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Abstract

Drosophila melanogaster (the fruit fly) is a very well-suited
model organism within the genetic fields of biology. It has
a short generation time and a simpler genome than that
of humans, providing a good opportunity to control gene
expression within the organism. The genome of Drosoph-
ila is closely related to that of humans where 75% of dis-
ease-related genes overlap. Cancer is a well-known disease
in which some of the cells in the body grow uncontrollably,
and per today there is no cure. Malignant tumour growth
and spread are the cause of mortality in more than 90%
of all cancer patients, and the mechanisms of what causes
malignancy are poorly understood. This experiment is one
of many steps necessary to obtain a greater understanding
of the communication between cancer cells and healthy
surrounding tissue cells. Drosophila offers a system where
a tumour can be induced in a restricted region using RET/
Stit combined with LexA for controlling expression pat-
terns. The surrounding neighboring cells can also be con-
trolled by using a second binary system which Drosophila
provides. We were provided with a selection of different
LexA driver lines and have through this experiment iden-
tified their expression sites, finding suitable LexA drivers
which can be used to compare RET/Stit expression to tu-
mour development. Two of the lines were exposed to Stit
to see which effect this might have. The results indicate that
Stit promotes the spreading of cells as the expression sites
altered from the control samples.

Introduction

The body size of an organism is an important trait devel-
oped over time to adapt to a specific environment (Layalle
et al., 2008). Cellular and organismal growth in animals
depends on two factors: the rate of growth, and the dura-
tion of the growth period. Both these factors are regulated

and modulated by environmental factors such as nutrition-
al and hormonal cues (Layalle et al., 2008; O’Farrell et al.,
2013). Within many species, the insulin/IGF family plays
an important role in setting the growth rate as it is one of
the factors connecting nutrition intake and growth (Lay-
alle et al., 2008). In all eukaryotes studied, the conserved
protein complex target of rapamycin complex 1 (TORC1),
is the link between the insulin/IGF family obtained via
nutritional cues and the regulation of cellular growth and
proliferation (O’Farrell et al., 2013).

The TORCI1 system is initiated by the binding of insulin
to the insulin receptor (InR) activating the insulin substrate
(IRS), which in turn activates a downstream signalling pro-
cess. This signalling process includes phosphatidylinosi-
tol-kinase class 1 (PI3K-1), which in turn phosphorylates
and activates the protein kinase Akt, promoting TORCI1
activation (O’Farrell et al., 2013; Schmelzle & Hall, 2000).
Recent research has found that the proto-oncogene RET
(Rearranged During Transformation) has an impact on
the TORCI1 system, resulting in cell and tissue overgrowth
(O’Farrell et al., 2013). The RET proto-oncogene encodes
a receptor tyrosine kinase which is expressed in tumours
and tissues originating from the neural crest (Eng, 1999).
Different rearrangements of RET have been detected in
several different varieties of human cancers such as lung
and thyroid cancer (Takahashi et al., 2020).

Malignant tumour growth and spread are the cause of
mortality in more than 90% of all cancer patients. It is a
disease in which the abnormal cells divide uncontrollably
and can spread to nearby tissues and sometimes other re-
gions and organs of the body through the blood and lymph
systems (National Cancer Institute, 2022). A homolog of
RET has been identified in Drosophila melanogaster (the
fruit fly), first used as a model organism by Thomas Hunt
Morgan (Markow, 2015), called Stitcher (Stit). This togeth-
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er with the fact that downstream signalling processes are
widely conserved makes Drosophila a good model organ-
ism for cancer research. Stit encodes a RET-family receptor
tyrosine kinase which is required and activated during epi-
dermal wound healing in Drosophila embryos (O’Farrell
etal.,, 2013; Wang et al., 2009). As a consequence of wound
healing, it is also found to promote growth in the Drosoph-
ila epithelial imaginal wing discs, where it controls the bal-
anced growth of the dorsal and ventral wing disc compart-
ments. Stitcher is therefore required for optimal growth
and activates the TORC1 downstream signalling pathway
(O’Farrell et al., 2013; Wang et al., 2009). Both oncogenes
RET and Stit show stimulatory effects on cell migration,
a process allowing the movement of individual cells or a
group of cells from one location to another (Boekhorst &
Friedl, 2016).

