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that Fmi was not upregulated in ICs (see Fig. S3C in the
supplementary material). Similarly, we found that Fmi was not
upregulated in ICs in aos?’ mutant clones (data not shown),
consistent with previous reports (Gaengel and Mlodzik, 2003; Strutt
and Strutt, 2003).

Finally, ed mutant cells within the small ed* clones adopt apical
constrictions and sort out from the wild-type cells in the wing discs
(Wei et al., 2005). However, ed mutant cells within larger ed’™
clones have an apical surface that is similar to that of the wild-type
cells (Wei et al., 2005). To exclude the possibility that the increased

Fig. 3. Ed regulates Fmi levels in the ICs. (A-A") ed™ mutant clones
labeled for Fmi (red), actin (green) and clones marked by loss of GFP
(blue). Both the enrichment of Fmi at the R3/R4 border (white
arrowheads) and the asymmetric accumulation in R4 (yellow
arrowheads) are unaltered. (B-C") High magnification of preclusters at
row 4 in wild-type (B) and tub-Gal80*-Gal4>ed-RNAi (C) discs labeled
for Fmi (red) and ubi-P63E-shg-GFP (green). There are six (B) and four
(C) ICs (numbered) bordering the apposed R3/R4 cells. (D,D’) ed™™
mutant clones labeled for Fz (red), actin (green) and GFP (blue). Both
the enrichment of Fz at the R3/R4 border (white arrowheads) and the
asymmetric accumulation in R4 (yellow arrowheads) are unaltered.
(E,E") fmi*>° clone labeled for Ed (red), actin (green) and GFP (blue).
(F,F") Entirely ed™ mutant eye discs labeled for Fmi (red) and actin
(green). Both the enrichment of Fmi at the R3/R4 border (white
arrowheads) and the asymmetric accumulation in R4 (yellow
arrowheads) are unaltered.

density of Fmi staining was due to the reduced apical surface in the
ed mutant cells, we generated entirely ed”™ mutant eye discs
(Stowers and Schwarz, 1999) or ubiquitously overexpressed ed-
RNAi in the whole eye disc, using the tub-Gal80*-Gal4 system, to
prevent apical constriction and cell sorting. Fmi levels in ICs were
still upregulated (Fig. 3F and data not shown).

Altogether, these data suggest that Ed specifically regulates the
levels of Fmi in ICs and that this effect is not mediated through Egfr
signaling or through reduced apical surface area.

Ed regulates the endocytosis of Fmi in the ICs

To explore the mechanism of Ed regulation of Fmi levels, we first
asked whether ed affects the transcription of fmi. In situ
hybridization of fmi did not reveal any difference in fini expression
between wild-type and entirely ed”*> mutant eye discs (data not
shown). To confirm this, we compared the levels of fini mRNA in
imaginal discs in wild-type and entirely ed™*> mutant eye discs by
quantitative PCR. Lower fini mRNA levels were in fact found in the
ed"™ mutant discs (Fig. 4A), indicating that the elevation of Fmi
levels by ed is probably at the post-transcriptional level. Given that
both Ed and Fmi localized to AJs and were internalized via a similar
clathrin-dependent process, we hypothesized that Ed, being a cargo
of AP-2, when endocytosed, might facilitate Fmi endocytosis. This
mechanism of co-endocytosis can be achieved directly by
association between Ed and Fmi at AJs and/or indirectly via the
bystander effect, as Ed and Fmi are distributed uniformly at AJs.

To test our co-endocytosis model, we first asked whether loss of
ed would interfere with the endocytosis of Fmi. Indeed, we observed
that in tub-Gal80°-Gal4>ed-RNAi discs, Fmi was upregulated at
apical surfaces (compare Fig. 4B with 4D), but the numbers of Fmi
and Rab7-GFP colocalized particles were significantly reduced
compared with wild-type discs (compare Fig. 4C with 4E; Fig. 4F).
Similarly, the numbers of internalized Fmi-EYFP particles were also
significantly reduced in tub-Gal80"-Gal4>ed-RNAi discs compared
with wild-type discs (Fig. 4G). Thus, in the absence of Ed, Fmi is
endocytosed at a slower rate, which, in turn, might be responsible
for the accumulation of Fmi on the membrane.

