
gene expression in response to altering the levels of
particular transcription factors. To identify direct targets of
these transcription factors, chromatin immunoprecipitation
(ChIP) followed by microarray hybridization on wholegenome tiling arrays can be used to determine in vivo
protein-DNA interactions. Work from the Berkeley Drosophila
Transcription Network Project (BDTNP) has characterized
the in vivo DNA binding sites of 21 transcription factors in
the Drosophila blastoderm embryo [11]. These studies find
that each transcription factor is bound to more than 1,000
different sites, suggesting a complex transcriptional
program downstream of these regulators. Combining this
approach with microarray studies has been successful at
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identifying direct targets of transcription factors required
for embryonic segmentation [12].
While microarray analysis and ChIP:chip data can provide
insight into the temporal expression and transcriptional
regulation of genes during development, these approaches
do not offer clues as to the spatial distribution of gene
expression. Combining in situ expression patterns with
genomic data on expression levels is one way to identify
sets of genes involved in related developmental processes.
In Drosophila, two groups have determined the spatial and
temporal expression patterns of around 25% of the genes
expressed in the embryo [2,6]. Lecuyer et al. [6], used
fluorescent in situ hybridization (FISH) to generate highresolution images for around 2,500 mRNAs throughout
early Drosophila embryogenesis. This approach, which
allows for single-cell resolution, led to the surprising
discovery that over 70% of detected mRNAs are
subcellularly localized, suggesting that uncharacterized
transcripts can be classified on the basis of their
localization as well as their expression. Both groups have
generated web-based databases that offer a range of search
options, including stage, tissue, gene name and predicted
function. Analysis of these rich datasets may identify genes
involved in morphogenesis that have failed to be identified
in genetic screens.
The ultimate goal of developmental biology is to define
how each gene contributes to cell fate, cell shape and cell
behavior during morphogenesis. However, functional
studies are often labor-intensive and are not readily
adapted to high-throughput analysis, creating a bottleneck
in going from expression to function. RNAi screening is
emerging as a powerful technique for functional analysis in
vivo [13]. Expression profiling has been coupled with
double-stranded RNA injections in early embryos to
identify genes required for cellularization and embryonic
viability [3]. One limitation of traditional genetic screens is
the inability to identify genes with subtle or redundant
phenotypes, as well as components involved in multiple
processes throughout development. The genome sequence
creates the potential to identify gene families, which can be
tested for redundant functions using combinatorial RNAi
[14].

Future directions: the shape of things to
come
In the past decade, genome-wide studies have provided
insight into the dynamics of gene expression during
development [1,4,5]; revealed the spatial localization of
mRNA transcripts at the cell and tissue levels [2,6]; and
mapped the DNA binding sites of essential transcription
factors [10,11]. With this rapid proliferation of data, the
current challenge is to develop the tools to translate the
information contained in these data sets into meaningful
biological insight.
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The study by Zúñiga et al. [7] highlights the value of
integrating information from temporal and spatial
expression studies with protein sequence analysis to
generate a short list of candidate genes for functional
analysis. Moreover, the experimental approach undertaken
by Zúñiga et al. has provided a dataset enriched for genes
with potential regulatory roles in Drosophila embryogenesis. Future studies of this kind will help to determine
how the expression of cell-fate determinants ultimately
leads to the cell-shape changes and cell movements that
shape the embryo.
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