Understanding the relationship between the microen-
vironment and the tumour itself requires a complex that
enables the induction in one cell while still allowing the
surrounding neighbouring cell’s gene expression to be reg-
ulated, in other words, two independent binary systems
(Lai & Lee, 2006). The combination of the binary systems
can therefore be utilised to find out what causes the tran-
sition to malignancy, and to what extent the surrounding
tissue of a tumour prevents or promotes the migration of
aberrant cells. The Drosophila model organism provides
such a system, using RET/Stit which promotes tumour
combined with LexA for controlling the expression pat-
terns of these cells (Lai & Lee, 2006; Boekhorst & Fried],
2016).

Drosophila is a great genetic model organism due to a
variety of benefits. Drosophila generates a large number of
externally laid embryos that are transparent throughout the
larval stages of development, have a quick generation time
of only 10 days, and is simple and inexpensive to maintain
in the lab (Jennings, 2011). Humans and Drosophila share
a strong genetic relationship; between the two species, 60%
of the genes in general and 75% of disease-associated genes
are shared (O’Farrell et al., 2013). Drosophila has a simpler
genome, providing a better opportunity to control gene ex-
pression. The imaginal wing disc, which becomes the wing
of the organism, is easily accessible within the larval stage
of development and the genetic expression within this area
is easily controllable, making it a suitable organ for char-
acterizing genetic expression (O’Farrell et al., 2013). Dro-
sophila has four chromosomes which make site-specific
insertions easier. To ensure that the whole gene (and chro-
mosome) of interest is passed on to the following genera-
tion, balancers are used on entire chromosomes to inhibit
recombination (Miller et al., 2019).

Drosophila genetics provides the binary expression sys-
tem GAL4/UAS (Upstream Activation Sequence), con-

sisting of two components GAL4 transcriptional activator
which is inserted in a combination of an enhancer. When
activated, it expresses GAL4. The UAS promoter is activat-
ed in the presence of GAL4, promoting transcription of a
gene of choice downstream, in this case being Green Flu-
orescent Protein (GFP) (Rodriguez et al.,, 2011). All RNAi
(interfering RNA capable of reducing gene expression)
lines, as well as the oncogenes RET/Stit, rely on the binary
system GAL4/UAS. To knock down the genes within the
surrounding cells of the oncogene independent of RET/
Stit expression, a separate system is required; one system
for controlling the expression of RET/Stit, and one system
controlling the expression of the surrounding tissue (Ro-
driguez et al., 2011). Drosophila provides a second binary
system, LexA/Aop. This system has the same mechanism
as GAL4/UAS, where LexA binds to and activates the Lex-
Aop, the LexA operator (Rodriguez et al.,, 2011). Further,
the two systems are not affected by one another and can
work simultaneously within the same tissue, allowing re-
searchers to perform two manipulations of gene expression
in vivo (Rodriguez et al., 2011).

The aim of this study is to find suitable LexA driver lines
and compare RET/Stit expression to tumour development
within the imaginal wing disk of the Drosophila. To achieve
this, different genetic lines had to be created by performing
numerous crosses of Drosophila flies tagged with differ-
ent phenotypes to ensure the presence of the desired gene.
Our hypothesis is that some of the LexA driver lines will
provide suitable and restricted expression patterns, which
can later be used to understand the mechanisms of tumour
growth and communication within the microenvironment
of a tumour. We further hypothesise that the strength of
expression will correlate with the penetrance of the tumour
phenotype.

Material & methods

At the University of Bergen’s fly lab facility, flies were cul-
tivated in an incubator at 25 °C and with a light regulation
that mimicked the daily rhythm of the sun in the flies’ nat-
ural environment. The light turns on at 9.00 in the morn-
ing and off at 9.00 in the evening. Flies were stored in tubes
containing a food medium and were flipped' once a week
to a fresh tube of food. All different genetic fly lines were
provided by Fergal O’Farrell, associate professor at the
University of Bergen (Table 1). Table 1 abbreviations will
be used to refer to the genetic lines throughout this paper.