Second, our model would predict a requirement for the sorting
signal in Ed™™ to promote co-endocytosis. To verify this, we used
GMR-Gal4 to express either U4S-ed, UAS-Ed*""* (which contains
the transmembrane and extracellular domains but lacks the
intracellular domain and therefore all of the sorting signal) or UAS-
Ed™"-GFP (which contains the transmembrane and intracellular
domains) in ed”™ mutant clones (Bai et al., 2001). Interestingly, only
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Fig. 4. Ed regulates the endocytosis of Fmi in the ICs.

(A) Quantitation of fmi mRNA levels in wild-type and entirely
ed™ mutant eye discs. Bars indicate mean + s.d. (B-E")
Colocalization of Fmi and Rab7. (B,D) Fmi (red) levels at the
apical region of wild-type (B) and tub-Gal80"-Gald>ed-RNAI (D)
discs. (C,E) Colocalization of internalized Fmi (red) and Rab7-
GFP (green) at subapical region of wild-type (C) and tub-
Gal80"-Gal4>ed-RNAI (E) discs. (F) Quantitation of internalized
Fmi-EYFP particles in wild-type and tub-Gal80®-Gal4>ed-RNAi
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discs. Bars indicate mean + s.e.m. (G) Quantitation of
internalized Fmi and Rab7-GFP colocalized particles in wild-type
and tub-Gal80"-Gal4>ed-RNAI discs. Bars indicate mean +
s.e.m. (H-)’") The expression of full-length Ed (H), but not of
EdAnt@ (1) and Ed™"-GFP (J)), by GMR-Gal4 rescues the
upregulation of Fmi (red) levels in the ed™ mutant clones (lack
of ubi-nls-GFP). Photoreceptor clusters are labeled for actin
(green).
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the full-length Ed, but not Ed*™", could rescue the upregulation of
Fmi in the ed’™ mutant clones, indicating that the intracellular
domain of Ed with the sorting signal is required in this process (Fig.
4H,I). Surprisingly, Ed™™ (with all sorting signals) alone did not
rescue the upregulation of Fmi in the ed’™ mutant clones (Fig. 47),
indicating that both the extracellular domain (for homophilic
interaction) and the intracellular domain (with the sorting signals)
of Ed were required in this process.

Third, we asked at which step ed might operate to regulate Fmi
endocytosis. We demonstrated accumulation of Fmi at the plasma
membrane in ed™* mutant clones (Fig. 3A). This was similar to the
accumulation pattern detected in o-Adaptin-RNAi clones and
ectopic shi® clones (Fig. 2C,E), but unlike the punctate pattern
detected in Rab5? and HrsP?® mutant clones (Fig. 2F,G). Thus, ed
regulates Fmi endocytosis at a step before the action of Rab5/Hrs.

Finally, we asked whether Ed positively regulates the endocytosis
of Fmi directly via molecular interaction or indirectly. We answered
this question with an in vivo co-immunoprecipitation experiment in
tub> fmi-EYFP embryos. However, we failed to detect any Ed co-
precipitated with Fmi-EYFP or, in the converse experiment, any co-
immunoprecipitation of Fmi-EYFP with Ed (data not shown). Thus,
there is no evidence that Ed directly binds Fmi.

B J!
| Fmi FriAct

Ed regulates the endocytosis of Egfr

To determine whether ed affects receptors/CAMs other than Fmi, we
examined the levels of Egfr, DE-cad and Discs large (Dlg; Dlgl —
FlyBase) in ed"™ mutant clones. Egfr and Arm have overlapping
distributions at AJs (Fig. 5B), whereas Dlg is a CAM at septate
junctions. In wild-type tissue (lower part of Fig. 5A), Egfr was
detected at low levels in cells within the MF, the emerging arc cells
(Fig. 5A, white arrow) and in cells of developing ommatidia up to one
to two rows posterior to the MF (Fig. 5A, yellow arrow), but was
barely detectable in more posterior cells (Fig. 5A). Intriguingly, in
ed"™ mutant clones covering the MF, membrane-associated Egfr was
moderately upregulated relative to their wild-type neighbors (upper
part of Fig. SA) and two RS cells, instead of one, were selected from
a larger group of arc cells with upregulated Egfr (Fig. 5B,
arrowheads). Raised Egfr levels were also detected in the more
posterior cells if the detector gain of the confocal microscope was
increased (Fig. 5C). Similarly, DE-cad was also elevated, although to
alesser extent (Fig. 5D). By contrast, the level of DIg was not affected
(Fig. 5E), indicating that Ed specifically affects molecules at AJs. To
confirm that the upregulation of Egfr on the membrane is also
regulated by Ed-mediated endocytosis, we asked whether loss of ed
would interfere with the endocytosis of Egft. Interestingly, in fub-
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Gal80°-Gal4>ed-RNAi discs, Egfr was upregulated at apical surfaces
(compare Fig. 5F with 5H), but the numbers of internalized Egfr
particles were significantly lower than in wild-type discs (compare
Fig. 5G with 5L,J). Thus, Ed also regulates the endocytosis of Egft.

