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ABSTRACT
The development of apical-basal polarity is important for epithelial cells and is
vital for cell function. The disruption of such polarity needs to be understood so as to
fully comprehend the protein-protein interactions that occur to maintain this polarity. One
key protein in the development of the apical domain in Drosophila is spectrin,
specifically βHeavy spectrin (βH). In normal cells, βH interacts with an apical
transmembrane protein Crumbs to help regulate the apical membrane. Several other
proteins also associate with Crumbs to form the subapical complex (SAC) that maintains
apical membrane polarity and area. A mutation in any of these proteins has the potential
to disrupt apical membrane polarity, area and function.
The experiments presented in this thesis seek to determine the effects on Crumbs
as well as other proteins of the SAC in the absence of βH function. I have investigated the
karst1 mutation, which produces a truncated protein that we hypothesize may alter the
levels and/or distribution of Crumbs and other SAC proteins. My strategy was to generate
loss of function karst mutant clones in wild type tissues and to stain for SAC
components. The results from this approach indicated that it is harder than anticipated to
create karst mitotic clones in third instar larval imaginal discs. Thus, an alternative set of
experiments were done to see the effects of the loss of βH using karst RNAi. The results
indicate that loss of βH has an effect on the level of MAP kinase activation. Specifically,
loss of βH increases dp-ERK staining levels in third instar imaginal wing discs. The full
extent of these effects have not been fully determined, but these experiments should be
able to be completed in the near future.
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Analysis of karst mutant clones in Drosophila

INTRODUCTION
Epithelia and Polarity
Epithelial cells establish apical-basal polarity through the interaction of many
proteins. It has been shown that epithelial polarity is critical and must be maintained to
ensure the health of individuals. A disruption in epithelial polarity is consistent with
several human pathologies, specifically in the development of malignant carcinomas.
Thus the study of the regulation of the maintenance of epithelial polarity is of upmost
importance to the human population. The more players that are identified in maintaining
apical-basal polarity, the better. In Drosophila, two important proteins in determining
apical domain polarity and size are spectrin and Crumbs. Spectrin isoforms are present at
the apical and basal membranes and are thought to support cell shape. Spectrin is a
heterotetrameric protein containing two α chains and two β chains (Dubreuil, 1990). The
structure of spectrin is shown in Figure 1.
Understanding the extent of the full role of spectrin in the fly is my research
interest. While this is a large multilayered task, this thesis aims to determine the effects of
mutated βH on other key players that establish and maintain cell polarity. One type of β
spectrin that is of particular interest is βHeavy spectrin (βH). βH is the protein encoded by
the gene karst, and the function of the protein produced by the karst1 mutation (Figure 1)
is analyzed in this project. While β spectrin is localized to the basal membrane, βH is
localized to the apical membrane and is associated with the zonula adherens junction.
The zonula adherens junction aids in the connection of epithelial cells to one another.
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Figure 1: Fly Spectrins and βH Mutations
Figure Courtesy of Dr. Graham H. Thomas
Crumbs (Crb) is another important protein that is thought to interact with βH at the
zonula adherens. The function of Crb is to promote apical polarity and the formation of
zonula adherens (Wodzard et. el., 1995; Tepass et. el., 2001). The Crb protein contains a
cytoplasmic FERM-domain binding site through which it recruits βH and to which binds
to at least two FERM-domain proteins. These proteins can form various complexes that
play a role in the regulation of apical membrane area by either direct or indirect
interaction with Crb. One of these proteins is Yurt (Yrt), the other is Moesin. During
embryogenesis Yrt is initially a basal protein, but is recruited to Crb during the later
stages of epithelial differentiation. The binding action of Yrt to Crb is thought to restrict
apical membrane growth by restricting Crb activity (Laprise et. el., 2006). This negative
regulatory interaction may seem counterintuitive to the traditional function of Crb. If Crb
is supposedly promoting apical polarity and consequently apical membrane growth, this
late binding of Yrt may represent a homeostatic, maintenance function. However, this
interaction is important not only in controlling the extent of apical membrane growth; it
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has been shown that embryos which completely lack Yrt show polarity defects (Laprise
et. el., 2009). There is currently no information on the role of Moesin when bound to Crb.
Role of SAC
Crb has a second role as part of the subapical complex (SAC) (Bachmann, 2001).
The SAC is present in the most apical region of the lateral plasma membrane. Beneath it
lays the zonula adherens, which connects epithelial cells. The transmembrane protein Crb
is a core SAC protein. The cytoplasmic tail of Crb has a PDZ-domain binding site and a
FERM-domain binding site. The two other core SAC proteins are Drosophila Patj
(DPatj) and Stardust (Sdt). Crb binds Sdt on an intracellular domain, and Sdt
subsequently recruits and binds DPatj (Roh et. al., 2002). Crb and Sdt function together
to maintain apical-basal polarity. It has been shown that mutations in Crb or Sdt result in
a loss of apical-basal polarity; whereas a mutation in DPatj does not affect this axis
(Pielage et. al, 2003). There are many other proteins that are associated with the SAC
region, such as the Bazooka (Baz), Par-6, atypical PKC (aPKC) complex. Like Crb, BAZ
and Par-6 contain cytoplasmic PDZ-domain binding sites through which they bind to
aPKC. These proteins are also important in establishing and maintaining epithelial
polarity. Understanding the interactions of these proteins is crucial to understanding
apical-basal polarity in Drosophila epithelial cells.
Spectrin Functions Downstream of the SAC
Currently we believe that βH plays a role in polarity downstream of the SAC by
modulating protein endocytosis and recycling: loss of Crb results in loss of βH, whereas
loss of βH does not displace Crb. Specifically, it has been suggested that the spectrin
based membrane skeleton (SBMS) may regulate membrane turnover by nucleating a
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complex on segment 33 (the C-terminus) of βH. Overexpression of the C-terminal region
of βH causes membrane growth and sequestration of Dynamin and also induces apoptosis
(Williams, 2004). The C-terminus contains a pleckstrin homology (PH) domain, which
may participate in this (Williams, 2004).
Epidermal Growth Factor Receptor
The EGF Receptor (EGFR) is responsible for the initiation of the MAP kinase
cascade: RAS/RAF/MEK/ERK. This is an important signaling pathway that changes cell
physiology and leads to the activation of transcription factors. This can be important for
cell growth and differentiation. EGFR and all the members of the MAP kinase cascade
are all active during eye development, where this cascade controls the recruitment of the
seven photoreceptor cells as well as the cone and pigment cells. It also controls the G2 to
M transition during cell division after the morphogenetic furrow and ommatidial rotation
(Banoza and Freeman, 2001; Shilo, 2005). EGFR is internalized and recycled.
Internalization is believed to utilize more than one route that leads to either the recycling
or degradation of the receptor and to modulation of the duration of signaling. One of
these is clathrin-mediated endocytosis, and gain-of-function mutations in clathrin cause
clathrin-independent endocytosis and degradation, but loss-of-function mutations in
clathrin cause EGFR to be stuck in signaling endosomes (Sigismund et. el., 2008). The
activity of EGFR in the absence of wild type βH is of particular interest, because it has
recently been shown that a karst1 mutation can rescue EGFR signaling in a rhove
background (Juan Wu, personal communication).
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Other Roles of Spectrin
Several diseases are associated with defects in spectrin and its binding partner
ankyrin. These proteins as well as other associated proteins are shown in Figure 2.
Spectrin and ankyrin are not expressed in bacteria, plants or fungi, but are expressed in
most metazoan cells. The spectrin/ankyrin binding pair help structurally maintain the
integrity of the apical membrane. Thus any mutation that affects these proteins is likely to
cause disease. The diseases currently associated with spectrin and ankyrin defects
include: 1) hereditary spherocytosis (a hemolytic anemia), 2) spinocerebellar ataxia type
5 (a progressive neurodegenerative disorder), and 3) cardiac arrhythmia, which can lead
to sudden cardiac death (Bennett and Healy, 2009).