1 Flipping is the act of transferring flies between two tubes. Removing
the lids from both tubes - one containing fresh food and the other one
with flies - and fast stacking them on top of one another and rotating
them. Next, pounding the stacked tubes on the table, forcing the flies
down into the new tube. When completed, replace the old lid and dis-
card the empty bottle with its lid still on.
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Table 1. An overview of the Drosophila genotype of original genetic lines provided at the beginning of the experiment. The genotype and
the corresponding stock number are aligned. The table also provides an abbreviation for each genotype and which chromosome the gene of

interest is inserted/present. N.A. indicates information Not Available.

Abbreviation Stock Complete genotype Location Homozygous
Number (Chromosome)

LexAop lines (promoter)

AopmyrGFP, 3rd 32209 w[*]; P{y[+t7.7] w[+mC]=13XLexAop2- 3rd Yes
IVS-myr::GFP}attP2

AopmyrGFP 2nd 32210 w[*]; P{y[+t7.7] w[+mC]=13XLexAop2- 2nd Yes

’ IVS-myr::GFP}attP40

LexA enhancer lines (transactivator)

bx-lexA 54414 w[1118]; Ply[+t7.7] | 2nd Yes
w[+mC]=GMR34G06-lexA}attP40

wi ap-lexA 54268 w[1118]; Py[+t7.7] | 2nd Yes
w[+mC]=GMR42A06-lexA}attP40

wi ap-lexA 53641 | wli118) Py[+t77] | 2nd Yes
w[+mC]=GMR42D11-lexA}attP40

nub-lexA/CyO 54415 | w118} Py[+e7.7] | 2nd No
w[+mC]=GMR78A01-lexA}attP40/CyO

ptc-lexA 54926 | w118} Ply[+7.7] | 2nd Yes
w[+mC]=GMR69F10-lexA}attP40

ptc-lexA N.A. 2nd Yes

kn-lexA 48576 w[1118]; Piy[+t7.7] | 3rd Yes
w[+mC]=GMR13F08-GAL4JattP2

trx-lexA 61615 | wlll18] Ply[+t7.7] | 2nd Yes
w[+mC]=GMR83F09-lexA}attP40

salm-lexA 61619 | wlili8] Py+t77] | 2nd Yes
w[+mC]=GMR85E08-lexA}attP40

LexAopStit lines (promoter)

F1-M N.A. LexAop-Stit X Yes

F2-M N.A. LexAop-Stit X Yes

Control (wildtype)

WT | N.A. witis Yes

Double balancer

DB N.A. Sp _Dbr No

Cy0 'Tmé6C

Selection of Flies - Fly Pushing

The balancers had different phenotypic expressions, en-
abling us to sort out the flies containing the genetic lines
of interest with the use of a microscope (Figure 1). The
technique used is called fly pushing and refers to the daily
sorting of flies. Flies are emptied from their tube onto a
CO,-perfused pad, knocking out the flies instantly. A small
paintbrush is then used to ‘push’ the flies around to select
for or against anatomical characteristics and phenotyp-
ic expressions. A Leica light microscope with additional
spotlights was used for fly pushing.

Setting Crosses

Crosses were set on a Friday, ensuring that the F1 gener-
ation started to emerge on a Monday (10 days after fer-
tilization). In order to make a cross, 4-8 virgin females
and 2-4 males were required. Virgin females have specific
characterisations visible with the use of a microscope. They

are more transparent, paler in colour, and possess bloated
abdomens. The crosses were flipped to a new tube 4-5 days
after the cross had been made, preventing the parent gen-
eration and F1 generation to be mixed.

