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Summary
The Drosophila compound eye is composed
of approximately 800 ommatidia, each of
which consists of eight photoreceptor cells
and other non-neuronal accessory cells
(Newsome et, 2000), and the development of
these cells involve several genes. Some of
these genes may be essential for the eye
development, and mutations in these genes,
when homozygous, may result in early
lethality of the embryo.
Here, nine Drosophila stocks that have lethal
P-element insertions at different locations of
chromosome 2R are analyzed in order to
determine whether the disrupted genes are
essential for the development of Drosophila
eye. Since these are homozygous lethal
mutations, the ey-FLP/FRT system, inducing
site specific mitotic recombination only in the
eye, was used to generate recessive
homozygous lethal alleles only in the eye,
while the rest of Drosophila body remains
heterozygous. The inserted P-element, P[w+],
served as a marker, allowing mosaic
expression, a twin spot, in the eye. To
generate larger clones of homozygous lethal
tissues in the eye, the Minute mutation, which
inhibits cell growth when heterozygous but is
recessive lethal, was incorporated into the eyFLP/FRT system. So, in the twin spot, cells
that are homozygous for the Minute mutation
die, and cells that are heterozygous for the
Minute mutation grow slowly. In this way,
large clones of homozygous P-element
mutations can be generated.
The eye phenotypes of large clones were
examined to determine whether the mutated
genes were essential for the eye development.
The large clone analysis revealed that
mutations in the gene Mef2 (Myocyte

enhancing factor 2), prod (proliferation
disrupter), and CG2064 affect the eye
development of Drosophila, while the gene px
(plexus), Nup44A, CG6543, cora (coracle),
GstS1 (Glutathione S tansferase S1), and
CG12744 do not interfere with the
Drosophila eye developmental process. The
genes which are determined in this genetic
screening to be essential for the Drosophila
eye development can be related to genes that
are essential for the human eye development
because many human disease genes are
homologous
to
Drosophila
genes.
Approximately 70 percent of identified
human disease genes are known to be
homologous to Drosophila genes (Johnston,
St., 2002). Moreover, when human disease
genes that are not Drosophila homologues are
placed in Drosophila genome, they can
produce similar symptoms in Drosophila as
they do in humans. Therefore, the genes
identified in this analysis can potentially be
genes that may be responsible for causing
human diseases.

Introduction
An organism consists of many different types
of cells functioning in various ways, yet
surprisingly every single cell in an organism
contains the same genetic information. What
determines the fate of a cell is based on which
genes are expressed in the cell. And, if a
mutation occurs in the expressed gene, it may
significantly alter the function of the cell,
possibly resulting in lethality of the organism.
In identifying what genes are responsible for a
specific biological process, genetic screens
using various mutations in model organisms
play an important role. By using these model

systems, what a gene does and how it
functions can be understood.
Drosophila melanogaster is one of the
important model organisms in genetic studies,
and possesses several advantages over other
model organisms. First of all, it is easy to
carry out large scale crosses using limited
laboratory space, and it has a short life cycle
(10 days). Second, the entire genome of
Drosophila is already sequenced and many
genetic tools for studying Drosophila are
available. Moreover, the bands of polytene
chromosomes in the salivary gland can be
easily visualized and can be used as genetic
addresses of chromosomes. In addition, the
fact that no meiotic recombination occurs in
male Drosophila makes it easier to design
genetic screen models.
Because the Drosophila genome is already
sequenced, it became possible to discover
functions of new genes by interrupting genes
of known sequences. Drosophila stocks
carrying P-element insertions at various
locations in the genome are now available for
genetic screens, and the exact flanking
sequences of the insertions can be obtained by
using the BLAST search method. If a Pelement insertion exhibits an interrupted gene
expression, such as lethality or a
developmental defect, then it can be
concluded that this particular gene is
important in that specific biological
developmental process.
This study
incorporated these advantages to determine
locations and functions of Drosophila genes
on chromosome 2R in the Drosophila
compound eye development.