Figure 2: Spectrin Networks
Figure Courtesy of Dr. Graham H. Thomas
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Open Questions and Hypotheses Tested
Research has shown that karst mutants can maintain epithelial apical-basal
polarity. However, proper apical domain development requires βH (Thomas, 1994). Thus
this thesis tests whether βH is required to maintain the level of proteins in the subapical
complex (SAC) and in the apical domain of Drosophila epithelial cells. Also, since
EGFR is the only receptor in its pathway and is responsible for initiating the MAP kinase
cascade, we hypothesize that the overexpression of βH in the case of mitotic clones may
cause an increase in MAP kinase signaling.
Overview of Methodology
In order to test the role of βH, karst mutant clones will be generated in imaginal
tissue using genetic recombination techniques. Typically in adults the karst mutant
phenotype is lethal, thus a karst mutant stock can not be maintained. The use of FRT sites
on homologous chromosomes allows genetic recombination to occur in somatic tissue
(Figure 3). Figure 3 shows how the crossing between 2 homologous chromosomes during
mitosis leads to the development of mitotic clones and twinspots. Site-specific mitotic
recombination is activated by a conditionally expressed form of Flippase (FLPase, a
recombinase) which acts on the FRT sites. The two promoters used to drive FLPase in
these experiments were the heat shock promoter (hsFLP) and the eyeless promoter
(eyFLP). Analysis of third instar imaginal discs and adult eyes were analyzed for the
presence of mitotic clones and twinspots (Xu and Rubin, 1993).
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Figure 3: Genetic Recombination to Produce Mitotic Clones
Two homologous chromosomes containing FRT sites will undergo recombination
during mitosis. The resulting cell types from mitosis are seen on the right (A-C). Most
epithelial cells will be A-type, which is wild type, shown in purple in the sample
Drosophila imaginal disc shown below the crossing over event. Genetic recombination
can produce B-type cells which create karst mutant clone patches, shown in blue; and
C-type cells which are twinspots that contain 2X the wild type tissue, shown in red.
To additionally test the need of βH at the apical membrane, RNAi was used. RNAi
works by expressing dsRNA in cells, which is subsequently chopped up into small
interfering RNAs (siRNAs) by the RNase Dicer. The siRNAs bind to the target mRNAs.
These RNAs are chopped up by endoribonucleases. Thus translation of the target gene
protein is prevented. Regional expression of karst RNAi constructs can also be useful in
comparing the SAC protein levels in the absence of βH in the same way as mitotic clones.
If the βH RNAi construct is driven by the engrailed Gal4 driver, it will only be expressed
in the posterior region of the wing imaginal discs. As with clones this provides a way to
observe protein levels in the same tissue in the absence of βH and in the presence of
7

normal levels of βH at the same time. The wild type conditions observed in the anterior
region of the wing imaginal discs were further able to be compared to control wing discs
imaged under the same conditions. This would show if the absence of βH in the posterior
region of the imaginal discs has any affect on the maintenance of protein polarity in the
anterior region as well.
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MATERIALS AND METHODS
Fly Lines
Flies were raised on cornmeal agar fly food and fed yeast at room temperature,
approximately 25oC. Fly crosses were kept at 18oC, 22 oC, or 25 oC depending upon the
experiment. The fly lines used from Bloomington Stock Center include: yd2 w1118 P{eyFLP.N}2 P{GMR-lacZ.C(38.1)}TPN1; RpS174 P{white-un1}70C,
P{neoFRT}80B/TM6B, P{Car20y}TPN1, Tb1 (BL5621), P{hsFLP}22, y1 w; P{armlacZ.V}70C P{neoFRT}80B (BL6341), and P{hsFLP}1, y1 w1118; DrMio/TM3, ry* Sb1
(BL7). The BL numbers are the Bloomington Stock Center stock numbers for these fly
lines. w; mwh ve, kst1, FRT 80B / TM6, Tb Hu e was made by Dr. Daniela Zarnescu.
Other fly lines include: w; +; P{histone-GFP 62A FRT 80} / {TM6, Tb Hu e} (Dr.
Robert Saint, Australia); en-Gal4; and two kst RNAi lines (37074/5, VDRC Stock
Center, Vienna, Austria).

Heat Shock
Heat shock was used to induce mitotic crossing over in the genotype P{hsFLP}1,
y1 w1118 or P{hsFLP}22, y1 w; kst1 FRT 80B / P{arm-lacZ.V}70C P{neoFRT}80B.
Crosses were held in cages or in vials.
For crosses held in cages: larvae were reared at 25 oC for 24 hours and these heat
shock regimes were used:
1. After 24 hours, heat shock once for 90 minutes at 37 oC.
2. After 48 hours, heat shock three times, 12 hours apart, 90 minutes each, at 37oC.
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For crosses held in vials: larvae were reared at room temperature for 24 hours and these
heat shock regimes were used:
3. After 24 hours, heat shock once for 90 minutes at 37 oC.
4. After 24 hours, heat shock twice, 12 hours apart, 90 minutes each, at 37 oC.
5. After 24 hours, heat shock twice, 24 hours apart, 90 minutes each, at 37 oC.
6. After 24 hours, heat shock four times, 12 hours apart, 90 minutes each, at 37 oC.
A second set of crosses was held in vials at various temperatures: 18oC, 22 oC, and 25 oC.
Larvae were reared at their respective temperatures for 24 hours and these heat shock
regimes were used:
7. After 24 hours, heat shock once for 2 hours at 37 oC.
8. After 24 hours, heat shock twice, 24 hours apart, 2 hours each, at 37 oC.
9. After 24 hours, heat shock three times, 24 hours apart, 2 hours each, at 37 oC.
10. After 48 hours, heat shock once for 2 hours at 37 oC.
11. After 72 hours, heat shock once for 2 hours at 37 oC.
12. After 96 hours, heat shock once for 2 hours at 37 oC.