Loss of ed leads to a rotation defect

Unlike DE-cad and Fmi, Ed is expressed mainly in ICs during PCP
establishment. To explore whether ed might have an effect on PCP,
we generated entirely ed™** mutant eyes in adults and observed PCP
defects: randomized chirality (2%, n=145), R3/R3 symmetrical
ommatidia (4%) and mostly misrotated ommatidia (94%) (Fig.
6A,B). As ed affects photoreceptor differentiation, here we only
counted those ommatidia with a normal number of photoreceptors.
The predominant misrotation phenotype detected in the ed mutant

Fig. 5. Ed regulates the endocytosis of Egfr. (A-A") ed™® mutant
clone labeled for Egfr (red), GFP (blue) and actin (green). Arrowheads
indicate the accumulation of higher levels of Egfr at rows 1 and 2.
Dashed lines indicate the clonal border. (B-B") High magnification of
larger groups of arc cells in ed”® mutant clone labeled for Egfr (red),
GFP (blue) and Arm (green). Arrowheads indicate the presence of two
R8 cells in a larger group of arc cells (dotted lines) with upregulated
Egfr. Dashed lines indicate the clonal border. (C-C") Posterior ed™*
mutant clone labeled for Egfr (red), GFP (blue) and actin (green).
(D-E") ed™ mutant clone labeled for DE-cad (red in D), DIg (red in E),
GFP (blue) and actin (green). Dashed lines indicate the clonal border.
(F-I") Colocalization of Egfr and Rab7-GFP. (F,H) Egfr (red) levels at the
apical region of wild-type (F) and tub-Gal80"-Gal4>ed-RNAI (H) discs.
(G,l) Colocalization of internalized Egfr (red) and Rab7-GFP (green) at
subapical region of wild-type (G) and tub-Gal80*-Gal4>ed-RNA (1)
discs. (J) Quantitation of internalized Egfr and Rab7-GFP colocalized
particles in wild-type and tub-Gal80®-Gal4>ed-RNAI discs. Bars indicate
mean = s.e.m.

eyes, together with the observation that the initial localization of Fmi
and Fz to the cell membranes of R3/R4 cells and the later
asymmetric distribution to R4 cells were largely normal in ed mutant
clones (Fig. 3A, arrowheads), suggest that the primary function of
ed is to promote the later ommatidial rotation and that it has only
minor effects on R3/R4 specification. Interestingly, similar to DE-
cad (shg) clones, several wild-type clusters adjacent to ed mutant
clones also showed misrotation (Fig. 6C; see Discussion).