Generation of Double-Balanced Stocks

The goal was to create double-balanced stocks containing
a LexA enhancer line on the 2nd chromosome, and Lex-
Aopmyr::GFP 3rd chromosome (Figure 2). There was one
exception, that of the KnLexA, where the aim was to have
both the LexA and LexAopmyr::GFP on the 3rd chromo-
some. The differentiation was caused due to the position of
the KnLexA enhancer on the 3rd chromosome (Figure 2).
The goals required a multistep crossing scheme. A short
summary of the original genetic lines needed to create
each double-balanced stock is included (Figure 2). A slash
(/) indicates that the genes are on the same chromosome
whereas a semicolon (;) indicates that the genes are on sep-
arate chromosomes of Drosophila.
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Figure 1. Phenotypic expressions of balancers and corresponding wild type of Drosophila used in the experiment. A: C: Tb
(Tmé6C), reduction of body size (above), and wildtype (below). B: Dr, reduction of eye (B1) and wildtype (B2). C: Sp, addition-
al hairs behind the first anterior leg of the fly (C1) and wildtype (C2). D: CyO, curly wings (D1) and wildtype (D2).

Simultaneously as the multistep process of creating dou-
ble-balanced stocks started, direct crosses of each LexA
promoter line and Aopmyr::GFP were also made (be-
fore the enhancers had been balanced). This was done to
check if there was a GAL4 expression pattern, shown with
GFP-positive cells if present. If the results were negative,
meaning no expression pattern, the given LexA enhancer
line would not be used further in the experiment.

Microscopy and Dissection

The imaginal wing disk of wandering third-instar larvae
was removed by dissection and fixed in 500 ul 4% formal-
dehyde/PBS (Phosphate-Buffered Saline) for 20 minutes in
a well plate. Then the disks were rinsed with PBS for 3x1
minute before being fixed in 500ul PBS containing Hoechst
10 pg/ml with a 1:10 000 ratio for 20 minutes. Lastly, the
disks were rinsed with PBS.

X LexA, homozygous ]
XLexA Aopmyr::GFP
Sp/CyO ; Dr/Tm6C, double balancer - Goal: y
Cyo TmecC
Aopmyr::GFP, homozygous
X =bx/nub/ap/ ptc/ trx / salm
KnLexA, homozygous i
Sp Aopmyr::GFP
Sp/CyO ; Dr/Tm6C, double balancer L Goal: ;
Cyo KnLexA
Aopmyr::GFP, homozygous

Figure 2. Presentation of the crossing scheme aim for obtaining double balanced stocks. The original lines (left) that were used
to create the goal (right). The procedure was consistent for all different LexA enhancer lines; therefore, the X is used in order to
indicate each LexA enhancer line. The goal and original lines needed for KnLexA are also shown.
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A drop of glycerol mountant was added to an objective
slide by using a pipette. The imaginal wing disks were then
transferred to the mountant, and an objective glass was
placed on top. The objective slides were labelled immedi-
ately afterward with the genotype of the imaginal disks. All
objectives were stored in a fridge until microscopy of the
disks. The dissection was performed using a surgical nee-
dle and forceps. A minimum of three discs showing the
same result for each genotypic expression was required be-
fore conclusions could be drawn.

[Nlumination microscopy imaging was performed using
a Leica inverted microscope and the LasX Leica software.
The disks were illuminated with 420nm and 488nm wave-
length light produced by an LED laser light source for the
detection of Hoechst and GFP-positive cells/expression,
respectively. Following image acquisition samples were
compared using Image]J Fiji.

Double-Balanced Enhancer LexA lines exposed to Stit

The completed double-balanced LexA;AopmyrGFP stocks
were crossed with LexAopStit (Stit). The goal was to detect
any changes that might occur within the GAL4 expression
pattern when being exposed to Stit. At least two samples
of each Stit;LexA;AopmyrGFP as well as a control, not
crossed to Stit, were made for each completed line follow-
ing the same procedure as the microscopy and dissection
before (section “Microscopy and Dissection”). Due to
limited time, only the LexA enhancer lines PtcLexA and
ApLexA was exposed to Stit.