Fixations
All fixation and subsequent washing occurred in depression slides at room
temperature on setting 2 of the BellCo Biotechnology orbital shaker (Vineland, New
Jersey) unless otherwise specified. All volumes were 400µL unless otherwise specified.
Eye and wing third instar imaginal discs were dissected in ice cold 1X PBS and held on
ice until fixed. In all cases except for experiments monitoring Crb, eye and wing third
instar imaginal discs were fixed with 4% Paraformaldehyde (PFA) (1X phosphate
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buffered saline (PBS)) for 30 minutes at 25 oC. Discs were washed four times for 15
minutes each in 1X PBS before blocking.
For the Crb staining Nakane’s PLP fixative protocol was used (0.1M lysine stock,
16% PFA, 2.5mg/mL sodium meta periodate, dH2O) (Tepass et. el., 1990). This
alternative protocol was used only for Crb staining because of the sensitivity of this
protein to fixation. This fixation technique provides a gentler way to fix the third instar
imaginal discs that are to be imaged for Crb. To develop a 0.1M lysine stock, 10mL of Llysine was pH adjusted to 7.4 with phosphate buffer. The phosphate buffer contains
10mL of 0.1M monobasic NaH2PO4 that has been pH adjusted to 7.4 with 0.1M dibasic
NaHPO4. The lysine stock was combined with the PFA, sodium meta periodate, and
dH2O to create the fixative solution. Nakane’s PLP fixative was applied to the third instar
eye and wing imaginal discs for 15 minutes. Discs were post-fixed in 100% methanol for
5 minutes and rehydrated with 2 rinses of 1X PBS prior to blocking.

Staining
All total volumes are 1mL unless otherwise specified. All samples were gently agitated
on a BellCo Biotechnology orbital shaker (Vineland, New Jersey) at setting 2 unless
otherwise specified.
For a DAPI staining discs were stained in 0.5mL of 1µg/mL DAPI in incubation
solution (5% Normal Goat Serum (NGS), 0.1% Tween, 1X PBS, dH2O) for 10 minutes at
room temperature. Discs were washed 2 times for 5 minutes each in incubation solution
at room temperature. Finally, the incubation solution was replaced with mounting
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medium (100mM Tris-Cl, pH 8.5, 80% glycerol) for at least thirty minutes prior to
mounting on slides and imaging.
The remaining three staining protocols follow the same procedure with different
blocking solutions and incubation solutions.
 Blocking solution 1: 10% NGS, 0.1% TritonX-100, 1X PBS, dH2O.
 Blocking solution 2: 10% NGS, 0.1% Tween, 1X PBS, dH2O.
 Blocking solution 3 (triple detergent): 0.2% Saponin, 0.2% Deoxycholate, 0.3%
TritonX-100, 10% NGS, 1X PBS, dH2O (Begemann et. al., 1997; Lee et. al.,
2010).
 Incubation solution 1: 5% NGS, 0.1% TritonX-100, 1X PBS, dH2O.
 Incubation solution 2: 5% NGS, 0.1% Tween, 1X PBS, dH2O.
 Incubation solution 3: 0.2% Saponin, 0.2% Deoxycholate, 0.3% TritonX-100,
10% NGS, 1X PBS, dH2O.
Following fixation, blocking was done for 1 hour at room temperature, followed by
incubation with a primary antibody overnight at 4oC with constant rotation at 60 RPM on
a Lab-Line orbital shaker (Conroe, TX). Next, discs were washed in incubation solution
four times for 15 minutes. Following the wash, secondary antibody was applied overnight
at 4oC with constant rotation at 60 RPM, covered in aluminum foil due to the light
sensitivity of the secondary antibodies. Following this the discs were washed in
incubation solution four times for 15 minutes. Finally, the discs were incubated in
mounting medium (100mM Tris-Cl, pH 8.5, 80% glycerol) for at least thirty minutes
prior to mounting on slides and imaging.
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Antibodies
When staining for βHeavy spectrin, the primary antibody was affinity purified
rabbit anti-βH #243, 1:10 (Thomas and Keihart, 1994), and the secondary antibody was
goat anti-rabbit Alexa 488, 1:250 (Invitrogen – Molecular Probes, Eugene, OR). When
staining for Crumbs, the primary antibody was rat anti-Crb3, 1:25, and the secondary
antibody was goat anti-mouse Alexa 594, 1:250 (Invitrogen – Molecular Probes, Eugene,
OR). The primary antibody for active ERK was anti-dp-ERK, 1:25 (Sigma, St. Louis,
MO), and the secondary antibody was goat anti-mouse Alexa 594, 1:250 (Invitrogen –
Molecular Probes, Eugene, OR). When staining for Rab5, the primary antibody used was
anti-Rab5, 1:500. This antibody was a gift from Dr. M. Gonzales-Gaitan (University of
Geneva, Geneva, Switzerland; Wucherpfennig et. al., 2003). The secondary antibody for
the Rab5 staining was goat anti-mouse Alexa 594, 1:250 (Invitrogen – Molecular Probes,
Eugene, OR). Staining for the Hrs protein the primary antibody was anti-Hrs 1:1000. This
antibody was a gift from Dr. H. Bellen (Baylor College of Medicine, Houston, TX; Lloyd
et. al., 2002). The secondary antibody was goat anti-guinea pig Alexa 594, 1:250
(Invitrogen – Molecular Probes, Eugene, OR). All secondary antibodies had been
preadsorbed against fixed and blocked 0-24 hour embryos.
For discs requiring Phallodin staining, the first wash following secondary
antibody incubation contained 1% Phallodin in incubation solution (5% NGS, 0.1%
TritonX-100, 1X PBS, dH2O; or 5% NGS, 0.1% Tween, 1X PBS, dH2O) and washed for
twenty minutes instead of fifteen.
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Imaging
Specimens were imaged using a BD Biosciences Carv II spinning disc confocal
(San Jose, CA) mounted on an Olympus BX50 microscope (Olympus America Inc., Lake
Success, NY). Microscope control, image acquisition and post processing used iVision
software (formerly IPLab; BioVision Technologies, Exton, PA). Clones in adult fly eyes
were imaged using an Olympus Evolt 420 Camera mounted on an Olympus SZH10
dissecting microscope.
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Results
Optimizing the Generation of karst Mitotic Clones
Attempts to generate karst clones utilized one of three protocols outlined in the
materials and methods. Clones should lack both Histone GFP expression and βH at the
apical membrane. In each case, therefore, wing discs dissected from third instar larvae
were stained for βH and imaged for GFP and βH. Based on the mitotic recombination
scheme shown in Figure 3 the wing discs are expected to not only show absence of GFP
in clones but also a brighter GFP in the twin spot, providing further verification that I am
seeing a clone and not merely a damaged disc (sometimes third instar imaginal discs are
damaged upon dissection).
Although this set of experiments was not ultimately successful (we suspect that
the karst mutation has been lost from a key stock), the induction of mitotic clones proved
sufficiently problematic that it became a goal in its own right. Thus, determining the
optimum conditions for recombination is the main outcome reported in this section.
Cage Heat Shock Regime 1
Females: P{hsFLP}1, y1 w1118; DrMio / TM3, ry* Sb1
x
Males: P{histone-GFP 62A FRT 80} / {TM6, Tb}Hu e}