It has been shown that fini acts autonomously within ommatidia and
is required in both R3 and R4 for planar polarity establishment (Das
et al., 2002). Thus far we have demonstrated that loss of ed leads to
accumulation of Fmi in ICs and to rotation defects (Fig. 3A, Fig. 6B).
Moreover, fewer Fmi-upregulating ICs were required to border the
apposed Fmi-expressing R3/R4 cells (Fig. 3C). Together, this
prompted us to explore whether loss of ed might, via Fmi upregulation
in ICs, affect ommatidial rotation. We generated small ectopic fini
clones in ICs to mimic the elevated Fmi that occurs within the ed
mutant clones and then examined whether they affected adjacent
cluster rotation. Similar to ed mutant clones, overexpressed Fmi
recruited Fz/Dsh to the membrane of these cells (data not shown).
Although overexpression of fimi in ICs did not affect the normal
distribution of Fmi at the R3/R4 border of adjacent clusters (Fig. 6D,E,
arrowheads), we observed misrotated ommatidia immediately
adjacent to the fini-overexpressing clones (Fig. 6D,E, arrowheads).
Some fmi overexpression clones touched the R3/R4 pair of the
misrotated ommatidia (Fig. 6E, arrowhead) and some clones touched
the RS cell of the misrotated ommatidia (Fig. 6D, arrowhead).
Consistent with this, using m80. 5-lacZ to mark R4 cells, we observed
amisrotated ommatidium immediately adjacent to a small clone with
as few as one or two fini-overexpressing cells (Fig. 6F, arrowhead).
This effect was specific, as small ectopic DE-cad (shg) clones in ICs
did not lead to misrotation (Fig. 6G). However, these misrotated
ommatidia occurred in only 45% of ommatidia (n=40), whereas the
other 55% were mirror-image ommatidia (Fig. 6F, arrow), indicating
a reversal of R3/R4 cell fate. Thus, overexpressed Fmi in the non-
rotating ICs can affect both ommatidial rotation and R3/R4
specification of the adjacent clusters. This is different from the case of
ed mutant clones, in which ed mainly promoted the later ommatidial
rotation and had only minor effects on R3/R4 specification. As the
levels of overexpressed Fmi in fini-overexpressing clones were much
higher than those observed in the ed mutant clones (compare Fig. 6D
with Fig. 3A), this might explain this discrepancy.
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Fmi is a homophilic CAM, which we confirmed here by
generating fmi-RNAi clones. We found that the enrichment of Fmi
at the R3/R4 border was eliminated when an fmi-RNAi R3 cell
contacted a wild-type R4 cell (data not shown). Thus, one simple
scenario to explain the predominate misrotated ommatidia
phenotype of the ed mutant clone is that the moderately elevated Fmi
expressed by ICs might interact with Fmi on the surface of a rotating
cluster to interfere with later cluster rotation. Fmi was enriched on
R3, R4 and R8 (Fig. 1). If the homophilic binding between Fmi on
the cells of the rotating cluster and the non-rotating ICs is the driving

Fig. 6. Loss of ed leads to rotation defects. (A,B) Tangential sections
of Drosophila adult eyes and (beneath) schematics illustrating dorsal
chiral forms (green arrows). In wild-type eyes (A), all ommatidia are
orientated at 90° to the equator, but eyes of entirely ed”® mutants (B)
show misrotation, extra-photoreceptors (circle) and occasionally
symmetrical ommatidia (blue arrow). (C) Sections of a mosaic ed”™ eye
region and the corresponding schematic (beneath). Black line indicates
the clonal border. Clones were marked by the absence of pigment
granules. Two wild-type ommatidia (red circles) show misrotation.
(D-E”) fmi overexpression clones labeled for Fmi (red), GFP (blue) and
actin (green). Arrowheads in D and E indicate the misrotated clusters
that touch the fmi ectopic clone. (F-F”) fmi overexpression clones
labeled for m&0.5-lacZ (green), Elav (red) and GFP (blue). Arrowhead and
arrow indicate the misrotated and mirror-image cluster, respectively.
(G-G") shg overexpression clones labeled for m30.5-lacZ (green), Elav
(red) and GFP (blue). (H-H") fmi+fz-RNAi overexpression clones labeled
for Fz (red), GFP (blue) and actin (green). Arrowhead indicates the
misrotated clusters that touch the clone. (I-I") fmi+dsh-RNAI
overexpression clones labeled for Dsh (red), GFP (blue) and actin (green).
Arrowhead indicates the misrotated clusters that touch the clone.

force for the misrotation, we would expect that the Fmi-associated
Fz/Dsh should be dispensable in the ICs for the misrotation of
clusters adjacent to the ed mutant tissues. To test this, we generated
ectopic clones overexpressing both fini and fz-RNAi to deplete Fz
within the fini-overexpressing clones. Interestingly, Fz (and the
associated Dsh) was largely depleted in the fmi-overexpressing
clone but instead accumulated at the clone border (Fig. 6H). As Fmi
is a homophilic CAM, this result indicates that the accumulated Fz
was recruited by Fmi on the wild-type cells surrounding the fini, fz-
RNAi clones. Nevertheless, we still observed that fimi,fz-RNAi
clones, similar to fmi clones, touched the R3/R4 pair of the
misrotated ommatidia (Fig. 6H). Moreover, using md0.5-lacZ to
mark R4 cells, we also observed rotation defects of ommatidial
clusters outside the fini,fz-RNAi clones (data not shown). Similar
results were obtained when we generated fini,dsh-RNAi clones to
deplete dsh within the fmi-overexpressing clones (Fig. 61).
Altogether, our results suggest that elevated Fmi on the non-rotating
ICs, possibly via homophilic binding, interferes with the correct
rotation of the adjacent clusters. This is consistent with the idea that
upregulation of Fmi in the ICs contributes to the rotation defects
associated with the loss of ed.