Materials & Methods
Drosophila stocks
For this study, the Bloomington stocks with
P-element insertions Drosophila chromosome
2R were used. Each stock had the white gene,
which is a homozygous recessive mutation
and expresses a white-colored eye, as a
marker to identify the desired mutant
phenotype. The wild type white gene (w+),

expressing a red-colored eye, was placed
between flanking sequences of a transposable
P-element, and was inserted into chromosome
2R of white-eye Drosophila Bloomington
stocks at different locations. Because the
white gene is a homozygous recessive, the
inserted P-element, P[w+] serves as a
dominant, lethal marker. The Blooming stock
numbers used were as follows: 10787, 10790,
10791, 10795, 10801, 10803, 10814, 10818,
and 10830. The exact cytological locations of
the P-element insertion for each stock are
listed in Table 1.
ey-FLP/FRT system
To generate clones of homozygous lethal
tissue in the eye, the ey-FLP/FRT system was
used. The Drosophila stock (5616) with the
ey-FLP gene inserted in the eye-specific gene
on X-chromosome and FRT42D inserted near
the centromere of the 2R chromosome was
integrated into the crossing scheme to
generate a site specific mitotic recombination
in the eye. The ey-FLP gene encodes the
flippase enzyme that induces mitotic
recombination at the identical positions of
FRT sites on homologous chromosomes after
DNA replication.
This site specific
recombination event creates the chromosome
2R homozygous for the P-element insertion
only in the eye which is screened for a mutant
phenotype (Johnston, St., 2002).
Minute mutations
Mitotic recombination in the ey-FLP/FRT
system only yields small clones of
homozygous lethal tissues.
In order to
generate larger clones of homozygous lethal
tissues, Minute mutations are incorporated
into the ey-FLP/FRT system.
Minute
mutations inhibit cell growth when
heterozygous but are recessive lethal. The
Drosophila stock (5617) carrying a Minute
mutation on the chromosome 2R was
integrated into the crossing scheme. The FRT
site specific mitotic recombination in the
selected progeny generated cells that are
homozygous for the P-element mutation, and

cells that are homozygous for the Minute
mutation, which died due to its recessive
lethality. Since the heterozygous Minute
mutation inhibited cell growth, the
homozygous P-element mutation cells

Crossing Scheme
Approximately seven ♂ flies from each stock
were crossed with six ♀ of stock 5616
(Figure 1). The Bloomington stocks also
carried a balancer (CyO) expressing curly
wing phenotype. This cross was made in
order to select for progeny with FRT42D and
P[w+] on the chromosome 2R. Minimum of
15 ♀ progeny selected from the crosses in the
figure 1 were crossed with ten 5616 ♂
(Figure 2). This cross was made in order to
induce meiotic recombination which only
occurs in the gametes of female progeny and
to generate the mosaic eye pattern which is
due to the FRT site specific mitotic
recombination (Figure 3). By this method,
homozygous lethal mutation is expressed
only in the eye, while the rest of the
Drosophila body remained heterozygous for
the mutation. Selected progeny were small
clones of homozygous lethal mutation. Three

outgrew cells in which the mitotic
recombination did not occur, and thus larger
clones of homozygous lethal tissues were
generated.

single ♂ (from selected progeny from figure
2 crosses) crosses to six 5617 ♀ were set up
for each stock (Figure 4). Three crosses
were set up for each stock because each ♂
progeny represent a unique mutation. This
also ensured that the resulting mutant
phenotype was indeed due to the P-element
insertion, not due to an unknown lethal
mutation, since the resulting phenotypes in
all three crosses for each stock were identical.
These crosses were to generate larger clones
of homozygous lethal tissues in the eye by
incorporating the Minute mutation (Figure 5),
and to set-up balanced stocks of the
generated genotypes from each Bloomington
stock studied. The eye clones of small clones
and large clones were examined for their
mutant phenotype.
Light microscope
pictures of all small clones and large clones
were taken. SEM pictures of large clones
with mutant phenotypes were taken as well.

Figure 1. Cross 1

Figure 2. Cross 2 to generate small clones

Figure3.

Figure 4. Cross 3 to generate large clones

Figure 5.