↓collect males; select for: P[w+] Sb
1

1118

; P{histone-GFP 62A FRT 80} / TM3, ry* Sb1
x
Females: w; (mwh ve, kst’, FRT 80B) / (TM6, Tb Hu e)

Males: P{hsFLP}1, y w

↓collect Tb

+

female larvae

Figure 4: First Crossing Scheme
Collecting females ensures the presence of the FLP; Tb+ is selected to ensure 100%
will have kst. Only 50% will have the Histone GFP.
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The first experimental crosses are shown in Figure 4. This crossing scheme was
developed with the intention of using GFP as a clone marker. Specifically, the absence of
GFP would suggest the presence of homozygous karst mutant clones. The selections
permitted us to maximize the number of third instar larvae that could potentially have
homozygous karst mutant clones in their imaginal discs.
Larvae were heat shocked while still in the first instar larval stage using cage heat shock
regime 1 as described in the materials and methods. The female Tb+ third instar larvae
that developed had their wing imaginal discs dissected. These discs were fixed and

Figure 5: GFP Distribution in Wings Discs
Cage Heat Shock Regime 1
Reared at 25oC
Figure shows wild type GFP distribution in 2 representative wing discs.
Top 2 panels are the same wing disc, and the bottom 2 panels are the same wing disc.
Left panels: 20X; Right panels: 40X
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viewed for the presence of GFP using confocal microscopy. Figure 5 shows wing disc
images that are representative of approximately twenty specimens from that heat shock
regime that were imaged solely for GFP. At 20X and 40X there were no apparent regions
that lacked GFP.
Staining for βH
I repeated this experiment, now staining for βH. The karst allele produces only
low levels of truncated protein, thus we predicted that staining for βH would show
severely decreased concentration of this protein in karst mutant clones as compared to
wild type. The presence of clones should be revealed by the absence of βH staining where
there is an absence of GFP signal. Figure 6 shows the representative βH staining pattern
that was observed in over twenty specimens. The βH staining pattern seen at 20X did not

Figure 6: βH Staining and GFP Signal
Cage Heat Shock Regime 1
Reared at 25oC
Top 3 panels are the same wing disc (20X), and the bottom 3 panels are the same wing
disc (40X).
βH staining is shown on the left, a merge of the channels in the center, and GFP signal
is shown on the right. Arrows show increased βH at the dorsal-ventral boundary.
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contain clones or twinspots. Viewing the wing discs at 40X confirmed that there were no
clones. Some areas have higher levels of βH signal, but this is expected due to the normal
elevation of βH at the dorsal-ventral (D-V) boundary, shown by the arrows in Figure 6
(Thomas and Keihart, 1994).
Staining for DAPI
Absence of GFP with an accompanying twinspot that is twice as bright as the
background is diagnostic of clones. If clones were very small, we were concerned that the
accompanying twinspot might not be bright enough to distinguish and so clones might
simply be seen as ‘no GFP’. Since this would resemble a simple hole in the tissue (discs
occasionally suffer damage during dissection), we also stained for the presence of cells

Figure 7: DAPI Staining and GFP Signal
Cage Heat Shock Regime 1
Reared at 25oC
DAPI staining is shown on the left, a merge of the channels in the center, and GFP
signal is shown on the right. Arrows show very small clones characterized by the
presence of DAPI and the absence of GFP.
Top 3 panels are the same wing disc, and the bottom 3 panels are the same wing disc.
All panels at 40X
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with DAPI. Using the same crossing scheme shown in Figure 4 and cage heat shock
regime 1, third instar imaginal discs were dissected, fixed and stained for DAPI. Since
this tissue contains GFP signal, absence of GFP and presence of DAPI would indicate a
clone and not just damage, which would give a blank spot on an image. Very small
clones were seen in DAPI/GFP merged images from that heat shock regime as shown in
Figure 7. These small clones are circled and indicated with arrows for clarity. The
problem is, these clones are extremely small, just a few cells in size. Such a small clone
size would make it difficult to detect differences in markers with punctuate stainings.
Based on these results seen in 30-40 discs, we hypothesized that the induction of the
FLPase might be too late; leaving not enough time for proliferation and resulting in only
small clones. Alternatively clones might be lost during subsequent development.
Cage Heat Shock Regime 2
To test the idea of FLPase induction being too late, cage heat shock regime 2 was
used on flies from the crossing scheme shown in Figure 4. This heat shock regime differs
from the first cage heat shock regime by starting the first heat shock 48 hours after
brooding instead of 24 hours. What’s more, while cage heat shock regime 1 only had one
heat shock, cage heat shock regime 2 had three heat shocks. This may seem
counterintuitive at first, but we also suspected that clones were dropping out of the disc:
if this were true later induction would produce many more (smaller) clones. Imaginal
discs were dissected, fixed and again stained with DAPI. Figure 8 shows the results for
this staining. There was a greater incidence of mitotic clones seen in these discs.
However, the clone patches were still extremely small and twinspots were not evident.
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Figure 8: Testing FLP Induction
Cage Heat Shock Regime 2
Reared at 25oC
DAPI staining is shown on the left, a merge of the channels in the center, and GFP
signal is shown on the right. Arrows show very small clones characterized by the
presence of DAPI and the absence of GFP.
Top 3 panels are the same wing disc, and the bottom 3 panels are the same wing disc.
All panels at 20X
This result is consistent with karst clones being at a competitive disadvantage; however,
the absence of clear twinspots makes this somewhat inclusive.
Other Heat Shock Regimes for Generating Clones
The recurrence of small clones led us to adopt heat shock regimes 3-6 as
described in materials and methods for larvae reared at room temperature in vials. The
basis of these regimes was to start all at 24 hours after brooding and vary 2 factors: the
number of heat shocks and the time between each heat shock. Using the progeny from the
crossing scheme shown in Figure 4 and heat shock regimes 3, 4, 5 and 6, wing and eye
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imaginal discs from third instar larvae were dissected, fixed and imaged for GFP to
determine the presence of clones. The results of this experiment are shown in Figure 9.
For this round of heat shocks the eye/antennal discs were dissected instead of the wing
discs, to see if clones were more abundant in a different third instar imaginal disc. These
eye/antennal discs are characteristic of all four heat shock regimes tested. No regime
preferentially gave larger clones, despite being reared in food instead of cages and being
given a variety of heat shocks. Thus the number of heat shocks, the time following
brooding of the first heat shock and the imaginal discs chosen does not seem to give any
significantly larger clones. Due to the preponderance of negative results, we thought it
best to take a different approach to mitotic clone development.