DISCUSSION

In this study, we found that Ed interacts with AP-2 and promotes
Fmi internalization via a clathrin-dependent pathway in ICs.
Moreover, loss of ed leads to accumulation of Fmi (and of several
receptors/CAMs of AJs) on the membrane of these non-rotating ICs.
This, together with the observation that overexpression of fini in the
non-rotating ICs is sufficient to cause photoreceptor misrotation, led
us to propose an Ed-mediated co-endocytosis model to explain the
rotation defects associated with the ed mutant tissue. Thus, the
homophilic CAMs, Ed and Fmi, play crucial roles in ICs to allow
coordinated rotation of ommatidial clusters.

Ed-mediated co-endocytosis

We have demonstrated here that Ed specifically regulates Fmi
endocytosis in ICs. Although Fmi was previously shown to be
endocytosed in the photoreceptor cluster (Rawls and Wolff, 2003),
we argue that Fmi levels in the rotating photoreceptor clusters are
regulated by an Ed-independent mechanism. First, Fmi levels in the
photoreceptor clusters are not affected in the ed mutant clones.
Second, the Fmi distribution pattern in R3/R4 is largely unchanged
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even when Ed-GFP is overexpressed in photoreceptors by Elav-
Gal4 to mimic the ed-expressing ICs (J.-C.H., unpublished). We
have also demonstrated that Ed levels in ICs, but not in
photoreceptor clusters, are regulated via an AP-2-dependent
endocytic pathway. It remains unknown how Ed is downregulated
in the photoreceptor cluster. Egfr signaling has been proposed to
regulate the morphological and adhesive changes of cells within the
photoreceptor cluster (Brown et al., 2006), and it is possible that
Egfr signaling directly or indirectly downregulates the Ed levels in
R8/R2/RS and later in R3/R4.

Interestingly, ed affects the levels of Fmi, DE-cad and Egft, but
not of DIg. Therefore, Ed seems to only affect receptors/CAMs at
AlJs. One intriguing possibility is that Ed, via its interaction with
AP-2, triggers the co-endocytosis of most, if not all, of the
receptor/CAM at AJs. Although Ed has been shown to associate
with Egfr (Spencer and Cagan, 2003), there is currently no evidence
that Ed interacts directly with Fmi. Thus, Ed might undergo co-
endocytosis either directly or indirectly. Although Ed contains five
putative protein-sorting motifs, it is not the only molecule with a
protein-sorting motif: Egft, for example, also contains the YXX®
signal. It is possible that different receptors/CAMs might cooperate,
via their interaction with AP-2 or other adaptors, to promote the co-
endocytosis of other receptors/CAMs.

Because Ed facilitates the endocytosis of many receptors/CAMs of
Als, although to different extents, we would expect multiple functions
of ed in the eye disc. Indeed, ed plays crucial roles in PCP (this study)
and in Egfr signaling (Bai et al., 2001; Rawlins et al., 2003a; Spencer
and Cagan, 2003) during eye development. It was previously shown
that loss of ed leads to sustained MAPK (Rolled — FlyBase) activation
only in cells of the proneural clusters and over several rows (Spencer
and Cagan, 2003). This is consistent with our observation that Egfr
was upregulated in an enlarged group of arc cells that contains two R8
photoreceptors as well as in cells of developing ommatidia up to two
rows posterior to the MF. Thus, it is plausible that Ed was co-
endocytosed with Egfr in the proneural clusters to downregulate Egfr
activity within these cells and thus ensure that only one R8 is selected
from the two to three R8 cell-equivalent group. When ed is absent,
Egfr cannot be internalized efficiently and therefore persists on the
membrane to cause sustained MAPK activation and multiple RS
selection. Although the level of Egft is also upregulated in cells more
posterior to the MF, these levels might not be high enough to cause
sustained MAPK activation. In the wing disc, Ed also facilitates Notch
signaling to promote mesothorax bristle patterning (Ahmed et al.,
2003; Escudero et al., 2003; Rawlins et al., 2003b). In fact, Ed
colocalizes with Notch/Delta in Hrs-containing early endosomes
(Escudero et al., 2003; Rawlins et al., 2003b). However, it remains
unclear whether the endocytosis of Ed plays any role in facilitating
Notch signaling in the wing discs.