Results

Direct Crosses of LexA Promoter lines for GAL4 Expres-
sion

The expression patterns of all results are shown with
GFP-positive cells, if present, within the imaginal wing
disc of Drosophila. The direct cross of different LexA pro-
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Figure 3. Negative GFP-cells in tissue samples from LexA promoter for GAL4 expression in Drosophila. BxLexA, SalmL-
exA, KnLexA, showed no expression sites of GFP-positive cells within the imaginal wing disk of Drosophila. The GFP scan
shows that there is only background colouring for these driver lines.
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moter lines for GAL4 expression is presented in Figures all lines had some expression within the wing pouch area.
3 - 5. GFP-positive cells were observable in the LexA pro-  Further NubLexA only showed expression in 50% of the
moter fragmented genetic lines of Trx, Ap, Ptc, and Nub imaginal discs dissected due to this line not being homozy-
(Figure 4 - 5), whereas the LexA promoter fragmented ge-  gous. To confirm GFP-positive cells a tube with larvae was
netic lines Bx, Kn, and Salm were GFP-negative (Figure 3). held under a LED light where GFP was visible as a brighter
The GFP-positive expression sites varied within the imagi- region in the anterior region of the larvae (Figure 6).

nal wing disc among the different genetic lines, however,

DNA (20x) GFP (20x) Ptc > GFP (20x)

pGFP

Ptc_LexA > Ao
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Trx_LexA > Ao
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Figure 4. Tissue samples from LexA promoter for GAL4 expression in Drosophila. GFP-positive cells were observable in
different regions of the imaginal wing disk of Drosophila for driver lines Ptc(54926)LexA and TrxLexA. PtcLexA showed
fragmented expression within the wing disk, including the wing pouch and notch. TrxLexA showed a restricted region of
positive GFP cells in the pouch area of the imaginal wing disk.
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Crosses of Double-Balanced LexA promoter lines for Stit-transformed cells, showed an elongated expression
GAL4 Expression when exposed to Stit fragment within the wing pouch of the first sample, less
Crosses of double-balanced lines Ptc>GFP and Ap>GFP centered than that of the control (Figure 7?' The second
with Stit-transformation of cells showed abnormal ex- 3P le showed more Fentered fragrpents similar to that
pression patterns. Two different positioned Stit-transfor- of the control.. The region of expressions for both samples
mations were used, Stit FM1 for Ptc expression (Figure 7) o © overlapping with that of the control.

and Stit FM2 for Ap expression (Figure 8). Stit>Ptc>GFP,
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Figure 5. Tissue samples from LexA promoter for GAL4 expression in Drosophila. GFP-positive cells were observable in different regions of
the imaginal wing disk of Drosophila for driver lines Ap(53641)LexA, Ap(54268)LexA, and NubLexA. Both ApLexA lines had GFP-positive
cells in the dorsal region of the wing pouch, where the expression pattern of Ap(54268) was also present in the wing thorax. NubLexA showed
three small fragments of GFP-positive cells within the ventral region of the wing pouch.
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Figure 6. 3rd instar larvae with
NubLexA promoter for GAL4 expres-
sion in the imaginal wing disc. The
GFP-positive region was identified in
the anterior region of the larvae as a
small circle with a brighter colour on
both the left and the right side of the
organism. The figure shows one larva
to the left (A) and the same larva but at
a higher magnification to the right (B).
The areas with expressions are high-
lighted with arrows and circles.
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Figure 7. Tissue samples from PtcLexA promoter for GAL4 expression when exposed to Stit in Drosophila. Wing disk where PtcLexA>GFP is
shown as fragments within the pouch and notch. Stit-transformation of cells (Stit>Ptc>GFP) leads to more diluted fragments of GFP-positive
cells. The areas of GFP expression are consistent with that of the control.
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Figure 8. Tissue samples from ApLexA promoter for GAL4 expression when exposed to Stit in Drosophila. Wing disk where ApLexA>GFP
is shown as fragments within the pouch. Stit-transformation of cells (Stit>Ap>GFP) leads to more diluted fragments of GFP-positive cells
within the pouch of the imaginal wing disk. The areas of GFP expression are somewhat consistent with that of the control.