Figure 9: Representative GFP Signal Under Heat Shock Conditions 3-6
Vial Heat Shock Regimes 3-6
Reared at 25oC
The left and right panels are two different eye/antennal disc pairs. Circles indicate
clones and twinspots that occurred near each other in the disc. The twinspots are
indicated by the red triangles and the clones are indicated by the yellow block arrows.
There was a slightly greater incidence of clones and twinspots in the eye/antennal
discs as compared to the previous wing discs (about 3 clones / eye disc vs. about 1
clone / wing disc). Both panels at 20X
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Generation of Mitotic Clones with eyFLP Induced Recombination
Females: w; mwh ve, kst1, FRT 80B / TM6, Tb Hu e
x
Males: yd2 w1118 P{ey-FLP.N}2 P{GMR-lacZ.C(38.1)}TPN1; RpS174 P{whiteun1}70C P{neoFRT}80B / TM6B, P{Car20y}TPN1,Tb1

↓collect Hu

+

female larvae
Females: y w
P{ey-FLP.N}2 P{GMR-lacZ.C(38.1)}TPN1; (mwh ve, kst’, FRT
80B) / RpS174 P{white-un1}70C P{neoFRT}80B
d2

1118

Figure 10: Second Crossing Scheme
The second set of experimental crosses used is shown in Figure 10. For these heat shock
regimes so we tried a different promoter to drive FLPase to induce recombination. The
eyeless promoter turns on in the eye disc early in development, and we hypothesized that
eyFLP might be better at generating clones because it is not heat shock dependent. We
also wondered if kst mutant clones might be at a proliferative disadvantage during disc
growth. To address this we asked if the presence of a minute mutation (Rp17.4 – in a
ribosomal protein) in the fly would produce larger clones than the small ones seen in the
past, by eliminating any growth advantage of the twinspot or heterozygous background
over the karst clones. These eyFLP, Rp17.4 FRT80B flies were crossed to kst1 FRT80B
flies as shown in Figure 10. The available stocks for this experiment did not contain a
GFP clone marker, only a P[w+] transgene to rescue eye color. Thus we did this assay in
adult eyes, where mutant clones will be white (loss of P[w+]), wild type tissue is seen as
red patches, and the twinspot might or might not be visible depending on the contrast of
the two P[w+] red patches.
The minute mutation in Rp17.4 seems to cause most of the eye tissue to be mutant
and all of the surviving wild type tissue in the mature adult eyes was along the posterior
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Figure 11: Representative example of the eyFLP Promoter and Rp17.4 to Induce
Mitotic Clone Formation in Adult Eye
Both panels are representative of the eyes of over 200 flies from this experiment. The
loss of P[w+] appears white and is indicative of mutant clones. The wild type patches
and twinspots contain one and two copies of P[w+] respectively. In most cases it was
difficult to distinguish heterozygous and wild-type twinspot tissue, the two just
appeared at red patches in the posterior region of the eye, as shown above.
margin, as shown in Figure 11. These images are representative of patterns seen in the
eyes of over two hundred adult flies. The mutant tissue did not exhibit a typical kst rough
eye phenotype; however, the region occupied by the remaining wild type tissue is always
exactly where this phenotype should be most prominent. Why the kst mutant tissue does
not compete as well specifically in this dorsal posterior region is unclear.
Staining for βH
The presence of clone tissue in the adult suggested that we could use this Rp17.4
technique to look at third instar larvae imaginal discs. As with the previous experiment,
the first protein stained for was βH. Eye discs were dissected, fixed, and stained using
blocking and incubation solution 2. Phallodin was added to the first wash following
secondary antibody incubation to stain for F-actin. The Phallodin was used as a marker
similar to DAPI. Thus, in the absence of βH there would still be Phallodin as a marker to
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Figure 12: Representative example of the eyFLP Promoter and Rp17.4 to Induce
Mitotic Clone Formation in an eye imaginal disc, βH staining
This is one eye disc that is representative of over twenty eye discs assayed for this
experiment. None of them showed the presence of mitotic clones. The left panels are
the βH staining results. They display typical βH staining in the eye disc. The right
panels are the Phallodin marker results that mirror the βH staining. The purpose of the
Phallodin was to serve as a cell marker in the absence of βH. However, there were no
eye discs that displayed an absence of βH.
Top 2 Panels: 40X; Bottom 2 Panels: 100X
ensure that there is actually a loss of βH and not damage to the disc. The results from this
staining are shown in Figure 12. As in the wing discs, we expected to see a decrease in
the amount of βH in the presence of mitotic clones. These images were taken of the
posterior region of the eye disc based on the adult fly eyes observed. While the posterior
region contained mainly the wild type tissue and/or twinspots, we thought it important to
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image the posterior regions of the eye disc as the contrast of mutant tissue and the
presence of twin spots might help reveal the presence of clones. However, the results do
not indicate that a loss of βH had occurred, suggesting that either the residual truncated βH
protein is still recruited to the membrane in this tissue or there was a problem with our
kst1 FRT80B stock: the results in Figure 12 just show wild type βH staining. No clones
were generated in the imaginal discs as a result of these experiments.
Alternative Heat Shock Promoter Containing Fly Line to Induce karst Mitotic Clone
Formation
Females: P{hsFLP}22, y1 w; P{arm-lacZ.V}70C P{neoFRT}80B
x
1
Males: w; mwh ve, kst , FRT 80B / TM6, Tb Hu e

↓collect Tb

+

female larvae

Figure 13: Third Crossing Scheme
Females are collected to ensure the presence of the FLP; Tb+ is selected to ensure
100% will have kst.