Results
Analysis of large clones exhibiting wild
phenotype
(10787, 10790, 10795, 10801, 10803, 10830)

In the 10787 stock, both small clones and
large clones were observed to be wild type
(Figure 6). The disrupted gene is plexus.
The P-element is located in scaffold 227681
and inserted at the 14,395 base of the second

intron of the plexus gene. The theoretical
recombination map distance between the Pelement and FRT42D site was 45mu, and
the calculated recombination map distance
was 11mu (Table 2). The map distance
difference may be due to the fact that the
total progeny counted was not sufficient.
The plexus gene encodes a nucleoplasmic
protein that is expressed in the larvae (dorsal
mesothoracic disc). This protein is an

essential component of a global repressor of
vein differentiation. It does not have any
conserved domain. There are 23 recorded
alleles, and 20 classical mutants available.
Extra longitudinal or transverse veins with
plexated vein phenotypes are caused by
mutations in the px gene.
Small clones and large clones of the 10790
stock displayed wild phenotype (Figure 6).
The disrupted gene is Nup44A. The Pelement is located in scaffold 200769 and
inserted at the 551 base of the 1st exon of the
RA transcript, at the 709 base of the 1st
intron of the RB transcript, or at the 591
base of the 1st intron of the RC transcript.
The theoretical recombination map distance

between the P-element and FRT42D site
was 3mu, and the calculated recombination
map distance was 2mu (Table 2). The
Nup44A gene encodes a nuclear pore
complex protein that is a structural
constituent of the nuclear pore.
The
conserved domain search reveals that
WD40-repeats are the major component of
this protein.
The protein encoded is
involved in the RNA localization, exocytosis,
and intracellular protein transport. There are
3 recorded alleles and 2 classical mutants
available. Both the stage of development
the protein is involved in and the mutant
phenotype are unknown.

Figure 6. Small and large clone analysis of 10787 and 10790

In the 10795 stock, both small clones and
large clones were observed to be wild type
(Figure 7). The disrupted gene is CG6543.
The P-element is located in scaffold 260918
and inserted at the 14 base of the 1st intron of
the RA transcript or at the 16 base of the 1st
exon of the RB transcript. The theoretical

recombination map distance between the Pelement and FRT42D site was 13mu, and the
calculated recombination map distance was
10mu (Table 2). A larger number of progeny
count may be required to reduce the map
distance difference. The gene encodes a
component of the mitochondrial matrix. The

protein made is involved in enoyl-CoA
hydratase activity of the fatty acid betaoxidation.
It is also involved in
oxidoreductase activity. There is one recorded
allele, and no mutation is available. Both the
stage of development the protein is involved
in and the mutant phenotype are unknown.
Small clones and large clones of the 10801
stock also displayed wild phenotype (Figure
7). The disrupted gene is cora (coracle). The
P-element is located in scaffold 51421 and
inserted at the 197 base of the 2nd intron of the
gene. The theoretical recombination map
distance between the P-element and FRT42D
site was 33mu, and the calculated
recombination map distance was 13mu (Table
2). The map distance difference may be due
to the fact that the total progeny count was not
sufficient. The cora gene encodes a protein
with putative cytoskeletal protein binding.

The protein is localized to the septate junction
and is involved in dorsal closure. The gene is
expressed in the embryo (abdominal 1 to 7
lateral pentascolopidial chordotonal organ
lch5, chordotonal organ, embryonic/larval
foregut, embryonic/larval hindgut and 4 other
listed tissues), larva (dorsal mesothoacic disc
and eye-antennal disc), and ovary (plasma
membrane). It is found that cora is an essential
gene for the septate junction that is required
for the maintenance of the transepithelial
barrier. There are 33 recorded alleles and 16
classical mutants available. The functional
analysis of cora shows that mutations in the
cora gene affect the dorsal embryonic
epidermis, the dorsal embryonic/first instar
larval cuticle and the embryonic larval
salivary gland. The cora mutation is
embryonic recessive lethal due to the failure
of completion of dorsal closure.

Figure 7. Small and large clone analysis of 10795 and 10801

In the 10803 stock, both small clones and
large clones were observed to be wild type
(Figure 8). The disrupted gene is GstS1
(Glutathione S transferase S1). The Pelement is located in scaffold 92169 and
inserted at the 46 base of the 1st exon of the
RB transcript, the 407 base upstream of the
RA transcript, or the 2320 base upstream of
the RC transcript. The theoretical
recombination map distance between the Pelement and FRT42D site was 27mu, and
the calculated recombination map distance
was 14mu (Table 2). The map distance
difference may be due to the fact that the
total progeny count was not sufficient. The
gene encodes a protein that is involved in
glutathione transferase activity in response
to oxidative stress. The cellular component
is unknown. The protein is also involved in
glutathione peroxidase activity, defense
response, muscle contraction, and response
to toxins. There are 11 recorded alleles and
10 classical mutants available. The GstS1
mutation is recessive lethal. The stage of
development the gene is involved is