Stit>Ap>GFP, Stit-transformed cells, showed a small-
er area of GFP-positive cells than that of the control. This
result was consistent for both samples of Stit>Ap>GFP
(Figure 8). The first sample was disturbed due to the po-
sitioning on the objective glass, however, there were still
GFP-positive cells present within the wing pouch, which
were more elongated than the control. The second sample
showed a strongly reduced expression region in the pouch,
with two separate fragments instead of one larger fragment.

Discussion

Cancer, characterized by uncontrolled growth and spread
of abnormal cells, is a major public health concern globally
and is one of the leading causes of death (National Can-
cer Institute, 2023; World Health Organization, 2022). The
rise of cancer incidence is attributed to various factors,

including changes in lifestyle, exposure to environmental
variables, and the aging of the population (National Can-
cer Institute, 2023). With numerous types of cancer, each
having distinct risk factors, symptoms, and therapies. Un-
derstanding its causes, preventing its incidence, and find-
ing effective therapies require continuous research and at-
tention.

To investigate the effects of RET/Stit expression on tu-
mour development, we aimed to identify suitable LexA
driver lines with restricted expression patterns within the
imaginal wing disc of Drosophila. Out of eight LexA driv-
ers tested, five were identified as suitable, and two of them,
PtcLexA and ApLexA, were further exposed to Stit for an
insight into the effects this might have on the cells. Using
the binary system LexA/Aop transcribing GAL4, we iden-
tified the expression sites within each genetic line, leading
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to GFP-positive cells if the gene was present. This way of
experimenting along with the use of the two different bi-
nary lines is considered to be a decent method for identi-
fying the expression sites based on our results and earlier
research within the same scientific field (Rodriguez et al.,
2011). Further, the use of balancers has been advantageous
as it ensures the whole gene of interest is passed on to the
next generation. This mechanism played a crucial role in
the project and is a common technique when working with
Drosophila gene manipulation (Miller et al., 2019).

Expression of LexA driver lines within the imaginal wing
disc of Drosophila

For detection and identification of the expression with-
in the imaginal wing disc of Drosophila, direct crosses of
the driver LexA lines to AopGFP were made. The results
showed that the lines ApLexA, TrxLexA, PtcLexA, and
NubLexA (Figures 4 - 5) had GFP-positive cells within the
wing disc of Drosophila, whereas the lines BxLexA, Kn-
LexA, and SalmLexA (Figure 3) were GFP-negative. The
GFP-positive cells of Ap-, Trx-, Ptc-, and NubLexA were
expressed differently in correlation to the region of expres-
sion and total area of expression. NubLexA and PtcLexA
had the most fragmented and restricted expressions of the
lines (Figure 4 - 5). PtcLexA had a clear fragment in the
pouch area and another more elongated expression in the
thorax of the wing disc (Figure 4). The NubLexA was high-
ly restricted and showed a lower intensity expression com-
pared to that of the others present in the lower region of the
wing pouch (Figure 5). As the NubLexA/CyO was not ho-
mozygous (Table 1), only 50% of the larvae had the correct
genotype, NubLexA;AopGFP, and the other 50% would be
CyO;AopGFP. A higher number of samples to confirm ex-
pression was therefore required to confirm GFP-positive
cells. An additional control by holding the tube with lar-
vae under a GFP light was also performed (Figure 6). This
check confirmed our microscopy dissection results that
there were GFP-positive cells in the imaginal wing disc.

TrxLexA had a relatively large expression site compared
to that of Nub and Ptc. The GFP-positive cells were restrict-
ed to the wing pouch of the imaginal wing disc (Figure 4).
Both of the ApLexA lines had high-intensity expression
sites. Since these lines were different fragments of the same
gene, the expression differed between them. The fragment
of Ap(54268)LexA had a larger area of GFP-positive cells
than that of Ap(53641) present in both the pouch and the
thorax of the imaginal wing disc (Figure 5). Ap(53641) was
only present in the pouch of the imaginal wing disc. It is
difficult to say whether these fragments have some areas
where their expression might overlap as the samples of
Ap(53641) were of a later larvae stage. This can be conclud-
ed as the pouch has started to fold in this sample (Figure
5).