At this point we decided to turn back to the heat shock promoter approach which,
in the beginning experiments, showed small clones in the imaginal discs. Despite the fact
that eyFLP-induced recombination gave results in adults, the absence of clear mitotic
clones in the eye discs caused us to move on. However, this time we used a different heat
shock-FLP line. The crossing scheme for this set of experiments is shown in Figure 13.
The important difference between this and the initial heat shock crossing scheme (Figure
4) is the absence of GFP. Here the clone marker is arm-lacZ and must be stained for with
anti-β-gal antibody to be seen. For this set of experiments larvae were reared at room
temperature in vials. Heat shock regimes 3-6 were used for those in food at room
temperature, the same four heat shock regimes as before when detecting GFP signal
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(Figure 7), as described in the materials and methods section, but this time with a new
HS-FLP line.
Adults Under Heat Shock Regimes 3-6
To more easily perform further optimization of our heat shock regimes we used
the P[w+] marker in the P{arm-lacZ.V}70C P element to again look in adult eyes. We
investigated more heat shock regimes than before, additionally trying multiple heat
shocks in one day to see if this would improve clone development. These flies were
grown to adulthood to observe eyes. Heat shock regimes 3-6 were used and are detailed
in materials and methods. The adult eyes from the four regimes are shown in Figure 14.
From top to bottom Figure 14 shows: 2 adult eyes each from regime 3 (1 heat shock),
regime 4 (2 heat shocks), regime 5 (2 heat shocks) and regime 6 (4 heat shocks). There
was variegation seen in all four panels, which are pointed out by arrows in Figure 14. The
arrows point to portions of tissue that contain both the white tissue that is clonal and the
wild type/twinspot which appear red. The most noticeable was in the fourth panel. This
heat shock regime consisted of four total heat shocks, 90 minutes each, 12 hours apart,
the first starting 24 hours after brooding. As with the eyFLP, the presence of clone
patches led us to stain for βH in the eye discs of third instar larvae from the same crossing
scheme (Figure 13).
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Figure 14: Adult Eyes Under Heat Shock Regimes 3-6
Row 1 shows 2 representative eyes from heat shock regime 3, row 2 from heat shock
regime 4, row 3 from heat shock regime 5, and row 4 from heat shock regime 6. Heat
shock regime 6 gave the most variegation. Regime 6 included four 90 minute heat
shocks, 12 hours apart. The arrows show areas of variegation in the eye. The
representative regime 6 eyes have the greatest variegation.
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Staining for βH
Eye discs were dissected, fixed and stained for βH. βH was stained for first to
detect possible clones present under heat shock regimes 3-6, based on the results from
Figure 14. Results from this staining are shown in Figure 15. Only two of the four heat
shock regimes are displayed in Figure 13 (regimes 3 and 4). All results were the same,
regardless of the heat shock regime there was no indication of absence of βH, thus no
indication of clones. This again suggests that there is a problem with the kst1 FRT80B
line.

Figure 15: βH Stain In New Heat Shock – FLP Fly Line
Reared at 25oC
Each panel represents a different eye disc. They all display wild type βH staining.
There was no indication of a loss of βH, thus no indication of clones. All panels at 40X
Top 2 Panels: Heat Shock Regime 3; Bottom 2 Panels: Heat Shock Regime 4
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Variation in Temperature of Rearing After Heat Shock
In the final attempt to induce karst mitotic clones post heat shock rearing
temperature was varied (18oC, 22 oC, or 25 oC). At each temperature six different heat
shock regimes (regimes 7-12) were followed as described in the materials and methods.
Third instar imaginal discs were dissected, fixed and stained for βH using blocking and
incubation solutions 1. The dissected progeny were from the crossing scheme shown in
Figure 13. The results of these 18 different regimes are shown in Figure 16. They appear
as projections of image stacks in order to show that the mitotic clones and twinspots
travel throughout the entire tissue.
Figure 16 shows three columns, from left to right, representing 18oC, 22 oC, or
25oC respectively. The images are in 6 rows, each row from top to bottom representing
heat shock regimes 7 through 12. These images show both wing and eye discs. Finally,
many mitotic clones are present. Analysis of these results indicated that 18oC is the ideal
post heat shock rearing temperature for this experiment, and that regimes 8, 10, 11 and 12
all induce significant recombination for the formation of karst mutant clones. Regimes 10
and 12, which involve a 2 hour heat shock after 48 hours and a 2 hour heat shock after 96
hours respectively, seem to be the most effective time points. As far as rearing
temperature after heat shock is concerned, 18oC by far shows the largest clones in the
discs. Thus the heat shock condition that finally worked most effectively to produce
clones was one 2 hour heat shock 48 or 96 hours after brooding, and following the heat
shock allow the larvae to develop at 18oC. These regimes are distinct from those tried in
the other experiments because they incorporate a new rearing temperature and the latest
heat shock (96 hours) following brooding that has been done thus far.
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18oC

22 oC

25 oC

Figure 16: Presence of karst Mitotic Clones Indicated by βH Staining
Representative wing and eye discs are seen above according to their post heat shock
rearing temperature (column) or their heat shock regime (row). The heat shock
regimes run by row from 7 at the top to 12 at the bottom. The red circles indicate the
presence of a mitotic clone and twinspot.
All panels at 40X except panel 3 in 22oC row, which is at 20X
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Wild Type Staining Distributions of Marker Proteins
The experiments performed to induce recombination for karst mitotic clone formation
were also accompanied by some staining for key marker proteins. In the absence of
clones they serve as wild-type distributions and are presented here.
Staining for Crumbs
Crb is an apical transmembrane protein that recruits βH. We wish to test the
hypothesis that levels of Crb will be affected by the loss of βH. Thus we expected
increased or decreased amounts of Crb in the area of mitotic clones. Crb should be
present at the apical lateral margin of all discs where it will outline each cell. The third
instar larvae for this experiment came from the crossing scheme found in Figure 4. Third
instar wing discs were fixed with Nakane’s PLP fixative and methanol, blocked and
stained for Crb using blocking solution 2 and incubation solution 2. Since this initial
experiment did not show any karst clones, the results of this staining were used to
determine normal crumbs distribution in the wing discs relative to GFP. Results of this
Crumbs staining are shown in Figure 17. Crumbs stain appeared as an apical outline of
each cell, which is the typical wild type pattern for crumbs staining.

Figure 17: Crumbs Staining and GFP Signal
Cage Heat Shock Regime 1
Reared at 25oC
Crumbs staining is shown on the left, a merge of the channels in the center, and GFP
signal is shown on the right. All panels at 40X
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During the Rp17.4 experiment Crb and βH double stains were done using blocking and
incubation solution 1 as described in materials and methods. The results from this costain for βH and Crumbs are shown in Figure 18. Figure 18 shows one eye disc. βH and
Crb show close colocalization.