unknown. It is found that GstS1 mutations
cause mutant effects in the eye and wing.
Small clones and large clones of the 10830
stock displayed wild phenotype as well
(Figure 8). The gene disrupted is CG12744.
The P-element is located in scaffold 27476
and inserted at the 56 base of the 1st exon of
the RA transcript, or at the 5 base upstream
of the RB transcript.
The theoretical
recombination map distance between the Pelement and FRT42D site was 6mu, and the
calculated recombination map distance was
2mu (Table 2). A larger number of progeny
count may be required to reduce the map
distance difference. The gene encodes a
protein that contains a zinc finger, C2H2
type. The cellular component is unknown.
The protein encoded is involved in putative
transcription regulator activity involved in
nucleobase, nucleoside, nucleotide and
nucleic acid metabolism. There is only one
recorded allele and no classical mutant
available. No functional analysis has been
done for this gene. Both the stage of
development the protein is involved in and
the mutant phenotype are unknown.

Figure 8. Small and large clone analysis of 10803 and 10830

Analysis of large clones exhibiting mutant
phenotype (10791, 10814, 10818)
Small clones of the 10791 stock appears to
be wild type, but the generated large clones
confirmed that the P-element insertion is in
fact a homozygous cell lethal mutation
(Figure 9). The gene disrupted is Mef2
(Myocyte enhancing factor 2). The Pelement is located in scaffold 110907 and
inserted at the 37 base of the 1st exon of the
RE transcript. The theoretical recombination
map distance between the P-element and
FRT42D site was 6mu, and the calculated
recombination map distance was 7mu (Table
2). The gene encodes a protein containing a
MADS-box domain. The protein encoded is
involved in transcription factor activity and

RNA polymerase II transcription mediator
activity in the mesoderm development stage.
It is expressed in the embryo (cardioblast,
embryonic fat body, embryonic pharyngeal
muscle, embryonic somatic muscle and 15
other tissues). It is found that the Mef2 gene
is crucial for the normal patterning and
differentiation of the centripetally migrating
follicle cells that are important for the
development of the anterior chorionic
structures. The functional analysis of Mef2
gene shows that mutations in the gene affect
antenna, cardioblast, egg, epidermis, eye,
myoblast and 28 others. There are 17
recorded alleles and 8 classical mutants
available.

Figure 9. Small and large clone analysis of 10791

Small clones of 10814 stock display a
minor rough phenotype, and large clones
display a rough mutant phenotype,
confirming the P-element mutation
causes a developmental defect (Figure
10).
The disrupted gene is prod
(proliferation disrupter). The P-element
is located in scaffold 99387 and inserted
at the 129 base of the 1st exon of the
gene. The prod gene encodes a protein
that is localized in the nucleus and is a
component of chromosomes (pericentric
region and heterochromatin). The

protein is involved in chromatin binding,
and it does not have any conserved
domain. There are 7 recorded alleles and
4 classical mutations available. The
stage of development the prod gene is
involved in is unknown. However, the
functional analysis of prod shows that
mutations in the prod gene affect the
larval brain, the lymph gland, and the
eye-antennal disc and 4 other listed
tissues. The mutations are larval lethal
and hyperplastic.

Figure 10. Small and large clone analysis of 10814

Small clones of the 10818 appear to be wild
type, but large clones reveal that the Pelement insertion is homozygous cell lethal
mutation. (Figure 11). The disrupted gene
is CG2064. The P-element is located in
scaffold 149372 and inserted at the 51 base
upstream of the gene. The theoretical
recombination map distance between the Pelement and FRT42D site was 2mu, and the
calculated recombination map distance was
0mu (Table 2). The map distance difference
may be due to the small map unit and the
scarcity of the progeny. The gene encodes a

protein that contains a short-chain
dehydrogenase/reductase (SDR) superfamily,
a glucose/ribitol dehydrogenase, an insect
alcohol dehydrogenase family and a 2,3dihydro-2,3-dihydroxybenzoate
dehydrogenase (EntA). The protein encoded
is involved in oxidoreductase activity. There
is only one recorded allele and no classical
mutant available. No functional analysis has
been done for this gene. Both the stage of
development the protein is involved in and
the mutant phenotype are unknown.