Exposing selected LexA Driver Lines, PtcLexA and
ApLexA, to Oncogene Stit

Exposing PtcLexA and ApLexA to Stit resulted in changed
expression sites of GFP-positive cells within the discs when
compared to that of the control (Figure 7 - 8). It has been
shown through previous studies that Stit is a promoter for
migratory of cells (Boekhorst & Friedl, 2016). There are in-
dications of migratory cells of both GFP-positive regions
of the PtcLexA and ApLexA when exposed to Stit (Figure
7 - 8). Two different samples of each LexA line exposed to
Stit were presented in this study, where the two samples in
both cases differed slightly from each other. Stit>Ptc>G-
FP resulted in more diluted fragments of GFP-positive
cells. The GFP-positive cells of the wing pouch had a more
elongated pattern reminding of a line rather than a cen-
tered fragment like it was in the control (Figure 7). This
was only the case for the first sample (Figure 7, column 1);
the second sample’s GFP-positive cells in the pouch region
were more similar to that of the control, whereas Ptc>GFP.
Ptc>GFP also showed a region of GFP-positive cells within
the dorsal region of the thorax. This area was also altered
when exposed to Stit in the second sample. Here, it looked
like the expression was covering a larger area than that of
the control (Figure 7, column 2).

Stit>Ap>GEFP resulted in more elongated regions of ex-
pression, especially within the first sample (Figure 8, col-
umn 1). Since this sample was disrupted when mounted,
it is not possible to draw a conclusion. However, there are
clear indications that the expression changed within the
region, resulting in a more long-stacked GFP-positive re-
gion. The second sample (Figure 8, column 2) shows two
separate fragments of expression in the pouch instead of
one completely larger region like in the control, Ap>GFP.
Given that the Stit>Ap>GFP wing disc is at an earlier de-
velopmental stage than the Ap>GFP wing disc, it is plau-
sible to conclude that the areas of expression are shared,
allowing for direct comparisons. (Figure 8). The second
sample (Figure 8, column 2) shows signs of movement
because there are several small GFP-positive ‘stripes’ elon-
gating from the higher intensity fragment of GFP-positive
cells (Figure 8).

Summary of Observations when Exposing LexA Driver
Lines to Stit

The images of the samples from both the Stit>Ptc>GFP
and Stit>Ap>GFP indicate that there is a movement of cells
when exposed to Stit as the expression of GFP-positive
cells differs from the control sample results. These findings
support the fact that Stit is a promoter for the migration
of cells and is further supported in earlier research on Stit
(Boekhorst & Friedl, 2016; O’Farrell et al., 2013; Wang et
al., 2009). During this experiment, two different Stit lines
were used, StitFM1 and Stit FM2.1t is not possible to draw
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comparisons between the two in this case due to the ex-
pression with different LexA lines.

Conclusion

In this experiment, we aimed to identify suitable LexA driv-
er lines with restricted expression patterns within the ima-
ginal wing disc of Drosophila. We successfully identified
five out of eight LexA drivers to be suitable for comparing
the effects of RET/Stit expression in tumour development.
Two of the appropriate driver lines, PtcLexA and ApLexA,
were further exposed to Stit to gain insight into the effects
on the cells. The expression sites within each genetic line
were identified using the binary system LexA/Aop tran-
scribing GAL4, which ultimately resulted in GFP-positive
cells when the gene is present. Based on our findings and
previous research in the same scientific field, this method
of experimenting, along with the use of two different bina-
ry lines, is regarded as a reasonable method for identifying
expression sites (Rodriguez et al., 2011). Our findings sug-
gest that the strength of expression correlates with the pen-
etrance of the tumour phenotype, but additional research
is needed due to inconsistencies in expression and a lack of
repeated experiments.
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