Figure 18: βH staining and Crumbs staining in Eye Disc
Reared at 25oC
This is one eye discs representative of over ten eye discs imaged for this experiment.
The left panels show βH staining and the right panel shows Crumbs staining.
Top 2 panels: 40X; Bottom 2 panels: 100X
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Staining for dp-ERK
In another early experiment where crosses were held in vials and the heat shock
regimes 3-6 were tried to induce mitotic recombination, dp-ERK was stained for in
addition to βH. Unique to this staining was the use of a triple detergent blocking solution
and incubation solutions 3 in materials and methods. dp-ERK was targeted for staining
because βH is thought to modulate the EGFR activity (Juan Wu and Graham Thomas,
personal communication). Furthermore, the active form of EGFR is thought to
downregulate cadherin junctions, whose structures are disrupted in karst mutants. Thus
we hypothesize that wild type βH limits EGFR activation, helping to stabilize cadherin.
ERK is a downstream target of EFGR; it is the final protein target of the MAP kinase
cascade that once activated will turn on transcription factors downstream. ERK is doubly
phosphorylated (dp-ERK) when EGFR signaling is active. If our hypothesis is correct
and there is increased activity of the EGFR in karst mutant tissue, an increase in dp-ERK
staining should be seen. The only clones present from this experiment when looking at
the GFP signal (Figure 9) were very small. Thus we used the results from this staining to
show normal dp-ERK staining in wing discs in relation to βH. The results from this
experiment are shown in Figure 19. In total over ten wing discs were dissected, fixed and
stained. The dp-ERK staining is for two representative wing discs as shown in Figure 19.
No clones are present and thus the staining simply represents wild type dp-ERK staining
and the presence of GFP. Wild type dp-ERK stains the dorsal-ventral boundary as well as
the cells that will go on to form the five wing veins. The dp-ERK staining is shown by
arrows in the two left panels of Figure 19. The box in the bottom panel set of Figure 19
represents an area of the wing disc that nicely shows the dp-ERK staining and GFP
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Figure 19: dp-ERK staining and GFP signal
Vial Heat Shock Regimes 3-6
Reared at 25oC
dp-ERK staining is shown on the left, a merge of the channels in the center, and GFP
signal is shown on the right.
The arrows show the D-V boundary and wing veins stained by dp-ERK and the boxed
region is an area that clearly shows the dp-ERK staining and GFP signal clearly.
All panels at 40X
signal. The contrast of the two stainings are best seen in this region of the wing disc,
defining part of the D-V boundary.
Rab5
Rab5 is an early endosome marker, a key player in endocytosis, and is affected in
kst loss of function tissue (Phillips and Thomas, 2006). Rab5 staining was done during
tests with the Rp17.4 minute method. Again we had intended to test the hypothesis that
the loss of βH would affect Rab5 levels, but the absence of clones allows us to use these
to demonstrate the wild type distribution of Rab5 in eye discs. For this particular staining,
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βH was not stained for, and Phallodin was used as a marker. Results from this staining are
shown in Figure 20, which represents one of the over ten eye discs. As expected Rab5
shows punctuate staining.

Figure 20: Rab5 Staining and Phallodin Signal in Eye Discs
Reared at 25oC
This one eye disc represents of over ten eye discs imaged for this experiment. The left
column shows Rab5 staining. This was used to determine the wild type distribution of
Rab5, which gives punctuate staining. The right column shows Phallodin which was
used as a cell marker.
Top 2 Panels: 40X; Bottom 2 Panels: 100X
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karst RNAi
Due to the many obstacles encountered with first developing karst mitotic clones,
we decided to take a completely different approach to observing the effects of loss of βH
on associated proteins, and use dsRNA knockdown to eliminate βH. This method is
described in the introduction (pg. 7).
Females: en-GAL4