Figure 11. Small and large clone analysis of 10818

Discussion
The completion of sequencing of the
Drosophila genome revealed the homogeny
between the Drosophila genome and the
human genome. Because of the remarkable
conservation of gene function through
evolution, homologs of many human genes
and their mutations can be also found in
Drosophila. Many human disease genes
have been already identified in the
Drosophila genome, and it is now known
that Drosophila can express similar mutant
phenotypes when known human disease
genes, which are not Drosophila
homologues, are inserted into the
Drosophila genome. These correlations
between the human genomes and the
Drosophila genome provide a huge
advantage to the use of Drosophila to
examine fundamental cellular processes and
biochemical pathways that are common to
both human and Drosophila. Although
mutational analysis of human genes to
identify a disease gene is not ethically

possible, genetic studies in a model
organism such as Drosophila can help find
the fundamental biological processes in
human. The genetic screens of Drosophila
will not only provide a better understanding
of a heritable disease, but they can also
make it possible to devise a gene therapy to
cure such disease.
As more genes
responsible for human diseases are
identified, more innovative therapeutic
approaches to cure diseases can be invented,
which in turn can significantly improve the
quality of human lives.
In this study, nine Drosophila genes, px,
Nup44A, Mef2, CG6543, cora, GstS1, prod,
CG2064, and CG12744, were screened for
their roles in the process of the eye
development, and the Mef2, prod, and
CG2064 genes were identified as genes that
are essential for the development of
Drosophila eye. The mutations in the
Drosopila genes px, Nup44A, CG6543, cora,
GstS1, and CG12744, did not generate any

mutant phenotype, illustrating that these
genes do not affect the development of eye,
but possibly affect some other biological
pathways that cannot be observed in this
study.
The P-element mutations in the Mef2 and
CG2064 genes resulted in the lethality of
cells, and the developmental defects in the
prod gene. The protein Mef2 is known as a
MADS box transcription factor that is
involved in the development of muscle in
Drosophila, and the family of the Mef2
transcription
factors
is
crucial
in
differentiation of muscle cells (Crripps et al.,
1998). When the gene was disrupted only in
the eye, it resulted in the death of the
affected cells, and this demonstrated that the
muscle differentiation the Mef2 gene is
involved is vital in the eye development
process.
The prod protein is a novel protein that is
required for chromatin condensation during
cell division. It is known that when the
function of the prod gene is lost, abnormal
centromere condensation occurs, resulting in
anaphase defects and cell death (Torok et al.,
2000). Therefore, homozygotes of the prod
gene mutations die in the third instar larval
stage due to massive cell death in the
imaginal discs, accumulating dead cells and
blood cells at the basal surface of the disc
epithelium (Torok et al., 1997). Mutations
in this gene are also known to affect the
larval brain, the lymph gland, and four other
tissues. The P-element mutation in the prod
gene, homozygous only in the eye,
generated a rough phenotype, illustrating
that the mutation in the gene causes

developmental defect, not cell death. Thus,
the induced homozygous P-element
mutation most likely affected other tissues,
not the eye. However, the fact that the
mutation generated a rough phenotype
illustrates that the prod gene is essential in
the Drosophila eye developmental process
no matter what tissues are affected by the
prod mutations.
The protein CG2064 is known to be
involved in oxidoreductase activity, but it is
not well understood yet. Based on the
information obtained from the protein
BLAST search, this protein is most likely
involved in detoxification and metabolic
assimilation, in which most of the conserved
domains are involved. Even though the
CG2064 gene is not well studied yet, the Pelement mutation resulted in the cell lethal
phenotype demonstrated that this gene is
vital in the Drosophila eye development
process.
In this study, three genes, Myocyte
enhancing factor 2 (Mef2), proliferation
disrupter (prod), and CG2064, were
identified to be essential in the biological
process of the Drosophila eye development.
Because of the homogeny between the
Drosophila and vertebrate genomes, and the
possible conservation of a gene expression
mechanism during development, it is likely
that these three genes can be the genes that
are responsible for causing a human disease.
If it can be determined that these three genes
are indeed homologous to those of human
genes, it is possible to invent a gene therapy
to cure a disease caused by these genes.
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