Ed and PCP

It has been shown that each photoreceptor cluster, as a group,
moves independently of the adjacent ICs (Fiehler and Wolff,
2007). Most rotation-specific genes identified thus far have been
proposed to function mainly in the rotating clusters to modulate
rotation. Here, we provide evidence that Ed plays crucial roles in
the ICs to modulate ommatidial rotation. We propose that Ed, via
co-endocytosis, reduces the level of Fmi on the non-rotating ICs
to prevent homotypic interactions with the enriched Fmi on the
rotating cluster. This allows free and coordinated rotation of
photoreceptor clusters, a process regulated by effectors such as
Zipper and Nemo (Fiehler and Wolff, 2007; Fiehler and Wolff,
2008). We reason that in the absence of ed, as seen in ed mutant

clones, the upregulated Fmi on the non-rotating ICs might affect
the free rotation of ommatidial clusters not only within the ed
clone, but also in the adjacent wild-type clusters abutting the ed
clones. This might contribute, at least in part, to the non-
autonomous effect of ed on ommatidial rotation (Fig. 6C). The
dynamic and differential expression of Ed (and of its paralog
Friend of Echinoid) in the rotating clusters and non-rotating ICs
has also been proposed to modulate ommatidial rotation (Fetting
et al., 2009). Thus, differential expression of Ed, Fmi, DE-cad and
Friend of Echinoid in the rotating clusters and non-rotating ICs
prevents the homotypic interaction of these four CAMs to
allow free rotation of photoreceptor clusters. The largely
complementary expression pattern between Ed and DE-cad/Arm
in a photoreceptor cluster is similar to that observed during the
generation of ed mutant clones in the wing discs, where Ed-non-
expressing cells accumulate high levels of DE-cad/Arm and sort
out from the surrounding Ed-expressing cells (Wei et al., 2005).
Thus, cell sorting-like behavior of a photoreceptor cluster,
mediated by differential expression of Ed and DE-cad/Arm, might
help photoreceptors in the cluster to rotate as a group.

Fetting et al. recently showed that ed genetically interacts with Egfr
pathway members, and proposed that ed, via inhibiting Egfr signaling
in the photoreceptors, regulates ommatidial rotation (Fetting et al.,
2009). However, we demonstrated that, after row 2, Ed facilitates the
endocytosis of Egfr only in the non-rotating ICs, but not in the
photoreceptor clusters (Fig. 5C). Thus, if Ed indeed inhibits Egfr
signaling in the photoreceptors as suggested, it probably employs
mechanisms other than to reduce the levels of Egfr on the
photoreceptors. It is currently unknown whether the effect of Ed on
Egfr levels in ICs plays any role in the modulation of ommatidial
rotation. Moreover, we found that in the absence of ed, not only Fmi,
Fz and Dsh (the R3-specific PCP proteins), but also Strabismus (Van
Gogh — FlyBase) and its associated Prickle (the R4-specific PCP
proteins) were all upregulated in ICs, but their enrichment at R3/R4
borders in the photoreceptor cluster was largely unaffected (Fig. 3D)
(J.-C.H., unpublished). As ed affects the levels of all the core PCP
proteins tested in ICs, it remains unclear how ed only interacts
genetically with the R3-specific PCP genes to modulate the degree of
ommatidial rotation (Fetting et al., 2009). Finally, ed also weakly
affects the initial R3/R4 specification, as a small proportion of ed
mutant cells also show randomized chirality and symmetrical
ommatidia. It is possible that ed might exert this effect through
mechanisms other than the promotion of Fmi endocytosis.
Alternatively, as overexpression of Fmi in the non-rotating ICs
(generated by fini-overexpressing clones) can affect both ommatidial
rotation and reversal of R3/R4 cell fate of the adjacent clusters, it is
possible that the Fmi upregulation in the ICs (generated by ed mutant
clones) might also affect, to some extent, the asymmetric distribution
of Fmi in R3/R4 and, thereby, the R3/R4 specification of the adjacent
clusters.
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