x

Males: kstKD

↓
Wing discs were dissected, fixed and stained for βH and other proteins.
Figure 21: karst RNAi Crossing Scheme
Two karst RNAi fly lines were used in the crossing scheme shown in Figure 21 to induce
loss of βH in the tissue. en-GAL4 was the driver used in this crossing scheme. en-GAL4
is only expressed in the posterior region of the wing discs, so the posterior region of the
wing discs will have reduced βH, and the anterior region serves as an internal control. The
first experiment using karst knockdown was a co-stain for βH and dp-ERK, to test the
hypothesis that loss of βH will affect dp-ERK signal. The co-stain was first done in y w
flies as a control. Third instar larvae were dissected, fixed and stained using blocking and
incubation solution 1 as described in the materials and methods. The results of the control
experiment from the wing discs of y w third instar larvae are shown in Figure 22. The left
column contains the βH staining results for three different wing discs and the right column
contains the dp-ERK staining pattern for the corresponding wing disc. These results are
consistent with the normal wild type patterns of staining for βH and dp-ERK in wing
discs. The characteristic wild type dp-ERK staining of the D-V boundary and wing veins
are shown by arrows in the right column panels of Figure 22.
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Figure 22: βH and dp-ERK Staining in yw Third Instar Larval Wing Discs
βH staining is shown in the left column, dp-ERK staining is shown in the right
column. Wild type dp-ERK staining of the D-V boundary and wing veins is shown by
arrows. Each row represents a different wing disc. These three wing discs display
characteristic βH and dp-ERK staining patterns seen in over twenty wing discs.
All panels at 20X
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Figure 23: βH and dp-ERK Staining in kstKD Third Instar Larval Wing Discs
The six representative wing discs above show βH staining (columns 1 and 3) and the
corresponding dp-ERK staining (columns 2 and 4). From left to right, top to bottom,
pairs are arranged from greatest βH knockdown to least βH knockdown, as shown by
βH staining. The circled dp-ERK images show increased dp-ERK staining in the
posterior region of the wing disc versus the anterior region where βH knockdown is
greatest. The posterior region is always on the left in this figure and is characterized
by the decreased βH staining. Arrows show the dp-ERK staining along the dorsalventral boundary and the wing veins. All Panels at 20X
The results from the knockdown βH + dp-ERK staining are shown in Figure 23.
Figure 23 shows 6 wing discs representative of the βH + dp-ERK staining observed in
over twenty karst knockdown wing discs. Of the four columns, columns 1 and 3 are βH
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staining and columns 2 and 4 are the corresponding dp-ERK staining in the same wing
discs. The wing disc with the greatest βH knockdown shown by an absence of βH signal in
the posterior region of the wing disc is found as the top left pair in Figure 23. When
comparing the dp-ERK staining in the same wing discs, the posterior dp-ERK signal is
stronger than the anterior signal (compare the two circled regions). This increase in dpERK staining is also seen in two other pairs in Figure 23, as indicated by circled regions.
Arrows in all six dp-ERK images show the D-V and wing vein staining of dp-ERK. Not
all pairs of discs showed an increase in dp-ERK staining in the posterior region. Three
which appeared to have incomplete knockdown based on the βH staining showed a more
wild type distribution of dp-ERK (images lacking circled dp-ERK regions in Figure 23).
These results are elaborated on in the discussion.
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Discussion
Clone Generation
Drosophila epithelial cells rely on βH spectrin, Crb and their association with the
zonula adherens junctions to maintain apical domain function. A mutation in any of these
proteins can be potentially harmful for cells as they attempt to maintain apical polarity
and apical membrane size. The karst1 mutation is just one of several βH alleles in
Drosophila. This mutation creates a truncated version of the βH spectrin that lacks the PH
domain (see Figure 1). I attempted to observe the levels of Crb and other proteins such as
dp-ERK and Rab5 in the presence of this karst1 mutation.
A series of experiments were performed to induce the formation of karst1
homozygous clones in imaginal disc tissue. In total three fly lines (detailed in the
materials and methods) were crossed to flies of the genotype kst1 FRT80B to try to make
clones. Clones are developed when two homologous chromosomes undergo crossing over
during mitosis. This crossing over event takes place specifically at the FRT site on each
chromosome. Some cells will contain two copies of the kst1 mutation generating the
mutant clones, others will contain no copies of the kst1 mutation which will appear as a
twinspot, and most will contain only one copy of kst1 which will appear as wild type
tissue. The presence of clones was detected by imaging for GFP and by staining for βH.
Absence of GFP and βH and presence of a GFP twinspot was indicative of clones. After
several tests, the heat shock FLP promoter proved to be more effective than the eyFLP
promoter. However, it was not until the P{hsFLP}22, y1 w; P{arm-lacZ.V}70C
P{neoFRT}80B fly line was used did the FLPase show ability to induce mitotic
recombination and produce karst mitotic clones and twinspots.
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Mitotic Clones in Adults
Prior to the detection of mitotic clones in the adult eye, all clones in the third
instar imaginal discs were very small. A notable result is Figure 11, which shows mitotic
clone tissue occupying almost the entire adult eye, with the wild type tissue only present
in the posterior region. This suggests that karst mutant tissue cannot compete with the
minute tissue in this region. However, the fact that we could not detect any decrease in βH
in the imaginal discs suggests that the karst mutant may have been lost from the stock
and that this is merely an effect of the minute mutation.
Mitotic Clones in Third Instar Imaginal Discs
In contrast to the results in Figure 11, the heat shock FLP method does not show
variegation in the adult eye to the extent that the eyFLP promoter does (Figure 14), but
βH staining did show karst mitotic clones in the wing and eye imaginal discs (Figure 16).
Perhaps the hsFLP promoter is better at inducing recombination early in development,
giving the presence of clones at the time of dissection, but only using the levels of
induction achieved by the second hsFLP construct tried.
In comparing all of our heat shock regimes it is clear that we had better success
with heat shock regimes 7-12 at a rearing temperature of 18oC following heat shock. The
two best heat shock conditions were: 1) 48 hours after brooding, heat shock once for 2
hours at 37oC (regime10) and 2) 96 hours after brooding, heat shock once for 2 hours at
37oC (regime 12). Following heat shock larvae reared at 18oC until third instar larval
stage is reached. The heat shock regimes that characteristically did not work were the two
cage heat shock regimes (regimes 1 and 2) and the vial heat shock regimes (regimes 3-6).
The key is that in these regimes, larvae were all reared at 25oC, room temperature. Even
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regimes 7-12 did not work as well at 22oC or 25oC. Thus the rearing temperature after
brooding is important. What’s more, we did not experience success with the first hsFLP
promoter containing fly line, P{hsFLP}1, y1 w1118; DrMio/TM3, ry* Sb1. However, not all
heat shock regimes were tried using this fly line, and changes in rearing temperature were
never made. With the second hsFLP promoter line, P{neoFRT}80B/TM6B,
P{Car20y}TPN1, Tb1 (BL5621), P{hsFLP}22, y1 w; P{arm-lacZ.V}70C
P{neoFRT}80B, the temperature variation was the key to karst mitotic clone formation.
Figure 14 clearly shows that the best rearing temperature is 18oC to promote clone
survival: out of the six heat shock regimes tried, five yielded clones at 18 oC, four yielded
clones at 22 oC and three yielded clones at 25 oC. Thus is seems that rearing temperature
was the key missing factor in the first set of experiments used to induce mitotic clones.
Perhaps this is better for kst cells because the decrease in temperature slows mitosis. Thus
if clones are dropping out of the membrane the slower progression through the cell cycle
would prolong the life of the clones.
Effects on EGFR Activity: dp-ERK
The most interesting results from this thesis are from the karst knockdown
stainings. Figure 22 shows the wild type discs that were co-stained for βH and dp-ERK.
Dp-ERK stains the dorsal-ventral boundary as well as the cells that will go on to form the
five wing veins. Figure 23 shows varying degrees of karst knockdown which has an
interesting correlation with dp-ERK staining. The top left panel shows the greatest degree
of knockdown, the entire posterior region of the wing disc lacks βH. The corresponding
dp-ERK staining shows an increase in the level of dp-ERK in the posterior region. The
top right and middle right panels show a similar phenotype. The remaining three panels
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Figure 24. Dominant suppression of rhomboidve by karst alleles. A- rhove alleles are
viable, but fail to complete wing veins due to attenuated
EGFR signaling (Shilo, 2005).
Veins L2-L4 only are shown; B- one copy of the kst1 allele suppresses this
phenotype
completely and all veins are complete (asterisks) C- one copy of the kst2 allele results in
partial suppression – in this example L2 & L3 but not L4.
Figure Courtesy of Juan Wu
have less complete βH knockdown and show a characteristic wild type staining for dpERK in the anterior and posterior regions. This result was anticipated based on the results
of Juan Wu (personal communication). Juan’s research focuses on the rhomboid gene,
which has a regulatory mutation, rhove, which encodes a protease. This protease process
Spitz, which is the ligand for the EGF receptor. The rhove mutation causes the formation
of short, incomplete wing veins because EGFR signaling is decreased. However, karst
introduced into a rhove background rescues the wing veins by elevating EGFR activity
and thus suppressing the rhove phenotype, as shown in Figure 24 (Juan Wu, personal
communication). These data are fully consistent with the elevation of dpERK stain in
kstKD wing discs.
Technical difficulties prevented us from examining other markers by the time of
writing. However, the optimal clone generation method should work well in a line where
the kst mutant has been restored, and karst knockdown has been shown to be a viable
alternative. Thus, it should be possible to rapidly complete these experiments in the near
future.
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